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URL: http://toolbox.safer-Ic.eu/ f‘é\}\c

ACCESS TO THE SAFER-LC TOOLBOX

Connect to your account

| Emall

WELCOME TO THE SAFER-LC TOOLBOX

| Password

It's a free online tool to help road and rail infrastructure

manager to improve safery at level crossing. Forgot your password 7

Don't have an account yet ?

IMPORTANT NOTICE FOR READERS This project has received funding from the Luropean Unicn s Horizen
2020 research and innovation programme under grant agreement No
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showcase the online #SAFERLC toolbox.
@inea_eu @ERA _railways @EU_H2020

Invitation: ILCAD Launch Conference to be held safer-lc.eu
on 11 June 20...

QUICK ACCESS
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Glossary Contact Us Bookmarks

This project has received funding from the European Union s Horizon
2020 research and innovation programme under grant agreement No
723205

IMPORTANT NOTICE FOR READERS
The SAFER-LC Toolbox hos been designed with the purpose of being an interactive information too! and sharning platform for its users. Pleose note that olf the
toolbox contents are provided to the users for informotive purpose only and in good foith, reflecting uniguely the personal view of their respective outhors.

Therefore, the reader acknowledges that UiC, and the content authors will not be resgonsible for ony lack of occuragy, timeliness, comprehensiveness,

compliance to lows and regulstions, os well a5 for any use of the SAFER-LC Toolbox contents made by users or third parties.

Copyright @ 2019, UIC. All rights reserved.
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BN FOR MORE INFORMATION ABOUT THE SAFER-LC TOOLBOX, PLEASE CONTACT US USING THE FORM
BELOW. WE WILL GET BACK TO YOU WITHIN THE SHORTEST DELAY.
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Search criteria
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Targeted users :

Vulnerable Road User (VR

Type of implementation
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category per level crossing
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Cast calepery per level rossing | IR LAl
Lewal crassing eovironnent : - m
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RUMBLE STRIPS ON LC APPROACH
Noise-producing pavement

ﬁ ﬁ ﬁ ﬁ * mmm} | Type ol implementaion :
[ RN o im0

Typeulhw!uowng:

Road infrastructure

Publicotion : 16/04/2020 - Last updoted: 20/04/2020

Cifect mechanism

B DESCRIPTION

Cost category per level rassing : IREHES IV ES 0 Ea)
Application of structured or milled markings in the road surface on approach to the LC. Aimed to induce speed reduction and enhance

alertness in motorized road users. Leved crossing amwircnnert :

B POTENTIAL BENEFITS Quick Access

e Rumble strips have been shown to induce speed reduction in drivers when applied in appropriate design. This effect can be used on
spproach to LCs to prolong the time drivers have to gather visual information whether 3 train is coming.

e The rumbling is also likely to enhance drivers’ general slertness. Itis controversial whether it is also suitable to enhance drivers’ awareness Potential benefits
of the hazard of approaching trains and the necessity to look for a train (see study results).

Description

Potential criticalities

Recommendations
B POTENTIAL CRITICALITIES Stisck) vastiits & vekranicns
® Road users may try to circumvent the rumble strips. To prevent this, e.g.. the strips may be applied to the whole width of the road, or the Main psycholegical functions involved
measure may be combined with physical lane separation
Documents

e |froad users do not mentally connect the rumble strips to the LC, the effect may diminish, or they may even be distracted from trying to
figure out the meaning of the rumble strips. Related measures
® The strips may disturb or impede road users such as bicyclists and motorcyclists.
Gallery

Comments

B RECOMMENDATIONS

To help road users establish the connection between the rumble strips on the one hand and the LC and the hazard of approaching trains on
the other, the strips should not be used in an “uncommented” way. The strips themselves should be clearly visible on approach, and a
connection to the LC should be eztablished by combining them with additional explanatory measures, giving clear hints to the relevant hazard
and the recommended behavior.

B sTuUDY RESULTS & REFERENCES
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Noise-producing pavement

ﬁ ﬁ ﬁ ﬁ ﬁ 0/5 (0 vote) { Type of impiermentaion :

l A l ‘ AP  |iotorized Road User (MRU)

Tmulhﬂumﬂg:

Cifect mechanism

RUMBLE STRIPS ON LC APPROACH _ \\\\
| YVER-IC

Road infrastructure

Publicotion : 16/04/2020 - Last updoted: 20/04/2020

B DESCRIPTION

Cost category per level crassing : (RETTCRL ES g fa
e DD

Application of structured or milled markings in the road surface on approach to the LC. Aimed to induce speed reduction and enhance
alertness in motorized road users.

B POTENTIAL BENEFITS Quick Access

e Rumble strips have been shown to induce speed reduction in drivers when applied in appropriate design. This effect can be used on
spproach to LCs to prolong the time drivers have to gather visual information whether 3 train is coming.

e The rumbling is also likely to enhance drivers’ general slertness. Itis controversial whether it is also suitable to enhance drivers’ awareness Potential benefits
of the hazard of approaching trains and the necessity to look for a train (see study results).

Description

Potential criticalities

Recommendations

B POTENTIAL CRITICALITIES

Study results & references

® Road users may try to circumvent the rumble strips. To prevent this, e.g.. the strips may be applied to the whole width of the road, or the Main psychological functions involved
measure may be combined with physical lane separation

e |froad users do not mentally connect the rumble strips to the LC, the effect may diminish, or they may even be distracted from trying to
figure out the meaning of the rumble strips.

® The strips may disturb or impede road users such as bicyclists and motorcyclists.

Documents
Related measures

Gallery

Comments

B RECOMMENDATIONS

To help road users establish the connection between the rumble strips on the one hand and the LC and the hazard of approaching trains on
the other, the strips should not be used in an “uncommented” way. The strips themselves should be clearly visible on approach, and a
connection to the LC should be eztablished by combining them with additional explanatory measures, giving clear hints to the relevant hazard
and the recommended behavior.

B sTuUDY RESULTS & REFERENCES
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Road infrastructure

Publicotion : 16/04/2020 - Last updoted: 20/04/2020

Cifect mechanism

B DESCRIPTION

Cost category per level rassing : IREHES IV ES 0 Ea)
Application of structured or milled markings in the road surface on approach to the LC. Aimed to induce speed reduction and enhance

alertness in motorized road users. Leved crossing amwircnnert :

B POTENTIAL BENEFITS Quick Access

e Rumble strips have been shown to induce speed reduction in drivers when applied in appropriate design. This effect can be used on
spproach to LCs to prolong the time drivers have to gather visual information whether 3 train is coming.

e The rumbling is also likely to enhance drivers’ general slertness. Itis controversial whether it is also suitable to enhance drivers’ awareness Potential benefits
of the hazard of approaching trains and the necessity to look for a train (see study results).

Description

Potential criticalities

Recommendations

_ pOTENT'AL CR'T'CALITI ES Study results & references

® Road users may try to circumvent the rumble strips. To prevent this, e.g.. the strips may be applied to the whole width of the road, or the Main psychological functions involved
measure may be combined with physical lane separation

e |froad users do not mentally connect the rumble strips to the LC, the effect may diminish, or they may even be distracted from trying to
figure out the meaning of the rumble strips.

® The strips may disturb or impede road users such as bicyclists and motorcyclists.

Documents
Related measures
Gallery

Comments

B RECOMMENDATIONS

To help road users establish the connection between the rumble strips on the one hand and the LC and the hazard of approaching trains on
the other, the strips should not be used in an “uncommented” way. The strips themselves should be clearly visible on approach, and a
connection to the LC should be eztablished by combining them with additional explanatory measures, giving clear hints to the relevant hazard
and the recommended behavior.

