IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like
. . . . . - Character Recognition using Adjustmen
Adjustment method for train disintegration and Convchional Network with bropout Lave

. . . . . Wahyudi Setiawan
classification sequence in marshalling station el Messroment and Aduetment
of Layered Wells Achieve Precise Water
Injection and Improve Measurement and

Adjustment Efficiency
He Liu

To cite this article: Zhenkun Chen et al 2017 IOP Conf. Ser.: Earth Environ. Sci. 61 012101

- Design of Indoor Lighting Circuit with
Automatic Brightness Adjustment is

Analyzed
Dong Zhai and HongWei Li

View the article online for updates and enhancements.

@ = DISCOVER

how sustainability

The : ' : intersects with
Electrochemical ¢ ]
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.137.161.222 on 05/05/2024 at 19:47


https://doi.org/10.1088/1755-1315/61/1/012101
https://iopscience.iop.org/article/10.1088/1757-899X/1125/1/012049
https://iopscience.iop.org/article/10.1088/1757-899X/1125/1/012049
https://iopscience.iop.org/article/10.1088/1755-1315/558/2/022017
https://iopscience.iop.org/article/10.1088/1755-1315/558/2/022017
https://iopscience.iop.org/article/10.1088/1755-1315/558/2/022017
https://iopscience.iop.org/article/10.1088/1755-1315/558/2/022017
https://iopscience.iop.org/article/10.1088/1757-899X/750/1/012089
https://iopscience.iop.org/article/10.1088/1757-899X/750/1/012089
https://iopscience.iop.org/article/10.1088/1757-899X/750/1/012089
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsv_9CZSB0269Lh0YBXC_7FZHZfEKI2r64K2MJ_QZQsymNT38ZqBd6Zo4Gol3_88yJ2jp31oRbAi_ruAObx2icid7HejgU_Ni4vk_24gyBG98L69mrS6INsEZkDBSmCObHPizVVeBZIGNi8oDri4IwYzDLSQUSBopcg8KEUEVw2qtlJyxo4JrqjUy3mOqCTu-_swyG-lEG4OSTXpb1S_ik4lrnz54MCv9Q88g3zAMbJBtbdGRQU3UI0A_6M79Sea-QmwQRNH1W-Ehd6FldCfH4C_9qzlCw9PzfJfPyMIO2nxxGS8scq4_jKj8_VAwzREHA1bvOzhnGwq_HLckPJ_61_llI964Q&sig=Cg0ArKJSzH10rTMpeflN&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

3rd International Conference on Energy Materials and Environment Engineering IOP Publishing
IOP Conf. Series: Earth and Environmental Science 61 (2017) 012101 doi:10.1088/1755-1315/61/1/012101

Adjustment method for train disintegration and classification
sequence in marshalling station

Zhenkun Chen !, Changfeng Zhu?, Ran Sun®

School of Traffic and Transportation, Lanzhou Jiaotong University, Lanzhou, China,
730070

2School of Traffic and Transportation, Lanzhou Jiaotong University, Lanzhou, China,
730070

% School of Traffic and Transportation, Lanzhou Jiaotong University, Lanzhou, China,
730070

*Emsil: czksrr@163.com

Abstract. Adjustment of train disintegrating and classifying schemes in the marshalling station
is the key of wagon-flow allocating optimization. The train disintegration and classification
sequence is subjected to the priority of time departure. Under above-mentioned arrangement,
the priority of time departure scheme is difficult to ensure the full-load of each departure train.
On the basis of analyzing for interval time of departure train, waiting departure time and the
relation among each time parameter, several concepts will be given. Using the method of single
machine scheduling problem is to minimize the influence for classification and disintegration
sequence adjustment. The necessary conditions of adjustment can be obtained and the influence
after adjustment is shown by graphic deduction. Finally, the conception of time pass theory is
provided. The rationality of this method has been proved by a case study. This method lays a
foundation for adjustment of train classification and disintegration sequences.

1.Introduction

The initial disintegration and classification scheme is the foundation of operation scheme, also is
precondition for car flow assignment in marshalling station. Foreign scholars’ researches on
disintegration and classification are as follows: D R Martinellitlput forwarded an optimization on
railway traffic control operation plan; M A Turnquist?set up a machine scheduling model which
acquired new scheme by analysis the time parameters; Z Z AvaramovicBthrough analysis the
connection of car flow follow get scheme. Domestic scholars’ researched are as follows: Li Haodong!®
focused on survey of stage plan for railway marshalling station. Wang Shidong!® made a mathematical
model and algorithm for automatically programming. Xue fen®'’s researches were on stage plan, such
kind method established mathematical model and solved this kind of problem by hybrid algorithm.

