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Abstract: A new high-speed railway Passenger Flow Volume (PFV) prediction model was proposed according
to the factor-response simulation method, and the percentage of the five factors' influence. The five factors were
confirmed from many factors that affect PFV. It can be concluded that the proposed prediction model was

precise and practical through an experimental test.
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INTRODUCTION

Now-a-days, people's trip generation rate has grown
rapidly along with the improvement of people's income
and values (Shi et al., 2007). A good prediction model of
PFV 15 helpful for the National Railway Admimstration to
draw up an effective railway operation plan to achieve the
greatest economic benefit.

However, PFV is affected by a lot of nonlinear
factors in real life which mncrease the complexity of PFV
predictive analysis tremendously (Dearien and Plum, 1993;
Wang et al., 2002). Considering the importance of PFV
prediction, many people try to create or use all kinds of
nonlinear factors to upgrade the prediction of PFV.
Traditional prediction techniques includes multiple linear
regression, stochastic time series, general exponential
smoothing, state space and Kalman filter (Davis and
Nihan, 1991; Moghram and Rahman, 1989, Okutam and
Stephanedes, 1984). Traditional prediction techniques
make it hard for the researchers to test. Recently, someone
try to find the similarities between some popular networks
models and transportation, they come up with prediction
models like Neural Tree model (NT), Artificial Neural
Networks (ANN), Back-Propagation Newal Network
(BPN) (The effect of tanmic acid on irn vitro gas
production and rumen fermentation of sunflower meal
(Dougherty, 1995, Zwada, 1995, Lan et af., 2008,
Lan, 2009; Zafar et al., 2006) and they have acquired
remarkable achievement. Especially for the popular BPN

which has been successfully used in many transportation
fields. Nevertheless, these researchers all try to match
dynamic and changeable PFV with fixed existing models
which make it passive and hard to predict PFV precisely.
Five factors and their influence percentage on PFV
are discussed in this paper and a new PFV prediction
model (Averill and Kelton, 2000) is proposed, at the same
time some correction 1s made on the proposed PFV
prediction model. Through the test of the prediction
model on Qingdao's PFV data, the Mean Absolute
Percentage Error (MAPE) of the model 15 under 20%
totally. Therefore, the PFV prediction model is persuasive
and practical (Tsung-Hsien and Chi-Kang, 2003,
Lewis, 1982; Yuet al., 2008; Steven and Keh, 2011).

PFV INFLUENCE FACTOR-RESPONSE
SIMULATION

Factor-response simulation method is a technique
that spread out as
possible and makes

many interrelated factors as
use of the factorial design
method to get the influence percentage of every factor.
Due to limited space, Table 1 only shows the selected
factors and their properties that have a greater impact to
PrV.

In Table 1, the factors are classified into three
levels A, B and C by the deciding of whether the factor
is qualitative or quantitative and controllable. The
influence A, B and C reduces by turns. Tt is not hard to
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Fig. 1: Relationship between factors and PFV

Table 1: Factors that may affect the PFV

System factor  Possible factors Quantitative? Quanlitative? Controllable? Unconfrollable?  Influence degree Possible response

External factor  National railway policies v v B Speed raised
Economic devel opment level v ' B Stabilization
Income level ' 7 7 B Increase steadily
Consumption rate ' 7 7 A Increase steadily
Population density v v A Increase rapidly
Traveling fever v V2 V2 B Fluctuate

Intemnal factor  Tricket price v v A Appropriately increase
Time (speed) ' 7 A Speed increase
Tricket-selling service v ' C Quality improved
Safety v 7 7 A Higher safety factor
Comfort '4 s s B More comfortable
'Vehicle maintenance '4 's C In fime
Traffic density s v o) Increase

