From Fragmented
Systemsto
Connected Journeys:

How Digital Twins, loT, & Decision
Intelligence Are Transforming
Campus Mobility
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1. Executive Summary

Higher education campuses face significant challenges due to the operation of parking
systems, shuttle services, electric vehicle (EV) charging stations, and micromobility
services as isolated entities. This fragmentation leads to inefficiency, inequity, and
widespread dissatisfaction among students, faculty, and administrators.

Unifying these fragmented systems through artificial intelligence (Al)-powered decision
intelligence, supported by a connected digital twin of the campus, offers a viable
solution. Integrating Internet of Things (loT) sensors, real-time data, and predictive
analytics enables institutions to transition from reactive responses to proactive planning.

The benefits are tangible:

@ Sustainability: Optimize EV infrastructure, reduce congestion, and track carbon savings.
® Equitable Mobility: Ensure ADA compliance, balanced distribution of mobility assets, and
fair access for all users.

® Emergency Preparedness: Monitor occupancy, guide evacuations dynamically, and
provide priority routing for first responders.

® DataLiteracy: Empower staff and students alike with intuitive dashboards that make
complex information actionable.

This white paper examines the technology, use cases, and implementation roadmap for
a Connected Campus Mobility Model, with the objective of creating seamless and
intelligent mobility experiences. To better understand these opportunities, it is important

to first explore the current mobility challenges faced by higher education campuses.
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2. Introduction: The Campus Mobility Challenge

For decades, campus mobility has been managed through fragmented legacy
systems. Parking enforcement uses one database, shuttles another. EV chargers
run on proprietary apps. Bike-share and scooter vendors provide their own portals.
Facilities, security, and event teams rarely share data, leading to:

Underutilized assets (e.g., half-empty parking garages next to oversubscribed lots).
Frustration for EV drivers facing broken or occupied chargers.

Students wasting time circling lots at peak hours.

Planners relying on anecdotes rather than evidence for major decisions.

Event-day congestion due to a lack of coordinated parking assignment.

Higher Ed Trends Driving Change

T Rising EV adoption requires scalable charging networks.

® Sustainability mandates push campuses to reduce emissions
and report progress.

® Accessibility demands from students and staff highlight the need
for equitable solutions.

® Budget pressures force institutions to maximize efficiency

and ROI from infrastructure.
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3. The Vision: Integrated Campus Mobility Data Model

An integrated campus mobility data model is the foundation for smarter
decision-making. Today, mobility data is scattered: parking systems operate on
one platform, micromobility vendors use another, and EV charging is often
managed through proprietary apps. This lack of cohesion forces administrators
to work reactively, juggling incomplete information.

By contrast, an integrated data model consolidates these streams into a single,
unified source of truth. Think of it as a “digital nervous system” for the campus:

® Holistic View: All mobility assets (parking, EV, scooters, shuttles, bikes) are
visible in one dashboard.

® Cross-Department Collaboration: Facilities, sustainability teams, safety officers,
and event coordinators can align decisions.

® Accessibility for All Staff: Data isn't locked in IT or GIS teams; visual dashboards
empower nontechnical staff to act on insights.

The vision focuses on connecting existing systems into a digital twin, enabling
all mobility decisions to be informed by real-time, integrated intelligence. With

this data foundation established, we can now examine the core technology

framework supporting this transformation.
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4. Technology Framework

Al-Powered Decision Intelligence
Predicts demand, optimizes asset allocation, and surfaces policy insights in real time.

Data Integration Layer
Bridges legacy parking systems, shuttle feeds, EV apps, and micromobility vendors into a unified model.

loT Sensors & LPR (License Plate Recognition)
Feeds live data on parking occupancy, vehicle flow, and access control into the platform.

Federated Data Sources

Pulls in external inputs—weather, traffic, energy grid demand—to anticipate and respond to dynamic
conditions.

This framework transforms raw data into actionable intelligence, accessible through visual dashboards
tailored for every stakeholder.




5. Key Capabilities & Features

The power of the platform lies in its outputs,
which directly improve decision-making:

Real-Time Occupancy Dashboards Parking, micromobility docks, and EV chargers
update instantly. For example, a student can open the app and see the nearest
available bike or parking space, while administrators can monitor trends across the
entire campus.

Predictive Demand Modeling Al algorithms analyze historical and real-time data to
forecast demand spikes—such as Monday morning classes or major sporting
events. This enables proactive strategies like pre-allocating parking, scheduling
shuttles, or deploying scooters to high-demand zones.

Actionable Policy Insights Instead of static reports, the platform delivers
recommendations: “Lot A will reach 90% capacity by 10:30 AM—consider dynamic
pricing” or “Relocate 20 scooters to the library zone before peak hours.”

