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METHOD AND APPARATUS FOR TRAFFIC MANAGEMENT

Technical Field

The present invention relates to the field of road traffic management and mobile

communication technology. In particular, the invention relates to the technology of

monitoring road traffic by determining the real-time travel time of a vehicle on a road based

on a mobile communication network.

Background of the Invention

Road traffic monitoring is an important topic in road traffic management and navigation

system. The traffic monitoring may be used to generate basic information for the road traffic,

such as average speed of a vehicle, travel time of a road, road congestion degree, and

incident position etc. By providing real-time basic information, the navigation system can

learn the road traffic situation in time and reasonably arrange driving trajectories for the

vehicles, thereby effectively reducing the congestion and avoiding collisions.

Common solutions for monitoring road traffic based on traffic sensors (such as inductive

loop detectors) and GPS floating cars (such as taxis provided with GPS) have been applied

to the urban roads. However, this solution has not been applied to the vast suburban roads

and inter-cities roads. This is mainly because that: 1) the traffic sensor is expensive in both

deployment and maintenance, and it is not suitable for suburban deployment; 2) the GPS

floating car based solution highly depends on the number of floating cars on the monitored

road, and in fact there is few floating cars running on the suburban and inter-cities roads.

Currently, mobile communication networks, such as 2G/3G mobile communication

networks, have covered over 90% of the regions of many counties and over 70% people use

cell phones everyday. When communication behaviours happen, such as send/receive a short

message, initiate/receive a call or perform handover during a session, the network would

record the position of the base stations currently providing the corresponding service. Thus,

the mobile communication networks may also be considered for monitoring the road traffic.



In the existing mobile communication networks based road traffic monitoring solution, a

moving speed of a mobile user may be calculated by recording the position information and

time of two continuous communication events when the mobile user takes two

communication behaviours on the monitored road, and therefore the traffic situation of the

monitored road may be evaluated. However, such a solution depends on the number of the

communication events happened on the monitored road, and it can not work if no

communication events happen on the monitored road.

In addition, this solution is disadvantageous when the time difference between two

continuous communication events is large, because the speed of the vehicle usually varies

seriously during a long time interval. Typically, the suburban roads and inter-cities roads

have different traffic environment, for example, for an inter-cities road travel some villages,

the travel speed of the vehicle varies with positions, for example, it would be slow when

approaching a village and would be fast when leaving the village. Thus the solution can not

evaluate the traffic situation of a road accurately.

Most mobile communication networks have a function of active positioning, which has been

widely employed in Location-Based-Service (LBS). By actively paging the phone of the

mobile user, the position of the mobile user can be determined. However, the function of

active positioning will trigger signalling interaction between the base station and the mobile

phone, which would cost a large amount of wireless resources.

US6 198630 a system for tracking the location of, and for providing cellular telephone

handoff for, a mobile cellphone user as the cellphone user moves from one cellzone to

another. However, there is still a need in the art to provide a solution to alleviate the above

mentioned problems.

Summary of the Invention

The present invention is proposed in view of the above technical problems, and its purpose

is to provide a method and apparatus for determining real-time travel time of a vehicle on a



road based on mobile communication network, which can accurately provide road traffic

situation in real-time, cover all the roads and have low cost.

According to a first aspect, the present invention provides a method for determining travel

time of a vehicle on a road, wherein the vehicle is operable within a mobile communication

network, comprising: collecting historical communication events of a mobile user in order to

obtain travel samples, wherein the historical communication events indicate when the mobile

user travelled along a monitored road; determining a cell handover sequence from the

historical communication events; determining from the cell handover sequence, one of more

road segments of the monitored road; determining the travel time of the one or more road

segments according to the travel time samples; selecting, for an undetermined road segment

of the monitored road for which the real-time travel time is not determined from the

collected historical communication events, a candidate mobile user that is most likely to

appear on the undetermined road segment; actively positioning the candidate mobile user to

obtain positioning information; and returning to the step of collecting communication events

of a mobile user currently on a monitored road with the active positioning as one

communication event for the candidate mobile user, to determine the real-time travel time of

the undetermined road segment.

Preferably, the present invention provides a method wherein the step of collecting

communication events happened to a mobile user currently on a monitored road to obtain

travel time samples comprises: collecting two continuous communication events happened

to the same mobile user within a predetermined time period; and recording positions of cells

in which the two communication events happened and a time difference between the two

communication events as the travel time sample.

Preferably, the present invention provides a method wherein the step of determining the real

time travel time of corresponding road segment in the monitored road according to the travel

time samples comprises: determining, for each of the travel time samples, whether the

positions of two cells in the travel time sample are the same, and determining that the travel

time sample is a valid travel time sample when the positions of these two cells are different;

selecting, from the valid travel time samples, an unambiguous sample that can uniquely



determine the real-time travel time of a certain road segment; identifying the certain road

segment with the unambiguous sample; comparing, for an ambiguous sample in the valid

travel time samples, the time difference in the ambiguous sample with a sum of the real-time

travel time of the respective constituent road segments of each of the possible road segments

corresponding to the ambiguous sample to select the possible road segment that is nearest in

time, wherein for the constituent road segment for which the real-time travel time is not

determined, a baseline travel time of the constituent road segment is used to replace its real

time travel time; and identifying the possible road segment that is nearest in time with the

ambiguous sample.

Preferably, the present invention provides a method wherein the step of determining the real

time travel time of corresponding road segment in the monitored road according to the travel

time samples further comprises: determining whether these two cells are neighbouring cells

when the positions of these two cells are different; and determining that the travel time

sample is valid when these two cells are not the neighbouring cells.

Preferably, the present invention provides a method wherein the step of determining the real

time travel time of corresponding road segment on the monitored road according to the

travel time samples further comprises: calculating arithmetic average value of unambiguous

samples when a plurality of unambiguous samples exists for the same road segment; and

identifying the road segment with the arithmetic average value.

