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FDF: Functional Distribution Framework

App | App 2 App3 |« A framework with a standardized API
(no-safety) (SIL2) (SIL4) -
for the development of distributed
train functions (e.g. Air Condition,
Doors Control, ...)

FUNCTIONAL DISTRIBUTION FRAMEWORK

OPERATING SYSTEM
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AP: Application Profile
» According to our project goal an

e Application Profile describes a functional
interface between the Train Control and
Monitoring System (TCMS) and a

subsystem

 The interface definition is based on an
analysis of which use cases have to be
supported and defines the information
(flow properties) that can be exchanged
between the communication partners

Train Context - Door
control - AP view
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HVAC: Heating, ventilation, and air conditioning

<

« System to provide thermal comfort
and indoor air quality inside the
train.
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2. FDF
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2.1 Motivation
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Classical Architecture

 Separate functions in separate subsystems, multiple communication buses
- Many different systems, controllers, wires, connectors
« Maintenance and (re)commissioning high complexity and lifecycle costs
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Future Architecture

 Advanced Integrated Modular Architecture for Train Control and Monitoring
System (TCMS) Reduces:

» Diversity and complexity of
architecture

« Engineering costs

« Obsolescence costs

ote 1/O I \

Doors and Air
production
control

Remote I/0O

Unified Vehicle bus

HMI and
Brakes control

N—

Reme /O

Remote I/O
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Use example: Door control
Without FDF

Device A Processing Uni Device B : Processing Uni Sensors
’ Y } - | m | —-—l’/
M e ||| bt O .
| / tApplcation ‘ ——
{ "4 74 Vi
With FDF
y V.
: Ve e [ B iRemoielo| |
> SHML | TCMS Dot 1% | | subsystem —
= | GontrolApp. | | conrol App. = e -
i thoplcsion. | | ; pplcaion 4 !Jﬂﬂl
: _ e
© ‘/ —/
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Main Goal
 Provide the “Functional Distribution” architecture concept for a mixed

criticality embedded platform, offering an execution environment:

+ for multiple Train Control and Monitoring System (TCMS) application functions inside the
end-system

+ that ensures:
o Common API and Services
o Portable Applications between different FDF Implementations
o Abstraction from the underlying network protocols and hardware
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2.2 Architecture and API
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System View

App 1 App 2 App 3
(no-safety) (SIL2) (SIL4)

FUNCTIONAL DISTRIBUTION FRAMEWORK

OPERATING SYSTEM
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Application

£]

«Interfacen

FDF_API

JAN

FunctionalDistributionFramework

£l

\/

«Interface»

POSIX_API

=

POSIX_0OS

£]

Application Layer

FDF Middleware

OS Layer
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FDF API + AP

Application

£]

«Interface»

FDF_API

JAN

FunctionalDistributionFramewaork

]

Vi

«Interface»

POSIX_API

=

POSIX_0OS

£]
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- FDF_API
+ Implement user logic

— + Access to Application Profile Variables

+ Access to FDF Services
+ Enables portability of applications

Application Layer

FDF Middleware

— « POSIX OS (Not visible to applications)

+ OS services
OS Layer + Drivers functionality
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Why using a Service Oriented Architecture?

Strong decoupling provided
=>»Train layer: In case of functional open coupling multiple suppliers and operators
may contribute to a train

=2 TCMS < Subsystem: Separation between system integrator and supplier of the
component
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FDF API

« C++14

« Available in CTA-2 Deliverable D1.2 (Public)
« Grouped in Functional Components

Event Logging

// Log iz created

fdf::log::Log & ¢ log = fdf::log::createlog ("ApplLog”, "Log for Appl"):
/4 an Info lewvel stream iz obtained

fdf::log::Logdtream <o log info stream = ¢ leog.addInfoEntry ()

/) stream operator iz used to write into the log

< log info stream << "Text to log™;

// the written data iz flushed

< log infe stream.flushi();
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2.3 Implementations
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FDF Implementations
« 2 different implementations

+ Based on AUTOSAR Adaptive Platform - Regional Demonstrator
+ Based on Integrity RTOS - Urban Demonstrator

* Single Application implementation
Application

Regional

FDF API FDF API

FDF
AUTOSAR
Adaptive Platform

FDF
Integrity
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Urban demonstrator: Integrity FDF

