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Relation Prediction for Railway Travelling Group Based on Hidden Markov Model
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Abstract In recent years,with the continuous development of transportation network as well as technology in high-speed rail-
way » the speed and comfort of railway travel have been greatly improved, more and more people choose to travel by railway. As a
result, co-travel behaviors have become even common in rail trips. The travel behavior of passengers can be influenced by their
peers,and different travel groups will present different travel preferences. For example, for a travelling group with family mem-
bers, the elderly and children will be taken good care of, hence group members are more inclined to pursue comfort during the
trip. When a few young people who are mutual friends form a travelling group,they care more about the sense of experience and
freshness. Therefore, predicting the type of a travel group will be beneficial for learning travel preference of this group.,e. g. snot
only help transportation,tourism and other related industries to define their products and services that travel groups interest in,
but also provide support for market decision-making in the railway transportation industry. Based onthis, this paper proposes a
methodology for analyzing railway passengers’travelling behavioral using ticket booking data. Firstly.based on ticket booking da-
ta.it proposes the quantitative method of co-travel times of a travelling group. Secondly.it formalizes the prediction problem by
incorporating Hidden Markov Model. Lastly,the accuracy and consistency of the model are verified with real-life data and experi-
ment results show that the accuracy of our model can even reach 96. 38% ,in the meanwhile, the consistency is as high as 95%.
Thus,we conclude that the proposed method can effectively and accurately predict the relationship of railway travel groups.

Keywords Co-travel relation prediction,Railway co-travel group, HMM
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# 3 AL — R i SR EA T 5 . S TR A 2 1] 4
HEAT 1 A8 A5 B0 A 2L Y AT UL M, T AR IR G R A R A 1)
L % D A A~ 3 3fe PR i 4 B B U M AL G R AT AR AR R
m=L A2 PR .

G; =attribution;

=[sizes, sagediffo, »gendernumg, » familynameg, ]

12

Horfv, sizeg, MR ISR AR ¢ A & 1Y Z R agedi [ fo, T
e A1 i e KAE IR 5 B /AR IR 22 8] 1Y 25 1H , gender-
nume, 2 3 I F A A2 7R B e & P familyname, 22 7 [
I TG BT 2% 3 e P AR v 80 A b O ) Ik 1R g A
By AR B — 2 RARF O 1, A 0.

3 FH LR A ik

Table 3 Co-travel sequence
iTE 5 W 4 # 51 Bl & % 5

B — g

E00000011 i # % Gy
Bk 4% k'S
B — g

E00000026 e % G
LN %
B — g

E00000057 i * Gs
Bk #t 3z
B R %

R T ATOAY AR SCRAE W A9 2 AT T A BEAL BEL dn
4 FrA e AT IS 22 R 20 5 RRAR KON — .
F 4 AFB 2R

Table 4 Age difference
R EHE [ Fe & X
[0,20] PR
[20,80] H g R

B A= (S, 0, AL B i@ il 2 S W R IB I T &
HfH.

W 2 11 PR A 56 ZOIR S T b K R AR R E oy B F
5 NF £m.UTRD . BERESESGERR R

S={F,NF}

S5G3% 2 X 3 i AN 3R R HEAT 0 1 I P
WU BE T 3 Fh R BI AL L 3R 5 B T — 2L i M
TRy ) B 0 JE M AL . R AR B A 7T LSRR

O= (attribution, sattribution, sattribution;)

#5 WNEESRR

Table 5 Observation set display

AL A 2 A

attributionl

W A
G FL ABK.D
G, 5, ERK,0
U4, F& , ERRD

attribution2

attribution3

W AR A A 0 A1 HE B
( F=0.3 J
=
NF=0.7
W 2 T 0 A R R I
(ap‘p‘:0.7 (l[:y]-‘:O.Sj
A=
anrr =0.4  anxpne=0.6
NI {E % 5t 50 B AN areribution 5 N ater)
Fuun :O- 5 Fuur», :O- 2 Fuur; :O- 3
B=
NF,,, =0.2 NF,, =0.6 NF,, =0.2
Xt 3 iy 3 A~ e ofe AT I e IR 09 J 0 AT BRI
Joi s AW = Ay 0 36 2 ) 6, 8 G Y A e DAL AR s A b 1

