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A Reinforcement Learning System for Generating
Train Marshaling Plan of Freight Cars Based on
the Processing Time Considering Group Layout

Yoichi Hirashima

Abstract—This paper proposes a new marshaling method for general, the rearrangement process is conducted in a freight
assembling an outgoing train considering the layout of incoming yard that consists of a main-track and several sub-tracks.

freight cars. In the proposed method, each set of freight cars praignt cars are initially placed on sub-tracks, rearranged
that have the same destination make a group, and the desirable d lined into th in track. Thi . f, tion i ’
group layout constitutgs thg best outgoing train. The incom_ing ana lined Into . € main track. IS Seres or operaton IS
freight cars are classified into several “sub-tracks” searching Called marshaling, and several methods to solve the mar-

better assignment in order to reduce the total processing time. shaling problem have been proposed [1], [2]. Also, many
Classifications and marshaling plans based on the processingsimilar problems are treated by mathematical programming
time are obtained by a reinforcement learning system. In order and genetic algorithm[3], [4], [5], [6], and some analyses are

to evaluate the processing time, the total transfer distance of a ducted f tati | lexiti 61 171, H
locomotive and the total movement counts of freight cars are conducted for computational complexities [6], [7]. However,

simultaneously considered. Moreover, by grouping of freight these methods do not consider the processing time for
cars, candidates of classification of incoming train and the each transfer movement of freight car that is moved by a
desired arrangement of the outgoing train is extended. This |gocomotive.
feature is considered in the leaming algorithm, so that the | this paper a new method for generating marshaling plan
total processing time is reduced. Then, the classification of - . L
incoming cars, the order of movements of freight cars, the of frglght c.ars In a}tram is proposed. Ir.1.the pmposed method,
position for each removed car, the layout of groups in a train, the incoming freight cars are classified into several sub-
the arrangement of cars in a group and the number of cars to be tracks searching better assignment in order to reduce the total
moved are simultaneously optimized to achieve minimization of processing time. Then, classifications and marshaling plans
the total processing time for obtaining the desired arrangement  pa5a4 on the processing time are obtained by a reinforcement
of frelgh_t cars fpr an outgoing train. Initially, freight cars are | . A f a freiah . fa
located in a freight yard by the random layout, and they are earning system.. movement_o a freight car consists o
moved and lined into a main track in a certain desired order €lements: 1. moving a locomotive to the car to be transferred,
in order to assemble an outgoing train. Learning algorithm in 2. coupling cars with the locomotive, 3. transferring cars to
the proposed method is based on the Q-Learning, and, after their new position by the locomotive, and 4. decoupling the
adequate autonomous learning, the optimum marshaling plan ¢as from the locomotive. The processing times for elements
can be obtained by selecting a series of movements of freight . ,
cars each of which has the best evaluation. 1. and 3. are determined by the transfer distance of the
locomotive, the weight of the train, and the performance of
the locomotive. The total processing time for elements 1. and
3. is determined by the number of movements of freight cars.
Thus, the transfer distance of the locomotive and the number
[. INTRODUCTION of movements of freight cars are simultaneously considered,
RAIN marshaling operation at freight yard is requireénd used to evaluate and minimize the processing time of
to joint several rail transports, or different modes ofmarshaling for obtaining the desired layout of freight cars for
transportation including rail. Transporting goods are carrigadh outgoing train. The total processing time of marshaling is
in containers, each of which is loaded on a freight car. ponsidered by using a weighted cost of a transfer distance of
freight train is consists of several freight cars, and each dhe locomotive and the number of movements of freight cars.
has its own destination. Thus, the train driven by a locdhen, the order of movements of freight cars, the position for
motive travels several destinations decoupling correspondig@ch removed car, the arrangement of cars in a train and the
freight cars at each freight station. In addition, since freigilmumber of cars to be moved are simultaneously optimized
trains can transport goods only between railway statiorts, achieve minimization of the total processing time. The
modal shifts are required for area that has no railway. briginal desired arrangement of freight cars in the main track
intermodal transports including rail, containers carried ints derived based on the destination of freight cars. In the
the station are loaded on freight cars and located at the freighoposed method, by grouping freight cars that have the
yard in the arriving order. The initial layout of freight carssame destination, several desirable positions for each freight
in the yard is determined by considering both arrangemeg#r in a group are generated from the original one, and the
of incoming train and the arriving order of the containersptimal group-layout that can achieve the smallest processing
For efficient shift in assembling outgoing train, freight carme of marshaling is obtained by autonomous learning.
must be rearranged before coupling to the freight train. imultaneously, the desirable classification of incoming cars

