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1. Problem Description

» Station type » Limitation for stations
« At Int station, if arrive

e Origin earlier than PAT, go

e Int ahead and leave earlier

. Stop than PDT

e Dest Do NOT leave earlier

than PDT at Origin and
Stop station

PAT: planned arrival time
PDT: planned departure time

A station plays different
roles for different trains.
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1. Problem Description

» Railway Network

Station with only main tracks tracks

Station with siding tracks: Gs, Krg, Gz, Hm, Hrt, Ohze

Station with yard tracks: Rsd, Btl, Ehv, Wt, Std, Mt

Station with industrial spur: only one for each station without yard
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1. Problem Description

»Train priority and overtake

Krg
° LOW t t+t’ e
« Standard E

t t+t] "

Standard-priority train

. ow-priority train

Standard-priority trains can overtake Low-priority trains at
stations
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1. Problem Description

»Using of main track, siding, industrial spur and yard

Main track: stop at or pass station
Siding: stop at or pass station

Yard: pick-up/set-off railcars, or be used as temporarily
siding tracks

Industrial spur: pick-up/set-off railcars

5 minutes time penalty for red situations.
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1. Problem Description

»Availability of locomotive, crew and yard

Work Dwell time
Pick-up/set-off railcars yard
Crew change crew
Depart from Origin station yard&loco
Dwell time Value

yard X ~ LogN(0.5, 0.25)

crew X~ LogN(0.1, 1)

loco X ~ LogN(0.25, 0.1)
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1. Problem Description

»Availability of locomotive, crew and yard

Dwell time Value

crew X~ LogN(0.1, 1)

ygcgft > yf!;,::T tCTE'w 9 P{yermt yia;a’fr > tcrew} > ,r]crew

Set v = yg?r:,t yg,?:ltr 9 P{tent'r < 7.)} > 7]crew

—_ T,n

Standardization: <I>( 5”) > prew

Relaxation to deterministic linear constraints: v —p — 6@~ (n&<*) >0
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1. Problem Description

» Parameters and rules of train operating in sections

« Speed: min(train maximum speed, allowed speed of
tracks)

« Section occupation: one train on one track of one
section at any time

Thge Thge
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OUTLINE

« Model Formulation
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2. Model Formulation
» Assumption

* The length of siding tracks, yard tracks and industrial spurs are
sufficient for any of the given train.

* Maximum train length and tonnage can be ignored.

* Switch orientation is appropriately matched to the movement
action of current train.

* Acceleration and deceleration when entering and leaving stations
can be ignored.

* Each station has crossovers, which can guarantee that trains can
run to any parallel tracks connected to the station.

* Sidings and industrial spurs are accessible from any of the main
tracks via the crossovers.

* There is no penalty time to utilize a crossover.
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2. Model Formulation

» Objective function

mmT( T (Ddep’++Ddep’ ) + Z (D?,T;f’Jr"'Dg;f’_))

r€R nEN,Un? neN,Und
7 v
the sum of deviation the sum of deviation
time of departure time time of arrival time at
at each station except each station except
Dest stations Origin stations
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2. Model Formulation

> Deviate time to the scheduled time at the stations

exit

YT = 7 1 DI+ — DD Wr e Rine N, Un.

entr

yemt = 0+ DTt — DT e € Ryn € N, Unf.

The deviation time at each station can be calculated by the
actual time and scheduled time.
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2. Model Formulation

» Section usage and running time constraints

yrntT <Mxrsa VTER,SEST.

yerit = it gy ot Vr € Rys € S,

Tg - Rv
trs
L A 1 )
i Ui
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2. Model Formulation

» Tracks selection and operation time constraints

* Tracks selection in stations

Z Zrpaw =1, Vr € R,n € N,.
weWr,n

Zrmaw =1, Vr€ Ryn€ N n(N"UN),w=w".

Zrpw =1, Vre€R,nc¢ N,,?’"der NN w = wve.

If the train needs to pick-up/set-off railcars, it has to select yard tracks
or industrial spur
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2. Model Formulation

» Tracks selection and operation time constraints

« QOperation time constraints — basic constraint and 5
minutes penalty

yerit > P yr e Ryn € NS*P.

yﬁa;:t > yisr;,fr + Z tdfet,ml.lfer,n’wj Vr € R,n e NT \ (N:rder U N;_:rew)

weWrn
A train can not leave earlier than PDT at Stop stations.
A train must have a 5 minutes penalty time if it uses siding tracks and
industrial spur.
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2. Model Formulation

» Tracks selection and operation time constraints
« Operation time constraints — crew change constraints

exit entr dewll crew crew order
yr,n 2 y’r,n + § : tr,n,wz?",naw + tr,n ’ VT S R? nc Nfr \Nfr :

weWrn
exit entr dewll crew crew order
Yrm = Ypm + E trnw?rnw T g s Vr e R,n € N N Ny .
weEWrmn
crew crew crew crew
P{tnn > Tyn } Z Ny > VT € R,ne N

A train can implement crew change and work order simultaneously in

the yard, which means t¢¢“!,. = 5.

