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Introduction

An Industry Best-Practice Perspective on KPIs, ROI, and
Future-Proof Operations. How spatial intelligence enables
airports to understand passenger behaviour, optimise
operations and support data-driven decision making.

This paper emphasises spatial intelligence as a foundation
for airport decision-making, highlighting how continuous,
anonymous tracking of movement and assets enables

a shared operational understanding across stakeholders
and supports scalable future expansion of analytics
capabilities.

In this context, future-proofing is less about a specific
sensing device and more about maintaining a stable
analytical foundation. A software-led architecture allows
new features, additional analytics functions, and improved
sensing quality to be incorporated over time, progressively
expanding from touchpoint measurement to full-airport
operational intelligence and digital twin capabilities.
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Managing the Airport as a System

Executive Summary for Board and
Executive Management

Airports must accommodate growing passenger volumes while infrastructure expansion, staffing
availability and operational predictability are increasingly constrained. Performance is therefore no
longer defined solely by nominal capacity, but by how effectively the airport understands and
manages real operational behaviour under dynamic conditions.

Modern terminals function as interconnected operational systems. Passenger arrivals, staff actions,
infrastructure utilisation and vehicle movements interact continuously. Local inefficiencies propagate
quickly: variability at curbside influences check-in demand, check-in affects security throughput,

and security performance determines boarding reliability and dwell behaviour in commercial areas.
Managing these interactions requires objective, continuous insight rather than isolated measurements
or static planning assumptions.

This paper presents an operational framework that treats passenger flow analytics as a form of
spatial operational intelligence. By anonymously analysing movement across the terminal, airports
can understand touchpoint performance, journey insights across touchpoints and behaviour-based
passenger patterns. These insights enable more reliable KPIs, improved staffing alignment, capacity
optimisation and coordinated decision-making across stakeholders.

The approach supports both operational and financial objectives. Stabilised processing improves
passenger experience and resilience during disruptions, while predictable dwell patterns support
commercial performance. A scalable, software-led analytics architecture further allows progressive
expansion of coverage across the airport environment and provides the analytical foundation for
predictive operations and digital twin applications.

The following sections therefore move from operational context to a new analytical perspective,
explaining why traditional measurement approaches are insufficient and how spatial intelligence
enables airports to manage operations as a coordinated system.

A scalable, software-led architecture is the base of operational and commercial
performance improvements
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Managing the Airport as a System 5

1 Why People Flow Analytics
Is Important

The framework described in this paper is independent of a specific sensing technology and focuses
on operational capability rather than implementation approach.

Traditional airport performance management is largely based on isolated metrics such as waiting
times, queue lengths, and theoretical throughput at individual touchpoints. These measurements do
not explain how operational excellence emerges across the terminal as operational performance does
not emerge locally. It emerges from the interaction between the processes. Airports may optimise a
single checkpoint which then meets its service target while overall passenger experience and system
performance deteriorates elsewhere in the terminal. As a result, airports often optimise individual
processes while system performance remains unstable. The limitation is therefore not the lack of
data, but the lack of operational context.

People Flow Analytics provides objective visibility into these interdependencies. Rather than
optimising individual processes in isolation, airports gain insight into how demand builds up over
time, how bottlenecks shift between processes, and how operational decisions in one area influence
performance elsewhere.

Equally important is the shift from reactive to proactive management. By analysing real-time and his-
torical flow patterns, airports can anticipate peaks, identify emerging congestion, and take preventive
action before service levels deteriorate, particularly during peak periods or irregular operations. With
further advancements in analytics using solution integrated spatial Al-tools, real-time decision-making
support is brought to new levels in optimising the people flow and asset utilisation at airports.

Going from reactive to proactive process management based on real-time data
allows airports to anticipate peaks and take preventive actions.

happycreator / Shutterstock.com
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2 Benefits for Passengers

For passengers, the primary value of People Flow Analytics lies in predictability and consistency rather
than absolute speed alone. While reducing waiting times remains important, reliable and understand-
able journeys are often valued even more.

By proactively managing demand and balancing flows across the terminals, airports reduce extreme
congestion events and smooth transitions between processes. This lowers stress levels, improves
comfort, and enhances the overall perception of airport quality, particularly during peak periods and
disruptions.

Passengers also benefit indirectly from improved terminal environments. More predictable processing
times increase dwell time in seating, retail, and food and beverage areas, improving comfort without

visible infrastructure changes. Importantly, recent advances in sensing technologies now enable
reliable observation of movement patterns at operationally relevant accuracy.

3 Operational and Financial
Benefits for the Airport

From an airport operator’s perspective, People Flow Analytics delivers measurable improvements
in operational efficiency, service quality, cost control, and utilisation of existing assets.

