








Stakeholder Requirements,
Regulations, Design Constraints, etc.

Agreed
textual Requirements Analysis textual
requirements and Negotiation requirements
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Out of scope: Writing good requirements,
requirements analysis and negotiation.




crmodels

{0) Train Transportation System

£Components
driver1: Driver

¢components
train1: Train

p_train [‘]—[H p_driver
]

p_tracks_signals\\

p_signals

gCarmponernts
tracks: Train Tracks

L1

N
\

Most rail systems have some form of train protection system that use track-side signals to indicate potentially
dangerous situations to the driver. The simplest train protection systems consist of signals with two states: green

to continue along the track and red to apply the brake to stop the train. More sophisticated systems include detailed
information such as speed profiles for each section of the track.

Accidents still occur using a train protection system when a driver fails to notice or respond correctly to a signal.

To reduce the risk of these accidents, Automated Train Protection (ATP) systems are used that automate the train’s
response to the track-side signals by sensing each signal and monitoring the driver’s reaction. If the driver fails to
act appropriately, the ATP system takes control of the train and responds as required.
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Requirements
Management Tool
(e.g. IBM Rational DOORS) *

Textual
System

Requirement
Examples

N
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| ID: Xyz

Text: If at any time the controller calculates a "caution"
signal, it shall, within 0.5 seconds, enable the alarm in the
driver cabin.

ID: xyz

Text: If the alarm in the driver cabin has been activated due
to a "caution" signal and the train speed is not decreasing
by at least 0.5 m/s”2 within 2 seconds after activation of
alarm, then the controller shall within 0.5 seconds activate
the automatic braking.

ID: xyz
Text: If at any time the controller calculates a "danger”
signal it shall within 0.5 seconds activate the braking

system and enable the alarm in the driver cabin.







Roles and Tasks




Agreed textual
requirements

=

Selected textual
requirements

v

<

Requirements
Analyst
in collaboration with
System Designer

a

2.

-

Read a requirement \

Decide if this requirement shall be
evaluated using a simulation model
(involve the System Designer)

Is this requirement complete,

unambiguous and testable by using
a simulation model?

If yes: Mark this requirement as
selected /




\
“If at any time the controller calculates a "caution” signa};ﬁ_‘ it shall, within

0.5 seconds, enable the alarm in the driver cabin.” \
\\.

.\'\.,

"If the alarm in the driver cabin has been activated due to a "caution"
signal and the train speed is not decreasing by at least 0.5 m/s~2 within
2 seconds after activation of alarm, then the controller shall within 0.5
seconds activate the automatic braking.”

“If at any time the controller calculates a "danger" signal it shall within
0.5 seconds activate the braking system and enable the alarm in the
driver cabin.”




“The sensors shall be attached to the side of the train and read information
from approaching track-side signals, i.e. they detect what the s{gnal is.signaling._
to the train driver." X\
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“The ATP system shall consist of a central controller and five boundary
subsystems that manage the sensors, speedometer, brakes, alarm and a reset
mechanism.”
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Selected textual
requirements

Requirements
Analyst

Papyrus - Modelica

Example. Automate

File Edit Wiew Mavigate Search FProject Run  Window Help
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= EI ATP
= {17 Requrements

- [qg ATP Design
Eﬁ Controller behavior after brakes activiation
E@ Controller behavior for caution signals 1
E@ Controller behavior for caution signals 2
E@ Controller behavior for danger signals 1
E!@ Controller behavior for danger signals 2
E!@ Controller behavior for proceed signals
ﬁ Display of tracks signal status

£ @ Location of sensors

E@ Reset mechanism

E@ Sensor Signal Yalues

E!@ Sensors majority value calculbation
----- =1 System De...
----- =1 Scenario ...
----- =1 This is a...
(-4, Applied Profiles {10}
I::l'"?::, impart UMLPrimitiveTypes

----- * 0: System and Test Scenario Description

«Requirements

id = 007-1

text = If at any time the contraller calculates a "danger” signal
it shall within 0.5 seconds activate the braking system and enable
the alarm in the driver cabin.

