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Abstract: For commuter lines in metropolitan areas, when a small disturbance occurs during peak hours,
train dispatchers reschedule the train diagram by adjusting the interval of trains or changing the order
of trains to keep the convenience of passengers and to recovery the diagram. To control train traffic and
command operation arrangements properly, it is important to predict changes in train delay several tens
of minutes later quickly and precisely. Train dispatchers predict the train delay by their experience, but
nowadays, train delay prediction algorithm is installed in operation control systems. However, these predic-
tion algorithms have some problems in terms of its simplicity and non-consideration of past delay and the
congestion rate data. In this study, we developed a prediction method of train delay and the congestion rate
at the time of a small disturbance using a neural network, which is one of the nonlinear models to be used
for time series data prediction. We applied our method to an actual commuter line in the peak hour, and
verified that the difference between the predicted delay and the actual delay is less than 25 seconds for 90%
of the target predicted delay data.

Keywords: train traffic control, delay prediction, congestion rate prediction, machine learning, neural net-
work
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Fig. 1 The architecture of perceptron and neural network.
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Table 1 The synthetic dataset using the preliminary experi-

ment.
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MAHER & B2 LT, WEERILT L.

Za—7 Ay MU =7 O, FED, EEALEE,
BILUONRIA—FEBII41EHEFALTHL. ANT—%
R BRTLELOBME, BLOANT— % [0, 1] OHPH
IZIEBAL S A 720 O BREMEIC DWW T, 79 HEOEE,
BRF— 7 200 LR e 53 2 Tk L7z, BRI
X, NITADRELTHWARWVHDOKFIEORIE, fRK
DOAEAS, FIBIRAEIX 150 BHLIA, RILHIT 200% LA 12 B
BUARE o TWwic/zo, BIMEE % 2 FIBEOZEIEE 150
B, EHALOBREMIZOWTIE, FIHRET 150 5, FRH
L 200% & L7z, 2% 0, FEHGLHOT— 5128\,
HAHHHE (IM £$2) @12 EOROIELED 150 £
Dot IMOKHRISHInT 52 =2 —F )V Ay b T —
ORI, TOHOT =5 AR, F72, FHlds
HOF—=212BWT, IM D 1 2L EOERDIEIEIEAT 150
BULOWE, IM OKEIFIST 5 Fild frba v,
(4) ABDT—2DEWNICL B FEREEDLEE

Za—=F Wk FT=2DANTF—% L LT, HERA
FTIEBITL, FHREIEOFREIE (K5 00O, (a))),
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Fig. 5 The point of input data.

£ 2 ANT—50 6 HEOMAEY
Table 2 Six cases of input data.

TRKERE] | TRRSE | TRSRS) | A EO
HORERIE | HOFRLE | HOFHEE FE IR AE
=2 () (b) () (@
(i) O X O X
(ii) O O O X
(iii) O X O O
(i) 5 By X 5 By X
(v) 5 By 5 By 5 5y X
(vi) 5 By X 5 Uy 5 Uy
TR ZFNFEOEREIE (K5 DA, (b)), THXZFIHEO

FeHR (M5 OOPSLATTOM, (¢), MEFIEDORE
HE (5 DO, (d) DAMEEET S, b, M5
TR RHNEAER Q (275 L7208 (kTR L72E5) %
HAHSE L TH L. TNLDFNL, ATNF—D
WY FHELTER2 D6 >2OMEEERHFL7.

F—2Z (1) &, FUBFRFNEDMEFERD S BAERZ D
RECTORBEILE LR OFHEELZ AN T—5 35, 7—
A (i) i, 7= (1) TP RFIEOERLEDS 5 5
r—ATh5b. r—A (i) &, r—2A (i) 1Pl
FIEOFHZINEDOIEEILS AT =5 12ED LT —ATHh
5. 21 Tl X 912, HDHIHEOBIEDS KO
DRFGEDS L CIIREToERELL| S L, @I
FOEATICHEER RIET Z LB ET A, 22T,
TR RN EORFIEDORIREIED AT T— 2 I2H5D L. £
72, & 5B BV THIED BAn DY H 2 fElE L CTHll@d
B, RHEICRIED S B &, BHYHIC S RIEASET
b, ZDH, [FEDD LYEL, BRVIEOFEELED A
NF—51l&05.
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R 3 FEEBIED FHIFED R
Table 3 The cumulative ratio of delay prediction error be-

tween six cases.