Table 2: Factors design matrix

Factor combination F. F.. Fo Friw F.. Response
1 - - - - - R,
2 + - - - - Ry
3 - + - - - R;
4 + + - - - Ry
5 - - + - - Rs
6 + - + - - Rs
7 - + + - - R
8 + + + - - Rq
9 - - - + - Ry
10 + - - + - Ry
11 - + - + - Ry
12 + + - + - Ry,
13 - - + + - Rz
14 + - + + - Ryy
15 - + + + - Ris
16 + + + + - Ris
17 - - - + Rz
18 + - - - + Rig
19 - + - - + Ry
20 + + - - + Ru
21 - - + - + Ry
22 + - + - + Ry
23 - + + - + R
24 + + + - + R
25 - - - + + Ras
26 + - - + + Ry
27 - + - + + Ry
28 + + - + + Ras
29 - - + + + Rap
30 - + + + Ray
31 - + + + Ra
32 - - - - + Ra

see from the Table 1 that there are six main factors:
Economic development level, geographic locations,
population density, ticket price, time and safety. The
economic development level and different geographic
locations are replaced as one factor that is regional
economic conditions. Therefore, the factors become
regional  economic  conditions (F.,), population
density (F,,), ticket price (F,), time (F,,) and safety (F_).
Factor-design matrix based on 2* (k is the number of
factors, here it equals to 5) will be given below to analyze
the influence from factors to PFV while R, indicates
the average PFV of every month (Table 2), here + means
the relevant factor has a positive affect on the PFV
and-means the relevant factor has a negative affect on
the PFV.

The relationships between factors and PFV can be
easily seen mn Fig. 1 and the influence percentages of
every factor can be calculated as follows:

5 12
1 (my, ) 1)

R =R, =R :% (i=1,2,..12)

e indicates the mfluence of factor F, to average PFV of
every month, their expressions are:
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Table 3: Parameters table

Factor - +
F, o 6
Table 4: Coding chart for factors
C, Total consumption of t period
o Autonomous conswmption parameter
B Marginal propensity to consume parameter (3  [0,1])
Ay 1y Constant.
t Period
Y, Tatal income of t period
Y (R -R)
o, o iALcbE
Faco 16
3
E(Rl + Ri—1 - R1—2 - Ri—3)
e _ i=4
B 16
8 3
(2 Ry — Ry
g; 2_0‘4 3i+j-35 3i4j-30 (2)
e =
® 16
16 32
YRR YR R )
o =i =2
fu 16
3
2R, Ry
_
T 16

Table 3 shows the meamng of +, -, it means the
change of PFV when the value of factor f changes from «
to . Tt will be easy to predict the PFV when we figure out
the change law of f (i). Analysis of 5 factors and their
expressions will be given in the next section.

FACTORS ANALYSIS

PFV prediction is affected by many complex nonlinear
factors. Qingdao's regional economic conditions,
population density, ticket price, time and safety five
factors are chosen here for comprehensive analysis and
obtain Qingdao's PFV prediction model.

REGIONAL ECONOMIC CONDITIONS

Regional economic is mainly measured by
consumption level of the specific region and consumption
level can be described by the consumption function.
Consumption function is a function that determines
consuming behavior and the key indicator that reflect
regional economic conditions. Consumption function was
first proposed by English economist JM. Keynes
(Keynes, 1936; Davis, 1952).

Hall (1978) introduce rational expectation
consumption inte consumption function in 1978 and
proposed adaptive expectations consumption function
model:

C =ha+(1=k) C +ABY, +p, ¢=123...T) (3)

Table 4 shows the meamngs of every parameters in
the Eq. 3:

Using generating function method to recursively
solve the Eq. 3. Assume H (x) = C; + Cx + Cx* +......
multiply (1-A) x to, H (x), it becomes (1-A) x H(x) = (1-4) x
Cy+(1-2) Cx* + (1-4) Cx’ subtract these two expressions
above, extract common factor and divide (1-A) x both sides
of the expression, it becomes:

HO0= 37, (Ga+ MY, +1) #xk ;

SINGe H(x) = yoooxts then:
Ct:C(t):(?»aJr?»BY'+u()#(t:1,2,3,...,T) (4

POPULATION DENSITY

Population density will affect travel munber of people.
This study use Logistic Cuve Model to realize the
prediction of Qingdao permanent population:

K
Y= (t=1,2,3..T 5
t1+ot[3'( 23T ()
where, k, « and [} are unknown parameters in the
expression, t indicates time. Using modified exponential
curve parameters method (Pangjin and Wu, 2008),
because:

