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ABSTRACT

Single track railway transportation is the railway where trains traveling in both
directions share the same track. Stations locating and train scheduling in a single track rail
network are very important for controlling a train moving , to avoid train collision. But the
number of the stations and location are the components that cause the cycle time to
increase or decrease. Thus, station locating software for Single-Track freight train railway is
used to detect the train collision, calculate the cycle time of each train and display a graph
of train diagram. This software not only can compute an acceptable cycle time but also is
quicker than the original way. Therefor, this project aims to develop a software for
station locating using Matlab, and use it to find the optimal cycle time, number of trains
and station locations. One example of case studies was carried out and showed that, the
cycle time was decreased from 33 hr., original value , to 32 hr. and 32 minutes. The
reduction time is 28 minutes or 1.41 percent. This value is minimal cycle time and the

minimum number of stations is 4.
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+8 [ process train0l.m  * | waiting P.m | firstthreepoint train04m | firstthreepoint train03.m  * | firstthree
p B clc;cleari;ﬂw o -
2= global loading time unloading time waiting time passing velocity
3= loading time = 0;
4 — unloading time = 0;
5 - waiting time passing = 0;
66— velocity = 0;
qhe= global wunloading P station0l station0l station03 station04 loading P
8 — unloading P = 0;
9 — station(1l = 0;
10— station0Z = 0;
13 = station03 = 0;
12— station04 = 0;
X3 = loading_P = 500;
14 - global %1 w1 x2 ¥2 %3 ¢3 x4 y4 x5 ¥5
15 x1 = 0; x2 = 0; x3 = 0; 24 = 0; x5 = 0;
16 - yl =0; y2 =0; y3 = 0; y4d = 0; y5 = 0;
17 g—————— Initialize -—-—————-
18 - firstthreepoint train01();
19 = firstthreepoint train0Z():
20 - firstthreepoint_train03();
21 = firstthreepoint train04();
29 = firstthreepoint_train05();
23 F———————- Processing ------
24 - process_train01()
25 = process_train02()
26 — process_train03()
27 = process_train04 ()
28 - process_train05()
29 — fprintf ('Cycle Time Trainl = %g hr\n',xzl(end-2)-x1(1));
30 - fprintf('Cycle Time TrainZ = %g hr\n',xZ2(end-2)-x2(1));
31= fprintf('Cycle Time Train3 = %g hr\n', %3 (end-2)-x3(1));
2= fprintf('Cycle Time Train4 = %g hr\n',x4(end-2)-x4(1));
33— fprintf('Cycle Time Train5 = %g hr\n',x5(end-2)-x5(1)):
34 B Plotting ------
35— plotting()

| & 1 . o (%] o a/ o |
1A 1 wthaadlnd Cycletime.m Jawanstsiudsiagardunisvitnuvesilaidudug
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"ﬁ | firstthreepoint_train01.m l CycleTime.m * | displacementm ."-1| firstthreepoint_train02m > | firstthreey
1 I function [] = firstthreepoint train01l()

3 = global x1 yl loading_ P unloading P velocity unloading time

4

S - xi = ftime(loading_ P,unloading P};

€ — yi = displacement (loading P,-velocity,xi);

7= #1 = [0,xi]);

8- | yl = [loading P,yil;

9 = xl = [x1,x1(Z) + unloading time]:

10 - yl = [yl,yil;

11

12- lend

13

A L4 ! % .
NN 2 MUIRN firsthreepoint train01.m
wanensilsulanvasieiduntsvisusvessatisuluvesvuiui 1

+6 [ CycleTimem | displacementm | firstthreepoint_train01l.m | firstthreepoint_train02.m | firstthreeg
i function [] = firstthreepoint_train0Z()

3= global xZ yZ loading P unloading P velocity unloading time loading time
4

5= xi = ftime(loading P,unloading P);

6 — | yi = displacement (loading P,-velocity,xi);

7— | X = [loading_time,xi+loading time];

8 - y2 = [loading_P,yil):

