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Who are Siemens?

= Siemens is the largest manufacturing and electronics company in Europe

- Siemens’ UK operations were founded 174 years ago by Sir William Siemens, and we
currently employ 14,000 people in the UK.
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= QOur goal is to improve quality of life through electrification, automation, and
digitalisation.

- e.g. State-of-the-art megnetic imaging technology;
£160 million investment in wind turbine assembly;
Removing 1m cars worth of CO2 through efficient drive technologies
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Who are Siemens?

= Siemens Mobility develop the rolling stock and signalling control systems that
allow safe and sustainable growth of our public transport network.
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What do we do?
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What do we do?
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What do we do?

Motor car and train stopping distances compared

Total emergency stopping distances from 80 miles/hour
assuming dry conditions

Thinking Braking
distance distance

T

| Motor car=120 m

Eight car passenger train = 1,600 m

@ 80 miles/hour,
braking distance for train
= 16.7 x braking distance for car
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Sighting
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Trainguard solutions for ETCS Level 2
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Background

= |n 2016, Siemens graduates developed a model railway control system using

the Raspberry Pi: STEMRail
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Background

= Automatic Train Operation and IP Signalling Network
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What is the STEMRail Model Railway Layout?

= A tool to demonstrate programming, computing, electronics and engineering
concepts to young people using technology that is readily available to schools
and students.

= Realistic enough to demonstrate railway signalling principles to all ages, yet
simple enough to engage young children.

- Programming — Uses Python language as taught in schools
- Computing — The Pi are networked using a simple text protocol

- Electronics — Simple Hall effect sensors and LEDs represent the trackside signalling
equipment

- Engineering — Problem solving, system design and physics such as train braking
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STEMRail Hardware

A

£
Signal 1
Green = 0
o, 220 Yallcra =
- |fed =1
E _ _
Axle Caunter 1 B — o Axbe Counter §
Train ipfited ol = l Train Stop Balise _ T - Teain counted in
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Raspberry Pi-- #2 Raspberry Pi -- #1 Raspberry Pi -- #3

Central Interlocking Processor
(CIP)

Vital Logic
Processing

PA

Axle Counters / System Axle Counters /
Balises Balises
(Junctions) (Outer Loop)

Hornby Elite DCC Controller
(Compare to GSM-R base
station)

Axle Counters /

Balises
{Inner Loop)

Locomaotive

Platform speakers
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STEMRail Software
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Control Systems and Object Oriented Programming

Computer programs are made up of a data and algorithms that manipulate that data.
Algq_rithmf

Data

Headlights = Off
Gear = 1* gear
Throttle = 5%
Speed = 10mph

Make = laguar
Codour = Silver
Top Speed = 175mph

Mass = 1,595 kg CAR

DRIVER

__._..--'-'_- —

thrattle gear Farce

Location = Rowlands Way

Cirectipn = 260 degreas W

|
Speed Limit = 20mph | m a a
Destination = Foundry Lane

Force mass acceleration

Acceleration Time elapsed Speed

Acelleration a
Force f
— - Mass m

LOCATION LAWS OF PHYSICS
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l Train Objects

TraCk Section Ob ect Points ObleCtS Defined Attributes:
Defined Attributes: Defined Attributes: - Train ID Number
- Track ID Number (location) - Point ID Number Variab - Train Type
- Speed Limit - Tracks involved ariables:
i : - ID# of Current Track
- GIF images - GIF images ) . X |
Variables: _Button - Direction of Trave
- Occupied / Clear Variables: - Target Speed
- Halt Flag

- Routed / Not Routed
- ID# of Train in Section

- Normal Lie / Reverse Lie

- Emergency Stop Flag

Signal Objects Route Objects

Defined Attributes:
- Signal ID Number
- List of track sections and
points being protected
- GIF images
Variables:
- Aspect (Red / Yellow / Green)
- Force Signal to Red (Yes / No)

Defined Attributes:
- Direction
- List of Track Sections Covered
- List of Points Required
Variables:
- Set / Not Set




Front End Processor (FEP)

Axle Counter T

Train Cowshtied aul =

%g Network Inputs

Incarming Meteork

Sagra' Burvus Lipalare !

