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Short-term  passenger  flow  forecasting  is one  of  the  crucial  components  in transportation  systems  with
data  support  for transportation  planning  and management.  For  forecasting  bus  passenger  flow,  this  paper
proposes  a multi-pattern  deep  fusion  (MPDF)  approach  that is constructed  by fusing  deep  belief  networks
(DBNs)  corresponding  to multiple  patterns.  The  dataset  of  the  short-term  bus  passenger  flow  is first
segmented  into  different  clusters  by an  affinity  propagation  algorithm.  The  passenger  flow  distribution
of  these  clusters  is  subsequently  analyzed  for identifying  different  patterns.  In  each  pattern,  a  DBN  is
developed  as  a deep  representation  for the  passenger  flow.  The  outputs  of  the DBNs  are  finally  fused
by  chronological  order rearrangement.  Taking  a  bus  line  in Guangzhou  city  of  China  as an example,
the  present  MPDF  approach  is  modeled.  Five  approaches,  non-parametric  and  parametric  models,  are
ffinity propagation
eep belief network

applied  to  the  same  case  for  comparison.  The  results  show  that,  the proposed  model  overwhelms  all  the
peer  methods  in terms  of mean  absolute  percentage  error,  root-mean-square  error,  and  determination
coefficient  criteria.  In addition,  there  exists  significant  difference  between  the addressed  model  and
the  comparison  models.  It  is  recommended  from  the  present  study  that  the deep  learning  technique

 anal
incorporating  the  pattern

. Introduction

Passenger flow forecast is of essential importance to the orga-
ization of the transportation system and is one of the most
ignificant basics for decision-making on transportation pattern
nd operation planning. Therefore, many forecast models and tech-
iques have been proposed and applied to address this issue.

Generally, the short-term transportation forecasting
pproaches can be classified into two categories: parametric
nd non-parametric methods [1]. In the parametric model, Box-
enkins model [2], e.g., autoregressive model (AR), autoregressive

oving average (ARMA), and autoregressive integrated moving
verage (ARIMA), is a traditional and effective approach for
assenger flow forecasting [3–5]. However, the applications of
hese models are limited because of a linear assumption among
ime lagged variables. To track the nonlinear characteristic of
he real passenger flow, various non-parametric models have
een introduced and improved by researchers [6–11]. Unlike the

arametric model, the mainly process of these non-parametric
odels is to construct a nonlinear relationship between input

nd output variables without a priori knowledge. Therefore, they

∗ Corresponding author.
E-mail address: chuanli@21cn.com (C. Li).

ttp://dx.doi.org/10.1016/j.asoc.2017.05.011
568-4946/© 2017 Elsevier B.V. All rights reserved.
ysis  is promising  in forecasting  the  short-term  passenger  flow.
©  2017  Elsevier  B.V.  All  rights  reserved.

are much more flexible and widely-used in feature regression. In
view of this point, some hybrid models integrating the parametric
and non-parametric methods are designed for improving forecast
performances [12–14].

Among these forecasting models, artificial neural networks
(ANN) have been regarded as a promising model and proven to
be effective in dealing with sophisticated time series [15–18].
However, affected by multiple sources in practice (disturbances
increasing), the performances of the ANN are trapped in the feature
learning difficulties and the networks calculation complexities. To
address this issue, researchers put their efforts from two  aspects,
i.e., data pre-processing for pattern recognition, and intensive net-
works for feature learning.

For the data pre-processing, there have two perspectives, i.e.,
time series decomposition and cluster analysis. The idea of the
former is that time series can be viewed as a mixed signal, includ-
ing various structural and noise components at different scales
[19]. Hence various decomposition techniques are put forward to
highlight the time-frequency features [1,9,11,17], which are then
identified as different transport patterns. Nevertheless, the start-
ing point of the latter is the similarity analysis, i.e., grouping a set

of data according to their features (the same or much more simi-
lar in distance or logic) [20,21]. The previous studies have proved
that extracting remarkable patterns embedded implicitly in dataset
through the data pre-processing can enhance the capability of fore-

dx.doi.org/10.1016/j.asoc.2017.05.011
http://www.sciencedirect.com/science/journal/15684946
www.elsevier.com/locate/asoc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asoc.2017.05.011&domain=pdf
mailto:chuanli@21cn.com
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asting models, and thus the research of developing and applying
ata pre-processing techniques is still a hot topic in the passenger
ow forecast. Affinity propagation (AP) [22], one of cluster analysis
epresentations, is a novel self-adaptive clustering method, which
ims to identify data clusters and each cluster represented by a data
oint (namely, exemplar). Differing from other clustering meth-
ds such as K-means and fuzzy C-means, the AP considering all
ata points as potential exemplars, can cluster big data into several
xemplars in a short time without a given cluster number. Based
n this point, the AP algorithm has been successfully applied in
ene-expression [23], band selection [24], and pattern recognition
25]. To date, however, there is little literature for its application in
ransport pattern recognition.

For the intensive networks, Hinton et al. [26] proposed a deep
earning (DL) framework. Unlike shallow learning methods (tradi-
ional neural network which contains one or zero hidden layer), the
ssential of the DL is its hierarchical levels (stack networks), that is,
he higher levels are determined by the lower levels, where the rep-
esentation of the low levels may  specify several different features
f the high levels, this makes the data representation more abstract
nd nonlinear for the higher levels [26,27]. Realized by “layer-wise”
epresentations [28], the “deeper” feature of the real passenger
ow can be captured by the forecasting models sufficiently [29].
s one of the typical structures in the DL, deep belief network

DBN) is adopted successfully in feature extraction [30], classifi-
ation [31,32], and regression [33]. Recently, the DL technique also
as been caught attention in the transport system [34,35].