The concepts of compact continuing classification and the greatest adjustment between adjoin trains
were put forwarded by Xue fen, however the influence for whole scheme after an adjustment not be
taken into account 2, Peng Qiyuan combined classification with disintegration process, and focused
on after-effect, however not given systematic adjustment approach and condition 3!,

According to concepts of compact continuing classification and the greatest adjustment between
adjoin trains*?, the marshalling station can be divided into two sub-systems. The operation in each
subsystem can be regarded as machine scheduling. Under the condition of one shunting locomotive for
disintegration and one for classification, the trains which are not full-load can use partial adjustment
method to meet the requirements of railway station. The key part of this thesis is the analysis on the
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how to guarantee full-load as far as possible and punctuality of departure time of each train.

2. Analysis of Operation Systems

Marshalling station is a technical station which includes different types of work. The operation
procedure has the same characteristics with machine scheduling. On the basis of analyzing machine
scheduling problem, the marshalling station can be divided into two subsystems, one is arrival
disintegration subsystem and the other is classification departure subsystem, each subsystem includes
three assembly lines. The assembly lines for how to work under horizontal and vertical model can be
shown as Fig.1 .

I I
‘classificate’—{ waiting H depart ‘ arrive waiting disintegrate

‘ array ‘ ‘ process ‘ ‘ array ‘ ‘ process‘ ‘ array ‘ ‘ process ‘ ‘ array ‘ ‘ process ‘

classificate Nrrive \
waiting waiting

N ANEAN I | ]

a Subsystem of classification b Subsystem of disintegration
Figure 1. Flow operation of subsystem.

3. Classification Sequence Adjustment

3.1. Parameters Concept
m,» Ny, B, J,—Thenumber of arrival trains in periods; the number of departure trains in periods;

Sequence of classification; Sequence of disintegration.(m=1,2,3,... m,, n=123..., n,)

Tg» T, T,, T,—The operation time of classification; The operation time of departure; The
operation time of disintegration; The operation time of arrival.

toe » to—Departure time ; Arrival time.

nos th s th s th .t .t —The starting time of earliest disintegration; The starting
time of latest disintegration; The ending time of earliest disintegration; The ending time of latest

disintegration; The ending time of earliest disintegration after adjustment; The starting time of earliest
disintegration after adjustment; The starting time of latest disintegration after adjustment.

tres » tlsgo ESB t’; —The starting time of earliest classification; The starting time of latest

classification; The starting time of earliest classification after adjustment; The starting time of latest
classification after adjustment.
-I-n(n+1)’

T, The, TR, Th., TR __The waiting classification time of departure trains; The

waiting departure time; Interval time between adjacent departure trains; The waiting departure time;
Interval time between adjacent departure trains after adjustment.

T, 7o, T T, TMM™__The waiting disintegration time of arrival trains; The time

of waiting disintegration; Interval time between adjacent arrival trains; The time of waiting
disintegration after adjustment; Interval time between adjacent arrival trains after adjustment.
At, AT —The change after classification adjustment; The change after disintegration adjustment.

3.2. Analysis of Initial Sequence
First, analyzing the time parameters at the condition of one shunting locomotive is under classification

operation. If car flow follow is adequate, that is TJ”C(Q”) >T; (ne {n|1,n—1}) . The waiting
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classification time Tg‘é””)will come into being as shown in Fig.2 (a). It will provide enough time for

car flow accumulation. If T\" <T,, car flow follow time is short, the trains will be depart
compactly and the inspect operation of departure trains will be saturated. The waiting departure time
Toce Will appear as shown in Fig.2 (b).

n-1 n n+l

LsB n thsz\

t. n -1 tiss n bs n -1
____SO ___.b N
I d I N L<\
B \
N7 le | | S
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a Car flow is loosing™" b Car flow is compactly "

-
+
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Figure 2. Analysis of initial classification sequence.

