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Addressing and geolocation systems underpin urban functionality, yet existing frameworks
Received: March 20, 2026 remain constrained by inconsistency, limited precision, and incomplete spatial coverage,

particularly across informal settlements, rural regions, and rapidly expanding cities. These
Accepted: May 14, 2026 deficiencies reduce logistics efficiency, delay emergency response, increase operational
Published: June 29, 2026 costs, and co.ntribut.e to avoidable greenhouse gas emissions. T.his study deyelops gnd
evaluates a unified Digital Address Number (DAN) framework designed to provide precise,
scalable, and inclusive building-level identification within a broader spatial intelligence
architecture. The framework adopts a hybrid multi-layer system comprising client interfaces,
a centralized spatial database, and external geospatial integrations. Each location is assigned
a deterministic 12-digit numeric identifier derived from standardized geographic coordinates
using geohash-based spatial discretization and cryptographic hashing, ensuring uniqueness,
non-reversibility, and scalability. A multi-layer validation mechanism integrating database
constraints and proximity-based spatial analysis is implemented to prevent duplication and
maintain spatial integrity. The system further incorporates offline identifier generation,
deferred synchronization, real-time tracking, and a dual-channel SOS communication
framework with intelligent spatial clustering for emergency escalation. Methodologically,
the study combines geospatial system design, spatial encoding logic, validation frameworks,
and applied operational demonstrations to evaluate system functionality across diverse
deployment scenarios. Empirical demonstrations within the University of Jos campus
environment and additional application scenarios indicate that DAN achieves sub-meter
building-level precision under standard conditions while providing a compact, human-
and machine-readable identifier that eliminates the ambiguity associated with descriptive
addressing, The framework further demonstrates potential to improve delivery efficiency,
strengthen emergency coordination, expand spatial inclusion, and support smart-
city interoperability across underserved environments. The study positions DAN as a
foundational digital infrastructure capable of supporting logistics optimization, public safety
operations, resilient urban governance, and next-generation spatially integrated smart-city
systems..
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INTRODUCTION 2021). Conventional addressing systems, particularly in

Urbanization, globalization, and rapid technological
advancement continue to reshape the functional demands
placed on cities and human settlements worldwide
(United Nations Department of Economic and Social
Affairs [UN DESA], 2025; United Nations Development
Programme [UNDP], 2025). As urban populations
expand, the efficient movement of people, goods,
services, emergency interventions, and spatial information
has become central to sustainable urban performance
(Batty ez al, 2012; Bibri & Krogstie, 2017). This has
accelerated the transition toward smart cities, where
digital infrastructure and data-driven systems underpin
sustainable development (Caragliu e a/, 2011; Albino ez
al.,, 2015). Despite alignment with global frameworks such
as SDG 11 and the New Urban Agenda (United Nations,
2016; United Nations, 2025a), a critical prerequisite
remains insufficiently addressed: the availability of
reliable and precise building-level identification systems
(Wotld Bank, 2018; Universal Postal Union [UPU]J,

developing regions, are increasingly inadequate due to
infrastructural limitations, rapid informal urbanization,
and weak institutional capacity (World Bank, 2018; UN-
Habitat, 2020). The 11th Ordinary Session of the Pan-
Affican Postal Union (PAPU) reaffirmed the urgency of
modernizing these systems across Africa (Ministry of
ICT and National Guidance Uganda, 2026; PAPU, 2020).
Digital platforms such as Google Maps have partially
addressed navigation challenges (Akanbi & Emmanuel,
2025, Google, 2024; Zandbergen, 2009), but their reliability
remains inconsistent in data-sparse and rapidly evolving
environments (Haklay, 2010; Zandbergen & Barbeau,
2011). These systems also lack permanent, building-specific
digital identity and structured emergency coordination
capabilities (Goodchild, 2007; World Bank, 2018).

The absence of precise and standardized location
identification creates inefficiencies logistics,
costs, contributes  to
greenhouse gas emissions through redundant travel
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increases  operational and
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(Mangiaracina e al, 2019; Boysen e al, 2021; Allen
et al, 2018; McKinnon, 2018). It further undermines
emergency response and public safety in time-critical
situations. In response, this study introduces the Digital
Address Number (DAN), a geospatially anchored system
that assigns a unique numerical identifier to each building
while enabling real-time location sharing and emergency
signaling. By integrating spatial intelligence with digital
identity architecture, DAN provides sub-meter accuracy
and a scalable framework for improving logistics,
strengthening emergency response, and supporting
smart city development. It is thus positioned not merely
as a navigation tool but as a foundational layer of next-
generation urban digital infrastructure.

LITERATURE REVIEW

Limitations of Existing Addressing and Geolocation
Systems

The effectiveness of urban systems depends on the
reliability and precision of addressing infrastructure
(World Bank, 2018; UPU, 2021). However, existing
systems remain limited in delivering universal, scalable,
and inclusive building identification (World Bank, 2018;
Kellerman, 2016). Traditional addressing frameworks
rely on descriptive identifiers that perform pootly in
informal settlements and rapidly urbanizing regions,
where addresses are often inconsistent or absent (UN-
Habitat, 2020; United Nations, 2025a). This results in
fragmented systems that exclude large populations from
formal spatial frameworks (World Bank, 2018; UPU,
2021). These challenges are compounded by declining
postal infrastructure and weak digital integration (UPU,
2021; PAPU, 2026). While GNSS-enabled platforms such
as Google Maps have improved navigation (Google, 2024;
Haklay, 2010; Kaplan & Hegarty, 2017, Saad & Alsayel,
2025), they remain constrained by positional inaccuracies,
incomplete data, and lack of persistent building-level
identity (Zandbergen, 2009; Zandbergen & Barbeau, 2011;
Chen ¢t al., 2022). Additionally, reliance on raw coordinates
or textual descriptors reduces usability, particularly in time-
sensitive scenatios (Goodchild, 2007; Kellerman, 20106).

These
governance, economic productivity, and environmental
sustainability (World Bank, 2018; UN-Habitat, 2020).
Inefficient
operational costs, and emissions (Mangiaracina e/ al.,
2019; Boysen ez al, 2021; Allen ez al, 2018; McKinnon,
2018), while inadequate location intelligence delays

limitations extend beyond navigation to

addressing increases delivery failures,

emergency response (World Bank, 2018). A critical
consequence is spatial exclusion, where populations
without formal addresses are effectively invisible to
governance and digital services (UN-Habitat, 2020;
World Bank, 2018), undermining SDG 11 and the New
Urban Agenda (United Nations, 2016; United Nations,
2025a). Furthermore, existing systems lack intelligent
emergency response capabilities, remaining largely passive
in critical scenarios. Collectively, these gaps demonstrate
that current addressing and geolocation systems fail to
provide a universal, precise, scalable, and emergency-
responsive framework suitable for modern urban systems
(Batty e al., 2012; Bibri & Krogstie, 2017).

Comparative Assessment of Existing Addressing
and Geospatial Identification Systems

To situate DAN within the broaderlandscape of addressing
and geospatial identification frameworks, it is necessary
to evaluate its conceptual and operational characteristics
relative to existing systems. Current approaches; including

traditional ~descriptive addressing, raw geographic
coordinates, proprietary geocoding platforms, and
national digital addressing systems; offer varying

strengths but remain limited in their ability to function as
comprehensive, future-ready spatial infrastructure. This
subsection therefore presents a structured comparative
assessment of DAN against existing systems using
key evaluative dimensions, including spatial precision,
usability, scalability, inclusivity, interoperability, resilience,
governance utility, and technological adaptability. The
objective is to identify persistent functional gaps within
current addressing paradigms and establish the necessity
for a more integrated and scalable framework. The
comparative analysis is summarized in Table 1.