Staffing optimisation is often the most immediate benefit. By aligning staffing levels with observed
demand rather than static schedules or theoretical capacity assumptions, airports and the service
providers can reduce overtime, contingency staffing, and inefficient peak coverage. Over time, this
leads to a lower cost per processed passenger while maintaining or improving service levels.

Capacity optimisation represents a second major value driver. Improved throughput and more balanced
utilisation enable airports to accommodate growth within existing infrastructure, delaying or avoiding
capital-intensive expansion projects.

Operational resilience is a further benefit. During irregular operations, People Flow Analytics enables
faster detection of abnormal congestion and supports prioritisation of corrective actions, reducing
knock-on effects and shortening recovery times. These benefits are enabled by the combined effect
of accurate touchpoint analytics, correlation between processes, and behaviour-based passenger
segmentation.

People Flow Analytics also has a measurable impact on commercial performance. Retail and food & bev-
erage revenue in terminals is highly sensitive to passenger stress levels and time predictability. When
passengers are uncertain about processing times, they remain close to security or boarding areas and
reduce discretionary spending.

From Passenger Flow Analytics to Operational Intelligence | March 2026 © by 2assistU AG
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By stabilising waiting times and making journey duration more predictable, airports increase passenger
dwell time in commercial zones. More importantly, the predictability of flows allows concessionaires

to align staffing, product availability and promotions with actual passenger behaviour rather than flight
schedules alone.

Several airports have observed that smoother processing and balanced distribution of passengers
across the terminal improves retail conversion rates and reduces extreme peaks in demand. As a
result, People Flow Analytics contributes not only to operational efficiency but also to more stable
and predictable non-aeronautical revenue.

Optimising the Passenger Flow directly impacts the non-aeronautical revenue.
It has been proven that happier passengers spend more money at the airport.
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4 People Flow Analytics Built
on Three Core Pillars

Understanding airport operations requires more than measuring individual processes. Passenger
experience and operational performance emerge from the interaction of multiple processes over time
and space. To structure this understanding, People Flow Analytics can be viewed through three com-
plementary analytical pillars: touchpoint performance, passenger journey insights across touchpoints,
and behaviour-based passenger patterns.

To operationalise this understanding, the following section introduces a practical analytical framework.

4.1 Pillar One - Touchpoints as the Foundation

The first pillar focuses on touchpoints, the locations where passengers interact directly with airport
infrastructure or staff, such as check-in, bag drop, security screening and boarding. At these interfaces,
operational performance becomes visible to passengers and therefore directly influences perceived
service quality.

Accurate analytics at touchpoints requires measurement of actual waiting times and effective trans-
action times. Preparation, orientation, hesitation, and post-interaction behaviour often extend resource
occupation beyond technical system times.

At this level, performance at one touchpoint often affects interactions at adjacent touchpoints. For
example, curbside vehicle congestion can delay passenger arrival to check-in, while reduced through-
put at check-in can increase pressure on downstream security processes. In an isolated view, the
insights between touchpoint performance may not be apparent and therefore not easily addressable.

In addition, reliable staff detection and exclusion based on behavioural patterns, dwell duration, and
repeated presence in restricted or operational areas is essential. Distinguishing staff movements from
passenger behaviour significantly increases KPI credibility, particularly in shared spaces such as check-
in halls, security preparation zones or boarding gates.
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Managing the Airport as a System 9

4.2 Pillar Two — Passenger journey insights across touchpoints

While touchpoint analytics reveal individual process and local performance, airport operations cannot
be understood in isolation. The performance of one process directly influences demand at the next.
Passenger flow therefore must be analysed as a connected sequence in continuous tracking across
touchpoints rather than as independent queues.

Continuous spatial tracking reveals how infrastructure performance influences passenger behaviour.
Congestion at one touchpoint does not only increase waiting time; it changes routing choices, dwell
patterns and commercial engagement.

For example, curbside traffic congestion may shift arrival peaks and compress check-in demand into
shorter time windows, while prolonged preparation time at security screening alters downstream
passenger distribution in retail areas.

These effects cannot be derived from isolated measurements. By maintaining consistent journey
observation across operational processes, rather than observing isolated moments and inferring con-
nections, airports gain direct insight into how passengers orient themselves, respond to congestion,
and use circulation and commercial space. Only spatial movement analytics across touchpoints allows
airports to understand cause-and-effect relationships within the terminal area and manage the airport
as an integrated operational system.

Extending this continuous visibility from curbside into the terminal adds a predictive dimension: by
understanding passenger arrival patterns before they enter internal processes, airports can anticipate
demand and take proactive operational measures.

