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1. Motivation
What do we do?

A Ground transportation safety
A Automotive

Institute fur Traffic Safety A Driver assistant systems /
and Automation Engineering automous driving
A E.g. time series analyses

A Railway
A ERTMS/ETCS development

A Satellite based localisation
services

A Safety cases (or: hazard cases)
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A System Safety Engineering, primarily
model-based engineering

A Automation Engineering (e.g. SmallCAN)

A Terminology and Requirements

Engineering
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1. Motivation
Why we do need STAMP + ?

Advantages of STAMP for Railway
applications:

A Understandable for non-engineers
(interdisciplinary application) and relatively
easy to use

A High amount of detection of control lacks

A Involving complex human decision making,
software error, systemic accidents and
organizational risk

A Performing STAMP analysis improves
significantly system understanding

Why we need STAMP + ?

A But:
A Little normative background

A Partly conflicting with RAMS
standards (reliability, availability,
maintainability, safety)

A Little distribution throughout ground
transportation industry in Europe,
only few application known

A No accepted formal methods
included, except System Dynamics
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1. Motivation

System Development in Europe Railway Standards: V-Model

Scope of the safety analyse

Definition of the requirements
and operation (operator)

AFor developing
evidence of safety, the use of formal methods is highly

recommended in the new European CENELEC standards for safe

railway systems (EN 50126,EN50128, DI N EN 61508) .

precise system dfefinit.i

[Arabestani et. al. 2004, p.119]

Design and .
implementation Installation
Manufacture
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1. Motivation
Orthogonality: Thinking in Means of Description, Methods and Tools (1/3)
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1. Motivation
Orthogonality: Thinking in Means of Description, Methods and Tools (2/3)

/ Mean of \ / Method \ / Tool \

Description
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1. Motivation
Orthogonality: Thinking in Means of Description, Methods and Tools (3/3)

/ Mean of \ / Method \ / Tool \

Description
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2. Goal of Hybrid Approach

Hybridization of qualitative approach and quantitative approach

Organization

gualitative guantitative

e

Technology

HLLEy

TS .
&3t |«g% Technische
b %?

> Universitat 27. March 2013 Hosse, Spiegel, Schnieder | 2nd STAMP Workshop | MIT

H*?:i‘a *<5 Braunschweig ,
— Side 10 Institut fur Verkehrssicherheit iVA

und Automatisierungstechnik

Prof. Dr.-Ing. Dr. h.c. mult. E. Schnieder



Contents

1) Motivation
2) Goal of Hybrid Approach
3) Methodology

B—STAMPICAST (to be known)
(2) ProFunD

(3) Hybrid Approach
4) Sample Application on Accident 7.23
5) Results and Discussions

6) Conclusions

A

% .
a% Technische
% Universitit 27. March 2013 Hosse, Spiegel, Schnieder | 2nd STAMP Workshop | MIT

1L
v
*

_‘Er
22e Braunschweig
‘a@

C

c“:
B
.
Ong

[~}
&
-
U
@

k)

Slide 11 Institut fur Verkehrssicherheit iVA

und Automatisierungstechnik
Prof. Dr.-Ing. Dr. h.c. mult. E. Schnieder




3. Methodology

(2) ProFunD i Fundamental Concepts

Risk Analysis

Hazard Analysis

N e Component
: Modeling of Operative Process ! v o
| i Hazardous Dependab”'ty
Requirements - Stuation
i Analyzes Model 1 i
. [ Funcioa smtneasanagora | | Madel-based

dependability modeling AnaJyS|S

Functional Layer

Functional
Design _ (Human, Soft- and
N N Functional System - -
i Technical Synthesis and local i Safety Analysis Hardware)
' dependability modeling !
| - v | Model-based
i Technical | .
| Design ielle Analysis ‘

, P System Hazard .
Implementation € Log Physical Processes
System Hazard Analysis
T [Slovak 2006]
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3. Methodology
(3) Hybrid Approach i Analysis Process on the example of CAST

|dentification of Proximate Events

Construction of Safety Control Structure

HLLEy

TS .
&3t |«g% Technische
b %?