In order to guarantee full-load and punctuality, t'; as an important parameter can get easily
according to reference documentation [12] for follow-up adjustment:

tlr_lgs =t2% —Te—Tg (D

The latest classification starting time of other trains are closely linked with tightness degree.
If TJ“C(£+1) >Tg, car flow follow is loose, the latest classification starting time will be got by inverse
derivation:

n

tee :tgF —Te =Tg (2)

If To"™ <T,, the departure trains are compact classification, the latest classification starting time
can be expressed as:
t:ss :tgsl —Ts (3

tl =t =T — (N, —N+1)T, (4

3.3 The Process of Classification Sequence Adjustment

3.3.1. Classification Sequence Adjustment between Adjacent Trains. As shown in Fig. 2(b), if the

interval of latest classification starting time between adjoint trains can meet t/sa —t/; =T, , it will be

named compact continuing classification 2. If each train can meet the compact continuing

classification in periods, that can be defined as section compact continuing classification, that is

ti <(n,—n)T, . If the discrepancy between Tr™ and T is large, it will not be compact

n+1

continuing classification. Summed up above-mentioned, if it meet the condition of t/es <t — T , it
will not be delayed. The adjustment scheme is as shown in Fig. 3.



3rd International Conference on Energy Materials and Environment Engineering IOP Publishing
IOP Conf. Series: Earth and Environmental Science 61 (2017) 012101 doi:10.1088/1755-1315/61/1/012101

e " n t nv n—1 n+1 n+1 ¢ n+2
LSB O LsSB N LSBm LSB

7777777 \/‘s\\ \_«
\\\A\\\ \
Y T
Ecpnl'\/\\/\o
>
n n+1

-1

_<

T n

DCF n-1 -ECF

Figure 3. Adjustment scheme of classification sequence.

The parameter computation method after adjustment can be referenced to documentation [12]:

n-1'" _ ¢n-1 n-1 n-1
tLSB - tLSB +TB +TDCF _TDCF _TB

(5)
tE'SB :tlr_]ss +TB +TI§CF _TS(I:F _TB :tlrjsa +T|§c_é _TDnc_g - 2TB (6

3.3.2. The Influence Analysis after Adjustment. In order to guarantee punctuality of departure time, it

has to meet T >0UTS. > 0. It only needs to prove TS >0.

If T3 >T,, and adjust t]y; to t'e ,thatis t'o; =t'e Litwill ensure TJo+ > 0and the delay of
departure time will not be occurred . After an adjustment, changes between the latest classification
starting time can be defined as At When t; =t/s , that will be At=0.

The proved method is as shown as follows:

Based on the available conditions: TJor =tz —tlss + Toar — 2Ts s =tles and Tk >T,.

And Tl =t —t' + Toes — 2T, =Thor — T, will be derived out. Therefore, T f >0.

If Toee <Tjg, it will lead overall advancement of latest classification starting time. To sum up, the
computation method of At can be derived as shown:

At = tES_B1 - tE;B =Tg - Tcr;c_é "

After classification sequence adjustment, the largest adjustment for tC;B is t'e — (T —Toa)
under this condition the train will not be delayed.

3.3.3. The condition of classification sequence adjustment. Only supported by following conditions the
adjustment is effective:

Condition (1): In adjustment, p is defined to reflect virtues or defect degree of car flow. If
t, >t , thatisp = 1.Ifnot, p = 0.

If Toor >T, Utles >t the adjustment will be optimal between adjoin trains. It just needs to
prove tlo, >tl..

Dueto t/ =t/ it just needs to prove t; >tl,.By the analysis of 3.3.2, TJo+ > Owill be got.

Condition (2): it needs to judge unfollow-up effect after an adjustment. Under the constraint
condition of t[; > t/'3 ¥, it will achieve the aim of full-load.

The stepping trains classification sequence can be adjusted step by step*?. The method can use
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tlss _tEISB = XT, to express.
4, Disintegration Sequence Adjustment

4.1. Analysis of Initial Sequence
Adjusting the disintegration sequence of arrival trains also can guarantee full-load. In order to guarantee

the requirement of car flow in classification subsystem, the tZ., is an important parameter must be

considered. When trains arrived on time, it can provide stable car flow, that is Th™® >T,

(me {m|1,m—1}) , as shown in Fig.4 (a). The arrival trains need a period of waiting time for

disintegration, it can use TDnj(m”) to indicate. The interval time will disappear when trains arrival

frequently. At the same time, the disintegrate operation is compact in subsystem. As shown in Fig.4 (b),
T2™ D will disappear, but the arrival waiting disintegration time T will come with the saturate car
flow and busy inspection operations.