9 — X2 = [xI,x2(Z)+unloading time];
10— |y = [yZ,yil:
11
12 = -end
13

- v = .
NN 3 BUIRN firsthreepoint_train02.m
wamINST B UlARYEINaATUN Tk LITBs Tt LU BIUUIUT 2
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+6 | firstthreepoint_train03.m > | firstthreepoint_train04m | firstthreepoint_train0S.m  » | ftimem | InterC
1 E"!|fun<:tion [] = firstthreepoint_train03() o
i global x3 y3 loading P unloading P velocity unloading time loading time
4 |
5= xi = ftime(loading P,unloading P);
6 — yi = displacement (loading P,-velocity,xi);
7 - X3 = [Z*loading_time,xi+2*loading time];
8- | y3 = [loading P,yi]:
9 - X3 = [23,x3(Z)+unloading time];
10 - y3 = [y3,yil;
1
12 = end
NN 4 NN firsthreepoint_train03.m
wanamndeulAnvesilaridunsmmumiswessadisuluveswuiud 3
*§ | firstthreepoint_train03.m | firstthreepoint_train04m | firstthreepoint_train05.m | ftimem = | InterC
1 Il function [] = firstthreepoint train04()
3= E global x4 y4 loading P unloading P velocity unloading time loading time
. |
5—- | xi = ftime(loading_ P,unloading P);
6 — | yi = displacement (loading F,-velocity,xi);
7= } x4 = [3*loading_time,xi+3*loading time];
gi= | y4 = [loading P,yil;
- : x4 = [x4,x4(Z)+unloading time];
6= | yé= [yd,yil;
11 !
12— 'end

AN 5 WU firsthreepoint_train04.m
= v ) o 1 | -
uﬂﬂﬂﬂﬂﬁwmnﬂﬂmma&ﬁﬁﬂﬂﬂﬂﬂiﬂ1mﬁquQﬁadSﬂﬂﬂﬂmﬂlﬂﬂaaﬁUQHW 4
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| firstthreepoint_train03.m | firstthreepoint_train04.m | firstthreepoint_train05.m | fimem | InterC

[
DLDm--IO’\U'I»bLu[JI—";

=
=

3

Ifunction [] = firstthreepoint_ train05()

global x5 y5 loading_P unloading P velocity unloading time loading time

»
[
|

= ftime (loading P,unloading P):
yi = displacement (loading P,-velocity,xi);

x5 = [4*loading time,xi+4*loading time];
| ¥5 = [loading P,yi];
| x5 = [x5,%5(2)+unloading_time];
| ¥5 = [y5,yil:

end

| v
NN 6 NUIANA firsthreepoint_train05.m
waRINIsBUlARYeIHeanTUNITIIAL USR5 lUVDIYUIUT 5



+,,5 | firstthreepoint_train03.m | firstthreepoint_train04.m f_firstmreepoint_trainOS.m X Lftime.m X "_ InterDisp_vZ.m
X function [] = process_train0l()
3= global x1 yl xZ y2 %3 y3 x4 y4 x5 y5 loading P loading time waiting time passing
4 = X = xl;
5 - Y = yl:
6 = Waiting_Point = 0;
v for train N = [2 3 4 5] % edit
gz switch train N
9 — case {1,2,3,4,5}
10 - timeoffset = (train N-1) *lcading time;
11 - case -1
12= timeoffset = xl(end-2);
Ig= case -2
14 - timeoffset = x2(end-2):
15— case -3
16 — timeoffset = x3(end-2);
TF= case -4
1g— timeoffset = x4 (end-I):
19= end
20
21+~ Intersection D = InterDisp_vZ(Waiting_Point,timeoffset,X(end));:
g Waiting Point = waiting P(Intersection D);
23
24 — if Waiting Point == || Waiting Point == 500
25 = wtp = 0;
26 — else
27— wtp = waiting time passing;
28 = end
29 = if Waiting Point ~= Y(end)
30 - timetostation = ftime(Waiting Point, Y (end)):
31— X = [X, X(end)+ timetostation];
32 - Y = [Y, Waiting_Point];
33:= end
34 = tt = ftime(Waiting_Point, loading P);
38 = X = [X, timeoffset + tt + wtpl;
36—~ Y = [Y¥, Waiting_Point];
37
38 - if Waiting Point == lcading P
39 - X = [X, X(end)+ loading time]; % edit
40 - Y = [Y¥, loading PJ);
41 - break;
42 =~ end
43
44 — end
45 — if Waiting Point ~= loading P
46 — timetostation = ftime(loading P,¥(end));
47 - X = [X, X(end)+ timetostation]:;
48 — Y = [Y¥, loading_Pl;
49 — X = [X,X(end)+loading time];
50 - Y = [¥, loading P];
51 - end
52
23 = X = [X,X(end)+x1(Z2:3)1;
54 - Y = [¥, y1(Z2:3)}];
55
56 — xl = X;
57 = vyl =Y¥;