> Universitat 27. March 2013 Hosse, Spiegel, Schnieder | 2nd STAMP Workshop | MIT

H*?:i‘a *<5 Braunschweig ,
— side s Institut fur Verkehrssicherheit iVA

und Automatisierungstechnik

Prof. Dr.-Ing. Dr. h.c. mult. E. Schnieder



Contents

1) Motivation
2) Goal of Hybrid Approach
3) Methodology

B—STAMPICAST (to be known)
(2) ProFunD

(3) Hybrid Approach
4) Sample Application on Accident 7.23
5) Results and Discussion

6) Conclusions

A

% .
a% Technische
% Universitit 27. March 2013 Hosse, Spiegel, Schnieder | 2nd STAMP Workshop | MIT

1L
v
*

_‘Er
22e Braunschweig
‘a@

C

c“:
B
.
Ong

[~}
&
-
U
@

k)

Slide 14 Institut fur Verkehrssicherheit iVA

und Automatisierungstechnik
Prof. Dr.-Ing. Dr. h.c. mult. E. Schnieder




4. Sample Application
Accident introduction of the Wenzhou accident

D301
‘ Velocity >= 100km/ h
\
= \
Y .
R j A Centralized Traffic Contorol (CTC) '\ )
) - Jj B Center Yongjia
e D S e Zhejiang Shanghai Railway Bureau Station
5\ % Provi
i) nce o
N, Z
- . e
tOTEEE ) O % n
E - ' [_' \\
- fo/ Hangzhou 0-. N . .
& (& ==-2% Signal devices
y a (supposed to be red)
Movement ®)
‘ . - - F
Yong-Tai-Wen ‘ direction | =4 . TC-5829 AG
: o Taizhou -+-
; Railway Linie
! . D3115
ol Velocity <= 20km/ h
' 3?
i . . i O
Accident location Yongjia i
——
Train Control Cent
Wenzhounan ek ((0{‘{8) G
Wenzhou south Abnormal operation mode)
To Fuzhou Wenzhounan
Station
VL [Dajiang Suo 2012]
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4. Sample Application
Control Structure as basis for the Petri net modelling

Train Schedule TSR Orders Legend:

A Application is based on
the control structure by
Airong Dong

A Multiple simplifications Siaton

Dispatching Center | CTC Dispatcher |

|:| Human Controller

Routind | Status Display
Dispatching Communication

| CTC |

[
1
1
1
1
1

Control Feedback

«— = -

| Station Operator | TSR |TSR Status

Control Action

1
1
1
1
1
1
1
1
1
h ave bee nm ad e : t Routind  [Block Status
1 : TSH Track occupancy Status
| : ) .
(S | g n a| ﬂ OWS) : : Setting Status Display| |Signal Status
1 : CTC Station Workstation
e . 1
"
A Pi-Tool has been used Do
. . ! : Route Status |Block Status
(PrOV|ded by |QST : | Track Circuit Occ Statt
1 | Signal Status
"
1
G m b H) : | TCce Station Interlocking
1 : Computer
1
1
: 1 Signal Signal TC TC Transponder| Transponder
[ Control Status; coT Statos™) messaging Status
Wayside : :
! : | Block Signal Track Circuit Transponder | | System iljcll{ding Tracl
1 . Circuits
1
1
: 1 Signal Speed Limits TSR
[ Display Occupancy Stdtus Ahead Line Parameters
On-board 1y Movement Authority Limit
| Train Operator
Operatign Mode
Mode Selection [Overspded Alarm
On-board ATP Syftem
Propulsio Cab Signal
Brakg |Train Speed Brake Brake Statys
| Trajh Subsystem |
T [Airong Dong 2012]
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4. Sample Application
Transforming standard control loop

System State System Events
Controller Controller
+ Detecting train in block Block occupied
Block free (* ‘l O #] Detecting block free
Control Control |
. Feedback Actions ! : o Feedback/Sensors
Actions ; ;
Train to enter E ,"/
X O 'i '6 Controlled Process

Controlled Process

[Leveson 2011]
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4. Sample Application
System-theory element transformation - simple control loop with control flaws

Inadeguate
A control action
Inadequate control action det block free
detecting train

Dependability
(inadequate control action)

/ N

1|L/ Detecting train in block \”
Block free C‘_/ "tl,‘ "@ :"‘_'l Detecting block free Function
| A "“*H._E‘ Block occupied - L
Dependability S
(inadequate execution) i /" T sensor fiawd
| | /
Accmiw flaw i | S Dependability
i i e 5 c
. 5 e (missing feedback)
\"-\\ i i - :
Train entering system Train to enter “‘-\‘v i ‘_.-"" Train leaving system
ol 3 L —_ -
gy = T "_
Controlled entering B1  Train in section
Process
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4. Sample Application
State tree (simplified reachability graph)
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