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ABSTRACT The arrival time of bus at the stop is critical data in design of bus operational strategies.
Especially for real-time control strategies (i.e., signal priority system), bus arrival time is usually predicted to
assess the next bus operation condition in the future (i.e., bus bunching and reliability of transit service) and
then can be used as a decision basis of current control actions. The signalized intersection and surrounding
traffic are the key factors in bus travel time prediction, but most previous approaches focus on the impact of
signal control on bus delay only. This paper proposes a prediction model for arrival time at bus stop under
the influence of both upstream signalized intersection and surrounding traffic flow. Considering the affected
range of signalized intersection and the dynamic variation of bus speed, bus running processes are evaluated
separately (including processes from a given detection point to stop line, through intersection, and from
intersection to bus stop). In the proposed models, bus speed is deduced according to the change of traffic
density at different locations to reflect the micro-impact of surrounding traffic flow on bus operation. The
observed bus travel time is collected from actual investigations at two bus stops incorporating signalized
intersection in Jinan City and compared with the predicted travel time in the proposed model. The results
show that the proposedmodel has a lowmean relative error. In addition, through the analysis of the maximum
relative error, it also can be seen that vehicle queuing with random arrival of vehicles at stop line makes a
gap between the prediction and the actual situation, which will be the focus of further research.

INDEX TERMS Public transit, bus arrival time, signalized intersection, bus speed, traffic density.

I. INTRODUCTION
Numerous intelligent transportation technologies have been
widely applied in public transportation system recently. This
enables an access to the real-time acquisition of information,
such as vehicle location, bus speed, and number of pas-
sengers, which facilitates transit management. Meanwhile,
because of the randomness of traffic flow and the influence
of signal control at intersection, the travel time of buses
fluctuates randomly, which reduces the stability of public
transport. In order to further improve the level of bus service,
based on these real-time information, a series of operational
strategies is proposed for increasing the accuracy of timetable
operation and the equilibrium of bus headway [1]–[3]. Then
passengers can perceive the arrival time of buses well and
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the stability of passenger waiting time can be guaranteed.
Therefore, as an important part of real-time control strategy,
it is necessary to obtain accurate real-time bus arrival time.
Based on the existing researches, prediction methods of bus
travel time or arrival time can be classified as machine learn-
ing approaches, regression models and surrounding traffic
based approaches.

The machine learning approaches are effective for
predicting travel time of bus, in which there is a non-linear
relationship between the bus travel time and the surround-
ing information which are acquired from inductive loops,
GPS, etc. [4]–[8]. Amita et al. use Artificial Neural Net-
work (ANN) to predict the bus travel time based on GPS
data [9]. The number of boarding and alighting passengers
and number of dwells are taken into account. Ma et al.
propose a novel segment-based approach and predict the
bus travel time and dwelling time using Support Vector
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Machine (SVM), inwhich the required traffic data are derived
from the real-time taxi and bus datasets, taking time period
and route re-segmentation into account [10]. Yu et al. develop
a bus arrival time prediction model for buses on multiple
routes and divide bus travel time into several parts that are
predicted using SVM, ANN, k-NN and LR, respectively [11].
Meanwhile, the effects of these methods are compared.

The regression models usually use statistical data to fit the
bus travel time [12]. Bian et al. propose a compound Poisson
distribution for estimating bus dwelling time at a curbside
bus stop, considering the relationship between the number of
boarding passengers and dwelling time [13]. Guenthner and
Hamat analyze the arrival rule ofmulti-line vehicles in the bus
network and find that the arrival time at the terminal obeys
the Gamma distribution [14]. Zhang et al. and Liu et al. use a
normal distribution to simulate travel time between bus stops
to reflect the randomness of bus travel time [15], [16].

Both the machine learning approaches and regression
models focus on the macroscopic travel time between stops,
which were hardly related to microcosmic impact of a sig-
nalized intersection or surrounding traffic flow on bus travel
time. Thus, the surrounding traffic based approaches are
proposed.