P A% 20N AT 3 BT 71 B Bk i B v B S 2R AT S RO 4], AT
pURIIR NG TIPSR
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O = Cattribution, sattribution, sattribution,)

Q?

attribution1=

[3.% &, AR R,1]

Voot 4 5 é

B3 BRI Hh B S IR AT SR A LR 3]
Fig.3 Example of Hidden Markov Model in Railway Data
FETF DL A A S R, R R L B R A e CIP, i
FEANE .
Stepl G, W J@ P (B 28 51 A WL AE 46 & W 1Y aetribution, , R
it R B G R R 5% BE 56 R 7 A 3k Rl I M 19 % X Gy Y A
TR OC R R AT 5T
P(G,—F)=Pattribution, | F) X P(7z)=0.15
P(G,—NF)=PC(attribution 1 | NF) X P (g )=0. 14
MARTH .G NRELRWBER T HAERELR
PIMER , L G, B84 A RE b R BE G R . Gy 1 JR) 3 & AR I 42
hF,
Step2 G, By JE HEAE 250 S WL (& SE A T Y aeeribution,
[Fi) 3 %F G 1) T 80 P K 56 R SR iR A T T 58
P(G,—>F) = P (attribution, | F) X max{P (G, > F) X
apr »P(G,>NF) Xangr )
=0.0525
P(G,—NF) =P (attribution, | NF) X max{ P(G,—~F) X
apxr s P(Gy—=>NF) X apr b
=0.0168
T LA H . G o 5 AR 26 19 7T e R T 5, BN G, A
TRE R FIER R G R iR I M2 N . F—~F.
Step3 G, By J@ HEAE ) 2 WL (B 5E 45 T 1Y aeeribution,
[Fi) 3 7 i A R G R AR B R AT 15
P(G,—F) =P (attribution; | F) X max{P (G, >F) X
apr s P(G,>NF) Xaxpp )

{0
{0

attribution2=

3,5, Ll 1R.0]

attribution3=

[4,% #, TR K1)

KA FH

O

P(G;—>F) = P (attributions | NF) X max{P(G,—>F) X
apnr s P(Gy,—>NF) X anpnr |
=0.00945

G HAEFREM AT R S i G A AT RE M AE R
KERF .

B4 gyl T 3 A 3L A1 ik ) i %42, NG 1 7 8 OC R
PG 5 T A T Y — b, BIDAE B 06 R F I T 5 4R R
TREM B RS AR . G AR R BE L RIT RN N RG,
WHEERR, TRG HNE ST RE I FE LR, [ AL DG,
B B 5 RS VR S DG FR L, T2 AT LN ¥ 9 3 A 3k ofe ] (K
1 A4 O 27 9 d5e KT BB - e - R BE-JE K E

A

0.15 0.0525 0.007 35

XE [~ Oe—O
FxXE [

o————0

0.14 0.001 68 0.009 45

| | |
AAMEG, AMMEG, AEGS

P4 R B e I AR e

Fig. 4 Viterbi algorithm optimal path selection

5 HIELW

PR R A R B G SR A S R U U5 s R AT T SR g
WE . SE S B B S SR A g B A S AT O R AT i

Ao SR 5 B AR SCHR A ik T B B R AT SR A R Y G FR 0 A TR
Z JH 3 2 B ) A5 B v O o G o A R — vk AT IR R
5.1 LINHIEE A

AR R AT XX 2B 2015 4F 1 H 2] 2016
AE 11 ARk A T, —dL Y T 164944 KIWE(E
BLMET LS ILITRE ., Hiihf 42237 MITHAEA
RS R AR IC (AT REE R R AR E R R X RBH .
TTEAEE A A0 & 1T B4 5 (sequence_no) . 41K (train_code) . &
ZEB}A] (train_date) . i %& Hbi (from_station) . H fJ Hh (to_sta-
tion) . Z£Jfi 5 (coach_no) \JE A7 5 (seat_no) . Fe 4 AN H I iFE 5
(id_no) T %= A 44 (name) T 4 A\ 4= H 1 (birth) K 7 %2

