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Where and When?

Positioning, Navigation, Timing (PNT): Key Technology to support human mobility
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PNT infrastructure is crucial for 
AI/Digital Economy

PNT Infrastructure
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Positioning Methods

• Land Marking

• Celestial Positioning

• Intersection
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Land Marking

• Visual 

– Nature land shapes

– Buildings

– Images

– Lighthouse, “obo”

• Non-visual

– Beacons

– Terrain Matching

– Signal Matching (“Finger print”)
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Celestial Positioning

• Reference to Stars

• Direction

– “Star of North”

• Latitude

– Angle of star location

• Longitude

– Time when stars passing you
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Intersection: distance and angle 

Range

Range Difference

Range/angle
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Need to establish a reference 
frame

• All the 
measurements are 
relative

• Need to related to a 
reference frame

• Need to consider site 
movement
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Local Realization of Global 
Reference Frame

• Internationally: ITRF

• Link to ITRF through  local 
GNSS Ref Stn

• Estimate stn velocity

• Align to the epoch defined

– i.e. Hong Kong: ITRF96/98

• Different with current 
GNSS: >70 cm 
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Historically, how can we find 
where we are?
Normal People

• Reference to Maps

Navigator

• Real-time coordinates

Radio Navigation Systems

Special Skill and Very Costly

INS
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GNSS: Revolutionized PNT 

• Global Reference Frame, 
through satellites

• PNT services: anywhere 
and anytime

• High accuracy: cm-m level

• Link map to coordinates

• Low cost

• Anyone can use

• However, GNSS does not 
work indoor 11



Ubiquitous 
Positioning

Definition

– Ubiquitous positioning 
refers to determining a 
user's location 
continuously and 
seamlessly across 
various environments
including indoor and 
outdoor spaces. Its 
significance lies in its ability 
to provide reliable, 
continuous, and context
aware location information 
that benefits both users 
and service providers.



Some Examples of Ubiquitous 
Positioning 
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PNT Requirements

• Accuracy

– How good is the 
position?

• Integrity

– How safe is it?

• Resilience

– What if there is a 
failure?

• Cost

– Can I afford it? 14



Current Solution

15



GNSS positioning in urban 
environments
• Signal Blockage

– Less satellites observed

• Multipath/NLOS

– Measurement error 
increase

• Positioning Error

– Can reach 100 m

• RTK

– Very difficult
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Ubiquitous Positioning: 
integration of many sensors

– Smart phone can 
provide continuous  
positioning indoor

•IMU

•WiFi, Bluetooth, UWB

•Magnetometer, 
barometer

•Camera

– But accuracy is low in  
indoor 17



Local Infrastructure-Free sensors

• GNSS

• Inertial Sensors

• Magnetometer

• Barometer 
(relative height)

• Camera

• Lidar/Ranging 

• RGB-D
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Local Positioning Infrastructure

• Indoor GNSS/Pseudolite

• UWB

• BLE

• WiFi RTT

• Zigbee

• Cricket/Acoustic ranging

• 4/5/6G signals

19



Signal of Opportunity: 
supported by other information

• Magnetic field

• Gravity field

• WiFi

• BLE

• Radio Signals

• 4/5/6G signals

• Barometer 
(absolute height)

Accuracy is determined by 

the gradient of signal strength
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How to obtain RSS map?
Crowd Sourcing
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Data Collection

Regular users
act as surveyors

U
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Algorithm 
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Autonomous 
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deployable 
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Storing 
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Magnetic 

Maps

Online

Querying 
and 

positioning



Map Generation: Radio/Magnetic map 
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Raw Crowdsourced Data 
Generated Radio Map 

for  One Access Point 

Generated Grids with 

Signatures in the Floor 

Plan

Generated Magnetic 

Map 

AP5
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Indoor-Outdoor Seamless Positioning With 
RSSI Maps
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Indoor Outdoor Detection
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• One of Hong Kong Smart City 
initiatives

• Multiple functions: monitoring, 
communication, positioning

Hong Kong Smart Lamppost Project



Hong Kong Seamless Positioning Testbed

• Evault the 
performance of 
different 
positioning 
technologies

– Outdoor: 5 m

– Indoor: 2 m

• Uniformed 
interface for 
users
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Resilient PNT Services 

Resilient PNT services

• Ability to tolerate partial failures

– Detect failures (Integrity?)