-0 EED ;) % YELLOW ; 3 & GEEEN

I FOE FETE SR FE B s FR NN BRI N R

mmmm

8 claar ; ocoopled ; clasr ; clear ; claar ; ococupied ¥
(T Ao Fearie Cpiare)
B4 = Wabce of Train Beaciving o Sfop Bebvel

Metwork Outputs

- Cutput 3V 1o correct colowr LED lights

- Check Hall Effect sensors for magnetic

disruption
ﬂ;ﬂm = IF brain coumnted in = train counted out:
THEN track section = uncooupied
@{?y ELSE track section = occugied

- 1IF Train Stop Balise is triggered:

THEN send alen message to CIP

- Send updated Track Qooupation Message
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STEMRail Object Oriented Control — Algorithms

SIEMENS

Network Inputs

Algorithms

Incoming Network Message:
# clear ; occupied ; clear ; clear *

(Track Status Update)

\_v

Human Inputs

User clicks:
Set route from Signal 1 to Signal 3

ﬁ

e Update the state of each Track Object

e FOR EACH Signal Object:
IF train in section THEN set signal red
ELSEIF next signal is red THEN set signal yellow °
ELSE set signal green

e Check if the route is valid
next_signal(Signal 1) MUST = Signal 3
Signall.direction MUST = Signal3.direction

For each Track Object in Route Object, set to

Routed if unoccupied

y

y

Generate Movement Authority and Calculate Target Speed

For each
train:

Load the
speed limit
of the
current track
section.

>

Movement
Authority Level
=1

Is the next track section

clear and routed?

Is there no red signal
o . ; .

~ within braking distance?

YES TO BOTH:

Movement Authority Level

=2

>

Is the next next track
section also clear and
routed?

Is there no red signal in
the next two tracks?

YES TO BOTH:
Movement Authority Level
=3

Was the trainstop balise in
the current track section
just triggered?

Does MA Level = 1?

YES TO BOTH:
Set the halt flag until MA
Level > 1.

Target Speed =
% of Speed Limit

MA Level 1:27.5%
MA Level 2 : 75%

MA Level 3 : 100%
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STEMRail Object Oriented Control — Algorithms

Broadcast Train Speeds:

Train 1 set to &0 mph
Train 3 set to BD mph
Train Controller Outputs

Display Images on Screen:

Send Outgoing Network Message:
#A;:2;:;1;2;0;2;1;:;2:;:;0;0;2:0:090

Signal 1 red.gif ;
Track AlB blue.gif ; etc.

Human QOutputs

-0 = RED ;1 > YELLOW ; 2 = GREEN

P

o
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Tracks: AlB, AZB, A3E
Aspect = Red

Force red = False

Signal 3

Tracks: ac, AD
Aspect = Green
Force red = False

Signal 7
Tracks: AlA, AZA
Aspect = Green

Track A1B

Track AZB

Track AJB

Speed limit = 80
State = Unoccoupied
Release flag = True
Train ID = None

Speed limit = 80
State = Unoccupied
Release flag = True
Train ID = None

Speed limit = 80
State = Unoccupied
Release flag = True

Train ID = None

Track AC

Track AD

Speed limit = 60
state = Unoccupied
Release flag = True
Traim ID = None

Speed limit = 60
State = Unoccupied
Release flag = True
Train 1D = None

Track ALE

Track AZE

Force red = False

Track AZE

Direction of Travel

Speed limit = 80
State = Unoccupied
Release flag = True
Train ID = None

Speed limit = 80
State = Unoccupied
Release flag = True

Train ID = None

Spead limit = 80
State = Unoccupied

Release flag = True
Train ID = None .
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5 11

Tracks: AlB, AZB, A3B
Aspect = Green
Force red = False

Track A1B Track AZB

Signal 3

Tracks: ac, ap
Aspect = Green
Force red = False

Track AJB Track AC

Speed limit = BD

State = Routed
Release flag = False Release flag = False
. Train ID = None Train ID = MNone

Speed limit = 80
State = Routed

Track AD

Speed limit = 80
State = Routed
Release flag = False

Speed limit = 60
State = Unoccupied

Train ID = None

Release flag = True
. Train ID = MNone

Speed limit = 60
State = Unoccupied
Release flag = True
Train ID = None

Direction of Travel

Track ALE

Track AZE

Signal 7

Tracks: AlA, AZA
Aspect = Green
Force red = False

Track AZE

Speed limit = 80
State = Unoccupied

Release flag = True
. Train 1D = Mone

Speed limit = 80
State = Unoccupied
Release flag = True

Train ID = None

Spead limit = 80
State = Unoccupied

Release flag = True
Train I = None .