FEIBILIZ BT D T HIRR
=2 5L 10 PLAT 15 LT 20 LT
(1) 60.51% 81.20% 88.79% 92.59%
(i) 62.76% 82.50% 89.47% 93.03%
(iii) 60.95% 80.41% 87.66% 91.54%
(iv) 60.46% 82.13% 89.76% 93.43%
(v) 63.01% 83.43% 90.50% 93.89%
(vi) 62.06% 81.82% 88.85% 92.53%

® 4 FIROTRREO R
Table 4 The cumulative ratio of the congestion rate prediction

error between six cases.

RERITBIT D THRZE
=2 2%LL T 4%LL T 6%LLT 8%LL T
(i) 63.05% 85.17% 92.97% 96.25%
(ii) 61.49% 84.07% 92.14% 95.74%
(iii) 59.43% 82.10% 90.88% 95.03%
(iv) 65.28% 86.59% 93.93% 96.83%
(v) 63.88% 85.75% 93.33% 96.48%
(vi) 62.56% 84.12% 92.09% 95.76%

r—2x (iv), (v), (vi) &, ABWTF—F7O#iHZHK->
T —ATH5bH. r—A (i) 5 (i) TiL, BAEFEZ
M B TIHERE TOEBROBIE, BLUOEREOFRE
BEGATW., LoL, HAVEDD LRIZEBIT 5 5E
ERFF R, EEOFIZBIT B RER TR (T &
WREWEEZONL, 2, =2—FNVAy NT—=UT
X, ANNT—=DLVEEATED ) — FEPL R
FERITREEROENEL 2 D EHERER 22 TLE ).
FIT, ANT—% LT HROFEIE, B LOBREOFH
o THRGHNEIBIERZNICV S8R (K5 Ok) 75
FHEROAKL Z L aBETT 4. F—2& (i) e
L, FSIRIE, SEBEL TR 5 RTSICRELLLbDE T — A
(iv), r—A (i) e, MU <Frrs BROICBRE L
72b0%r—2 (v), 7r—2 (i) e L, [FL <0
S5ERGICIREL-b DR r—A (vi) &5 5.
THEBROHERER I BIUR 4 1R, £31&, 7
W RFNEOE Q~X O FKERAERTIZBIT 5, ORI
DEIROFEIRIED T ME & EFFE & DFEAEDS, 5 LT &
oo, 10T &R o2 v X912 5 BEkR
TEIHER LB MO, ETIERICRT 284 (LUT,
MAEORERLEV D)) 2T, F—A (v) PRORWV
WL o127, K7 — A TOEEGOEIDLTHITHY,
REBKEOEN LW DB SN, —T, LERA
N7 =5 O, FHEID L THED LV BEIH I,
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Fig. 6 The result of delay prediction between two cases.
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EPRKELUHET AP DRI N. B 6 1220l %R
T. 61X, HLHOBHLHHEOR Q ZRERIZBIT S, B
Q~MX FTORBIEDOFUHERE, 77— (iv), (v),
(vi) THELZbDTHAH. ZOF|FIZER S CHEy|# %
frlE s 2 5@HHECTH Y, 2O HIZFEEET 5 Py §A%E
NTW7z720, BRS TREIENKE L Lo/, HIkYEL
ANF=212Egdrnr—2 (iv), (v) OFHlTIE, =
DRIEE FHITETWARWA, FiEGEE A7 — 7126
WAHr—2A (vi) OFHITIE, TORLEZFHTETWS.
O LN, EROKEICHET AHEMETIZr — A (v)
WRWLOD, r—A (vi) LDEIIDITNTHY, —F
T, WMiBHHEZ ANT— 71280 LT, M6 D)
2, KIGZEER EATRER T —ADH b2 b, T2
Lth, AFLEEFIHEHRESCRIRNL) H L, FFEOL W
TR ~RR T 5 2 L 2 E 2 720, ARy EEsZE LT
WFRELTHHD, AT EEZ LN,