Enhanced flow analytics and dynamic queue detection throughout the terminal also bring the isolated
queue analytics to the next level allowing to get a full view of how passengers use the available space
and infrastructure.

Journey pattern analysis across multiple touchpoints enables cohort-based insights by flight or airline.
Flow-based visualisations such as Sankey charts illustrate how passenger volumes split, converge, and
transition across touchpoints, enabling fact-based coordination between landside, terminal, and airside
operations.

Fig. 1: Sankey Arrivals Fig. 2: Sankey Departure
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4.3 Pillar Three — Behaviour-Based Passenger Types

When passenger journeys are analysed across multiple processes, patterns emerge that are not visible
at individual touchpoints. Passengers differ not only by airline or travel class but also by behaviour,
preparation time and use of airport facilities.

This enables more accurate planning than traditional flight-schedule-based assumptions and supports
differentiated staffing, queue management and facility design.

At the full-path level, People Flow Analytics enables differentiation of passenger types based on obser-
ved behaviour across the entire journey.

Examples include differences between business and leisure passengers, as well as passengers arriving
by taxi, private car, public transport, or rail. These differences influence preparation time, dwell behav-
iour, and utilisation of check-in, security, and commercial infrastructure.

Understanding these full-path patterns enables more precise planning, targeted resource allocation,
and improved resilience during peak periods or disruptions. Importantly, modern 3D sensing techno-
logies based on spatial data point analytics capture movement as spatial data rather than images,
making this analysis natively anonymous.

The same analytics foundation supports adjacent use cases such as wheelchair detection, mixed
pedestrian and vehicle flow analysis for example at curbside, and baggage-related investigations in
combination with CCTV systems.

Understanding the flow between touchpoints provides the next level insights into
providing operation excellence business processes.
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5 Why Dashboards, Reporting,
and Open Data Matter

Beyond operational visibility, a major benefit of People Flow Analytics is the creation of a shared opera-
tional truth. Different stakeholders — airport operator, security providers, airlines and ground handlers
— often rely on separate data sources, subjective observations and often still on manual counting.

A unified spatial dataset provides an objective reference for performance discussions, SLA monitoring
and investment decisions, reducing operational disputes and focusing improvement initiatives on
solutions rather than debating measurements.

Dashboards and reporting embed insights from all three pillars into daily operations and strategic
governance. Operational dashboards support real-time decision making, while historical reporting
enables trend analysis, benchmarking, and investment justification. Software platforms transform raw
movement data into correlated journeys, behavioural insights, and predictive indicators.

These pillars are connected by spatial intelligence: continuous, anonymous observation of movement
across the airport environment. This allows each touchpoint to be interpreted within its operational
context and links local performance to system-wide outcomes, including passenger experience analyt-
ics, staff activity, and asset utilisation intelligence. Modern analytics platforms no longer measure only
queue lengths or waiting times at isolated checkpoints; instead they continuously observe how people
and operational assets occupy and move through physical space over time.

By anonymously tracking trajectories rather than events, the airport gains insight not only into how
long a process takes, but how passengers and staff use the infrastructure in real life. This includes
movement patterns, hesitation areas, congestion formation, circulation conflicts, and underutilised
zones.

This approach fundamentally differs from traditional touchpoint-centric analytics. Systems focused on
single locations can measure performance at that specific point but cannot explain upstream causes
or downstream consequences. Spatial analytics closes this gap by placing every touchpoint into its
operational context.

The most advanced software platforms go beyond traditional dashboards by delivering what is increas-
ingly referred to as a Motional Digital Twin, a real-time, continuously updated 3D representation of how
people, vehicles and assets move, behave, and interact with each other and with the infrastructure
across the airport environment. Unlike static digital twins focused on infrastructure and assets, a
Motional Digital Twin captures the dynamic reality of physical flows, transforming raw movement data

into correlated journeys, behavioural insights, and predictive indicators within a unified spatial reference.

Providing analytics outputs in open formats such as OSEF and integrating them into enterprise analyt-
ics environments ensures flexibility, transparency, and long-term value creation. This software-centric
approach allows airports to evolve their analytics capabilities over time without being constrained by
proprietary visualisations or data models.

From Passenger Flow Analytics to Operational Intelligence | March 2026
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Edge computing ensures filtered, anonymised data is delivered efficiently and securely reducing the
load on the network and cloud computing infrastructure. This allows airports to further process the
data by their data analytics teams for example for longer term planning or integration with other data
sources like Point of Sale (POS) data and more. An architecture allowing different stakeholders to see
“their” data in 3D, in real time and via customised reports should be favoured and increases the credi-
bility and trust across the airport ecosystem. The access to accurate data for stakeholders can support
their operations in KPI monitoring and SLA adherence. This in turn provides another positive effect for
overall passenger experience performance improvements.