Preferably, the present invention provides a method wherein the step of selecting, for an

undetermined road segment on the monitored road for which the real-time travel time is not

determined, a candidate mobile user that is most likely to appear on the undetermined road

segment comprises: analyzing moving modes and speed vectors of the corresponding mobile

users on the monitored road according to the valid travel time samples; estimating, the

speed of each corresponding mobile user passing the undetermined road segment from

current time to specified time; calculating, travel probability of each mobile user, passing

the undetermined road segment at the specified time according to the speed vector and the

estimated speed of the mobile user; and selecting a certain number of mobile users with large

travel probability as the candidate mobile user.



Preferably, the present invention provides a method wherein the step of estimating, for each

of the corresponding mobile users, a travel speed at which the mobile user passes the

undetermined road segment from current time to specified time comprises: estimating a

E d — R + K
minimum travel speed of the mobile user according to V

mi
= —— , wherein E[d]

represents a distance from the position of the cell to which the mobile user belongs at current

time to a start point of the undetermined road segment, R represents a coverage radius of the

cell, K represents a length of the undetermined road segment, t represents the specified time,

T represents the current time; and estimating a maximum travel speed of the mobile user

according to V
max

= + + ; wherein the step of calculating a travel probability that

the mobile user can pass the undetermined road segment at the specified time comprises:

calculating a prediction-related coefficient between the speed vector and the travel speed of

V-V .
the mobile user according to C = min(l,— ) , as the travel probability of the mobile

user, wherein V represents the speed vector of the mobile user.

Preferably, the present invention provides a method wherein the step of selecting a candidate

mobile user that is most likely to appear on the undetermined road segment further

comprises: selecting a mobile user to whom only one communication event happened in a

previous road segment of the undetermined road segment as a candidate mobile user.

Preferably, the present invention provides a method further comprising: before the step of

collecting communication events happened to a mobile user currently on a monitored road,

dividing the monitored road into a plurality of road segments according to cells related to the

monitored road; and baselining historical travel time for the road segments to obtain baseline

travel time of the respective road segments.

Preferably, the present invention provides a method wherein the step of dividing the

monitored road into a plurality of road segments according to cells related to the monitored

road comprises: obtaining all cells within a certain range along the monitored road and their

position information; querying historical handover records related to the cells to find a cell

handover sequence corresponding to the monitored road; and segmenting the monitored road



into a plurality of road segments according to the cell handover sequence, wherein middle

points between two neighbouring cells are regarded as borders of the respective road

segments.

Preferably, the present invention provides a method wherein the step of baselining historical

travel time for the road segments to obtain baseline travel time of the respective road

segments comprising: counting the historical travel time for the road segment according to

historical handover records in the cell handover sequence; and filtering interference time out

from the historical travel time to generate the baseline travel time of the road segment.

Preferably, the present invention provides a method wherein the communication event is any

one of location update service, call/short message service and cell handover.

An apparatus for determining travel time of a vehicle on a road, wherein the vehicle is

operable within a mobile communication network, comprising: a collecting module for

collecting historical communication events of a mobile user in order to obtain travel

samples, wherein the historical communication events indicate when the mobile user

travelled along a monitored road; a travel time determining module for determining a cell

handover sequence from the historical communication events; a travel time determining

module for determining from the cell handover sequence, one of more road segments of the

monitored road; determining the travel time of the one or more road segments according to

the travel time samples; a selection module for selecting, for an undetermined road segment

of the monitored road for which the real-time travel time is not determined from the

collected historical communication events, a candidate mobile user that is most likely to

appear on the undetermined road segment; an active positioning module for actively

positioning the candidate mobile user to obtain positioning information; and returning to the

collecting module for collecting communication events of a mobile user currently on a

monitored road with the active positioning as one communication event for the candidate

mobile user, to determine the real-time travel time of the undetermined road segment.

Preferably, the present invention provides an apparatus wherein the collecting module

comprises: a collecting unit that collects two continuous communication events happened to



the same mobile user within a predetermined time period; and a recording unit that records

the positions of the cells in which these two communication events happened and a time

difference between these two communication events as the travel time sample.

Preferably, the present invention provides an apparatus wherein the travel time determining

module comprises: a determining unit that determines, for each of the travel time samples,

whether the positions of two cells in the travel time sample are the same, and determining

that the travel time sample is a valid travel time sample when the positions of these two cells

are different; a sample selecting unit that selects from the valid travel time samples an

unambiguous sample that can uniquely determine the real-time travel time of a certain road

segment; an identifying unit that identifying the certain road segment with the unambiguous

sample; a comparing and selecting unit that compares, for an ambiguous sample in the valid

travel time samples, a time difference in the ambiguous sample with a sum of the real-time

travel time of the respective constituent road segments of each of the possible road segments

corresponding to the ambiguous sample to select the possible road segment that is nearest in

time, wherein for the constituent road segment for which the real-time travel time is not

determined, its real-time travel time is replaced with a baseline travel time of the constituent

road segment; wherein the identifying unit is configured to identify the possible road

segment that is nearest in time with the ambiguous sample.

Preferably, the present invention provides an apparatus wherein the determining unit is

further configured to determine whether these two cells are neighbouring cells when the

positions of these two cells are different, and to determine that the travel time sample is valid

when these two cells are not neighbouring cells.

Preferably, the present invention provides an apparatus wherein the travel time determining

module further comprises: an average value calculating unit that calculates when a plurality

of unambiguous samples exists for the same road segment, an arithmetic average value of

the plurality of unambiguous samples; wherein the identifying unit is configured to identify

the road segment with the arithmetic average value.



Preferably, the present invention provides an apparatus wherein the selecting module

comprises: an analyzing unit that analyzes moving modes and speed vectors of the

corresponding mobile users on the monitored road according to the valid travel time

samples; an estimating unit that estimates, for each of the corresponding mobile users, a

travel speed at which the mobile user passes the undetermined road segment from current

time to specified time; a probability calculating unit that calculates, for each of the mobile

users, a travel probability that the mobile user can pass the undetermined road segment at the

specified time according to the speed vector and the estimated travel speed of the mobile

user; and a user selecting unit that selects a certain number of mobile users with large travel

probability as the candidate mobile user.

