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Agenda
• Implementation Plan – Scope of Task 5

• Deliverables – D2 V5.0, D3 V3.0 and SW/HW and User manual (v3.0) and Test data.xls summary

• CD Architecture and UI 

• Test Results

• Outstanding Actions from the previous MoM and keypoints – treated in Annex 3 D2 deliverable

• Project Requirement Updates – Statement of Compliance

• Discussion of RIDs

• Conclusions and recommendations
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Objectives of Task 5
• Design

• Mechanical Design

• Implementation & Testing
• Mechanical Prototype
• WIFI RTT/FTM
• Inclusion of PDoA into algorithms
• Algorithms – (GNSS-SP – EKF, PF, UKF), (Hybrid – EKF, PF, UKF), (Collaborative - EKF, 

PF, UKF)

• Outputs: D2(v5), D3 (v4) DS1(V3 Test Data), SW1 (SW Receiver)



Task 5 plan - original



Test plan- Task 5 –part 1



Test plan- Task 5 –part 2



Updated Project Plan
● Plan Overview (18months)

○ Task1 KO+3months

○ Task2 KO+7months

○ Task3 KO+12months

○ Task4 KO+15months

○ Task5 KO+17months

• Task 5 plan
○ Task kick off 20th Feb 

○ Task 4 duration 3months

○ Completion 22nd May 

○ Keypoint review week of 3rd April

• Plan Schedule
• Task1 Complete 16th Dec 2021

• Task2 Complete 21st April 2022 -> 27th May

• Task3 Complete 9th Sept 2022 -> 23rd September

• Task4 Complete 9th Dec 2022 -> 17th Feb

• Task5 Complete 17th March 2023 -> 22nd May (FDP 6th

June; Estec presentation 21st June; demo in 
Dublin 23rd June; final close by 15th July)



Deliverables Update

● Annex 3 D2 V5.0 - D2 updated with new Annex reference 

● D3 V3.0 – up revision with detailed tests

● SW/HW – SW receiver and CD  - Software code update

● User manual (v3.0)  - updated with final CD/UI description operation 

● Test data.xls summary - updated database reference

● Statement of Compliance V2.2 - updated

● Final Report – part of FDP

● Executive Report – part of FDP 

● Final presentation (this file) – part of Final FDP



Concept Demonstrator - Architecture and User Interface

● Web Application  server accessible via
○ http://esa.danalto.com:8050

○ Landing page:

http://esa.danalto.com:8050/


CD underlying Architecture



CD Architecture and UI – Configurator



CD Architecture and UI – Device Status



CD Architecture and UI – Live Page



CD Architecture and UI – Playback



CD Architecture and UI – Visualisation



Test Results - Task 5 – Summary

● Summary test results  focused on 
○ additional of new radio radio technologies to the CD/UI since last iteration 

○ plus addition of new filtering approaches.

● Namely:
○ WiFi

○ GNSS-SP – EKF, PF, UKF

○ Hybrid – EKF, PF, UKF

○ Collaborative– EKF, PF, UKF



Summary tests presented 
(full comprehensive set in D3 and key summary in Annex 3 D2 deliverables)

● WiFI112
● WiFi113
● U401a1 – office – static 
● U401a2 – office - walk 
● U401b
● U401c - Outdoor to indoor transition
● U403b 



WiFi112 – 4 co-located APs with 1 RU device at intervals. Outdoors 

Wifi FTM histogram, Node 4 measurements to 4 APs @ 5, 10, 15, 20, 30, 40 & 50m



WiFi113 – 4 co-located APs with 1 RU device at intervals. Indoors. 

Wifi FTM histogram, Node 4 measurements to 4 APs @ 1, 2, 3, 4, 5, 6 & 7m - indoors



Wifi Raw Data – Node 4

Observation: Multipath errors in the order of metres



Wifi RTT vs UWB-TDOA vs UWB-TWR-PDOA – Node 4





• Limits use Wi-Fi as low accuracy positioning system 5-10m

• Hybrid approach with other technologies – Discard multipath measurements 
using UWB

• Bandwidth of only 20MHz available is the main limitation
• For example, UWB uses bandwidth >500MHz

• Only supports TWR in standards (802.11mc)

• Future releases will also allow higher bandwidths (802.11az – 160MHz, 
802.11bk – 320MHz) so performance should become more comparable to UWB 
(in bandwidth terms)