The surrounding traffic based approaches develop
relationships between the bus spatio-temporal operation and
signalized intersection or surrounding traffic flow, then the
travel time is derived. Chow et al. propose a kinematic wave
model to display the space-time trajectory of buses within
general traffic and calculate the bus delay under the adjust-
ment of red light at intersection [17]. Liu et al. consider the
effect of vehicle queue at signal intersection and calculate the
travel time from the inductive loop to the stop line, including
the waiting times for green light and queue clearance [18].
With the deepening of research, based on GPS data, Bie et al.
predict the bus arrival time at a signalized intersection. The
prediction model is built in various cases that depend on the
signal phase when buses arrive at the detection zone [19].

II. OBJECTIVES AND CONTRIBUTIONS
In view of the need of real-time control strategy based on
micro process simulation, it is worth predicting or evaluating
bus arrival time at stops in complex traffic conditions. In order
to improve the accuracy of prediction, the detailed running
process of buses should be described and the space-time
trajectory of buses influenced by various factors should also
be clarified. However, existing surrounding traffic based
approaches have shortcomings in describing the change of
bus speed within running process of buses, in which bus
speed is either zero or a fixed free-flow speed. According
to the running process at intersection, that bus speed is zero
expresses the waiting state in a vehicle queue and that bus
speed is a fixed free-flow speed expresses a running condition
after the queue has been cleared, while the transition from
running to stopping and the influence of traffic flow are
neglected. Meanwhile, the bus travel time from intersection
to bus stop is ignored.

The objective of this research is to propose a prediction
model for bus arrival time at bus stop under the influence of
both upstream signalized intersection and surrounding traffic
flow. The contributions of this paper are as follows:

1) Traffic density at different locations is evaluated to
realize the linear change of speed based on the relation-
ship between bus speed and traffic density, rather than a
transformation between zero and a fixed free-flow speed.

2) Based on the multi-stage division of bus operating
process, within each section, the microcosmic effects of
different traffic flow on bus speed are considered.

The remainder of this paper is organized as follows:
Section 3 presents the prediction framework and the formu-
lation of corresponding proposed models; Section 4 provides
a case study to test the prediction model in the real world sce-
narios in Jinan; Section 5 presents discussion, and Section 6
provides the conclusion and the further research.

III. MATHEMATICAL MODEL
A. PREDICTION FRAMEWORK
All input variables of the method are declared in Table 1.

TABLE 1. Input variable declaration.

The assumptions concerning the formulation of the model
are as follows:

(1) The signal phase is fixed, that is, the time of signal lights
within each control cycle is the same.

(2) The speed of buses during the acceleration and
deceleration depends on the density of the surrounding traffic
and when the jam density occurs, the bus speed is 0.

(3) Flow rate of surrounding traffic is uniform throughout
the prediction process.

(4) When the red light is on, the vehicles begin to queue,
while there is no queue before the red light.

When bus arrives at an intersection, to obtain the arrival
time at the downstream bus stop, it is necessary to determine
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the location of bus at the intersection and estimate the travel
time between location and bus stop. Fig. 1 shows the running
process of buses before arriving at the bus stop and the
prediction of bus arrival time at a bus stop.

FIGURE 1. Prediction of arrival time at bus stop with traffic control.

FIGURE 2. Flow chart for the prediction process.

There is a detection point in the approach lane of the
intersection to record the arrive time at the intersection. Then,
based on arrival time at the detection point, signal control
and traffic flow, the travel time from the detection point to
the downstream bus stop can be estimated. Hence, the arrival
time at the downstream bus stop can be obtained following
the running process of buses.

ts = tD + T travel (1)

LD > TR · qe ·1h/N +1L (2)

where tD is the recorded time when bus arrive at the detection
point, which is a current time stamp; ts is the predicted arrival
time at the downstream bus stop; T travel is the estimated
travel time from the detection point to the downstream bus
stop; and LD is the distance between detection point and
stop line of intersection. In order to ensure the accuracy of
prediction, the location of detection point should be far away
from queuing vehicles at intersections following the Eq. (2).
qe and N are total vehicle arrival rate and the number of lanes
that can accept buses, respectively. 1h is average length per
vehicle. TR · qe ·1h/N expresses the length of vehicle queue
during red light, and 1L is a buffer distance between the
location of detection point and the maximum queue point,
which is a constant and can be set to 2∼4m.
Fig. 2 show a flow chart for the prediction process.