Table 1: Comparative Evaluation of Existing Addressing and Geospatial Identification Systems Relative to DAN

Feature / Traditional | GPS Google What3Words | Existing DAN
Criterion Addressing | Coordinates | Plus National Digital

Codes Address Systems
Global Coverage / | Limited Global Global Global Usually, National | Global
Universality Only
Leave No One and | Poor Moderate High High Moderate Very High
No Place Behind
Capability
Human Readability | Moderate Poor Moderate | High Moderate High
/ Memorability
Hase of Verbal Moderate Poor Moderate | High Moderate High
Communication
FEase of User High Low Moderate | High Moderate High
Adoption /
Learning Curve
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Spatial Precision Low— High High High Moderate—High Very High
Moderate

Building-Level Often Poor | High Moderate— | Moderate— Moderate Very High

Specificity High High

Vertical/Multistorey | Very None None None Limited Integrated

Differentiation Limited

Coverage of Poor High High High Moderate Very High

Informal /

Unplanned

Settlements

Coverage of Poor High High High Moderate Very High

Remote / Rural

Areas

Works Outside Built | Very High High High Limited Integrated

Environments Limited

Dynamic / None High Moderate | Moderate Rare Integrated

Temporary

Location Support

Real-Time Dynamic | None Limited Limited Limited Rare Integrated

Tracking Support

Emergency / SOS | None Limited None None Rare Integrated

Functionality

Disaster / Crisis None None None None Rare Integrated

Escalation Support

Backend GIS Poor Very High Moderate | Low Moderate Very High

Compatibility

Al / Predictive Low Moderate Moderate | Moderate Moderate Very High

Analytics

Compatibility

Smart City / Low Moderate Moderate | Moderate Moderate Very High

IoT Integration

Potential

Autonomous / Poor Moderate Moderate | Moderate Low Very High

Drone Delivery

Compatibility

Administrative / High None None None High Embedded

National Identity

Recognition

Legal / Governance | Moderate Low Low Low Moderate High

Utility Potential

Standardization Moderate High Moderate | Moderate Moderate Very High

/ Interoperability

Potential

Scalability Across Moderate Global Global Global Limited Global

Jurisdictions

Update / Dynamic | Low Moderate Moderate | Moderate Moderate Very High

Adaptability

Precision Moderate Variable Moderate | Moderate Moderate Very High

Persistence /

Identifier Stability

Privacy / Hidden Moderate Poor Moderate | High Moderate Very High

Coordinate

Protection
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Platform High High Low
Sovereignty /
National Ownership
Potential

Low Moderate High

Dependency on Low Low High
Proprietary External
Platforms

High Moderate Low

of Large-Scale
Deployment

Cost Efficiency Moderate High Moderate | Moderate Moderate High

Expandability /
Modularity

Future Low Moderate Moderate | Moderate Moderate Very High

The comparative assessmentin Table 1 reveals that existing
addressing and geospatial systems remain misaligned
with the demands of modern smart-city and emergency-
response environments. Traditional descriptive addresses,
though familiar, suffer from low precision and poor
performance in informal or underserved areas, while raw
GPS coordinates, despite accuracy, are impractical for
everyday use due to complexity and low memorability.
Proprietary systems such as Google Plus Codes and
What3Words improve usability but remain limited
by weak vertical differentiation, reliance on closed
ecosystems, and minimal sovereign integration. National
digital systems, although contextually useful, often lack
global interoperability and scalability.

In contrast, DAN is positioned as a globally scalable,
interoperable, and multifunctional spatial intelligence
framework capable of universal application across all
environments. Beyond precise building-levelidentification,
it integrates vertical differentiation, dynamic tracking,
emergency response, and smart-city interoperability,
functioning not merely as an addressing tool but as a next-
generation infrastructure layer. The fragmentation across
existing systems underscores the absence of a unified,
inclusive, and future-ready spatial framework. DAN
addresses this gap by providing a coherent architecture
that combines usability, precision, interoperability, and
resilience, thereby establishing a comprehensive solution
for modern geospatial identification and service delivery.

MATERIALS AND METHODS

This section presents the conceptual, architectural, and
operational foundations underpinning the Digital Address
Number (DAN) framework. It outlines the geospatial
logic, system design, identifier generation processes,
validation mechanisms, and integrated spatial intelligence
components that collectively enable DAN to function as
a scalable and resilient digital addressing infrastructure.

Conceptual Framework of the Digital Address
Number (DAN) System

The conceptual framework establishes the theoretical
and structural basis of DAN as a universal spatial identity
system. It explains the undetlying geospatial principles,

digital identity architecture, and functional relationships
that support persistent, precise, and interoperable
location referencing across diverse environments.

Structural Architecture of DAN

The Digital Address Number (DAN) framework is
conceived as a next-generation digital addressing and
spatial intelligence architecture designed to provide a
universal, scalable, persistent, and machine-readable
identification mechanism for built structures across
diverse spatial environments. DAN departs from
traditional descriptive addressing systems and raw
coordinate-based frameworks by introducing a structured
numerical identity model in which every building is
assigned a unique and permanent digital identifier linked
to precise geospatial intelligence within a secure backend
spatial registry.

Structurally, DAN adopts a standardized twelve-digit
numerical framework, carefully optimized to balance
scalability, uniqueness, computational efficiency, and
human usability. As illustrated in Figure 1, the DAN
structure comprises two principal components: a national
identifier segment and a unique spatial/building identifier
segment. The national identifier utilizes internationally
recognized telecommunications dialing codes, thereby
embedding geopolitical identity directly into the DAN
architecture. For example, all DANs within Nigeria adopt
the prefix “234,” ensuring immediate national recognition
and interoperability. The remaining nine digits constitute
the unique building-specific identifier, computationally
derived through a deterministic spatial encoding pipeline
that integrates geospatial discretization (via Geohash) and
cryptographic abstraction (via SHA-256). This ensures
that each DAN remains stable, non-reversible, and
globally unique within its jurisdictional scope.

Unlike coordinate-exposing systems, DAN intentionally
conceals underlying locational mathematics from

National Identifier Unique Spatial/Building Identifier
234 ‘ 123456789

Standardized 12-Digit DAN Numerical Structure

Figure 1: DAN Structural Architecture
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public outputs. The visible DAN functions solely as an
abstract numerical identity, while all spatial intelligence;
including coordinate precision, spatial relationships, and
three-dimensional attributes; resides securely within the
backend database. This design ensures privacy, security,
and usability without compromising spatial accuracy.

DAN Operational Workflow
Methodology

The operational functionality of DAN follows a
structured geospatial workflow beginning with spatial

and Assignment

data acquisition and culminating in permanent digital
identity assignment. As illustrated in Figure 2, the
system progresses through a sequential architecture
comprising user input, geolocation capture, spatial
validation, identifier generation, and backend registry
linkage. A central component of this workflow is the
spatial data acquisition process, through which location
inputs are obtained, verified, and standardized prior to
identifier generation. To ensure flexibility, scalability,
and applicability across diverse geographic contexts,
DAN supports multiple input pathways, each designed
to accommodate varying levels of data availability, user
capability, and environmental conditions.