Preferably, the present invention provides an apparatus wherein the estimating unit is

configured to estimate a minimum travel speed of the mobile user according to

E d —R + K
m = ' wherein E[d] represents a distance from the position of the cell to

which the mobile user belongs at current time to a start point of the undetermined road

segment, R represents a coverage radius of the cell, K represents a length of the

undetermined road segment, t represents the specified time, T represents the current time;

and to estimate a maximum travel speed of the mobile user according to

V
max

= + + the probability calculating unit is configured to calculate a prediction-

related coefficient between the speed vector and the travel speed of the mobile user as the

V-V .
travel probability of the mobile user according to C = min(l,— ) , wherein V

max mm

represents the speed vector of the mobile user.

Preferably, the present invention provides an apparatus wherein the user selecting unit is

further configured to select the mobile user to whom only one communication event

happened in a previous road segment of the undetermined road segment.

Preferably, the present invention provides an apparatus further comprising: a road

segmentation module that divides the monitored road into a plurality of road segments

according to cells related to the monitored road; and a baselining module that baselines



historical travel time for the road segments to obtain the baseline travel time of the

respective road segments.

Preferably, the present invention provides an apparatus wherein the road segmentation

module comprises: a cell coverage calculation unit that obtains all the cells within a certain

range along the monitored road and their position information; a querying unit that queries

historical handover records related to the cells to find a cell handover sequence

corresponding to the monitored road; and a segmenting unit that segments the monitored

road into a plurality of road segments according to the cell handover sequence, wherein

middle points between two neighbouring cells are regarded as borders of the respective road

segments.

Preferably, the present invention provides an apparatus wherein the baselining module

comprises: a counting unit that counts the historical travel time for the road segment

according to the historical handover records in the cell handover sequence; and a baseline

travel time generating unit that filters interference time out from the historical travel time to

generate the baseline travel time of the road segment.

Brief Description of the Drawings

A preferred embodiment of the present invention will now be described by way of example

only, with reference to the accompanying drawings in which:

Fig. 1 is a flowchart of a method for determining real-time travel time of a road based on

mobile communication network according to a preferred embodiment of the present

invention;

Fig. 2 is a diagram depicting probability distribution of the historical travel time;

Fig. 3 is a diagram illustrating an example of the method of the embodiment in Fig. 1; and



Fig. 4 is a schematic block diagram of an apparatus for determining real-time travel time of a

road based on mobile communication network according to a preferred embodiment of the

present invention.

Detailed Description of the Preferred Embodiment

It is believed that the above and other objects, features and advantages of the present

invention will be more apparent from the following detailed description of the embodiments

in conjunction with accompany drawings.

Fig. 1 is a flowchart of a method for determining real-time travel time of a road based on

mobile communication network according to an embodiment of the invention. The

embodiment will be described in detail in conjunction with the drawing.

It is well known that the mobile communication network consists of mobile terminals, base

stations, and mobile switching centers etc. The base station may be an omni-directional base

station which covers one cell, or a direction-oriented base station which covers many cells,

e.g., three cells. When a communication event happens to the mobile terminal, for example,

the mobile terminal enters into a new cell for position update, sends/receives a short

message, initiates/receives a call, or performs handover during a session, the base station and

the mobile switching center will accordingly record the time the communication event

happened and the position of the cell providing the service. The present embodiment utilizes

such information to monitor the road traffic.

As shown in Fig. 1, at step S101, after selecting a monitored road, the monitored road is

divided into a plurality of road segments according to the cells in the mobile communication

network that are related to the monitored road.

In the present embodiment, first, all the cells within a certain range along the monitored road

and their position information are obtained according to the mobile communication network

deployment, for example, the cells within 1 kilometer far from both sides of the monitored

road. Next, historical handover records related to these obtained cells are queried to find a



cell handover sequence corresponding to the monitored road, which is regarded as an

association sequence between the monitored road and the base stations. Generally, the

historical handover records of the cells are stored in the base station controller. The historical

handover records of the cells within a time period can be obtained by querying the base

station controller. The cell handover sequence indicates the historical handover sequence

when a mobile user was moving on the monitored road and was in session state. Then, the

monitored road is segmented into a plurality of road segments based on the cell handover

sequence.

Since a cell has certain coverage, in the present embodiment, middle points between two

neighbouring cells in the cell handover sequence are regarded as borders of the respective

road segments, and the respective road segments are identified by the respective border

points. For example, assume that the obtained cell handover sequence is cell A-B-C-D-E,

and the start point of the monitored road is denoted as "a", the middle point between the

cells A and B is denoted as "b", the middle point between the cells B and C is denoted as

"c", the middle point between the cells C and D is denoted as "d", the middle point between

the cells D and E is denoted as "e", and the end point of the monitored road is denoted as

"P. Then the road segment corresponding to the cell A can be represented by (a, b), the road

segment corresponding to the cell B can be represented by (b, c), the road segment

corresponding to the cell C can be represented by (c, d), the road segment corresponding to

the cell D can be represented by (d, e), and the road segment corresponding to the cell E can

be represented by (e, f). In case of the omni-directional base stations, the middle points

between these two neighbouring base stations can also be used as the borders of the

respective road segments.

Next, at step SI05, the historical travel time for the plurality of road segments are baselined

to obtain the baseline travel time of the respective road segments.

In the present embodiment, first, the historical travel time for each road segment is counted

based on the historical handover records in the cell handover sequence obtained in step

S101. As mentioned above, the border of the respective road segments is the middle point

between these two neighbouring cells, that is, the handover point for these two cells. Thus, a



time difference between these two neighbouring handover points can be obtained by means

of the handover records, thereby obtaining the travel time of the corresponding road

segment. Generally, the historical handover records within a longer time period are selected,

for example, the records within the past three months, to count the historical travel time

more accurately. Then, for each of the road segments, interference time, such as the

interference time caused by walking (which causes the travel time to be too long) and base

station edge handover (which causes the travel time to be too short), is filtered out from the

historical travel time to generate the baseline travel time of each road segment. Specifically,

a probability distribution diagram of the historical travel time can be generated based on the

counted historical travel time.