Y 74 X d A K swsmiers:
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2. Model Formulation

» Tracks selection and operation time constraints

« QOperation time constraints — work order constraints

exzt entr dewll order order
Yrm = + E brnawZrw Tty Vre€ R,né& Ny :
weWrn

P{t;z;;ier 2 quﬂ;:?;}der} > nordefr’ Yy c R,n = Nfrder.

The dwell time of yard must be consider if a train needs to pick-up/set-off
railcars
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2. Model Formulation

» Tracks selection and operation time constraints

« QOperation time constraints — locomotive constraints

PLyssit =yt -t} = nloee, W€ Ron=ng,

The dwell time of locomotive need to be considered only at the Origin
station of a train.
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2. Model Formulation

» Train routing constraints

1 n=n?
E xT,S - E $'T',S — _1 n — ng ) \V,T E R.
seSgut seSin, 0 neN,

A train will only choose one route connecting its origin and
destination stations, resulting in a chain of sections.
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2. Model Formulation

» Conflicts of two trains on the sections

M1 —-zps)+ M1 —x,)+ yﬁ”i’" yem1f > —M(1 — pypr ), Vr, " €R,s€S,, 58,

M(l — Ty s) + M(l — Ty, s) + yg?‘;tr - yemt > _MJUfr,r",s: VT, T’ € RaS S S’r‘:S S Sr’

| 1  train rprecedes trainr’
My r! s = {

0 train v’ precedes train I
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2. Model Formulation

» Capacity constraints of the stations with a yard

« Constraints of two trains using the same yard track —
entrance time constraints ., 2., ., =1

yf”:: - y:f:':fr <M1=y mw) + M1 — zppw) + M(1— 20 pw), Vr,r' € Ryme N, N NN Nde

yf?’fr yi;,t;r < MYy nw + M(1 = zppw) + M(1 — zr’,n,w)a Vr.r' € Ryon € N, NN N Nde

For resource w of station 7 :

1 train v’ arrives earlier than 7
’Yfr r'.nw = {

0 train 7 arrives earlier than »’

): /fl ﬁ)\i/ﬁ ? S HER PRE

t Jiaotong Uni ScHOOL OF TRANSPORTATION AND LOGISTICS




2. Model Formulation

» Capacity constraints of the stations with a yard

« Constraints of two trains using the same yard track —
exit time constraints e, et = 1

yf_mﬁ yf”’;fr <M = 0ppmw) + M= 20 0) + M(1— 200 5 0), V7, r" € R,n € N, NN, N Nde

Yt — et < M6y + M(1 = 2rnw) + M(1 = 20 w), V7" € Ryn € Ny NNy NN

For resource w of station n:

1 train r’departs earlier than " arrives
67’ r'naw = {

0 train 7 arrives earlier than 7’ departs
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2. Model Formulation

» Capacity constraints of the stations with a yard
« Constraints of capacity

Z Vot mw Z Orr' mow + Zrmw < €,V € Rym € Ny NN N Nde,w e W,.
r"eR r"eR

vt mw < Zrnw, V7 € Ryn € N, NN w € W,.

Oryr w < Zrt s VT € Ryn € Ny ) Nde:w € Wy,
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2. Model Formulation

» Capacity constraints of the stations without yard

 Constraints of time

y:fg - yaw:zh < M(1 = Krpep) + M(1— Z Zrnw) + M(1— Z Zrnw) Vr,r' € Ryn € (Ne NNy )N (NSi U Nﬁ)
-wEW" \wwn we VV,, \wé n

YT =yt < Mk + M= Y zenw) + MO = D zeaw) Vo' € Rone (NN N,) N (N* U N
weW, \win weW, \win

YLy S MO~ A ¥ M= Yz ¥ M= Y zemw) Ve € Rone Ny Ny 0 (N U N

weW,, \win weW, \win

yﬁ:::r - Uﬁg‘g S J"'f)\r,?"".n + .M(l - Z z?‘,n,w) + ﬂ'd‘(l - Z er’n.‘w)‘ Vr, T, & R, n e NT N NT’ M (NSZ U Nit)

wEW, \win weW, \win
1 train r’ arrives earlier than A\ 1 train ¢’/ departs earlier than 7 arrives
Ry r'n = { rrin = ,
0 train 7 arrives earlier than7’ 0 train r arrives earlier than 7" departs
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2. Model Formulation