To fit the sophisticated characteristics of the passenger flow
ffected by the multi-factor, e.g., transportation managements, hol-
days, and behavior habits, a multi-pattern deep fusion approach
MPDF), combining the AP algorithm for identifying the passenger
ow pattern and the DBN framework for learning sophisticated fea-
ures of the passenger flow pattern, is proposed in this paper. The

PDF model has three parts: (1) the AP algorithm is operated for
luster analysis, segmenting the passenger flow dataset into several
xemplars according, which are then grouped into some special
atterns in terms of passenger flow distribution analysis; (2) the
BN framework is applied for digging the features of each special
attern, generating hybrid DBNs for the deep representations of the
ifferent patterns; and (3) the outputs of the multi-pattern DBNs
re fused as the final forecasts via rearranging in the chronologi-
al order. To investigate the forecasting capacity of the proposed
odel, a real dataset of bus line (Line 10) in Guangzhou city, China,

s utilized for modeling and validation. In addition, comparisons
ith other classical parametric and non-parametric methods are

tudied.
The remainder of the paper is organized as follows. Section 2

escribes the methodologies in detail. The case information, model
evelopments and its evaluation criteria are introduced in Section
. Section 4 gives the results with relevant discussion. Conclusions
re drawn in Section 5.

. Methodologies

In this section, the systematic methodology of the MPDF
pproach is described in detail. Following the aforementioned
hree-step procedure, the constituent techniques are outlined step-
y-step in the subsections. The modeling processes of the present
odel are overviewed in the last subsection.

.1. Affinity propagation
As introduced in Section 1, the AP algorithm is a promising
ethod for clustering, which has been shown its superiority over

he previous algorithms in the literatures [22,36]. Compared to
uting 58 (2017) 669–680

other traditional cluster approaches, the AP is a deterministic clus-
tering method with a stable cluster result. Because the AP algorithm
regards each data point as a representative candidate, avoiding the
clustering results limited by the choice of the initial represents
points [25]. In addition, there is no requirement for the similar-
ity matrix symmetry generated by the data set. Therefore, in this
paper, the AP is selected as the pattern identification tool for the
passenger flow. According to the literature [22], the AP is described
briefly as follows:

For a passenger flow series x = [x1, x2, . . .,  xN] (N is the length of
time series), a similarity of each sample (xi, xj) (i, j ∈ [1, N]) is set as

s(i, j) =
{

−‖xi − xj‖2 i /= j

p i = j
, (1)

where p denotes pReferences
Then define responsibility (Eq. (2)) and availability (Eq. (3)) func-

tion as follows

r(i, j) = s(i, j) − max
j′ /j

{a(i, j
′
) + s(i, j

′
)}, (2)

a(i, j) =

⎧⎪⎪⎨
⎪⎪⎩

min{0, r(j, j) +
∑
i′ /∈i,j

max{0, r(i
′
, j)}} i /= j

∑
i′ /j

max{0, r(i
′
, j)} i = j

. (3)

After a few iterations (m), rm(i, j) and am(i, j) can be updated by{
rm(i, j) = (1 − �)rm(i, j) + �rm−1(i, j)

am(i, j) = (1 − �)am(i, j) + �am−1(i, j)
, (4)

where � ∈ [0, 1] is a damping factor. This updating step is continued
until (rm(i, j) + am(i, j) > 0), and one can get c clusters.

In the AP algorithm, the p is a key parameter, affecting the num-
ber of identified exemplars [36]. Due to this point that difficulty in
specifying p, the AP algorithm may  lead to a suboptimal clustering
solution in some cases. Therefore, in this paper, a qualitative anal-
ysis, considering travel habits of the passengers, is used to improve
the AP cluster results generating some special patterns.

In general, the passenger flow can be categorized as three pat-
terns, i.e., slack hour, normal hour, and rush hour [37]. However,
there is no set definition for the time intervals corresponding to
three patterns for the different lines. Based on this point, in this
paper, the AP algorithm is firstly utilized to segment the flow into
several clusters containing different time intervals. According to
the distributions in different time intervals, the clusters are then
aggregated into three patterns. By this way, the drawback of the
AP is conquered, and the time intervals of the three patterns are
defined explicitly.

2.2. Deep belief network

After achieving the patterns, the DL technique is introduced to
dig the instinct features of each pattern. As mentioned in Introduc-
tion section, among the deep learning architecture, the DBN is an
effective and typical framework. Therefore, the DBN is constructed
in this paper, and the brief description is as follows.

The DBN (Fig. 1(b)) is a stack of simple and unsupervised net-
works [38]. In this paper, an autoencoder (AE) network (Fig. 1(a))
is taken as the simple component of the DBN framework, named
AE-based DBN. From Fig. 1(c), one can see that the AE-based DBN

for the passenger flow forecasting is modeled via one AE captures
the specific information, information learned by “layer-wise” in
many hidden layers, and a final regression layer to accomplish
this.
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ig. 1. Structures of the AE-based DBN for regression. wl denotes the connection w
E-based DBN model.

As shown in Fig. 1(c), the AE [39] has the same output vec-
or dimensions (reconstruction results r) as the input ones (hl−1

h0 = x), Pk as inputs for pattern learning) aiming to reconstruct
nput with a minimum reconstruction error (Eq. (5)).

E(hl−1, r)  = −
Q∑

q=1

[hl−1
q log(rq) + (1 − hl−1

q ) log(1 − rq)]. (5)

To solve this problem, the AE-based DBN is operated step by step
or encoder fe(.) (Eq. (6)) and decoder fd(.) (Eq. (7)), until achieving
ptimal parameter sets (w,  b) based on a minimal loss function (Eq.
8)), where w and b represent the weights and bias values between
eighboring layers, respectively.

l = f e(hl−1) = Sigm(whl−1 + b), (6)

 = f d(hl) = Sigm(wThl + bT ), (7)

here Sigm(.) means the sigmoid activation function.

