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Arabia’ s Vision for Smart Mobility
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Saudi Arabia’ s Vision for Geospatial Insights

VISION Cl_,g'l Based on what has been stated in Saudi Arabia’'s

1"" o o
Vision 2030:

“We will expand the scope of

l-l.":c-"f.;!l = g 1
e e electronic services provided

¥
dJagouull dujall dalooll to include other services such

KINGDOM OF SAUDI ARABIA as Geographic Information
Systems, health and applied

services.”

The vision highlights the importance of geospatial information as a tool
supporting developmental sectors and various digital fields through the
integration of geospatial data, applications, and spatial solutions using
location as a common reference framework. This contributes fo
increasing efficiency, improving the quality of services and operations,
and supporting location-based decision-making.

“Everything happens
somewhere”

9
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GEOSA: Executing the National Blueprint ="
for Geospatial Sector

A vibrant, smart, and sustainable geospatial
sector that achieves the efficiency of the
geospatial infrastructure and contributes to
the Kingdom’s leadership in economic,
social, and environmental sectors.

Mission
To provide a secure infrastructure and

national geospatial data that is organized,
effective, and reliable, supported by an

innovative and investment-attractive
environment. It is enhanced with qualified
human capabilities and enables the
participation of stakeholders and strategic
partners and supports them in decision-
making.

Strategic Direction

@ Organizing, Geospatial Building National
(‘@J Supervising, and .lm Infrastructure 0O no Capacities and
@ Overseeing the il and enabling &/‘@}h Geospatial
o Geospatial Sector. Investment Innovation

National Geospatial

Geospatial Regulation
Strategy

& Laws

National Geospatial
Security

International
Collaboration

= Standards &
Specifications
. National Geospatial
o Infrastructure

GEOSA Key
Responsibilities

Kingdom Atles

Investment & ?ﬂr
Innovation )

Geospatial Studies & . -
Consultations R ) Capacity Building
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The National Geospatial Ecosystem is GEOSA’s holistic framework to unify, enable, and evolve

Nationl Geaspatial Center (NGC)

GEOSA
(National Regulator)
Foundation Theme- 2
Working Group.

Working Group
Custodian
[T ] [Timogey | [ Woir | [[Gotony || ivnton chmﬂ s | [l | 2

L_&@MI_E.M_H Buildings H Population H Utilites ‘ = ,'_- z

Data Pollcy and Standards

QD‘

:apabllltles across Saudi Arabia. It supports smart governance, economic gruwlh and innovation by

[ 25 Foundation Themes |

Tiational
Address

88 Gospatial
Consortium

1. Enable 2. Operationalize 3. Enable 4. Enhance 5. Automate. 6. Deliver an
ecosystem ecosystemshared  ecosystemdata  ecosystem data ecosystem Integrated
practices infrastructure management analytics functionalities ecosystam

National Geospatial
Centre (NGC)

The National Geospatial Center is a
central body established by GEOSA
to coordinate and enable the
national geospatial ecosystem.

It is responsible for the
governance, integration,  and
quality assurance of geospatial
data across sectors, supporting
strategic  decision-making  and
fostering  innovation  through
access to reliable, standardized,
and up-to-date geospatial
information.

Saudi GEO-HUB
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National Geospatial Data
Governance Framework

National Geospatial Ecosystem

The National Remote Sensing Centre under GEOSA serves as the central hub for managing,
coordinating, and advancing remote sensing activities across the Kingdom, supporting national
development by leveraging satellite imagery, aerial surveys, and geospatial intelligence.

* National Capability Hub A
» Collaboration & Integration

- Data Processing & Analysis

v satellite Imagery & Aerial Data Acquisition

National CORS
Network
(KSA-CORS)

|

Primary Geodetic
Network Network
(KSA-PGN) (KSA-NVN)

National Geodetic Reference Frame National Vertical Reference Frame National Geoid Model
(KSA-GRF17) (KSA-VRF14) (KSA-GEOID21)
=
B

National Geodetic
Infrastructure

National Remote Sensing
Centre

+

Saudi GEO-HUB

National Hydrographic

Infrastructure

‘Saudi Tide Tables

National Geospatial
Platform

450+

T Nl

Eastern Region Map

(Downloadable bata —= J

National Geospatial
Platform |

*

19

Activities
Licensed by
GEOSA

The GEOSA Board approved the controls and requirements
for licensing and permitting geospatial activities. l

e —

Marine
surveying

Geospatial database
development

Panoramic imaging and
similar technologies

Nautical GIS web applications
charfing and services

Geospatial Permits &
Licensing

T
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The Geospatial Industry Value Chain

Su rveying & Satellite/ Drones/ GNNS loT Sensors
Mapping : Remote UAVs : System :
. Photogrammetr Aircraft EO Positioning Terrestrial
; y System Systems

Ground Electromagneti
Penetrating ¢ Locator (EML)

Data Processing &
Analysis

Geographic Information System (GIS)