When bus arrives at the detection point, the arrival time
tD at detection point and the current signal phase are

determined, simultaneously. In this research, green time in the
current cycle i is defined as TGi and the red time is defined as
T Ri . t

G
i and tRi are starting time of green light and red light,

respectively. Fig. 3 shows a relationship between the arrival
time tD and the signal phase which can be used to express
the spatio-temporal trajectories of buses and predict the bus
travel time under the influence of signal control.

FIGURE 3. Relationship between the arrival time at detection point and
the signal phase.

According to running process of buses before arriving at
the bus stop in Fig. 1, after the arrival time is recorded at the
detection point, bus will be heading for the stop line under
the influence of signal control, cross the intersection, and
then pass a road section before the bus stop. Hence, travel
time from the detection point to the downstream bus stop
can be divided into three parts: i) travel time (Tl) from the
detection point to the stop line; ii) travel time (Ti) of crossing
the intersection; iii) travel time (Ts) from the intersection to
the bus stop. Thus, the travel time (T travel) in Eq. (1) can be
expressed by

T travel = Tl + Ti + Ts (3)

In addition to the influence of signal control, these three
travel time are related to traffic flow, in which traffic den-
sity at different locations will cause corresponding speed
changes. Hence, considering signal control and surrounding
traffic flow, travel time (Tl , Ti, and Ts ) can be illustrated as
follows.

B. TRAVEL TIME FROM THE DETECTION
POINT TO THE STOP LINE
Given a signal control, the estimation of travel time from
detection point to stop line show a complexity. Bie et al. set
up a time window to illustrate the relationship between travel
time and current signal phase [19]. However, the running
process of the vehicle is simplified, in which acceleration
and deceleration of buses are neglected. In fact, the bus will
slow down slowly until it stops when the current vehicle starts
queuing for the green light, i.e., traffic density is high enough.
Therefore, as the bus moves forward, the bus speed should be
constantly updated based on the relationship between vehicle
speed and traffic density.

Under the influence of signal control and surrounding
traffic flow, bus may arrive directly at the stop line or need
to queue up to the stop line. The vehicle queuing case is
discussed first, in which arrival time with the mean speed
of surrounding traffic but without signal control at stop line
(denoted as vo) is greater than the starting time of red light,
i.e., tD +

Ll
vo
≥ tRi . Thus, in this case, the travel time from the
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detection point to the stop line can be expressed by

Tl=max[tRi −tD, 0]+
∫ L1+L2

L1

dl
vL2 (l)

+1T+
∫ Ll

L1+L2

dl
vLl (l)

(4)

where L1 is distance between the detection point and the
location of bus at the beginning of red light; L2 is running
distance from the location of bus at the beginning of red light
to the end of queuing vehicles; and 1T is waiting time in
vehicle queue.

The first term in Eq. (4) denotes the bus running time
unaffected by red light that can be determined by the differ-
ence between starting time of red light tRi and arrival time
at detection point tD. In addition, it is equal to zero if bus
arrives at the detection point during red time, i.e., tRi < tD.
If tRi > tD, the bus is assumed to be travelling with the mean
speed of surrounding traffic. Hence, the distance L1 can be
expressed by

L1 = vo ·max[tRi − tD, 0] (5)

Based on linear model proposed by Greenshields in traffic
flow theory [20], the relationship between the traffic flow ql ,
density K and speed vo is expressed as.

ql = voK (6)

Speed-density relationship model proposed by
Greenshields is

vo = vf · [1−
K
Kj

] (7)