=0.00735 NS (sex) 4 11 ANF B, i3k 6 irsl .
6 R SEEE AL
Table 6 Format of original purchasing data
Ve kB WM EHy S B L5 TR 5 5 ik 5 % 4 A& H T F
DO101 2015-03-13 S AR 04 011A EA00000001  51292319470207 *xxx Z 19900719 %
Do101 2015-03-13 5 A 04 011C EA00000001  51292319680714 »xxx 3 19550409 E's
D0101 2015-03-13 S A 04 011D EA00000001  51162119890815 xxxx EF 19860707 by
D2208 2015-04-07 RAAE ERIL 15 017C EA00000007  51622119860707 #xxx x| 9 4 19860707 %
D2208  2015-04-07 RAAE ERA 15 017D EA00000007  51092119800620 *xxx x| #] # 19800620 %
D0505 2015-04-12 EWN A 07 0028 EA00000003  23262319600523 x*xx %% 19860707 7
D0505 2015-04-12 K AR A 07 0029 EA00000003  23260319800303 *xxx HER 19800620 %
D0505 2015-04-12 £/ AR A 07 2230 EA00000003 2326231958021 »xx g% 19591224 F's
AL 1 PR A WK G, . G B, AR 3 3 PESIT IS BALS I 15 R VB S KA 5 45 5

I3 A o 3fe T 4K f 0 B T 8 DA T S o 5 AR T T U M X R
HEAT A 3 L 45 3 S50 9T T BHE . LZDIEWTT,,E}:IWEPEUt
— W FEIT BRI 4y Ry 3 AN R F AT B AT RE B AT
FER. REGBAUSRELLS GOS0 AW K k5%
A NEME AT R B A kit e L 2 DL B H R LSS AT

%)jk. B ARIPEAL A SO e 42N B IES 4T T mds

B FLAS SO o 9000 T R % 1A A ME B D EE A
A5 m A>3l 11 1A 1 BOHE 46 AT LR R
D=C(gi,g2s""»gu) (13)
T KA B AT IR, — SRR AR 4 2237 A H K 3
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PIZRAIAR . DL —Ffe ey vpols SR B BT 6035 R & 1A
oA PR, IF AN AT I (8] 9 S I R AT HE T L 453 21 67 308 4%
AT 2 AT (R A TR a & 2 RE .
TERLAE AR Hh sk SE T % T RE PR [ 47, B0 35 TE TRl A 13T B )
JEAISRA 5510 Z AT AR GRS THAE R Nk 7 Frsil.

REEE
%% ik 5 5 & H i Bl
EE 51292319670207# %% % 19470207
Bk 512923196807 14k % 19680714 Gy
FF  51162119890815%*** % 19890815
HEZ  23262319600523% %%+ % 19600523
HFEE 23260319800303% % 19800303 Gs
¥ 2326231968021 1%+** % 19580211
H k2 &
R B ] AR M E # E LS F 1R AT 9K 3
2015-3-13 it AR G, Eai
2015-4-12 ES %A Gs Egs
iTERER
RS EN HAT A% EX # 7 B
E00000001 DO101 3 07 Gy
E00000003 D0505 3 04 G;

SIEENCE S-S N

Fig.5 Example of splitting purchase data
x£7 BEsit
Table 7 Statistics of data
BAERA #HE
B RS 42237
VLEEAFEF y oF 0 i AT 2 67308
*= & 5 i AT 5l 5510

