00ECTICYHTh TOJICP)KAaHKE JIOIMMyCTUMOTO YPOBHS PHCKA TP IKCIUTyaTalluu 00BEKTOB WH(PPACTPYKTYPHI H
MOJIBHXKHOTO COCTaBa, a TAKXKE JIJIsl OIICHKH YPOBHS TSDKECTH IMOCIECTBHI TPAHCIIOPTHBIX MPOUCIIECTBUIH
TPy MaHEBPOBOii paboTe.

Pa3BuTHE MaHHOTO HANPABJICHUS UCCIICAOBAHUS PUCKOB CIIOCOOCTBYET NMPHHSATHIO BEPHBIX YIPaBJICHYC-
CKUX PCIICHUH, YYUTHIBAIOIINX HEONPEACICHHOCTh YCIOBHI Pa0OTHI JKEJIE3HBIX JIOPOT, BO3MOXHOCTH
HACTYIUICHHS OTIPEJICNICHHBIX COOBITUHN MM OOCTOSATENBCTB B OyIyIIIEM, a TAK)KE HX BIUSHHE HA JIOCTIKCHUE
(hyHKIMOHANBEHON 06€30IaCHOCTH 00BEKTOB HH(PPACTPYKTYPHI M IOABIKHOTO COCTABA.
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RESEARCH ON TRAIN MARSHALING AND STOPPING OPTIMIZATION OF INTERCITY
RAILWAY CONSIDERING PASSENGER TRAVEL COST AND TRAIN OPERATING COST

HE HONG
Guangzhou Railway Polytechnic, China,
Belarusian State Transport University, Republic of Belarus

Optimize the operation plan of intercity railway trains considering marshaling and stopping
schemes

The travel distance of intercity railway passenger flow is mostly between 30-100 km, and the intercity rail-
way passenger flow is highly cyclical, which is mainly manifested in the time distribution of weekly and daily
cycles. The cycle of natural days is reflected in the peak passenger flow from 7:00 to 9:00 in the morning and
17:00-19:00 in the evening. The weekly basis is reflected in the peak passenger flow from Friday to Monday of
the week, especially the Friday night peak and Monday morning peak, while the peak passenger flow on Satur-
day and Sunday mainly comes from travel, family visits, etc. The passenger flow characteristics of intercity
railway integrate the passenger flow characteristics of traditional railway and urban rail transit. In the early stage
of the opening of intercity railway lines, due to the passenger flow in the cultivation period and the low passen-
ger flow, it was difficult to match the existing single-group, single-stop train operation scheme with the current
passenger flow, resulting in low passenger load factor and waste of train capacity. The operation of large-
interval trains will increase the waiting time of passengers, resulting in increased travel costs for passengers.
Based on this, starting from the train operating cost and passenger travel cost, this paper takes the train operation
scheme in a certain direction in the early stage of intercity railway opening as the research object, and optimizes
the train operation scheme from the aspects of train formation and stop scheme, as shown in Figure 1.

Research boundary

Big route

Train operation direction

Figure 1

183



Define the model parameters as follows.

1 Collection variables.

Define station collection U = {u|1,2 ..., U}=W + B, while W ={w|1,2 ..., W}refers to stations which
small route pass through, B ={b|1,2..., B}refers to stations form station collection U which except the sta-
tion collection W.

Define train marshalling type collection K ={k|1,2, ..., K}, train collection R = {r|1,2, ..., R}refers to
the number of the train in the operating scheme, while R refers to the sum of trains

2 Decision variables.

fi refers to the number of the trains in type k;

a;,u indicates whether train r with formation type k stops at station u, which is 0,1 variable,

3 Constant parameter:

gk refers to the number of vehicles of the train in type k;

C, refers to the cost of per kilometer of per vehicle operation;

C, refers tj the cost of per time of per vehicle stopping;

C, refers to the average time value of passengers:

L refers to the total mileage of the intercity railway line, L; refers to the total mileage of small route,
L,; refers to L minus L.