Summary: Multipath errors of Wi-Fi



U401a1 – Office Test - Static

mode Percentile-50 Percentile-80 Percentile-95

Collaborative GNSS 
Baseband - EKF 0.35732 0.58237 1.48702

Collaborative-Gnss
Baseband WLS 0.49700 7.76736 28.70817

Collaborative-RDP – PF (No 
GNSS) 0.23454 0.58504 1.18788

Collaborative-RDP - UKF 
(No GNSS) 0.32797 0.53540 0.87225

GNSS SP - EKF 8.22524 35.61371 47.98223

UWB-TDOA - UKF 0.37661 0.43243 0.71977



GNSS variants only



U401a1 – Office Test - Static Non GNSS variants







U401a2 - Static Test

node lat lon bearing
0 53.34246049 -6.241043227 60
1 53.34252389 -6.241031589 150
2 53.34251988 -6.240921654 240
3 53.34245019 -6.240934447 330
4 53.3425177 -6.240937365
5 53.34249219 -6.241037408

18/05/23 15:10 – 15:15
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Anchor Time databases:

NODE 0
007788 #idx, add,    #,  stddev, age(s)
007788    0,  196,   1603,   7.518,    5,   0.014,    1.1
007788    1,  4fd,   1523,   7.143,    5,   0.014,    1.1
007788    2,  3f3,   2363,  11.083,    5,   0.112,    1.1

NODE 1
002473 compat> tdb list
003542 #idx, addr,    tof,  tof(m),    #,  stddev, age(s)
003542    0, 2225,   1536,   7.204,    3,   0.009,    4.4
003542    1,  196,   2280,  10.694,    3,   0.060,    4.4
003542    2,  3f3,   1633,   7.659,    2,   0.042,   13.0

NODE  2
03379 compat> tdb list
004182 #idx, addr,    tof,  tof(m),    #,  stddev, age(s)
004182    0, 2225,   2241,  10.511,    4,   0.028,    3.8
004182    1,  196,   1529,   7.171,    4,   0.004,    3.8
004182    2,  4fd,   1766,   8.283,    4,   0.393,    3.8

NODE 3
02106 compat> tdb list
002483 #idx, addr,    tof,  tof(m),    #,  stddev, age(s)
002483    0, 2225,   1620,   7.598,    3,   0.042,    0.1
002483    1,  4fd,   2253,  10.567,    3,   0.065,    0.1
002483    2,  3f3,   1513,   7.096,    3,   0.103,    0.1
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U401a2 - Walk Test





RU - 4



mode Percentile-50 Percentile-80 Percentile-95
Collaborative GNSS 
Baseband - EKF 0.58 1.67 4.15

Collaborative RDP -
EKF 0.33 1.12 4.18

Collaborative-Gnss
Baseband WLS 5.37 37.94 53.06

Collaborative-RDP - PF 1.40 3.07 4.50
Collaborative-RDP -
UKF 0.43 1.14 4.22

Collaborative-RDP 
WLS 0.55 2.42 4.27

GNSS SP - EKF 90.28 92.62 93.79
UWB-TDOA - UKF 0.45 1.25 4.21
UWB-TWR-PDOA -
UKF 0.51 0.81 9.71



RU-4



GNSS solvers with Baseband GPS only data 







010623-u405-test-1-slow
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U401c - Outdoor to Indoor test

31/5/23  15:00ish – 15:40ish 
test names
SLOW WALK :
310523-out-to-in-test-6
Normal WALK :
310523-out-to-in-test-7-FAST





U402 - Auto-ranging – self forming/referencing

18/05/23 15:10 – 15:15
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U402 - Autoranging result of AP 0,1,2,3 with AP 0 & AP 3 fixed 
in x-axis

AP - 3

Mirrored results of auto ranging solver with Extended Kalman Filter
 after 5 minutes of data without additional information
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U403b - 1 AP and 1 RU in light-indoor conditions, only 
ranging measurements available together with GNSS;



U403b -1 AP and 1 RU in light-indoor conditions, only ranging 
measurements available together with GNSS

mode Percentile-50 Percentile-80 Percentile-95
Collaborative GNSS 
Ublox(Pseudorange-GPS)- EKF 3.45 4.57 5.98

GNSS SP Ublox(Codephase-GPS) 
- EKF 9.59 47.99 64.99

GNSS SP Ublox(Pseudorange-
GPS) - EKF 6.29 11.35 13.48

Ublox PVT 1.84 2.65 3.70

CDF of different solvers on RU 5 Figure 217 Error vs Timestamp of RU5



Project management items -
outstanding Action Items (AIs) from the previous MoM and keypoints.