• Time to alarm 

– Isolation and Alternative Systems 

• Tolerant Performance 

– Recovery from failures

• Fast recovery 
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Dictionary

• the capacity to withstand or to 

recover quickly from 

difficulties; toughness.

• the ability of a substance or 

object to spring back into shape; 

elasticity.

Non-resilient

PNT services

System failure

Resilient PNT Services

https://www.google.com/search?sa=X&sca_esv=582562369&bih=888&biw=1920&rlz=1C1GCEU_enHK945HK945&hl=en&sxsrf=AM9HkKnxjLjstyezl1DiELAkEquefICDqA:1700038648961&q=withstand&si=ALGXSlYl_e3TsZvERASNGAvnwCgjVRGoxp-6Ej4peVu8qzTj3eghKWilj0UMd779Sa1pc_3u07MpHrU5B-XQuKvfoVSDrSDu0AViqzJ0OYdIRn7-IiDHTpU%3D&expnd=1
https://www.google.com/search?sa=X&sca_esv=582562369&bih=888&biw=1920&rlz=1C1GCEU_enHK945HK945&hl=en&sxsrf=AM9HkKnxjLjstyezl1DiELAkEquefICDqA:1700038648961&q=toughness&si=ALGXSlYl_e3TsZvERASNGAvnwCgjMRE8kcB4CtuGrMxjWBRGXnFYOHWuD6u4LBNB59ckRu7XjbAvl5KJpsVaZroGBpPBUZaEbqKZtFC80GGgAxuLjew6rTc%3D&expnd=1
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GNSS Vulnerabilities
• System failure

– Wrong message

– Wrong signals 

• Unintentional Interference
– Radio Frequency Interference (RFI)

– Ionosphere;  Solar Max

– Spectrum Congestion

• Intentional Interference
– Jamming

– Spoofing – Counterfeit Signals

• Human Factors
– User Equipment & GPS SV Design Errors

– Lack of Knowledge/Training

– Over-Reliance
https://gpsjam.org/?lat=40.67241&lon=45.21150&z=1.8&date=2023-11-14

https://gpsjam.org/?lat=40.67241&lon=45.21150&z=1.8&date=2023-11-14


• Attacking GNSS signals is the easiest way 
to disturb economic activities in a region.

• Without GNSS PNT services

– Power system interruption

– Mobile communication networks 

– Financial Systems

– …………………………
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Examples

• Interruption of BBC digital broadcasting 

– 26 Jan. 2016, Malfunction of GPS 
satellites

– BBC digital broadcasting in many regions 
was out of services for two days

– The anomaly was also detected in 
electrical power grids

• In Hong Kong

– HK$1 million in damage caused by GPS 
jamming that caused 46 drones to 
plummet during Hong Kong show

– Reported GNSS Jamming cases in UAV 
surveying 



Examples
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Resilient PNT Services
• Without rely on any single system

• Quality Monitoring of the performance

• Utilize any usable PNT sources, to generate optimal, 
seamless, reliable and stable PNT information

– Diversified PNT Sources available

• GNSS

• Any radio signals

• Image/Lidar based sensors

• IMU

• Magnetic field

• Barometer

• Maps

• ………………… 

• High level system design and standard are important
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Current Status: Ubiquitous Positioning 

• Great success on pedestrian and vehicle 
navigation (smartphone/vehicle navigation 
unit), Map Matching

– But indoor navigation is still a problem

• Safety Critical applications need more 
efforts

– Autonomous vehicle

– UAV
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Challenge 1: Indoor 
Environment Mapping
• Maps

– Indoor map

– RSS map

– Address (POI)

• Very Costly

• Privacy

• Crowd Sourcing?