D ALB, AZB, AZB
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Trac

Aspect = Red
Force red = False

Track A1B

Track AZB

Track AZB

Signal 3

Tracks: aAc, aD
Aspect = Green

Force red = False

Speed limit = 80
State = Occupied
Release flag = False
Train D = 1

Speed limit = 80
State = Routed
Release flag = False
Train ID = None

Speed limit = B0
State = Routed
Release flag = False
Train ID = None

Track AC

Track AD

Speed limit = 6D
State = Unoccupied
Release flag = True
Traim ID = None

Speed limit = 60
State = Unoccupied
Release flag = True
Train ID = None

Track AZE

SIEMENS

Signal 7

Tracks: AlA, AZA
Aspect = Green
Force red = False

Track A3E

Direction of Travel

Speed limit = 80
State = Unoccupied
Release flag = True
Train ID = Mone

Speed limit = 80
State = Unoccupied
Release flag = True
Train ID = None

Speed limit = 80
State = Unoccupied

Train I = None

Release flag = True .

Train 1

Tpe =

Target

E-stop

Track = A1B
Direction = 1

Halt = False

Siemens 350

spead = B0

= False
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Tracks: AlB, A2B, A3B
Aspect = Red

Force red = False

Signal 3

Tracks: ac, A
Aspect = Green
Force red = False

Signal 7

Tracks: AlA, AZA
Aspect = Green
Force red = False

Track A1B Track AZB Track AZB Track AC

Track AD

Speed limit = 80
State = Occupied
Release flag = False

Speed limit = 80
State = Occupied
Release flag = False

Speed limit = 80
State = Routed
Release flag = False

Speed limit = 6D
State = Unoccupied

Speed limit = 60
State = Unoccupied

Track AZE

Track A3E

Speed limit = 80
State = Unoccupied

Speed limit = 80
State = Unoccupied

Speed limit = 80

State = Unoccupied

Release flag = True Release flag = True Release flag = True Release flag = True Release flag = True
Train ID = None Train D=1 Train ID = None . Train ID = None Train ID = None l Train ID = Mone Train ID = None Train I = None .
A L |
-
m Direction of Trawvel
= x - - = = . . = = s -
Train 1

Type = Siemens 350
Track = AZB
Direction = 1

Target speed = G0
Halt = False

E-stop = False
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Signal 1 signal 3 Signal 7
Tracks: AlB, A2B, A3B Tracks: aAc, aD
Aspect = Red

Tracks: AlA, AZA
Aspect = Green
Force red = False

Aspect = Green
Force red = False

Force red = False

Track A1B

Speed limit = 80
State = Routed

Track AZB

Speed limit = 80
State = Dccupied

Track AJB
Speed limit = 80

Track AC
Speed limit = 60

Track AD
Speed limit = 60

Track AZE
Speed limit = 80

Track A3E

Speed limit = 80

Release flag = False
Train ID = None

Release flag = False
Train ID = None

State = Dccupied
Release flag = False
Train ID = 1

State = Unoccupied

State = Unoccupied

Train ID = None

State = Unoccupied
Release flag = True
Train ID = Mone

State = Unoccupied
Release flag = True
Train ID = None

Speed limit = 80
State = Unoccupied

Train I = None

Release flag = True Release flag = True
. Traim ID = None l

Release flag = True .

| Y —

= -
Train 1

Direction of Travel

Type = Siemens 350
Track = AZB
Direction = 1

Target speed = 22
Halt = False

E-stop = False
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Signal 1 Signal 3 Signal 7
Tracks: a1B, Az, A3B Tracks: ac, aD
Aspect = Red

