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Overview

" Context

® The “open road” view of the authority
process

" Introducing train queues
= Converging and diverging
" Aroad based example

= Controlling points
" Train queues in infrastructure

= Bi-directional applications




Signaller action
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Figure 1 - Generic Systems Framework
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Allocate resource

(s 01) This addresses the operation of peints
- and other objects with a physical
| presence in the world.

Operate resource to
This is the route setting position -

This includes traditional track vacancy
functionality in a [ detection, but includes other methods
conventional interlocking. (s02) : and other types of occupation. This is what the train driver
Itis “intentions level” I (with help from same
signalling. | signage) traditionally does.
Issue authority Drive to conditions —
(s 03) (s 07)
This is the step in which the
infrastructure gives the train Locate and Identify
permission to travel on the vehicle J" restriction
section of line.
(s 06)
Remove authority Enforcis a_uthorlrv
limits
(s04) (s 08)
This is what ensures the train
remains within authority limits
This is the step where an authority is and that the insurance provided
handed back through use or cancelled is sufficient. It is important to
without being used. note that the train driver (by
seeing and obeying signals) is the
primary enfarcer of authority
limits.
7 -
L Release resource Protect system This section covers miscellaneous
This is the step where each . )
s rel d and Other system action ———— other systems for protecting
resource Is released an (s 05) (s 09) trains and passengers. Its
can be reallocated for a coverage is general and systems
different purpose.

extend beyond interlocking or
train.



~ What is an authority?

" An Authority is a Contract
Meeting of Minds
" Common Understanding: Train v Infrastructure
Agreement between parties
" |dentified Train v Identified Infrastructure
" Formal process
A Subiject (Scope)
® Can be about imposing a restriction
Terms and Conditions
" The rules of the Rail Authority
" Special conditions
Consideration




" Protection is a Unilateral Activity

“ No agreement required with another
party
®" Front to rear collision avoidance

" Earthquake protection
" Landslide protection
" Failsafe responses

" Protection and Authority Functions are
different but complementary




~ Open Road Concept

" Closed Road Concept
" Thicket of authorities

" Open road Concept

" “Protection” function assists
“Authority” function

" Single authority for long
section

" Train protects rear of train
ahead

Figure 3: Closed road ETCS
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What is a train queue?

" Atrain queue is a list of trains scheduled

to pass a fixed point in the order in which
they are scheduled to pass

" The entry for each train may include:
" |dentity of train

" Direction train will approach
" Time train is scheduled
" Alink to another train queue

" Atimetable is an example of a queue set

" Train queues can be dynamic




Converging/ Diverging Train Queue

®" Direction determines
type of queue

" Protection point is at
nearest clearance
point unless train
ahead path and
direction are common

= Authority required to
pass nearest
clearance point

Train x
|

44— Diverging queue direction
—® Converging queue direction

Train x
Trainy

Figure 2



~ Plain Line queues

" Queue includes
" Train ID
" Order on queue
" Direction

" Train may not proceed if
not in queue

® Train above is train
ahead

Figure 3
" May not proceed beyond
protection point if
direction is opposing



~ Plain Line queue - example

" Multiple trains have authority to travel on line

" Each train protects the rear of the train ahead
® Order in queue does not change
® Trains broadcast location (via infrastructure)

Train A Train C
I Train B
| Train A
A follows B . B follows C . :
- - -
Train A Train B Train C

Figure 4



Plain Line queue - example

" Line with point conflicts removed

® Travel on line managed by single queue

= Direct peer-to-peer reporting of location possible

Train A
|
I
I
Train A Train B
D ; L
4
Train C TrainC Loop
Train B
Train A

Figure 5




~ Converging train queue example - 1

" Converging train queue
" Trains following on same

ath
p Tralin C
= Same as plain track Train A
subject to authority |
Train A Train C I
[ SN
Train C
Train A

