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Overview on GNSS - 4#7
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Challenge #1: Precision
The accuracy of standard code-based navigation is
imited — <10 meters positioning & poor attitude

Challenge #2: Robustness
Multipath and other local effects strongly degrade
the performance — large errors, low availability STATION

= The use of carrier phase observations is the key for high precision navigation

= Collaborative positioning may overcome the limitations on carrier phase obs.
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Why Collaborative? A#y
DLR

= GNSS is . poor visibility, multipath, etc.
= GNSS chipsets are now integrated with communication ones
= \With the

(1) Broad and heterogeneous network of users
(2) Fast and low-latency communication
(3) Ranging capabilities

Collaborative approaches may be the right
solution for precise & reliable navigation
(the quest for autonomy) on =
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In today’s conversation... A#y
DLR

= Basics of precise GNSS: estimation problems for RTK, PPP-RTK & limitations
» Understanding cooperation: architectures, advantages, limitations
= Cooperative RTK (C-RTK): the idea behind, performance evaluation

» Research & industry perspectives
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High Precision GNSS Techniques
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High precision GNSS is all about correction data streams & Integer Ambiguity Resolution

DLR

Nearby users are exposed to the same atmospheric (and sometimes local) effects
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High Precision GNSS Techniques
Precise Point P05|t|on|ng (PPP)
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o Limited by convergence time

= “low observability” of nuisance
parameters: 10no, tropo, etc.

= [imited real-time usability due to

delay on the corrections (*HAS)
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Real Time Kinematic (RTK) DLR

A YN
\\ \;\; y \\ \\‘
\ N v -

= Unfeasible to deploy a
sufficiently dense network
of base stations

High precision GNSS is all about correction data streams & Integer Ambiguity Resolution

Nearby users are exposed to the same atmospheric (and sometimes local) effects
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RTK Positioning Model

RTK is a differential positioning method - code & carrier phase observations from the jth vehicle

and the base station are used
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Set of observations

.
y; = [DD(I)jT, DDpjT]

The Mixed Real-Integer Model
Y, NN(ACLj + Bbj,Ej) y Aj - Zn,bj - RB
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And... how to solve the mixed model?



RTK Positioning Model ‘#7
Estimation Process and Bounds DLR

Float solution Integer Ambiguity Fixed solution
Resolution (IAR)

Float solution Fixed solution
Integer
GNSS Least Squares
observations . .
v, a; =S (ay)
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RTK Positioning Model
Estimation Process and Bounds DLR
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Cooperative

Positioning
Network of users
helping each other




Collaborative Localization (with or without GNSS) A#y
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= Type of collaboration
= Active — inter-user ranging, exchange location information
» Passive — broadcast of observations, non-location info

= Architectures

= Centralized — the solutions for all users are jointly estimated
= Distributed — each user estimates their solution

» Points of concern
= |ntentional / unintentional interference: MP
= Respect of privacy

» Existing literature

= Estimation for cooperative localization: works of Wymeersch, Win, Buehrer

= For GNSS: works of Caceres (GNSS+ranging), Minetto (measurement correlation), Calatrava
(Massive Differentiation)
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Collaborative-RTK (C-RTK) — Conceptual & Technical Idea ‘#7
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base station CPC

Central Processing Center
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Collaborative-RTK (C-RTK) — Conceptual & Technical Idea A#y

DLR

Processing — double dn‘ferencmg & N T
mixed model estimation T T e gt USEIS broadcast/send the

""""""""" measurements to the CPC

CPC processes users and base
station(s) data — batch estimate

- o

base station CPC

Central Processing Center
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C-RTK — Positioning Problem ‘#7
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Conventional RTK Collaborative RTK
for N users ~ - “ ~ SN T 3. N
y; ~ N (Aa; + Bb,,3,) > y~N(Aa+Bb,2),aEZ beR
1 “Extended” version of obs., unknowns, matrices
-
IO'8 y=[DD®,,...,DD®y,DDp/,...,DDp,,]
— ~ IR T T17
2 106 a=la),...,an| ,b=1[b,...,by]
s -
= f 194°" The importance of stochastic modeling
In ormlatlljcl)n N 109 > The cross-correlations due to combining
e ~ N ' observations wrt. base station —
individual users
0

