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Train planning optimization for through operation of
urban rail transit considering load balance
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of Big Data Application Technologies for Comprehensive Transport ( Beijing Jiaotong University) , Beijing 100044, China)

Abstract; To optimize the train planning for through operation of urban rail transit, the operation organization
method of through operation was analyzed, the passenger flows under through operation mode were classified, and a
method of calculating the imbalance coefficient of the maximum load was proposed. A train planning optimization
model for the through operation of urban rail transit was established by considering multi-group train operations and
the imbalance of the load factor. The objective of this model was to minimize the travel cost of passengers, the
operation cost of enterprises, and the imbalance coefficient of the load factor. Three decision variables, the location
of turn-back stations, the frequency of different routing trains, and the formation of train groups, were solved by a
hybrid coding genetic algorithm. Taking the Beijing Metro Fangshan Line and Line 9 as an example, the train
planning optimizations for peak and off-peak hours were studied. The operational indicators such as load factors
under through operation mode and independent operation mode were compared and analyzed. The effects of different
objective weights on the optimal solution and optimization results were investigated. Results showed that during peak
hours, compared with the independent operation mode, the optimization effect of the through operation mode was
improved by 12.85% without changing the train formation plan. During off-peak hours, the multi-group train
operation significantly improved the balance of the load factor. Through weight analysis, it was found that with the
decrease in passenger service level weight and the increase in operating enterprise cost weight, the frequency of
through trains decreased, the section of through operation gradually declined, and the effect of through operation
steadily deteriorated.
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Tab.1  Studies on train planning for through operation in recent years
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Fig.1 Schematic diagram of through operation section
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Fig.2 Passenger flow classification of up direction for through operation
n  N+M
2 2 i=lnelZ
o=ld=n+l
No-1 N No-1 N+m £ No-1 Ny fi N n N+M
+ — + 1 VA
z_‘l /zilq ! ;t%n f2 + 15 ;d=w+1qo'd /i +f3( =1‘0¢; Te.d u=z/\‘fud=;+1qo'd) " e
n N £ No-1 N N+M
— =3 A
w _ ozzs\’odzzNHqU‘d f +f"$ozldz\+lq ! f +fz(o%0d21+1q ¢ OZZ/VU :s\1+1q ‘d) ! e I
Pui = No=1 N+m n N+M fi Nl foem £ No-1 Ny n M
+ + + + ,1=2, VA
{;d:%ﬂqu,d (;d:%ﬂqmd f] +‘f3 :Nod*/\‘lﬂqo,d f2 +f3( *]d;lqu ;dglqa d) ' "e i
N-1 N f3 N-1 N+M No-1 N,
+ - + R = 3, Z
ugodgilqn’d i +f3o=z;\‘fod=%‘+1q0d /s +f3(z—‘1 xzi To.a ZI\erlq d) ' "E L
no N+M
2 Z G,q-1 =2,n € Zy
=1d=n+1

(D)
A FH ) — AP 205 2 3 AN R AR A 1) 3 I s Wb e
PUASC T T B R AT RF R 805, WY,
75 P DX I B AN [] 38 2 522 ) 3 25 0 3 480 3% 1) JRG
R AR SCR T XTI B A A 7 96 R 5 27 i
R RS LTI AN [ X B A AN TR 2 91 4 1
TR LSO [R) DX ] B B8, mISR AT A7 77 1o IXC[R]
k&MﬂF%%ﬁ%ﬂ%ﬁ?ﬁ%ﬁ%ﬁ

N+M-1

z(ﬂnl Z)"'Z(ﬂz Z)+Z(77n3

wp n=Ny

Mave = 3

pI”

i=1

(6)
[ 08 TSR A] LLRAS AT 07 1)
AT 5 455 nio
23 HREHE
G ZEFFAT T3 58 110 2 i T 2 [ e 2% S afe % Al 557K
5 A E S A E I R e M g5 K
V- ph e B AT R ] A K T R AN 1 i R BOR R
AN Iz E A G E T A B G s AU



<72 - /S =S B A N S ¢

555 %

EJSNEN U1/ P

D) f/MEFRE AT A .t T OT 3l Bl s
JLP A A e % 1 78 4 I 1], B LAAS SO % B i
i a) AR AT 3R % M A i 1) 5 S e R i (] ofe
B G T

No-1 N+m No  o-1 N+ No~1

Tl_i(zz(Id"'EZ‘Id"'zz(Id)

o=1d=0+1 0=Ny+l d=1

N=1 N+m N+M-1 N+M N+M  o-1

(2 Zqi+EZ‘I4+EZQ)