# 4L, FEHERIIBIT S 2%MROBRADREILETH
5. ZH6iE, r—A (iv) PROBEVHRE L o72H
FedERD 2%IFEBDO AN TIIHIATHY, &7 — A
TOHEEDEIDT P TH L7120, KEBBEEN LW
EFERR SN, FDld, PR L72X 912, BIED T
CBOWTIEIBFIELZE L2 FUTEET A PR NS
LxsFER, ANT—052 KL LTEr—2A (vi) 0,
[ FHIx & FHE B L 02 OF#GIEO 5 BRFH F TORE
IE, B X VRS RFNED 5 BRTFA E TOREE] &R
T 5.

kB, KWZETIE, FIEHHPHIC=2—F )bk y b —
7 2 LT\ 5 75, [A CHIHEAER OFIEHIZ DWW Tl D
Za—F)WVhy PT— 7 RfEL, FEBIUTUEZIT
ETNEEZLNDL., 20X BHHERRBEE OE TV
AT 8L, ETA =2 —F Ay NI =2 D
DEIE S, ANETET—4OH IV EEHERT 2
EDRTEDL, /2, FAVHEILLD FAXYDREEINT
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b, FHROETEDORIERZETCTRIFUL, EwT & [H
C=a—I9 WAty NI—=2%fHTEAEL0n) 21 v b
b, —HT, FLHERENTH->TH, FFeEnix il
58, AT LG, ERRTOMIIE, Mk, s
E-NEDEROI A I 7EI2EY), BESKEL R
RFTVERRBMESKE 2 ) R T WEEIIHEIC L - TR
%0, ENENOFEPMEANOWE 2 FoTnbEEZ L
N5, 512, EROMA FEART 555, FIHRIEGIOE
Fhk, BIEMBIBIERG OEF NV IZonT, FHREL It
W 2P MESET-o7-2 25, FIERNERBOETFT VO
25, FIBREFIGIBRBIOE 7L X ) HAEEATE L &) KR
RSNz, ZDORIZE T, FIHFIFIII=2—F
Vay NI =7 2T HETVERAT 5.

T 72, FIHOBERLTIRIZIE, MHRRBEOEEL %
2N, FNHLEEELILETIVOMELEZZONS, L
L, 72EZITRASEICET VR RERT L L, H~ 4
HO-H o4, Hiicld, FHICHV5 75 OB
1/512% %, AEO%E, 15 HORECTETVEHEET 5
CEIhY, HWEOH CHENRHH. T2, RIEIIONT
b, 79 B, FEARPENSNA-BIZBA L2 o7
0, BKEDL ) REREANETAMEETLE, [
KRICHEmOMESEESINL, D ExdsT 2, ABET
&, BEHRREEIC L 2 B2 I L2E T IVIEERA L
m\, —HT, RfROEREST R, 4%, TO%EEK
DT — Y DHAGF SN BT, MHRREEZEZEELET
LVEBRET A LI,

4.3 ERERHIICL B FHI & DBELER

KifFEicBWT, IFHEETF VO =2 —F 4y b —
JERALICZ L BRREMFET 5720, WIELET
VD1 DOTHAHERARINICE A TMEERL, FORE
L7,

MEREIZ W 25 Gk, 27— 7122w T, 4.2
Wil kL 34, FUSEOKGLTEE, HRXENO T
e 3R (BRQ, BRS, BRX) FERE T, ZOMRMKED
FROFSGEILE L KRB OFe s =2 P L, FEZ I
T 5.

EOFGHIC L A FHIFETE, RO EWEHT,
TR E 7 BREELET 23 FERE T 5. A,
IO — A2 (vi) 12T B2 ATTF—2 55, K712,
TR RFNFEABR Q (2H)75 L 720 (kTR L72ERSY) %
BRI & Lz &0, HWEE, #BHEKE L2274
AT, HIEHIE, M7 00rO, (a), (b), (o) TR
NDIGRIEB L ORERTH L, —J7, HIEEIE, K7
o, (d) TRENBIGEE, BLOOLOOM, (o) TR
ENLEERTHL, 2F 0, M7 TlE, RQHAHT
T COMICEIRDOFIRIE % KD 5 )7 A% 4 o, Fedisf
Ko B RAD 4 DTS, 72, T9HFTDOT—5 D)
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Fig. 7 The point of explanatory and objective variable of mul-

tiple regression analysis.