(w, b) =
∑

RE(hl−1, r). (8)

According to the literature [40] and the graphical representation

hown in Fig. 1, modeling of the AE-based DBN has three steps: (1)
rom the lower to top layers (layer 1 to layer l), operate generative
nsupervised learning layer-wise on the AE. (2) From the top to

ower layers (layer l to layer 1), fine-tuning by a supervised learn-
ng method, back propagation algorithm, on the whole AE-based
BN to tweak the parameter sets (w, b). (3) From the hidden (top)

o output layer, perform regression network using the pre-training
arameter sets (w, b). Through the three steps, different DBNs mod-
matrix between two  layers (l-1) and l. (a) AE network, (b) DBN framework, and (c)

eled by the different patterns are applied to forecast the passenger
flow.

2.3. Overview of the proposed MPDF approach

There are three stages including pattern identification (stage 1),
hybrid DBNs (stage 2), and pattern combination (stage 3). Having
addressed the constituents separately, the present approach for
the passenger flow forecasting can be summarized as follows and
illustrated by Fig. 2.

Step 1. Collect passenger flow data x.
Step 2. Cluster x into c groups using the AP algorithm, i.e.,

C = [C1, C2, . . .,  Cc].
Step 3. Identify c clusters’ features based on the analysis for the

travel habits of the passengers, and construct k patterns, i.e., P = [P1,
P2, . . .,  Pk].

Step 4. Construct deep framework for the feature learning of
different patterns, respectively, i.e., DBN1, DBN2, . . .,  DBNk.

Step 5. Perform the hybrid DBNs trained by Step 4, and get
[P̂1, P̂2, ..., P̂k] using the current intervals. When the data update in
a time interval, the DBNs forecasting is realized real-time updates.

Step 6. Fuse the deep representations [P̂1, P̂2, ..., P̂k] by the
rearrangement with the order of x, and output the final results in
the next interval. End.

3. Case study
In this section, a bus line (Line 10) in Guangzhou city of China is
investigated as an example for testing the performances of the pro-
posed model. The model developments and their evaluation criteria
are also introduced in this section.



672 Y. Bai et al. / Applied Soft Computing 58 (2017) 669–680

oach for short-term bus passenger flow forecasting.

3

c
a
1
t
2
a
e
2
M
t
o

a
l
t
t
w
p
t
i
e
t

o
m
p
r
t
i
F
t
t
t
h
D
t

3

t
d

c
T
t

Table 1
Model developments of each stage.

Model stage Experimental design

AP for similarity clustering �=0.5; p = median(S); max
iteration = 500

DBN for deep feature learning Input nodes = [one week-ahead, two
weeks-ahead, three weeks-ahead, four
weeks-ahead]; Hidden layers = [1–3];
Hidden nodes = [10,20,30,40,50];
Output nodes = [next week].
Other parameters: dropout 0.5,
learning rate 1, size of batch training
Fig. 2. Framework of the proposed MPDF appr

.1. Dataset

The historical bus passenger flow data of Line 10 in Guangzhou
ity, China, were collected to evaluate the present modeling
pproach, during the period from Aug. 1 to Dec. 31, 2014 (totally
53 days). Taking the operation time of the Line 10 into considera-
ion, the time period of data collection for each day is from 5:00 to
3:59. There are 2907 observations (153 days × 19 intervals) with

 60-min interval (totally 19 time intervals in each day, i.e., 5–23),
.g., [5 : 00 − 5 : 59] ∈ 5, which is remarked as x = [xω(t) | t = 5, 6, . . .,
3, ω=1, 2, . . .,  7], where t denotes time interval, and ω denotes
onday ∼ Sunday. The details are shown in Fig. 3. For convenience,

he time intervals in the horizontal axis are replaced by the number
f the time series.

From Fig. 3, one can find two abnormal time intervals during
ll the collection periods, i.e., (a) system management and (b) pub-
ic holiday, which may  affect the forecasting performances. Since
he route adjustment interval has no data, it is not considered in
he cluster analysis, but still participated in other processes. Mean-
hile, one can also extract a tendency from Fig. 3 without the
eriods (a) and (b), which is plotted in Fig. 4(a). It is noted that
he changes of one week including working days and weekends
n Fig. 4(a) are chosen randomly from the dataset shown in Fig. 3
xcept two abnormal periods. To reveal the public holiday features,
he passenger flow on the National Day also plotted in Fig. 4(b).

As shown in Fig. 4(a), some significant regularities can be
btained: (1) on each working day, there have two rush hours in the
orning and evening, respectively; (2) on the weekends, the whole

assenger flow keeps impartial in some certain, without obvious
ush hours; (3) the passenger flow in the weekends is less than
hat on the working days. In addition, these changes will reappear
n the next week (see Fig. 3), thus it can be regarded as periodicity.
or the holiday, from Fig. 4(b), one can find that the fluctuations on
he National Day is similar to that on the weekends (Fig. 4(a)), and
here is little differences between the holiday and the weekends in
he amounts of passenger flow. These phenomena follow the travel
abits completely. Therefore, in the following section, the National
ay interval can be viewed as weekends in a normal week, reducing

he influence on the modeling.

.2. Model development

In this subsection, the ingredients of the proposed model, i.e.,
he AP and the DBN, are developed for the real passenger flow in
etail.
For the AP, the similarity matrix S = [s(i, j)|i, j ∈ [1, N]] must be
omputed at first, which is determined by the pairwise (xi, xj).
herefore, considering the analysis in subsection 3.1, the two clus-
er pair samples are chosen from 1/9/2014 to 30/10/2014, including
100, and training iteration 30.

two normal periods with one holiday. Then the key parameter p is
set as the median of the similarity matrix S (default value), and
the � is designed as 0.5 according to the experimental results in
literature [36].