Workflow
Integration

C
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SeCtO ral ot Disaster Infrastructu Natural Agricultural Urban

] Autonomy [ Servi Mitigati re u Resource Navigation [l Application Planni ssmmal

Applications ervices paearon Construction Management S anning
---------------------- .:-----------------------:-------------[ Dissemination ]-----------:----------------------:------------
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Social [ . ] [ . ]
[ Media [ Web Platform ] Enterprise Applications

Contributing to World Economy and Society
Source: Edited after Geospatial World

Analysis GEOSA Public
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From SD to HD Maps : Key Concept

THE RESOLUTION GAP MACHINE-CENTRIC DESIGN
SD maps provide varying levels of Unlike SD maps, HD maps are
detail tailored to specific navigation ptimized for computer parsing

MD maps use crowdsourced sensor data to provide
lane-level features with high relative accuracy.

(STANDARD) i
0
- requirements for safe driving. rather than human visualization.
l—eo
N THE MD INTERMEDIATE TIER

MAP TYPE

‘ B TECHNICAL COMPARISON: PRIMARY MAP TIERS
(MEDIUM)

PRIMARY
USER

PRECISION

LEVEL CORE CONTENT

Topological road Human

~Meters | otworks, POIs | Drivers

(MEDIUM)

D"e"clt‘nmr Luns geometry, 'ADAS
(\_Ralatlv.) [toml.andmnmes Systems

HD

(HIGH DEP)

3D terrain, curbs, | Autonomous

Centimeter lane markings Vehicles

FEATURES A

(HIGH DEF) - g

ND DATA INFRASTRUCTURE

ENVIRONMENTAL GRANULARITY
HD maps model road shapes, lane markings,
traffic signs, curbs, and barriers in 3D.

SENSOR FUSION INTEGRATION

HD maps interact with LIDAR, radar, cameras,
and GNRS to ensure real-time positioning.

VIRTUAL RANGE EXTENDERS
Maps allow vehicles to anticipate sharp curves

and lane changes beyond current sensor visibility.

Shah, J.D. (2025) ‘Cloud-orchestrated real-time HD map regeneration for Autonomous
Vehicles’, World Journal of Advanced Engineering Technology and Sciences, 17(3), pp.

007-011. doi:10.30574/wjaets.2025.17.3.1462.

SD Map (Standard Definition)

A conventional navigation map designed primarily for human drivers, showing roads, routes,
intersections, and points of interest at a meter-level accuracy. Used for basic navigation and route
guidance, helping drivers move from one location to another efficiently.

MD Map (Medium Definition)

A more detailed digital map that adds lane-level road structure, such as lane geometry, road
edges, and merges, with decimeter-level relative accuracy. Used to support Advanced Driver
Assistance Systems (ADAS) by improving lane awareness, positioning, and assisted driving
functions.

HD Map (High Definition)

A highly precise, machine-readable map that represents the road environment in 3D with
centimeter-level accuracy, including lanes, curbs, markings, traffic signs, barriers, and surrounding
features. Used to enable autonomous vehicles to localize accurately, understand their
environment, anticipate road conditions, and make safe driving decisions in real time.

GEOSA Public
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Five Levels of Autonomous Driving

\

"

No auto-drive

1

Driver assisted
auto-drive

2

Semi
auto-drive

3

Conditional
auto-drive

4

Advanced
conditional
auto-drive

Complete
auto-drive

Driver must be in
control of the vehicle
at all times.

Features cruise control
auto-drive capability
where driver must be
in control of the
steering, acceleration,
brake, and speed limit
at all times.

Features advanced
driver assistance
system (ADAS) where
the vehicle can steer,
accelerate, brake but
the driver must be
aware at all times for
manual intervention
situations.

Features ADAS and
environment detection
but the driver must be
aware at all times for
manual intervention
situations.

The vehicle is in full
control of the driving
task, operates within a
designated geographic
area and conditions,
and the driver must be
aware at all times for
manual intervention
situations.

The vehicle is in full
control of the driving
task where driver
awareness and
manual intervention
are not required.

Driver monitors driving conditions

Auto-drive system monitors driving conditions

Dimitrakopoulos, G., Uden, L. and Varlamis, I. (2020) ‘Autonomous driving levels and
enablers’, The Future of Intelligent Transport Systems, pp. 189-197. doi:10.1016/b978-0-

12-818281-9.00017-6. GEOSA Public
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The HD Map Pipeline: from Sensor to Semantics

1. Select 2. Collect 3. Align
(J

4. Layer
[

Operational Domain Raw Data Map Alignment
(OD) Selection Collection (geometry)
Use high-level topological Fleets equipped with LiDAR Use Simultaneous Localization
maps to identify specific city and cameras drive the area to and Mapping (SLAM) to fuse
segments or freight routes capture raw geometric and sensor readings into a globally
to be mapped. visual observations. consistent 3D geometric model.