. . _ as well as, the optimal sequence of car-movements, the
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the feature is considered in the learning algorithm, so ttat,

each arrangement on sub-track, the corresponding evaluation [— =
value reflects the smallest processing time of marshaling ] — = LUE
to achieve the best layout on the main track. The learning | ”___"‘1 o
algorithm is derived based on the Q-Learning [8], which is — — — — &
known as one of the well established realization algorithm ] [f] S | =
of the reinforcement learning. — [e EIRE E E
In the learning algorithm, the state is defined by using a —[d g sl /= =
layout of freight cars, the car to be moved, the number of  — ¢ — =
cars to be moved, and the destination of the removed car. | —| [b] = |
An evaluation value called Q-value is assigned to each state, |—] [a “: — —
and the evaluation value is calculated by several update rules _r = QM |
m

=
=

based on the Q-Learning algorithm. In the learning process, [2] (381 [4] [5]
a Q-value in a certain update rule is referred from another (a) Classification stage

update rule, in accordance with the state transition. Then, the
Q-value is discounted according to the transfer distance of the

locomotive. Consequently, Q-values at each state represent —| 7
the total processing time of marshaling to achieve the best [ | L
layout from the state. Moreover, in the proposed method, — — — —5
only referred Q-values are store_d by using table Ioo_k-up —If ? — — A
technique, and the table is dynamically constructed by binary [ [e = 5| | — :}[e]
tree in order to obtain the best solution with feasible memory = = & = ==
space. In order to show effectiveness of the proposed method, [1& [d ol e ]
computer simulations are conducted for several methods. 3j [c sH — E}[C]
g o ) g} &) {5 (&) — )bl
Il. PROBLEM DESCRIPTION gj & d 5} 15 Hel
[2] 3] [4] [5]

_|
3

=
&

A freight yard is assumed to have 1 main track and (b) Rearrangement stage
sub-tracks. Defing as the number of freight cars carried in
and placed on the sub-tracks. Then, they are moved to ffi@ 1. Freight yard
main track by the desirable order based on their destination.
In the yard, a locomotive moves freight cars from sub-
track to sub-trapk or from sub-track to main trac_k. Theack is 0. Fig.2 shows an example of position index for
movement of freight cars from sub-track to sub-track is called _ 30,m = n = 6 and the layout of cars for fig.1-(b)
removal, and the car-movement from sub-track to main track

is caII(_ad rearrangement. For simplicity, the maximgm number M EAFEAEIED S TcalCo

of freight cars that each sub-track can have is assumed [e][ a5 |26 [ 27 | 28 [ 29 | 30 Cs [C11|Coa

to be n, the ith car is recognized by an unique symbol Ed]] 19]20[21]22]23|2 g4 %190 823 ((3:16

7 — H H H H Cll 13 [14 15|16 |17 [ 18 3 22|15
ci(i=1,---,k). Fig.1 shows the (_)utllne of freight yard in S o TRETRED YR CTI ST

the caseék = 30, m = n = 6. In the figure, track | denotes R T T213 256 C1i [ Cr [Cas[C13[Ci7[Cig]
the main track, and other tracks [1], [2], [3], [4], [5], [6] are [ 121 381 [ [5 [6] ] 121 [3] [4 [5] [6]
sub-tracks. The main track is linked with sub-tracks by a joint Position index Yard layout

track, which is used for moving cars between sub-tracks, QL. 2.
for moving them from a sub-track to the main track. Fig.1-