» Capacity constraints of the stations without yard
« Constraints of capacity

> brrn= Y At D Zemw < V1 € Rn € NN Ny N(N*UN™).
r"eR r’'eR weW, \win

Yoy S Z B aie € B, me N, (I U V),
weW, \win

Argrtin < Z 2t n,w,VT € Ryn € Ny N (NSi U Nit)'
weEW, \win
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2. Model Formulation

» Capacity constraints of the stations without yard

« Constraints of industrial spur capacity

y:rlé - yr nt = A[(l - 5 'w) + A[(l - Zr,n‘w) + AI(l - ZT",n,’lL’)? V’I’, r’ € R,Tl € NN Nr’vw = win

Yoot — Yot < Mépprmw + M(1 = zpnw) + M(1 = 29 nw), Vr,7’ € R,n € N, N Npyw = w™

I‘TL

1 train 7’ departs earlier than 1 arrives
57’7" n,w {

0 train " arrives earlier than 7’ departs
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2. Model Formulation

» Constraints of overtaking at the stations

« Constraints of overtaking

train 7 overtakes r’at station n: @ 80.= 1

entr enir

yerd =yt < M(1— oy pr ) Vdir, = dir, ¥r,r' € Ryn € Ny 0 Ny

entr

yen" =yt < Mo n Vdiry = diry, ¥Yr,r’ € Ron € N N Ny

Yot — yer it < M(L = Brye ) Vdiry, = dir, Yr,r' € Ryn € Ny (O Ny

exit

Ypi o — yfﬁft < M By s pVdir, = diry., ¥r,r' € Ryn € N. N N,

No overtaking
(TR =+ 5T,T’,n < 17Vdilrr = dirr’vprir < prir'a neN"N NT’ N NSi n Nde

Crtom 4 Brot o < 1Vdiry = dirys Nr,1' € Rycn =1,n e N'ON" N N™.
D .7 & A& AF s
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OUTLINE

« Solution Approach
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3. Solution Approach

» Rolling horizon optimization

Whole sechuling (48 Hours)
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3. Solution Approach

» Dummy sections

Some trains could not arrive at the destination station in the horizon,
which will lead infeasibility of the model.

Add dummy sections from Origin station to Dest station for a train

Vs 20 Vss 39 Mdb 35 Am 21 Lwd 84 Ha 48 Gs 50 Bzl 39 Vlk 21 Krg 66 Kbd 34 Rb 156 Bgn 14 Bgnphm 29 Kraga 94 Rsd

=

Y 74 X d A K swsmiers:
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3. Solution Approach

» Update model
« New decision variable

gdum | 0-1 variable, equals to 1 when train r selects the dummy
section to run to the destination station directly from station n

- New set and new parameter

H, set of all horizons, index by h,h € H
tht the the begin time and end time of horizon h
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3. Solution Approach

» Update model
« Extra constraints of section usage and running time
y,f“;"t <th¢ VYreR,seS. heH

« Update of operation selection and operation time constraints
Z AR < Z Ty, Vr€ R,n€ N,.

wEWr n 8€Sgut

B = Z Trs, Vr€ERnNE Nf”l"" n (N” U N"”'),uY =w'™.

8ESut

By = E Trs, Vr€RmnE N,‘."'d"’" NN w = wYe,
seSout

vt syt N e > s, WP € Ron € NETOU\ N

weWrn weWrn
exil entr dewll crew . CTew order
Yrm = Y + E tom,wirmw + E torn  Zr s Y1 € Bone N7 NN
weWrmn weWrn

YETIt > gentr Z taewll o w + Z torder s w,  Wr € Rym e NoTder,
weWrmn weWrn

PLyEnt =y + 690 (1 — m) } = i, r € Ryn = .