= v .
AN 7 UM process train01l.m
WEAINTSL T EULARYIHENTUN1TUF LU UATBITOTVINSUVBIVUIUN 1
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*'5 f firstthreepoint_train03.m l firstthreepoint_train04.m | firstthreepoint_train05.m ¢ | ftime.m l InterDisp_v2m =

1 [[lfunction [] = process_train0Z()

3— |global x1 yl xZ y- x3 ¥3 x4 y4 x5 y5 loading P loading_time waiting_time_passing
4 - i X = xZ;

5= i Y = yZ;

6 — | Waiting Point = 0;

7- [Ifor train N = [3 4 5 -1] % edit

8 - ! switch train N

g - | case {1,2,3,4,5}

10- | timeoffset = (train N-1)*loading time;
11 = case -1

12 =~ timeoffset = xl(end-2);

18 = case -2

14 - timeoffset = xZ(end-2):;

15 - case -3

16 - timeoffset = x3(end-2);

17— case -4

i8 — timeoffset = x4 (end-2);

19.= end

20

21-= Intersection D = InterDisp vZ(Waiting Point, timeoffset,X(end)):
2= Waiting_Point = waiting P(Intersection_D);
23

24 — | if Waiting Point == || Waiting Point == 500
25 — wtp = 0;

26 = else

27 - : wtp = waiting time passing;

28— end

29 - | if Waiting Point ~= Y(end)

30- | timetostation = ftime(Waiting Point,¥Y(end));
31 - X = [X, X(end)+ timetostation]:

3= Y = [Y, Waiting Point];

33— end

34— | tt = ftime(Waiting Point, loading_P):

35—~ | X = [X, timeoffset + tt+ wtp];

36— | Y = [Y, Waiting Point];

37 |

38 - if Waiting Point == loading P

39— | X = [X, xl(end-2)+ loading time]; % edit
40 - | Y = [¥, loading_P]:

a1 - | break;

42 - | end

43

44 — end
45 — | if Waiting Point ~= loading P

46 — ; timetostation = ftime(loading P,Y(end)):

47 — X = [X, X(end)+ timetostation]:

48 — Y = [Y, loading P]:

B9 X = [X,X(end)+loading time];
so- Y = [¥, loading P]:

51~ | end

52 |

53 = X = [X,X(end)+x1(2:3)]:

54 — Y = [Y: ¥1(2:3) 1z

55 _
56 - | x2 =X:
57— Llyz =vy;

AINH 8 WA process_train02.m
al v ¢ o o 1 | Y o
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\ firstthreepoint_train03.m ?l firstthreepoint_train04.m % | firstthreepoint_train05.m  * | ftime.m "[Inm:DBnwa

[ T e T e e o o
H O w o o0 e W)=

b
3

s B B B B s b B B B W W W W W W W W W W I Y Y 1L
O WO WY oIaWNd WE O WO nWm s WE O WY oD s WL

-
L e I I O I R ‘;|

~ function [] = process_train03()

global x
X = x3;

;Y = y3;

Waiting

1yl x2 y2 x3 y3 x4 y4 X5 ¥5

Point = 0;

[[/for train N = [4 5 -1 -Z] % edit

swit

end

Intersection D = InterDisp vZ(Waiting Point,timeoffset,X(end));

Waiting_ Point = waiting_ P(Intersection D):

if Waiting Point == 0 || Waiting_ Point == 500
wtp = 0;

else
wtp = waiting_time passing;

end

if Waiting Point ~= Y(end)
timetostation = ftime(Waiting Point,¥(end)):
X = [X, X(end)+ timetostation];
Y = [Y, Waiting Point];

end

tt = ftime (Waiting Point, loading P);

X = [X, timeoffset + tt + wtpl; -

ch train N

case {1,2,3,4,5
timeoffset

case -1
timeoffset

case -Z
timeoffset

case =3
timeoffset

case -4

timeoffset

}

(train_N-1)*loading_time;

x1(end-2);

®Z (end-2);

x3(end-2);

x4 (end-2);

Y = [¥, Waiting Point];

if Waiting Point ==
X = [X, zxZ(end-Z)+ loading time]; %
Y = [¥, loading P];

end

end

if Waiti
time
X =

1]

p'd
X
X

break;

oading P

ng_Point ~= loading P

tostation = ftime(loading P, Y(end));
[X, X(end)+ timetostation];

[¥, loading P]:

[X,X(end)+loading time]:

[¥, loading Pl;

X = [¥,X(end)+x1(2:3)];

'Y = [Y,
®3 = X;
y3 = Y;

y1(2:3)]:

o v .
NN 9 BUIRNN process_train03.m
LEARINSBUTAAUBIHINTUNITVNALALITBITATIVINAUVBIVUIUN 3
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*vs ! firstthreepoint_train03.m T'IW\ firstthreepoint_train04.m } firstthreepoint_train05.m % ftil_‘[lf.ffn_ Llntﬂpﬁm ]
1 [ function [] = process_train04()

D : global x1 yl x2 y2 x3 y3 x4 y4 X5 y5 loading P loading time waiting time passing
3— | X = z4;

4 — I Y = y4;

5 — | Waiting Point = 0:

6— [for train N = [5 -1 -2 -3] % edit

7= | switch train N

g - case {1,2,3,4,5} '
9 — timeoffset = (train_N-1)*loading time;
10 - case -1

14, timeoffset = xl(end-2);

12 - case -2

13 - timeoffset = xZ(end-2);

14 — case -3

15 - timeoffset = x3(end-I2);

1e~ case -4

17 — timeoffset = x4 (end-2);

18 — end

19

20 ~ Intersection D = InterDisp vI(Waiting Point,timeoffset,X(end)):
21 = Waiting Point = waiting P(Intersection_D);

22 = if Waiting Point == 0 || Waiting Point == 500
23 = wtp = 0;

24 ~ else

25 = wtp = waiting time passing;

26 = end

27 = if Waiting Point ~= Y(end)

28 - timetostation = ftime(Waiting Point,¥(end));
29 — X = [X, X(end)+ timetostation];

30 - Y = (Y, Waiting Point];

31 = end

32 - tt = ftime(Waiting Point,loading P);

33 - X = [X, timeoffset + tt + wtp]l;

34 — Y = [¥, Waiting Point];

35

36 — if Waiting Point == loading P

37 — X = [X, =3(end-2)+ loading time]; % edit
38 = Y = [Y, lcading P);
38 -~ break;
40 - end

41

42z - | end

43 - | if Waiting Point ~= loading P

44 - | timetostation = ftime(loading P,Y(end)):

45 — X = [X, X(end)+ timetostation];

46 — Y = [Y, loading P]:

47 = X = [X,X(end)+loading_time];

48 — Y = [Y, loading P];

49 - | end

50

B e X = [X,X(end)+x1(2:3)];

52 - Y = [¥; y1¢2:3)1;
53
54 — x4 = X;
55— ly4 = Y;

P v .
AN 10 U9 process_train04.m
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*,5)[ firstthreepoint_train04.m "?h‘irstthreepoint‘trainos.m b l_ftime.m ] InterDisp_v2m ¥ | InterTimem | plotting.m 7“|
1 [-Jfunction [] = process_train05()
2 = global x1 yl xZ y2 x3 y3 x4 y4 x5 y5 loading P loading time waiting_ time_passing
g = X = x57
4 - Y = y5;
5 - | Waiting_Point = 0;
6 — [lfor train N = [-1 -2 -3 -4] %
7- | switch train N
I case {1,2,3,4,5)
8- | timeoffset = (train N-1)*loading time;
10 = . case -1
11 — timeoffset = xl(end-2);
12 = case -2
13 - timeoffset = xzZ(end-I);
14 — case -3
15 == timeoffset = x3({end-2);
16 = case -4
17 = timeoffset = x4 (end-2);
19 = | end
19 i
20 ~ ‘ Intersection D = InterDisp vZ(Waiting Point,timeoffset,X(end)):
21— Waiting_Point = waiting_ P(Intersection D);
23 - if Waiting Point == 0 || Waiting Point == 500
24 - wtp = 0;
25 = else
26 ~ wtp = waiting time passing;
27 — end
zg = if Waiting Point ~= Y(end)
29— timetostation = ftime(Waiting Point,Y(end));
30— X = [X, X(end)+ timetostation];
31 - Y = [Y¥, Waiting Point]:
32— end
5 tt = ftime(Waiting_Point, loading_P);
34 - X = [X, timeoffset + tt + wtp];
35— | Y = [¥, Waiting_Point];
36 [
F7= if Waiting Point == loading P
38 — X = [X, x4(end-2)+ loading time]; % edit
39 - Y = [¥, loading P]:
40 - | break;
41— | end
a2
43- | end
44 - if Waiting_ Point ~= loading_P
45 — timetostation = ftime(lcading P,Y(end)):
46 — X = [X, X(end)+ timetostation];
47 - Y = [Y¥, loading P];
48— | X = [X,X(end)+loading_time];
49 — I Y = [Y, loading P]:
50 - | end
51
52— X = [X,X(end)+x1(2:3)];
53 — ¥= [¥, y1(2:3)]:
54
55~ | %5 =X;
s6— lys =1y;