Thus, the mean speed of surrounding traffic vo can be
derived as vf

2 ±
√
(vf /2)2 −

ql
Kj
· vf , in which ‘‘±’’ is related

to crowded and non-crowded traffic conditions. ‘‘−’’ is
adopted under crowded condition, while ‘‘+’’ is adopted
under non-crowded condition. In this paper, according to the
vehicle running process before the beginning of red light,
vehicles can travel freely and it presents a non-crowded
traffic condition. Therefore, ‘‘+’’ is adopted in the above
expression. Thus, the mean speed of surrounding traffic vo is
derived as

vo =
vf
2
+

√
(vf /2)2 −

ql
Kj
· vf (8)

Meanwhile, ql can be expressed by

ql =
qe
N

(9)

The second term in Eq. (4) denotes running time of bus
after the beginning of red light until it reaches the end of
the queue, in which bus decelerates to the vehicle queue at
speed vo. Ll − L1 is distance between the location of bus at
the beginning of red light and the stop line. Before the red
light, vehicles running within this distance (Ll − L1) at speed
vo will form the queue in front of the bus. Hence, L2 is the
part of Ll out of L1 and queue length. Therefore, L2 can be
calculated by

L2 = Ll − (L1 +
Ll − L1
vo

· ql ·1h) (10)

FIGURE 4. Composition of mixed traffic flow.

where Ll−L1
vo
· ql denotes the number of vehicles that need to

stop and queue up after the beginning of red light.
The variable vL2 (l) in Eq. (4) is a function that presents

the relationship between speed and distance. Based on
speed-density model, vL2 (l) can be derived as

vL2 (l) = vf · [1−
k(l)
Kj

] (11)

where k(l) is traffic flow density at different locations l.
Parameter l is a continuous variable with a range from the
location of bus at the beginning of red light to the end of
queuing vehicles, i.e., l ∈ [L1, L1 + L2]. When the red light
is on, the number of queuing vehicles in front of the bus is
Ll−L1
vo
· ql . Meanwhile, the distance between the stop line and

the location of bus is Ll − l. Density k(l) can be expressed by
the ratio of the two, as the following Equation.

k(l) =
Ll−L1
vo
· ql

Ll − l
l ∈ [L1, L1 + L2] (12)

Following Eq. (11) and (12), the relationship between bus
speed and locations l can be derived as

vL2 (l) = vf · (1−
Ll−L1
vo
· ql

Ll − l
·
1
Kj

)l ∈ [L1, L1 + L2]

(13)

The third term 1T in Eq. (4) presents bus waiting time in
the queue and consists of waiting time during red light and
queue dissipation time, in which waiting time during the red
light is the time from the starting queue of the bus to the end
of the red light and the queue dissipation time is the time
from the end of the red light (the start of green light) to the
departure of queuing vehicles in front of the bus. 1T can be
calculated as follow

1T = T Ri +
Ll − L1
vo

· ql/qs (14)

The fourth term in Eq. (4) denotes running time with
saturation discharge rate. Following Eq. (8), the speed vLl (l)
in Eq. (4) can be expressed as

vLl =
vf
2
+

√
(vf /2)2 −

qs
Kj
· vf (15)
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FIGURE 5. Investigated bus stops incorporation intersection.

The above is the analysis of vehicle queuing case. Next
is the analysis of the situation that there is no queuing of
vehicles, in which bus runs from the detection point to the
stop line during the green light period, i.e., tD +

Ll
vo

< tRi .
Thus, in this case, the bus speed is v0 and the travel time is

Tl =
Ll
vo

(16)

C. CROSSING TIME THROUGH THE INTERSECTION
Bus travel time of crossing the intersection is related to cases
of bus arriving at stop line. When a vehicle is inside an
intersection, it usually does not change lanes. If bus passes
through the stop line in the form of saturated discharge,
i.e., tD +

Ll
vo
≥ tRi , the bus speed of crossing the intersection

can be set to vLl (l). Meanwhile, if bus passes through the stop
line with the mean speed of surrounding traffic but without
signal control, i.e., tD +

Ll
vo

< tRi , the bus speed can be set
to vo. Hence, the travel time of crossing the intersection can
be expressed by

Ti =


Li
vLl

, tD +
Ll
vo
≥ tRi

Li
vo

, tD +
Ll
vo

< tRi

(17)

In addition, Eq. (14) express the crossing time through the
intersection from the stop line, which is based on the current
signal status. And tRi in Eq. (17) is the starting time of red light
in the current cycle i when bus arrives at the detection point.
Thus, the value of tRi is consistent with the above prediction
of travel time from the detection point to the stop line.

