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Context
e [evel crossing : safety critical component of railway system e [nnovative project called FERROMOBILE
e Production electric vehicle adapted to the road-rail technology e Able to run on the road and autonomously on the rails
e Objective: ensure the safety of railway passengers as well as road users at LCs

Objectives of the "Ferromobile" project Encryption process

e Enabling residents to travel safely and fex. FPGA Data path(bit)| Key size (bit) | Execution time (ns)
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o Will be available 24/7 in the territories. SIMON Viriex?(Xc?vaSOt—B) 52 128 440
o A Peugeot series vehicle, an 8-seater public Spartan6 (Xc6s16)

transport, traveling at 70km /h. LED Virtex7(Xc7vx330t-3) 32 128 1920

e T'ts stopping distance is more than 10 times
shorter than that of trains.

Communication-Assisted Stopping Distance

, , The stopping distance from the literature |2| is formulated in equation 1:
Overview of the global architecture
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DR : The thinking distance / V: Velocity / TR : reaction time (less than or equal to 0.5s |3]) / Dg : The
braking distance / g: Gravity (9.81 m/s?) / w: coefficient of friction (usually around 0.8).

Dg(m)=Dp+ Dp: with Dgr(m)=VxTr and  Dpg(m)

Level Crossings in the countryside

In our case, the thinking distance is:
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Pressing the button after crossing
the LC. The same procedure is
repeated (Message Generation,
Message Encryption, Message
Broad cast through WAVE,

+ Stopping distance
Message interpretation
and application
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Tg: Encryption time T : Telecommunication time / Tp Decryption time.

Message Reception by ’4
Ferromobile, Message Decryption,
Message interpretation) ) ) . . ) ’ ’
The stopping distance for a car travelling at 70 km /h is approximately ”43.25 meters”.
. . Stopping Distance vs. Traveling Speed
Level Crossings in towns 80 . . . . . . . . .
Data processing for vehicle and obstacle detection we use: B ﬂ SD at T'D H..m.'lh _
‘ -Roboflow: to indicate the location of vehicles (output: an annotation file in YOLO format for a given image). I?D
- Image/video capture on roadway_1 -Yolo: for real-time detection of vehicles and obstacles after training it using data prepared by Roboflow.
CAM1 t0 t1 t2 t3 t4 &0 I -
generation of detection data vehicles 5 5 15 15 30 -
. ‘ - Ferromobiles P(+3) A P(0) P(+2) P(+6) -..E,..- X 69.697
i Image/ “;d;::rz::::i::{ﬁ;dwa?—z . N Number of vehicles on Obstacle 0 1] 1 0 0 % ol T . i
- roadway_1 - i "'Ilr 4-324-':'2
CAM?2 generation of detection data - Light _ _l':_,j &
- \ -/ O 40 :
Number of vehicles on roadway_2 and information on the \ ¥4 D
presence of obstacles ::1 the level crossing \\\ i"r i
\ /! =
| l Network connection \\\ ,"; % an F _
v No obstacle ,f; E
Presence of obstacle : : A / o)
tat= o . !
-_ 0] / . -
"Platooning™ concept to \::::‘"H L= — Decisions based on data received: i ED ~
manage the speed of a |° ‘\\‘*H“““n < _I priority/alert generation . : -~
series of "Ferromobiles" . > : ____.-"'-.
moving one behind the x‘:‘ oA Hﬁ"“-% 10 F L~ i
other c-:ln- tl:le s-ame rnfrte N ™ ‘. a o> L _,-ﬂ"'-'..f-.
and minimize interaction |[i -~ i > | - ; -
with road traffic at stop 0—0 ﬁ'_:_,_?ﬁ“'f @ —0or - L S, e
and start points. /o — E. ! During its journey, The ! 0 — i i i i i i i i
b | b= ! Ferromobile may already !
Local ::Dmm‘lr.lnication : o :: ' encounter several actions ' 1] 10 20 30 40 50 &0 70 80 90 100
protocol Speed: km/h ISEERES ' that could delay its travel ! '
Ln:tli:nlinn:[x,ﬂ J| . : time. It would be advisable : Tr'El'u"E.'“ﬂQ EDEEd {Hﬁ'h"hjl
i not to further penalize it by |
Red . stopping it at level crossings e The thinking time and reaction time of 1 second is used.
| even if road vehicles have !
. priority to avoid losing ! . . . . .
" customers. e Since the WAVE protocol allows for signal transmission at a distance of 1 km |1]: FERROMOBILE has enough
time to come to a complete stop before a collision occurs at the LC.

Conclusion
e ['wo systems to be developed are proposed : countryside and urban areas e ['he existing marge allows to use encryption technologies protecting these
e Stopping distance : compatible compared to the shorter-distance radio com- systems against attacks
munication
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