Y 74 X d A K swsmiers:
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3. Solution Approach

» Update model
« Update of the exit time and entrance time transition at the stations

yt = Y wEt Yy yentel, Vre Rone Nouny

sESIn, seSdum
Cexit __ entr entr gdum ., o I _ gdum
Yrm = E Ura +yre Opms Yr€ Ron€ N, Unl, s = ST
sesout

* Update of the train routing constraints

E Tps — E Tyrs + 6:?.1:7” =1, n= "3:‘/’"' € R.
‘esl"

sespyt i
. pon dum __ i X
Trs — Tps + oyt =-1, n=nl,VreR
seSout SESIT, n’€N,Un?2
E Ty — E Tps+0%™ =0, n=N,VreR.
s€S2u! sesin,

« Update of the calculation of station capacity

ST N v = Y Grrnw + Zrnw < En¥r € Ry € Ne NN NN w e W,
en [

h'eH ER
S =S = Y At Y Zemw <ca¥r € Rn€ NN Ng N (N UNY)
h'eH reER r'enl weW, \win
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OUTLINE

« Experiment Result
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4. Experiment Result

> Case 1: 7% nemew  nohde = 90%

« Value of dwell time (minutes)

Dwell time Value (minutes)
t"czrfr;ier 188
i 239
b 115
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4. Experiment Result

> Case 1: 7%, nehe, n2hde = 90%

« Result displayed by Gantt charts
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4. Experiment Result

> Case 1: 7%, nehe, n2hde = 90%

» Result displayed by Gantt charts

.r!; rEa hdzair‘ 1-ria(:h(s N I i i |IIIIIIIIIIIIIIIIIIIIIIz I i

3582
3504 3528 4 8323527 333135 s
sec76 oo He e o
837 3§§§
353 212 836
sec75 4 o Gh a0
82 820
sl o 0310 L 3528 833 845
sec74 330
sec73

Ehv Yard Tracks

Ehv Main Tracks
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4. Experiment Result

> Case 1: 7%, nehe, n2hde = 90%

» Result displayed by Gantt charts — Overtake example

trainNo Color Station AAT ADT

9/8/2017 9/8/2017
03:50:00 07:03:00

9/8/2017  9/8/2017
= WU 03:56:00 03:56:00

835 I Wt

3535

AAT: actual arrival time ADT: actual departure time

Y 74 X d A K swsmiers:

Southwest Jiaotong University SCHOOL OF TRANSPORTATION AND LOGISTICS

N
secl09

\35 5

Wt Industrail Track

Wt Siding Tracks

Wt Main Tracks

secl08;

845

secl07

p— 3350




4. Experiment Result

> Case 1: 7%, nehe, n2hde = 90%

e Solution results

Item

Value(minutes)

objective function
average delay time of each train at its destination station
maximum delay time of each train at its destination station
average delay time of all trains at all stations
maximum delay time of all trains at all stations

Last actual arrival time

104493551
7514
17916
6917
17916
9/20/2017 9:43 AM

Y 74 X & A smstnimiers:
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4. Experiment Result

> Case 1: 7% nemew  nohde = 90%

« Why so long? A kind of single-track railway scheduling
problem, hardly to solve

Mdb Arn Lwd

WEST :—:F—: EAST

Industrial Spur,
not enough capacity

Mdb Arn Lwd

WEST :‘:F_: EAST
Must wait at previous -
‘ | stations for available Industrial Spur
N industrial spur

): /fl ﬁ)\i/ﬁ ? S HER PRE
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4. Experiment Result

> Case 1: nio°,

crew

Mron

, nender = 90%

Why so long? A kind of single-track railway scheduling
problem, hardly to solve

trainNo Direction Station PAT PDT AAT ADT
9/6/2017  9/6/2017  9/8/2017  9/8/2017
2241 E BAN(SPUN  11.42:00  11:44:00  04:13:00  07:26:00
9/6/2017  9/6/2017  9/8/2017  9/8/2017
2232 W Bon(Spun 131400  13:16:00  07:26:00  10:39:00

Values of dwell time are large
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4. Experiment Result

> Case 2: 1o nerew nohder = 50%

« Value of dwell time (minutes)

Dwell time Value (minutes)
t"czrfr;ier 112
b 109
tlocg 81
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4. Experiment Result

> Case 2: 0% nee nehde” = 50%
« Solution results and compare with case 1

ltem Value of casel Value of case2
objective function 104493551 52788091

average delay time of each train at its

destination station 514 3763

maximum gzlset?/ngrt?;nosftzggz train at its 17916 9249

average delay time of all trains at all stations 6917 3395

maximum delay time of all trains at all stations 17916 9249
Last actual arrival time 9/20/2017 9:43 AM  9/14/2017 9:22 AM

Y & K& A K s
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4. Experiment Result

> Conclusion

Delay for each train increases significantly under 90% confidence
level for lognormal distribution of dwell time.

The core issues are the work order and crew change.

A kind of single-track railway scheduling problem results in the tight
utilization of industrial spurs to enlarge the delay

Crew change may occupy the main track for a long time in stations
without siding and yard.

Need to schedule the work order and crew change in reasonable
stations.
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Thanks for your attention!
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