Fig. 2 shows the probability distribution of the historical travel time of a certain road

segment, wherein the horizontal axis represents time and the vertical axis represents

probability. Then, the time values which are too small or too large, such as the time values

which are below 20 seconds or above 70 seconds in Fig. 2, are removed from the probability

distribution diagram, a probability averaging method is then applied to calculate the baseline

travel time of the certain road segment.

Those skilled in the art will appreciate that the operation of the above steps S101 and SI05

are the processes on the monitored road, which can be performed in advance and are not

necessarily to be included in the method of the present embodiment.

Then, at step SI 10, the communication events happened to a mobile user currently on the

monitored road are collected to obtain the travel time samples. In the present embodiment,

the communication events may be any one of location update service, call/short message

service and cell handover.

First, two continuous communication events happened to the same mobile user within a

predetermined time period are collected. Here, the predetermined time period is an

observation window which may be set to several minutes to several hours as needed. The so-

called "two continuous communication events" means that these two communication events

are neighboured in the happening sequence, for example, these two communication events



happen continuously or there is a time interval between these two communication events,

both of which belong to "two continuous communication events". Next, the positions of the

cells in which these two communication events happened and a time difference between

these two communication events are recorded as the travel time sample, which indicates the

time consumed from the start point of the cell in which the first communication event

happened to the start point of the cell in which the second communication event happened.

The generation of the travel time sample will be explained below by way of an example. In

this example, assume that the base stations in the mobile communication network are the

omni-directional base stations, each of which covers only one cell, and then the cell can be

identified by the identifier of the corresponding base station. A mobile user uses the short

message service at time 8:46 via the base station A, the position (latitude, longitude) of the

base station A (cell A) is (39.65722035, 116.381390249) and its coverage radius is 2000

meters; the mobile user makes a phone call at time 9:40 via the base station B, the position

(longitude, latitude) of the base station B (cell B) is (39.5 1223035, 116.30998024) and its

coverage radius is 1400 meters. For simplicity, in the travel time sample, the identifier of the

cell may be used to replace the position of the cell, that is, the travel time sample may be

represent as (A, B, 54 minutes).

Next, at step SI 15, the real-time travel time of the corresponding road segments in the

monitored road are determined according to the travel time samples obtained in step SI 10.

In the present embodiment, first, the valid travel time samples are extracted from the

obtained travel time samples, because some travel time samples can not be used to calculate

the moving speed of the mobile user. Specifically, for each of the travel time samples, it is

determined whether the positions of two cells in the travel time samples are the same, and

the travel time sample would be ignored if the positions of these two cells are the same. If

these two cells are different cells, it is determined that the travel time sample is a valid travel

time sample.

Further, it may also be determined whether these two cells are neighbouring cells if the

positions of these two cells are different, and the travel time sample would also be ignored if



these two cells are neighbouring cells. The travel time sample is determined as the valid

travel time sample if these two cells are not neighbouring cells. Thus, an error due to two

communication events happened at the neighbouring border of two cells can be avoided. In

this case, the travel time sample is valid only when it includes the positions of two different

and non-neighbouring cells.

Then, an unambiguous sample that can uniquely determine the real-time travel time of a

certain road segment is selected from the valid travel time samples, and the unambiguous

sample is used to identify its corresponding road segment. Further, when a plurality of

unambiguous samples exists for the same road segment, an arithmetic average value of the

plurality of unambiguous samples is calculated and the arithmetic average value is used as

the real-time travel time to identify the road segment. Next, for an ambiguous sample in the

valid travel time samples (which means that the road segment corresponding to the sample is

not unique), in order to determine its corresponding road segment, a time difference in the

ambiguous sample is compared with the sum of the real-time travel time of the respective

constituent road segments of each of the possible road segments corresponding to the

ambiguous sample, to select the possible road segment that is nearest in time as the road

segment corresponding to the ambiguous sample, wherein for the constituent road segment

for which the real-time travel time is not determined, the baseline travel time of this road

segment instead of the real-time travel time would be used. Then, the possible road segment

that is nearest in time is identified with the ambiguous sample.

After the above step SI 15, it is determined whether there is any undetermined road segment

for which the real-time travel time is not determined. If there is no undetermined road

segment, that is, the real-time travel time has been determined for all the road segments in

the monitored road, the method ends. If there still exists the undetermined road segment, for

example, the road segment for which the real-time travel time is replaced with the baseline

travel time, or the road segment that is not contained in the travel time samples obtained in

step SI 10, at step S120, for the undetermined road segment on the monitored road where the

real-time travel time is not determined, a candidate mobile user that is most likely to appear

on the undetermined road segment is selected.



In the present embodiment, the policy for selecting the candidate mobile user is to consider a

travel probability that a mobile user can pass the undetermined road segment at a specified

time with the current speed vector, and a mobile user with a large probability will be selected

as the candidate mobile user. Assume that the length of the undetermined road segment is K,

the condition for the mobile user to pass the undetermined road segment at the specific time

point t starting from current time T is: the travel speed of the mobile user is larger than

d + K
V(K,t) = —, wherein "d" represents a distance from the current position of the mobile

user to the start point of the undetermined road segment. Since the current position of the

user is within the coverage of the cell to which the user currently belongs, "d" is a variable

whose average value is the distance E[d] from the position of the cell to which the user

currently belongs to the start point of the undetermined road segment and whose standard

deviation is the coverage radius R of the cell. In the present embodiment, the probability that

the mobile user can pass the undetermined road segment at time t is measured by a

prediction-related coefficient C between the speed vector V of the mobile user and V(K, t).

