ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/348845120

Bicyclist Maneuver Type Prediction Using Bidirectional Long Short-Term
Memory Neural Networks

Poster - January 2021

DOI: 10.13140/RG.2.2.34431.64164

CITATIONS READS
0 48

6 authors, including:

Georgios Grigoropoulos ‘!. Patrick Malcolm
Technische Universitat Miinchen w  Technische Universitat Miinchen
30 PUBLICATIONS 38 CITATIONS 7 PUBLICATIONS 0 CITATIONS

SEE PROFILE SEE PROFILE
Andreas Keler , Heather Kaths
Technische Universitat Miinchen Technische Universitat Miinchen
63 PUBLICATIONS 172 CITATIONS 36 PUBLICATIONS 157 CITATIONS

SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et Analysis and Pricing in Mobility Sharing Systems View project

et MobiDig: Digital Mobility Hochfranken View project

All content following this page was uploaded by Georgios Grigoropoulos on 28 January 2021.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/348845120_Bicyclist_Maneuver_Type_Prediction_Using_Bidirectional_Long_Short-Term_Memory_Neural_Networks?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/348845120_Bicyclist_Maneuver_Type_Prediction_Using_Bidirectional_Long_Short-Term_Memory_Neural_Networks?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Analysis-and-Pricing-in-Mobility-Sharing-Systems?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/MobiDig-Digital-Mobility-Hochfranken?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georgios-Grigoropoulos?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georgios-Grigoropoulos?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Technische-Universitaet-Muenchen?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georgios-Grigoropoulos?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Patrick-Malcolm-2?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Patrick-Malcolm-2?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Technische-Universitaet-Muenchen?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Patrick-Malcolm-2?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andreas-Keler?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andreas-Keler?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Technische-Universitaet-Muenchen?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Andreas-Keler?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Heather-Kaths?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Heather-Kaths?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Technische-Universitaet-Muenchen?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Heather-Kaths?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Georgios-Grigoropoulos?enrichId=rgreq-571bd8905f6c52f677c313a1c736f14e-XXX&enrichSource=Y292ZXJQYWdlOzM0ODg0NTEyMDtBUzo5ODQ5NjY3NDE2NDczNjFAMTYxMTg0NTc3OTA4NQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf

Chair of Traffic Engineering and Control

TUM Department of Civil, Geo and Environmental Engineering TIRIEB @ CITY m

Technical University of Munich

AAAAAAAAAAAAAAAAA

Bicyclist Maneuver Type Prediction Using Bidirectional Long Short-Term Memory Neural Networks
Georgios Grigoropoulos?, Patrick Malcolm?, Andreas Kelert, Heather Kaths?', Klaus Bogenberger?!, Fritz Busch*

1) Technical University of Munich, Chair of Traffic Engineering and Control

Methodology

Definition

of test
scenarios

field detection, c¢) 3D simulator environment

Contact

= Support autonomous vehicle operation in complex urban road

Motivation environments. Results
= Facilitate AV — VRU Interaction through the comprehension of human - \ - ~ - N p .
communication behaviour
: : . . . . . . . . Output
Obj ective = Predict bicyclist maneuver intention by integrating dynamic features of _ _ z
bicyclists with their implicit and explicit communication features 5| Bicyelist Position E E = 5 Predicted Maneuver
3 Bicyclist Speed S — = = > O Tvpe:
=| Skeleton Joint Metri = e & = 2 & 300 PE
cleton Join etrics - ) - ) |
U . NEer—>» Ss—P Recr—>» s
2 [ Explicit Hand Gestures 2 *E S ~ 2 E = E 5 e Leftturn
2| Head Orientation = A 2 A F e Right turn
— Body Posture = = B> e Straight
Data Hyperpara
- reproces meter 2X128 2X128
extraction P p funi . it :
- sing uning oredictic _units | g ) _units | . )
Proposed Bidirectional Long Short-Term Network (B-LSTM) architecture [%]
Case 3 Case 4: Case 5: 100
| Case 1. Case 2: Bike Positions + Speed + Bike Positions + Speed +  Classified Skeleton Poses +
Bike Positions + Speed All Features Skeleton Joint Metrics Classified Skeleton Poses Skeleton Joint Metrics
f1-score = 56.7% f1-score = 78.6% f1-score = 73.2% f1-score = 83.8% f1-score = 76.6% 30
Description Scenario Description Scenario
— —— left turn 4.4 22.1
Test subject is o Test subject is =
impeded by several not impeded by . S . 60
vehicles driving any other "Gr'ght turn - 28 12
straight in the vehicles ©
opposite direction and straight - 3.7 - — 40
therefore must yield . . | ,
to them and wait to
Q Q >
proceed E} s,\\@ ,\\\?’K ,0\@(\
Test subject is not % Test subject is \% {\c‘§ & - 20
| impeded by any other ¢35 | Impeded by a
. . — . ' vehicles vehicle I :
a) Bicycle simulator setup, b) skeletal points extraction and depth E approaching Confusion matrix results with the average fl-scores for all model cases predlcted
- from the right
Paper & Poster Download ® with the r -
ght-of-
way ant Conclusions
therefore must - _ _ _ N N
yield to them » Results suggest that the best prediction performance is reached with Case 4: Bike Positions + Speed + Classified Skeleton

The presented research was conducted within the ongoing

research project @CITY (Automated Vehicles and Intelligent Traffic _ |
in the City) funded by the BMWi (Federal Ministry for Economic vehicle following
Affairs and Energy).

Test subject is
not impeded by
any other
vehicles

Test subject must
perform a left turn
preceded by lane
change from right
side of approach lane
to left side, with a

Poses (fl-score 83,8%).

* Model Case 4: Bike Positions + Speed + Classified Skeleton Poses demonstrates overall similar accuracy values (>82%) for
all maneuver types for the classification task.
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