(a) depicts an example of classification and Fig.1-(b) is an
example of rearrangement. In Fig.1-(a), after carthcough In Fig.2, the position “[a][1]” that is located at row “[a]”
c12 and ¢ through 64 are classified into sub-tracks [1] [2]in the sub-track “[1]” has the position number 1, and the
[3], c19 is placed on the sub-track [6]. Thengdhrough g, position “[f][6]" has the position number 36. For unified
carried by trucks are placed on sub-track [6] by the arrivingpresentation of layout of cars in sub-tracks, the first car is
order. In Fig.1-(b), freight cars are moved from sub-trackplaced at the row “[a]” in every track, and a newly placed car
and lined in the main track by the descending order, that is,coupled with the adjacent freight car. In the figure, in order
rearrangement starts withcand finishes with ¢ When the to rearrange £, cars 64, C3,C22,Co1 and ¢o have to be
locomotive L moves a certain car, other cars locating betwessrmoved to other sub-tracks. Then, sikc&€ n-m — (n—1)

the locomotive and the car to be moved must be removedisosatisfied, g can be moved even when all the other cars
other sub-tracks. This operation is called removal. Then,afe placed in sub-tracks.

Example of position index and yard state

k<n-m—(n—1) is satisfied for keeping adequate space In the freight yard, define;(1 < z; <n-m,i =1,--- k)
to conduct removal process, every car can be rearrangeda$othe position number of the cay, @ands = [z1, -+ , 7]
the main track. as the state vector of the sub-tracks. For example, in

In each sub-track, positions of cars are definedibpws. Fig.2, the state is represented by= [1,7,13,19, 25,31,
Every position has unique position number represented Byg, 14, 20, 26, 32, 4,10, 16,22, 5,11, 6, 33,9, 15, 21, 27, 3, 0,
m - n integers, and the position number for cars at the main0,0,0]. A trial of the rearrange process starts with the
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initial layout, rearranging freight cars according to thextended layout of groups at the destination of group
desirable layout in the main track, and finishs when all thi&e figure, stegd) shows the layout of the incoming train. In

cars are rearranged to the main track. case (a), cars in groymre separated at the main track, and
moved to a sub-track by the locamotive L at s@pIn cases
Ill. DESIRED LAYOUT IN THE MAIN TRACK (b).(c), cars in groupare carried in a sub-track, and grqup

is separated at the sub-track. In the cases, graam be
8cated without any removal actions for cars in each group.
hus, these layouts of groups are regarded as candidate for
sired one in the learning process of the proposed method.

In the main track, freight cars that have the same desti
tion are placed at the neighboring positions. In this ca
removal operations of these cars are not required at t
destination regardless of layouts of these cars. In order to
consider this feature in the desired layout in the main track,
a group is organized by cars that have the same destination,
and these cars can be placed at any positions in the group/Vhen there exists a rearranging car that has no car to
Then, for each destination, make a corresponding group, diremoved on it, its rearrangement precedes any removals.
the order of groups lined in the main track is predeterminéd the case that several cars can be rearranged without a
by destinations. This feature yields several desirable layotiggnoval, rearrangements are repeated until all the candidates
in the main track. for rearrangement requires at least one removal. If several

Fig.3 depicts examples of desirable layouts of cars ag@ndidates for rearrangement require no removal, the order of
the desired layout of groups in the main track. In the figurgelection is random, because any orders satisfy the desirable
freight cars ¢, ---, G to the destinationmake group, cr, layout of groups in the main track. In this case, the arrange-

, Cig to the destination make group, cio and-- -, Gy ment of cars in sub-tracks obtained after rearrangements is
to the destination make group. Groups » 3 are lined by unique, so that the movement count of cars has no correlation
ascending order in the main track, which make a desirabiéth rearrangement order of cars that require no removal.
layout. Also, in the figure, examples of layout in greuare This operation is called direct rearrangement. When a car