Acquisition via Open Geospatial Datasets (OSM
Integration)

In data-rich environments, DAN leverages existing
building footprint datasets obtained through open
geospatial platforms such as OpenStreetMap (OSM),
accessed via Overpass API queries. These datasets provide
polygon geometries representing building outlines, which
serve as high-quality spatial inputs. From these polygons,
geometric centroids are automatically computed and used
as the primary reference point for DAN generation. This
method ensures consistency, reduces user input burden,
and enables rapid large-scale deployment, particularly in
urban areas with well-developed mapping coverage. The
use of pre-validated geospatial datasets also enhances
positional reliability and minimizes the likelihood of

spatial inconsistencies.

User-Driven Building Geometry Capture via DAN
Application

In areas where pre-existing geospatial data are incomplete
or unavailable, DAN enables direct user participation
through the mobile application. Users capture building
geometry by selecting a minimum of three spatial points
corresponding to the structure’s corners, with additional
points used for more complex shapes. These inputs
define a polygon representing the building footprint.
The system automatically computes the centroid of the
captured geometry, which serves as the spatial anchor
for DAN generation. To ensure data integrity, submitted
geometries undergo validation through either backend
administrative review or automated spatial comparison
against available basemaps (e.g,, OSM or other mapping
services). Where discrepancies are identified, corrections
are applied prior to final approval. This approach balances
accessibility with accuracy, allowing reliable data capture
even in unmapped or rapidly changing environments.

Satellite Imagery Vectorization and GIS-Based
Processing

For institutional or large-scale deployments, DAN supports
the use of manually vectorized satellite imagery to generate
building footprints. High-resolution imagery is digitized
to extract polygon geometties representing structures,
often supplemented with externally sourced geospatial
datasets where available. The centroids of these polygons
are computed using GIS platforms such as ArcGIS and
subsequently integrated into the DAN system as pre-
validated spatial inputs. This method is particularly effective
for systematic mapping of large territorial extents, including
rural regions, informal settlements, and areas lacking
structured geospatial data. It enables high levels of spatial
coverage and consistency while maintaining control over
data quality through professional geospatial workflows.
Following acquisition, all spatial inputs are standardized
and processed through a spatial validation engine to

Geolocation Acquisition

Source 1:
DAN App
Manual Capture

v

Source 2:
OSM API Building
Footprints

Source 3:
Satellite Vectorization
& GIS Processing

v
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ensure positional accuracy and prevent duplication within
defined thresholds. The validated coordinates are then
passed through a deterministic generation pipeline in
which spatial discretization (Geohash) stabilizes positional
input, and cryptographic hashing (SHA-256) (National
Institute of Standards and Technology (NIST), 2015)
ensures high collision resistance, practical uniqueness
within deployment scope, and non-reversibility. A
subsequently
produced and assigned as the DAN, which is permanently

truncated numerical representation is

linked to the spatial record within the backend registry.
This workflow ensures that DAN assignment remains both
deterministic and spatially grounded, while preserving
abstraction at the user interface level. The centroid-
based methodology serves as the primary locational
anchor, minimizing ambiguity and ensuring consistency,
particularly in dense urban environments. Furthermore,
DAN incorporates implicit three-dimensional spatial
intelligence. While the public DAN remains a two-
dimensional abstraction, backend systems retain X—Y
positional integrity alongside Z-axis differentiation for
vertical environments, enabling accurate representation
of multi-storey and vertically complex structures without
exposing system complexity to end users.

Core Infrastructure and Modular Functional
Extensions

Although DAN is fundamentally a digital addressing
infrastructure, its architecture is deliberately designed
to support modular functional extensions built upon a
unified spatial intelligence core. As shown in Figure 3,
the DAN core system serves as the foundational layer
from which multiple operational applications, such
as navigation, logistics, emergency response, disaster
management, and public safety; are derived.

These functionalities are not independent features
but interconnected extensions of a single geospatial

DAN CORE SYSTEM
(Digital Address Infrastructure)

I
Navigation Logistics S0s Disaster Security /
Services Support Management Response Public Safety

Figure 3: DAN Core Infrastructure and Modular Extensions

framework. In real-world contexts, addressing, navigation,

emergency response, and security operations are
inherently interlinked, all requiring accurate and reliable
locational intelligence. DAN therefore consolidates these
capabilities within one coherent infrastructure rather
than fragmenting them across multiple systems. By
maintaining this structure, DAN preserves conceptual
clarity as a digital addressing system while ensuring
scalability and adaptability within smart city ecosystems,

resilience frameworks, and public safety architectures.

DAN Emergency and Intelligent SOS Framework

A defining feature of DAN is its embedded SOS and
intelligent escalation framework, enabling
users to transmit real-time, DAN-linked location data

distress

during emergencies. Users can share their live location
with designated contacts or emergency responders,
ensuring immediate traceability regardless of mobility
or environment. DAN extends beyond fixed structures
by supporting temporary location generation in non-
built environments such as forests, highways, rural areas,
and disaster zones, thereby ensuring universal spatial
accessibility. The escalation logic operates on tiered
response principles, as illustrated in Figure 4. A single
SOS triggers direct alerts to designated recipients, while
multiple simultaneous signals within defined spatial
thresholds are automatically classified as clustered
emergencies, triggering higher-level response protocols.

This
between isolated incidents and large-scale emergencies

clustering mechanism enables differentiation

[ Single SOS Trigger 1

I

Notify Contacts /
Security Services

Clustered SOS Detection
(0-10 m Radius)

¥
’—D LAutomatic Threat Analysis l

Emergency Escalation
Protocol Activation

Figure 4: DAN Core Infrastructure and Modular Extensions

such as disasters, armed attacks, or coordinated threats,
thereby supporting rapid and context-aware response.

DAN Real-Time Tracking and Dynamic Spatial
Monitoring

DAN further enhances emergency response through
real-time tracking and dynamic spatial monitoring;
As illustrated in Figure 5, activation of tracking or
SOS generates a temporary dynamic DAN linked to
continuously updating spatial coordinates, allowing
authorized users to monitor movement in real time.

This functionality is critical in scenarios involving
mobility, including kidnapping, displacement, search

User Activates 505 / Live Tracking Mode

rary Live DAN Generated

Figure 5: DAN Real-Time Tracking Workflow

and rescue, and remote navigation. Continuous updates
enable accurate tracking until the event is resolved. To
improve resilience, DAN supports offline buffering
mechanisms, allowing location data to be temporarily
stored and automatically synchronized once connectivity
is restored, ensuring operational continuity in low-
network environments.

Conceptual Significance of DAN

Collectively, DAN represents more than an addressing
system; it constitutes a unified digital identity and spatial
intelligence infrastructure for the built and unbuilt

31
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environment. By integrating persistent identification,
secure geospatial intelligence, real-time tracking, and
intelligent emergency response within a single framework,
DAN provides a scalable platform capable of supporting
smart cities, sustainable urban systems, and next-
generation geospatial governance.

System Architecture and Operational Framework of
DAN

This subsection presents the technical architecture and
operational workflow of the DAN system, including data
acquisition, encoding processes, validation mechanisms,
backend integration, and communication protocols. It
further explains how the system supports real-time tracking,
emergency response, offline functionality, and secure
spatial data management within a unified infrastructure.