• Data Sharing?
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Challenge 2: Reduce installation 
cost for resilient services

• Many technologies available, how many 
will be survived in future?

• Who will pay for positioning?

– Why WiFi is widely available

• Improve Infrastructure-Free sensor 
performance/cost 
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MEMS Gyroscopes

MEMS 

Gyroscope 

Mechanical 

Gyroscope

Category Navigation Grade Tactical Grade Industrial Grade Consumer Grade

Application 

Areas

Aerospace, 

Long-duration UAV

High-end Industrial 

(Inspection, Resource 

Exploration), Annual 

Output Aircraft

Vehicle, 

Industrial Robot

Smartphones, 

Quadcopter drone

Bias Stability 

(°/h)
<0.1 0.1 - 1 1 - 15 > 15

GNSS-Denied 

Navigation 

Time

Several hours <10 min <1 min -

Core 

Technologies

Laser Gyroscope, Fiber 

Optic Gyroscope, 

MEMS Gyroscope

MEMS Gyroscope MEMS Gyroscope MEMS Gyroscope

Price (USD) > $100,000 $5000–$50,000 $100–$1,000 <10

Main Application Areas and Key Specifications 

of Various Gyroscopes

Current Status:

MEMS gyroscopes have achieved

0.1°/h level bias stability.

Future Development:

The 4th-generation gyroscope,

based on atomic spin nuclear

magnetic resonance, is expected to

deliver laser gyroscope-level

precision within the compact size

of MEMS technology, achieving

bias stability of <0.01°/h.
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Challenge 3: High 
Integrity/Resilient PNT service

• GNSS+ other systems (CPNT/APNT, local 
or global coverage)

– LEO satellites (wider bandwidth)

– Different local/regional systems proposed

– Precise timing signal can significantly reduce 
cost

• Integrity for decimetre level requirement

• Regional/local quality monitoring
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Summary
• Significant improvements on PNT services

– From professionals to ordinary people

• GNSS provides global coverage with very 
low cost to users

– Vulnerability of GNSS is well known

• Regional/Local PNT services are needed

– Seamless and resilient PNT services

– Local infrastructures/Signal opportunity

• Crowd sourcing/data sharing

– Reduce the implementation cost
38



Thank

39


	幻灯片 1: Resilient Ubiquitous Positioning: Prospective and Challenges
	幻灯片 2: Where and When?
	幻灯片 3: PNT infrastructure is crucial for AI/Digital Economy
	幻灯片 4: Positioning Methods
	幻灯片 5: Land Marking
	幻灯片 6: Celestial Positioning
	幻灯片 7: Intersection: distance and angle 
	幻灯片 8: Need to establish a reference frame
	幻灯片 9
	幻灯片 10: Historically, how can we find where we are?
	幻灯片 11: GNSS: Revolutionized PNT 
	幻灯片 12
	幻灯片 13: Some Examples of Ubiquitous Positioning 
	幻灯片 14: PNT Requirements
	幻灯片 15: Current Solution
	幻灯片 16: GNSS positioning in urban environments
	幻灯片 17: Ubiquitous Positioning: integration of many sensors
	幻灯片 18: Local Infrastructure-Free sensors
	幻灯片 19: Local Positioning Infrastructure
	幻灯片 20: Signal of Opportunity: supported by other information
	幻灯片 21: How to obtain RSS map? Crowd Sourcing
	幻灯片 22: Map Generation: Radio/Magnetic map 
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26: Hong Kong Seamless Positioning Testbed
	幻灯片 27: Resilient PNT Services 
	幻灯片 28: GNSS Vulnerabilities
	幻灯片 29
	幻灯片 30: Examples
	幻灯片 31: Examples
	幻灯片 32: Resilient PNT Services
	幻灯片 33: Current Status: Ubiquitous Positioning 
	幻灯片 34: Challenge 1: Indoor Environment Mapping
	幻灯片 35: Challenge 2: Reduce installation cost for resilient services
	幻灯片 36
	幻灯片 37: Challenge 3: High Integrity/Resilient PNT service
	幻灯片 38: Summary
	幻灯片 39: Thank

