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Introduction
Cities are becoming denser, as urban planning priorities shift 

from endless expansion horizontally to vertical development. In 
many ways, this is a positive development, as it allows for tighter 

communities, the “15-minute city” concept, and more sustainable smart 
cities. However, it also introduces new challenges in urban navigation, 

traffic management, and public safety. “Urban canyoning” occurs when a 
street is flanked by high-rise, densely packed buildings on both sides. This 

creates a canyon effect and, as these buildings become taller and even more 
dense, has the potential to disrupt communications, visibility, and navigation at 

ground level.

SenSen, a leader in AI-powered solutions for urban challenges, offers systems 
uniquely capable of addressing urban canyoning through real-time data 

analysis and sensor integration. This white paper examines how SenSen’s 
technology enhances urban navigation, safety, and compliance by providing 

solutions tailored to the challenges of modern urban environments. 
By exploring the correlation between traffic behaviours and 
environmental factors as well as issues like port safety, and 
fuel retail theft, we demonstrate how SenSen’s technology 

is reshaping the management of today’s cities while 
ensuring that urban canyoning doesn’t become 

an inhibitor to further progress.
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Urban canyoning refers to the ways in which dense 
buildings and narrow streets in modern cityscapes 
obstruct visibility. This often means disrupting GPS 
signals that then limit accurate geolocation data, but it 
can also refer to visibility on the ground and the ability 
to coordinate movements around the city.

The severity of urban canyoning’s impact is clearly 
illustrated in major cities like Chicago and Brisbane. 
In Chicago’s downtown area, GPS signals can be so 
severely impacted that location data can show vehicles 
50-100 metres away from their actual position. The 
issue is so significant that when SenSen first discussed 
implementing GPS-based solutions with mega cities 
like Chicago, Brisbane, NY, and Vancouver, where GPS 
signals can be skewed by up to a few hundred metres 
due to the urban canyon effect, customers immediately 
pointed out that it would not work.

When information or signals are interrupted or distorted 
by tall structures, critical urban services—such as 
traffic management, public transport, and emergency 
response—face operational difficulties. For city 
residents, unreliable navigation systems can mean 
extended travel times and increased frustration. For 
those involved in city management, inaccurate data can 
lead to traffic congestion, misallocated resources, and 
safety hazards, especially in high-density areas where 
quick and reliable responses are essential.

Traffic patterns and behaviours are also influenced by 
urban canyoning. Data shows a correlation between 
traffic infringements and environmental factors, 
suggesting that seasonality, time of day, and spatial 
conditions impact how drivers behave on the road. For 
instance, heavy trucks tend to speed more during off-
peak hours, particularly late at night or early morning 
when the perception is that the roads are largely empty. 
Depending on the impact of urban canyoning, this 
poor driver behaviour can be difficult to monitor and 
target, which can in turn result in the roads becoming 
progressively less safe as such behaviour becomes 
ingrained.

Correlation Between Infringements and 
Environmental Factors

Examining traffic infringements more closely reveals 
notable correlations with specific conditions. For 
example, in high-density shopping areas, parking 
infringements typically spike during major holiday 
seasons, when consumer demand for parking reaches 
its peak. Similarly, around schools, traffic violations 
increase significantly during school terms, particularly at 
drop-off and pick-up times. In these cases, drivers are 
under time pressure and may park illegally or engage 
in unsafe behaviours near school zones. Rush hours 
are another critical period: more violations occur during 
peak hours when high traffic density makes parking 
spaces scarce, prompting some drivers to disregard 
regulations in their rush to secure a spot.

This pattern also extends to commercial and nightlife 
zones. Commercial areas experience more violations 
during standard business hours, particularly in loading 
zones where the demand for short-term parking 
increases. Conversely, areas with active nightlife see a 
rise in parking infringements during evening and night 
hours, with violations frequently occurring in residential 
and disability zones where parking spaces may be 
limited.