For the DBN, the numbers of the input nodes, hidden nodes
and layers, and output nodes are main variables. In this paper, an
experimental method is employed to determine these parameters.
According to the analysis in subsection 3.1, the passenger flow has a
natural period (entire one week). To reveal its features in one week,
a multi-input and multi-output structure is developed in this paper,
i.e., the records of one or more week(s) in advance as inputs, and
the forecasts of next week as outputs. Therefore, the experimental
designing is as follows: four levels of the input nodes ranging from
1 to 4 week(s) will be validated, three levels of the hidden layers
sizes from 1 to 3 will be considered (for the comparison, only one
hidden layer is designed), the number of nodes in each hidden layer
is set to be the same ranging from 10 to 50 (interval 10), and the
output nodes is set to one week.

In the following study, the original time series shown in Fig. 3 is
normalized as [0,1], which will be used for the training (90%) and
testing (10%). The details of the model developments are listed in
Table 1.

3.3. Performance criteria

Three criteria, mean absolute percentage error (MAPE), root-
mean-square error (RMSE), and determination coefficient (R2), are
employed to assess the forecasting performances. The definitions
of three criteria are listed as follows:

N∑ √∑

MAPE = 100

N
i=1

|xi − x̂i

xi
|, RMSE =

N

i=1
(xi − x̂i)

2/N,



Y. Bai et al. / Applied Soft Computing 58 (2017) 669–680 673

Fig. 3. Bus passenger flow of the Line 10 from 1/8/2014 to 31/12/2014 in Guangzhou of China, where (a) represents 11/8/2014–13/8/2014 (route adjustment) and (b) stands
for  1/10/2014–7/10/2014 (National Day).

e Line 10: (a) one week, and (b) National Day.
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Fig. 4. Passenger flow distribution of th

2 = 1 −
∑N

i=1(xi − x̂i)
2∑N

i=1(xi − x̄)
2

, (9)

here xi and x̂i represent the i-th recoded and forecasted values,
espectively, and x̄ refer to the mean values of the records.

. Results and discussion

In this section, the addressed model is tested using the real data
f the bus Line 10 in Guangzhou city, China. To show the superi-
rity of the proposed model, the forecasting performances are also
ompared with other methods.

.1. Pattern identification results

At the first stage, the time series data of passenger flow during
/9/2014 − 30/10/2014 are clustered into nine components (C1,
2, . . .,  C9) by the AP method, as shown in Fig. 5. It is noted that
he clusters are named in the order they are clustered. The perfor-

ances of the AP are as follows: number of iterations = 150, elapsed
ime = 4.893 s, and fitness (net similarity) = −3.73535.

According to the clustering results shown in Fig. 5, Table 2 gives
 summary for the clusters’ distribution.

From Table 2, one can find that the AP algorithm can cluster the
air samples successfully both for the week ω and the time interval
. However, the clustering results may  be a suboptimal solution,
hat is, some clusters have the same time interval, e.g., C1, C3, C4.
his maybe resulted from the similarity computed by Eq. (1). On
he one hand, S is evaluated by the Euler distance that may  cover
he logical features. On the other hand, it is hard to determine the p

alue [22], which is just an empirical value without any theoretical
asis. Therefore, to improve the suboptimal solution, based on the
luster results and the analysis in subsection 3.1, the clusters C1,
2, . . .,  C9 can be aggregated into three patterns for each week, i.e.,
Fig. 5. Clustering results using the AP algorithm.

slack hours P1 = [C7, C9], normal hours P2 = [C2, C5, C6, C8], and rush
hours P3 = [C1, C3, C4]. Fig. 6 shows the three patterns respectively.

From Fig. 6, one can see that the pattern identification is
appropriate, except for two significant outliers in P2 (the route
adjustment time interval is out of consideration). From the statisti-
cal point of view, the mean values of three patterns are 540, 2091,
and 3765, respectively. This shows that the distinction degree is
acceptable. In addition, the results shown in Fig. 7 prove the valid-
ity of the pattern identification strategy. Compared with Fig. 6(c),
an obvious outlier appears plotted in shown Fig. 7(b) which is corre-
sponding to the public holiday (National Day). Moreover, the period
of the National Day has been transferred into Fig. 7(a), generating a
new pattern shown in Fig. 6(b). There has no notable difference in
this process. Therefore, it is reasonable for regarding the National

Day period as a normal weekend.

To sum up, based on the qualitative analysis for the travel habits
of the bus passengers (see subsection 3.1), the drawback of the AP
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Fig. 6. Three patterns distributions. (a) slack hours P1, (b) normal hours P2, and (c) rush hours P3.
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Fig. 7. Comparison results obtained by the single applicatio

lgorithm has been eliminated. The results of the pattern identifi-
ation are much more suitable as the inputs for the DBN regression
n the next step.

.2. Deep feature learning results

After identifying patterns, the hybrid DBNs for feature learning
s designed according to Table 1. Specifically, the input x and the
utputs of three patterns should be set as shown in Table 3, and the
odeling performances (MAPE and RMSE) of the DBNs are sum-
arized in Table 4. It is noted that there have four categories of
he input-output structures modeled in Table 1. For the three pat-
erns, the corresponding input-output structures are set as P1 [one
eek-ahead (28 nodes)| next week (28 nodes)], [two weeks-ahead

56 nodes)| next week (28 nodes)], [three weeks-ahead (84 nodes)|
h AP algorithm. (a) normal hours P2 and (b) rush hours P3.

next week (28 nodes)], [four weeks-ahead (112 nodes)| next week
(28 nodes)], P2 [one week-ahead (80 nodes)| next week (80 nodes)],
[two weeks-ahead (160 nodes)| next week (80 nodes)], [three
weeks-ahead (240 nodes)| next week (80 nodes)], [four weeks-
ahead (320 nodes)| next week (80 nodes)], and P3 [one week-ahead
(25 nodes)| next week (25 nodes)], [two weeks-ahead (50 nodes)|
next week (25 nodes)], [three weeks-ahead (75 nodes)| next week
(25 nodes)], [four weeks-ahead (100 nodes)| next week (25 nodes)].