5.2 ZBEHEUSE
AR P a4k 20 20, T e XA A G R B AR IC B 42 237

OPARTE 1~24 W), wALJF IR Eor A ik 8 Jin s, th 47
URBE — YR YR 22 (8] 1 3 5fe F 1 i i o 24 062, 83t T
SR E 50 %6 . T 3~ 24 W B A2 /N T 3 3fe T A Y
50%.
8 MR AT R EEE T
Table 8 Statistics of group co-travel times

HAT R H K [1.2] [3.24]
A R R 24062 18175

X A~ AT R A X ) v 1 3 3fe P 1k 43 0] 4 BOHC i 4K S 1Y
AT BN = B R
B R8O & 09— BE N BLAE R — A F A P i M 5 8 T
MEZ E AT — BN B AR RN —#EA— &
WA S T RARZ AL 22 LA A — 'L IR, T
AR SO AT IREFEL L, 2 )22 [B) (9 T ACA IR s T B, AT
UHBAEL3, 24 122 18] (9 P I g g AR AT R
T BN A 06 R AR i Y 3 5 141 1 b ik IO 2R A,
T BESRAE AR RRAE  BP 5 B 5 Al 5% HE TR 09 RRAE B b0 B ), AR
SOR R AL T B HEAT HE T, RS P 9 i AT T R B ik
PEHAFKIE R R LAT R L8R 0 3617 AT HAE S B2
KA AR AT AT HET N HEGT 7 B AR AL T BT
B i B LA AR GRBE O R Y AT A 4R B 17558 AMET
B, MTH5RERRINGREARLEAR 28 K0 T IRIFHEAR
PSP Al P, AR ORI 20 Y6 P T B B 3512 AT HAE AR R iz
XTI 7129 A AR R B SCE X RHEEES Flg) =
(fass faa s fua » WhetherFEN ) #4732 7~ , 45 2] 16 28 00 0 {5
(R R 3T 3.2 5 Sk R AR L BT LA AT A 4 i A O 8 B R st 25
BR T T g5 X — B M), 7] L SO AR WS B B i 2 L —FE LA
R T 2 0] (AT S 228 0L 20 8 MR & Z A FE BB A, 75 A

A afe A i A7 AT R B = Ak, & B SR AT IR AT IR B Sy [FACE M 20, ik 9 Fral,
F9 EHEMEIRA
Table 9 Category of property value

EX BHEEES EX BHEEES

Ly 2 A1 RAESZ, TR %K Ly QCAUE L HEHZ, BE &K
Ly (2 N1 B ASE 2R B %K) Ly (2 AVL BT A SF 82 0 Bl # KD
Ls 2 AL HEFE®Z,LERER Ly (2 AV B0, %A F8 2,8 B K
Ly QAL AFE®Z AR ER Ly 2 AU E 0, HFEHZ, BE#EK)
Ls (2 NG0B & 2 AR EK Ly (2 ANVL R0 % 2 4 Bl KD
L (2 A0, F4F %, LR #ERK Ly 2 AL BT R HF8 2, R R %K)
Ly QA0 HE®Z ARER Lys (2 ABL R0, A F 22, B R KD
Lg (2 AL kLT, i 2, A Bl KD Lig (2 A0, 35 48 % Bl KD

BV s ot AT 5 4 s A3 7120 AL A 1 vh IR
th o B VTR 1 T AT 3 T s I IR 5 1 1 e 2 %
BRI A 190 ST HE P S0 A £ 5 — 36 A 9 e 9
SR A5 930 28 LA 5 4 5 L D S 4 25 P
AT AR SCHEIR 500 4 th 7 I 514 o U 2 RE A $UAE L 430
S AR ok SR AR S ST B Ao A B 8
FAR A EL T LR S

COPFE 1 R BRI 56 BE% 7. 76 500 2 Yl 25 A o
B S T 1420 AN 36T WA 1 B o LA 5 BE 56 R 0 38 7
PR 1211 A AR R EE X R T A KK 209 4. 4 B33
LA 1A e BT 0 L B4 B A, L 25 R II2E 10
Fi 1.,