Visual Analytics for Nontechnical Staff Intuitive dashboards use color-coded maps,
charts, and alerts, enabling sustainability officers, student groups, and
administrators to leverage insights without needing a data science background.

Together, these capabilities transform mobility from a logistical challenge into a
strategic advantage.
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6.Use Cases & Impact Areas

Sustainability

T Optimize EV charger placement.

T Track carbon reductions from micromobility adoption.
® Support climate reporting commitments.

Accessibility & Equity
e Monitor equitable distribution of assets.

T Ensure ADA-compliant routing and prioritized access for
@ vulnerable populations.

Operational Efficiency
T Reduce underutilization of assets.
® Deploy predictive allocation to cut costs.

Campus Planning
e Guide capital investment with real-time utilization data.

I
e Align long-term strategy with sustainability and mobility needs.

Emergency Evacuations

? Dashboards show occupancy and bottlenecks instantly.
? Dynamic routing guides evacuees to safety.

® Priority pathways open for first responders.

Emergency
Evacuations




7. Building Institutional Data Literacy (Expanded)

Technology alone doesn’t create change—data literacy does.
Many institutions sit on valuable data but fail to use it
because it's fragmented, inaccessible, or too complex.

Vicinia's platform democratizes access to insights through:

® Role-Based Dashboards: A facilities manager sees live
occupancy and maintenance alerts, while sustainability teams
track emissions reductions. Student services might focus on

equitable access reports.

® Training & Enablement: Short onboarding sessions help
nontechnical users navigate dashboards, interpret patterns,
and use predictive insights.

® Cultural Shift: By making data accessible, institutions move
from reactive problem-solving (“How do we fix parking
shortages today?”) to proactive strategy (“How do we invest
in infrastructure for the next 10 years?”).

This cultural change is as important as the technology itself.

It creates a shared language of data across departments and
empowers everyone—from students to senior

administrators—to make evidence-based decisions.
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Before

A large university faces congestion,
frustrated EV drivers, siloed systems,
and missed sustainability goals.

After

® Students are guided directly to
available parking or bike-share stations.
® EV drivers know exactly which
chargers are open. " | " P e
® Planners use predictive analytics to -~ T8 m 4 | | :
allocate resources. A Joesy M
® Event organizers pre-assign parking
to smooth arrivals.

T Shuttle users track vehicles in real time. w == -
© Administrators monitor carbon By |
| savings and mode shifts. | | _f |

. $
Theresult: A sustainable, equitable, and data-driven campus mobility ecosystem.
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9. Implementation Roadmap (Expanded)

Rolling out a connected mobility model doesn’t need to be disruptive. e

o ML MARAGEMENT

A phased approach minimizes risk and builds trust:

® Step 1: Data Audit & Integration Catalog existing systems—parking - R ,ﬁ,_ﬁ{’;:éﬁ"ém T

SOURCES

management, EV chargers, micromobility vendors, shuttle feeds—and
connect them into a common integration layer. Even legacy systems

can feed into the model via APIs or adapters. _
® Step 2: Sensor/loT Deployment Install IoT sensors, license plate A Y — B STEP 2: SENsnmlm
recognition cameras, and occupancy counters in priority areas. These ' = \/d e ol
provide the “live heartbeat” of the system, ensuring data is accurate
and actionable.

® Step 3: Dashboard Rollout & Staff Training Launch role-based

dashboards, starting with key stakeholders (facilities, security,

o _ o . ' STEP 3: DASHBOARD ROLLOLT |
sustainability). Provide training workshops to ensure adoption and B &STAFFTRAINING

comfort with interpreting insights.

Step 4: Ongoing Analytics & Optimization Use predictive modeling and
feedback loops to refine strategies over time—dynamic pricing, asset
redistribution, and emergency protocols. Regular check-ins keep the

- E-“-"_IT . EMERGENCY

system evolving with institutional needs. e B el

This phased roadmap ensures campuses can start small, demonstrate
quick wins, and scale with confidence.

STEP 4: ONGOING
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10. Conclusion & Call to Action

Campuses can no longer afford fragmented mobility

systems. Digital twins, loT integration, and Al-powered
decision intelligence offer a scalable path to:

T Sustainability goals delivered with evidence.
e Equity and accessibility built into every journey.

I
e Operational efficiency that saves time and money.

e Emergency readiness backed by real-time intelligence. | T T ?
@ The next step is simple: pilot a connected campus mobility model. Start small, v c N A

prove value, and scale toward a smarter, more sustainable campus future.

Book a Demo
s