IV. DIRECT REARRANGEMENT

in the dashed square. in a certain sub-track can be rearrange directly to the main
track and when several cars located adjacent positions in the
desirable layouts for groyp same sub-track satisfy the layout of group in the main track,
S (rgé'stmanoa) they are coupled and applied direct rearrangement.
E Fig.5 shows an example of arrangement in sub-tracks
} group, existing candidates for rearranging cars that require no re-
(destination) moval. At the top of figure, from the left side, a desired

layout of cars and groups, the initial layout of cars in sub-
- (destlnatlon) tracks, and the position index in sub-tracks are depicted for
m=n=4,k=9.¢,C,C3,Cq4 are in group, Ccs,Cs,Cr,Cs
Fig. 3. Example of groups are in group, and group must be rearranged first to the main
track. In each group, any layouts of cars can be acceptable.
In both cases, cin step 1 and ¢ in step 3 are applied
the direct rearrangement. Also, in step 4, 3 carstgcs
located adjacent positions are coupled with each other and
3*3[233 moved to the main track by a direct rearrangement operation.
eworoup [N addition, at step 5 in case 2, cars in groumd group
gegodr - are moved by a direct rearrangement, since the positions
of ¢, cs, Cg, Cy are satisfied the desired layout of groups in
the main track. Whereas, at step 5, case 1 includes 2 direct
rearrangements separately for grgwmd group.

step@

step@

step®@
i

V. MARSHALING PROCESS
A marshaling process consists of following 7 operations:
() selection of a layout of groups in the main track,
(I classification of the incoming freight cars into sub-
tracks,
() direct rearrangement,
(IV) selection of a freight car to be rearranged into the
main track,
(V) selection of a removal destinations of the cars in
The layout of groups lined by the reverse order do not front of the car selected in (I),
yield additional removal actions at the destination of each (V1) selection of the number of cars to be moved,
group. Thus, in the proposed method, the layout lined groups(VIl) removal of the cars to the selected sub-track,
by the reverse order and the layout lined by ascending orddrese operations are repeated until one of desirable layouts
from both ends of the train are regarded as desired layoussachieved in the main track, and a series of operations from
Fig.4 depicts examples of material handling operation fdine initial state to the desirable layout is defined as a trial.

Fig. 4. Group layouts
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— e determined byu;, (1 < uj, < min{p,q},h+2m+v+g <
— g(;oug,ccx),_mL je <h+2m+v+gq + min{p, q}) _
[ | 1 - } In both cases of Fig.5, the direct rearrangement is con-
|| Cs Ce | 13114115016 .
1 L groun 4 Cs |G |[ = [DJA0LI ducted for ¢ at step 1, and the selection of conducted
— ] @) [c | Clcr | C 1121314] at step 2, candidates atg 4 v+1 = [1], Uhtmtvt2 = [4],
D(ﬁ,ls;fiﬁ_dtrgg%“ "T8Eh-rReRe Position index that is, sub-tracks where cars in grougre located at the
e~ | Rs€2 tOP. Uhtm-+vt3, Untmivis are excluded from candidates.
e g—i g‘—;c—g | g—i c%ﬁ Then, up4mivo+2 = [4] is selected as.e Candidates for
5[ C ¢ ¢ | Sila C; | Cs the location of ¢ are upimtvis = [1], Uhtmtvies =
Ve subwracks | Step 1 [2], Uhsmivsr = [3], sub-tracks [1],[2], and [3]. In case
| @“f\ 1, uptmivtre = [2] is selected as ¢, and in case 2,
icy Co 2% cs | [ | uh+mtot+7 = [3] iS selected. After direct rearrangements of
—[Cy | Cs | 5| Ca | Cs c; at step 3 andccy,C; at step 4, the marshaling process
Gl % lc (Gl | [@]la] [cr]G] gep2 is finished at step 5 in case 2. Then, total step counts of
| C | marshaling process for case 2 is 5, whereas 6 for case 1.
TTe] o]\ | HEs] [o
Ci | & Cs | ea 1G] |©
IR ‘ ©lcal (o Step 3 VI. PROCESSING TIME FOR A MOVEMENT OF
£\ ‘ J{\ LOCOMOTIVE
214 0 [ce | Z__4L T g A. Transfer distance of locomotive
-gg- o gf : -%- — 27—8 When a locomotive transfers freight cars, the process of
— ‘ - Step 4 the unit transition is as follows: (E1). starts without freight
%‘f—\ ‘ %} \ET cars, and reaches to the joint track, (E2) restart in reverse
[Ty | % T % direction to the target car to be moved, (E3). joints them,
%_21 (G | ¢ : % e, | Step 5 (E4) pull out them to the joint track, (E5) restart in reverse