System Architecture Overview

The Digital Address Number (DAN) system is designed
as a hybrid, multi-layer geospatial infrastructure that
integrates a compact human-readable identifier with a
robust backend spatial intelligence framework (Figure 6).
Rather than functioning as a standalone numeric code,
DAN operates as a unified system in which the identifier
and the database are intrinsically linked, collectively
enabling precise, scalable, and context-aware location
referencing,

At the highest level, the system architecture comprises
three principal layers: the client layer, the backend
layer, and the external integration layer. The client
layer consists of a cross-platform mobile application

and a web-based administrative interface. The mobile
application enables end-users to generate DANSs, capture
geospatial coordinates, initiate emergency alerts, and
access navigation services. The web-based administrative
panel provides real-time monitoring, data management,
and system oversight functionalities, particulatly for
emergency tresponse coordination and DAN registry
management. The backend layer is implemented using a
centralized, cloud-based relational database architecture
built upon PostgreSQL, with forward compatibility for
spatial extensions. This layer serves as the core repository
for all DAN records, spatial coordinates, emergency
alerts, and system metadata. It also supports real-time
synchronization, authentication, and access control,
ensuring secure and efficient system operation across
distributed clients. Complementing these layers is an
external integration layer, which connects the DAN
system to third-party geospatial and routing services,
including open-source mapping datasets and navigation
engines. These integrations enable functionalities such
as building footprint extraction, centroid computation,
and route optimization, thereby enhancing operational
capabilities.

As illustrated in Figure 6, the DAN system follows
a structured workflow beginning with user input
and geolocation capture, progressing through spatial
validation and DAN generation, and culminating in
database linkage and public identifier output. This layered
architecture ensures that while the DAN remains compact
and user-friendly, the underlying system retains full spatial
intelligence and analytical capability.

DAN SYSTEM ARCHITECTURE

High-Level Overview

USERS & APPLICATIONS DAN PLATFORM (Core System) ( OUTPUTS & SERVICES
Individuals Precise Navigation
Request/ Shere Q <= 4 i i
DAN D\’Q =g using DAN
S
isti DAN Generati Location Intelli Validation & SOS Engi
Logistics & e.ra ion ation Intelligence al '.: ion ngine 9 Live Tracking
Delivery Create unique Store & manage Verification Detect, cluster & ’ R,
O™0" Navigate to Digital Address spatial data Ensure uniqueness escalate aekd
DAN Numbers (Xy2Z) & accuracy emergencies. ™5
A L d
Emergency ‘ SOS Alerts
Response Central Database & Processing Engine R,  Real-time alerts to
Send / Receive [=mesen autherities &
s0s [= =] Secure storage, processing, and real-time operations responders.
|
.  Government & /J Analyii_cs &
m City Planners al I Reporting
Planning & B APls & Integration Layer Insights for better
Management Secure APIs for system and third-party integration ol
|
loT & Smart System
Devices ~ 4 Integration
Machine Connect with smart |
Integration city & loT systems
SECURITY & PRIVACY LAYER
=== = Encryption, access control, authentication, and audit s Y = %
1 I
1 1
1 l
5 COMMUNICATION LAYER
——————— ¥ (t2) B N
N
= 9,
e o - @
Mabile Network Internet Satellite (Future) Mesh Network (Future)

Figure 6: DAN System Architecture
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Spatial Data Acquisition Framework

The accuracy and reliability of the DAN system are
fundamentally dependent on the integrity of its spatial
data
across diverse geographic and operational contexts,

acquisition processes. To ensure robustness
DAN employs a multi-channel coordinate acquisition
framework. The primary method of acquisition is through
device-based Global Navigation Satellite System (GNSS)
positioning, enabling real-time capture of latitude and
longitude via mobile device sensors. Under standard
conditions, this provides sufficient accuracy for building-
level identification. However, recognizing variability in
dense urban or signal-constrained environments, the
system incorporates complementary approaches. A
secondary method involves user-assisted map-based
location selection, allowing manual identification and
capture of locations on an interactive map interface.
This is particulatly useful where direct GPS acquisition
is unreliable or when registering locations remotely.
For formal deployments, DAN integrates with open
geospatial datasets to enable building footprint extraction
and  centroid

computation.  Polygon

representing building outlines are processed to derive

geometries

geometric centroids, ensuring that the DAN corresponds
to the true spatial centre of a structure rather than an
arbitrary user-selected point.

All coordinates are standardized to fixed decimal
precision prior to processing, ensuring consistency
in DAN generation and minimizing computational
discrepancies. This standardization supports sub-meter
spatial differentiation between adjacent structures. While
DAN is publicly expressed as a two-dimensional identifier,
the system architecture accommodates three-dimensional
spatial representation within the backend. Multiple vertical
units can be associated with a single horizontal coordinate
base, enabling scalable representation of multi-storey
buildings and complex urban structures without exposing

this complexity at the user interface level.

DAN Generation and Encoding Methodology

The DAN generation process is designed to produce a
deterministic, compact, and globally scalable numeric
identifier that uniquely represents a physical location
while maintaining computational efficiency and offline
capability. As illustrated in Figure 1, the DAN is a fixed-
length 12-digit numeric string composed of preassigned
telecom country code and a nine-digit location-specific
component. The country code-aligned with international
provides
geopolitical context, while the remaining digits encode the

telecommunication  standards; immediate
spatial identity of the location. The generation process
begins with coordinate acquisition and standardization.
These coordinates are then transformed into a stable
spatial representation using geohashing (Niemeyer,
2008), which discretizes continuous geographic space
into fixed grid cells. This step mitigates the effects of
GPS drift and floating-point inconsistencies, ensuring
that spatially equivalent locations consistently map to

the same geohash. The resulting geohash is processed
through a cryptographic hashing function, specifically
SHA-256, which produces a uniformly distributed and
non-reversible output. This represents a significant
advancement over earlier checksum-based approaches,
providing strong collision resistance and eliminating
predictability. To maintain usability, the hash output
is reduced to a nine-digit numeric sequence through
controlled truncation. This ensures that the DAN
remains human-readable while preserving a sufficiently
large identifier space for large-scale deployment.

This encoding methodology guarantees determinism;
identical spatial inputs yield identical DAN outputs; while
ensuring that the identifier itself does not expose raw
geographic coordinates. The DAN therefore functions
as a reference key into the backend database, where full
spatial intelligence, including precise coordinates and
structural attributes, is maintained. Although the public
identifier reflects a simplified representation, the system
inherently supports three-dimensional spatial encoding
principles. Vertical differentiation, such as floor-level
identification, is managed through structured extensions
linked to the base DAN, ensuring compatibility with
high-density urban environments, multi-storey buildings,
and emerging applications such as drone-based delivery
systems.

Spatial Validation and Duplicate Prevention Framework
A critical requirement of the DAN system is ensuring
that each identifier corresponds uniquely to a single
physical location. This is achieved through a multi-
layered validation and duplicate prevention framework
combining deterministic encoding, database constraints,
and spatial proximity analysis. At the algorithmic level,
the deterministic nature of the DAN generation process
ensures that identical spatial inputs produce identical
outputs, significantly reducing duplication arising from
repeated registrations. At the database level, the DAN
field is enforced as a primary key, ensuring that duplicate
entries cannot be stored. Any conflicting insertion
attempts are automatically rejected, maintaining strict
uniqueness.

