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Bakgrund

Resandet pa jarnvag i Sverige har fordubblats sedan borjan av
1990-talet; aven pa godssidan finns en uppatgaende trend.

Kapacitetsbrister pa flera hall, sarskilt kring storstaderna.

Godstrafik, lokaltag, regionaltag och fjarrtag delar samma
sparresurs.

Jarnvagsnatet ar kansligt aven for sma storningar, som ofta ar
svara att hamta in.

Forseningar fortplantas ofta till andra tag.
Storre forseningar paverkar fordonsomlopp och personalbehov.
Varje forsening fororsakar stora samhallsekonomiska kostnader.

Avregleringen av jarnvagstrafiken ger tydliga intressekonflikter.
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Robusthet

Att “hantera relativt sma stbérningar sa bra som majligt i operativt
lage” (Kroon m.fl., 2008, Gversatt):

- Initiala storningar kan absorberas inom rimliga granser, sa att de inte
leder till férseningar.

- Fa forseningar fortplantas fran ett tag till ett annat.

« Forseningar forsvinner fort, eventuellt genom enklare férandringar i
tagklareringen.

Att mata robusthet

* Punktlighet mater den verkliga robustheten:
« "Andel avgangar som nar sin slutstation med en hogsta tolererad forsening.”

- Otillracklig information for att skapa nya tidtabeller.
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Djupstudie hosten 2011

kKiruna
L ]

« SdOdra stambanan, Malm6—Stockholm.
- Dubbelsparig.
« Godstrafik huvudsakligen Malmd—-Mjo6lby.
- Tva norrgaende tag, nr 500 och nr 530.
« 500: 253 min, endast 2 mellanstopp.
« 530: 269 min, 8 mellanstopp.
- Vardagar i 17 veckor, from 15 aug.

- 78 kontrollpunkter (trafikplatser) langs linjen,
rapportering med minutprecision.

"d* *Stnckhnlm

t'jertélje

« Storningsfri period, inga installda eller

omledda té.g a ;,f Nﬂrrlmnmg .
- Banarbete vid N&ssjo, enkelsparsdrift. G‘“"“”“" Gy
Halmstad ,f" #'/

Ha Eeleholm Map: Trafikverket.
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Foto: SJ AB.
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Rattidighet vid ankomst till slutstation
(Stockholm)

Tag nr 500

20

Tag nr 530

15

10

+ 15 ganger >20 min forsening, i
medeltal 56 min. Dessa avgangar ar
borttagna fran all fortsatt analys.

+ 10 ganger >20 min forsening, i
medeltal 37 min. Dessa avgangar ar
borttagna fran all fortsatt analys.
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Rattidighet langs vagen, tag nr 500
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Streckad linje: Genomsnittlig rattidighet LiU EXPANDING REALITY
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Rattidighet langs vagen, tag nr 530
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Streckad linje: Genomsnittlig rattidighet LiU EXPANDING REALITY
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Avvikelse vid trafikplatserna langs vagen

Tag nr 500 Tag nr 530
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Streckad linje = genomsnittlig rattidighet
Heldragen bl linje = Genomsnittlig absolutavvikelse fran medel, Average Absolute Deviation (AAD)
Heldragen rod linje = Absolut medianavvikelse frdn medianen, Median Absolute Deviation (MAD)

= Standardavvikelse (SD)
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Rattidighet langs vagen

Rattidigheten langs vagen ar typiskt sagtandsformad.

Forseningar uppstar vid stationerna och aterhamtas langs linjen.
Ger upphov till ett sicksackmoénster runt den planerade tidtabellskurvan.

Avvikelserna i rattidighetsmaterialet

uttrycker kvantitativt den operativa precisionen, dvs den verkliga robustheten.
tycks kunna approximeras val med en linjar funktion.

visar att ett tag tappar en dryg minuts precision per timmes gangtid.

For att 6ka precisionen maste rattidiga tag vanta, vilket forlanger restiden.
Idag beraknas tidsavstand till annan trafik utan hansyn till tagens gangtider.