direction, and transfers them to the indicated location, and

Fig. 5. Direct rearrangements (E6) disjoints them from the locomotive. Then, the transfer
distance of locomotive in (E1), (E2), (E4) and (E5) is defined
as Dy, D>, D3 and Dy, respectively. Also, define the unit

stance of a movement for cars in each sub-tracRas,, ,

, , - dj
Now, defineh as the number of candidates of the desweﬁ;(e length of joint track between adjacent sub-tracks, or,

layout of groups. Each candidate in operation (l) is rePrel v_track and main track aB,n,. The location of the

sented byu;, (1 _S jr < h). . ) locomotive at the end of above process is the start location
In the operation (lI), a destination for each car is detef yq next movement process of the selected car. Also, the

mined from the tf"“l of the train. Thg destination is def'neﬁ’ﬂtial position of the locomotive is located on the joint track
as To, and candidates of I are defined asij,(h +1 < | oarest to the main track

Jj2 < h+m). uj, are sub-tracks each of which have the car
belonging to the group moved to the main track before the nDinin,, = 6

car of the tail of the incoming train. When there is no such ‘“
such sub-track, & is selected frommn sub-tracks. Then, the P 1¢”‘ w4
number of groups classified tq-Tis determined. Candidates - | E - i
are groups that satisfy the movement-order selected in (1), T E GES!
and are defined as;, (h+m+1 < js < h+m +v), where SV gE
v is the number of the candidates. 95 DRP=1C 17

In the operation (IV), each group has the predetermined Nracks

3 S&% movément of cars

position in the main track. The car to be rearranged is defined

as g, and candidates of;ccan be determined by excluding Maimtrack 313233323336
freight cars that have already rearranged to the main track. %%% 21126%-%
These candidates must belong to the same group. Z % %12 151%

Also, definer as the number of groupsy; as the number
of freight cars in grougl <1 < r), andu;, (h+m+v+1 <
ja < h+m+ v+ g) as candidates of;c

In the operation (V), the removal destination of cars
located on the car to be rearranged is defined;asThen, Fig.6 shows an example of transfer distance. In the figure,
definingu;, (h+m+v+g+1 < js < h+m+v+g+m—1) m =n =6, Dnin, = Dmin, = 1,k = 18, (a) is position
as candidates ofy¢, excluding the sub-track that has the caindex, and (b) depicts movements of locomotive and freight
to be removed, and the number of candidates.is 1. car. Also, the locomotive starts from positiéy the target

In the operation (VI), defining as the number of removalis located on the position8, the destination of the target
cars required to rearrange cand definingy as the number of is 4, and the number of cars to be moved2isSince the
removal cars that can be located the sub-track selected in lib@motive moves without freight cars fro® to 24, the
operation (V), the candidate numbers of cars to be moved ar@nsfer distance iD; + Dy = 12 (D; = 5,Dy = 7),

(a) position index
Fig. 6. Calculation of transfer distance
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whereas it moves fror@4 to 16 with 2 freight cars, and the Q¢(s5,pm) are updated by following rules:
transfer distance i9; + D, =13 (D3 =7, D4 = 6).