™.

srequirements
Controller behavior for danger signals 1

igo°

E% R& description |§' R6-1: Requirement wiolaki. .. |‘§' R6-2: Requirement violati... @ Class diagram of Contro... J—
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Requirements
Analyst

1.

“If at any time the controller calculates a "caution” signal, it shall} within
0.5 seconds, enable the alarm in the driver cabin.”

Identify measurable properties addressed in the requirement

statement

2. Formalize properties and define requirement violation monitor

Formalized requirement:

-

«modelicaStatetaching:
R6-1: Requirement violation monitor

e¢Fequirements

"caution” signal, it shall, within 0.5 seconds, enable the

id = 006-1
text = If at any time the controller calculates a

alarm in the driver cahin.

r
-
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=

grequirement:
Controller behavior for caution signals 1

=
=
=
=

alarm_is_activated: ModelicaBoolean
caution_signal_received: ModelicaBoolean
violated: ModelicaBoolean

evaluated: ModelicaBoolean

!

Maonitoring signal reception

Unset violated /entry

[caution_signal_received]

Waiting for alarm activation

Set evaluted /entry

[AFTER(D.5) and {not alarm_is_activated) ]

\\ [notcaution_signal_recd

Violated
Set violated /entry

ived]

/




;+ 3) Select or Create Design Model To Be Verif

D
Against Requirements

System Requi t System Design Alt ti
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3@ Conkraller behavior For danger signals 2 , 4
t @ Conkraller behavior For proceed signals /." ’
gl Display of tracks signal status L
3@ Lacation of sensars areduirements P e
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~E Thisis a... S~ S~al
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B 0 system and Test Scenario Description N R6-1: Requirement violation monitor Sl
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‘ Monitering signal reception |
‘ Unset violated /entry |
[caution_signal_received]
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By s cescrption | & A6 ‘ Waiting for alarm activation | \ e
lescription -1 Req H Ceomgnerts
i ‘ Set evaluted /entry | DeSIgI‘Ier | ”me-ﬁ T |
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o
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Violated
Set violated /entry
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EADS

System Tester
in collaboration with
System Designer

™ 4) Create Test Models, Instantiate Models

(Deﬁne test models that will contain a test case, \

requirements models and a design model to be
verified against requirements

— This model will contain the information required for
reproducing tests results

e Define test cases for evaluating requirements

— One test case can be used for evaluating one or more
requirements

o Create additional models if necessary
— For example, models that simulate the environment of the

system, models that stimulate the system, models that
k monitor specific values, etc. /




System Tester
in collaboration with
System Designer

4) Create Test Models, Instantiate Models

Papyrus - ModelicaML. Example. AutomatedTrainProtection_SeparatedModels_v19/SimulationsfAutomatedTrainProtection. di2 - Eclipse
File  Edit

Wiew Mavigate Search Project

Run Window Help

I-EE  HB-0-Q- ip - iE R e PPN | Badpeld [ B T »
5= outline 52 = o ¥ =08 ﬂﬁ tomatedTrainPratection. iz g N =08
= = EI ATP L] 4
¢ =g (3) Simulations ‘e emadelicaStatetachines IS B
23] ] Manitored Simulation Properties Set drivers’ speed control
£l ] Simulation #1
= E!@ Test Mission Profile
B Lj@ Train Simulation Scenario #1
& design_model: (0) Train Transportation
‘B mission_profile: Test Mission Profile .
‘& monitor: Monitored Simulation Properties | Init | Driving 3 Reset hrakes |
B Test case... |_setspeed control /entry | GEN reset brakes event /entry |
[ . =3
@ Behaviors (2) [AFTER(Z1] T
5‘ 5.0: Test Case Part: Generate tracks sic [AFTER(S)]
5.2! Test Case Part: Set drivers' speed « | Set 20% speed | [monitor train_position = 1000 and (not maonitaralarm_in_drivers_cab)]
EJ---@ Train Simulation Scenario #1 with requiremer | set speed control /entry | | |
% 6.0¢ Reusing simulation configur ations Uivitofaccelerate
----- = System De... | Setspeed control = 1.0 /entry |
""" & seenaria ... o Enable brakes 100%
----- = Thisis a... Driving 1 - -
-5 Imparts (3) Eelispeccicaniioliieniny [monitor.train_position = 1000]
@147 applied Profiles (10) [AFTER(2) and manitartrain_position =500 =
E'g, 0: Syskem and Test Scenario Description [not mission_profile.driver_not_reacting_range]
/| Set100%speed |
set speed control /ent . . .
| P Iy | ‘ Alarm in drivers” cab ‘
A\ - A
‘ Driving 2 | [maonitar.alarm_in_drivers_cab]
Test Case )
< o o 0; Systern and Test Scenario Description ||§' 5.0: Test Case Part: Generate tracks sig... lg 5.2: Test Case Part: Set drivers' speed c... ] g Simulation Senario #1 |
. description e