Figure b



~ Converging train queue example - 2

" Converging train queue

" Train B converging from

other line Train C
Train A

" May join at back of |
queue,; or Train A Train C I

. | o 1
= Obtain authority to go

ahead of another train Train A

Train 8 Train B

Figure 7



~ Converging train queue example - 3

" Converging train queue
= Example of going to rear

Train C
Train A
|
|
Train A Train C \|/ I
Train C
Train A
Train B
|
|
Train B Train B

|
I Figure 8
I
|



~ Converging train queue example - 4

" Converging train queue

= Example of going ahead
of Train A Train C

" Train B applies for |
authority from Train A Train A rainC |

(infrastructure as agent) -

" Train A accepts

" Train A treats train B as - !
train ahead Train B

Train B

Figure 9



~ Grade Crossing queue example - 1

Train B
. |
® Diamond crossover does |
not fit the templates so far |
discussed b
Tra_ln C
Tralm A 2
|
Train A Train C \l/ I \
|
|
Train B Train B

|
: Figure 10
|
|



~ Grade Crossing queue example - 1

) _ Train B
" At grade crossing is |
modelled as turnouts with i
restrictions J
- . . . Train C
Train B is restricted to Train A
|
reverse legs |
Train A Train C \|/ |
g g
|
| |
D
Train B

Train B

Figure 11



~ Car changing lanes example - 1

" Queues can also be applied to road vehicles (cars):
" Freeway — 2 lanes in single direction

= Car B wants to change lanes Car E
. . CarC
" Requires authority from Car C Car A

I

Car A CarC CarE [

[ — - >
Car B offers to go
ahead of Car C
CarF Car B Car D

—-p—

Figure 12



~ Car changing lanes example - 2

" Virtual points may appear
® Intention to change lanes

Car C communicates

- .
Car B acquires presence Car C follows Car E and Car B with queue to allow Car
in queues for both lanes with offer accepted B to go ahead. Queue

/ acknowledges
Car A CarC CarE
Offer accepted \
Virtual points for

Car F Car B CarD changing lanes

Car B following Car D and Car E Car B still in
when Car B agrees authority fqueue

Figure 13



~ Car changing lanes example - 3

" Lane change complete

" Car B releases position
in initial lane queue

= POint deteCtion nOt Car B releases position CarB
in initial queue Car C
needed - d Car A
Car A CarC Car B \ CarE \|/ [
Virtual points disappear
winen re lI".I:-II"iI
CarF CarD
\ Car F acquires new car \N CarD
ahead (Car D) on next CarF

communication with queue '
Figure 14



~ Allocating points example - 1

" Points are allocated to train movement at top of
queue

" Train B authority initially only to protection point frain €
. . . I
" Train B requires points normal |
L] " L] " " L] |
" Queue initiates points move to normal position L
® Train B authority over points needs detection
Train A Train C Train B
-
Train B Tra:n B
Train C |
Train A :
I

Figure 15



~ Allocating points example - 2

" With Train B past points, Train C becomes top of queue
" Train Queue alone can manage moving of points

" Issue of authority past protection point and over the Train C
points then requires additional conditions to be met |
I
I
L
Is it safe to move the points?
Train A Train C Train B
> -—a 4

Figure 16



~ Allocating points example - 3

" With Train B past points, Train C becomes top of queue
" Train C authority initially only to protection point

" Train C requires points reverse Train C
Train A
" Queue initiates points move to reverse position |
I
" Train C authority requires points detected and Train B L
not foul of points Authority offered to Train C

with points in position

Train A Train C \ Train B

Train C
Foints moved with Train C — ra‘m
Train A

Figure 17 at top of queue I
I
I
|




" Opposing direction trains are shown in red in sample queue

- Bidirectional - Single Line Section

" Queue manages train order though bi-directional section

Train B
|

%

/ Train B

Train A
I
I
| . : :
I Frotection point = Train A not
Train A \l/ _l d_d___d_f-"”_d_fj,z yet at top of junction queue
N N /’
\ : D
dh - /]\\Z Train C
Train B | | Train B
| Train A

' |
| |
: l Figure 18: Single line section
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~ Bidirectional — Terminating train - 1

" Queues can also manage terminating trains on bi-
directional line

" Train A appears in queue at protection point for

Train C
" Train Ais scheduled to change direction at terminal
station
Train A Train A
Train & i
Tlr‘gi'r: C Terminal station Tra|hn ¢
| Train B
' |
J — L
—» 4
Train A Train C

Figure 19: Intermediate terminal station



~ Bidirectional — Terminating train - 2

= With Train A direction change complete
" Train Ais removed from queue at protection point
" Train Aremains in queues for new movement direction
" Train C can now proceed as following train to Train A

Train A Train C

rain C i
rain B Terminal station Tra:n B
I J :
Train A Train C

Figure 20: Intermediate terminal station



Conclusion

" Vital train queues benefits
Reduced infrastructure

10 i

Reduced comms load
Junctions included

® Queues in the infrastructure
Replaces route setting
Reduced infrastructure

" Signalling functions move on board train



~ Questions?

.
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