R 5 2 FEMOBIETREE DRI
Table 5 The cumulative ration of delay prediction errors be-

tween two prediction methods.

FELRIE D T =
T TFE 5FLT | 10MET | 156 FUT | 20 LT
=—=2—7J /v
59.03% 80.65% 88.15% 92.13%
Ty b=
A5 AT 50.94% 75.44% 86.20% 91.65%

LD 78 Hor &k VT, &AKORE (RiERE) %
RoE L, Rz ko5, 50 0 1 Ho % TR ERGE D
72ODTFANTF—F LT 5.

FAFSHICEDTHEE, =2a—F %y FT—2I1C X
LFMOBREDRFEILHEEZFR 5 IIRT. 72k 21X, Fill
DA 10 LN FE > 72 b DDEER, =2—F )1
v NI =275 81%, BRI T5%E, =a—F
WAy NI =2 DR PTFHOREENR RV E W) ERICR -
7z, ZOMEIE, FHlEEEE 5 LN, 15 LA, 20 %
PINELTHRERETH - 72,

5. Za—Z)xy hT—=TIC&LBFEERSD
JUEERFRFE

AKETIE, FIEICBT L FHERICEL > THRS LR

T 5 FRCHIHLRIE & RO P F LR S . BARR

1213, D 2O L THEE, Sedissz Filld

L72oD, —a2—I )Wty b =27 OFE - FHTE, A

NF—=ZPREFE, BLXOH T =2 I2oWnW T 5,
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Fig. 8 Delay and congestion rate data for input and output.

51 Za1—Z)xy hT—=7DFE - Fll
FMEITIHORWHETOF— % Z2HWT, KHIHE, &
BROERFERFNEFND =2 —F NV Ay NT—=2712D0VT
FBREATY, N—tk T O VHOL Y VOBEAEIET S,
FUMZHIZBWT, KHIHEIEHICHE, FHE L7
HEBAERAE L, 2USdied 22 FEAD= 12— T )
Ay M= EHWCTFNT A, ZOHOBERLFETO
FEIRIE & SR E AN L, BUEREZIDIRE, —@REmiRIC B
JAHNEDOFEIEIE, FHROFHEEZ 1T 5.

52 Za1—JWxy NTI—TDABHT—%

ANT =% % [P RFNEL L 02 ORiZFIHED 5 5
Fhi F TOFRBRIE, BLOFRHRGIED 5 BRFFE TO
Fedik| L5, BAWICIE, B 8IIRTEBY, Fillxf
SHNEOFIE 3 HERS IR L7128 A 3 v 7 & BERY ¢
EL, FI05 FMERE Tw 22\ T, FIHE 3 OISR,
FeHREY TS L. COLEICATE B HREIET /2135

Ky @HIT, ML % b P GORIEIE, FHELO
FITRY. ANTF—%1%, T 3HEICAHEnS.
(1) FRMRINEDT—%

F U RN EOHAAEfEE RO (LI, UEEHIHE, 43
BREV) 26l 5T 5 BUTDOFSRIE, L AT &
B. 72720, MBHFIEOMBIER, S L5 E T 5 Bk
A, MWIERD S LR E TOTNTORE AT ET 5.
B8 I2HWT, @FIT/RLZZFIE 3 DELN~R DISIRLE,
TEHFRIERS AT & 22 5,

(2) FRMNRIIEOHINEDT -4

WMEERICBWT, 7 A Y L, UEHIEOE IS
L72BIEORIRIE, B X OUFIEOE T ICH % L7255

© 2019 Information Processing Society of Japan

D, B E BN T 4R - 72 £ BROFERIEE AT 7 —
Fe$hH, M8 TIE, FIH 3 DOENTIZIH L 725 Hid 55
1D, HIE 1 ORS ORBELS AT T—5 L %b. F
72, FIHL 3 OENEICEFE L2FIHEI3FTIE 2 0720, FIE 2
DIRS Z BT 4 BR5# - 725RTH 5 BR O~R OISR IEDS
AT =5, 5.
(3) FHIMRINEDEINENT -4