Beyond these mechanisms, the system incorporates a
spatial validation layer that evaluates proximity relationships
prior to final assighment. As illustrated in Figure 2, the
system performs spatial queries to identify existing records
within a configurable distance threshold. This ensures
that spatially overlapping or near-identical entities are
not assigned conflicting identifiers without verification.
The proximity threshold is adaptable to contextual
conditions such as urban density and settlement patterns.
In dense environments, stricter thresholds are applied to
distinguish closely spaced structures, while more flexible
thresholds may be used in rural contexts. The validation
framework leverages established geospatial computation
techniques, including spherical distance calculations and
scalable spatial indexing where available. In addition to
horizontal validation, the system accommodates vertical
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differentiation by linking multiple units within the same
footprint to a base DAN through structured extensions.
Together, these layers form a robust and resilient duplicate
prevention strategy, ensuring uniqueness even under large-
scale deployment conditions.

Live Tracking and Emergency Response Framework
DAN extends beyond static addressing to support
real-time tracking and emergency response operations,
forming a critical component of its role as a resilient
geospatial infrastructure. Live tracking is initiated
primarily through SOS activation. Upon activation,
the system begins continuous geolocation monitoring,
capturing updated coordinates at defined temporal
and spatial intervals. These updates are transmitted to
the backend and associated with the originating DAN,
enabling dynamic tracking of movement over time. As
illustrated in Figure 5, this workflow progresses from
SOS activation to continuous coordinate updates and
real-time visualization by authorized recipients. The
update mechanism is calibrated using both distance-
based and time-based triggers, ensuring responsiveness
while optimizing device resource usage across diverse
mobility scenarios. A dual-channel communication
architecture enhances reliability. Upon SOS activation,
a cloud-based alert is recorded in the central database,
while a parallel device-level message, containing the
DAN, coordinates, and a mapping link; is transmitted
via native communication channels. This redundancy
ensures functionality even under limited connectivity.
The system further incorporates spatially aware escalation
logic. As illustrated in Figure 4, multiple SOS signals
within defined spatial and temporal thresholds trigger
automatic escalation, indicating potential high-risk events.
Additional escalation pathways include time-based and
recurrence-based triggers, ensuring that unresolved or
repeated alerts receive increased priority. This integrated
framework enables DAN to function as both a personal
safety tool and a coordinated emergency response system.

Offline Capability and System Resilience Framework
DAN is fundamentally designed as an offline-first
system, ensuring operational continuity in low-
The DAN generation

algorithm executes entirely on-device, requiring no

connectivity —environments.
network interaction. This enables users to generate
valid identifiers in complete network isolation. A local
data persistence layer allows storage and retrieval of
DAN records, supporting offline access to previously
registered locations; with full system functionality
including global validation, persistent storage, and real-
time services enabled through synchronization with the
backend spatial registry. In emergency scenarios, fallback
communication mechanisms ensure that distress signals
can still be transmitted using device-native channels even
when internet connectivity is unavailable. Additionally,
the system supports deferred synchronization, allowing
locally generated data to be transmitted once connectivity

is restored. This architecture ensures graceful degradation
under constrained conditions, maintaining essential
functionality while restoring full capabilities when
possible.

Security and Privacy Framework

Security and privacy within DAN are addressed through
a combination of authentication controls, secure
communication protocols, and data abstraction strategies.
Access to sensitive data is governed through token-
based authentication and role-based authorization. All
communications occur over encrypted channels, ensuring
data integrity during transmission. A key privacy feature
is coordinate abstraction. The DAN does not expose raw
geographic coordinates; instead, it serves as a reference
to backend data. With the adoption of cryptographic
hashing, the identifier becomes non-reversible, preventing
reconstruction of coordinates from the DAN itself.
Privacy is further reinforced through data minimization,
retention policies, and audit mechanisms, ensuring
responsible data governance and system accountability.

System Integration and Extensibility Framework
DAN is designed as a modular and extensible geospatial
infrastructure capable of integrating with broader digital
ecosystems. As a universal spatial reference key, DAN can
interface with navigation systems, mapping platforms,
logistics networks, and administrative databases. This
enables consistent and precise location referencing across
diverse applications. Within smart city environments,
DAN supports integration with infrastructure systems
such as utilities, traffic management, and environmental
monitoring. In logistics, it enhances last-mile delivery
efficiency, particularly in complex or informal settlements.
The system is also compatible with emerging technologies,
including IoT networks, autonomous systems, and drone
delivery platforms, where vertical extensions enable precise
multi-level addressing. Importantly, DAN’s architecture
preserves a stable identifier layer while allowing backend
systems to evolve. As conceptually aligned with Figure 3,
this modular design ensures scalability, adaptability, and
long-term system relevance.

DAN  Output
Framework

The final stage of the DAN workflow involves
the transformation of the generated identifier into

Representation and  Delivery

standardized user-facing formats for communication,
storage, and operational use. Upon successful generation
and database linkage, each DAN is expressed as a fixed-
length 12-digit numeric code, serving as the primary
human-readable representation of the location (Figure 7).
To enhance usability across diverse application contexts,
the DAN is further encoded into machine-readable
formats, most notably Quick Response (QR) codes.
This enables rapid scanning, minimizes input errors, and
facilitates seamless integration within logistics, navigation,
and emetgency response systems.
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Figure 7: DAN end-User Output Presentation

In addition, DAN may be represented in digital link
formats for system-level interactions, allowing direct
invocation of navigation services, database queries,
These
representations ensure that while the underlying system

and application-level integrations. multiple
maintains complex spatial intelligence, the outward-facing

identifier remains simple, portable, and universally usable.

RESULTS AND DISCUSSION

This section evaluates the operational relevance, practical
applicability, and broader urban implications of the DAN
framework. Through applied deployment scenarios,
empirical demonstrations, and comparative assessments,
the study discusses how DAN improves spatial precision,
delivery efficiency, emergency coordination, inclusivity,
and smart-city interoperability relative to existing systems.

Practical Applications and Deployment Scenarios of
DAN

This subsection examines the real-wotld applicability
of DAN across multiple operational domains, including
logistics, emergency response, governance, disaster
management, and smart-city systems. The scenarios

DAN Registry
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27991197139 Transkaroo Country Lodge Public

27964697013  Mirage Toeriste Kamers (this is a building in SA.) Residential

234719676482  University of Jos, ASSU Secretariat Public

Figure 8: DAN Registry Outlook

how DAN functions as a versatile

spatial infrastructure capable of improving efficiency,

demonstrate

accessibility, and situational awareness across both built
and unbuilt environments.

Urban Addressing and Postal Delivery Optimization
In many urban environments, particularly in developing
regions, addressing systems remain inconsistent,
incomplete, or absent. Even in planned cities, building
identification often relies on informal descriptors
such as landmarks or local knowledge, resulting in
non-standardized and non-machine-readable systems.
Consequently, delivery operations frequently depend
on phone calls, manual directions, and trial-and-error
navigation, with recipients often required to guide
agents physically, highlighting systemic inefficiencies.
Although digital navigation platforms provide partial
support, they remain unreliable in many contexts, often
directing users to incorrect endpoints such as dead-end
roads, undeveloped areas, or wrong neighborhoods.
These challenges are especially prevalent in informal
settlements, peri-urban areas, and rapidly expanding cities

with incomplete or outdated spatial data.
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DAN addresses these limitations by assigning each
building a unique, persistent, and precise digital identity
independent of descriptive addressing (Figure 8). A
delivery agent requires only the DAN to navigate directly
to the exact location, eliminating ambiguity. Because
DAN is linked to validated backend spatial intelligence
with high-precision, it removes reliance on interpretive
navigation. Operationally, this significantly improves
delivery efficiency. Agents complete more deliveries
within shorter timeframes, reducing fuel consumption,
operational costs, and traffic congestion. At scale, this

DAN Registry

Show Pending

Registered Locations

Name

49494389743 Kleinmarkthalle Residential

27991197139 Transkaroo Country Lodge Public

27964697013  Mirage Toeriste Kamers (this is a building in SA.) Residential

234719676482  University of Jos, ASSU Secretariat Public

Figure 9: DAN Location and Identity Interphase

dense urban areas but still requiring local inquiries or
phone calls due to imprecise navigation outputs. These
inefficiencies accumulate across thousands of deliveries,
creating systemic operational friction. DAN resolves
this by establishing a direct mapping between location
and identity. Each destination is represented by a unique
DAN linked to a verified coordinate, allowing logistics
systems to operate using precise spatial endpoints rather
than descriptive addresses. This enables improved
routing, reduced delivery errors, and greater operational
efficiency. Additionally, DAN supports dynamic scenarios

Alart List

Figure 10: DDAN Emergency Response and SOS Interphase

contributes to lower greenhouse gas emissions and
enhanced urban sustainability.