\ B sTuUDY RESULTS & REFERENCES
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could be used to induce a speed reduction where needed. but should be combined with additional measures that enhance visual search for a

craim. Description //
i Potential benefits \ \
Grippenkaven, |.. & Dietsch, 5. 2015. Gaze direction and driving behavior of drivers at level crossings. Journal of Transportation Safety & Potential criticalities C—

Security, 8(sup], 4-18. (link)

Recommendations

Laapotr, 5. 2016, Comparison of fatal moter vehicle accidents at passive and active railway level crossings in Finland. IATSS Research 40{1), 1- Study results & references
€. doi:10.1016/.iatssr.2015.12.003 {link)

Main psycholegical functions imvolved
Radalj. T., & Kidd, B. A. 2005. A Trial with Rumble Strips as a Means of Alerting Drivers to Hazards at Approaches to Passively Protected Railway

Lewvel Crossings on High Speed Western Australian Rural Roads. Rezsearch Report. Main Roads Western Australia. Documents

Silla, A, Virtanen, A. Lehtonen, E., Boufidis, N.. Salanova Graw, |. M., Dressler, A, Grippenkowven, )., Taillandier. V.. Khoudour, L, Bakey, C., Related measures
(Garrigos, |-p.. Frangoise, C., Jacgueline, D., Antoine, R., Boukour, F. Edelmayer, A.. Ruffin, C., Zotos, T. 2019. Results of the evaluation of the pilot

tests. Deliverable D 4 of the SAFER-LC project. {link]) Gallary

Sklddany, P.. Tufka, P.. Sklddan4, P. Simefek, M., Bidovsky, M., & Kfivinek, V. 2016. Entwicklung von Rittelstreifen zur Vermeidung ven
Fehlverhalten an Eizenbahnkreuzungen: Ergebnisbericht zum Forschungsprojekt RUTTLEX". Wien: Bundesministerium fir Verkehr,
Innovation und Technolagie. (link)

Comments
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could be used to induce a speed reduction where needed. but should be combined with additional measures that enhance visual search for a

craim. Description //
References: Potential benafics \ \
Grippenkaven, |.. & Dietsch, 5. 2015. Gaze direction and driving behavior of drivers at level crossings. Journal of Transportation Safety & Potential criticalities C—

Security, 8(sup], 4-18. (link)

Haore-Lacy, W. 2008. Rumble strip effectiveness at rural intersections and railway level crossings. Research report on behalf of VicRoads. (link) Recommendations

Laapotr, 5. 2016, Comparison of fatal moter vehicle accidents at passive and active railway level crossings in Finland. IATSS Research 40{1), 1- Study results & references
€. doi:10.1016/.iatssr.2015.12.003 {link)

Main psycholegical functions imvolved
Radalj. T., & Kidd, B. A. 2005. A Trial with Rumble Strips as a Means of Alerting Drivers to Hazards at Approaches to Passively Protected Railway

Lewvel Crossings on High Speed Western Australian Rural Roads. Rezsearch Report. Main Roads Western Australia. Documents

Silla, A, Virtanen, A. Lehtonen, E., Boufidis, N.. Salanova Graw, |. M., Dressler, A, Grippenkowven, )., Taillandier. V.. Khoudour, L, Bakey, C., Related measures
(Garrigos, |-p.. Frangoise, C., Jacgueline, D., Antoine, R., Boukour, F. Edelmayer, A.. Ruffin, C., Zotos, T. 2019. Results of the evaluation of the pilot

tests. Deliverable D 4 of the SAFER-LC project. {link]) Gallary

Sklddany, P.. Tufka, P.. Sklddan4, P. Simefek, M., Bidovsky, M., & Kfivinek, V. 2016. Entwicklung von Rittelstreifen zur Vermeidung ven
Fehlverhalten an Eizenbahnkreuzungen: Ergebnisbericht zum Forschungsprojekt RUTTLEX". Wien: Bundesministerium fir Verkehr,
Innovation und Technolagie. (link)
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could be used to induce a speed reduction where needed. but should be combined with additional measures that enhance visual search for a
traim.

References:

Grippenkaven, |.. & Dietsch, 5. 2015. Gaze direction and driving behavior of drivers at level crossings. Journal of Transportation Safety &
Security. 8(supl). 4-18. (link)

Haore-Lacy, W. 2008. Rumble strip effectiveness at rural intersections and railway level crossings. Research report on behalf of VicRoads. (link)

Laapotr, 5. 2016, Comparison of fatal moter vehicle accidents at passive and active railway level crossings in Finland. IATSS Research 40{1), 1-
€. doi:10.1016/.iatssr.2015.12.003 {link)

Radalj. T., & Kidd, B. A. 2005. A Trial with Rumble Strips as a Means of Alerting Drivers to Hazards at Approaches to Passively Protected Railway
Lewvel Crossings on High Speed Western Australian Rural Roads. Rezsearch Report. Main Roads Western Australia.

Silla, A, Virtanen, A. Lehtonen, E., Boufidis, N.. Salanova Graw, |. M., Dressler, A, Grippenkowven, )., Taillandier. V.. Khoudour, L, Bakey, C.,
(Garrigos, |-p.. Frangoise, C., Jacgueline, D., Antoine, R., Boukour, F. Edelmayer, A.. Ruffin, C., Zotos, T. 2019. Results of the evaluation of the pilot
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could be used to induce a speed reduction where needed. but should be combined with additional measures that enhance visual search for a

craim. Description //
References: Potential benafics \ \
Grippenkaven, |.. & Dietsch, 5. 2015. Gaze direction and driving behavior of drivers at level crossings. Journal of Transportation Safety & Potential criticalities C—

Security, 8(sup], 4-18. (link)

Haore-Lacy, W. 2008. Rumble strip effectiveness at rural intersections and railway level crossings. Research report on behalf of VicRoads. (link) Recommendations

Laapotr, 5. 2016, Comparison of fatal moter vehicle accidents at passive and active railway level crossings in Finland. IATSS Research 40{1), 1- Study results & references
€. doi:10.1016/.iatssr.2015.12.003 {link)
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(Garrigos, |-p.. Frangoise, C., Jacgueline, D., Antoine, R., Boukour, F. Edelmayer, A.. Ruffin, C., Zotos, T. 2019. Results of the evaluation of the pilot

tests. Deliverable D 4 of the SAFER-LC project. {link]) Gallary
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RUMBLE STRIPS ON LC APPROACH
Noise-producing pavement

ﬁ ﬁ ﬁ ﬁ ﬁ o’s{omm) Type ol implementaion :
c | RO v v

Publicotion : 16/04/2020 - Last updoted: 20/04/2020

Reduces the approach s

B DESCRIPTION

Cost category per level rassing : IREHES IV ES 0 Ea)
Application of structured or milled markings in the road surface on approach to the LC. Aimed to induce speed reduction and enhance

alertness in motorized road users. Lervel crossing emvircnnert ;

B POTENTIAL BENEFITS Quick Access

e Rumble strips have been shown to induce speed reduction in drivers when applied in appropriate design. This effect can be used on
spproach to LCs to prolong the time drivers have to gather visual information whether 3 train is coming.

e The rumbling is also likely to enhance drivers’ general slertness. Itis controversial whether it is also suitable to enhance drivers’ awareness Potential benefits
of the hazard of approaching trains and the necessity to look for a train (see study results).

Description

Potential criticalities

Recommendations

B POTENTIAL CRITICALITIES

Study results & references

® Road users may try to circumvent the rumble strips. To prevent this, e.g.. the strips may be applied to the whole width of the road, or the Main psychological functions involved
measure may be combined with physical lane separation
o Ifroad users do not mentally connect the rumble strips to the LC, the effect may diminish, or they may even be distracted from trying to Documents

figure out the meaning of the rumble strips.

Related measures
® The strips may disturb or impede road users such as bicyclists and motorcyclists.

Gallery

Comments

B RECOMMENDATIONS

To help road users establish the connection between the rumble strips on the one hand and the LC and the hazard of approaching trains on
the other, the strips should not be used in an “uncommented” way. The strips themselves should be clearly visible on approach, and a
connection to the LC should be eztablished by combining them with additional explanatory measures, giving clear hints to the relevant hazard
and the recommended behavior.

B sTuUDY RESULTS & REFERENCES

/
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Search criteria
({To select multiple items in a list, hold the CTRL key and cfic

Search by title, by alias or by

Targeted users :

Type of implementation

Road User

Rolling Szock
Railway Infraswructure

Lewvel crossing emdironment

sl .
urban -

Effect mechanism :

Feduces the aporosch speeds of venicles -

category per level crossing

Unkmown

Medium (10KE to 100K £ per LC)
High [=100K £ par LC)

-
-~

\

LC WARNING LIGHT ACTIWATED BY ROAD USER
BLINKING AMBER LIGHT, LGHT COBINED WITH LT WARKING SIGN, ENHANCED SIGN SYSTEM

Y0 YY VY Y Y 055 0vore)

/

Type of rrglernentation : m

Targeted users : Vulnerable Read User (VRU)
IR EN . |rriproves (rain detection Reduces the 2
oSl calepiry per level orassing :

Lervaal erassing anvironnent : n m

sach speeds of veh

Lost updared ; 17/042020

LEC ENHANCED TRAFFIC SIGNS
STOP SIGNAL WITH LED LIGHTS W THE BORDER:

Type ol irrgslernentation m

Targeted iers, : Vudnerable Road Lser [(WRLY
BRI, o L o=y ction Il improves ine detecton o J
st catepoery per level orossing :

Lewal crassing eovironnent : - m

Lost updored : 177042020

RUMBLE STRIPS ON LC APPROACH

NOSE-PRODUCING PAVEMENT

Type ol irmglernentation m

QSRR oo zea Road User k)

CiTect rrecharism :
oSl calepiry per level orassing :
Lerveia] eraassireg eveironnent : o m

W W W WYY 08 0vore)

Lost updared : 200042020
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SPEED BUMPS ON APPROACH TO LC —_ \\\\\
hump, road profile, road obstacle m
ﬁ ﬁ ﬁ ﬁ ﬁ 0/5 (0 vore) RIS Road infrastructure

T)peuﬂevelumdg:

Publicotion : 04/09/2019 - Last updoted: 21/04/2020 Cifect mechanism .