=1 d=Ny+1 0=Nyd=0+1 o=Nj+1 d=1

N-1 Ny Ny oN-1

ZZqﬁZZq)

2fz 0=Nod=N+1 o=N+1d=N,

(zzqd

=Ngd=0+1

2 Z qo,d) +

=No+1d =Ny
No-1 N, -1 N

(ZZQd+ZZ‘Zd

=1d=N+1 =Nd=o+1

N-1 N+M

2 Z q,q T

=Ngd =Ny +1

0‘1+ﬂ

N+M  N-1

Z zqa,d +

o=Ny+1d =N

2(f, +ﬂ

Ni -1 Ni No-

22‘](1+22‘](1) (7)

%gﬁﬁ%ﬁ@ﬁ%ﬁ&ﬁ

No-1 N, Ny No-

(ZZqﬁZZq)

=1d=N+1 =N+1d=1

T:
: Mﬂ+ﬂ

No-1 N+m

z Z q,q T

o=1d=Ny+1

N-1 N+M

f +f3 (UZ\(]l Z;Jrlq ¢

N+m No-1

2 zqo,(l (8)

o=N+1d=1

N+M N-1

Z Z qo,d) +

/MBI AT R T
mnT=T +T, (9)
2) fe /LT R AN i R B Sl B 52 d
B WLAE (e W P BE AR )l w1 47 58 2R AN S i, T
AE - A [F] DX Bl AN [R) 2 BB 2 1 i 55 7K P 22 4
Ko P, A3 RERE 6 3R A P 28 B AR AR
FIAR ek — AR e e LT A7 07 58 T iR % i 55
Ko RECRA T R E U R BT A S AR A X
(] FRY AL 3R 1 T 28 Z R | 25 18 IX T AR
R RUE S/ MR A i RO TR

N-1
min U= (Y, (((qf =70 )" + (" =m)*) +1,) +
n=1

N+M-1

Y (((nfy =) + (ol =) «1,) +
3 (G =)+ (e = >>z»/2L
(10)

3) e/ ME Iz E AR Al iz E AL
TR XA SO ST B9 EE s 8 AT 9 4

THATTT ST, e T 4250 B A7 2 H R 2 4
iz IBURER R E E A . B MEFE B ETT A B
W IEA

minS=2iLi'fi'mi (11)
s/ MG WEBOHE TN
L +
min W = z { ( * ij < m, (12)
60

ARSI AR Sy 2 B AR ARG R BRI
T AR A R B R A R B0 NG 22 H bR 5
HERHEATRAL " T IR & AT ] i 3R A
Py R BN 38 8 RAR 1) S AN [R) AR S S
K(9) ~ (12) F I Z A B iR kg AT T RNk,
PR (13) 45 HbRo ) ABRGE 250, B i 4k
RHLEHBRERL, A ES 0 B R eRECH
minX = w X, + 0,X, + 0. X; + w,X, (13)
X X, =/T X, =U/U ,X,=S/S X, =W/W , H
i, T U S WA B RN ST B B R T M RE
AT ] R AN R A R ECETT AR R
Wiz G X, X, X, X, R Bl B 4T
M BEWESMIEEAXGT T.U .S W Nk
A, LUHOR R0 Bl 2 8 AL RUR s 0, 0, 0, 0,
SR RAR N BARAGE, B o, + 0, + o, +
w, =1, JG3C 4.3 P X RGE BUE ST 8T
24 AFRFEH
F(14) Rk A FiiEk B o728 X B
R BN AT BN A A/ NR IR L
A% M55 AT BRI, — A /NT 6 1l/h; 2 (15)
TN HIH 2 8 KB R AR T 2 e 5 R Rk
R H, 2B R AR, — A KT
30 811/h; 3 (16) PRIEA 0008 R IE 88 X (17) F7
TE 38 32 8 X B T iR il 43 ) Ak F gk A X B
Mk B X BN 5 20 (18) PRIE Bl a2 2 X B i PR vl
B Pk 40 3 (19) WA 4 B K 8R4
EE, B KT 120% 5 20(20) HHI G H AT, T
W TAT IS g
fis o = fuin (14)
fi v S Lo

(15)

fo i < fow
‘f17f2"f3 EN* (16>
1<N,<N<N <N+M (17)
N,, N, e N (18)
My < My (19)
m; € A (20)