- « HVAC Application is independent of RTOS and
HVAC Application of FDF implementation

« GreenHills Integrity is a certified Real Time
Operating System (RTOS) for critical
applications

- It facilitates implementation of core FDF
requirements:
Integrity OS eq_u _ ements . o
+ Limited execution time for each application

_ + Limited hardware resources for each application

24/01/2020 CONtributing to Shift2Rail’s NExt generation of high Capable and safe TCMS. Phase 2 | SAFE architecture for Robust distributed Application Integration in roLling stock 2 20
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Regional demonstrator: AUTOSAR FDF

HVAC Application is independent of the FDF

AUTOSAR Adaptive Platform highly
compatible with FDF architecture and

AUTOSAR requirements
Adaptive Platform .
Highly portable FDF to POSIX PSE51

Operating systems

FDF API

POSIX Operating System

Suitable for high performance computing,
_ high bandwidth communication and
connectivity
AUTOSAR: AUTomotive Open System ARchitecture
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3. Application Profile
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3.1 Motivation
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Why did we define the Application Profiles?
It reduces:

 Engineering costs due to standardization of
* Requirements for the subsystem (e. g. Use cases)
+ Interface between TCMS and the subsystem
+ Documentation
¢+ Tests
* Project duration due to less negotiations between subsystem supplier

and integrator

 Problems during system introduction phase, due to less changed
software and hardware components
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Selected Application Profiles

1. HVAC (Heating, Ventilation and Air Conditioning)

2. Doors: Review together with PIVOT-2 (TD1.6)

3. BMS (Bogie Monitoring System)

4. ATO (Automatic Train Operation) over ETCS (European Train Control
System) subset 139, together with X2RAIL-2

5. Lavatories

Defined by CONNECTA-1
Defined by CONNECTA-2
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3.2 Application Profile for HVAC
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Application Profile for HVAC (Context Diagram)

ibd [System Context] Train Context[ Train Context - Hvac controll ])

train : Train [1]

th
leadingC st : Operational Consist [1] guidedCst : Operational Consist [0..%]
th th
tems : TCMS [1] tems : TCMS [1]
drv: Driver [1] sl th foc: FOCF th
— - B—F-
driverlF [1]
y H
wvacSys | APHvacSystem [0..%] hvacSys : APHvacSystem [0..%]
Subsystem Interface
- fEms : ~APHvacSystem [1] 4 tems - ~APHvacSystem [1]
v L

hw; » HVAC System [0..%] hvacSys : HVAC System [0..%]

| hvacCZ : Comfort Zone of HVAC [1..%] ‘ hvacCZ : Comfort Zone of HVAC [1..7]

trainAttendantiF [Er‘|]__r!7

'_I_l

trainAttendantlF [0..%]
trnAtt : Train attendant [0..] 5=
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Application Profile for HVAC (Use Cases)

uc [Packags] Use Cases [ UC_APHvac_Provide Proper cimate ] |

Provide proper climate I TC M S JR—

ablocks
Operational Consist

- ——
CTA-T43-UC-Hvac-1 Startup and manage HVAC system = CTA-T43-UC-Hvac-4 Detect and react on outside smoke
,h R T
| «PrimaryActors

{GoA 1 or GoA 2}

CTA-T4.3-UC-Hvac-2 Monitor HVAC power consumption -
h — CTA-T43-UC-Hvac7 Command consist tightness «Primafysctol
PrimaryActor "
{GoA 1 pr GoA|2}

{GoA 1 or GoA 2}

e . " :Evaluate actual functional states
<<parallel-> X

for each comfort zone of each Hvac

PrimaryActor,

{BoA 1 or GoA Z} CTA-T4.3-UC-Hvac-3 Manage HVAC operational mode
PrimaryActory ' | th

(GoA 1 or GoA 2}

«PritharyActors CTA-T4.3-UC-Hvac-9 Schedule consist next departure
{GoaTor GoA 2} th

«PrimaryActors CTA-T4.3-UC-Hvac-10 Monitor vehicle outside o=

{GoA 1 or GoA 2} temperature I
CTA-T4.3-UC-Hvac-8 Monitor consist tightness activation