BN DESCRIPTION ot cngory per e s (P TToareD)

A speed bump is a small structure installed on the road surface or 3 small raised area built across 3 road within the approach zone of the LC Lervedl crossing environnert :

to force road users to drive slower. The installation of well-marked speed bumps within the LC spproach zone to reduce road vehicle spead,
Quick Access

also aims 1o maximise the time available to the driver to process information and make (correct) decision.

B POTENTIAL BENEFITS

Description
® |Increased safety margins due to reduced approach speads at LC. Potential benefits
® (Can have many shapes and colors.
® [Fnot for safety reasons, some MRU will =till reduce spead not to damage their vehicles (2.g. suspension systems). Potential criticalities
® In specific contexts it may also be effective on cyclists.
e Rubber speed bumps can be easily installed on the road surface and removed or moved when necessary. Recommendations

Study results & references

Main psychological functions involved

B POTENTIAL CRITICALITIES

Documents

e Enhanced noise pollution, especially in unioaded trucks and tractors {proportion should be checked before implementation)

Related
e According to 3 Finnish study (Seise et al. 2009) roughly half of the people whao live near the LC equipped with speed bumps and use it sied measures

frequently considered speed bumps very unpleasant, while the other half did not see any significant disadvantages. Gallery
e Due to the potentially poor road user acceptance of this spead calming measure. their attention may not be so directed towards safety
signage or safe actions, but toward feeling frustrated or on how to avoid the bumps Comments

B  RECOMMENDATIONS

e [tis advisable to conduct a trial of spead bumps before any widespread installation. Speed bumps may be contraindicated when the road
surface type and the use of snow removal machinery make them impractical

® Layout must prevent driving around bump (Aigner-8reuss et al. 2013). Consider covering the whole width of the road. This way road users
cannot aveid the bump, and the measure will implicitly target two-wheelers az well: motorbikes, mopeds, and even cyclists

e Choose distance to prevent distraction directly ahead of LC (Aigner-Breuss et al. 2013)

e (Choose height of bump according to speed reduction needed (Ibid.)

\ ® Specific guidelines are needed for the maintenance of speed bumps if installed on gravel roads, which also involves manusl work (Seise et

al. 2008).

T
-~
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e Specific guidelines are needed for the maintenance of speed bumps if installed on gravel roads. which also involves manual work (Seise et

gravel surfaces, what the proper dimensions of the bumps would be to effectively reduce speeds while being acceptable to road users, and Potential criticalities

heow their maintenance should be organised. (ibd). Recorrrenilations
i

al. 2008). Potential benefits /
o More studies are needed to getermine what kinds of LC are best suited to speed bumps, how they should be fastenad to different kinds of 5 ¢
e \\\

Study results & references

B STUDY RESULTS & REFERENCES Main psychological functions involved
References: Documents
e Aigner-Breuss, E., Aleksa, M., Braun, E.. Machata, K., Knowles, D., et al. (2013). MANEUVER: Ein Handbuch fir Praktikerinnen und Related measures
Entscheidungstragerinnen. Vienna: Bundesministerium fur Verkehr, Innovation und Technologie. Gall
e Seize A, Poutanen. M. & Xsllberg V-P. (20089). Hidaztetdyssyjen vaikutus ajonopeuksiin sorateiden vartioimattomissa tasoristeyksissa [The ey
effect of speed bumps on driving speeds at road-railway level crossings). Espoe: VTT Technical Research Centre of Finland. VTT Tiedotteita - Comments

Research Notes, No. 2520.

BN MAIN PSYCHOLOGICAL FUNCTIONS INVOLVED

Decision-making (focus on risk-perception. subjective judgment, and motivational factors)
Execution (focus on motor execution of action)

B DOCUMENTS

B RELATED MEASURES

Active speed bumps on approach to LC

B CALLERY
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ACTIVE SPEED BUMPS ON :\'\\\
APPROACH TO LC |
Actibump, Smart bump, dynamic speed bump, intelligent speed bump, v Aol 2 m
active inverted speed bump

P ITEED, ' s (T
[ I Type of lewed Ums'mg:

DOfect rechanism:

Pubiicotion : 28/05/2019 - Last updoted: 20/04/2020

Cost catepory per bevel crassing -

Medium (10KE to 100K € per LO
Lerved Crussing erwironoent :

An active speed bump will be activated only if an approaching vehicle exceeds a defined speed. This type of speed bump disrupts traffic less

than traditional speed bumps as non-speeding vehicles may pass unaffected. The measure may also remain inactive for emergency vehicles

with the use of 3 transponder.
Quick Access
Two types of active speed bumps can be used:
1. "Traditional” bumps - during the sctivation 3 bump will g0 up a few centimetres and then will lower back down to the level of the road
surface.

2. Inverted "bumps” - during the activation a3 hatch {integrated into the road) lowers the pavement surface by s few centimetres, creating an
inverted speed bump. The hatch will then rize again to the level of the road surface.

B DESCRIPTION

Description
Potential benefits

Potential criticalities

Recommendations
B POTENTIAL BENEFITS P
e Safety benefits of pazsive speed bumps, but less disruption for vehicles not violating speed limit. Masin psycholeogical functions involved
e Although speed bumps are theoretically useful mainly before passive LCs, they can also be implemented before active LCs where 2 speed .
reduction of approaching road vehicles is necessary. Links
Documents

Related measzures
B POTENTIAL CRITICALITIES
Gallery
e More difficult to implement in areas with heavy snow, unknown yet how the structure deals with adverse weather conditions (e.g.
excessive rainfall, snow and ice).
e Difficult if not impossible to implementin rural roads.
* Requirez more freguent maintenance and is more expensive than a conventional bump.
e Safety considerations for vulnerable road users such as motorcyclists and cyclists (2.2, might the dip, surface material and surprize
element of encountering this measure destabilize these road users?).
e Rosd users should be made aware of the measure.
® Most commen problem regarding active speed bumps by Bagdadi & Patten (2014) concerns reliability. In an installation of active bumps in
Sweden, the measure malfunctioned so that it was always engaged. Poor reliability could negartively influence public acceptance of the
measure.

Comments

T
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I RECOMMENDATIONS

® Specific guidelines might be needed for the maintenance of actively inverted speed bumps.
» Road users should be made aware of the active inverted speed bumps well in advance.

I STUDY RESULTS & REFERENCES

Speeding generally decreasses gradually over the first year of installation as drivers become accustomed to the bumps (Edeva, 2018).

B5th percentile speed egualled 2 km/h of all test road speed limits in a 2017 test of the measure in Malma (Edeva, 2017).

Active bumps may produce less noise than conventional bumps (Bagdadi & Patten, 2014).

Active bumps may be better suited to roads featuring large traffic volumes, as the bump will not disrupt traffic if wehicles drive art the speed
limit (Bagdadi & Patten, 2014).

References:

» Edeva. 2017. Evaluation of three sites in Malmd. Actibump - Evaluation Summary Malma. Linkdping, Sweden.

®» Edeva. 2018. Evaluation of four actibumps at Curtin University, Perth, Australia. Actibumnp - Evaluation Curtin University. Linkdping. Sweden.

s Bagdadi, O. & Patten, C. 2014, Dynamiska farthinder En litteraturstudie. VTl Rapport 823.