As shown in Table 4, one can summarize the following points:
(1) the results of the deep structure are better than that of the “shal-
low” framework (one hidden layer) in terms of the MAPE, the RMSE,

and the R, (2) generally, the deeper the hidden layer is, the better the
performance will be for feature learning, and (3) the deep structures
of the three patterns exhibit the diversity in the deep representa-
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Table  2
Distribution of different clusters.

Cluster Distribution

C1 Mon. t = 7, 8, Tue. t = 7, 8, 17, 18; Wed. t = 7, 8, 9, 17, 18;
Thu. t = 7, 8, 17, 18; Fri. t = 7, 8, 17, 18

C2 Mon. t = 10, 11, 13–17; Tue. t = 10, 11, 13–15, 19; Wed.
t  = 10, 14, 15;
Thu. t = 11, 14–16; Fri. t = 10, 11, 14, 15, 19; Sat. t = 7-18;
Sun. t = 8, 10–18

C3 Mon. t = 9, 17, 18; Tue. t = 9, 17, 18; Wed. t = 9, 17, 18;
Thu. t = 9, 17, 18; Fri. t = 9, 17, 18

C4 Mon. t = 7, 8; Tue. t = 7, 8, 17; Wed. t = 7, 8; Thu. t = 7, 8; Fri.
t = 7, 8

C5 Mon. t = 6, 19–21; Tue. t = 6, 12, 20, 21; Wed. t = 6, 20, 21;
Thu. t = 6, 19–21; Fri. t = 6, 20, 21; Sat. t = 7, 19–21; Sun.
t  = 7, 19–21

C6 Mon. t = 11–14, 18, 19; Tue. t = 11–14, 19; Wed. t = 11–14,
19, 20; Thu. t = 11–14, 19; Fri. t = 11–14, 19; Sat. t = 11-15,
19; Sun. t = 7, 11–13, 18

C7 Mon. t = 6, 22; Tue. t = 6, 22; Wed. t = 6, 22; Thu. t = 6, 22;
Fri. t = 6, 22;
Sat. t = 6, 22; Sun. t = 6, 22

C8 Mon. t = 9, 10, 16; Tue. t = 9, 10, 15, 16; Wed. t = 10, 16; Thu.
t  = 9, 10, 16;
Fri. t = 9, 10, 15, 16; Sat. t = 8–10, 13–18; Sun. t = 8–10, 14,
16,  17

C9 Mon. t = 5, 23; Tue. t = 5, 23; Wed. t = 5, 23; Thu. t = 5, 23;
Fri. t = 5, 23;
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ARIMA which is determined by [4]), the same as the training pro-

T
I

Sat. t = 5, 23; Sun. t = 5, 23

ions, and the hybrid DBNs with the smallest MAPE, RMSE, and R
re trained as follows: P1 l = 2, 50 nodes in each hidden layer, P2

 = 3, 40 nodes in each hidden layer, and P3 l = 3, 30 nodes in each
idden layer.

Additionally, according to the literature [41,42], the Wilcoxon
igned ranks test is applied for statistical comparisons between
he control model (with the smallest MAPE, RMSE, and R) and the
thers. Through carrying out the Wilcoxon test, one can choose
he simplest model’s structure that is not significantly different
rom the control model, so as to obtain better generalization ability.
able 5 gives the results of the Wilcoxon test containing the control
odels of different patterns and the corresponding models with-

ut significant differences at the confidence level of 5%. Synthesizes
ach component of the deep structures (input nodes, hidden layers
nd hidden nodes in each hidden layer), the control models of P1,
2 and P3 are selected in this paper.

Using the selected models, the deep learning results for the test-
ng data, translated into the real data by the inverse normalization,
re plotted in Fig. 8.

As shown in Fig. 8(a), the DBN1 achieves successful feature learn-
ng results for the P1, illustrating that the fluctuation of the slack
ours are tracked in a deep fashion. In addition, the criteria are com-
uted as MAPE = 19.628%, RMSE = 82.079, R2 = 0.934, which state
hat the higher MAPE occurs in the slack hours, i.e., late evening
after 22:00) and early morning (before 7:00). That is due to the
act that the passenger flow in this period tends to be rather small

ut fluctuates greatly (the changes in large orders of magnitude).
his is hard to capture all the features in these intervals, especially
or the transition periods.

able 3
nput and output nodes of different patterns.

Pattern Input nodes (data on the previous day) Ou

P1 xω(t), t = 5, 6, 22, 23 ω ∈ [1, 7] xω(
P2 xω(t), t = 10-16, 19–21 ω ∈ [1, 5]xω(t), t = 7-21 ω ∈ [6, 7] xω(
P3 xω(t), t = 7-9, 17, 18 ω ∈ [1, 5] xω(
ting 58 (2017) 669–680 675

From Fig. 8(b), the DBN2 capture the fluctuations of the P2
in general, except for few peak values, and the criteria are
MAPE = 10.208%, RMSE = 161.071, and R2 = 0.711. The lower R
reveals that the deep structure is affected by the complex and fre-
quent changes in a certain extent. However, during these periods,
i.e., normal hours (10:00-16:00, 19:00-21:00) on the workday and
(7:00-21:00) on the weekend, the MAPE is not influenced obvi-
ously. It is maybe due to the relatively stable travel habit, because
passengers have relatively less departure choice to work in the
morning, to rest in the evening, and to enjoy their weekend (travel
mode diversification).