b LHAERL 2 SR Tw £ TOMIC, BUEHED Mo
G 2 5l S B8 05H 5 56, 7 ORFREC Rz Ik
L72FIE (LLF, BAIEE W) 122w, HERLt O
I CHEAT E B OB & ] 5 T 5 BT OSSR IE R AT)
T—=5 LD, FERERPERD 561, 15 OFHEER
FNEFNUIZOWT, RBICFHFRLZHIHEL 1 AR D120
W, FRIANT =Y 2%ET 5. FHEDS RV E 3£
HOF—FI3ANE LW, M8 I2BWT, FIH 3 I35
W Tw ORICES THIH 4 {53 5. I 4 135 & A
Y&, BERE t T, Q~RMxEfTHTHL. L7z
25T, HIH 4 OFRQ~R WA 5> T 5 5o, BRM~
QDFEBIENS AN T =545,
—HCTHIE, BUER ¢ 2 SBER Tw £ TOMIZYS4
FUBLASSS L 2 BROSEEIE, FehE L 5. X8 TIL, 4l
B3 2N Tw ORICFE T LS~V OFRIE, JEIFfE
HENH &R 5.

6. FHiiEER

REFEEZER LT T L2 ERL, =2a—-F )V
2y T =T DIRT A=Y LB L h 5, FEEHET
HIHERE 2l MREE L 7.

6.1 EERHE

MREEAIE, 428 TH LRI, 2 OB
BT DM D INZ 724 32 B, & H ORI HEAR 413 K%
WRETEH, ZOBBOKH O ETHRAeYE, X EIx
LCHHE, PllZ4TH. HT— %1%, FH 79 HOO%
PRI, FHET—F LT 5,

MEEST i, 79 B0 7 =% D) b o 70 Hir % i 7—
FrlToa—J)iy NT—27DFFIZHW, FEHD9
Ho & Fllxgeds7 A NF—2 L L, WEOKELICH
Wh, FHIEERIE Tw 3 30 5L %E T 5. FlBEOR
BAHFRIZOWTIL, NENMAEE LR T VELT v o 2 IFH]
WD 7:00~9:00 DRI, fed HLMOBRICFEZE T 2 FIH 32
NN RV

fEnEoL=y Max 30ETEEL, AT —% Ol
WE O BME & 72 B HIREEIZDOWTIE 150 8, AJJT7T—7%
% [0, 1] OFFAIZIEFILT 5 720 DBREMEICOWTIE, 4.2
i L AR, FUHLEIEI 150 Fp, FHHRIL 200%E T 5. &
B, AEOFHHERTIE, MEOBEHEGLEEL, 5
FIE, BRIZKHET A2 =2 —F bk v b7 — 27 OFFEEZ,
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F 6 GBI, FHETUFEROMEDS X O R
Table 6 The result of delay and the congestion rate prediction accuracy and learning
time.
NI A—=H FEBRARE R
FEE (2) (30 L ED
wEE | Rocrmmg | emm | oom | BIED G SAE SEAEAS i > 7 B
) BIE (%) FHAR (%) BIE (%) FHR (%)

Case 1 0.01 100 0.01 0.23 29.04 67.25 37.67 76.33
Case 2 0.01 1,000 0.01 0.52 29.51 67.59 39.06 73.91
Case 3 0.001 100 0.01 0.92 72.10 90.50 58.23 92.72
Case 4 0.001 1,000 0.01 8.67 75.47 95.17 61.38 96.46
Case 5 0.01 100 0.001 1.00 15.45 47.73 29.32 51.23
Case 6 0.0001 1,000 0.01 9.28 75.50 95.20 61.38 96.46
Case 7 0.0001 10,000 0.01 88.80 82.29 97.76 68.74 97.89

AT =45 Oz (FIERFIHES & T) 150 FHLL Lo FEE
LEA1OTLHAEEICE, FOHDOF— 7 I3FHICHW
w2 kb L7 F, FURFIZBWTH, ANT—70
iz (BIERFIE D & T) 150 BLLEDRIRIEA 1 DT
HHGEIE, T2 —F VA NI —2 BHH LT
AT D,

BB, Za—FGNAy NT—=TDINTA—=FTH5b,
AR, FEHORKEE L, BLUOEEROMETE
EELFHT =2 2HEL, TNENo5LMTEE
To7z. H L7-5IERHROEEE, CPU 2 Intel® Core™
i7-4790, 7 9 v 7 HH3.60 GHz, * £ 1) 2%4.00GB, OS
7% Windows7 Professional (32bit) T& 5.