B MAIN PSYCHOLOGICAL FUNCTIONS INVOLVED

Decision-making [focus on risk-percepdion, subjective judgment, and motivational factors)
Execution (foous on motor exsostion of action)

I LINKS

Smart bumps
ActiBumps

Smarter bumps

I DOCUMENTS

I RELATED MEASURES

Speed bumps on approach to LC

I GCALLERY

\

Description

Potential benafics

Potential criticalities
Recommendartions

Study results & references

Main psychological functions invalved
Links

Documents

Related measures

Gallery

Comments
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Search criteria AWARENESS - EDUCATION CAMPAIGN Y7 Y7 7 97 T 045 (0vore)

. o S . . e .
(Ta ssfect muktiple itamsa in & list, hold the CTRL key and click the iterms) " - ‘

Search by title, by alias or by ri 3

=== Y by by P Type ol irrplernen Lation : m

REUTSC IR Motorized Road User (MRLIY Vislnerable Road Lser (VRLIY

Type ol bewel crossing @ Only light andfor sound warming @

Cllect mechar . EEieEe i R

Targeted users :

Motorized Rosd User (MRLU) FY
VuinerableRosd UserWRY) ¥

Type of implementation
Rosdlser
Road infrastructure

Rolling Stock
Raikway Infrastructure

Cost calepnry per level crossing < IR gl |
Lewel crassing environnerl ; n m

Lost updoted - 21/04/2020

LC IDENTITY CARDS TO FACILITATE EMERGENCY RESPONSE ﬁ- ﬁ ﬁ ﬁ- T} /5 (0 vore)

Type of level crossing - SAFETY, ADENTIFICATION, CALL EMERGENCY, RESCLUE TEAM, REPORT

Pazzive .
Cnly light andlor sound warning
Half barriers

RO oo - W cood irasiucure Jl oting sicck L Rotwsy Infestrucue
OO Liouorized Road User (AL ] Vasinerable Road Lser (VRL)

et QD oD
Clfect recharism :
Cast calegery per level rassing :
Leswe] drassing environnent : n m

Level crossing emvircnment

FE—

Effect medhanism :

Cost category per level crossing SMARTPHONE/WATCH MESSAGE WARNING OF /5 [0 vote)
APPROACHING LC WOW W W

Ty ol il e Laticn : m
RFPEC TSR Vulnerable Road User (VRL)
Ty ol berwes] eromsing Oty light and/for sound warning m

IAERITEETIEE | miproves the detection of LC

Lost updoted : 20/04/2020

High [=100K € per LC)

Cost cateprry per level crossing < IR o gl |
Level crassing environnernl : a m
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AWARENESS - EDUCATION CAMPAIGN

ILCAD, awareness, education, grade crossing, safety, campaign
YTV W Y /5 (0vore)

I,_ J

Publicstion : 17/04/2020 - Last updoted: 21/04/2020

B DESCRIPTION

Most railway companies around the world organize level crossing safety awareness campaigns on 3 national level with the collaboration of
road safety advocates, local authorities.

In 2009 it was decided in a working group on level crossing safety, ELCF, the European Level Crossing Forum. composed of actors from
different sectors to organize on the basis of already existing national campaigns a worldwide campaign: the International Level Crossing
Awareness Day taking place once 3 year in June.

ILCAD, the International Level Crossing Awareness campaign. led by the International Union of Railways (UIC), brings together railway industry
representatives, road authorities, academics and more from around the world.

ILCAD aims to raise awareness about the dangers associated with the road/rail interfaces (level crossings). ILCAD is a joint commitment that
began in 2009 with ELCAD ({EU countries + Israel). Since then, UIC has been coordinating this worldwide event to raise public awareness about
the dangers at level crossings.

Each year the campaign targets 3 specific public or topic. We celebrated the 12th edition in 2012

B POTENTIAL CRITICALITIES

S3fety messages may be forgotien. therefore they have to be repeated.

B RECOMMENDATIONS

® Awareness campaigns should target the right public with the right messages otherwise the message does have any effects.
e Awareness campaigns shall be repeated otherwise the safety message is easily forgotten.

B MAIN PSYCHOLOGICAL FUNCTIONS INVOLVED

Decision-making (focus on risk-perception, suljective judgment, and motivational factors)

B LINKS

Type of implemerntation ;

EUE et Motorized Road User (MRU)
Vuinerable Road User (VRU)

Type of leved crossng : 2SS
Only light and/ar sound waming
Full barriers

Cou tategory per level wossing : (R ER LT U]
Levesd Crossing emvironnent ’u ra

Description

Potential criticalities
Recommendations

Main psychological functions involved
Links

Documents

Related measures

Gallery
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r ! d ' = I - - el #h
(Ta asfect multiple itams in a list. hold the CTRL key and click " - ‘

ESearch by tide, by alias or by rip - Type of implementation: m

Targeted Lsers ; Vuslnerahle Road Lser (VALY
Targeted users : Typee al lervel cromssing : @ @
IMoteeized Road User (MR CIMect rrecharsam :m e 58S Swareness of o
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Rosdlser Last updated - 21/04/2020

Road infrastructure
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LC IDENTITY CARDS TO FACILITATE EMERGENCY RESPONSE f:( ﬁ ﬁ ﬂ( 1‘_} /5 (0 vore)

Type of level crossing : SAFETY, IDENTIFICATION, CALL EMERGENCY, RESCLE TEAM, REPORT
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Cnly light andlor sound warning
Half barriers
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Lost updoted : 20/04/2020
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e to smartphone’-watch warning road users of an approaching LC {and potentially approaching MMessage could interrupt all

ch as Wifi. Bluetocoth) and sound an alarm (andfor jam the connections) when it d

uch as radic) or transmissions

other applicatic
an approaching LC and a potentially approaching train. This measure is aimed at pedestrians and

ans and have 8 dedic

d spplication downloaded and running in their

The functioning of the system reguires that ped

smartphone/-watch {otherwise no warnings can be generated). The application needs to track the road user movement to confirm that the

road use

¢ lines.

s near the LC and aiming to cross the railw:

Requirements to produce information on approaching train: In order to ascertain the correct and on time delivery of information
tem sends requests containin,
approaching trains. The
= implemented and data is publicly available from the server.

approaching trains, the application/
status and infermation on potentially
Garni & Virtanen, 20

L BENEFITS

reachn USers con CE"III'E'[-FE

Warn pedestrianz and cy

of nearby LC via personal smart devi

on their s instead of traffic.

AL CR

TICALITIES

traction in road users who are not already looking at the mobile d

» The application could create an additional sourc
pe of measure could take the road user” s attention aw,
to download an application, activate location tracking and allow the application te run in the device background while

erving the read and level crossing

= Potential overreliance an th

o Users would hav
cling near LCs [other

walking! 2 Mo WaErnings can be generated).

IMENDATIONS

the technology could contain a use detection and issue a warning only in case the device is currently being

*» To avoid
handled by the user.
# Moreover, the output should optimally not stress visual processing resources [

ckens & McoCarley, 2008). but should facilitate a guick

orientation of visual attention to the LC (e.g. by arrows, speech output).

tem is not fail . wihen starting the appli

tion).

# Users should be reminded that the sy

Patential benefits

Potential criticalities
Recommendations

Srudy results & references

Main psycholegical funcions invalved
Links

Documents

Related measures

Gallery
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Fotential criticalities

B STUDY RESULTS & REFERENCES //
Recommendations
©&rni, R. and Virtanan, A. 2007. ‘In-vehicle warning system for railway level crossings’. Proceedings of the 6th European Congress and Study results & references — \\\
SY¥ER-IC

Exhibition on Intelligent Transport Systems and Services, 2007, Aalborg, Denmark.
Main psychological functions involved
B MAIN PSYCHOLOGICAL FUNCTIONS INVOLVED s

Diocuments
Identification (focus on attenton and workload)

Related measures
Callery

_ LINKS Comments

Rail Crossing Locator Mobile Application used in the US (link)

B  COCUMENTS

B  COMMENTS

Comment ...

Submit comment
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rz. The
3 exi hicle displ approach 1)
Depending on the implementation, the connected vehice should be equipped with the appropriate device to receive the messages.

n of warnings to car dri

warnings can be delivered to the car drivers 2.2 ing or additicnal in = [approach 1 or 2) or mobile dev

can be done in two different wa

= Approach 1: Im order 1o ascertain the correct and on time delivery of informatien en approaching LCs {and trains) to car drivers, the vehicle
= the LC. Specifically,
of LC locations) in order to identify LCs. Then the system sends reques

= and approaching trains. The system reguires that trai

thiz means that the location data should contain PO
concaining LC id to back office system and recei

movement needs to be tracked to detect the intention to pas

rtanen, 2007) iz implemented and data is pub svailable from the server.
» Approach 2: IT5-G5 road side unit is installed in connection with the LC to deliv
ith the ability to recei

work in LCs which are equipped v

r information to the vehicles on the existence of the LC and
e information) near the LC would receive the warnings. This
th the ITS-G5 road side unit.

potentially approaching trains. All connected vehicles |

type of warning would only
The measure tested in the SAFER-LC pilot (In-vehicle train and LC proximity alert) was a mobile application that could be installed on any
commaon mobile device such as a smartphone or tablet, and it warned the road users about the presence of a LC through a dedicated pop-up
they approached a L. The warning also included the estimated time of train arrival, whenever an

window and a short audio alert, wheneve
incoming train was expected to reach the LC within one minute.

Train detection can be achieved using different technologies, e.g. sensors installed inthe tracks upstream of the LC (axle counters, radar,

ultra=zonic sensors or other) or geo-localization of the train and ITS {intelligent transportation em) to transmit information.