The DBN3 plotted in Fig. 8(c), also follows the trends of the P3 in a
certain extent, and the criteria are MAPE = 4.605%, RMSE = 134.577,
and R2 = 0.834. However, one can find a significant phenomenon,
i.e., the fitting capacity of the a.m. rush hour interval (t = 7-9) is
better than that of the p.m. rush hour interval (t = 17-18). Compared
to the time before work (fixed working time), the time is much more
flexible, which is maybe lead to the poor performances in the p.m.
rush hour.

4.3. Pattern fusion results

After getting the multi-pattern results of the passenger flow
using the three DBNs respectively, the final results are fused via
the rearrangement. The pattern combination is plotted in Fig. 9(a),
and the scatter plot is generated in Fig. 9(b). Note that the dash line
represents the records, and the full line means the forecasts.

From Fig. 9(a), one can see that the forecasts follow the trends
and fluctuations of the testing records successfully, except for the
rush hour in the weekends (3 points). As explained before, unlike
the working day, the passenger flow, affected by random factors
severely, exhibits flexibility and variability. From Fig. 9(b), one can
find that the correlations between the recorded and the forecasted
data are concentrated nearby the ideal fit. Furthermore, the quan-
titative evaluation results, MAPE = 10.743%, RMSE = 157.312, and
R2 = 0.958, respectively, also exhibit a high accuracy. Compared
with the criteria of three patterns, the error accumulation effect
is not significant.

According to the quantitative and qualitative analysis above, the
proposed model MPDF precisely forecasts the passenger flow in the
entire testing time with acceptable errors. The performance can be
attributed to the multi-pattern feature observation and fitting, i.e.,
multi-pattern extraction and deep feature representation.

4.4. Comparisons

To evaluate forecasting performance of the proposed model,
four models are applied for the comparisons using the same dataset,
i.e., the non-parametric model (the DBN, the AE, the AP-based AE,
and feed forward neural network (FFNN)) and the parametric model
(the ARIMA). These model structures are listed in Table 6. Note that
the structures are determined by the experiments (except for the
cesses of the proposed model, and other parameters are the same as
the proposed model. The forecasting results with the three models
are displayed in Fig. 10.

tput nodes (data on the next day) Number of nodes

t), t = 5, 6, 22, 23 ω ∈ [1, 7] 28
t), t = 10-16, 19–21 ω ∈ [1, 5]xω(t), t = 7-21 ω ∈ [6, 7] 80
t), t = 7-9, 17, 18 ω ∈ [1, 5] 25
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Table 4
Results of different patterns with different DBNs.

Pattern Input-output Hidden MAPE RMSE R2 Hidden MAPE RMSE R2 Hidden MAPE RMSE R2

P1 28−28 10 51.356 135.331 0.807 20 26.549 95.779 0.918 30 21.046 94.713 0.910
56−28  36.451 139.987 0.834 28.081 121.441 0.873 18.365 137.491 0.851
84−28 16.051  155.089 0.825 17.092 145.643 0.831 15.500 111.868 0.893
112−28 15.470  141.868 0.817 15.294 111.203 0.897 18.115 150.736 0.815
28−28 40 25.687  99.372 0.913 50 20.325 105.125 0.904 10 × 10 26.804 110.437 0.889
56−28  15.824 160.145 0.795 20.740 159.149 0.789 23.628 130.302 0.860
84−28 14.613  116.298 0.885 15.124 124.213 0.867 15.904 141.329 0.839
112−28  13.609 111.934 0.879 14.650 155.313 0.820 15.736 149.774 0.826
28−28 20  × 20 19.488 104.935 0.899 30 × 30 17.686 112.646 0.884 40 × 40 16.618 70.290 0.946
56−28 20.109  116.792 0.869 19.219 111.627 0.880 13.751 57.462 0.954
84−28  26.732 100.087 0.884 11.442 95.718 0.921 12.169 66.528 0.955
112−28  23.512 124.143 0.851 17.406 123.863 0.855 12.043 90.434 0.920
28−28 50  × 50 11.897 71.820 0.949 10 × 10 × 10 25.763 81.767 0.937 20 × 20 × 20 13.191 75.289 0.945
56−28  10.875 66.136 0.965 19.716 107.044 0.906 16.931 70.732 0.947
84−28  11.987 81.582 0.941 17.880 137.997 0.844 16.652 74.739 0.938
112−28 11.452  90.926 0.925 16.857 137.544 0.835 17.777 66.478 0.949
28−28 30  × 30 × 30 15.496 81.808 0.935 40 × 40 × 40 14.886 62.685 0.953 50 × 50 × 50 17.546 100.683 0.901
56−28  13.719 76.603 0.943 16.211 75.968 0.937 13.542 61.807 0.956
84−28  13.015 71.444 0.952 14.229 63.170 0.951 13.427 64.119 0.954
112−28 13.637  54.328 0.957 13.921 76.353 0.938 15.870 76.220 0.933