The open formats approach avoids vendor lock-in, supports enterprise data strategies, and ensures
long-term flexibility.

A hardware agnostic software-led approach to People Flow Analytics provides the
best base for continuous business process improvements along the maturity level
of the data analytics capabilities.

6 Future-Proofing the Investment:
Software-Led, Hardware-Enabled

Once operational behaviour is understood across the terminal, the question shifts from measurement
to sustainability of the capability. Airports require analytics that can evolve together with operational
needs, infrastructure and passenger behaviour.

The sensing capabilities required to capture movement, dwell time, and trajectories at scale exist today
and are widely deployed across industries such as automotive, logistics, robotics, and smart infra-
structure. This broad adoption is driving continuous improvements in accuracy, robustness, and cost
efficiency. As one example, spatial sensing technologies-based sensing has become a mature, industry-
standard capability benefiting from large-scale research and development, a growing global ecosystem
and operational deployments in major international airports in five continents.

Yet sensing alone is only the foundation, the long-term value is defined by the software. Advanced
analytics platforms enable continuous tracking across touchpoints, behaviour-based segmentation,
predictive modelling, and integration with other airport systems such as flight operations, staffing, and
commercial performance data.

Open, modular software architectures, agnostic to the hardware manufacturer, ensure that as sensing
technologies evolve, improved data quality can be continuously incorporated without disruptive system
replacement. Airports that invest in software-led analytics architectures reduce technology risk, avoid
vendor lock-in, and ensure that People Flow Analytics remains adaptable as operational models and
passenger behaviour continue to evolve.
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7 Motional Digital Twins: From
Flow Analytics to Predictive
Airport Intelligence

Motional Digital Twins are not simply an upgrade to basic People Flow Analytics, they represent a
fundamentally different capability: a live, continuously updated 3D replica that captures how people
and vehicles move, behave, and interact with each other and business assets across the entire airport,
providing the spatial intelligence foundation for both real-time operations, predictive decision-making
and informed simulation.

By integrating live and historical flow data within a unified spatial model, Motional Digital Twins deli-
ver value across three time horizons: real-time situational awareness of passenger positions, queues,
and congestion; historical replay and trend analysis to reconstruct journeys, benchmark performance
and inform simulations; and predictive intelligence to forecast demand, test scenarios, and model the
impact of operational decisions before they are made.

More than a monitoring tool, a Motional Digital Twin becomes a strategic decision layer that unifies
situational awareness, predictive intelligence, and long-term planning. As Al-powered systems mature,
this foundation also positions airports to leverage Agentic Al, intelligent systems capable of querying
the digital twin, identifying anomalies, forecasting outcomes, and eventually recommending or execut-
ing optimised actions autonomously.

For airports navigating growth, volatility, and investment risk, Motional Digital Twins provide the opera-
tional intelligence required to move from reacting to events toward actively shaping future outcomes.
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Conclusion

Taken together, spatial intelligence, correlated analytics,
and behaviour-based understanding enable airports to
transition from monitoring performance to managing
outcomes. The value therefore lies not only in measuring
operations but in supporting coordinated decision-making
across stakeholders, operational areas, and planning
horizons.

Recent advances in spatial sensing technologies now
enable continuous, anonymous observation of movement
across entire terminal environments at operationally rele-
vant accuracy. Yet, data acquisition alone does not deliver
value. The true transformation comes from advanced
software platforms capable of converting this new type
of spatial data into a Motional Digital Twin: a real-time,
continuously updated 3D replica of how people and
vehicles move, behave, and interact across the airport.
This software layer is what enables continuous passenger
journey tracking across touchpoints, behaviour-based
segmentation, predictive modelling, and integration with
operational and commercial systems.

As airports continue to evolve into highly interconnected
operational environments, managing performance can no
longer rely on isolated measurements or static capacity
assumptions. Passenger experience, operational stability
and commercial performance emerge from the interaction
of multiple processes across time and space. People Flow
Analytics therefore should not be understood as a monito-
ring capability, but as an operational intelligence function.
By enabling a shared, objective understanding of how the
terminal behaves, spatially correlated analytics allows air-
ports to move from reacting to congestion toward mana-
ging outcomes. In this sense, the value of the approach is
not primarily technological — it is organisational. Airports
that adopt it gain the ability to coordinate stakeholders,
align decisions and operate the terminal as an integrated
system rather than a collection of individual processes.

The question is therefore no longer how
to measure passenger flow, but how to

use operational intelligence to manage

the airport as a system.
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