Can alert driw
naticeable than traffic

h in-wvehicle warning. Ambient noise is less likely

ITENTIAL CRITICALITI

ive effects

®» The display of information and warnings could contribute to driver distraction by directing attention away from the road. Meg

can be avoided by ergonomic interface design (e.g. audio instead of
load while approaching crossi
= At passive LCs, complacency or over-trust effects could occur if the system fails wo g

=ual output). In a simulator study (Larue, et al. 2015) a proximi

meszage did not resultin significant changes in o

=

& 3 warning [missk
# Usertrust and use will decrease in case many false alarms are izsued.
® At passive LTz, the electrical power needed for the road side unit may not be available.

et (T (Em—— D
Railway Infrastructure

he detection

Prowides up-to-date information about the status of
LC

Potential bensfits

Potential criticalities
Recommendations

Srudy results & references

Main psycholegical functions imwolved
Links

Documents

Related meazures

Gallery

Comments
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B  RECOMMENDATIONS Potential benedits //

Paotential criticalities
® The mes=ages sent should be adapted to the type of LC in terms of the recommended behaviour (e.g. passive: drive slow and look left and \\
right, barriers: please wait, adding information on prospective time of continuation of the journey if available). Recommendations ——
® Az an alternative to triggering such a system by train proximity, it would also be supportive to provide information based on LC proximizy
. - . ) . . Srudy results & references
alone if the technical implementation of the train detection appears too challenging.
» User should be informed that the system is not fail-proof.

Main psychological functions invalved
* Animplementaticn that includes warnings for oncoming trains must facilicate a reliable train detection methed, in order to awvoid false

negatives cases (where oncoming trains are not detected and therefore no message produced). Links
Documents
Related measures
BN STUDY RESULTS & REFERENCES
Gallery

Main findings of the SAFER-LC pilot (Silla et al.. 201 %), where such a system was tested by taxi drivers:

Comments
e L=z usage: —600 vehicles and more than 200k registered trajectories in =6 months.

* Mo significant differentiations in aggregated speed and acceleration profiles identified in the pre-post system comparison.

® There are no indications of distinct and characteristic driving behaviors amongst the taxi drivers.

» [Dizaggregated examination of trajectories revesals improvements in five safety related KPls for the case when the barriers are open. “Safety
checks" with the warning system enabled appear to be more frequent. longer and at safer spatial distance to the rail line.

»  The Artificial Neural Metwork predictive algorithm is capable of highly accurate predictions on the estimated time of train arrival oo LC.

» Encouraging feedback from the questionnaires answered by taxi drivers. Before deploying the piloted system, the majority stated that LC
safety infrastructure in Thessaloniki is inadequate. After its deployment, maost drivers reported that they felt =sfer and that they trust the
provided information; many of them would be interested in using the system in the future.

Crcher study results:

® An Australian simulator study by Larue et al. (2015) showed that stopping compliance at LCs was improved with both visual and audio-
bazed in-vehicle ITS, in cases where 3 train was arriving to the LC. Audio-based ITS resulted in higher compliance. Stopping compliance fell
when the system was in use but no train was arriving. Audio ITS also reduced speeds 20 meters from the LC by 3 kmi'h, while visual ITS did
not lead to any speed reduction.

® |n another simulator study by Larue & Wullems (2015), stop sign compliance reduced by 16.5% when the technology was installed.

®  Larue & Wullems (2015) tested driver complisnce at LCs in a scenaric where the in-wehicle system fails. Results show that drivers continue
to look for trains themselves even when the system is installed but fails to activate.

® Landry et al. (2019) conducted 5 simulator study in the USA regarding road user behaviour with in vehicle auditory alerts. Results show that
the system reminds and informs road users how to comply with level crossings. Additionally, a lasting positive effect on driver compliance
remaining after the system was no longer active, was also found. Highest compliance occurred when the system was combined with
conventional LC warning signs such as cressbucks. The systemn was found to be effective at both passive and active LCs.

References:

s 5illa, A, Virtanen, A., Lehtonen, E., Boufidis, M., Salanowva Grau, |. M., Dressler, A., Grippenkoven, |., Taillandier, V.. Khoudour, L., Bakey, C.,
Garrigos, |-p., Frangeise, C.. Jacgueline, O, Antoine, R.. Boukour, F. Edelmayer, A.. Ruffin, C.. Zotos, T. 2019, Results of the evaluation of the
pilat tests. Deliverable D4.4 of the SAFER-LC project. Submitted 20th December, 2079,

o Larue, G.5., Kim, |, Rakotonirainy, A., Haworth, M.L. & Ferreira, L. 2015. Driver's behavioural changes with new intelligent transport system
interventions at railway level crossings —A driving simulator study. Accident Analysis & Prevention. 81. 74-85.

® Larue, G5 & Wullems, C. 2015. Driving Simulator Evaluation of the Failure of an Audic In-vehicle Warning for Railway Level Crossings.
Urban Rail Transit. 1. 139-148.

® Landry. 5. Myounghoon, |, Lautala, P. & MNelson, D. 2015, Design and assessment of in-vehicle auditory alerts for highway-rail grade
crossings. Transportation Research Part F. B2, 228-245.

s Q&rni, R. and Virtanen, A. 2007. 'In-vehicle warning system for railway level crossings’. Proceedings of the 6th European Congress and
Exhibition an Intelligent Transport Systems and Services, 2007, Aalborg, Denmark.
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BN MAIN PSYCHOLOGICAL FUNCTIONS INVOLVED

Rule knowledge (focus on knowledge retrisval)
Decision-making (focus on risk-perception. subjective judgment. and mativational factors)

BN LINKS

Example of an application that was launched in France. It uses GPS and alerts drivers that they are approaching a LL The alert distance can be
adjusted between 50 and 1000 meaters.

s Link YouTube video {enly in French)
® Link mobile app download

Rail Crossing Locator Mobile Application used in the US (link)

B DOCUMENTS

I RELATED MEASURES

Smartphonefwatch message warning of approaching LC

BN CALLERY

B COMMENTS

Comment ..

Submit commeni

Potential benafits

Potential criticalities
Recommendations

Srudy results & references

Main psychological functions invaolved
Links

Documents

Related measures

Gallery

Comments

/
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Search criteria
(T select multiple items in a list, hold the CTRL key and click the iterms)

Search by title, by alias or by description -

Targeted users :

E= S

Type of implementation

Type of level cro

Lewvel crossing enmvironment

CE

Effect mechanism :

- Ay -

Cost category per level crossing

EXTENCED BARRIERS
BARRIER, GATE ARM, EXTENSAON, LONGER GATE ARM, L OWIGER BARRIER, Z16-ZAGE, 216 ZAGG Z1G-ZAGGING, 216 ZAGGNG

Ty al irrgelernerLation : m

Targeted Leers : Viulnerable Road Liser [VRLI)
Toype al level crossing |

Crlect rrecharizm
Cast calepory per level oiossing :
Lerves| Crossing environnient : - m

W Y7 Y7 VY VY 1S (1vore)
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Lost updated - 217042020

PHYSICAL LANE SEPARATION IN FRONT OF HALF BARRIERS
MEDAN SEPARATIIRS, INTERMEDIATE SEPARATION, ZI6-ZAGE, 216 ZAGE, ZI6-ZAGGING, 216 ZAGGING

Ty ol irrygelermer Lation : m m
TR s e

Ty al leved crossing :

ClTect rrescharism :
Cast calepory per level rossing :
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Search criteria SMART DETECTION SYSTEM (SDS) //
(T sefect multiphe itemsa in & list, hodd the CTRL key and click the iemas) Ty viDeD \\\
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Al L et ()
incrusion detection
REVTCEINTC A Motorized Road User (MRLI)
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Intrusion Detection Systems, Intelligent CCTV, video analytics CE e DR e T / \\

% W 1Y Y7 Yy 25(1 vore)

Publicotion : 200052019 - Last updated: 10/04/2020

SMART DETECTION SYSTEM (SDS) B = = //:

REUTSIRTe Y Moborized Road User (MRL)

RIEREENERSNN  Support LT sa

I DESCRIPTION

Ciost catesgory per level orassing

The “Smart Detection System (SD5]" is a warning system based on intelligent video detection of potentially dangerous situations occurring at
LCs. An optimized Automatic Incident Detection is specified, implemented, and evaluated. The S5D5 allows for the accurate detection of
hazardous events and localization of obstacles which are blocking the LC and that could jeopardize the safety of users especially vulnerable Lerved ericising emwircaneri =m
LISErs.
The global architecture of the system used for the final test is represented below. It includes the smart detection system and the smart
Roadzide Unit with an interface which iz able to send information to surroundings cars or to the train. The interface is connected alsoc to a
COMMUNICation System:
® The 505 is implemented on a personal computer wich Linux as operating system connected to an IP camera. The 505 processes data flows Description
coming from the video sensor in order to detect events occurring in the field of view of the camera.
* The video flow is stored in 3 video dataset Fotential bensfits

s The events detected by the 505 are registered using Linux Syslog standard process. This process is configured for using documents-
ariented dataset, mongolb.