3m-1

8- )::‘fl 5= 3% ads, = 3y,

t=m t=2m
Substitute S, 3;, 3; into Eq. 5, therefore:

Sz _S2 ﬁ
Bz(ﬁ)
__ mB-n (6)
8,8, -8 " -1’
om [(CRE ]
5B -5,

Choose m = 6 and select as one month's permanent
population of Qingdao randomly, they are 9091.99,
8731.22, 8397 81. Substitute values into Eq. 6 we get:

1
~ 8307.81-8731.22%

po— T BIE ggg
8731.22— 9091.99
a= §x(0.986-1) c=4a321x10° (7)
9091.99 (~360.77) % (0.924 1)

6%(0.924-1)

K= =1.38x107
9091.99x0.924—8731.22
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Table 5: Population table

Year City penmanent population/10,000 1 Year City permanent population/10,000 t
1988 651.69 1 1999 702.97 12
1989 657.15 2 2000 706.64 13
1990 666,64 3 2001 71048 14
1991 670.92 4 2002 715.65 15
1992 673.10 5 2003 720.68 16
1993 675.34 5] 2004 73112 17
1994 67852 7 2005 740,90 18
1995 684.63 8 2006 T49.38 19
1995 690.26 9 2007 757.99 20
1997 695.43 10 2008 761.56 21
1998 699.56 11 2009 762.91 22

Get: Safety 1s one of the important factors that atfect the

passengers' choice of train. It is mostly affected by

_ 138107 (]) drivers' work time and the train's speed (Kecklund and

T 1441321107 % 0.986' Ingre, 2001). § means safety coefficient, W, is work time,

p and p are variable parameters, T, 1s the speed of the

Qingdao’s  permanent population of every year  train. Safety can be described as:

and 1its prediction (Table 5) and population growth is
given below.

TIME, TICKET PRICE AND SAFETY

Travel time (T,) and waiting tume (W,) are the
mnportant factors that affect the selection of means
of transportation from the view of passengers
(Ruhe and Yan, 2005). Passenger's time-consuming in one
travel can be expressed as (p, 1) are parameters):

Tsum - th + nWt (9)

Passengers' total consuming time T, in one
transportation has a passive influence on passengers'
choose of this means of transportation. There are three
types of trains EMU, express and local train in Qingdao
railway station. T, is approximately equal to the Average
Travel Time (ATT) of every train. There are altogether 19
EMUs and ATT equals to 4.16 h, 2 express trains with
ATT equals to 1898 h and 22 local trains with ATT equals
to22.54 h ATT of all the trains T, equals to 14.25h. W, 1s
hard to investigate, we assume W, to be 0.5 h for the
convenience of simulation.

Ticket price 1s also an umportant factor that affects
PFV. Ticket price varies from travel distance to travel
distance. Assuming that there are y stations from origin
stop to last stop, the distance between the 1 station and
the T+1 station is P; (1<i<y), the ticket price between the
1 station and the 1+1 station 1s fo, so the average price
from station to station 1s shown as follows:

Y-he,

=, (10
Y- bp,

®

R () 13 a power fumction on t.

S=psen (whfs)thrTﬂ (an

sp

PFV PREDICTION MODEL AND ERROR
CORRECTION

We can view nonlimear factors mto some simple
unities, therefore, factors affect PFV can be expressed as
factors linear superposition. Take Qingdao's PFV as
experimental data from 2005 to 2009 (Table 6).

First, &, assuming that 13 the percentage of the
influence from regional economic conditions to PFV,
therefore:

e
= Feco *100%
o0 T Chpop T Cep T O T Crear

,
Creco

other factor's influence percentages can be figured out in
the same way. PFV therefore, can be expressed as:

(12)

i 2 i i o
Py = eFmCt + eFMY. T € Cog T €y Lo T eFMS

Assume that means years and months to be
predicted, for example 2020.04 and 2030.12 means
April of 2020 and December of 2030. t means month,
t=(T-|T ) x100. Prediction model is a combining form of
power function and exponential function on t. Substitute
every into PFV prediction model, we get PFV of every
month of every vear, compared them to experimental data,
we can see the comparison in Fig. 2 and 3. Figure 2
illustrates that we use the previous prediction model to
predict the PFV, then we compared 1t with the actual PFV,
we can see that there are obvious different between these
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Table 6: PFV of Qingdao city