We can leverage on the existing CRBs and
estimators for the mixed model problem

2024-06-27, Daniel Medina -- Collaborative High Precision GNSS




Monte Carlo Performance Analysis

Study Cases:
1) Open Sky
« N=6 vehicles, “fully connected network”

2) Urban Scenario
« 2 vehicles limited view + 4 open sky

Stochastic modelling
« Unweighted model, equal noise across users
« 1 to 100 ratio for phase/code std
* A range of precision levels is evaluated

Metrics:
« Comparison of the positioning RMSE & IAR performance
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Monte Carlo based Performance Analysis
DLR
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C-RTK —= Overview, Benefits, Limitations A#y
DLR

= Reqular RTK: involves base station to users communication

= C-RTK is a centralized, passive collaboration architecture

v" Privacy preserving: users do not compromise their localization information

v . greater availability and precision
? Can we live without base stations? ot
x A low-latency, 2-way communication A Oy i

x Growing complexity with number of users
x Careful with: /) undetected faults affecting
the overall estimation; 1) “byzantine” users:
those purposely attacking the network

CPC

base station
Central Processing Center
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Industry and Research Perspectives A#y
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From industry & standards:
= Advancement on communication & ranging technologies
= Protocols for the exchange of GNSS-related messages

From research:

= Feasibility of base station-less RTK and regional PPP-RTK

= The role of Machine Learning: network-wide stochastic modeling, better IAR
. detecting/dealing with non-Gaussian effects

= Relationship to robotics community: active SLAM, distributed perception, ...

= Cooperative localization is an attractive paradigm with lots to do

(regarding GNSS) + solution to main issues for urban
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Say hi at:
daniel.ariasmedina@dilr.de
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General GNSS Receiver Architecture 4#7
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aftl\el iﬁa RF front-end Receiver Signal Processing PVT Solver
Channel ...
LNA
Channel #1
l‘ > Acquisition —» MNavigation
IF l demodulation
l, Tracking <«——L—> Observations
A/D 7A-’ fd, @ extraction
IF signal delay, frequency shift, phase offset
samples
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RTK Processing

State estimate

X = [ﬁ], acZ" beR’

Set of observations

_ [DD® on
y—[DDJ,yéR

Careful with noise statistics

n ~ N<02n,1, Qe )

Qy

2024-06-27, Daniel Medina -- Collaborative High Precision GNSS




Integer Ambiguity Resolution

Some basic integer solving
15.23
o= |—36.55 o ==
44.11 S
- _ ] "0
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Basics on Integrity Monitoring for GNSS 4#7
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Integrity monitoring measures the trust on the navigation estimates & provides timely

warnings when an unacceptable fault occurs / system is unreliable

Navigational requirements

= Accuracy

= Continuity |
Vertlcgl

= Availability b [

Integrity components /

= Alert Limit /

= Integrity Risk

Later;N

Protection

u T|me tO Alert Level

> Longitudinal
\/ Protection

Level

= Protection Level ‘
Reid, Tyler GR, et al. "Localization requirements for autonomous

vehicles." arXiv preprint arXiv:1906.01061 (2019).
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State of the Art on Integrity Monitoring: the limitations A#y
DLR

= Standard solutions are derived specifically for aviation purposes:

The integrity

monitoring

= open sky assumption commurty s
(only due to satellite faults) narderto convinee
= not applicable to landing / take-off maneuvers
= Typically, are used (or code-carrier smoothing)

are considered (no recursive estimation)

= Multi sensor integration and related challenges are not contemplated 45

= Availability of Integrity Support Message (ISM), meaning “perfect” stochastic modeling

There is a need for new methods on Integrity Monitoring!
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