Logistics, E-Commerce, and Dispatch Systems

The growth of e-commerce has exposed fundamental
weaknesses in existing addressing systems, particularly
in regions where addresses are ambiguous or absent.
Logistics providers often rely on manual verification,
repeated communication, and route
increasing costs and reducing reliability.

A common scenario involves dispatch riders navigating

adjustments,
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through temporary live identifiers. Mobile users or those
in non-permanent locations can share real-time DANS,
enabling seamless tracking without reliance on static
addresses (Figure 9). This is particularly valuable in
informal markets, construction sites, and event-based
environments.

Emergency Response and SOS Activation Scenarios
Existing systems are often inadequate in emergency
situations individuals ~ cannot  accurately
communicate their location. This is particularly critical

where
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in environments lacking formal addressing, where
responders rely on incomplete or delayed information.
DAN introduces an SOS-enabled framework for precise
real-time location transmission. Upon activation, a
user’s DAN-linked location is automatically shared with
designated contacts or emergency services, enabling
responders to navigate directly to the exact location
without verbal guidance. Beyond individual alerts,
DAN incorporates intelligent clustering. Multiple SOS
signals within a defined spatial and temporal range
trigger automated escalation, indicating potential large-
scale or high-risk incidents such as coordinated attacks
or disasters. This enables rapid situational awareness
and improved response coordination (Figure 10). The
system also supports live tracking, allowing responders
to monitor movement in dynamic scenarios such as
abductions ot evacuations,

significantly ~enhancing

intervention effectiveness.

Disaster and Crisis Management Applications
Disaster environments are characterized by disrupted
infrastructure and limited situational awareness, often
rendering traditional addressing systems ineffective.
Navigation tools may also fail due to data gaps or network
limitations. DAN provides a resilient framework by
combining persistent building identity, real-time tracking,
and clustered distress detection. Affected individuals can
transmit precise DAN-linked locations, enabling rescue
teams to identify and reach them accurately. Clustering
of distress signals allows prioritization of high-impact
zones for immediate intervention. Additionally, DAN’s
backend registry enables systematic mapping of affected
areas, supporting evacuation planning, relief distribution,
and post-disaster assessment. Its independence from
descriptive addressing ensures continued functionality
even when conventional systems fail.

Rural, Remote, and Informal Settlement Coverage

Large populations in rural and informal settlements
remain excluded from formal addressing systems, limiting
access to services and economic participation. Navigation
in such areas often depends on local knowledge or
physical guidance, while digital platforms provide limited
or inaccurate coverage. DAN addresses this exclusion by
providing a universal addressing framework independent
of existing infrastructure. Any location with defined
coordinates can be assigned a unique identifier, making
previously unaddressed areas accessible within digital
systems. This enables residents to receive deliveries,
emergency services, and digital access without requiring
formal street infrastructure, supporting inclusive
development and aligning with global sustainability
objectives. This underscores the principle of leave no one

and no place behind.

Security, Law Enforcement, and Public Safety
Operations

Effective security operations depend on accurate and
timely location intelligence, yet many systems are

hindered by vague reporting and inconsistent addressing;
DAN enhances public safety by enabling precise,
shareable location identifiers. Individuals under threat
can transmit real-time DANs through SOS activation,
allowing authorities to track and respond effectively.
In mobile scenarios such as abductions, live tracking
provides continuous situational awareness. The system’s
clustering capability further enables detection of
coordinated incidents within specific areas, improving
response planning and proactive intervention in high-risk

environments.

Smart Cities, IoT, and Digital Twin Integration

As cities transition toward data-driven systems, the need
for consistent spatial identifiers becomes critical. Smart
city infrastructures depend on precise location referencing
for integrating services such as transportation, utilities,
DAN
provides a persistent, machine-readable spatial identity

environmental monitoring, and governance.
layer that supports interoperability across systems. IoT
devices can be linked to specific DANs for precise
monitoring and control, while digital twin platforms can
use DAN to represent real-world structures within virtual
environments. Autonomous systems, including drones
and delivery robots, can leverage DAN for accurate
navigation, particularly in dense and vertically complex
urban settings. By providing a standardized spatial
reference framework, DAN supports the development
of integrated, intelligent, and resilient urban ecosystems.
Empirical Demonstration and Performance
Evaluation

To validate the operational feasibility of the proposed
framework, a controlled implementation of DAN
was conducted within the University of Jos campus
environment. The results provide practical insights into
the system’s locational precision, usability, navigation
performance, and comparative effectiveness relative to

conventional addressing and navigation approaches.

University of Jos Campus Case Study
To provide practical validation of the proposed
framework, a controlled application of the system
was conducted within the University of Jos campus
environment (Table 4.1). The campus presents a suitable
microcosm of urban complexity, characterized by
mixed infrastructure, irregular building layouts, informal
pathways, and varying levels of address standardization.
A set of representative buildings and service locations
across the campus were selected, including academic
blocks, residential halls,
service units. For each location, spatial coordinates were

administrative offices, and
captured using standard GNSS-enabled mobile devices
and processed through the DAN generation pipeline.
The resulting identifiers were then used to simulate real-
world navigation and delivery scenarios. The evaluation
focused on three key performance dimensions: locational
precision, navigation efficiency, and usability. DAN-based
navigation was compared against conventional descriptive
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addressing and standard digital navigation methods.
In the absence of structured campus-wide addressing,
traditional approaches relied heavily on landmarks and
verbal guidance, often resulting in ambiguity and delays.
Similarly, digital navigation platforms occasionally directed
users to approximate locations such as road edges or
general building clusters rather than precise entrances.

DAN-enabled navigation

By contrast, consistently

directed users to the exact centroid-linked location,
eliminating ambiguity and reducing the need for manual
clarification. In simulated delivery scenarios, users were
able to reach target locations with fewer route corrections
and reduced search time, particularly in areas with dense
or irregular building arrangements.

