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» Controls Automation Engineer;
»Studying master’s at University of Sao Paulo focusing on the automation area;

» T Years of experience on automation projects, more specifically SCADA systems.

» 5 Years with the metro system;

» Sao Paulo metro lines: line 5, line 4, and line 15

» 2 Years with the subsea system for the oil&gas industry.
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Introduction

» Metro system is the most efficient option to be implemented in urban areas [1];

»Metro system in
» London (1890);
» Chicago (1897);
» Sao Paulo (1974).

» Legacy system
»0ld systems that cannot be easily stopped;
»Demand frequent and complex maintenance.




Introduction

n Railroad worker protection available -

Sao Paulo Run over by a 30-Years of experience

(Brazil) train Personal Protection Equipment (PPE)

2 Sao Paulo Electrocuted PPE [7]
(Brazil) Aware of the safety rules

3 New York Run over by a 5-Years of experience [8]
(USA) train Lights and signals to avoid any accident

4 London Run over by a System to send an alarm to the railroad worker when a [9]
(UK) train train is close




Objective

Railway switch Power rail
energized energized

Train runnin Fire detector
& activated

Present a railroad worker protection system architecture

$ ¥ \ 4 $ $

Automatic update to the operator Integrate with the metro system Simplify operator  Modeled
(OCC) and railroad worker with minimum interference work at OCC* in PFS

*0OCC= Operation Control Center

Automatic protection
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Related Work

» Fiber optic portable rail vehicle detector
[11];

»Enhancing workers safety in worksites
through augmented GNSS sensors [12];

» Construction Worker Tracking and Safety:
Paris Subway (Litum) [13];

» Safety mechanism to verify damage on
track segment to prevent derailing [14];

»Wearable computing for railway
environments: proposal and evaluation of a
safety solution [15].




State of art
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Production Flow Schema (PFS)

» Interpreted graph from Petri Net (PN);

»Systematize and facilitate the system modeling process;

> Allows exploring macro events; e (A ' 4
»Does not have a token; acT s JuO Al 71 sOo[acT Al | ACT 1240
ACT 5 I ITIO ~[ACT 5] L _l } A
| =124
»>Compound of: | AT e e s e e e = [AcT_13]
____________ ‘O->[ACT_10 ACT_11
> Activities; { Return
» Distributors; BidBaredte 0 ermwmesise ._ o Communication
’ =l PES Structures Primary Flo
> Oriented arcs R > Lrer] 5 Conumertelconilon o—>|nm Ac: | =0 differentmodules
Il) Interactivity (distributory = O EC)) "grr;%t:iré?‘rl(cb:vehﬂglc)?e;;c;r;f (layers)
— o (D) Parallelism Secundary Flow [ AcT ]
) Oriented arc * —*  (E) Synchronization i)? ‘ *
[ AcT ] [ e ]




Production Flow Schema (PFS)

»Inherited PN properties:
»EN 50128 - software development requirement for railway applications [23];
» Safety properties [24].

O —4-O+0

ACtiVity ) Activity
1 . . 2
Activity Activity I @ Activity

» Conversion to PN or CPN*.
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*CPN: Coloured Petri Net







Overview of the architectures
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Metro system architecture:

CCS model

-

CCs
. Supervisory
h 4
ccs
Control
v .
Cccs
Field

?

railroad worker
rotection system

/ Send data to W

() rail

Lproteetlun system

( Receive

from oontrnl ccs

eceive data fmm}

o

road worker

CCS Su per\r'lsm

Send equipment
equipment status
Control CCS
|

p—

commands to

\9

Receive
equipment
commands from ‘ )
|_ the Supervisory ) -
) ccs .

._\-

® -

T

" )H

and send
\_last status_/

Ser:ld the i . . Receive . ~ Send the status ™
. equipment equipment status | \ . to the
commands to from the Field ’ i
Field CCS ccs \ Supervisory CCS
Ty
L
CCs Cuntr?l_/.-'
- el Y
device Fire detector
opened ~ ™ activated
-

[
it

device
Closed

-

'\\_ccs Field

(_)_ Send last _,(

status

Fg it
| Fire detector
not activated

i -




Metro system architecture:

SCS models
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Railroad worker protection system
architecture model
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Conclusion

»Metro system is essential for urban cities and can be considered as a legacy system;

»Accidents reported claim for a protection architecture for the railroad workers. This can be
accomplished by the railroad worker protection system architecture;

»This new architecture will:
» Facilitate the operator work from OCC;

» Automatically protect the railroad worker;
» Increase the communication between railroad workers and OCC;
» Interface with the metro one through the SCADA layer.

»The railroad worker architecture was built in PFS to present its structure and interface with the
metro one.

» As future work, it will be converted to CPN for validation.
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