® The process (Event Proxy process) developed allows to send events stored in the database. via Road Side Unit (REU) network.

s The process (Video Proxy process) allows to send video flows stored in the video database via RSU network

Potential criticalities
Srudy results & references

The RSU receives all the information: events detected by the 5D5, the corresponding video flow, the state of the lights, the state of the Documents
barriers. Then the principle is the following. According to the status of the lights and the status of the barriers, the RSU is choosing the

adequate alerts to send o the contrzl room or to the Onboard Unitinstalled in cars. Every alert sent to the control room is accompanied by
the related piece of video. Gallary

Related meazures

Comments
I POTENTIAL BENEFITS

An Intelligent Level-Crossing is a system which integrates functions of modern sensors, communications and information technologies in
order to improve safety and operaticnal efficiency at rail-road crossings.

The main benefits offered by a well-designed Intelligent Level-Crossing system are (i) increased security and safety of the road users, train
paszsengers and rail szaff, (i) improved efficiency of the rail and road traffic management by provision of real-time infermation to rail and road
users on the status of the traffic netwaork (for example. possible route alterations due to traffic jams at level-crossings).

Such system has the capability to detect the conditions at the level-crossing. identify potentially hazardous situations, notify the local raffic
management system, trigger the system response accordingly. and provide advanced warnings to the vehicle users and train drivers.

I POTENTIAL CRITICALITIES

to test a video imaging and communication systems during real exploitation periods. If we manage to do that. we will be able to measure the impact of these

A\ 46

\ The video-based systems need to be evalusted im a long-term manner. & very good perspective could be to obtain from the railway companies the suthorization
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Targeted users :
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Type of implementation
Type of level ot

SSiMNE EMyironment
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Effect mechanism :

SAmy-

st category per level crossing

LC RISK ASSESSMENT USING VIDEC ANALYSIS AND MACHINE 7 17 17 97 Y o5 (0 vore)
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VIDED ANALYTICS, WA

Type af irrglerneniation : m
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/

Lost updated - 2000472020

INSTALLATION OF AUTOMATIC HALF-BARRIERS
[CONVENTIONAL UPGRADE)

HALF BARRYERS, SEMT BARRIERS, SHORT BARRIER, TWO HALF BARRIERS, 2 HALF BARRIERS, SO0 BARRIER, ACTIVE LEVEL CROSSING

Ty af irrglernentation m
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Cost catepory per level orogsing :
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Lost updared : 19¢/04/°2020

REMOWAL OF LC 7 17 17 97 Y7 055 [0 vore)
REMOWING LC LT ELIWWATION, CLOSING LC, CLOSED LC LC CLOSURE, LT CANCELLATION, ROAD-RANL GRADE SEPARATION, OVERPASS, UINDERPASE
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LC RISK ASSESSMENT USING VIDEO

ANALYSIS AND MACHINE LEARNING

video analytics, VA
7YY 17 Y Yy 075 (0 vote)

Publication : 17042020 - Last updated: 20042020

B DESCRIPTION

Thiz measure which was developped within SAFER-LC project is a software application that analyses video recordings of level crossings and
their surroundings, and extracts data about the cocurrence of dangerous and/or anomalous behaviours.

This analysis is performed off-line in a8 s=emi-supervized fashion and focuses on general motion, i.e., the analysis operates on space-time
trajectories instead of directly analy=ing the images to recognize activities.

The system builds a database of detected dangercus events and can export them in 3 formar allowing a human operator to evaluate the
dangerousness of the observed level crossings, calculate statistics and monitor the evolution of these events over time. It can also be used 1o
evaluate the effectiveness of other safety measures implemented on the level crossings, by monitering the evolution of the number and types
of dangerous behaviours that cccur before and after the implementation of the measures.

Architecture of the risk assessment system :

Risk Evaluation System

Stage 3: Recognition

Anomslous & Danpenous
[Events

I rOTENTIAL BENEFITS

® Extracting data about the cocurrence of dangerous and/or anomalous behaviors
® Evaluating the effectivensss of other =afety measures

I POTENTIAL CRITICALITIES

s Malfunction of the light system on a LC with no barrier will make the system ignore some dangerous events

Type ol implermentstion :

R e Motorized Road User (MRLUD
Vulnerable Road User (VEL)

LU EE SN Only light and/for sound waming,
D D

Cifect riechanism :

Casl categpory per kel rossing | RETERIE S )
Leswed ercising environnent :m

Description

Potential benefits
Potential criticalities
Srudy results & references
Documents

Gallery

Comments
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lights

Tmufinﬂenmim:m
WO W WYY 0/5(0vote)
’ _ pPTEI IE e Motorized Road User (MRU)

|__ Vulnerable Road User (VRLF

Bubliestion : 0/00/2018 - Last updared: 210472020 Type ol leved uus.sing:

B DESCRIPTION [ Full barriers ]

BLINKING LIGHTS ON LOCOMOTIVE =" //g
Train conspicuity improvement with lights, LED lights, auxiliary strobe : -. ) - <. ._ =m————— \X\
Y¥ER-IC

Improvement of train detectabilicy using lights. This system enhances the detection of a train by road users especially at passive LCs. Elfect mechanism -
Different implementations are possible, e g improving the front lights of trains with LED technology (or by using eye-safe laser on train front).

B - .. . . . i . . ot category per kvel crossing : (TR R i3 Ta
Lights will flash when the train is coming to the LC and the flashing frequency can be adapted to the distance (triggering of lights can be dene

with GM55). The train could emit a visible trace beyond its actual dimensions. This could, e.g. be a laser / light beam facing upward.

_ - e e o B PRRTRRRTY .- ] uroan
The measure tested in the SAFER-LC project included sdditional blinking lights which were installed to the train according to the prevailing
regulations (e.g. below the head lights). The blinking lights are activated suromatically at a set distance from the LC and they shut down when

the LC has been passed. A technical prototype consisted of three high-intensity LED lights which were developed and tested in a real rail
e driving e

Description

B POTENTIAL BENEFITS
Patential benefics
& |mproves road user detection of arriving train. Road users often eross passive LCs without having visually checked before whether a trainis

Paotential criticaliti
approsching (Grippenkoven & Distsch, 2015). The blinking {or othersisa additional] lights sre estimatad to improve visibilty and detectability of Ml crites s

trains as well as LC safety. Fecormmendations
= Based on the SAFER-LC pilots, the blinking lights appear to be 3 promising way to increase the detectability of approaching frains, especially in
daytime conditions (Silla et al., 2018). Srudy results & references
& The system takes advantage of an autonomous physiclogical mechanism, and therefore does not require any conscious effort of the road user to
be effectve. Moreover, the detection of blinking lights should not be subject to 2ny considersble habiustion efects, 25 the sttraction of zttention Mzin peycholegical functions involvad

by flickering perpheral stimuli is 3 hard-wired feature of the nervous system that evolved because it represented an evolutionary advantage. Links

Documents

I POTENTIAL CRITICALITIES Related measures

Comments
= Highly salient visual stimuli associated with an approaching train could facilitate the diversion of attention from other relevant aspects of

the road, especially if they are extraordinarily novel compared to stimuli usually observed in traffic.

& |n a situation where only a part of all trains are equipped with the measure, the detection of trains that are not equipped could deteriorate
{complacency).

® |Local residents at LC might feel disturbed, depending on light intensity, especially at night. The blinking lights could also cause glare.

Concerns on misinterpreting the flashing lights were raised during the SAFER-LC pilots (Silla et al.. 2013). The blinking light= were considered
potentially disturbing or misleading especially in the night-time conditions. This could be addressed by sppropriate design, e.g. by focusing
the lights and adapting them to the prevalent lighting conditions. Meore research on this is needed.
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Based on the judgements on video data, the videos with the blinking lights were evaluated as better than the regular headlights. In daytime L
conditions, the experts clearly preferred the warnings lights with three consecurtive blinks followed by a 3-s break (instead single blink every 1 Dezcription /
= ar double blink in every 2 =). In the night-time condition, none of the configurations was clearly preferred. The results suggest that the Patential benafis \
ntial bene
blinking lights caused more glare or were more disturbing during darkness. Alsgo, in the night-time the train can be easily detected sven \\\
| e

without blinking lights. Among non-experts, the configuration 3 {triple blink every 3 =) was mast preferred both in the daytime and in the
night-time, but the configuration 2 {double blink every 2 =) was also popular.

Patential criticalities
Based on the questionnaire results, the blinking lights appear to be a promizing way to increase the detectability of approaching trains. Recommendations
especially under daytime conditions. During darkness, the flashing lights might be disturbing or misleading. While blinking lights may improve
decection of approaching trains, the results do not clearly show any influence on the reported crossing margins (the time at which road users
would not crass the rails anymore). Main psychological functicns involved

Study results & references

The subjective ratings of the participants in the driving simulator study are in line with the subjective ratings of the video survey. Participants
recognized the safety potential of the blinking lights mounted at the locomotive and estimated that this system supports an early detection of
approaching trains. Specifically, the participants in the simulator study detected the train that was eguipped with blinking lights earlier than Diocuments
the train with the regular headlight=s. Due to the earlier detection, the approach speed of the vehicle was reduced earlier a3z well.