Q4(S37 CT) « n&ax Q5(S4, ujs)a (5)
B. Processing time for the unit transition Oslag, o) T Qo(55, i): ©)
In the process of the unit transition, the each time for (E3) @s(s5,pm) ¢ ()
and (E6) is assumed to be the constant t q+1
The processing times for elements (E1), (E2), (E4) and (1-0a)Qs(s5,pm) + @ |R+ V2 H%]
(E5) are determined by the transfer distance of the loco- ) i=1
motive D;(i = 1,2,3,4), the weight of the freight cars/’ (u is a rearrangement
moved in the process, and the performance of the locomo- (1 - a)Qs(s5,pm) + a[R + V3]
tive. Then, the time each for (E1), (E2), (E4) and (E5) is (u is a removal
assumed to be obtained by the functiéfD;, W) derived
considering dynamics of the locomotive, limitation of the Va = maXQ4(853,an4)aV3 = max Q5(8'4,ug'5)

Ujy Ujs

velocity, and control rules. Thus, the processing time for the . . . o
unit transitionty, is calculated by, = tE+2f:1 f(D;,0)+ where« is the Iearnlng rateR |s.the reyvard that is given
23:4 f(D;,W). The maximum value of, is define agax when one of desirable layout is achieved, amds the

and is calculated by discount factor that is used to reflect the processing time
of the marshaling and calculated by the following equation.
tmax = T+ f(k'Dminv 5 0) + f(mDminh ) 0) ¢ _ Bt
+f(mDuin, +1, W) + f(kDmin,, W) (1) N = 5%”, 0<B<1,0<d6<1 (8)

Propagating Q-values by using eqgs.(5)-(8), Q-values are
VIl. LEARNING ALGORITHM discounted according to the processing time of marshaling.
In other words, by selecting the removal destination that has
H1e largest Q-value, the processing time of the marshaling
can be reduced.
In the learning stages, eaehy (1 < j < h+2m+v +
Q1(Go), g1 + min{p, ¢}) is selected by the soft-max action selection
1 2 method[9]. ProbabilityP for selection of each candidate is
(1-a)@Q:1(Go) + aRH Vi calculated by
i=1

Defining G, as the desired layout selected amang,
Q1(Go) is updated by the following rule when one of desire
layout is achieved in the main track:

@1(Go) + max

Qi(si—1,uy,) — min Qi(si—1,uy,)

where [ denotes the total movement counts required tOQi(Si—lauji) =

. . . . . max Q;(s;_1,u;,) —minQ;(s;_1,u;,
achieve the desired layquty is learning rate; is discount u Qi(si-1,1,) u Qi(si1,u50)

factor calculated for each movemerR, is reward that is )
given only when one of desired layout is achieved in the exp(Qi(si—1,u;,)/€)
main track. P(si-1,u;) = = . (10)
; | 3 exp(Qilsi1,u)/€)
Define s(t) as the state at time, T; as the sub-track ey,
selected as the destination for the removed paras the .
-~ (i1=2,3,4,5,6).
number of classified groupgy as the movement counts of _
freight cars by direct rearrangement, asichs the state that Pu;,) = XP(Q1(1)/€) .
follows s. In the classification stage)., Qs are defined as > exp(Qi(u)/€)
evaluation values fofs1,u;,), (s2,uj,) respectively, where u€ujy
s1 = [8,Go], 82 = [s1,Tc] - Q2(s1,Tc) and Q3(s2,pc)
are updated by following rules: VIll. COMPUTER SIMULATIONS
] Computer simulations are conducted for = 12,n =
@2(s1,Tc) e Q51 u50) ®) 6,k = 36 and learning performances of following 3 methods
Q3(sp,pc) <+ (1—@)Qz(sp,pc) +aVi are compared:
(! (A) proposed method that evaluates the processing time
RH% of the marshaling operation, considering the layout
i=1 of groups and classification of incoming cars,
Vi = < (all cars assigngd (4) (B) a method that evaluates the processing time consid-
ymax Q2(81, uj,) ering the layout of groups, and the classification is
Yz fixed[10],
 (otherwisg (C) a method that evaluates the processing time, has
In the rearrangement stage, definas the number of direct the fixed layout of groups, and has the fixed
movements conducted sequentiatly, as the number of cars classification[10].