The results of the campus-based demonstration in Table
2 indicate that the proposed framework significantly

Table 2: Comparative Performance Assessment (University of Jos Campus)

Metric Traditional Addressing | Digital Maps Navigation | DAN-Based System
Locational Precision Low—Moderate Moderate—High High

Building-Level Accuracy Often Ambiguous Approximate Exact

Need for Verbal Guidance High Moderate Minimal

Navigation Errors (Observed) Frequent Occasional Rare

Time to Locate Destination High Moderate Low

Performance in Dense Areas Poor Moderate High

Usability (Non-Technical Users) | Moderate High High

Consistency Across Locations Low Moderate High

improves location specificity and operational efficiency
relative to existing approaches. While conventional
systems depend on interpretation and user familiarity,
DAN provides a direct and unambiguous spatial
reference, reducing uncertainty in navigation and service
delivery. The improvements are particularly pronounced
in complex spatial environments where traditional and
digital systems exhibit limitations. Although the case
study represents a localized evaluation, the findings
demonstrate the practical feasibility of the framework and
its potential scalability across larger urban systems. Future
studies may extend this validation through large-scale
deployment and quantitative performance measurement
across diverse geographic contexts. The University of Jos
campus demonstration provides initial empirical support
for the framework’s operational feasibility, highlighting
its potential to improve navigation efficiency and spatial
accuracy in real-world environments characterized by
addressing limitations.

Comparative ~ Advantages and Smart  City
Contributions of DAN
The Digital Address Number (DAN) framework

introduces measurable improvements in how locations
are identified, managed, and utilized across modern
urban systems. Beyond addressing limitations of existing
methods, it establishes a consistent spatial reference layer
that supports interoperability, precision, and operational
efficiency. These capabilities position DAN as a critical
enabler of integrated urban services, from logistics and
public safety to infrastructure management. This section
examines its distinct advantages and outlines how it
contributes to the development of more responsive,
efficient, and technologically aligned urban environments.
Universality and Global Scalability

A core strength of the Digital Address Number (DAN)

framework is its universality and scalability across

diverse geographic and socio-economic contexts. Unlike
conventional systems constrained by administrative
structures or urban planning maturity, DAN operates
independently of existing infrastructure. Its geospatial
basis and standardized numerical structure allow
deployment across urban, peri-urban, rural, and remote
environments without prior addressing systems. This
enables DAN to function as a globally consistent
framework capable of assigning unique identifiers to any
location. In rapidly urbanizing regions, it provides an
immediate mechanism for integrating new developments,
while in unaddressed areas it establishes a foundational
spatial identity system. By embedding national identifiers,
DAN maintains geopolitical coherence alongside global
interoperability, supporting cross-border applications and

international logistics.

Precision and Spatial Reliability

Existing addressing systems are often limited by ambiguity
or spatial inaccuracy. DAN overcomes this by anchoring
each identifier to validated backend spatial intelligence,
ensuring precise and consistent location referencing, This
enables direct targeting of locations with high-precision,
significantly reducing misrouting and improving reliability
in logistics, navigation, and emergency response.
Additionally, DAN supports three-dimensional spatial
representation, allowing differentiation of vertically
stacked structures within dense urban environments. This
extends addressing beyond traditional two-dimensional
limitations and aligns with modern urban complexity.

Inclusion and Address Equity

Conventional — addressing  systems exclude large
populations, particularly in informal settlements and
rural areas, limiting access to services and economic
participation. DAN addresses this by providing a location-

based framework independent of formal infrastructure.
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Any location with definable coordinates can be assigned
a DAN, enabling inclusion within digital and service
ecosystems. This expands access to logistics, emergency
response, and financial services, supporting equitable urban
development and aligning with global inclusion objectives.

Operational Efficiency and Economic Impact
Inefficient
economic costs through delays, failed deliveries, and

addressing systems impose significant
repeated routing. DAN reduces these inefficiencies by
enabling precise, unambiguous location identification.
This improves delivery speed, reduces operational costs,
and enhances service reliability. At scale, it supports
increased productivity within logistics and service sectors
while reducing congestion through optimized routing;
The resulting efficiency gains have direct economic

benefits for both service providers and urban systems.

Environmental and Climate Implications

Addressing inefficiencies contribute to unnecessary
travel, fuel consumption, and greenhouse gas emissions.
By enabling precise routing and minimizing redundant
movement, DAN improves transportation efficiency.
This leads to reduced fuel usage and lower emissions,
particularly in high-density urban environments. As such,
DAN supports sustainable mobility and contributes to
broader climate objectives by reducing the environmental
footprint of logistics and urban transport systems.

Governance, Security, and Urban Management
Accurate spatial information is critical for effective
governance, yet fragmented addressing systems often
limit planning and service delivery. DAN provides a
consistent spatial reference framework that enhances
infrastructure mapping, service coordination, and urban
monitoring. In security contexts, DAN enables rapid
location identification and real-time tracking, improving
response effectiveness. Its clustering and escalation
capabilities further enhance situational awareness during
emergencies. By standardizing spatial identification, DAN
supports data integration across government systems,
strengthening urban management capacity.

Smart City and Digital Infrastructure Integration
Smart city systems depend on standardized spatial
identifiers for integrating diverse data sources. DAN
provides a persistent, machine-readable spatial identity
layer that enables interoperability across platforms. It
supports integration with IoT networks, autonomous
systems, and digital twins, facilitating real-time data
exchange and system coordination. By serving as a
unifying spatial reference framework, DAN strengthens
the foundation for intelligent, connected, and resilient
urban systems.

Alignment with Global
Frameworks

Urban Development

DAN aligns with global urban development priorities,
particularly Sustainable Development Goal 11, which
emphasizes inclusive, safe, resilient, and sustainable

cities. By enabling universal addressability, improving
service efficiency, enhancing emergency response, and
supporting data-driven governance, DAN contributes
directly to these objectives. It also aligns with the New
Urban Agenda’s emphasis on technological innovation
in urban development, positioning DAN as a practical
tool for advancing sustainable and inclusive urban
transformation

Advanced System Extensions and Future
Applications of DAN

Beyond addressing, navigation, logistics, and emergency
response, DAN demonstrates strong potential as a
spatial
integrated digital ecosystems. By combining precise

foundational intelligence infrastructure for
spatial identity with real-time communication and
interoperable backend architecture, DAN enables the
development of context-aware, location-driven systems
capable of supporting urban governance, public safety,

infrastructure management, and smart-city operations.

Real-Time Emergency Coordination and Geo-
Fenced Community Alert Systems

DAN supports real-time emergency coordination through
spatial clustering and geo-fenced community intelligence
systems. Within environments such as estates, campuses,
industrial zones, or smart districts, DAN-enabled users
within a defined geographic boundary can operate as part
of a shared spatial network. When an emergency signal
is triggered; such as during robbery, fire outbreaks, or
medical emergencies; alerts can automatically propagate
to nearby users within the same spatial cluster, improving
collective awareness, early warning, and localized
response. Unlike conventional systems that rely mainly
DAN  combines

emergency escalation with horizontal peer-based spatial

on centralized escalation, vertical
awareness. This dual-layer framework enhances resilience,
particularly in areas where formal emergency response
infrastructure may be delayed or limited.

Spatiotemporal Situational Awareness and Risk
Intelligence

Complementing its real-time emergency functions, DAN
incorporates a spatiotemporal situational awareness layer
that provides anticipatory environmental intelligence.
As users move through space, the system can generate
contextual alerts indicating that nearby areas have
previously recorded verified incidents such as theft,
robbery, kidnapping, or other security-related events
within defined spatial and temporal thresholds. These
alerts are derived from anonymized and validated
incident clusters linked to DAN locations and governed
by proximity, incident density, recency, and classification.
The framework incorporates privacy-preserving and
misinformation-control mechanisms, including backend
verification and confidence scoring, ensuring that alerts
remain relevant and responsible. Together, DAN’s
reactive emergency coordination and proactive situational
awareness capabilities position it as a comprehensive
spatial intelligence framework for urban safety, resilience,
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and informed mobility.