D. TRAVEL TIME FROM THE INTERSECTION
TO THE BUS STOP
After bus departs from the intersection, the bus will be
mixed with traffic flow in other directions. Fig. 4 shows the
surrounding mixed traffic flow.

According to surrounding mixed traffic flow, following
Eq. (8), the bus speed from the intersection to the bus stop
can be calculated as

vLs =
vf
2
+

√
(vf /2)2 −

qb
Kj
· vf (18)

and

qb =
qe + qr
Nb

(19)

where Nb is the number of lanes in mixed section and qb is
the traffic flow in the lane where the bus is located within the
mixed traffic flow.

Given the distance Ls between the intersection and the bus
stop, travel time from the intersection to the bus stop can be
calculated as

Ts =
Ls
vLs

(20)

IV. CASE STUDY
A. EXPERIMENTAL SURROUNDINGS
The proposed prediction model in part 2 is applied to
the real world scenarios in Jinan, China. We choose two
bus stops on different routes: (a) Century avenue fengqi
road (bus stop 1) incorporating Century Avenue and Fengqi
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Road intersection; and (b) Jingshi road jiangshuiquan road
(bus stop 2) incorporating Jingshi Road and Jiangshuiquan
Road intersection, as shown in Fig.5. Buses of k161, k162 and
311 routes pass through Century Avenue and Fengqi Road
intersection and arrive at the bus stop 1. And six bus routes
operating the bus stop 2 incorporating intersection includes
k171, k139, k160, k115, k202 and k152 routes.

To test the validity of bus arrival time prediction model,
the surrounding traffic data and the bus arrival and travel
time should be collected. The surrounding traffic data in
case study include the green time and red time in a signal
cycle, dimension of intersection, arrival rate and speed of
surrounding traffic. Among them, arrival rate and speed data
of surrounding traffic is used to count the average values and
then the density can be derived. Based on the relationship
between traffic flow, speed and density, the speed of the bus in
the surrounding traffic at different locations can be calculated.
Combined with the arrival time of the bus at detection point,
the arrival time at downstream stop can be predicted and then
is compared with observed arrival time. Hence, the video
surveys are carried out to collect the bus sequence, traffic flow
in the approach lane of the intersection, green and red time of
signal control, arrival time at detection point and so on. The
buses are marked through the route number and the tail num-
ber of the license plate, and then bus sequence is obtained.
There are two positions of the cameras including detection
point and stop line. To obtain the traffic information in the
downstream path, an investigator is focusing on the starting
time of red light when the test starts. Based on the fixed
signal phase, after the arrive time of following bus is recorded,
the difference between the arrive time of first detected bus
at the detection point and the starting time of red light can
be inferred. Difference value between the arrive time tD and
starting time of red light tRi in the current cycle when buses are
detected at the detection point are presented in Table 2. The
downstream traffic flow during the current cycle, including
qe and qb, when the bus is recorded to calculate the traffic
density and speed in the downstream path.

Table 3 shows parameters of two investigated bus stops
incorporating intersection, including the signal time, dimen-
sion of intersection, free flow speed, and jam density.
100 cycles at intersections 1 and 50 cycles at intersections
2 are observed. According to observation of queue length,
maximum queue lengths appeared in 7 cycles at intersec-
tions 1 and 3 cycles at intersections 2. The maximum queue
lengths at intersections 1 and 2 are 48m (8 vehicles) and
66m (11 vehicles), respectively. To ensure the accuracy of
detection, the detection point is set away from the end of
the queue. Based on the maximum queue length, a buffer
distance 1L is added and set to 2m. Thus, distances between
the detection point and the stop line for two intersections are
set to 50m and 68m. The surveyed buses have the same size
and performance. Note that all surveys are carried out during
the morning peak (7:30 – 9:30).