Local events, including festivals and sports matches, 
further compound these trends. These events lead to 
temporary increases in parking demand, often resulting 
in more parking infringements. For city managers, 
the only solution to these challenges is to be able to 
accurately and rapidly collect and act on data. This 
means that the surveillance tools in operation need to 
be unconstrained by any urban canyoning effect.

Defining Urban 
Canyoning and its 
Effects on Traffic 
and Safety
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Limitations of Traditional GPS and Mapping 
Systems

Traditional mapping and GPS technologies often 
struggle to provide reliable data in urban canyons. 
Signals are frequently blocked or reflected by tall 
structures, leading to inaccurate location data. For 
drivers, this can mean receiving incorrect directions or 
experiencing delays, while for city planners, it results 
in flawed traffic and congestion data. In emergencies, 
these inaccuracies can also delay first responders, 
affecting public safety.

The problem is particularly acute in major urban 
centres. As demonstrated in cities like Chicago and 
Brisbane, GPS signals can become virtually unusable 
in dense downtown areas. In Chicago’s central business 
district, location errors of 50-100 metres are common, 
while in Brisbane, deviations of up to 171 metres 
have been recorded. This level of inaccuracy makes 
traditional GPS-based solutions completely ineffective 
for critical city services and enforcement activities.

The traditional way of overcoming urban canyoning 
is to use inertial sensors and wheel rotation sensors 
to continue to estimate positioning based on the last 
accurate measurement of GPS based position of the 
vehicles. This can be effective on a technical level, 
however, this is prohibitively expensive for many use 
cases, including parking enforcement.

SenSen’s AI Solutions for GPS Signal 
Enhancement

SenSen’s technology employs advanced algorithms to 
correct signal distortions caused by urban canyoning. 
By integrating data from multiple sensors in real time, 
SenSen’s AI systems can predict and adjust for common 
distortions, providing more accurate information to city 

workers monitoring the environment. In practical terms, 
this means that drivers receive reliable navigation data, 
while city officials can depend on accurate traffic and 
congestion data to make informed decisions.

SenSen’s innovative approach creates what can be 
thought of as a miniature version of Google Street View, 
capturing and storing images of the streetscape. When 
vehicles equipped with SenSen’s technology travel 
through the city, the system matches real-time images 
against an AI model of the city to verify location. This 
visual positioning system is then combined with multiple 
other data sources, including:

• GPS data when available

• Integration with city parking payment systems

• Municipal infrastructure data

• Other city information systems

Data Fusion: The Key to Reliable Urban 
Navigation

At the heart of SenSen’s approach is sophisticated 
data fusion technology that combines multiple data 
streams to ensure reliable performance. Similar to how 
self-driving cars use multiple sensors like LIDAR and 
cameras to navigate, SenSen’s system integrates various 
data sources to maintain accuracy in challenging urban 
environments.

This multi-sensor approach provides crucial redundancy 
- if one system is compromised (for example, cameras 
in poor lighting conditions), other systems continue to 
provide accurate positioning data. What sets SenSen’s 
approach apart is not just the combination of data 
sources, but how each source is optimised individually 
before being integrated into the larger system.

How Urban Canyoning 
Impacts Traditional 
Mapping and Navigation 
Technologies
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Case Study:  
Addressing Urban 
Canyoning in Brisbane

Brisbane City Council faced its own urban canyoning 
issues in its CBD, where conventional enforcement 
methods proved inadequate. 

By partnering with SenSen Networks, Brisbane City 
Council implemented an innovative AI-driven solution 
to overcome the urban canyoning effect and streamline 
parking enforcement across its central areas.

The implementation has been so successful that 
Brisbane City Council has incorporated SenSen’s 
technological specifications into their new smart city 
tender requirements. 

The Council reports particular satisfaction with 
SenSen’s EMT technologies, which have enabled 
them to effectively manage compliance in the 
downtown area for the first time with an advanced 
AI automated system. Prior to this, the only way to 
manage compliance was by walking and checking every 
vehicle manually. The solution will play a crucial role 
in Brisbane’s preparations for the upcoming Olympics, 
helping the city manage increased traffic and urban 
mobility demands during the event.