Assume that the position of the mobile user in the cell at current time is uniformly

distributed, and then V(K, t) may be approximately considered as being uniformly

distributed between a minimum speed Vmi and a maximum speed V max , wherein the

minimum speed Vmi is calculated based on the following formula (1):

_ E[d]-R + K
min t T

and the maximum speed Vmax is calculated based on the following formula (2):

_ E[d] + R + K
max t T

Thus, the prediction-related coefficient C may be obtained based on formula (3)

V-V .
C = min(l,— — _ ) (3)

V - V

Specifically, at step SI20, first, according to the valid travel time samples obtained in step

SI 15, the moving mode and speed vector of the corresponding mobile users on the

monitored road are analyzed. As mentioned above, the travel time sample is generated



according to two communication events of the same mobile user, thus the speed vector of the

mobile user can be calculated based on the position and time difference of two cells in the

valid travel time sample, further, the moving mode (such as walking or driving) of the

mobile user can be analyzed. In the present embodiment, the following operations will be

performed only on the mobile user whose moving mode is driving. For the travel time

sample given above, firstly, the distance between the cells A and B is calculated according to

a distance calculation formula that is based on a 84 coordinate system:

„ cos a *cos b + cos c *cos d
L = R —j=

V sin2 a *sin2 c + sin2 b *sin2 d

wherein L represents the distance, R represents the radius of the earth, "a" and "b" represents

the longitude and latitude of the cell A respectively, "c" and "d" represents the longitude and

latitude of the cell B respectively. Then, the speed vector of the mobile user is calculated as

V=56 kilometer/hour.

After obtaining the speed vectors of the mobile users driving the car, the travel speed of each

of these mobile users travel the undetermined road segment from current time to specified

time is estimated, that is, the minimum travel speed and maximum travel speed are estimated

based on the above formulae (1) and (2). Then, for each of the mobile user, the travel

probability (i.e. the prediction-related coefficient) that the mobile user can pass the

undetermined road segment at time t is calculated according to the formula (3) based on the

speed vector of the mobile user and the estimated travel speed. Finally, a certain number of

mobile users with large travel probability are selected as the candidate mobile user.

The example of utilizing the prediction-related coefficient to measure the travel probability

that a mobile user can pass an undetermined road segment at specified time so as to select

the candidate mobile user has been described above, however, a person skilled in the art will

recognize that other methods for calculating the travel probability that a mobile user can pass

an undetermined road segment at specified time may also be utilized.

In the above description about selecting the candidate mobile user, the candidate mobile user

is selected from the mobile users that provide the valid travel time samples, that is, the



candidate mobile user is selected from the mobile users to which two communication events

continuously happened in the different cells.

Further, at step S120, when there is no mobile user to which two continuous communication

events happened in different and non-neighbouring cells on a certain undetermined road, the

mobile user to which only one communication event happened in a previous road segment of

the undetermined road segment may also be selected as the candidate mobile user.

Then, at step SI25, the active positioning is performed on the selected candidate mobile

user. Active positioning is a common function in the mobile communication network and is

known to a person skilled in the art, thus the detailed description is omitted here. Next, the

active positioning is regarded as one communication event of the candidate mobile user and

the method returns to step SI 10. The real-time travel time of the undetermined road is

determined by performing the steps SI 10 and SI 15.

It can be seen from the above description that the method of the present embodiment for

determining real-time travel time of a road based on mobile communication network can

monitor the traffic condition of the road accurately and in real time by dividing the

monitored road into a plurality of road segments and determining the real-time travel time of

each road segment according to the communication events happened on the monitored road.

It can be applied to various types of road situation, such as urban roads, suburban roads and

inter-cities roads etc. In addition, the method of the present embodiment is based on the

existing mobile communication network and its cost is very low.

Fig. 3 gives an example of the method of the embodiment in Fig. 1. For the sake of

simplicity, each of the base stations is the onmidirectional base station that covers only one

cell. Thus, the cell can be identified by the identifier of the corresponding base station. As

shown in Fig. 3, assume there are two monitored roads represented by long dashed line

arrow and short dashed line arrow respectively, the start and end points are denoted as "a"

and "j" respectively. For these two monitored roads, the corresponding cell handover

sequences are A-B-C-D-E-H and A-F-G-H respectively, and the middle points between two

neighbouring cells are denoted as "b", "c", "d", "e", "h" and " ' , "g", "h' " respectively.



Accordingly, these two monitored roads are segmented into a plurality of road segments

according to the cell handover sequences and can be identified as {a, b}, {b, c}, {c, d}, {d,

e}, {e, h}, {h,j}, {a, f}, {f, g}, {g, h'}^P{h', j}. Then, the baseline travel time of each road

segment is obtained, such as {a,b,20s}, {b,c,30s}, {c,d,50s}, {d,e,40s}, {e,h,30s}, {h,j,20s},

{a,f,30s}, {f,g,40s}, {g,h',30s} and {h', j , 30s}. Next, the travel time samples are obtained

by collecting two continuous communication events happened to the same mobile user

within an observation window (5 minutes), such as {A,H,200s}, {F,H,80s}, {B,D,90s}. In

the above travel time samples, {F,H,80s} and {B,D,90s} are the unambiguous samples and

can be used as the real-time travel time to directly identify the corresponding road segments

{f, h'} and {b, d}. For other road segments {a, b}, {d, e}, {e, h}, {h, j}, {a, f} and {h', j},

they are identified with their baseline travel time to replace the real-time travel time. The

ambiguous sample {A,H,200s} corresponds to two possible road segments {a, b, c, d, e, h }

and {a, f, g, h'}.

At this point, the sum of the real-time travel time of the respective constituent road segments

of the road segment {a, b, c, d, e, h } is 20+90+40+30=180 seconds, the sum of the real-time

travel time of the respective constituent road segments of the road segment {a, f , g, h'} is

30+80=1 10 seconds. Thus, the road segment that is nearest in time is {a, b, c, d, e, h},

therefore, the ambiguous sample {A,H,200s} is used to identify the road segment {a, b, c, d,

e, h }. So the undetermined road segments for which the real-time travel time are not

determined are {h, j}, {a, f } and {h', j}. Then, for the undetermined road segments, a mobile

user that is most likely to appear on these two undetermined road segments in the next

observation window is selected and the active positioning is performed on the selected

mobile user to obtain the position information. Then the travel time samples are obtained

again so as to determine the real-time travel time of the undetermined road segments.

Although two monitored roads are given in the example of Fig. 3, a person skilled in the art

will appreciate that the method of the present embodiment can be applied to any number of

monitored roads.