C refers to vehicle capacity.

In order to facilitate the model establishment of the research problem, this paper makes the following
assumptions.

1 Assuming that the studied intercity railway line is straight and the train runs separately up and down,
this paper only optimizes the direction of the line with a large passenger flow, and does not consider the
problem of train continuation.

2 This article does not consider cross-line passenger flow, only local passenger flow.

3 Suppose a passenger chooses to take a train that stops at both the beginning and end of their trip,they
does not transfer.

4 The arrival pattern of passengers is known, and the principle of first-come-first-served service is
obeyed.

5 Suppose the train does not cross the line.

6 Suppose the operational organization model operates on large and small route.

Optimization model of large and small marshalling train operation scheme in stop mode

Based on the characteristics of passenger flow in the initial stage of intercity railway, this paper con-
structs an optimization model for large and small marshalling trains in multi-stop mode from the perspec-
tive of optimizing enterprise operating costs and passenger travel costs, aiming at minimizing train operat-
ing costs and passenger travel costs, and comprehensively considering the constraints such as the number
of trains, train full load rate, OD service frequency, and number of stops

1 Objective function of enterprise operating cost

From the perspective of train operation, train operating costs mainly include train operating costs and
train stop costs, of which operating costs include the train's electricity and other energy consumption costs,
line usage costs, and train operating costs are related to the kilometers traveled by the vehicle and the oper-
ating costs per kilometer of the vehicle; The cost of train stops refers to the cost incurred by the train in the
process of stopping at the station, which is related to the number of train stops and the cost of each stop,
etc., and the objective function of enterprise operating costs is as follows:

f; K1 fi+f,
minZ,; => g1(Ly +&,L)C + > D gya(ly +£,L,)C) +
r=1 k=1 r=f,
f, W U K-1f+f., w U
+Z|:91(Za1r,u +&r Z alr,u)Cs}"' Z Z |:gk+1(za|£,u +& Z alz,u)cs:| 1)
r=1 u=1 u=w+1 k=1 r=f, u=1 u=w+1

In formula 1, variable ¢, is a 0,1 variable which represent the train r runs in large route or small route,
when its value equal to 1, then it refers to the train r runs in large route,otherwise it runs in small route.
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Variable a{,u is a 0,1 variable which represent the train r stops at station u or not, when its value equal

to 1, then it refers to the train r stops at station u, otherwise it does not stop at station u.

2 Objective function of passenger travel cost.

The cost of passenger travel is related to the number of passengers, the average time value of passen-
gers, and the time of travel, of which the boarding time includes the time in and out of the station, waiting
time, and the time on the train, considering that different groups have no effect on the passengers entry and
exit and on-board time, and different stopping schemes have little impact on the passengers' time on the
train, therefore, this paper only considers the waiting time, which is half of the travel interval. The average
time value of passengers is taken from the average hourly wage of locals, and the objective function of the
minimum passenger travel cost is constructed as follows:

. Y 1 60
min ZZ = Z Z qucsz— (2)
i=1 j=i+1 Z fk
k=1

In formula 2, variable g; j refers to the passenger flow from station i to station j.

The constraints of the model mainly include the number of running trains, train full load rate, OD ser-
vice frequency, stop constraint, integer value constraint of variable and 0,1 variable constraint.

1 Constrains of the number of running trains.

Considering the operating costs of the enterprise and meeting the number of trains of large and small
formations during peak hours, set upper and lower limits on the number of trains in any one period:

K
z fk < 1:max’ 1:k 2 fmin' (3)
k=1

In formula 3, f.x refers to the maximum running trains of the operation period, f.i, refers to the mini-
mum trains of all the train marshaling type.

2 Constrains of train full load rate.

According to the OD passenger flow demand, the cross-section passenger flow is obtained, and then
the cross-section full load rate is obtained. Considering the train capacity, it is necessary to constrain the
upper limit of the section full load rate and the lower limit of the average section full load rate:

i i Qi j ind

i=1 j=d+1 =

My =I|<J—+Snmax’le—_12nmin' 4
Z f 9k C
k=1

In formula 4, ng refers to the cross-section full load rate of the section d; C: Refers to the train capacity.

