
• Nowadays, hundreds of applications in the mass-market segment are pushing the demand 
for continuous and dependable Positioning, Navigation and Timing (PNT) services. 
However, standalone Global Navigation Satellite Systems (GNSSs) such as GPS and 
Galileo cannot satisfy these growing needs, especially in challenging environments.

• To overcome these limitations, consumer GNSS chipsets are routinely integrated with a 
plethora of sensors, both of proprioceptive and exteroceptive natures, and information 
fusion via well-established Bayesian estimation methods is the key enabler to combine 
additional ranging information from the surrounding environment within the navigation unit.

• Ultra-Wide Band (UWB) technology is of growing interest for hybridisation with GNSS 
signals. Over short distances, it has great potential in terms of multipath resilience and can 
achieve centimetre-level accurate ranging.
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AGENT-AIDED POSITIONING

Assisted PNT via aiding 
from mobile UWB pseudolite
Dynamic ranging 
augmentation to GNSS

Tight integration with 
GNSS observables

EKF-based GNSS/UWB tight integration filter seen through Discrete-Time Hidden Markov 
Model (HMM): Time consistency of GNSS and UWB measurements is required

Consumer UWB modules cannot 
sample at a high-enough rate
GNSS and UWB clocks are subjected 
to drift and other non-idealities
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Timing discrepancies between GNSS 
and UWB measurements must be 

compensated for accurate data fusion 

Novel contributions
ONLINE GNSS/UWB TIME-CALIBRATION
Introduce the time-offset as an additional hidden 
state in the tight integration filter state-space model.
Statistically infer the time-offset from the available 
observables jointly with the other navigation states.

COMPENSATION OF 
STATE-DYNAMICS

LOCAL IDENTIFIABILITY 
OF TIME-OFFSET
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LEGACY EKF MODEL
FOR ONLINE TIME-CALIBRATION

DOUBLE-UPDATE EKF MODEL 
FOR ONLINE TIME-CALIBRATION

LOCAL IDENTIFIABILITY OF TIME-OFFSET
is handled by adaptively weighting 
UWB ranging
statistics in 𝑹𝑹𝑘𝑘

Simulating a PoC for a flying Aerial Drone (AD) as a mobile UWB pseudolite enabling relative 
ranging to aid the navigation of a ground Rover Drone (RD)

Uncalibrated GNSS/UWB tight integration via 
Plain EKF has degraded positioning accuracy 
performance under high kinematics

FURTHER WORKS Optimization of satellite-anchors geometry to maximize the quantity 
of information in multi-agent scenario. Expansion of the integrated navigation unit to  
embed additional sensors (e.g., INS, Lidar etc.) and improve positioning performance.

Experimental results highlight horizontal 
accuracy gains up to 42% (95-th percentile) 
for the EKF-based online calibration models
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