GEOSA Public

Layer Semantics
(labeling)

Al and human annotators
collaborate to add rich data like
lane boundaries, traffic lights,
and road associations.
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The HD Map Gap in Autonomous Mobility
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Operational Bottlenecks
of Traditional Mapping

Critical Safety & Current navigation systems are not sufficient for
Navigation Risks autonomous vehicles because traditional mapping is

=0

*High cost of creation and maintenance

e =HE (il [= eRapid road and infrastructure changes
High Lat &M I Int ti D ic Urban Obstacl i -ti

Q c:%tb;gh‘;';;gﬁmg;;‘;:;mz%ofzgfg,_;?n': ? sgg;f;t;g;%“: a"b‘,?mjf i *Need for continuous real-time updates
updates and require human-dependent fleet scans. acciaents, or temporary barriers.

eDifficulty scaling across large geographies

A eHeavy dependency for vehicle localization

R s

Y 5 BRIDGE THE ' : i :
‘/ y ppari e|ntegration and interoperability complexity
J—' S REAL-TIME Al
= | : g This creates major safety risks such as outdated route
© Poor Scalability at Scale _ (©) Dangerous Data Misalignment . . . . .
i g o it i Y S Ty of M, 0 ducsays information, obstacle misalignment, and unreliable

driving decisions.

The solution is real-time, Al-powered HD

l mapping that continuously updates the road

© Infrequent Fleet-Based Scans Urgent Need for Al Architecture environment for safer and smarter autonomous
e e e i torim s et aed el biljt

Konakanchi, S. (2024) ‘Real-time processing in Autonomous Vehicle Networks: A distributed edge- MOoDI y'

cloud architecture for enhanced autonomous vehicle performance’, INTERNATIONAL JOURNAL OF

RESEARCH IN COMPUTER APPLICATIONS AND INFORMATION TECHNOLOGY, 7(2), pp. 2828-2841. .
doi:10.34218/ijrcait 07_02_217. GEOSA Public
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The Real-Time DH Mapping Ecosystem:
From Months o Milliseconds

Traditional HD mapping relies on physical data transport and weeks
of processing. By integrating 5G networks, edge computing (MEC),
and volumetric Al, the industry has shifted to a real-time ecosystem
where vehicle sensors update high-definition maps in seconds,
drastically improving autonomous braking responses.

A Powerful Collaboration

LEGACY PROCESS 56 + EDGE ECOSYSTEM Geospatial o Logistics e Telcom Technology
15 SECONDS Industry Fleets Providers Enterprises
physncalharddnveshlppmglor Provides the Al Act Supply the hlgh' Provide the
Ll enso g d c as a bandwidth, low- | critical edge

Seénsors n scalable data- .
THE INTEGRATED INFRASTRUCTURE THE PERFORMANCE REVOLUTION expertise  to atherin latency 5G | computing,
88% REDUCTION g g networks for real- | processing this
1.5 MONTHS e . U create HD Maps network to scan time transmit locally f
. EDGE SYNERGY IN BRAKING LAG f hi . maps Llocally tor

Relies on physical data Verizon's $G and AWS Oor machines. road conditions TH

transport and weeks of manual Wavelength move 5G/MEC reduces latency from 180ms to milliseconds

e rcxgm%:}(ee%ogvé.er i 20ms, shortening reaction distance. : 3 . :

o n

END-TO-END UPDATE: ™ 5 =

~15 SECONDS - H v :

DATA LATENCY: |} . B "

<20 MILLISECONDS . : over™ e -

mz::p‘:‘;mgﬂﬁis BRAKING DISTANCE*: M > Social g‘v < Ec = -
resolution 40 digital twins 1.9 FEET : P - @ cnte s S -, :
for precise autonomous - 4 % - :E - e =patic % .
localization. - $ » o G ty@ s Infrastructure 3 .
] oata e o = L]

LEGACY e iy A
——

0
o
oy yos?

END-TO-END UPDATE: ; B wermeson =
~450avs  MMDNRIARERY ' SUPERHUMAN . SR ap @ %
s Twins =
Ll ?{ﬂ#‘gggg&g sg?ngf): .arlllgvyvehicles to f - @m Comrs 3
100+ MILLISECONDS Logistics fleets act as a “see” miles ahead, beyond g ((())) Observation I &
BRAKING DISTANCE®: distributed sensor network, gg\;%f:h of physical * Gy taveiine®
constantly capturing * 2. o

17 FEET environmental changes. e L :";\. o

Voxelmaps. (2021, May 19). Real-time HD Maps for Autonomous Vehicles by Voxelmaps Powered P

by AWS & Verizon [Video] Prowtedge Trardte!

GEOSA Public Coetzee, S., Gould, M., McCormack, B., Mohamed Ghouse, Z., Scott, G., Kmoch, A.,

Alameh, N., Strobl, J., Wytzisk, A., & Devarajan, T. (2021, August 5). Towards a
sustainable geospatial ecosystem bevond SDIs.
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THANK YOU

msm.alshahrani@geosa.gov.sa

Let’s connect
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