The Challenge: Ineffective Compliance Due to 
Urban Canyoning

Brisbane’s city centre features high-density urban 
structures, with tall buildings and narrow streets. This 
architecture causes significant GPS inaccuracies, which 
previously limited the Brisbane City Council’s ability to 
enforce parking compliance using mobile enforcement 
vehicles. For instance, traditional GPS readings would 
place vehicles hundreds of meters away from their true 
locations, creating issues in accurately identifying non-
compliant vehicles within specific parking zones.

Without a reliable method for location verification, 
Council officers faced operational inefficiencies and 
risks, particularly when enforcing compliance in 
areas such as bus, taxi, loading, and clearway zones. 
Relying on foot patrols to address these areas proved 
time-consuming, labour-intensive, and insufficient for 
meeting the city’s strategic compliance goals.
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Solution: SenSen’s AI-Powered Environmental 
Mapping Technology

To address these issues, SenSen Networks introduced 
its Environmental Mapping Technology, an innovative 
AI-powered system specifically designed to overcome 
urban canyoning challenges. 

Rather than relying solely on GPS, SenSen’s 
technology leverages visual data to create a model 
of the streetscape, allowing vehicles to “see” their 
surroundings and locate themselves accurately.

This solution functions by capturing real-time images of 
the streetscape adjacent to SenFORCE vehicles, which 
are then compared to a pre-existing, AI-based model of 
the city’s CBD. 

This visual matching process enables the system 
to determine the vehicle’s precise location relative 
to known landmarks, even when GPS signals are 
compromised.

The solution operates in several steps:

• Vehicle and Location Detection: SenFORCE vehicles 
are equipped with camera systems that capture 
multiple frames of the surrounding streetscape, 
storing data without compromising pedestrian 
privacy.

• AI-Driven Location Matching: The captured images 
are then matched against the AI model to verify the 
vehicle’s location, ensuring accuracy even when GPS 
data is skewed by up to 171 metres.

• Parking Rule Enforcement: Once the vehicle’s exact 
location is verified, the system cross-references this 
with the city’s parking rules, including time-based 
restrictions, and identifies violations within specific 
zones.

• Review and Infringement Processing: At the end 
of each patrol, Council officers review all detected 
infringements through SenSen’s cloud-based system, 
SenBOS. Officers assess the evidence before issuing 
fines, ensuring an accurate and transparent process.

The system also integrates with existing city 
infrastructure and payment systems. For example, when 
people pay for parking using mobile apps, this creates a 
record of vehicle location and payment status. SenSen’s 
system pulls this parking payment data from city 
systems and combines it with visual detection to verify 
vehicle locations and compliance status. 

Results: Improved Accuracy and Efficiency in 
CBD Compliance

The implementation of SenSen’s technology has 
significantly improved Brisbane City Council’s ability 
to enforce compliance effectively in urban areas where 
GPS limitations once hindered operations. 

The system now allows for precise detection of 
infringements within complex CBD zones, including 
spaces that change according to time (e.g., zones 
switching from loading to general parking).

Key outcomes of this deployment include:

• Enhanced Compliance Efficiency: Council officers can 
now complete patrols digitally from within vehicles, 
reducing the need for on-foot patrols. This approach 
not only speeds up enforcement but also allows 
officers to cover more ground in a shorter time frame.

• Increased Safety and Officer Well-Being: Vehicle-
based patrols provide a safer working environment by 
protecting officers from weather elements, vehicular 
hazards, and UV exposure. Officers can now 
monitor hundreds of parking zones within minutes, 
contributing to a safer and more efficient workforce.