(m-1)m

m-1 1 ;':1 Fl‘ﬁ T |
‘ £ o me
\?EFJ O‘ feryd~, =
le e N N |._.T ol
[ o I T | T,;Jm'_”‘l _ ™ [ r[r;-| T 1
a Car flow is loosing b Car flow is compactly

Figure 4. Analysis of initial disintegration sequence.

In order to guarantee the demand of car flow, tZ., is an important parameter, it can easily get
according to tightness degree:
If T™D > T, car flow follow is loose, it will be got by extend calculation for time:

teey =t +Tp + T, (8)
If T™D <T, car flow is intensive, it will take follow track model:

tor, =t5° + Ty — (M, —m=1)T, (D
4.2. The Process of Classification Sequence Adjustment

4.2.1. Classification Sequence Adjustment between Adjacent Trains. Only meet the initial condition,
tors —tEmF’Jl =T, , it can adjust the disintegration sequence. The adjustment condition of disintegration
sequence will be got by inverse derivation according to arrival time and technical operation time:

tTt > t0 + T, + 2T, . The disintegration sequence adjustment scheme is as shown in Fig.5:
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Figure 5. Adjustment scheme of disintegration sequence.
The ending time of earliest disintegration after adjustment can be expressed as follow:
tr =t =T, =T+ T +T, =t3 T + T + 2T, (10)
tIrEnl;J = tIrEnFJ _TJ _TS]D +T|;nDI +TJ = tE]FJ _T[TL;I +T[;noill - 2TJ (1D

4.2.2. The Influence Analysis after Adjustment. After initial adjustment, in order to provide effective car
flow for classification subsystem, it has to meet T2' >0UT.* > 0.1t only needs to prove TS, >0.
After an adjustment, changes between the ending time of earliest disintegration can be defined as At

If Top >T,, the disintegration trains are stable, the greatest adjustment is:t7—" =th .After the

greatest adjustment, AT =0. It also meet the adjustment condition TE’,“E; >0.The prove process as
shown as flow:

The proved method is as shown as follows:

Based on the available conditions: t7 =tI —tT +t0 tT" =tT and Tgp >T,.

AndTSL =T —T, will be derived out. Therefore, T)" >0.

If Top <T,, trains arrive compactly, it will influence other trains disintegration time:
AT =t8 —th, =T, =TS (12)
After adjustment, TX =0 when t =tl, +AT.

4.2.3. The Condition of Disintegration Sequence Adjustment. Only supported by following conditions,
an adjustment is effective.

Condition (1):In an adjustment, p'is defined to reflect defect degree of car flow in disintegration
adjustment. If tT-" <t"'thatis p' = 1.Otherwise, p’ = 0.
If T3, >T, Uth, <t™', the adjustment will be optimal between adjoin trains. It just needs to

m-1' m-1
prove tg; <t .

By the analysis of 4.2.2, T™* >0 will be got.

DD
Condition (2): By constraint condition of t; >t/o I it will guarantee enough car flow for
classification.
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5. A Case Analysis
This case is used to analysis the first shift operating plan in down direction classification and

disintegration sequence adjustment. The technical operation time parameters: T, =15 min ,
T- =30 min, T, =15 min, T, =30 min.

5.1. The Classification Sequence Adjustment

5.1.1. The Classification Sequence Adjustment between Adjacent Trains. This case is used to analysis
the first shift operating plan in down direction classification and disintegration sequence. The technical

operation time parameters: T, =15 min, T =30 min, T, =15 min, T, =30 min.

Table 1. Initial classification sequence
CF Bn tIrE1SB tlr_]SB TSCF (mln) t(r,JF

40221 5 813 10:35 32 11:52
40217 6 10:30 10:55 18 11:58
30125 7 10:50 11:10 20 12:15
30123 8 11:09 11:25 20 12:30
45307 9 11:24 11:40 86 13:51

Adjustment method is as follow:
Stepl: For train No. 40 217, judging whether it meet initial adjustment conditions. Only meet the
condition of compact continuing classification, its sequence can be adjusted.

ot -T. =11:28
St <t T
Step2: For train No. 40 217, judging whether it meet condition (1). T o > Ty and tlg >t/ is
clear. So, the train No. 40 217 can meet the conditionp = 1.
Step3: Unfollow-up effect judgment. It must meet condition (2) before adjustment.
Because of TS, =TS, —-T,=3 min and t/; =t/ +Tor — T —2T, =10:55 meet
t/es > toss After adjustment, Az = 0.