S——
PRTAyACtor
P {GoA 1 or GoA 7} w ——————————————————————

|
|
|
S P [l

| CzSpecificHvacFctState «froma hvacSys (
CzSpecificHvacFciState via tcms

5 | Iy

_—
" CTA-TA.3-UC-Hvac-6 Manage specific fresh air rate

(‘eagdStructuraFeatureValues J

«PrimaryActors ezC

czVentilationOnly State

waddStructuralFeatureValues J (eaddStructuraFeatureValues J

-
== CTAT4.3-UC Hvac 5 Detect and react on inside fire
th

{Gop 1 or BoA 2}

iGoA 1 or GoA 2}

e L  MorTor et rone i fore
% CTAT4.3-UC-Hvac-11 Monitor comfort zone inside temperature
Train crew y
ahrmarysctors CTAT4.3-UC-Hvac-12 Monitor comfort zone HVAC functional state
{GhA 1 or GoA 2} = y N S ignal consist Hvac functional :tatesj
~
~ N |
SO S
s AN |

«PrimaryActors CTA-T4X-UC-Hvac-13 Monitor comfort zone air quality N
b . ~
{Bo 1 or GoA Baprimarpcror ~. _ﬁ N é
{BoA 1 or Goa B} = >

S S

PrimaryActors CTAT4.3-UC Hvac-14 Define comfert zone set point temperature N _ _
{304 1 or Goa By S y \\ _-" _--

«PrimaryActors = N d- _-
PoATorGoATL L tors Y~ SQ _-- _--

CTAT4.3-UC Hvac 15 Adjust comfort zone temperature offsst N - -

{04 1 or GoA /m\P R - -

«PrimaryActors ~ o S L~ -
iBoA 1 or GoA S o N //’ Phe

P e

— = ~ - ~
CTA-T4.3-UC-Hvac-16 Adapt comfort zone air flow rate ~ N —»Z -7
th S
~

e Y S ——— R ~ T CTA-T4.3-UC-Hvac-12 Monitor comfort zone HVAC functional state
Q SS . |+|
7__.—)—;_7(——_*_*_*_‘—“& s > ~

id = CTA-T4.3-UC-Hvac-18 Manage comfort zone specific
environment

th
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Application Profile for HVAC (Technical Interface)

ibd [System Context] Train Context[ Train Context - Hvac control - AP view ] )

train : Train [1]

cst: Operational Consist [1.."]

tcms : TCMS [1]) hvacSys : HVAC System [0..7]
th —

| drv : Driver [1] -

b [
T }‘—[j tcmsCstHvacCtrl : Consist Level HVAC Control [1] I_L‘ subsysHvacCtrl : Subsystem HVAC Control [1]

riverf [1] : IConsistHvacOperation [1..7] é : ~IConsistHvacOperation [1)
: ~ISubsystemHvacOperation [1..7] é oy sosivacOporation 1]
: IConsistHvacStartup [1..7] |— é : ~IConsistHvacStartup [1]
: ~ISubsystemivacStartup [1.."] |+ E-] : ISubsystemHvacStartup [1]
: : ISubsystemHvacFireDetection [1]

-
P
| WL

: ~ISubsystemHvacFireDetection [1..] [*7|

: ~ISubsystemHvacComfortZone [1.."]

: IConsistHvacComfortZone [1..7] %
.hl

; : ISubsystemHvacComfortZone [1.."]
- \—/

]

‘_{—T—] trainAttendantiF [0..]
L

r
trainAttendantF [0.."]

trnAtt : Train attendant [0.."] =
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Application Profile for HVAC (Technical Interface)

bdd [Package] Interfaces [ HVAC AP Technical Interfaces ]JJ

HVAC Operation HVAC Comfort Zone
«ServiceDefinitions «ServiceDefinitions
IConsistHvacOperation IConsistHvacComfortZone
flow properties flow properties
out Jiad emperature : C emperature [1}{eventType = cyclic, sampleinterval = 100.0 ms, eventid = 1} out ezHvacO: md : CzHvacOper md [1HeveniType = cyclic, sampleinterval = 100.0 ms, eventid = 1}
out onnslstRefOu‘tsndeTemperature CDnssstOutsideTamperature [1KeveniType = cyclic, samplelnterval = 100. G ms, eventld = 2} out czSetPoinfTempCmd : CzSetPoinfTemperatureCmd [1KeventType = cyclic, sampleinterval = 100.0 ms, eventld = 2}
out reduceExter md : ReduceExter md [1eventType = cyclic, sampleinterval = 100.0 mg, eventld =3} out czTemperatureQffsetCmd : CzTemperatureQ ffsetCmd [1}{eveniType = cyclic, samplelnterval = 100 B ms, eventid = 3}