EADS  °) Link Requirement Properties to De5|gn Model
Properties I—

File Edit Wiew Mavigate Search Project Run Window Help

: 3~ - 0-QU- e Ch e sl ?
o= outline £ Y |l L |- |/‘?|v =0 flAutomatedTramProtectmn diz &2 =08
. = B2 atp 4
I nsta ntlated = (3) Simulations
. [l Monitored Simulation Properties arnodels
requn‘ement fl simulation #1 Train Simulation Scenario #1
% Tes_t Mi_ssi-:-n Fmﬁle ] = design_model: {0 Train Transportation System
Train Simulation Scenario #1 . & mission_profile: Test Mission Profile
= ﬁ Train Sirmulation Scenario #1 with requirene E monitor, Monitored Simulation Properties
Ry rd06-1: Contraller behaviar For caution <
&g rd06-2; Controller behaviar For caution &
A is a Train Simulation Scenario #1
=] | emodels
= Train Simulation Scenario #1 with requirements
=
) System T_"'Ster_ BY &.0: Reusing simulation canfigurations g r00B-1: Controller behaviar far caution signals 1
in collaboration with =1 System De... Ry 0E-2: Controller hehavior for caution signals 2
System Designer = Scenario ...
= Thisis a...
I,I':T, Imparts (3) g 5.0: Test Case Pa. .. g 5.2: Test Case Pa... g Simulation Senari. .. E’é .0: Reusing simu... | ™%
',";:, Applied Praofiles (10) =
I t t t d EE 0 System and Test Scenario Description 1 Properties &3 E‘E\b MadelicaML walidation | ] Stereatype Documentation Yigw Y 8
nS an Ia e R ATP::(3) Simulations::Trai 1 with requirements::ro06-1
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Profile talarm s activated = desian. model, driverl.n train.alarm
| caution su;nal received = design_ model braini ., pcl.tes, controlier,
Requirement properties — v
are linked to design Modifications y
Declarations
model properties > = Y




Simulations. Train_Simulation_Scenario__1_with_requirements 1*] - [Plot Y|

" MathModelica Professional - [ATP._3_ !
Tools  Simulate  Plok  Window  Help

X% File  Edit  Wiew
0,25 H @ LR e E S e X o i ot s

— Train_Simulation_Scenario__1_with_requirements 1: r006_1, violated

5 X

Experiment Browser
— Train_Simulation_Scenario__1_with_requirements 1: r006_2 violated

ATP_3_ Simulations, Train_Simulation_Scenario__1_with_... |

1.0

Plat | Parameters " Variables " Settings |

|[ Find ]

I Find Cptions
Mame

= t;lesign_model
= drivert

= p_train

-] alarm

~ [ current_speed
<[] reset_brakes

[ speed_contral Speed contral can...
i ~[] tracks_signals 0.6
[ tracks '
[ braini

I [+ Generate_tracks_signals

“Unit | Description

0.2

System Tester

[+ mission_profile

0.4

—T_Requirement_vi...
[ alarm_is_activated
I:‘ caution_signal_rece...

Requirement
violation
i n d i Cati O n E:llggss:é_%quirement_vi...

[ alarm_is_activated
[+ Set_drivers__speed_cont...