53

B, 2 25 B AR I B S T U Sl B s T AT T A

<73 -

3 HiER#E

SR B AT B S AT
S IR S 2 B R R AR E 2 T
I P A TSR A I TR Ay 8 LB, i A %
SRR R 20 B0k HEAT SR AR | A SC k7R it
T LT R AR S TR

BW D AR A By R R K
TR BT f, f s, ARV 2 1 51 % 4]
my my my, EBE B HTIR I Ny N, % 25 SR
AFFIR TSR P 4 7 AT AR, ol TR Ak 1
BRG] e e A B O 5 I BV AT 3 J Bk {5
SRR T AT LB B, A FE A 2
SRR ARG 7 A B HE AR BAE , 1O 7T SR
PSR AT T 3 Sl — 2L T A AT A
R R

AT A0 A R R BELRE R AR P ) — A
BEML LR (R B A8 S QSR R T 25 (20 4%
ARSEREA p, 5 O— 1 (E L, AR e 3 7 4428
SR p WHEAE S A A AT A W] ATk
JRHEAT—1L

PRS2k, HEPIR3~4, HBEAR B
BIBBRRAA G, i Hh S BUFPRE PR A A S S
BRME, FEA TR RIS B R RS AT 7 58

4 FEA A7

DA UE AR SR S AR R 5 B30 8 TE A P A i 2
P, DALt Bk B LR 9 S R B AT T B 0E,
PRERZR I RN 4 iR, i (Rl BE AN 3% 2 iR, P 4%
AR HAITIR A F I 420l 70 i 9 R 2 R
BB R ERAE E AR N s
P FET E B, AR SO I E A
P RAVEN AT D51, S 2 9 B AT T IR,

&2 HHkEL%K—9 SLihEEE

Tab.2  Station spacing of Beijing Metro Fangshan Line and Line 9
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Fig.4 Schematic diagram of Beijing Metro Fangshan Line and Line 9
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Tab.3  Optimization results for peak hour

BEHIX BWRE A S

REMS eFA e WREA FWERS Wi

Moo Mo RN SERE AR Am B

MhsriE 1 9 2 — — — 6 6 — 31568 11986 0.1231 93995 306

s 0871510 18 11 7 19 6 6 6 35450 460.2  0.0595  9364.9 306

AGIE -0.1285 -9 -4 — @ — — 0 0 — 3882  -738.4 -0.063 6 -34.6 0
S TIEWARA TS s B WS, i B I 12.06% , U HJE 7E BLE A X B (B8 —Ib g
P10 ARV A% AT ] () [R] AT DASRE s e ) !, EJE 12 B Y DX (R R W AR Tt s

(R X5 | AR S EL R R iz BT 1 DX ) 3%
WE 7(a) 7(b) s, T3R80 228 i %
PG, EAT I 3R 22 0 K, R a3 I AT L
B, MWK 7(a) Hal IBHE A, L4777 W) Bz
BRI ST IS B - X R R 22 B K, 40 5
74.13%F1 75.54% ;{1 J2& | ELIE A2 7 ) DX [) 15 3% o
¥4 A5, e iR RN R AR B AR (B 43 S A 111. 75% A
22.92% i M 57328 5 R WA 23 00 R 117.07% Fi

DLW ELE 12 8 T LU R0 22 ik L s 5 X BN B4
PRE, U\[El 7(b) PRl IBL R A9, A5 510
LI 1A DX T 96 5 R A B D B4

(EUZ: , Hh T R eI ST ) 25 i R, BT
75 3 PSP AR E /N 15 4, i, A
SO RHY R RE AT T 05T, AT R e 0[] —
KETAE B/ NS, A1 R SR8 S B
M, BEIEAERILE 4,

o PN — iz
120f 40}
= 100} S — HEE
i sof 5 30f
2 oof = 201
or — MEE — mE 10f
20[

...................... ) S S S S S S S S A S
SRR BRI BERABA T LAA A FRLR LR B R KIF = LA A LI
KZ9 2L MEHMEAEE G I RSt g 5 K22 S5MEBMmEAEER $%$~$iﬁaz

Mk K KURSE f FE R A B 0 T AR FI R K Sl 24 T 4 P B 00 1L 4

R Bk gD s Bk A %

bk e &
m o fin) 8 D i 4
(a) BA7IrMm (b) F477r0]
7 BRERXEFHHEI LS
Fig.7 Comparative analysis of load factors for peak hour
x4 FERKER
Tab.4  Optimization results for off-peak hour
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Tab.5 Comparison of optimization results of different target weights
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