out limtedPerformanceCmd : LimitedPerformanceCmd [1HeventType = cyclic, sampleinterva 00.0 ms, eventbcl 4F out czAlrFlDwRate CzAlrFIDwRateCmd [1HeventType = cyclic, sampleinterval = 100.0 ms, eventid = 4}

out operationalModeCmd : HvacOperationalModeCmd [1}{eventType = cyclic, sampleinterva 00.0 me, eventid = 5} out czD idifyRequest : CzDi idifyCmd [1}{eventType = cyclic, sampleinterval = 1CD 0 mg, eventid = 5}
out readyConsisiTargetDate : ReadyConsisiTargetDate [1HeveniType = cyclic, sampleinterval = 100.0 ms, eventid = 6} out czF MNumber : CzP; gerMumber [1}{eventType = cyclic, samplelnterval = 100.0 m , eventld = 6}
out reducedinternalPressureCmd : ReducelnternalPressureCmd [1}{eventType = cyclic, samplelnterval = 100.0 me, eventld = 7}
out specificFreshAirRatioCmd : SpecificFreshAirRatioCmd [1HeveniType = cyclic, sampleinterval = 100.0 ms, eventid = g .
out s:clﬁcTemperatureRange EE.‘paclﬁcTamperatureRang[e}[1} ey En; F; fpe -)acycllc: el:.entl" =0} i identifierinteger = 10950672

out ti i md : Tight tiv md [1KeventType = cyclic, sampleinterval = 100.0 ms, eventid = 10} identifierSiring = "rail.:subsy steminterface-hvacIConsistHvacComfortZone”

wSanaceDefinitions

it ioeDefinition.

identifierinteger = 10950656
identifierSiring = "rail:subsysten:interface:hvac:1ConsistHvacOperation’ SRR ERLE OIS

1SubsystemHvacComfortZone

flow properties

, out czHvacOperationalModeStatus : CzHvacOperationalModeStatus [1HeventType = cyclic, sampleinterval = 100.0 ms, eventld = 13

ISubsystemHvacOperation out czSetPointTempStatus : CzSetPointTemperatureStatus [1}{eventType = cyclic, sampleinterval = 100.0 ms, eventid = 2}

flow properties out czlnsndeTemperature CzinsideTemperatureStatus [1KeventType = cyclic, sampleinterval = 100.0 ms, eventid = 3}

out hwacFailureStatus : HvacFailureStatus [1}eventType = cyclic, sampleinterval = 100.0 ms, eventld = 1} AirFlowRateState [1eventType = cyclic, sampleinterval = 100.0 ms, eventld = 4}
out operationalModeStatus : HvacOperationalModeStatus [1}{eventType = cyclic, samplelnterval = 100.0 ms, eventid = 2} ¥ CzUehumidificationStatlls pehumidifyCmdStatus [1HeventType = cyclic, sampleinterval = 100.0 ms, eventid = 5}
out uutsideTemperatureStatus HvacOuts»deTemperatureStatus [1] eventType = cyclic, sampleinterval = 1DG 0 ms, eventld = out czAirQualtyStatus | CzAirQual atus [1HevenifType = cyclic, sampleinterval = 100.0 ms, eventid =B}
out ti veniType = cyclic, l=aam:|e|r|ter.a\ = 100.0 ms, eventld = 4} jiState [1}{eventType = cyclic, sampleinterval = 100.0 ms, eventid = T}
out wakeUpConsistCmd : WakeUpCDnsl&tCmd [1KeventT: )|:e = acyclic, eventid = s [1{eventType = cyclic, sampleinterval = 100.0 ms, eventld = 8}

i ZeniceDefinition

«ServiceDefinitions

out czHvacFailureStatus | CzFailures)

xSenviceDefinitions
identifierinteger = 10850657
identifierSiring = "rail:.subsysteminterface-hvac::|Subsy stemHvacOperation”

ide : e
identifierSiring = "rail.:subsy steminterface-hvac:|SubsystemHvacComforiZ ong™