0.2

[] speed_is_decreasing
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0.0
L e B s e e e e
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u] S0 100
Time [s]

| | Tirne:
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e Create a Simulation Summary Report including:
— For each test model include the simulation configuration:
» Which design model, test cases and requirements were included
e Requirements violations, if any.
* This configuration allows the reproducing of test results
— The reports can be used as reference for product verification

i

Requirements
Analyst

System Simulation
Designer Summary
Report

System Tester

c

(s







Thank you for your attention!
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model
(Two Tank sSystemExample:: Designodels:: Models Libran)
BaseControlier

=l evariabler K ModelicaReal
= wvariables T: ModelicaReal
= evariables ref ModelicaReal
= evariable» error: ModelicaReal

Structure

= wwariabler outCir. ModelicaReal

«madels
(TwoTanksSystemExampie: Designilodeals)
TanksConnectedP|

Requirements

«ExtendsRelatior
=7 typemodificati

“model
(TwoTanksSystemExarmple: DesignlMoce(s)
PlcontinuousController

= wvariables x ModelicaReal
= «variables powered: ModelicaBoolean

scomponents «companents
source tank1

«components
tank2

[ | tsensor thctuator|[ | [ |tgensor tctuator| |

c<Reguirements

id =001

taxt = The level of liguid in a tank shall never
exceed B0% of the tank-height

specifiesType = [Tank]

areguirement:
Max level of liquid in a tank

avariables maxlLevel: ModelicaReal
evariables tank_height: ModelicaReal
7 evariahles level: ModelicaReal

«Reguirements
id = 002
text = The volume of the tank1 shall be 0.8m3.
specifiesObject = [TanksConnectedPl tank1]

requirement:
Volume of the tank1

avarizbles tank_volume: ModelicaReal
= svariabler design_value: ModelicaReal

sondtionalAlgorthmDiagram s
limit value algorithm

[p = phtax] [0 < pMin]

Li

pLim := pMin;

[not powered |

[ powered ] monitoring the level

[clhyal=0.1]

contrelling the level

[clnwal =0.1]




. |

Structure Requirements

«madel:
(TwoTanksSystemExampie:: Designfodels:: Models Librany)
BaseController . i t:
amodels «Requwement» «requlr.eme. ».
TanksConnectedPl id = oM Max level of liquid in a tank

=} «variables K ModelicaReal
=] evariables T ModelicaReal = iuid i . 5
+ Omponerts taxt = The level of liguid in a tank shall never = evariables maxLevel: ModelicaReal

=] avariables ref ModelicaReal @ g , : L
5 avariables error: ModelicaReal souree exceed B0% of the tank-height £ avariables tank_height: ModelicaReal

=] evariahles outCir: ModelicaReal specifiesType = [Tank] = evariahles level: ModelicaReal

«ExtendsRelations
typeModification = 1Anlualnr tSensur

requirement:

«Requirements Volume of the tank1

amorles id = 00z

Twn Tankss) .sfemExam e Designllodels] = . .
{ b B ¥ ? components text = The volume of the tank1 shall be 0.8m3. = evariables tank wolume: ModelicaReal

troll scompanerts . S -
Pl ontroler piContinuous? specifiesObject = [TanksConnectedPl tank1] = wvariables design_value: ModslicaReal

=] evariables ¥ ModelicaReal
E] evariables powsred: ModelicaBoolean m
'a amodelicaStateMachine:

B e h aVi O r RG-1: Requirement vielation monitor

«modelicaStatentachines $

Tank states

«conditionallgorithmi Disagram):

limit value algorithm ‘ Monitoring signal reception |

| Unset violated /entry |

[h=0001)] [caution_sianal_received]

partially filled ‘ Waiting for alarm activation |
[h=0.001] ‘

Set evaluted /entry |

= phlax = phdin
(p=pMax] [p<pMin] _ [~

pLim = pMax; pLim := pMin; [h=tank_heigh
L [AFTER(0.5) and (not alarm_is_activated) |

[h = tank_height] [noteaution_signal_recdived]

Violated
Setviolated /entry




(1) system Modeling with ModelicabL
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@ Modelica Code Generation
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