Public Asset Monitoring and Smart Infrastructure
Integration

DAN also demonstrates strong applicability in public asset
monitoring, estate management, and smart infrastructure
systems. By assigning persistent spatial identifiers to
buildings, utilities, facilities, and infrastructure assets,
DAN enables efficient asset tracking, maintenance
coordination, infrastructure monitoring, and spatial
governance. At broader scales, DAN can integrate
with transportation systems, emergency services, loT
ecosystems, environmental monitoring platforms, and
urban digital twins through a unified spatial reference
framework. This positions DAN not merely as a digital
addressing system, but as an emerging spatial backbone
for interconnected digital ecosystems in which locations
become accessible, reliable, reusable, and operational
digital assets supporting coordinated urban functionality.

Limitations and Future Development

While the Digital Address Number (DAN) framework
provides a robust and scalable approach to spatial
identification, several technical, operational, and
systemic constraints influence its deployment and long-
term evolution. These limitations do not undermine its
conceptual validity but define areas for refinement and

future development.

GNSS and Positional Accuracy Constraints

DAN?’s spatial accuracy depends on underlying Global
(GNSS)
which are subject to wvariability due to atmospheric

Navigation Satellite  System technologies,
conditions, signal obstruction, and multipath effects.
These limitations are particularly pronounced in vertical
positioning, where altitude measurements may fluctuate
significantly. This affects applications requiring precise
elevation differentiation in dense urban environments.
While DAN  supports

vertical accuracy remains dependent on input data quality.

three-dimensional encoding,

Future improvements may involve integration with
enhanced positioning technologies such as Real-Time
Kinematic (RTK) GNSS, augmentation systems, and
hybrid positioning methods combining satellite, inertial,
and network-based data.

Dependence on Backend Infrastructure

DAN relies on a backend spatial registry for identifier
generation, validation, and storage. This introduces
dependence on cloud infrastructure, databases, and APIs,
which may be affected by system outages, synchronization
issues, or maintenance constraints. To enhance resilience,
future implementations may adopt decentralized or
including  distributed
redundancy mechanisms, and regional data replication to

hybrid architectures, systems,

ensure continuous availability.

Connectivity and Offline Constraints

Although DAN supports offline identifier generation
and local data storage, advanced functionalities such as
real-time tracking and SOS transmission require active
connectivity. In remote or disrupted environments, real-
time communication may be limited. While deferred
future
development may integrate alternative communication

synchronization provides partial mitigation,
technologies such as mesh networks, satellite systems,
and low-power wide-area networks (LPWAN) to improve

functionality in low-connectivity settings.

Adoption and Standardization Challenges
Widespread adoption of DAN requires alignment across
governments, institutions, and private-sector stakeholders.
Existing addressing systems and regulatory frameworks
may present barriers, particularly where legacy systems
are deeply entrenched. Achieving global interoperability
will require standardized protocols for DAN generation,
data management, and integration. This necessitates
coordinated efforts among international organizations,
policymakers, and technology providers to establish
governance frameworks and implementation guidelines.

Data Privacy and Security Considerations

Given its linkage to precise spatial data, DAN raises
important privacy and security concerns. Risks include
unauthorized access, misuse of tracking capabilities, and
exposure of sensitive location information. Although
DAN conceals raw coordinates at the identifier level,
backend systems must implement strong safeguards,
including encryption, access controls, authentication, and
audit mechanisms. Future enhancements may incorporate
privacy-preserving approaches such as anonymization,
differential privacy, and user-controlled data sharing,

System Complexity and Implementation Considerations
The integration of multiple functionalities; addressing,
tracking, emergency response, and spatial intelligence;
introduces system complexity. Ensuring seamless
interaction between these components requires efficient
architecture and intuitive user interfaces. Balancing
technical sophistication with wusability is critical,
particularly in low digital literacy contexts. Future
development should emphasize modular design, allowing
components to be deployed independently or scaled

progressively based on operational needs.

Future Development Pathways
Key
systems,

areas  include
satellite-based
and decentralized networking for improved resilience.

technologies. high-precision

positioning communication,
Additionally, artificial intelligence and machine learning
can enhance spatial analytics, anomaly detection, and
predictive capabilities. Further development may also
focus on global standardization and integration with
smart city systems, autonomous mobility, and digital twin
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platforms.
While DAN faces
constraints, these reflect broader technological and

operational and infrastructural

institutional conditions rather than inherent system
flaws. Most limitations are addressable through ongoing
innovation, infrastructure development, and coordinated
implementation. DAN  should therefore be viewed
as an adaptive and extensible framework capable of
evolving alongside advances in geospatial technology,
communication systems,
positioning it for long-term relevance in smart and

and digital infrastructure,

connected urban environments.

CONCLUSION

Persistent limitations in conventional addressing and
digital navigation systems continue to hinder service
delivery, emergency response, and inclusive urban
development, especially in under-addressed and rapidly
urbanizing regions where consistent spatial identification
is lacking. This study introduces the Digital Address
Number (DAN) as a geospatially anchored system that
assigns a unique, persistent identifier to every location. By
eliminating ambiguity and integrating three-dimensional
spatial intelligence, DAN enables accurate, reliable, and
scalable location referencing across diverse environments.
Beyond addressing, it serves as a foundational spatial
identity layer supporting logistics, emergency response,
governance, and smart city systems.

DAN demonstrates practical value through improved
delivery efficiency, enhanced emergency coordination,
reduced operational costs, and greater inclusion for
underserved populations, while also contributing to
reduced transport inefficiencies and sustainability
objectives. Strategically, it aligns with SDG 11 and the
New Urban Agenda by enabling inclusive, data-driven
urban systems. Fundamentally, DAN transforms location
into a first-class digital asset that is accessible, reliable, and
operationally actionable, comparable to digital entities
such as user identities or network endpoints. This shifts
location from a passive geographic attribute to an active
layer of digital infrastructure, enabling more efficient
and reliable connections between people, services, and
systems, and reducing spatial ambiguity in location-
dependent interactions.

RECOMMENDATIONS

While DAN presents a robust and scalable spatial
intelligence framework, its broader deployment requires
sustained improvements in three key areas: infrastructure
integration, stakeholder adoption, and technological
refinement;

i. First, integration with national and international
addressing systems should be prioritized to ensure
interoperability and institutional uptake.

il. Second, adoption strategies involving government
agencies, logistics providers, and emergency services are
essential for large-scale operationalization.

iii.  Finally, enhancement;

continued  technical

particularly in positioning accuracy, offline resilience, and
decentralized deployment models will strengthen system
robustness and long-term sustainability.

Overall, the framework is positioned as an evolving digital
infrastructure capable of adapting to future advances in
geospatial technologies, smart city systems, and digital
governance ecosystems.
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Appendix

Abbreviations

DAN Digital Address Number

GNSS Global Navigation Satellite System
GPS Global Positioning System

RTK Real-Time Kinematic

GIS Geographic Information System
API Application Programming Interface
QR Quick Response

SOS Emergency Signal

LPWAN Low Power Wide Area Network
IoT Internet of Things

SDG Sustainable Development Goal
NUA New Urban Agenda

UPU Universal Postal Union

PAPU Pan-African Postal Union

UN DESA United Nations Department of Economic
and Social Affairs

UNDP United Nations Development Programme
SHA-256 Secure Hash Algorithm 256-bit
WGS 84 World Geodetic System 1984