HVAC Load Management HVAC Fire Detection
«3erviceDefinitions «ServiceDefinitions
IConsistHvacLoadManagement 1SubsystemHvacFireDetection
) W flow properties flow propertios
out availablePower : AvailablePower [1{eventType = cyclic, sampleinterval = 100.0 ms, eventid = 1} out msndeF\reDeieclmnStatus HvaclnsideF\reDeleclmnStatus [1}{eveniType = cyclic, samplelnterval = 100.0 ms, eventid = 1}

out startAuthorization : StartAuthorization [1KeveniType = acyclic, eventld = 2} out : HvacO [}eventType = cyclic, sampleinterval = 100.0 ms, eventid = 2}

it ZenaceDefinitions

identifierinteger = 10950683 identifierinteger = 10850704
identifierString = "rail--subsystem:interface:-hvac-| ConsistHvaclL.oadM anagement” identifierString = "rail:: subsysterm:interface:-hvac:| Subsy stemHvacFireDection”
w3erviceDefinitions
15ubsy oadManags t
flow properties
out ion : ActualP C

[ ntT? ype = cyclic, sampleinterval = 100.0 ms, eventld = 1}
out neededPower : NeededPower [1{eveniType = acyclic, event
out startRequest : StartRequest [1HeventType = acyclic, eventk

Defini
identifierinteger = 10950689
identifierSiring = "rail::subsystent interface::hvac:|Subsy stemHvacLoadh anagement”
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4. Development and Integration
4.1 Interface Generation

© CONNECTA-2 & Safe4RAIL-2
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Technical Interface
« From SysML model to Interface Implementation

Implementations for
AUTOSAR based FDF - APIs:

AUTOSAR Adaptive _
Skeletons & Proxies

Platform-based
DataTypes Generator

Data Structures for
Application Profile DataTypes

é']' impl_type_adjustmenttemperature.h a]' impl_type_airflowratecmd.h

6]‘ impl_type_comfortzonefailure.h 5]’ impl_type_consistinsidetemperature.h
&]‘ imp|_type_czdehumidifycmd h a]' impl_type_czdehumidifyemdstatus.n
ﬁ]’ imp|_type_czhvacoperationalmodestatus.h 5]‘ impl_type_czinsidetemperature.h

6]‘ impl_type_czsetpointtemperature.h 5]’ impl_type_datetime.h

&]‘ impl_type_hvacfailurekind.h a]' impl_type_hvacfiredetection.n

ﬁ]’ impl_type_hvacoperationalmodestatus.h 5]' impl_type_hvacoutsidesmokedetection.h
ﬁ]‘ impl_type_limitedperformancecmd.h 5]’ impl_type_neededpower.h

é']' impl_type_reduceinternalpressurecmd.h a]' impl_type_specificfreshairratioh

6]‘ impl_type_startauthorization.h 5]’ impl_type_startrequesth

&]‘ impl_type_targettemperaturecheckh a]' impl_type_tightnessactivationcmd.h

CAF Proprietary
Application Profile for HVAC Tool based on
Integrity

Implementation of
data structures required by
Integrity based FDF
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Technical Integration and
Deployment

HVAC
Control

Z 3

IConsistHvacComfortZone

[ IBKAE 10utputSignals

IBK4E 1InputSignals

Control

|

IConsistHvac Operation ]

ICc tHvacLoadManag

ISubsystemHvacOperation

ISubsystemHvacComfortZone

ISubsystemHvacLoadManagement

HVAC 10
EHIS Control Control
FDF API
FDF

HVAC 10 HVAC 10
Tl Control Control TCMS Control Control
FDF API FDF API FDF API FDF API FDF API
FDF FDF FDF FDF FDF

CCU

HVAC

TCMS Control

FDF

T IBK4E1InputSignals

Ethernet
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5. Summary

24/01/2020 CONtributing to Shift2Rail's NExt generation of high Capable and safe TCMS. Phase 2 | SAFE architecture for Robust distributed Application Integration in roLling stock 2 34



g
aFetiRAILS.

COH CTA-2

Summary

- The FDF aims to have isolated but integrated applications instead of
dedicated equipment (HW, SW, I/O) for each train function

- Takeaway:
+ Reduce number, diversity and complexity of equipment
+ Reduce safety and certification tasks and complexity
+ Reduce complexity of deployment for subsystem providers
+ Drastic reduction of obsolescence costs
Hardware and communication abstraction
+ Same application can run on different FDF implementations
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