* 10 WIRMER

Table 10 Initial probability
G, G,
0.8529 0.1471

(D RIMER K RFEMER A, 78 500 &80, Gt F41 h
MFHELMNG, AERBER NG, 73 M AR ERNG, M
KIERNG, B g T EHEG, (G) BB RN LA, 4551
k11 pryl,

£ FEBME
Table 11  Probability transition
G, G,
G, 0.997 20 0.00280
G, 0.03279 0.96703
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OMFARSC R A BHMEEL MR B, £51
JE R AEREARR S h — T 16 MR KB IEA S,
FRMMEES R O={Li Ly Ly, Lig o BT XX 16 Ff
WL E LA SC & T AR P L, [ GO AT IHET . & %k
ARG HX 16 FULIETE 1211 A5 EE & RER S 209 4~ HE
FRBE I Z A rh B0 TR B SRR 4 T B L AE T AP oG & o
JIT ok B R A B UL & A M B 25 SRk 12 A,

12 WL R A R

Table 12 Emission probability of observation value

Li P(L;i|Gy) L; P(L; |G,
Ly 0.2632 Ly 0
L, 0.0016 L, 0

Ly 0.0111 Ly 0

L, 0.0037 Ly 0

L; 0.0043 L; 0

Lg 0.0233 Lg 0
Ly 0.0032 L; 0
Lg 0.1485 Lg 0.0797
Ly 0.2456 Ly 0.0664
Ly 0.2574 Lo 0.0019
L 0.0074 Ly 0.0493
Ly 0.0111 Lis 0.0474
Lis 0.0196 Ly 0.0190
Ly 0 Ly 0.4478
Lys 0 Lis 0.2846
Lys 0 Lyg 0.0039

5.3 HEEWNAEBRELR

AR SCHE T IR SR AT B AG A, ) 800 BE - JR A O 1 0 AR
RS HGIAT S T, F 2 2T A5 30 00 S 80, F 2 L0 1 0647 T
W, X TR — 2% AT 5 800 o T 4 9 3 3fe A1 0, Q2R 4k E L
S T 25 5 T SR AR T A A DG R — A IR Sy T
TER L IFARIE R TR 45 W3 A~ 5000 25 S 9\ 55 2, B bR id
N FR.

i B -5 /R A SRLVE BRI B W G AR AL R A W e A — 4
WL 3 Obs, T I8 LT Seq(p) 1 lineSeq W25 ¥ %1 26
RY, 53 i 44 38 5T 51 Obs, FObs. 5 I 43 51 % 336 9 Ffr L0 7 5] 08 4 7
2] R BIRIRY SR, WS T 4R L SR AT HE AR R IPA
5.3.1 AT Obs, w945

Obsy 2R b 3CHT 8 SR 55 — Fh 0l 7 51, B L3 — A~ e &%
v SR IR R T I I AN EE A S ofe PR L O ok
I 3 PR A 4 BECHC HR A7 I 8] AT HE P 0045 2 1 AT 751

o T IR A T (AT AR A R AT R B IR A RN X A T
5% WA, AR SCEE T 3 P Obsi: 1) Obstiio 3 2) Obspyze s
3)Obsti.s001 . FHARLisj IR @ FCFRIZITF R Obs , 285 T 19 WL I
Fe3 5 AR AT R B 2R B A B AT T B B .

ASCBE R 3 B Obs) 19 1 AT R 51 I 25 46 20 J0 4 5% T
100,200 F1 300 & H A7 )5 51, I 25 2 v 58 B4 Bz %K 4 119
AT P B S U 2R R L 5 00 A6 A — e AR A B BT R
AR X LR S B AT 2 T Gl o 2T 15 B S8R A )
N 1) Parame o013 2) Paramsy s001 3 3) Paramey o0« 53 5 Obs,
SIPEI 3 2 FH XS B RN AT R I SR B AT S B T
WA SHETEET 3HSH(A.B.0.