P2 80−80 10 15.112 224.927 0.399 20 15.380 213.987 0.423 30 13.653 197.094 0.546
160−80  17.064 207.307 0.363 15.687 230.885 0.380 15.286 229.606 0.414
240−80 16.359  212.692 0.374 16.143 220.709 0.365 15.088 224.345 0.416
320−80  16.746 259.642 0.263 15.883 218.453 0.385 15.523 226.999 0.403
80−80 40 12.752  193.561 0.606 50 11.800 198.388 0.598 10 × 10 16.589 217.470 0.329
160−80  12.046 206.225 0.601 12.174 214.217 0.573 16.097 200.964 0.418
240−80  13.587 209.461 0.520 12.649 211.480 0.573 16.042 207.418 0.412
320−80  16.085 224.494 0.363 12.777 204.123 0.575 16.607 254.093 0.281
80−80 20  × 20 16.159 222.697 0.374 30 × 30 15.130 206.665 0.466 40 × 40 12.301 217.269 0.560
160−80  15.207 220.067 0.435 12.748 194.185 0.611 10.487 177.349 0.717
240−80 13.014  199.362 0.579 12.409 187.177 0.625 10.768 204.801 0.655
320−80  14.784 224.246 0.440 11.864 215.512 0.593 12.376 210.813 0.587
80−80 50  × 50 11.321 182.536 0.679 10 × 10 × 10 16.076 209.677 0.395 20 × 20 × 20 14.053 182.029 0.537
160−80 11.275  182.813 0.670 15.974 215.387 0.404 12.984 202.765 0.570
240−80  11.799 188.659 0.636 16.544 225.892 0.319 13.442 225.049 0.513
320−80  12.415 180.652 0.634 16.707 254.610 0.276 13.874 203.938 0.521
80−80 30  × 30 × 30 12.015 193.884 0.620 40 × 40 × 40 11.354 174.537 0.686 50 × 50 × 50 10.953 179.234 0.678
160−80  12.722 214.998 0.571 9.906 166.413 0.772 11.801 189.211 0.645
240−80  11.927 202.397 0.621 11.856 169.337 0.678 10.866 172.787 0.716
320−80 11.503  181.397 0.666 11.322 198.027 0.666 10.245 193.560 0.709

P3 25−25 10 9.098 236.072 0.342 20 7.070 185.972 0.606 30 4.760 156.490 0.787
50−25  5.847 173.223 0.703 8.062 255.121 0.384 6.785 192.284 0.624
75−25  9.501 187.419 0.383 8.313 199.430 0.500 7.268 147.163 0.613
100−25  7.605 233.905 0.491 4.268 107.811 0.853 4.880 168.855 0.756
25−25 40 4.113  117.914 0.857 50 6.674 188.651 0.646 10 × 10 9.371 250.096 0.381
50−25  5.524 164.008 0.743 5.733 200.869 0.673 9.958 192.343 0.322
75−25  4.819 134.876 0.800 5.353 163.664 0.743 6.625 196.167 0.626
100−25 4.203  130.026 0.836 5.013 114.064 0.816 4.753 132.703 0.807
25−25 20  × 20 7.617 200.911 0.546 30 × 30 4.186 152.409 0.814 40 × 40 6.952 172.210 0.621
50−25  4.741 130.205 0.812 4.434 133.925 0.817 4.478 111.727 0.847
75−25 4.951  93.038 0.834 5.833 149.989 0.726 4.143 111.375 0.862
100−25  4.332 115.340 0.844 4.877 143.108 0.787 4.675 92.776 0.848
25−25 50  × 50 4.979 132.753 0.798 10 × 10 × 10 8.794 247.469 0.359 20 × 20 × 20 8.460 246.778 0.359
50−25 5.226  177.210 0.731 4.732 156.418 0.782 4.821 140.53 0.800
75−25  5.135 140.478 0.777 5.221 135.594 0.776 5.004 113.597 0.812
100−25  8.662 216.995 0.532 5.178 175.864 0.735 6.384 194.659 0.639
25−25 30  × 30 × 30 4.031 119.568 0.868 40 × 40 × 40 4.764 135.976 0.819 50 × 50 × 50 5.034 142.713 0.791
50−25  4.736 145.191 0.794 4.888 165.700 0.762 4.901 120.185 0.812
75−25  5.859 193.308 0.668 6.495 90.422 0.741 4.435 122.551 0.831
100−25 4.471  100.597 0.850 9.542 248.370 0.384 4.714 130.805 0.813

For the denotation A-B, A and B represent the number of the input and output nodes respectively.
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Table  5
Wilcoxon test results of different patterns.

Pattern Control model Model not significant difference

P1 56−50−50-28 28−10−10−10-28, 28-20-20-20-28, 28-30-30-30-28, 28-40-40-40-28, 28-50-50-50-28, 56−10−10−10-28,
56-20-20-20-28, 56-30-30-30-28, 56-40-40-40-28, 84−10−10-28, 84−10−10−10-28, 84-20-20-20-28, 84-30-30-28,
84-30-30-30-28, 84-40-40-28, 84-40-40-40-28, 84-50-50-28, 84-50-50-50-28, 112−10−10-28, 112−10−10−10-28,
112-20-20-28, 112-20-20-20-28, 112-30-30-28, 112-30-30-30-28, 112-40-40-40-28, 112-50-50-28, 112-50-50-50-28

P2 160−40−40−40-80 80−50−50−50-80, 160−50−50−50-80, 240-10-10-10-80, 240-20-20-20-80, 240-40-40-40-80, 240−50−50-80,
240−50−50−50-80,  320-10-10-10-80, 320-20-20-80, 320-20-20-20-80, 320-30-30-30-80, 320-40-40-80,
320-40-40-40-80, 320−50−50-80, 320−50−50−50-80

P3 25-30-30-30-25 25-50-50-50-25, 50−10−10−10-25, 50-30-30-30-25, 50-40-40-40-25, 50-50-50-50-25, 75−10−10−10-25,
75-20-20-20-25, 75-30-30-30-25, 75-40-40-25, 75-40-40-40-25, 75-50-50-25, 75-50-50-50-25, 100−10−10−10-25,
100-20-20-25, 100-20-20-20-25, 100-30-30-30-25, 100-40-40-25, 100-40-40-40-25, 100-50-50-25, 100-50-50-50-25

Fig. 8. Deep learning results of three patterns with different DBNs. (a) DBN1 results of P1 with 56–50–50–28; (b) DBN2 results of P2 with 160–40–40–40–80; and (c) DBN3

results of P3 with 25–30–30–30–25.