Year (PFV>10,000)
Month 2005 2006 2007 2008 2009
1 128.0 6l.2 734 110.4 1151
2 116.7 42.3 72.6 97.0 101.2
3 116.0 47.5 69.4 98.4 101.5
4 42.0 63.5 T0.4 105.0 118.4
5 47.6 72.2 81.4 110.0 125.6
6 40.0 o1.3 98.4 105.7 109.4
7 59.0 933 130.1 123.7 148.9
8 61.0 924 129.2 120.6 158.9
9 53.0 75.7 98.9 114.5 119.4
10 35.5 81.3 100.3 110.8 126.5
11 48.7 56.2 86.9 91.2 99.5
12 44.1 55.5 90.2 90.8 100.7
1609 Actual population growth curve Table 7: MAPE value
- — — -Predicted population growth curve MAPE (10024)
140 Month 2005 2006 2007 2008 2009
1 29.68 7.84 3.26 10.32 0.60
g 120 2 31.79 27.60 0.55 0.00 8.70
=] 3 28.57 042 1.87 7.63 7.19
E’: 100 4 4 33.30 015 1.42 4.76 1.09
&~ 5 34.40 2.07 4.17 0.00 4.37
8 6 47.50 1.55 1.52 0.86 14.35
a 801 7 2.20 3.64 77.70 9.53 0.067
8 2.62 021 0.69 0.49 4.21
& 601 9 10.94 Q.37 1.21 0.43 0.58
10 56.30 1.72 1.09 0.00 12.96
40 11 328 3.62 14.15 21.50 6.43
12 9.07 16.03 3.99 4.51 0.19
20 L L] T 1 T 1 . . . . . .
10 20 M_:gﬂ: 40 50 60 This simulation is generally in accordance with actual

Fig. 2: Preliminary PFV prediction
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Fig. 3: Final PFV prediction

two groups of data and in Fig. 3, we use prediction
model expressed m expression 17 and we find the
prediction data 1s very similar with the actual data, it
means our latter prediction model i1s much better in
prediction.

trend but below expectation. When analyze the monthly
PFV line chart from 2005 to 2009, we will find PFV tending
to ascending trend year by year totally (The x-coordinate
represent 60 months of the 5 years). Table & in specific,
PFV grow rapidly during vacation and drop rapidly after
vacation, then come to gradual advance trend. This trend
can be used to describe for other year. It means we should
deal with the prediction of PFV in vacation and in
peacetime separately, including fluctuation. The modified
prediction model is shown as follows:

3

; ; ;
Peey = (€ Ci + eFMY. + erTs“m +eg,

e, Hfm+o@ (13)

Cavg

f (t) is a power function on t. According to curve trend of
experimental data, we assume that 0 (t) equals to:

12522010 g
o (t=4,7,12)
oiy= 4.0 290 10* (1=1,5,8,9,10) (14)
010 t=2.3 611
1LO— ¢ x10°

Y

o, P and vy are constant which are used to assure o (t)
increase regularly year by year. According to
(Lewis, 1982), if MAPE is lower than 20%, the model can
produce a fine prediction:

1765



Inform. Technol [, 10 (9): 1761-1766, 2011

1M
MAPE =—

av (i) —pv(i
av (i)

% (15)

av (i) and pu (i) means actual value and predictive vale, M
means month, that 1s how many months' experimental data
it will use. The over striking values in Table 7 are numbers
that fail to make MAPE under 20%. Since all kinds of
emergency may affect PFV greatly and values which fail
to meet the requirement only take a little part of total
values will be deemed to be within tolerance. In summary,
the PFV prediction model proposed in this study i1s
effective.

CONCLUSION

In this study, a PFV prediction model is proposed by
using the method of factor-response sinulation and the
factorial design method on the factors which affect PFV
mostly. We make a test on prediction model by using the
experimental data of Qingdao railway station and we find
the model‘s MAPE 1s under 20% totally. The precise and
practical prediction model can help the National Railway
Administration to draw up an effective railway operation
plan to achieve the greatest economic benefit.
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