Links

Related meazures
References:

s Grippenkowen, |.. & Dietsch, 5. 2015. Gaze direction and driving behavior of drivers at level crossings. Journal of Transportation Safety & Commencs
Security, 8(sup1), 4-18. doi:10.1080/19439962.201 5. 1046620.

» ESilla, A, Virtanen, A., Lehtonen, E., Boufidis, M., Salanova Grau, |. M., Dressler, A, Grippenkoven, |., Taillandier, V., Khoudour, L., Bakey, C..
Garrigos, |-p., Frangeoise. C.. Jacgueline, D., Antoine. R.. Boukour, F. Edelmayer. A.. Ruffin, C.. Zotos, T. 201 9. Results of the evaluation of the
pilot tests. Deliverable D4.4 of the SAFER-LC praoject. Submitted 20th December, 2013,

B MAIN PSYCHOLOGICAL FUNCTIONS INVOLVED

Detection (focus on visual / auditory perception)

I LINKS

Wideo on the Finnish pilot

B DOCUMENTS

I RELATED MEASURES

Peripheral blinking light=

P COMMENTS

Comment ..

\

\

-
-~
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PERIPHERAL BLINKING LIGHTS

Perilight, blinking lights drawing driver attention ] i T
fg ﬂ‘r ﬂ' ﬁ' ﬁ 0/5 (0 vote) ' r 5 . = £ T n FL Type of implementation :

Yulnerable Road User (VALY
Publicotion : 02092019 - Last updoted: 17042020

Type of el umsir@,:-x
Only light and/or sound waming

Clfect rechanism:

I DESCRIPTION

A sy=stem for passive LCs to enhance the probability that road users detect onocoming trains. When a road user passes a sensor on approach _
wo the LC. two lights located in the periphery of the LC start blinking. The light sources appear in the driver's peripheral vision. The salisnt Cost cansgony per level rassing - (R Ll Sl

blinking evokes an automatic and effortless visual orientation reaction towards the regions of the tracks that road users need o loock atto
detect a train (exogenous atrraction of attention. physiclogical mechanism]. Lervedl cromsing enwironners :a

# The main safety problem at passive LCs is that road users often cross without having looked out for a train. The peripheral blinking lights

facilitate the direction of visual attention to the relevant parts of the tracks (cf. section "study result=") and thus reduce the probability of Description
incidents caused by road users who failed to see an approaching train. Patential benefits

# The system takes advantage of an autonomaous physiclogical mechanism and therefore does not reguire any conscious effort of the road
user to be effective. The reaction is not expecred to be subject to any considerable habituation effects, as the attraction of amention by Potential criticalities

flickering peripheral stimuli is a hard-wired feature of the nervous system (Yantis, 2000).Though the application is recommended to LCs
with a roughly perpendicular crossing angle, the measure can =till be effective when the angle between road and rail tracks is not
perpendicular, as long a= the blinking lights appear within the maximum field of vision that extends up to 1107 to the left and right from
the center axis of the visual field.

* 0On the implementation side, as the measure is actuated on road user approach. it requires no connection to the railway signaling system Main psychological functisns involved
and therefore needs no validation according to railway standards. This allows for easy and low-cost application.

Recommendations

Srudy results & references

Links

Documents

I COTENTIAL CRITICALITIES Relsted massures

» |f there residents around the LC, they might feel disturbed by light emission during night times. Shading equipment can be added to avoid Gallery
thiz issue. Another useful design feature would be to adapt light intensity to the environmental lighting conditions.

®  The applicability of the measure is restricted to situations that provide the minimum necessary sight conditions, i.e.. the measure cannot
be applied when heavy vegetation, buildings or other objects cover the view on the tracks. However, as road and rail regulations allow
passive protection only at LCs where it iz possible in principle to visually detect an approaching train in time. these restrictions will gpically
not apply to the envisaged application environments 1o an extent that would render the measure ineffective.

Comments

I RECOMMENDATIONS

® The position of the blinking light=s should be adjusted to the respective crossing to optimize the visibility from vehicles with different heights
and front vehicle structure.
» Optimal application at level crossings with a crossing angle around 30°.

/
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Search criteria
(T select multiple itema in a list, hold the CTRL key and click the items)

Targeted users - Type of lewel crossing :

/
=2\

Matorized Rioad User (MRLU)
Vulnerable Road User (WVRLU)

IERR NN [ncrestes gwarenest of cormect bahaviour Makes waiting ime more tolerahile

Provides up-to-date information about the states of LC

Cost calepory per level orodsing ©

Lenes| rassing enmironnent ; n m

Type of implementation

Last updated : 177042020

Type of level crossing -

Fazzive
Only light and/or sound warming

Half barriers
Full barriars Ty il irrgslerier Lation : m
REUTSEIITC R Motorized Road User (MRLT) Vulmerable Road User (WRLY

Level crossing emvironment
Ty al lerwed crossing :

rural
urban Clecl rreschanism KES wailing Lirme rmiore tederable

Cost calepory per level orossing :

Lensa| drassirg anmironnent : n m

Makes waiting time more telerable

Any- Last updoted © 1670472020
Support LC safety action

Impraves the detection of LC

Impraves train detection

Reduces the approach speeds of vehicles

Controls aocess and supports egress from LC

Increases awarensss of correct behaviour

Improve access for vulnerable user

Improves the physical erwironment of LC

Males waiting time more tolerable

Provides up-to-date information about the status of LC
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VWhen two [or more) trains arrive at a LC with barr
passed. Road users who do not know that another train will follow may
frustrated due to the long waiting time and feel compelled to cross the closed LC. The sign indicating that anether train is approaching the LC
iz designed to prevent road users from crossing ear

Reduces road user uncertai

i LA T T T e T T L

=

ers or sutomatic lights in close succession, the LC will remain closed after the first train has Increases awarenass of correct behaviour

yrongly assume that the LC controls do not work correctly or become
Makes waiting time more tolerable

i.e. before red light has gone out / second train has pazzed.

Prowides up-to-date information about the status of

TENTIAL

of why LC remains closed.

OTENTIAL CRITICALIT

Wisibility could be reduced under certain lighting conditions (e.g. glare); shading eguipment or dynamic adjustment of brightness can be

Description

used to mitigate this.

Potential benafics

Potential cricicalitiss

IMENDATIONS

Recommendations

The time interval between the two trains and the overall waiting time should not be too long (cf. measure "Adaptation of LC closure timing

i
=l
=
g

v results & references

train spead”).
ompanying the implementation of the measure, LC us

E Main psychological functiens imwolved
they

g2 means 50 that

s should be informed on this change and what this new mess

ignage).

do not disregard it (e.g. through media invohsement; additional temporary

Links

Documents

FERENCES

UDY RESULTS & RE

Related measzures

>
The effectiveness of a “second train coming” for reducing pedestrian violations waz tested in Los Angeles at a double track LC in Gallery
based before-and-after study. After installing the sign, the number of pedestrians viclating the LC were reduced az= follows: 14 Comments
C =

for violations under & seconds before train arrival and 73% for viclations
cted three years afer installation revealed that 77

wiolstions cccurring under 15 =econds before train ar
under 4 seconds before train arrival. A pedestrian sury
aware of the sign. Although only 4% of respondents knew the accurate meaning of the sign, an overwhelming majoricy understood that the
age provided by the sign. (FTA 2002).
to the second train coming phencmencn was alzo tested in Baltimore, Maryland at a

o of respondents were

sign indicated some form of danger. This final point underlines the significance of the exact me

The effectiveness of signs

e alerting road us
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Search 10 ‘
ACCOUNT  MENU

Sort by ‘ TitleAlphs (A-I) hd ‘

Search criteria ACTIVE SPEED BUMPS ON APPROACH TO LC ¥ ¥ Y7 ¥ Y7 045 0vore)

jact il i T.r
lect mulliple itema in & ACTIRLIMP, SUART BLIMP. DYNAMIC SPEED BLIWP, INTELLIGENT SPEET SLMP; ACTIVE INVERTEL SPEED BLIAP

SRR ... . ...