• Cost Savings and Strategic Goal Alignment: The 
AI-driven solution enables Brisbane City Council to 
achieve its compliance goals more cost-effectively, 
with fewer resources devoted to traditional, labor-
intensive methods. This approach aligns with the 
Council’s vision of fostering an accessible and 
connected city while reducing the environmental 
impact associated with non-compliance.
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Adaptability and  
Future Applications

Real-Time Traffic and 
Emissions Monitoring

SenSen’s system could track traffic 
patterns and vehicle emissions, 

contributing to a cleaner, greener 
cityscape.

Public Transport and 
Micromobility Compliance

The system can be adapted to 
monitor electric scooters, bike-sharing 

programs, and loading zone usage, 
ensuring compliance and optimising 

space utilisation.congestion or alerting 
authorities to potential security threats.

Autonomous Vehicles  
and Drones

As the technology evolves, SenSen’s 
environmental mapping model could 

support autonomous vehicle navigation, 
further enhancing the integration of AI 

into urban infrastructure.

SenSen’s technology offers adaptable solutions beyond 
parking compliance in Brisbane. 

The environmental mapping approach can be replicated 
in other cities facing urban canyoning issues and 
applied to various use cases, including:
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Additional Benefits of 
Addressing Urban Canyoning 
Beyond Compliance

Improving Traffic Management and Urban 
Mobility

One of the significant advantages of addressing urban 
canyoning is its impact on traffic management. By 
accessing accurate surveillance and tracking data, 
cities can achieve better control over traffic flow, 
reducing congestion and enhancing urban mobility. 
With SenSen’s solutions, cities can use this data to 
identify and address traffic hotspots, optimise traffic 
signals, and improve the availability of real-time data for 
urban planning. As a result, urban areas can maintain 
smoother traffic flow, reduce delays, and improve 
accessibility for all road users.

A key differentiator of SenSen’s approach is that 
it achieves these improvements without requiring 
expensive infrastructure changes. Unlike other solutions 
that require installing new hardware throughout the 
city or modifying existing infrastructure, SenSen’s 
technology works with existing city systems while adding 
new capabilities.

Enhanced Public Safety

Beyond traffic management, addressing urban 
canyoning enhances public safety by promoting 
compliance with traffic and safety regulations. SenSen’s 
technology supports the enforcement of parking 
regulations, particularly in high-demand areas, and 
monitors high-risk zones where safety compliance is 
critical. By encouraging adherence to safety protocols 
and providing city managers with tools to monitor 
behaviour, SenSen’s systems help mitigate risks in 
densely populated areas, reducing the likelihood of 
accidents.

In emergency scenarios, where accurate location data 
is essential, SenSen’s AI-driven solutions improve the 
ability of first responders to navigate dense urban areas 
effectively. Enhanced geolocation accuracy supports 
faster response times, ensuring that emergency services 
reach those in need without delay, even in challenging 
environments where traditional GPS may falter.

Supporting Sustainability and Smart City 
Initiatives

SenSen’s solutions also align with broader sustainability 
and smart city goals. By reducing congestion and 
enabling smarter urban design, SenSen’s technology 
minimises the environmental impact of inefficient traffic 
systems. Cities that adopt these AI-driven solutions 
benefit from reduced emissions, as optimised traffic 
flows result in lower fuel consumption and fewer idling 
vehicles. SenSen’s technology supports the creation of 
sustainable, liveable urban spaces, contributing to a 
global movement toward smarter and greener cities.

The technology’s success in cities like Brisbane has led 
to its incorporation into broader smart city planning. As 
demonstrated by Brisbane’s new tender specifications 
for smart city initiatives, SenSen’s approach is 
becoming a blueprint for future urban development, 
particularly in preparation for major events like the 
Olympics.