6.2 BROBE

AATL728F A= DHEEEHEREZR 6 IIRT. K6
DEBEEME, =2 —F VAt v NI =27 OFFIIrhb
I CTH Y, Bl hour THAH. —F, ®=a2—TF) A
M7 =212 LB FMICH 2 HHIE, wFhor—Aics
WTHR 3G THo 7.

FURE xR T 21Ch20, [HKE ()] %2, 905D
R2FNE MG & LT, ZBETHME & FEREE L DFREDR
FEILH A L o 2B, FREDS 10 UNICIE 28 & & L
TERT L. FEEIZOWTH M, HE (1) I3RE
P E & FEREAE & ORREDO BREILE LT L o /2B, R
HI0%LLNICINE 28 &L T4, —FHT, KE (1) Txf
LETHHHEOFIZIL, THT HREHEEREILEDEREA O
BICEWHIEO TR RO G TN T D, ZHERIT S
72002, 30 FPLL EOSRIED S - 72 H DO A% xR & L7235
FEHERIZOWTHEMR L, ME (1) LHEfOEEGZHITL
TWwa., IhEHE (2) &35,

EFROFER, Case 7D BIEEDE <, Case 4 X Case 6
DZIIKR B E o7z, FEEEMITNIZ, Case 705 D
iz 2 L, Case 4 % Case 6 23Z IRV T WA, FhE
M & e KRFEHMBOMRE RS &, BREREIEN UL
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L, mRFEOH%E 1055 L7z, Case 3 & Case 4 Tli,
FHMOKEES ELTWa, —FT, RRFERBIEE L
HE L, BERMEZ 105D 1 & L7, Case4 & Case 6 T
X, FHIOKEIZIZIZFRLE > TWh, 2L, EEH
fEAY0.01 £ 0 /NS VEh, FHIPREBEICSET S Z
LIZEoTTIERL, AFERBEICEES S Z L THRT
LTWaDThsb, UEns, FHRORKEELEEE
CRETHIEE, FEEIE, FHRE D ITFEPR L —
HT, Za2—F)ty NI =27 DOFFICET LERHIE <
%0, FHORBE L2 h 050 L — K+ 7O
BRCHDIEDHND. EBIIINT XA =5 ZERET HEIC
1, RO SN LAEREE & IR H W RE R BT A 2 %5
LLFIEH LD, 728 21, WKW EEETH L RBE DR
FEOFME4T ) HA1213 Case 3 %, BIHOKRER, BHHD
WMEE TOBICHFELETITHAICE, N ARy 708
HEEHELZ) 2T, Case 6 D/ST A =¥ it $ 5,
EWVo7zZ EDER LN, AFEPEBEOEMGHIZE W
TOWATRECH DL L EZHND.

6.3 THIFERDFM

Bl& LT, Case 6 DFEFROF NS, FHIXREHED 9 H
OHD, HEHEHDDHPH L REZE1TRIZONT, BQ
WZEZE LA To, BRQ 2L X OFEIEZ Fll L 72
WREE 9 IIRT. it @, K52 ATRL, BIEDOFE
BAEZ IR, FIMEZ STRT. M9 25, Pulok
BROFAME D7 GHExHE) OFI1L 6.75 1, HIEDO KD
FUMEDZ GERHE) OFHIE 350 THY, HERLT
HATETWDEZ EDRGN5.

2, & 10 12 Case 6 D 9 HrO&FHEE x5z, B
Q~X DRIFEER B VT, ZOERFED % BREE I IE
DOFHME & FEREE L OBEOBELRERT. ¥ 10 0%
WL, BYHESORRELRTH D, AN IS BLUNE 2D
T = RO QORRETH Y, HERLFHIFTE T
B2 LA, Y, 30 MREO TR ALY HE L L
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Fig. 9 The result of delay prediction for two trains.
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Fig. 10 The cumulative ratio of delay prediction errors.
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Fig. 11 The result of the congestion rate prediction for two

trains.
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Fig. 12 The cumulative ratio of the congestion rate prediction
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