In the survey, the arrival time of 29 and 28 buses at two bus
stops are recorded, respectively. The average travel time from

TABLE 2. Difference value between the arrive time tD and starting time
of red light tR

i in the current cycle.

TABLE 3. Parameters of two investigated bus stops.

detection point to bus stop 1 is 65.8s, while, related to bus
stop 2, the average travel time is 71.4s. In order to show the
space-time trajectory of buses clearly, a part of the observed
buses is intercepted from all buses. Fig. 6 shows the observed
arrival time of the intercepted buses at the stops 1 and 2,
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FIGURE 6. The observed arrival time at bus stops 1 and 2.

in which each line represents the space-time trajectory of
a vehicle. Among them, four arrival time (i.e., at detection
point, stop line, outside the intersection and bus stop) are
recorded and the corresponding travel time of each section
can be deduced. It can be seen that the crossing time through
the intersection (Tl) and the travel time from the intersection
to the bus stop (Ts) are relatively consistent, while the travel
time of different buses from the detection point to the stop
line (Tl) varies greatly because of the influence of signal
control.

B. EXPERIMENTAL RESULTS AND ANALYSIS
When bus arrives at the detection point, the arrival time at
the downstream bus stop is predicted through the proposed
model. To test the model performance, the observed and
predicted travel time are compared and the numerical differ-
ence should be measured. The mean absolute error (EMAE )
indicates the average numerical difference. The mean relative
error (EMRE ) indicates the average level of error to offset
dimensional influence. The maximum relative error (EMaxRE )
presents a maximum extent of prediction error. Among them,
both the mean absolute error (EMAE ) and the mean relative
error (EMRE ) reflect the prediction accuracy, which can be
used to judge whether the model is effective. The maximum
relative error (EMaxRE ) can present the limitation of the pre-
diction model. Therefore, these three error measurements are
collected to test the model performance and can be calculated
as follows:

EMAE =
1
M

∑∣∣∣T travelm − T̂ travelm

∣∣∣ (21)

EMRE =
1
M

∑ ∣∣∣T travelm − T̂ travelm

∣∣∣
T travelm

(22)

EMaxRE = max
m=1,2,··· ,M

[

∣∣∣T travelm − T̂ travelm

∣∣∣
T travelm

] (23)

FIGURE 7. The traffic flows ql and qb in each cycle when the bus is
detected.

where M is the number of the observed buses; T travelm is the
observed travel time of bus m; and T̂ travelm is the predicted
travel time of bus m.
One of the main contributions of this paper is to realize the

linear change of speed to improve the accuracy of prediction.
Thus, two prediction method are tested: (1) the proposed
model, and (2) the model with a fixed bus speed. In the
model with a fixed bus speed, the bus speed is between zero
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FIGURE 8. Comparison of the observed and predicted travel time.

and an average speed (12.4m/s at stop 1 and 13.1 m/s at
stop 2), in which bus speed is zero expresses the waiting
state in a vehicle queue and bus speed is a fixed average
speed expresses a running condition after the queue has been
cleared. Under the same conditions, the parameters at two
stops input the two predicted models. The traffic flows ql
and qb which are inputted to predicted the travel time are
shown in Fig. 7 in the revised version. Figure 8 shows a
comparison of the observed travel time, travel time predicted
by proposed model, and travel time predicted by the model
with a fixed bus speed. Figs. 8(a) and 8(b) present the travel
time of buses that arrive at bus stops 1 and 2, respectively.
It can be seen that the travel times predicted by the model
with a fixed bus speed are smaller than those predicted by
proposed model. The reason may be that the model with a
fixed bus speed does not consider reduction of bus speed the
transition from running to stopping for waiting in a queue,
and, in addition, there is a decrease in bus speed under the
influence of downstream traffic flow.