Evolving Urban Challenges

As cities continue to grow, urban challenges will 
evolve. Expanding populations and increasing density 
will intensify the effects of urban canyoning, making 
reliable navigation, efficient traffic management, and 
public safety even more critical. SenSen is committed 
to staying ahead of these challenges by refining its AI-
powered solutions to meet the demands of increasingly 
complex urban environments. Through ongoing 
innovation, SenSen will continue to adapt its technology 
to respond to new urban dynamics.
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SenSen’s Vision for 
Sustainable, Resilient Urban 
Environments

SenSen’s vision aligns with the global trend toward 
sustainable and resilient cities. By focusing on AI 
solutions that enhance urban infrastructure, SenSen 
contributes to the creation of cities designed to 
accommodate growth without sacrificing livability. 
SenSen’s approach prioritises efficiency, safety, and 
sustainability, ensuring that cities can thrive even as 
they face the challenges of rapid urbanisation. With 
SenSen’s technology, cities can transition to intelligent 
infrastructure that supports long-term resilience and 
meets the needs of their residents.

Innovation in AI for Future Urban Applications

Looking ahead, SenSen anticipates further 
advancements in AI technology to address emerging 
urban challenges. Predictive traffic systems, AI-driven 
emergency response, and automated compliance 
enforcement represent just a few of the future 
applications that SenSen is exploring. By investing in 
cutting-edge research and development, SenSen is 

preparing to meet the demands of next-generation urban 
environments, where real-time data and AI integration 
will be essential for effective city management.

The continued development of data fusion technologies 
remains central to SenSen’s innovation strategy. Just 
as self-driving cars benefit from multiple sensor inputs, 
future urban management systems will increasingly rely 
on the integration of diverse data sources to maintain 
accuracy and reliability in challenging environments.
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Bringing Clarity Back 
to the Streets

Addressing the challenges of urban canyoning is essential for modern 
cities aiming to provide efficient, safe, and sustainable services to their 

residents. SenSen’s AI-driven solutions offer a robust framework for 
overcoming the limitations of traditional mapping and navigation systems, 

ensuring reliable geolocation even in dense urban environments.

SenSen’s technology empowers city managers, port operators, and fuel 
retailers to address critical issues related to traffic compliance, worker 

safety, and fuel theft. By leveraging real-time data and AI-powered 
monitoring, SenSen’s solutions not only improve daily operations but 
also support long-term urban resilience. As cities continue to grow 

and face new challenges, the adoption of intelligent systems 
like those offered by SenSen will be crucial to delivering 

smarter, more responsive urban management.
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About  
SenSen.ai

Author - 
Prof. Subhash Challa

Before founding SenSenAI in 2007, Subhash 
developed his world-leading expertise in Data Fusion 
as an academic, parlaying a B. Tech in Electrical 
Engineering in his hometown of Hyderabad, India 
into a PhD on Signal Processing from the Queensland 
University of Technology (QUT), part of which was 
completed at Harvard University, Boston, USA, 
building up a particular expertise with Estimation 
Theory and Object Tracking that would lead to him 
publishing a foundational reference text on both 
subjects, Fundamentals of Object Tracking, in 2011, 
published by Cambridge University Press.

Through his work, Subhash has sought to make a 
positive impact on the world through AI. In addition 
to possessing 30 international patents and being 
published in over 150 peer-reviewed journals on 
the subjects of AI, Security/Trust, Sensor Networks, 
Subhash speaks frequently on these subjects at 
professional and academic conferences worldwide. 
He is an Honorary professor at the University of 
Melbourne and is on the Industry advisory Board 
of the department of Computer Science at the 
University.

Around the world, cities and businesses are confronted 
with a seemingly insoluble paradox: they are faced with 
issues too complex to meet effectively without AI, yet 
these tools come with a stigma attached to them. 

SenSen is the solution. 

As the leader of the Live Awareness movement and 
ecosystem that harnesses AI and IoT to drive major 
social and commercial good across an ever-expanding 
array of human activities, SenSen is the definition of AI 
for Good. 

Through SenSen, cities and enterprises access a 
constantly evolving and inspirational platform-based 
approach to AI and external data for a better, more 
human world full of curiosity, wonder, discovery and 
meaning.
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Thankyou  
for reading

SenSen.ai
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