Under the same inventive concept, Fig. 4 is a schematic block diagram of an apparatus for

determining real-time travel time of a road based on mobile communication network



according to an embodiment of the invention. The embodiment will be described in detail in

conjunction with the drawing, wherein for the same parts as those in the previous

embodiments, their description will be properly omitted.

As shown in Fig. 4, the apparatus 400 for determining real-time travel time of a road based

on mobile communication network comprises: a road segmentation module 401 which

divides a monitored road into a plurality of road segments according to cells related to the

monitored road; a baselining module 402 which baselines historical travel time for the road

segments to obtain baseline travel time of the road segments; a collecting module 403 which

collects communication events happened to a mobile user currently on the monitored road to

obtain travel time samples; a travel time determining module 404 which determines the real

time travel time of the corresponding road segment in the monitored road according to the

travel time samples; a selecting module 405 which selects, for an undetermined road

segment in the monitored road for which the real-time travel time is not determined, a

candidate mobile user that is most likely to appear on the undetermined road segment; and a

active positioning module 406 which actively positions the candidate mobile user and

provides the actively positioning as one communication event of the candidate mobile user

to the collecting module 403 to determine the real-time travel time of the undetermined road

segment.

It should be appreciated that, although for the sake of simplicity, the road segmentation

module 401 and the baselining module 402 are contained in the apparatus 400 of the present

embodiment, a person skilled in the art will appreciate that these two modules are used to

perform process on the monitored road and are not necessarily to be included in the

apparatus 400.

In the apparatus 400 of the present embodiment, after the monitored road is determined, the

road segmentation module 401 divides the monitored road into a plurality of road segments

according to the cells in the mobile communication network that are related to the monitored

road. In the road segmentation module 401, a cell coverage calculation unit 401 1 obtains all

the cells within a certain range along the monitored road and their position information, and

provides them to a querying unit 4012. Then, the querying unit 4012 queries historical



handover records related to the cells to find cell handover sequences corresponding to the

monitored road. A segmenting unit 4013 segments the monitored road into a plurality of

road segments according to the cell handover sequences provided by the querying unit 4012,

wherein the middle points between two neighbouring cells are used as borders of the

respective road segments, and the respective road segment may be identified by the identifier

of the corresponding cell.

Then, in the baselining module 402, the historical travel time for the plurality of road

segments are baselined to obtain the baseline travel time of the road segments. Specifically,

a counting unit 4021 counts the historical travel time for the respective road segments

according to the historical handover records in the cell handover sequence obtained in the

road segmentation module 401, then a baseline travel time generating unit 4022 filters

interference time (such as the interference time caused by walking or base station edge

handover) out from the historical travel time for the respective road segments to generate the

baseline travel time of the road segments.

Next, in the collecting module 403, a collecting unit 4031 collects two continuous

communication events happened to the same mobile user within a predetermined time

period, then a recording unit 4032 records the positions of two cells in which these two

communication events happened and a time difference between these two communication

events as the travel time sample.

Then the travel time determining module 404 determines the real-time travel time of the

corresponding road segments in the monitored road according to the travel time samples

obtained in the collecting module 403. Specifically, first, a determining unit 4041

determines, for each of the travel time samples, whether the positions of two cells in the

travel time samples are the same, and determines that the travel time sample is a valid travel

time sample when the positions of these two cells are different. Next, a sample selecting unit

4042 selects from the valid travel time samples provided by the determining unit 4041 an

unambiguous sample that can uniquely determine the real-time travel time of a road

segment, and an identifying unit 4043 identifies the road segment with the unambiguous

sample. For an ambiguous sample in the valid travel time samples, a comparing and



selecting unit 4044 compares the time difference in the ambiguous samples with the sum of

the real-time travel time of the respective constituent road segments of each of the possible

road segments corresponding to the ambiguous sample to select a possible road segment that

is nearest in time, wherein for the constituent road segment for which the real-time travel

time is not determined, the baseline travel time of the constituent road segment is used to

replace the real-time travel time. Then the identifying unit 4043 identifies the possible road

segment that is nearest in time with the ambiguous sample.

Further, the determining unit 4041 may further determine whether these two cells are

neighbouring cells when the positions of these two cells are different, and determine that the

travel time sample is a valid travel time sample when these two cells are not neighbouring

cells.

Further, the travel time determining module 404 may further comprise an average value

calculating unit. When a plurality of unambiguous samples exist for the same road segment,

the average value calculating unit calculates an arithmetic average value of the plurality of

the unambiguous samples, then the identifying unit 4043 identifies the road segment with the

arithmetic average value.

For the undetermined road segment in the monitored road for which the real-time travel time

is not determined, the selecting module 405 selects the candidate mobile user that is most

likely to appear on the undetermined road segment. The policy for selecting the candidate

mobile user has been described above and its description will be omitted here. In the

selecting module 405, according to the valid travel time samples obtained in the travel time

determining module 404, an analyzing unit 405 1 analyzes the moving mode and speed

vector of the corresponding mobile users on the monitored road. Then, an estimating unit

4052 estimates, for each of the corresponding mobile users, a travel speed at which the

mobile user passes the undetermined road segment from current time to specified time.

Specifically, the estimating unit 4052 estimates a minimum travel speed and a maximum

travel speed of the mobile user according to formulas (1) and (2) respectively.



Then, a probability calculating unit 4053 calculates, for each of the mobile user, a travel

probability that the mobile user can pass the undetermined road segment at the specified

time according to the speed vector of the mobile user and the travel speed estimated in the

estimating unit 4052. Specifically, the probability calculating unit 4053 calculates a

prediction-related coefficient C as the travel probability of the mobile user according to

formula (3). Then, a user selecting unit 4054 selects a certain number of the mobile users

with large travel probability as the candidate mobile user.

As mentioned above, the above described selecting module 405 selects the candidate mobile

user from the mobile user to which two continuous communication events happened in the

different cells. When there is no mobile user to which two continuous communication events

happened in the different cells on the undetermined road, the user selecting unit 4054 in the

selecting module 405 may also select the mobile user to which only one communication

event happened at a previous road segment of the undetermined road segment as the

candidate mobile user.