Aspect = Green
Force red = False

Tracks: AlA, AZA
Aspect = Grean
Force red = False

Force red = False

Track AlB Track AZB Track A3B

Speed limit = 80
State = ODccupied

Track AC

Speed limit = 60
State = Unoccupied

Track AD
Speed limit = 60

Speed limit = 80
State = Routed

Track AZE
Speed limit = 80

Speed limit = 80
State = Dccupied

Track A3E
Speed limit = 80

Speed limit = 80

Release flag = False
Train ID = None

Release flag = False
Train ID = None

Release flag = False
Train ID = 1

Train 1

Release flag = True
Train ID = None

State = Unocoupied
Release flag = True
Traim ID = None

Direction of Travel

State = Unoccupied
Release flag = True
Train ID = None

State = Unoccupied
Release flag = True
Train 1D = Mone

State = Unoccupied
Release flag = True
Train ID = None

Type = Siamens 350
Track = AZB
Direction = 1
Target speed = O
Halt = True

E-stop = False
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Signal 1 Signal 3 Signal 7
Tracks: a1B, Az, A3B Tracks: ac, aD
Aspect = Red

Aspect = Green
Force red = False

Tracks: AlA, AZA
Aspect = Grean
Force red = False

Force red = False

Track AlB Track AZB Track A3B

Speed limit = 80
State = ODccupied

Track AC

Speed limit = 60
State = Routed

Track AD
Speed limit = 60

Speed limit = 80
State = Routed

Track AZE
Speed limit = 80

Speed limit = 80
State = Dccupied

Track A3E
Speed limit = 80

Speed limit = 80

Release flag = False
Train ID = None

Release flag = False
Train ID = None

Release flag = False
Train ID = 1

Train 1

Release flag = False
Train ID = None

State = Routed
Release flag = False
Traim ID = None

Direction of Travel

State = Unoccupied
Release flag = True
Train ID = None

State = Unoccupied
Release flag = True
Train 1D = Mone

State = Unoccupied
Release flag = True
Train ID = None

Type = Siamens 350
Track = AZB
Direction = 1
Target speed = B0
Halt = False

E-stop = False
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Tracks: alB, AZB, A3B
Aspect = Red
Force red = False

Track AlB

Track AZB

Track A3B

Signal 3

Tracks: aC, AD
Aspect = Green

Force red = False

Speed limit = 80
State = Routed
Release flag = False
Train ID = None

Speed limit = 80
State = Dccupied
Release flag = False

Train ID = None

Speed limit = 80
State = ODccupied
Release flag = False
Train ID = 1

Train 1

Track AC

Track AD

Speed limit = 60
State = Routed
Release flag = False
Train ID = None

Speed limit = 60
State = Routed
Release flag = False
Traim ID = None

Track AZE

SIEMENS

Signal 7

Tracks: AlA, AZA
Aspect = Green
Force red = False

Track A3ZE

Direction of Travel

Speed limit = 80
State = Routed
Release flag = False
Train ID = None

Speed limit = 80
State = Routed
Release flag = False
Train ID = None

Speed limit = 80
State = Routed

Release flag = False
Train ID = None .

Type = Siemens 350
Track = A3B
Direction = 1
Target speed = 80
Halt = False

E-stop = False
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Signal 1 signal 3 Signal 7

Tracks: A1B, AZB, A28 Tracks: AC, AD Tracks: ALA, AZA
Aspect = Red Aspect = Red Aspect = Grean
Force red = False Force red = False

Force red = False

Track AlB

Speed limit = 80
State = Routed

Track AZB

Speed limit = 80
State = Routed

Track A3B

Speed limit = 80
State = Dccupied

Track AC
Speed limit = 60

Track Al
Speed limit = 60

Track AZE
Speed limit = 80

Track A3E
Speed limit = 80

Speed limit = 80

Release flag = False
Train ID = None

Release flag = False

Train ID = None

Release flag = False
Train ID = None

State = Occupied

State = Routed
Release flag = False
Train ID = None

State = Routed

State = Routed
Release flag = False

State = Routed

Release flag = False
. Train D = 1

Train ID = None

Release flag = False Release flag = False
l Train ID = None Train ID = Mone .