To sum up, if train No. 40 217 needs more time for waiting car flow, its sequence should be
exchange to No.30 125.The result after adjustment is as shown in Table 2:

Table 2. Adjustment between track trains.

CF B, tig the Toce(Min)  to
40221 5 813 10:35 32 11:52
30125 6 10:30 10:55 35 12:15
40217 7 10:50 11:10 3 11:58
30123 8 11:09 11:25 20 12:30

5.1.2. The Adjustment for Stepping Trains. Based on adjustment result in table 2, it can continue adjust
classification sequence 6 to 8. Due to  Toe<Ts therefore,

At =t/ —t%; =T, —TJ.- =12 min .The starting time of latest classification will be advanced 12
min.
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Table 3. Adjustment among several departure trains.
CF B, tie s Toe(min)  t

30125 6 10:30 10:43 47 12:15
30123 7 10:50 10:58 47 12:30
40217 8 11:09 11:13 0 11:58

To sum up, it will cause great influences for the whole scheme; therefore, the adjustment should be
canceled. And then, only make compact continuing adjustment for No. 40 217.

5.2. Disintegration sequence adjustment

5.2.1. Disintegration Sequence Adjustment between Adjacent Trains. If the No. 51 503 needs to
disintegrate firstly, and then it can provides car flow for classification subsystem. The partials of initial
disintegration sequence are as shown in Table 4.

Table4. Initial disintegration sequence.

DD J, o TH™P(min) otk th

41315 6 947 22 10:39 11:10
32137 7 9:56 28 10:54 11:25
51503 8 10:15 24 11:09 11:40
41321 9  10:39 15 11:24 13:20

The adjustment method is similar with classification sequence adjustment. The result after
adjustment is as shown in Table 5.

Table 5. Adjustment between track trains.
DD J, tg  T"7P(min) th,

41315 6 947 22 10:39 11:10
51503 7 10:15 9 10:54 11:25
32137 8  9:56 43 11:09 11:40
41321 9 10:39 15 11:24 13:20

5.2.2. The Adjustment for Stepping Trains. If No. 51 501 needs more time for disintegration, adjustment
stepping trains for it must be taken into account. Because of TJ <T, |,
AT =t&, —tl, =T, -TJ, =6 min. The disintegration time will be delayed 6 min in whole
scheme.

TABLE 6. Adjustment among several arrival trains.

DD J, t§  T"P(min) t, Uy

51503 6 10:15 0 10:45 11:10
41315 7 947 43 11:00 11:25
32137 8 956 79 11:15 11:40

To sum up, it have to cancel the stepping trains disintegration sequence, and only make compact
continuing sequence adjustment for No. 51 503.

5.3. The conclusion of case

For the two problems showed in the case, those are as follows, the first one is No. 40 217 needs more
time for waiting car flow and the second is No. 51 503 needs emergency disintegrate to provide car
flow for classification. Through partial adjustment method can solve those problems effectively. The
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most important step is judging the adjustment conditions whether it can be meet. The classification and
disintegration sequence of stepping trains can be adjusted step by step until achieve the best
adjustment scheme. In this case, departure time will be delayed when make stepping trains
disintegration sequence adjustment. In practical situation, if adjustment objects are important trains,
stepping trains adjustment must be considered. Finally, by eliminating negative effects gradually it can
achieve the goal of overall optimum.

6. Conclusion

In thesis, the marshalling station is divided into two subsystems according to deferent operation. Each
subsystem can be equivalent regarded as machine scheduling operation. Then analysis shows the
connection between each parameter of time. Based on the principle of “first inspect first disintegrate,
first depart first classificate”, it can make partial adjustment. Through this kind of method, the
marshalling station will acquire more time for car flow follow, which can achieve the aim of each
departure trains is full-load. With help of authentic data in the case, the practical application is proved.
The problem for sequence adjustment of disintegration and classification in two subsystems can be
solved step by step. It makes foundation for the station stage operating plan.
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