T HEBA T B B, AR SCHE I 3 4 P B AL E B 3 4 R
200 ZRI AT IR I L @ AL R R A TG, TG, s TGy . 1E
A LB AR A S I 1R BB S 800 3 4 AT R 51 K 4R

A0 E Y 3L T F AR Y 06 2R AT I, A — 21 AT R A I 4R A
AR S R B B s R gk 13 fr g,
F 13 FT Obsy T v 7 5

Table 13 Prediction accuracy based on Obs;

AL 26)
Parameters TG, TG, TG,
Parampy 1007 73.98 74.63 73.54
Parampy 2007 77.54 77.36 78.37
Parampy 3007 83.79 84.58 87.29

LA 2D Paramey g0 U TG, (8- ¥ M 0 2635 8] T
87.29% s 2) MYNLRAE Y K5 . T F- 3 o et 7E 38 i, 3 —
MR,

5.3.2 AT Obs, 895 B

Obs 2 1 3CHT & S5 ZFp W8I ) 51 2 4, [R] Obs, 5 A% 3C
BB T 3 Bl Obsy : 1) Obsca1007 3 2)Obsiz.200 5 3) Obsiaz001 0 F bR
Lioj 198 @ AR FZ 5 51 Obs, 25 7 5 W e 3] 5 A% 36 i 47
FE AN 2R 2 A0 & Hh AT R 5 Y 2

gt B S BE SN N 1) Parampaeg s
2) Paramry s 33) Parame, 500y« B Rl Obs, 23 35 B 3 41 FeXF W
FANBG AT BN SRR AT S0 S R — S8k b
WET 3HUSH(A,B,DO.

TEAER 2R M0 B Be s TR A A SO AE i3 4R B AL 28 B 3 40
KK 200 B AT P 500 3K 4 /AL R R A TG, TG,
TG, . TEAEFR LB ILPRAE IR RS HOT 3 4117751
T AR 5 i 3 ofe P44 1 00 R AT SO L B — A L AT )F A
MHAEZER R B S8 E R T Sk 14 firgl,

F 14 KT Obss (TR o 7 %

Table 14  Prediction accuracy based on Obs;

CHAL: 26)
Parameters TGy TG, TGs
Parampy 1007 84.13 84.42 85.62
Param(y 5007 86.62 87.42 88.13
Parampy 3007 95.63 95.42 96. 38

LA 0D Parames g0 U TG, (- ¥ M 1 2835 8] T
96. 38%6;:2) MU ZREY KT , T T 2 o o R A ZE 3G L 3x —
SIS

S R T R 4 A UL 8 2 A A oh i T R R L.
Obs, i F Obs o iX & H F AL S5 # L Obs, & DL 2 A4~ vh T
%9 WOV R AT F 3 L T Obs, 2 DL B A vt 36 2 9 1 1Y 14
HAT S, Obs, 23 1 F Obsy » 3% — &t M0 1 31E W3 1 1] 25 48
A Y P RE AR AT
5.4 HEEIFA—BMHETR

— AL e AR AL B & D BT K T 4R S R g
T 2 2 B LA 3fe 8 o0 v B IR I 2 A T i o BRLAE 2 4
HAT I 8 rp, X R G 2 00 i — B0 AT 4 SR B
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VAR 56 Z2 95300 L 0 e &5 S 4 3% 15 T3, 1 044 A MR TE S 7] 1
J7 5 e R By TR — il A OC R L 8 TR G &R B0 4R (R Ak Sk
SRS) , HA 56 A~ fe 141 A 7 000 B 18 30 T R ) 9 AT AR G &R
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JB T 5K R B (AL 8 DRS)
15 W R TP — Btk

Table 15 Prediction consistency of group relationship
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Al t ) 95 5

G- & 1044 56
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