Then, the active positioning module 406 actively positions the candidate mobile user

provided by the selecting module 405, and provides the actively positioning as one

communication event of the candidate mobile user to the collecting module 403 to determine

the real-time travel time of the undetermined road segment.

It should be noted that the apparatus 400 of the present embodiment for determining real

time travel time of a road based on mobile communication network is operable to implement

the method for determining real-time travel time of a road based on mobile communication

network as shown in Fig. 1.

The method of the embodiment disclosed above may be implemented in software, hardware

or combination of software and hardware. The hardware portion may be implemented by

application specific logic. For example, the apparatus in the above embodiment for

determining real-time travel time of a road based on mobile communication network and its

components may be implemented by hardware circuit such as large scale integrated circuit or

gate arrays, semiconductors such as logic chip or transistors or programmable hardware



devices such as field programmable gate array, programmable logic device, or can be

implemented by software which can be executed by various processors, or can be

implemented by the combination of the above hardware circuit and software. The software

portion may be stored in memory and executed by an appropriate instruction executing

system such as microprocessor, personal computer (PC) or mainframe.

Although the method and apparatus of the present invention for determining real-time travel

time of a road based on mobile communication network have been described through some

exemplary embodiments, these embodiments are not exhaustive, those skilled in the art can

realize various changes and modifications within the spirit and scope of the invention.

Therefore, the present invention is not limited to these embodiments, the scope of which is

only defined by appended claims.



CLAIMS

1. A method for determining travel time of a vehicle on a road, wherein the vehicle is

operable within a mobile communication network, comprising:

collecting historical communication events of a mobile user in order to obtain travel

samples, wherein the historical communication events indicate when the mobile user

travelled along a monitored road;

determining a cell handover sequence from the historical communication events;

determining from the cell handover sequence, one of more road segments of the

monitored road;

determining the travel time of the one or more road segments according to the travel

time samples;

selecting, for an undetermined road segment of the monitored road for which the

real-time travel time is not determined from the collected historical communication events, a

candidate mobile user that is most likely to appear on the undetermined road segment;

actively positioning the candidate mobile user to obtain positioning information; and

returning to the step of collecting communication events of a mobile user currently

on a monitored road with the active positioning as one communication event for the

candidate mobile user, to determine the real-time travel time of the undetermined road

segment.

2 . The method of claim 1, wherein the step of collecting historical communication

related to a mobile user currently on a monitored road to obtain travel time samples further

comprises:

collecting two continuous communication events related to the same mobile user

within a predetermined time period; and

recording positions of cells in which the two communication events took place and a

time difference between the two communication events as the travel time sample.

3 . The method of claim 2, wherein the step of determining the real-time travel time of a

road segment in the monitored road according to the travel time samples further comprises:



determining, for each of the travel time samples, whether the positions of two cells in

the travel time sample are the same, and determining that the travel time sample is a valid

travel time sample when the positions of these two cells are different;

selecting, from the valid travel time samples, an unambiguous sample that can

uniquely determine the real-time travel time of a certain road segment;

identifying the certain road segment with the unambiguous sample;

comparing, for an ambiguous sample in the valid travel time samples, the time

difference in the ambiguous sample with a sum of the real-time travel time of the respective

constituent road segments of each of the possible road segments corresponding to the

ambiguous sample to select the possible road segment that is nearest in time, wherein for the

constituent road segment for which the real-time travel time is not determined, a baseline

travel time of the constituent road segment is used to replace its real-time travel time; and

identifying the possible road segment that is nearest in time with the ambiguous

sample.

4 . The method of claim 3, wherein the step of determining the real-time travel time of

corresponding road segment in the monitored road according to the travel time samples

further comprises:

determining whether these two cells are neighbouring cells when the positions of

these two cells are different; and

determining that the travel time sample is valid when these two cells are not the

neighbouring cells.

5 . The method of claim 3 or 4, wherein the step of determining the real-time travel time

of corresponding road segment on the monitored road according to the travel time samples

further comprises:

calculating arithmetic average value of unambiguous samples when a plurality of

unambiguous samples exists for the same road segment; and

identifying the road segment with the arithmetic average value.

6 . The method of claim 1, wherein the step of selecting, for an undetermined road

segment on the monitored road for which the real-time travel time is not determined, a



candidate mobile user that is most likely to appear on the undetermined road segment

comprises:

analyzing moving modes and speed vectors of the corresponding mobile users on the

monitored road according to the valid travel time samples;

estimating, the speed of each corresponding mobile user passing the undetermined

road segment from current time to specified time;

calculating, travel probability of each mobile user, passing the undetermined road

segment at the specified time according to the speed vector and the estimated speed of the

mobile user; and

selecting a certain number of mobile users with large travel probability as the

candidate mobile user.

7 . The method of claim 6, wherein the step of estimating, for each of the corresponding

mobile users, a travel speed at which the mobile user passes the undetermined road segment

from current time to specified time comprises:

estimating a minimum travel speed of the mobile user according

E d — R + K
to V

mi
= —— , wherein E[d] represents a distance from the position of the cell to

which the mobile user belongs at current time to a start point of the undetermined road

segment, R represents a coverage radius of the cell, K represents a length of the

undetermined road segment, t represents the specified time, T represents the current time;

and

estimating a maximum travel speed of the mobile user according to

_ E[d] + R + K
max t T '

wherein the step of calculating a travel probability that the mobile user can pass the

undetermined road segment at the specified time comprises:

calculating a prediction-related coefficient between the speed vector and the travel

V-V .
speed of the mobile user according to C = min(l, _ as the travel probability of the

^max m n

mobile user, wherein V represents the speed vector of the mobile user.



8. The method of claim 6, wherein the step of selecting a mobile user that is most likely

to appear on the undetermined road segment further comprises:

selecting a mobile user to whom only one communication event happened in a

previous road segment of the undetermined road segment as a candidate mobile user.

9 . The method of claim 1, further comprising: before the step of collecting

communication events happened to a mobile user currently on a monitored road,

dividing the monitored road into a plurality of road segments according to cells

related to the monitored road; and

baselining historical travel time for the road segments to obtain baseline travel time

of the respective road segments.