Action ID Action Description Responsible Due Date Action Status
#A1-1 FM-02 - update status of filter implementation at key point 3.  Particle filter results to be provided ahead of FR. Danalto 14th April Open

#A1-6 FM – 12 – show different models when implementing the weighting models danalto FR Open
#A1-8 FM-14 - To perform a test in which the GNSS receiver is moved from indoors to outdoors to assess the impact on the 

collaborative PVT solution.
danalto FR Open

#A1-9 FM-16 – Following follow-up questions:
1) It is shown that the number of Galileo satellites is > 10 in most cases, but still the performance of Galileo only indoors is
much worse compared to GPS. Do you see this kind of behaviour consistently (in other words is this test representative)? How 
is the poor performance for galileo explained?
2) Clarification seems not to be added.

danalto FR Open

#A1-10 FM-17 – To add tests to assess the sensitivity of the 5G emulation settings onto the PVT accuracy. danalto FR Open

#A1-10 FM-18 – Currently the are two reference lists in the document. Please combine them to a single list for the FR delivery danalto FR Open

#A1-11 FM -19 – It seems not all colours are present in the plot (for instance Hybrid GNSS - 4 AP with Baseband). Also to improve how 
the figure can be interpreted, it may be better to separate the plots over 2 figures (for FR).

danalto FR Open

#A1-12 FM-21 – For new results, consider additional KPI's (as per REQ-047) when deemed usefull. danalto FR Open
#A1-13 FM-23 – Action to obtain new measurements for the updated quality factor which is in range 0-1 and to plot the results in the 

format of a distribution.
danalto DKPT-3 Open

#A1-15 FM-25 –To improve how the figure can be interpreted, it may be better to separete the plots over 2 figures (for FR). danalto FR Open

#A1-18 FM-01 - - For the final version of the document, please include a reference to the full D2 in the list of reference documents. 
Also share the main version of D2 with the reference to the annex.
- Please also keep the change log updated.

danalto DR Open



outstanding Action Items (AIs) from the previous MoM and keypoints.
Action ID Update at FR
#A1-1 Particle filter data has been share during KPT3

#A1-6 Added to D2 as part of this Task 5 activities
#A1-8 See U401c test results as part of D3 deliverable

#A1-9 Added to D2 as part part of the Galileo testing

#A1-10 There is no power/sensitivity control aspect of the  the 5G emulator.

#A1-10 Single ref list as part of final deliverables

#A1-11 Improvements have been added as part of FR

#A1-12 Useful KPIs, such as number of measurement exploited, have been added to the CD/UI
#A1-13 Already closed as part of KPT-3 slide 19

#A1-15 Improvements have been added as part of FR

#A1-18 Reference list updated



Project management items -

● Project Requirement Updates – Statement of Compliance
○ Total number of requirements = 47 

○ Compliant requirements =   40 

○ Partial compliance = 4

○ Non compliance =   3 (Of these 3, 1 is optional, and the other two related to DPE which was 

agreed not to be included in the project.)

● Discussion of RIDs
○ TBD



Conclusions, lessons learnt and recommendations. 

● A rigorous analysis trade-off, followed by a CD implementation, validation and Use 
Case testing has bee realized during the current activity.

● A fully integrated collaborative solver has been implemented, across all the main 
radio technologies employed for inferring outdoor and indoor location

● Effective filtering methods are critical for overall system performance
● UltrawideBand, plus PDoA, is a critical elements for realizing low infrastructure 

deployments
● WiFi location performance is poor, but show significant upside, given  new silicon 

developments underway
● Seamlessly transition out to indoor has been reliably realized



Conclusions, lessons learnt and recommendations. 

● New Galileo services and feeds provide a significant enhancement to giving broader 
and better partial indoor coverage than other satellite GNSS systems to aid and 
support geo extension to the indoor environment

● Indoor location is “almost” there, but needs to be enabled within the broadband 
ecosystems of business and residences

● Short Snap-Shot GNSS receivers are not suitable for indoor use.  Tracking receivers 
are needed – CNo limited.

● Automatic setup and auto-referencing of all indoor low infrastructure required, 
MUST be feasible

● TWR and AoA are best approaches for sparse infrastructure



Conclusions, lessons learnt and recommendations. 

● Given the rapid advancement of 
WiFi, to further explore the 
alignment and synergies and 
interworking possibilities of GNSS 
to this ecosystem for service 
alignment and acceleration

● Continuation and productization 
of portions of this work through 
the NAVISP-EL-143 activity 
(ongoing) 





Backup Slides



System Design and Architecture

• RUs, APs and rAPs
• MQTT Broker
• Processing and Storage Unit 

(PSU)
• Software Receiver
• Configurator
• Visualisation
• Data Logger
• Playback
• Database



Software Receiver Design

● Modular Architecture
● Two modes:

○ Realtime Mode
○ Test Mode

● Configurable
● Different Positioning modes and 

Algorithms.
○ LS, WLS, EKF, PF & UKF to be tested & 

implemented




