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Positioning Error estimate asimportant as the Position estimate itself.

Estimate Position: Global Navigation Satellite Systems (GNSS)
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How to measure | ANSWER: Use Reference Position Systeims

positioning error then?’ ; with higher accuracy than GNSS

Reference Position Systems

1. CamerasComplex arrange, high cost: . ) )
150.000 EUR. Possible SolutionEstimate such

errors with Machine Learning using
GNSS and environmental information.

3. Total StationsHigh accuracy, limited range, 7
high cost.

2. IR beacon based triangulatiohmited range.
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Dezhangrang,DebiaolLu, BaigenCai, and Jian Wang. GNSS Localization Propagation Error Estimation Considering Environmental

Conditions. 2018 16th International Conference on Intelligent Transportation Systems Telecommunications (ITST)/ pages 1
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Methodology: Impact Model
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Research Questions

1.

Which set of input data and corresponding sensors, related to GNSS and
environmental conditions in an autonomous driving situation, can be used
for a Machine Learning algorithm, to estimate GNSS positioning errors
with an acceptable quality?

Based on previous studies of the environment surrounding a vehicle by
using additional sensors and their respective inputs so as to autonomousl
identify possible multipath errors in positioning, which alternative
configuration of the previously built Machine Learning algorithms will
provide similar or better positioning error estimates?
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1* STAGE: OBSERVED DATA (WITHOUT NEW INPUT) 2" STAGE: EXPERIMENTAL DATA (WITH NEW INPUT)
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Machine Learning in GNSS

= Position error.

Can Machine Learning help estimate J

is greatly affected biultipath phenomena:

A Hardest error to model / predict [2][4][5].
A High impact in position error: up to 100 meters impact [3].

A LiDAR, Monocular and Infraredameraswith computer vision algorithms have
been tried to estimate / reduce it [6][7][8].

Possible part of the solutionAdd camer
to input surroundings information
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Can Machine Learning help estimate J

Machine Learning Algorithm comparison

Feature | ANN / DNN | Decision Trees Naive Bayes SVM EL (Boosting)
Outliers | Black box Not good Good for Good overfitting § Not good
Consideration | inherent nature for outliers outliers control for outliers
sood for Not d Not d
Irrelevant | Black box ( 0,0€ o 0 .goo © . 509 Not good for
. ; irrelevant for irrelevant for irrelevant . .
inputs | inherent nature . . ) . irrelevant inputs
mputs mputs mputs

Type of data | Requires large Good for Good for continuous . Good for
Good for binary .
and | amount of any type of data uncorrelated continuous
data
amount | data data data data only
. omputationally | Not . Not .
Computational Comp . Y . Computationally . Computationally
demanding and computationally . computationally .
load | . . . . demanding . ° | demanding
time demanding § demanding ' demanding '
Predictive | High predictive High predictive

power

power

No local minima

power

—
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Computer Vision

A Useful to extract information from images and videos.

A Thresholding is a segmentation technique that makes image features differentiable
from others or background [14]

104
LI

Image from [14]
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Machine Learning

Positioning Error Estimator with Machine Learning Algorithms

Hardware Software Machine Learning
¥

> CPU Decision

Sensor Trees

Image Capturing Machine Learning
and Processing > Algorithm

Implementation Implementation | Sypport

Power Data . Vector
Unit Storage Unit Machines
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Machine Learning

Hardware
Stand alone solution
SVDC, 2.4A
GNss | Time stamp info . 720p, 30Hz, No IR feed | _ Raspberry
Receiver Raspberry Pi 3 NoIR Camera
V2 Module
Wide Angle
Lens
Synchronized Time stamp + Video feed
32GB
Micro SD

A Hardware developed will be adapted and installed onto a moving testing platform
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Machine Learning
Software

Machine Learning Algorithm Implementation

; tester.py read data.py files.json e :
{| | Call Reading Data, Read data from JSON files Information from tests ! Image Capturing and Processing Implementation i
1| | Call Decision Trees, i i
il | callsvMm 5 i
; ml_dec_tree.py ‘ PiVideoStream.py camera_plus_gnss_time.py cv_code simple.py '
' Decision Trees Algorithm results.xlsx : Stream of images Store images Sky clearance estimate '

Results from ML algorithms i |

i ml svm.py

Support Vector Machines Algorithm

R 1

Riioitrd A Python language and Spyder IDE.
' A Scikit & OpenCV packages
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Machine Learning

Machine Learning
Countless Machine Learning algorithms.

Decision TreesandSupport Vector Machineshave:
1. Direct answer to research questions: feature relevance based on Information Gain.

2. Il nterpretability: Less fAblack boxo bel
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Performance Metrics

Metric Decision | Support Vector
Trees Machine

YO YO \/‘SEB(G) 4) Used Used

Classification Error: Instances wrongly classified (%)  ysed Not used

Interval Accuracy: Instances inside the bin range values

for each leaf (%) Used Not used
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1ststep: Decision Trees with all data:
Test Number

Test 1

4. Results & Discussion
Results: 1st STAGE TRAINING AND TESTING ON OBSERVED DATA
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Interval RMSE
Accuracy (%) (m)

(o0 0083
55.87 0.112
16.58 0.084
15.26 0.112

Test 4