moved.Q4, Q5 and Qg are defined as evaluation values for The initial arrangement of incoming train is described
(s1,u5,), (83,u55), (s4,u;,) respectively, wheress; = s;, in Fig.7. The original rearrantement order of groups is
sS4 = [s3,Cr], 85 = [S4,Cpm]. Qa(s3,Cr), Qs5(s4,Car) and group,group,, group, group. Cars g,---,Cy are in
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TABLE |
TOTAL PROCESSING TIME

processing time (sec.)
best | average | worst
5876.332| 6157.908| 6294.066
6437.393 | 6785.930| 6919.313
7857.711| 7973.113| 8003.003

methods ‘
method (A)
method (B)
method (C)

group,, Cig, -+, Cig are in group, Cig,---,Co7 are in
group,, and &g, --,C3s are in group. Other parameters
are set asa = 0.9, = 0.2,§ = 0.9,R = 1.0,n
0.95,& = 0.1,& = 0.05. Method (C) accepts only the orig-
inal rearrangement order of groups, whereas other methods

consider extended layout of groups. In methods (B),(C), th&@. °.

classification generates the fixed layout depicted in Fig.8.

The locomotive assumed to accelerate and decelerate the

train with the constant forcé00 x 103N, and to bel00 x
10%kg in weight. Also, all the freight cars have the same
weight,10 x 10°kg. The locomotive and freight cars assumed
to have the same length, ati®lin, = Dmin, = 20m. The
velocity of the locomotive is limited to no more than 10m/
Then, the locomotive accelerates the train until the veloci
reaches 10m/s, keeps the velocity, and decelerates until
train stops within the indicated distance. When the velocify
does not reach 10m/s at the half way point, the locomoti
starts to decelerate immediately.

The results are shown in Fig.9. In the figure, horizontz?he
axis expresses the number of trials and the vertical axis €x-
presses the minimum processing time to achieve a desira
layout found in the past trials. Each result is averaged over
independent simulations. In Fig.9, the learning performance

e

of method (A) is better than that of method (B), because
solutions derived by method (A) considers the classification
of groups effectively for reducing the total processing time.
Since the group layout for the outbound train and classifi-
cation are fixed, method (C) is not effective to reduce thél]
total processing time as compared to methods (A),(B). For
method (A), since no freight cars are carried in the yargy)
by trucks, the solution is so simple that the best marshaling
plan includes no removals. In case the result of classification
requires removals in order to achieve the desired layout ¢
groups in the main track, method (A) continues to derive the
marshaling plan that can reduce the total processing time |
improved as shown by method (B). Total transfer distances
of the locomotive atl.5 x 10%th trial are described in table.|

for each method.

tail (5]
[Cs6 [ C35 [ Cr [ Ca3 | Con | C20 | C1 | Cso | Cs |
‘ C3o | Co1 ‘ C20 H Cs | C31 | Coq ‘ Ca3 ‘ Co7 | C26 ‘
[ G| Ci7 [ Ci8 [ Cig [ Ci6 | Cia | Ci5 | Cog | C11
[C | C [Cio] C [Ciza] G [ Cg [ Caa] Cr2|
head

(6]

(7]

Fig. 7. Arrangement of incoming train

(8]

(9
[20]
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Cy
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Cas

C36
C3s
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C26
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C2 [Ci3
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C34
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Fig. 8. Classification for methods (B), (C)
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IX. CONCLUSIONS

A new scheduling method has been proposed in order to
rearrange and line cars in the desirable order onto the main
track considering classifications for incoming freight cars.
SThe learning algorithm of the proposed method is derived
aged on the reinforcement learning, considering the total
rocessing time of marshaling. In order to reduce the total
F}lrocessing time of marshaling, the proposed method learns
Yfe classification of incoming cars and the layout of groups,

as well as the arrangement of freight cars in each group,

rearrangement order of cars, the number of cars to be

oved and the removal destination of cars, simultaneously. In
%mputer simulations, learning performance of the proposed
method has been improved by using normalized evaluation
and switching thermo constants in accordance with the
ogress of learning.
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