10. The method of claim 9, wherein the step of dividing the monitored road into a

plurality of road segments according to cells related to the monitored road comprises:

obtaining all cells within a certain range along the monitored road and their position

information;

querying historical handover records related to the cells to find a cell handover

sequence corresponding to the monitored road; and

segmenting the monitored road into a plurality of road segments according to the cell

handover sequence, wherein middle points between two neighbouring cells are regarded as

borders of the respective road segments.

11. The method of claim 9, wherein the step of baselining historical travel time for the

road segments to obtain baseline travel time of the respective road segments comprising:

counting the historical travel time for the road segment according to historical

handover records in the cell handover sequence; and

filtering interference time out from the historical travel time to generate the baseline

travel time of the road segment.

12. The method of claim 1, wherein the communication event is any one of location

update service, call/short message service and cell handover.



13. An apparatus for determining travel time of a vehicle on a road, wherein the vehicle

is operable within a mobile communication network, comprising:

a collecting module for collecting historical communication events of a mobile user

in order to obtain travel samples, wherein the historical communication events indicate when

the mobile user travelled along a monitored road;

a travel time determining module for determining a cell handover sequence from the

historical communication events;

a travel time determining module for determining from the cell handover sequence,

one of more road segments of the monitored road;

determining the travel time of the one or more road segments according to the travel time

samples;

a selection module for selecting, for an undetermined road segment of the monitored

road for which the real-time travel time is not determined from the collected historical

communication events, a candidate mobile user that is most likely to appear on the

undetermined road segment;

an active positioning module for actively positioning the candidate mobile user to

obtain positioning information; and

returning to the collecting module for collecting communication events of a mobile

user currently on a monitored road with the active positioning as one communication event

for the candidate mobile user, to determine the real-time travel time of the undetermined

road segment.

14. The apparatus of claim 13, wherein the collecting module comprises:

a collecting unit that collects two continuous communication events happened to the

same mobile user within a predetermined time period; and

a recording unit that records the positions of the cells in which these two

communication events happened and a time difference between these two communication

events as the travel time sample.

15. The apparatus of claim 14, wherein the travel time determining module comprises:



a determining unit that determines, for each of the travel time samples, whether the

positions of two cells in the travel time sample are the same, and determining that the travel

time sample is a valid travel time sample when the positions of these two cells are different;

a sample selecting unit that selects from the valid travel time samples an

unambiguous sample that can uniquely determine the real-time travel time of a certain road

segment;

an identifying unit that identifying the certain road segment with the unambiguous

sample;

a comparing and selecting unit that compares, for an ambiguous sample in the valid

travel time samples, a time difference in the ambiguous sample with a sum of the real-time

travel time of the respective constituent road segments of each of the possible road segments

corresponding to the ambiguous sample to select the possible road segment that is nearest in

time, wherein for the constituent road segment for which the real-time travel time is not

determined, its real-time travel time is replaced with a baseline travel time of the constituent

road segment;

wherein the identifying unit is configured to identify the possible road segment that is

nearest in time with the ambiguous sample.

16. The apparatus of claim 15, wherein the determining unit is further configured to

determine whether these two cells are neighbouring cells when the positions of these two

cells are different, and to determine that the travel time sample is valid when these two cells

are not neighbouring cells.

17. The apparatus of claim 15 or 16, wherein the travel time determining module further

comprises: an average value calculating unit that calculates, when a plurality of

unambiguous samples exists for the same road segment, an arithmetic average value of the

plurality of unambiguous samples; wherein the identifying unit is configured to identify the

road segment with the arithmetic average value.

18. The apparatus of claim 13, wherein the selecting module comprises:



an analyzing unit that analyzes moving modes and speed vectors of the

corresponding mobile users on the monitored road according to the valid travel time

samples;

an estimating unit that estimates, for each of the corresponding mobile users, a travel

speed at which the mobile user passes the undetermined road segment from current time to

specified time;

a probability calculating unit that calculates, for each of the mobile users, a travel

probability that the mobile user can pass the undetermined road segment at the specified

time according to the speed vector and the estimated travel speed of the mobile user; and

a user selecting unit that selects a certain number of mobile users with large travel

probability as the candidate mobile user.

19. The apparatus of claim 18, wherein the estimating unit is configured to estimate a

E d — R + K
minimum travel speed of the mobile user according to V

mi
= —— , wherein E[d]

represents a distance from the position of the cell to which the mobile user belongs at current

time to a start point of the undetermined road segment, R represents a coverage radius of the

cell, K represents a length of the undetermined road segment, t represents the specified time,

T represents the current time; and to estimate a maximum travel speed of the mobile user

E[d] + R + K
according to V

max
= — ;

the probability calculating unit is configured to calculate a prediction-related

coefficient between the speed vector and the travel speed of the mobile user as the travel

V-V .
probability of the mobile user according to C = min(l,— ) , wherein V represents the

max mm

speed vector of the mobile user.

20. The apparatus of claim 18, wherein the user selecting unit is further configured to

select the mobile user to whom only one communication event happened in a previous road

segment of the undetermined road segment.

21. The apparatus of claim 13, further comprising:



a road segmentation module that divides the monitored road into a plurality of road

segments according to cells related to the monitored road; and

a baselining module that baselines historical travel time for the road segments to

obtain the baseline travel time of the respective road segments.

22. The apparatus of claim 21, wherein the road segmentation module comprises:

a cell coverage calculation unit that obtains all the cells within a certain range along

the monitored road and their position information;

a querying unit that queries historical handover records related to the cells to find a

cell handover sequence corresponding to the monitored road; and

a segmenting unit that segments the monitored road into a plurality of road segments

according to the cell handover sequence, wherein middle points between two neighbouring

cells are regarded as borders of the respective road segments.

23. The apparatus of claim 21, wherein the baselining module comprises:

a counting unit that counts the historical travel time for the road segment according

to the historical handover records in the cell handover sequence; and

a baseline travel time generating unit that filters interference time out from the

historical travel time to generate the baseline travel time of the road segment.

24. A computer program comprising computer program code to, when loaded into a

computer system and executed, perform all the steps of the method according to any one of

claims 1 to 12.
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