P ' "
AN 11 NN process_train05.m
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. | ftimem | displacementm * | InterDispv2m | InterTime.m 3 | il o
1 - function [ ti ] = ftime( end_P,start_P)
2= global velocity
3= if end P - start P > 0
4 - d=1;
5—- | else
6— d = -1;
7- | end
8- | ti= (end P - start_P)/(d*velocity);
R end
10
11
< v X
AN 12 KU ftime.m
wansn1silsulanvasihidumsseziiainadusaanyasuauluangaving
| displacementm iﬁ@?ﬁ@,,,:,,!. InterDispv2m ¥ | InterTimem * | + \ )
1 function [ S ] = displacement( So,V,t)
R 5 = So + V*t;
3= end
4
a (7| ;
AN 13 ¥R displacement.m
=l 1% ) - P =l P )
LLﬁﬂﬂﬂ']‘iL’UEJMIﬂﬂ‘UEN“NQﬂ‘ﬁuﬂ'ﬁ%?JSWNVHBLFIEBUVHT]HQQL'iﬂ-JﬁuI‘lJENUﬁ']FJVHJ
| InterDisp_v2.m | displacementm _‘_'___?_ftime.m | InterTimem % | 4 | -
1 function [S] = InterDisp v2( station P, timeoffset,ti)
3 - global loading_ P velocity
4
5 — $ = ((loading_P + station P) + velocity*(timeoffset-ti))/Z;
6
= end
8

o ' ,
AW 14 RN InterDisp_v2.m
= o Y Y ala 9
LLﬁmﬂ’]‘SL‘UEJUIF\@‘UENWQﬁ‘U‘Lt‘MW‘-i]ﬁﬁlﬂﬂ@ﬂiﬂlﬂﬁ@ﬂU’JUVl’Nﬁ?U“f}’Nﬂu
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[ InterTime.m ] InterDisp_v2m ¢ | displacementm !_ ftime.m \A+ |
1 [: function (t] = InterTime( station P,N,ti)
2—- | global loading P velocity loading time
3 - t = ((loading P - station P) + velocity*((N-1)*loading time+ti))/(Z*velocity):
4 — end
5
o v "
AN 15 “UIR8 InterTime.m
= v fe') :i' q' o d!l A U e
LLﬂﬂx‘iﬂ’TﬁL‘UEluzﬂﬂ‘U’r]dﬁdﬂ‘ﬁ‘u‘lﬂL')ﬂ'm'iﬂ?1El\‘J‘LI‘U’]‘HVIENUV]Nﬂ‘umﬂﬂu‘ﬂm’]ﬁﬂﬂu
*8 | waiting Pm | process_train0lm | firstthreepoint_train04.m firstthreepoint_train03.m | firstthre
1 function [ Pi ] = waiting P( s )
2 global loading P unloading P station0l station0Z station03 station(4
3.~ if s <= loading P && s >= unloading P
4 - if s == loading P
5i— Pi = loading P;
€ - elseif s »>= station(4
7= Pi = station04;
8 - elseif s >= station03
L Pi = station03;
10 ~ elseif s »>= station0Z
13 = Pi = stationDl;
12 = elseif s >= station0l
13 = Pi = station01;
14 — else
15— Pi = unloading F;
16 — end
17= else
18 = Pi = loading P;
19 — end
20 = end
P v i
DWW 16 U waiting_P.m
= 1% co A 4 Al
wanan1slisulanvesendulsululunisidonani
plotting.m CycleTime m deplacement.m fixtthveepoint_traindlm tintthveepoint_trand2 m fintthreepoint_tranDim fintthreepcsnt traun(d m firstiheeepoint braindsm | tumem GULTranm wierDapm
g s
global '] "
T range {end
5} =
Sd =
T_rang ange T_range. k:*,T_range,$3, “w:',T_range, 34, k:',T_range, 8%, "u:’, wadnt, 1.5

Adl 17 wiheha plotting.m
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