Direction of Travel

Train 1

Type = S5iemens 350
Track = AC
Direction =1

Target speed = 60
Halt = False

E-stop = False
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Signal 1 signal 3 Signal 7

Tracks: AlB, AZB, AZB Tracks: AC, AD Tracks: AlA, AZA
Aspect = Yellow Aspect = Red Aspect = Grean
Force red = False Force red = False

Force red = False

Track AlB

Speed limit = 80
State = Routed

Track AZB

Speed limit = 80
State = Routed

Track A3B

Speed limit = 80
State = Routed

Track AC
Speed limit = 60

Track AD
Speed limit = 60

Track AZE
Speed limit = 80

Track A3E
Speed limit = 80

Speed limit = 80

Release flag = False
Train ID = None

Release flag = False

Train ID = Mone

Release flag = False
Train ID = Mone

State = Dccupied
Release flag = False
Train ID = None

State = Dccupied
Release flag = False
Traim ID = 1

State = Routed
Release flag = False
Train ID = None

State = Routed
Release flag = False
Train 1D = Mone

State = Routed

Release flag = False
Train ID = None .

Train 1

Track = AD
Direction = 1

Halt = False
E-stop = False

Type = Siemens 350

Target speed = 60
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Tracks: AlB, AZB, A3B
Aspect = Yellow
Force red = False

Track AlB

Track AZB

Track A3B

Signal 3

Tracks: aC, AD
Aspect = Red

Force red = False

Speed limit = 80
State = Routed
Release flag = False
Train ID = None

Speed limit = 80
State = Routed
Release flag = False

Train 1D = None

Speed limit = B0
State = Routed
Release flag = False
Train ID = None

Track AC

Track AD

Signal 5

ac

D ALE, AZE, AJE

Aspect = Red

Force red = True

Speed limit = 60
State = Occupied
Release flag = False
Train ID = None

Speed limit = 60
State = Dccupied
Release flag = False
TraimID = 1

Track A1E

Track AZE

SIEMENS

Signal 7

Tracks: AlA, AZA
Aspect = Green
Force red = False

Track A3ZE

Speed limit = 80
State = Routed
Release flag = False
Train ID = None

Speed limit = 80
State = Routed
Release flag = False
Train ID = None

Speed limit = 80
State = Routed
Release flag = False
Train ID = None

Type = Siemens 250
Track = AD
Direction = 1

Target speed = 16
Halt = False

E-stop = False

B——
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SPAD!

5 11 Signal 3 signal 5 Signal 7
Tracks: AlB, AZB, A3B Tracks: AC, AD acks: ALE, AZE, AJE Tracks: ALA. A2A
Aspect = Yellow Aspect = Red Aspect = Red Aspect = Green
Force red = False Force red = False Force red = True Force red = False
Track AlB Track AZB Track AJB Track AC Track AD Track AL1E Track AZE Track AJE
Speed limit = 80 Speed limit = 80 Speed limit = 80 Speed limit = 60 Speed limit = G0 Speed limit = 80 Speed limit = 80 Speed limit = 80
State = Routed State = Routed State = Routed State = Routed State = Dccupied State = Occupied State = Routed State = Routed
Release flag = False Release flag = False Release flag = False Release flag = False Release flag = False Release flag = False Release flag = False Release flag = False
. Train ID = None Train ID = None Train ID = None . Train ID = None Traim ID = None l Train ID = 1 Train 1D = Mone Train ID = None .
T A L]
Direction n‘ _)
e e e == = I - =% e = = R e e
Train 1
Type = Siemens 350

Track = A1lE
Direction =1
Target speed = 80
Halt = False
E-stop = True
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Magnetic lines of flux Hall Effect
around conductor Sensor

\

Magnetically
Permiable Core

Inductive
Sensor

~—__ Hall Effect

Device
Constant

Current

Output
Signal

Wire Wound Magneﬁc_ _>. _’..
Magnetically Fleld
\ Permiable Core
Sigqal Power Supply &
Conditioner Signal Conditioner
j j T T j j
4-20mA 24 VAC/DC  4-20mA

Loop Powered Power Output
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Real World Challenges — Human Factors
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Raspberry Pi — Taking it Further
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Quest

Model Railway Control with a Raspberry Pi
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Thank you

Model Railway Control with a Raspberry Pi