Det ar mer sannolikt att pricka en tidslucka langs linjen ju kortare restiden fram
till denna tidslucka ar.

Att operativt prioritera rattidiga tag innebéar att prioritera kortvaga tag.
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Foto: SJ AB/Stefan Nilsson. .
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Hur kan tidtabellen forbattras?

Studien handlar om enstaka tag.

Alla forandringar i tidtabellen har ocksa paverkan pa annan
trafik.

ldé 1. En samhallsekonomisk kundtidtabell

+  Produktionstidtabellen bibehalls.

« Kundtidtabellen forandras.

* En enkel avvagning mellan kort restid och hog rattidighet.

- Paverkar inte annan trafik.

ldé 2: Storre forandringar (pagaende forskning)
« Produktionstidtabell (och kundtidtabell) férandras.
- Komplex avvagning mellan olika mal.

« Annan trafik paverkas.
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Samhallsekonomisk
kundtidtabell

En enkel illustration som bygger pa att en
minuts vantetid ar vard 1,87 ganger vardet

av en minuts restid.

Tag nr 500

05:51:00
06:01:00
06:06:00
06:36:00
06:38:00
10:01:00

(05:50:40)
06:01:40
(06:06:40)
06:36:20
(06:39:40)
10:09:30

Tag nr 530

09:17:00
09:27:00
09:29:00
09:55:00
09:57:00
10:32:00
10:34:00
11:06:00
11:08:00
11:43:00
11:44:00
11:58:00
12:00:00
12:22:00
12:24:00
13:19:00
13:20:00
13:39:00

LiU EXPANDING REALITY

(09:16:20)
09:27:40
(09:29:40)
09:56:20
(09:58:20)
10:32:40
(10:35:00)
11:06:20
(11:08:20)
11:45:20
(11:46:00)
11:59:40
(12:01:40)
12:24:40
(12:27:00)
13:22:00
(13:23:00)
13:42:00
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Slutsatser

«  Samhallsekonomisk tidtabell = kundtidtabell

Forsta atgard: Satt ankomsttid = avgangstid for mellanstationer, och lagg
till nagra minuter for ankomst till slutstation.

Battre forstaelse for balansen mellan rattidighet och kort restid behovs.

Hur ska man vardesatta tidig ankomst?

« Awvikelsematten skulle kunna anvandas for att berakna minsta
tidsavstand

Absolut medianvarde, absolut medelvarde och standardavvikelse ar tre
goda matt pa robustheten

Vi tappar en dryg minuts precision per timmes gangtid.

Hur kan man lagga om tidtabellen sa att man far en dryg minut extra
tidsavstand per timmes gangtid?
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Timetable robustness

Timetabling
(Strategic Planning)

(Operators and transport
administration)

|

Timetable

pa
1 ~
N
Dispatching \
(Operational Planning) )
(Transport administration) /
1 /
~ -~
Traffic performance Robustness
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Timetable robustness

Timetable

Which characteristics in a
timetable affect the robustness
and how can they be measured?

- ldentify weaknesses in the
timetable before it is actually
used
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www.jarnvag.net © Christian Telle
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Observations of the train traffic at the
Swedish Southern mainline

* There are points in the timetable where an
already delayed train becomes even more
delayed due to short headways and traffic
heterogeneity

« Trains that end up delayed in these points have
trouble to recover from their own delay and will
also delay other trains further on

* We refer to these points in the timetable as
“Critical points”
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A typical critical point
timetable for train 530 (2011)
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Stations

Two types of scenarios in a critical point

Train 1 is prioritized before train 2 Train 2 is prioritized before train 1
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/ / %
; /.
(7)) D .5.:\/ &%’
(- 7{0 <& //
@) e
C = C vans
S ,
0p] /,/'
B B / /,’
A IIl//IIIIIIIIIIIIIIII A III//'IIIIIIIIIIIIIIII
o8 10 20 30 40 50 08 10 20 30 40 50
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Definition of a critical point

A specific location in the time-space graph

« A station where a train enters the network after
another already operating train

» A station where a train overtakes another train

 The two trains run in the same direction after each
other using the same track

The amount of critical points in a timetable can
indicate how robust a timetable is but we also
need to know how robust a single point is
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Robustness In critical points (RCP)

* We introduce Robustness in Critical Points
(RCP), a measure that consists of three parts
that indicate how robust a critical point are:

The available runtime margins for the
operating/overtaking train before the critical point

The available runtime margins for the
entering/overtaken train after the critical point.