3 Constraints of OD service frequency.

In order to meet the demand of passenger travel,considering the change of train stopping plan will
change the passenger waiting time of different station,set the constrains of OD service frequency, the serv-
ing trains of every OD can not smaller than the minimum:

fl ror K_lfk+fk+1 r r qu

Dalia T, D a2 (5)
J

| k=l r=f, min(g',q-)

In formula 5 gi refers to the passenger flow that station i absorbs; ¢ refers to the passenger flow that
station j absorbs.

4 Constrains of train stopping.

The train operation route is divided into two types: large route and small route, and the stop mode is di-
vided into three types: stops at large station, stops at every station and stops at optional station. According to
the stopping needs of different stations on different route, the specific stopping constraints of trains are as
follows: small route trains can choose three types of stops: stops at every station, stops at the terminal station,
and stops 1 station in the middle; large route trains can choose three options: stops at every station, stops at
large station and choose 2 middle station stops. The specific train stop constraints are shown in Table 1.
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Table 1

Station number 1 2 3 W W+1 u
Stop at terminal station 1 0 0 0 1 0 0 0
Small route | Stop at terminal station
train and 1 middle station 1 1 1 0 0 0
Stop at every station 1 1 1 1 1 0 0 0
Stop at large station 1 0 0 0 1 0 0 1
Large route | Stop at terminal station 1 1 1 1 1
train and 2 middle station
Stop at every station 1 1 ] 1 ] 1 1 1 ] 1 1
5 Integer constraints:
foez*, g, e€Z". (6)

Conclusion

Starting from the problem that the passenger flow of intercity railway is small in the early stage of operation
but still needs to ensure a high service level, and the contradiction between passenger travel cost and enterprise
operating cost, a multi-objective optimization model is established to obtain the optimization conclusion of the
train operation scheme that balances passenger service level and operating cost. Through case analysis, maintain-
ing the average logarithm of 8 marshaling trains and 4 marshaling trains has a significant optimization effect on
the reduction of passenger travel costs. In addition to 8 marshaling trains, a small number of 4 marshaling trains is
the best choice to balance the cost of passenger travel and the operating cost of enterprises.

VIIK 338.47
WHYCTPHS 4.0 M TEPEBO3KA OTXO/IOB

M. II. [BUJIb
Benopyccruii 2ocydapcmeennulii sxonomuueckull ynugepcumem, 2. Munck

YBenuuenne oobeMa 00pa3yIOLIUXCs TBEPABIX KOMMYHAIBHBIX OTXOJIOB BO BCEM MHpE (€KETOIHO OKOJIO
2,01 mupn ToHH ¢ yBemwmuenneM 10 3,40 mapa TorH K 2050) u ycyryOneHre mpoOIeMbl 3arps3HeHns] OKpYyKa-
IOIIEH cpelibl, CBUAETENBCTBYET, [IOMUMO MPOYEro, O YaCTUYHON HE3((EKTUBHOCTU CIIOKHMBLIEHCS CUCTEMBI
1o OOpAILEHHIO C OTXOJAaMH M NPH3bIBACT K MOMCKY HOBBIX CTPATErWid JUIsl yJIy4ILEHHUs] SKOCUCTEMBI, HaIlpH-
Mep, UCTIONH30BAHUIO HCKYCCTBEHHOTO MHTEILIEKTA.

B Hacrosmeit craThe OWAET pedb O MPUMEHEHUH TEXHOJIOTUH HHIYCTpuH 4.0 1715 ONTUMU3AIIH JIOTHCTH-
YECKHUX MPOIIECCOB MPU 0OPAIIEHHH C OTXO/IaMH.