From the two figures, the predicted travel time can follow
the change of the observed travel time, while there is a differ-
ence between them. Table 4 shows the performance of the two
prediction model. The results summarized in Table 4 show
that the proposed model has much fewer average and maxi-
mum estimation errors compared with the model with a fixed
bus speed. This performance improvement may be attributed
to the estimation of the linear change of speed and the
multi-stage division of bus operating process that reflects the
microcosmic effects of different traffic flow on bus speed.

According to the mean absolute errors, it can be found that
although the bus operation process is divided and simulated in
detail, there are still errors. The reason may be that the linear
change of bus speed can not completely simulate the random-
ness of operation of buses and surrounding traffic. Neverthe-
less, the mean relative errors are small and acceptable, which
means that the prediction model is effective. Meanwhile,
compared with mean relative errors, the maximum relative
errors reach 0.37 and 0.38 at two stops. Excluding accidental
factors, the maximum error may be caused by factors not
considered. From survey data, there may be a big deviation

TABLE 4. Performance of the prediction model.

due to the randomness of queue dissipation timewhen vehicle
queue occurs, accompanied by long travel time. But this is
not absolute. This method is available as long as the vehicle
queue does not exceed the detection point.

In order to reflect the influence of vehicle queuing on travel
time prediction, the travel time with and without vehicle
queue is extracted from the survey data and the relative errors
are shown in Fig. 9, which reflects that the relative errors
with a vehicle queue are generally larger than that without
vehicle queue, while the relative error with vehicle queue can
still be accepted. It shows that although this method can well
simulate the process of vehicle queuing under the condition
that the arrival rate of vehicles is a certain value, there is still
a gap with the actual situation that surrounding vehicle arrival
at stop line is random. Therefore, overcoming the influence
of randomness on vehicle queuing can further improve the
prediction accuracy.

V. DISCUSSION
This paper proposes a short-term prediction method for
bus arrival time from the signalized intersection to the
downstream bus stop. Under the influence of signal control,
surrounding traffic and vehicle queue, the operation process
of buses presents complexity. As a part of modular research,
this paper focuses on the accuracy of method of simulating
the bus operation process. On the premise of assumption that
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FIGURE 9. Comparison of the relative error of travel time with and
without vehicle queue.

the signal phase is fixed and queued vehicles are released
with a saturated flow rate, experimental results show that the
proposed prediction model has a small error which can be
accepted. However, in fact, during the practical applications,
there is an inevitable time delay because of the informa-
tion acquisition and processing, i.e., coordination between
systems and communication delay [21], [22]. In this case,
the accuracy of the prediction model will decrease. In addi-
tion, the proposed prediction methods can also be extended
to non-signalized intersection, in which the signal light is all
green that the parameter red time set to zero.

VI. CONCLUSIONS
This paper presents a bus arrival time prediction model which
takes into account the influence of signalized intersection.
Based on running process between the intersection and the
downstream bus stop, the arrival times are segmented and pre-
dicted by three models, which include travel time from detec-
tion point to stop line, crossing time through the intersection,
and travel time from intersection to bus stop. Meanwhile,
to reflect the change of bus speed under the surrounding
traffic flow, the speed is constantly updated according to the
traffic density at different locations. To test the performance
of the proposed prediction models, two bus stops incorporat-
ing signalized intersection are chosen as the object of inves-
tigation. The video and on-board surveys are carried out to
collect observed travel time and traffic data. Results show that
mean relative errors do not exceed 0.2 and models can predict
travel time well. However, it can be found that vehicle queue
in front of stop line affects the accuracy of prediction because
of the randomness of traffic flow. Therefore, further research
will focus on the travel time estimation with stochastic traffic
flow to improve the accuracy of real-time prediction. In addi-
tion, in view of the complexity and importance of signal con-
trol, method of networked signal control or adaptive signal
control will also be given attention based on the existing
researches [23].
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