The headway margin between the trains in the
critical point
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Stations

The three parts of RCP

»

Runtime margin
for train 1 between \
/

station A and B

/ Runtime margin for

7/ Headway train 2 between station
/ margin between BandC
| 1 1 1/ 1 trainland 2 at N O
A :
08 10 | station B 30 40 50

Tlme LiU EXPANDING REALITY



T FIT

N
-
-

_—

- RN by,

———

-\ﬂ.‘ S od
et ‘_-_-'\__'\- - W .
e ‘~_’"\\-i:-$4.?.‘dg.\r" ot i
Y T A ae R TR :
e 2 *___,.;:31:_*.\ -
>~ .

IR L —

‘tm.“"",un

© Markus Tellerup

www.jarnvag.net

26




Example from the e
Swedish Southern wu

mainline

Malmo — Alvesta

8th of September
2011

05:45-07:15
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Critical points

ID

2 < rR“—-—IGOmTTmMmOUOOwD>

RCP (seconds)

581
171
503
22
433
113
210
61
325
274

724

5:30

5:40

5:50 6:00

6:10

6:20

6:30

6:40

6:50

7:00

710

720

AV-BLD(2 spar)

BLD-VS(2 spar)

VS-ERA(2 spar)

ERA-DIO(Z spar)

DIO-AH(2 spar)

AH-TUN(2 spar)

TUN-01(2 spar}

01-0(2 spar)

0-HV(2 spar)

HV-MUD{2 spar)

MUD-HM2(2 spar}

HM2-HM(2 spar)

HM-MLB(2 spar)

MLB-TO(2 spar)

e
L
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TO-HO(2 spar)

HO-5G{2 spar)

SG-E(2 spar)

E-DAT(2 spar)

DAT-0{2 spar)

0O-STB{2 spar)

STB-THL(2 spar)

f_
n
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THL-LU(2 spar)

W)

LU-FLP(2 spar)}

AT

FLP-HJP{2 spar)

HJP-AKN(2 spar)

AKN-AK(2 spar)

| ]

___/‘_d__—

AK-BLV(2 spar)

BLV-AL(2 spar)

AL-MGB{4 spar)

MGB-M({4 spar)




Critical points

How to increase RCP In
a critical point?
RCP (D) = 22 seconds




Critical points

How to increase RCP In
a critical point?
RCP (D) =22 seconds=30+-8+0

HV-MUDN2 spar)

MUD-HM2(2 spar)

HM2-HM(2 spér)

HM-MLB(2 spar)

MLB-TG(2 spar)

TG-HO(2 spar)

N\

Margin for "Train 17 |

HO-SG(2 spar)

AN

-8 seconds

SG-E(2 spar)

N\

E-DAT(2 spar)

\

DAT-O(2 spar)

\

A

{-5TB{2 spar)

STB-THL(2 spr)

THL-LU{2 spar)

LU-FLP{2 spar)

Headway margin
between "Train 1” and
"Train 2” : 30 seconds
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\
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HJP-AKN(2 spar)

AKN-AK(2 spar)
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0 seconds
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MGB-M{4 spar)




Critical points

How to increase RCP In
a critical point?