Cucrema JIOTUCTHKY U TPAHCIIOPTUPOBKH OTXOJIOB SBJISIETCS BAXKHBIM 3BEHOM, OOBEAMHSIOIINM HCTOYHUK
00pa30BaHus OTXOAOB U X JaJIbHEUIIYIO TepepaboTKy. OIHAKO CYIIECTBYIOIINE CUCTEMBI JIOTUCTHKU U TPaHC-
MOPTHPOBKU OTXOJIOB MMEIOT Psill HEIOCTATKOB. Bo-TiepBhIX, 3aTpathl, CBA3aHHBIE C JIOTUCTHKON M TPAHCIIOPTH-
POBKO#1 OTXO/I0B, HETIOMEPHO BBICOKH, OCOOEHHO Ha dTare coopa. Tak, ceroiHs OONBIIMHCTBO CHCTEM IO cO0py
OTXOJIOB OCYILIECTBIISIFOTCS BpYYHYIO U 4acTo Hea(hdekTrBHO. COrnacHo MpoBEICHHBIM HCCIIEI0BaHUsIM Ha cOOp
oTx0/10B npuxoautcs npumepro 70-80 % ot obIero oobeMa 3aTpar Ha oOpallieHHe ¢ 0TXoaamu. boree Toro, B
pesyiabTate Hed(h(EeKTUBHOrO IIAHUPOBAHUS 0OPa3yrOTCs 3aTOPbl HA MaplIpyTax, yBEIHMIUBAETCS 00bEM I10-
TpeOeHus TOIMBA Ul opraHu3auuu coopa. Be€ 310 BHOCHT CBOM BKJIaJ B YBEJIWUEHHE 00bEeMa BBHIOPOCOB
MapHUKOBBIX ra3oB B arMochepy 110 50 %. [4] Bo-Bropbix, yenoBeueckuii (pakTop sBISETCS CBOSTO po/ia Kaapo-
BBIM OTpaHUYCHHEM W BiedeT 3a coOOM HenopaboTKU B IUTaHax cOOpa OTXOJOB M MOJ0O0pE TPAHCTIOPTHBIX
cpencts. [ToaToMy Jutst perireHust oI00HOTO poJia podIeM ObLIH pa3padboTaHbl M BHEIPEHBI PEIICHHsT HA OCHO-
BE€ HCKYCCTBEHHOI'O MHTEIUIEKTA JUISl ONTUMHU3ALIMH TIPOLIECCOB JIOTUCTHKH M TPAHCTIOPTUPOBKH OTXO/IOB.

[penmymectBaMu TexXHONOTHHA UHAYCTpUH 4.0 SIBISIIOTCS MakCUMM3alWsl TPHOBUTH, COKPAILCHUE HHBE-
CTULIMOHHBIX M ONEPALMOHHBIX PACXOO0B, MPEe0OPa30BaHNE OTXOAOB BO BTOPUYHBIE MaTepHaANIbHBIE PECYPCHI,
MIPEOI0JIEHNE HEKOTOPBIX OIEPAIMOHHBIX CIIOXKHOCTEH, KOTOphle HEBO3MOXKHBI 0€3 MePeAOBhIX TEXHOJIOTH,
YBEJIMYEHHE CKOPOCTH OTEpaIyii Mo YIPaBJICHUIO OTXOAaMH, TIOBBIIIEHHE UMHKA KOMIIAHUH, BHEAPEHUE U
TIOMYJISIPU3AITHST KOJIOTMIECKUX [IEHHOCTEH, ONTUMHU3AINN COOTHOIIIEHHS IIeHbI U KadecTBa. COrsacHoO mpoBe-
JIEHHBIM HCCJIE0BaHUAM, HCIIONb30BAHNE UCKYCCTBEHHOTO MHTEIIEKTA B JIOTHCTUKE OTXOAOB MOMOTAET CHU-
3WUTh JUCTAHIUIO TPAHCIIOPTUPOBKH 10 36,8 %, COKOHOMHUTH Ha 3aTpaTax 10 13,35 % u cokpaTuTh BpeMEHHBIE
notepu 110 28,22 % [1].
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