Fig. 9. Pattern fusion results: (a) plots the comparison with the records and the forecasts, and (b) shows the scatter plots.
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ig. 10. Forecasting results with different models. (a) DBN with 266-50-50-133, (b) A
d)  FFNN with 133–25–133, and (e) ARIMA (2,1,2)(2,1,2)19.
As shown in Fig. 10, the results of the three models are all follow
he whole time-varying changes of the testing dataset. However,
here have some unsatisfactory forecasts in these models, which
re resulted from the different capacities for feature learning. The
h 133–30–133, (c) AP-based AE with 112–40–28, 80–50–80, 25–40–25 respectively,
DBN with single application has poor fitting abilities for the rush
hour on Friday, the AE for the rush hour on working day (lower than
records) and weekends (higher than records), the AP-based AE for
the rush hour on the weekends, the FFNN for the rush hour on work-
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Table  6
Structure of different models for comparison.

Comparison model Model structure

DBN Input nodes = 266, hidden layer = 2, hidden nodes in each
layer = 50, output nodes = 133

AE Input nodes = 133, hidden layer = 1, hidden nodes = 30,
output nodes = 133

AP-based AE Pattern is the same as the proposed model, P1: Input
nodes = 112, hidden layer = 1, hidden nodes = 40, output
nodes = 28, P2: Input nodes = 80, hidden layer = 1, hidden
nodes = 50, output nodes = 80, P3: Input nodes = 25, hidden
layer = 1, hidden nodes = 40, output nodes = 25

FFNN Input nodes = 133, hidden layer = 1, hidden nodes = 25,
output nodes = 133

ARIMA Autoregressive degree (AR) = 2, differencing degree = 1,
moving average degree (MA) = 2, seasonality = 19,
seasonality autoregressive degree (SAR) = 2, seasonality
differencing degree = 1, and seasonality moving average
degree (SMA) = 2
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ng day and weekends (both higher than records), and the ARIMA
or the rush and slack hours (especially, the errors increase with
he time). The scatter plots shown in Fig. 10 reveal that the corre-
ations between the records and the forecasts of all the models are
ivergent in a slight certain (the R index has little difference). Com-
rehensively, the AP-based AE has a better performance among
hese comparison models, attributing to the pattern identification
hich can improve the forecasting capacity.

Compared with Figs. 9(a)–(b), the proposed model MPDF has the
est performances among these models, especially from the per-
pective of the scatter plots. Therefore, according to the qualitative
nalysis, the forecasting performance rank is the MPDF (best), the
P-based AE, the DBN, the AE, the FFNN, and the ARIMA (worst).

Besides, quantitative evaluations are also investigated, and the
esults are summarized in Table 7. The computation time of each
odel is also recorded in Table 7 with the computation environ-
ent Intel Core i5–2450 M CPU @2.50 GHz 2.50 GHz, and Memory

.00GB.
As shown in Table 7, the ARIMA model has the highest MAPE

nd RMSE, illustrating that the parametric model has difficulty for
racking the trends of the nonlinear time series sufficiently. In addi-
ion, the models considering the pattern feature (the MPDF and the
P-based AE) has lower MAPE, RMSE, and higher R than that of

he model without considerations (the DBN, the AE, and the FFNN),

emonstrating the pattern identification’s superiority. In addition,
he models under the deep structures (the MPDF and the DBN) have
eeper feature understanding abilities than that with the “shallow”
etworks (the AE and the FFNN). Therefore, the proposed model,

able 7
omparison of the forecasting performances using different models.

Model Performance criteria 

MAPE (%) RMS

MPDF (proposed model) 10.743 157.
DBN  20.114 203.
AE  24.497 294.
AP-AE 15.772 180.
FFNN 27.095 238.
ARIMA 29.072 293.

able 8
ilcoxon signed ranks test between the proposed model and the comparison models.

Model-Model MPDF-DBN MPDF-AE 

Significance 0.010 0.021 
ting 58 (2017) 669–680 679

integrating the pattern recognition and deep feature learning, is
beneficial to explore sophisticated features, and displays better
regression capacity for the short-term passenger flow. According
to its better performance, the loss of the computation time with
the complexity structure is acceptable.

Moreover, the results of the Wilcoxon signed ranks test at 5%
level are listed in Table 8. From Table 8, one can find the values
of the significance (asymptotic) between the proposed model and
the comparison models are all less than 0.05, demonstrating that
the proposed model has significantly different from the compari-
son models, and thus the MPDF model has a better generalization
ability.

5. Conclusions

In this paper, a multi-pattern deep fusion approach (MPDF),
combining the AP algorithm for identifying the passenger flow
pattern and the DBN framework for learning sophisticated flow fea-
tures, has been reported to forecast the short-term bus passenger
flow. Three steps of the MPDF are overviewed as follows: Stage 1
(pattern identification), the AP is operated for clustering the pas-
senger flow into several exemplars according to their similarities
in distances, which are then grouped into special patterns in terms
of passenger flow distribution analysis; Stage 2 (deep representa-
tion of each pattern), the DBN is modeled for learning the features
of each pattern, generating hybrid DBNs for the deep representa-
tions of the passenger flow; Stage 3 (pattern fusion), the outputs of
the multi-pattern DBNs are then fused as the final forecasts via the
chronological order rearrangement. A case study of the bus Line
10 in Guangzhou city, China, is utilized to investigate the fore-
casting capacity of the proposed model. The experiments reveal
its better pattern identification and feature learning abilities. Com-
parisons with other parametric and non-parametric methods are
also studied. The results show that the addressed method exhibits
the best forecasting performance among all the peer methods, and
the proposed model has significantly different from the comparison
models.

The innovation of the proposed approach is that the sophis-
ticated features of the short-term bus passenger flow are
characterized by different patterns under the deep frameworks,
leading to better feature learning and forecasting performance. In
a future study, the authors will focus on the popularization and
application of the proposed approach.
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