1) Increase the headway margin:
RCP (D) =60 seconds=60+0+0

HV-MUDN2 spar)

MUD-HM2(2 spar)

HM2-HM(2 spér)

HM-MLB(2 spar)

MLB-TG(2 spar)

TG-HO(2 spar)

HO-SG(2 spar)

N

Margin for "Train 17 |

0 seconds

SG-E(2 spar)

N\

E-DAT(2 spar)

DAT-O(2 spar)

\
A

{-5TB{2 spar)

STB-THL(2 spr)

THL-LU{2 spar)

LU-FLP{2 spar)

Headway margin /
between "Train 1” and
"Train 2” : 60 seconds
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Critical points

How to increase RCP In
a critical point?

2) Increase the runtime margin for
“Train 17:

RCP (D) =90 seconds =60+ 30+ 0

HV-MUDN2 spar)

MUD-HM2(2 spar)

HM2-HM(2 spér)

HM-MLB(2 spar)

MLB-TG(2 spar)

TG-HO(2 spar)

HO-SG(2 spar)

Margin for "Train 17 |

60 seconds

SG-E(2 spar)

E-DAT(2 spar)

DAT-O(2 spar)

{-5TB{2 spar)

STB-THL(2 spr)

THL-LU{2 spar)

LU-FLP{2 spar)

Headway margin

between "Train 1” and
"Train 2” : 30 seconds
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Critical points

How to increase RCP In a
critical point?

3) Increase the runtime margin for
“Trains 27

RCP (D) =52 seconds = 30 + -8 + 30

HV-MUDN2 spar)

MUD-HM2(2 spar)

HM2-HM(2 spér)

HM-MLB(2 spar)

MLB-TG(2 spar)

TG-HO(2 spar)

HO-SG(2 spar)

SG-E(2 spar)

E-DAT(2 spar)

DAT-O(2 spar)

{-5TB{2 spar)

STB-THL(2 spr)

THL-LU{2 spar)

LU-FLP{2 spar)

FLP-HJP(2 spér)

HJP-AKN(2 spar)

AKN-AK(2 spar)

AK-BLV(2 spar)

BLV-AL{2 spar)

AL-MGB(4 spar)

MGB-M{4 spar)

N\

AN

Margin for "Train 17 |
-8 seconds

N\

\

\

A

Headway margin

between "Train 1” and
"Train 2” : 30 seconds

|

\

\
B
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J

(A

YA

Margin for "Train 2”:
30 seconds
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Critical points

« How to increase RCP in
a critical point?

1) Increase the headway margin

2) Increase the runtime margin for
“Train 17

3) Increase the runtime margin for
“Trains 2”

RCP (D) = 120 seconds =60 + 30 + 30

HV-MUDN2 spar)

MUD-HM2(2 spar)

HM2-HM(2 spér)

HM-MLB(2 spar)

MLB-TG(2 spar)

TG-HO(2 spar)

HO-SG(2 spar)

SG-E(2 spar)

A
AN
N\

V.

Margin for "Train 1”:
\ 30 seconds

A\

E-DAT(2 spar)

N\

DAT-O(2 spar)

\

{-5TB{2 spar)

STB-THL(2 spr)

THL-LU{2 spar)

LU-FLP{2 spar)

/
\
Headway margin

between "Train 1” and

D

"Train 2” : 60 seconds

/
%

FLP-HJP(2 spér)

/\ I I/

HJP-AKN(2 spar)

/ 30 seconds

AKN-AK(2 spar)

Margin for "Train 2”:

J

A\,
A

|

AK-BLV(2 spar)

/

BLV-AL{2 spar)

{ NN
B

|

AL-MGB(4 spar)

N /

/
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MGB-M{4 spar)
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Slutsatser

Snabbtagen har manga kritiska punkter under
resans gang dar de latt kan raka ut for storningar
och merforseningar

Tidigare robusthetsmatt ar bra for att jamfora
olika tidtabellers robusthet men de sager inte
exakt var och hur robustheten borde 6kas

Kritiska punkter ger oss en specifik plats, tid och
specifika tag dar tidtabellen ar stérningskanslig

RCP ar ett matt som indikerar var man borde
placera ut mer marginaler for att uppna hogre
robusthet
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Linkopings universitet

expanding reality
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http://www.trafikverket.se/
http://www.vinnova.se/sv/