Targeted e e Road User (MRUY

Targeted users Tma”"""*‘:'m'@:

: T

Cost cateprey per level orossing | QAEHTRIRILARER [0 320 40 |

of implementation Level crosiing emironnent : m

Lozt updared - 2040472020

ADAPTATION OF LC CLOSURE TIMING TO TRAIN SPEED ﬂv ﬂr ﬂr ﬂv ﬁ /5 (0 vore)

OPTIMESATION OF LT CLOSURE TRME, INTELLAGENT LC CLOSURE TIAMING, ADAPTIVE [C (T OSLIRE TIMING

Ty al irgilernentation m
eV R RN Motorized Road User (MRU) N Vulnerable Road User (VRL)
sttt (TP
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Search help

Filter the results No result found

All

Safety Measures

IMPORTANT NOTICE FOR READERS This project has received funding from the European Union s Horizon

2020 research and innovation programme under grant agreement No
723205

The SAFER-LC Toolbox has been designed with the purpase of being an interactive information teol and sharing platfarm for its users. Please note that all the
toolbox comtents are provided to the users for informative purpose only and in geod faith, reflecting uniguely the personal view of their respective authors.

Thergfore, the reader ocknowledges thar UIC and the content authors will not be responsible for any lock of accuragy, timeliness, comprehensiveness,

complience to laws and regulations, as well as for any use of the SAFER-LC Toolbox contents made by users or third porties.

Copyright @ 2019, UIC. All rights reserved.
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Search help

SEARCH RESULTS

Filter the results

V22X messaging system between automated vehicles and passive LCs

All V2X messaging system between automated vehicles and passive ... Description The V2X messaging system between
automated vehicles and passive ... distances for crossing LCs safely. To overcome this, V2X messaging is required to
Safety Measures increase the awareness of AVs ...

04/17/2020 - 12:27 - 0 comments

Sharing information about LC status

... environment between participants by means of advancad V2X communication technology. Perception is based on
sensor .. sources, Collective Perception Service (CPS) is a novel V2X service which aims at disseminating this sensory ..
provided excellent conditions for field testing CP enabled V2X services whose standardization is currently ongoing at ...

04/17/2020 - 09:47 - 0 comments

Digital train arrival countdown timer display
... the LC closing signal could be passed to the LC via V2X communication and used there to estimate, e.g., the ...

04/21/2020 - 16:05 - 0 comments

IMPORTANT NOTICE FOR READERS This project has received funding from the European Union s Horizon
2020 research and innovation pregramme under grant agreement No

The SAFER-LC Toclbox has been designed with the punpose of being an interactive information too! and shaning platform for its users. Plagse note that all the 723205

toolbox contents are provided fo the users for informative purpose only and in good foith, reflecting wniguelly the personal wiew of their respective outhors.
Therefore, the recder acknowledges that UIC, and the content outhors will not be responsible for any lock of accurogy, timeliness, comprehensiveness,
complignce to lews and reguletions, as well o5 for ony use of the SAFER-LC Toolbox contents mode by users or third partias.
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SHARING INFORMATION ABOUT LC T e //

STATUS ' 5 \ \

smart communication systems, IT5-G5, LTE, CPM, Collective Perception — e  J— \
Y¥ER-IC

W YT W 17 Iy /5 (0vore) _ :

Eublizstion - 17/04/2020 - Last updated: 17042020 [ == T“”“””"'“M"g:
Only light and/or sound waming
I DESCRIPTION ==

Cifect rechanism

The smart communication systems allow sharing information concerning the Level crossing LE status between LC, control room, train and
road drivers. The smart communication system is realized using the communication technolegy {ITS-G5. LTE) and the new Cooperative
Perception Meszages (CPM)

ot Calepory per kel Crossing :

ITS G5 standards defines the facilities layer which specifies requirements and functions supporting applications, communication. and Medium (1K€ ta 100K £ per LCH
information maintenance. lts most relevant standards cover messaging for ITS applications, such as CAM and DEMM.

Cooperative Awareness Meszage (CAM) iz 8 periodic message exchanged betwesn ITS stations to maintain awareness of each other and Lenvesl €risssing enwiroenent :m
support cooperative performance of vehicles. It is composed of several containers; the basic container conveys the station type and its
paosition. Decentralized Envirenmental Motification Message (DEMM) iz an event driven safety information, exchanged in a specific

geographical area surrounding the event. When an ITS station detects a dangerous situation, 3 DENM message is generated defining the
specific event, its detecting ITS station, its lifetime and relevance area, among many others. Quick Access

Collective Perception (CP) is the concept of actively exchanging information about locally perceived objects in the traffic environment between

participants by means of advanced V2X communication technology. Perception is based on sensor data. provided by on-board and Description
infrastructure sensors e.g.. cameras, such as the one included in SD5, intersection surveillance systems. radars. lidars and other information
sources. Collective Perception Service [CP5) is a novel V2X service which aims at disseminating this sensory information by letting vehicles and Faotential benefics

road infrastructure elements trans=mit data about detected objects (e.g.. about the behaviour of other road participants, obstacles and
dynamic road hazards) in sbstract descriptions. These descriptions then will be included in broadcast messages called CP messages. SAFER-LC
provided excellent conditions for field testing CP enabled W2X services whose standardization is currently ongoing at ETSI TS

Potential criticalities
Srudy results & references

Main psychological functions imolved

I POTENTIAL BENEFITS Documents

The smart communication system allows: Gallery

® To transmit the incident information and its position to the road users Comments
® To share information concerning the LC statue to trainsvehicles drivers approaching/arriving to level crossings and to workers at or near

train passing zones.
® Toinform all vehicle approaching to LC using multi hope approach: this approach allows to increase the range communication.

CPS decreases the ambient uncertainty of IT3 communication stations by contributing information to their Field-of-Wiews, mutually, which
may result in the improvement of the following collective safety capabilites:

-

. Detection of not connected road users: Road users, typically not V2X capable and Vulnerable Road Users (VRLs), which are not able to

signal their presence can be perceived by other road users’ perception Sensors.

. Detection of =afety incidents: there may be not wanted objects on the road or its immediate environment causing a potential safety risk for

the traffic and the road users themselves. Road users which are not equipped with sensors or whose sensors are not able to detect non
desirable objects locally are prone to accidents and represent a risk for the traffic.

\ . Increased swareness: Information aggregation about the behaviour of other traffic participants in real time increases awareness of drivers.
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I POTENTIAL CRITICALITIES

® Spnsor data fusion and the overall concept of message dissemination are critical part of the mechanism which influence the performance
of the whole V2X ecasystem. The evaluation of the results of field test trials, such as provided by SAFER-LC test sites, effectively contribute
to the completion of the idea which can be utilized for the finalisation of the standards.

B sTUDY RESULTS & REFERENCES

In the SAFER-LC project, IT5 G5 communication systems was tested and evaluated in different scenarios in Aachen site. These tests show that
these solutions respond according o the restrictions imposed by application. The methodology and key performance indicators (KPI) of these
communication technologies were defined. The project provided excellent conditions for field testing CP enabled WV2¥ services whose
standardization is currently ongeing at ETSI ITS.

CP= was also extensively tested and evaluated in different LC traffic scenarios in the SAFER-LC field test environment Aachen. It was shown
that CP5 can effectively be used not only in native road environment but in intersection scenarios shared with rail systems and as such, the
evaluation results will be disseminated in wide technolegy domains invelving the design and harmonization of future rail-road
communications.

B MAIN PSYCHOLOGICAL FUNCTIONS INVOLVED

Rule knowledge (focus on knowledge retrisval)

I DOCUMENTS

GALLERY
= [
== I

E
’&‘i((«‘""%))
-

P COMMENTS

Description

Potential benefics //
Potential criticalities \\\
Srtudy results & references ————

Main psycholegical functions involved
Documents
Gallery

Comments
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Concluding remarks SFERAC

The work on the toolbox is not over
and it will never be!

Initial evaluation workshop (5 Feb.
2020, Madrid):

1.  Get new expert input, ideas to
improve the existing content

2. Get expert feedback about the user
interface
Ongoing tests and minor
improvements (bugs, links, etc.)

Content under continuous update

%
=2\
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End-users are welcome to contribute SFERIC

AFeedback on the usability s;j;} =

A Problems, errors, etc.

This questionnaie svalushes the SAFCR-LC foolbax wivch you heve ussd gunng Me For each of the foloaing
sanfences plesse (naicale your evel of agreament / alsagreemant, by witing &n ¢ Me box which besf sulfs pour ansmer
afimmation.

5 means el you sTongly agrea with e proposed sfmalion.

A New features -

disagre agree
1 would like to use this toolbax whenaver 'm evaluasting
safety measures for kevel crassings.

| faund the taclbox unnecessadily somplex,

| thought the toolio: was easy o use.

A Missing information S

inteprated

|
|
AContent inputs e
|
|

| thought thers was oo much inconsistency in thae toolbax.

A More examples

1 woould imagine that most peaple would kearn to use this
taalbax very quickly.

A New evaluation studies S

| [
| [
1 falt wary confidant using the loslbex, | I
| |

A New measures et ot s o s

with this toalbes.

Plesse fum me page sna AT N e second nart af me svaluation fom
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Thank you for your kind attention! SFER-IC
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http://toolbox.safer-lc.eu/

