
[DESCRIPTION] 

[TITLE OF INVENTION] 

TRAFFIC INFORMATION PROCESSING SYSTEM, SERVER DEVICE, TRAFFIC 

INFORMATION PROCESSING METHOD, AND PROGRAM 

5 [Technical Field] 

[0001] 

The present invention relates to, for example, a traffic information processing 

system, a server device, a traffic information processing method, and a program, in which 

traffic information is collected and processed. 

10 Priority is claimed on Japanese Patent Application No. 2012-256519, filed 

November 22, 2012, the content of which is incorporated herein by reference. 

[Background Art] 

[0002] 

has been in 	 in 	 is Recently, a system 	widespread use 	which a vehicle 	equipped 

15 with a detecting device that detects various kinds of information in order to detect the 

congestion state of a road by collecting traffic information, and the information is then 

fed back to a GPS navigation device of a vehicle. 	For example, Patent Literature I 

discloses a technique of dividing a map in a mesh form, detecting whether a vehicle has 

entered or left a region of each mesh through an on-board unit, transmitting the detected 

20 information to a center server device, and analyzing the degree of congestion based on 

the number of vehicles located in a mesh. 

[Citation List] 

[Patent Literature] 

[0003] 

25 [Patent Literature I] 
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Japanese Unexamined Patent Application, First Publication No. 2011-070574 

[Summary of Invention] 

[Technical Problem] 

[0004] 

5 However, in the technique disclosed in Patent Literature 1, since only the 

number of vehicles equipped with the on-board unit is detected, it is difficult to detect an 

accurate number of vehicles in a certain zone. 	Thus, since the number of vehicles not 

equipped with the on-board unit is not considered in the degree of congestion based on 

only the number of vehicles equipped with the on-board unit, it is unlikely to indicate an 

10 accurate degree of congestion. 

[0005] 

An object of the present invention is to provide a traffic information processing 

system, a server device, a traffic information processing method, and a program, which 

are capable of obtaining a relatively accurate number of vehicles in which vehicles not 

15 equipped with an on-board unit are considered in addition to vehicles equipped with the 

on-board unit. 

[Solution to Problem] 

[0006] 

(1) According to a first aspect of the present invention, a traffic information 

20 processing system includes an on-board unit configured to be installed in a vehicle, an 

on-board unit-equipped vehicle number-detecting unit configured to detect the number of 

vehicles equipped with the on-board unit entering a sample area, which is a part of a 

plurality of zones divided from a place in which vehicles equipped with the on-board unit 

and vehicles not equipped with the on-board unit travel, based on information received 

25 from the on-board unit, a total vehicle number-detecting unit configured to detect the 
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5 

number of all vehicles entering the sample area, a vehicle ratio operation unit configured 

to calculate a value related to a ratio which is based on the number of vehicles equipped 

with the on-board unit detected by the on-board unit-equipped vehicle number-detecting 

unit and the number of all vehicles detected by the total vehicle number-detecting unit, 

and a total vehicle number-estimating operation unit configured to calculate a total 

number of vehicles in the zone based on the number of vehicles equipped with the 

on-board unit entering the zone and the value related to the ratio calculated by the vehicle 

ratio operation unit. 

[0007] 

10 According to this configuration, it is possible to detect the number of vehicles 

equipped with the on-board unit entering the sample area and the number of all vehicles 

entering the sample area and calculate a ratio of two numerical values, and it is possible 

to perform an operation of estimating the number of all vehicles that have entered a 

certain zone from the number of vehicles equipped with the on-board unit that have 

15 entered the zone using the ratio. 

[0008] 

(2) According to a second aspect of the present invention, in the above-described 

aspect, the total vehicle number-estimating operation unit calculates the number of 

vehicles equipped with the on-board unit entering the zone based on information 

20 indicating a zone in which the on-board unit is located among the plurality of zones that 

are sequentially detected based on information indicating a position of the on-board unit. 

[0009] 

According to this configuration, it is possible to perform an operation of 

estimating the sequentially changing number of all vehicles entering each zone from the 

25 sequentially changing number of vehicles equipped with the on-board unit entering each 
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zone. 

[0010] 

(3) Further, according to a third aspect of the present invention, in the 

above-described aspect, the traffic information processing system further includes an 

5 information-collecting device that is connected with a camera. 	The 

information-collecting device acquires an image obtained by photographing the vehicle 

entering the sample area by the camera, and the total vehicle number-detecting unit 

analyzes the acquired image photographed by the camera, and detects the number of all 

vehicles entering the sample area. 

10 [0011] 

According to this configuration, it is possible to easily detect the number of 

vehicles entering the sample area through an image analysis technique. 

[0012] 

(4) Further, according to a fourth aspect of the present invention, in the 

15 above-described aspect, the information-collecting device includes a wireless 

communication antenna, the on-board unit receives a radio signal transmitted from the 

wireless communication antenna, and responds, and the on-board unit-equipped vehicle 

number-detecting unit counts the number of on-board units that have responded, and 

calculates the number of vehicles equipped with the on-board unit entering the sample 

20 area. 

[0013] 

According to this configuration, by transmitting the radio signal to the limited 

region such as the sample area sewing as a part of the zone, it is possible to easily count 

the number of vehicles equipped with the on-board unit entering the sample area. 

25 [0014] 
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(5) Further, according to a fifth aspect of the present invention, in the 

above-described aspect, the zone is a segment which is a divided area of a road, and a 

predetermined segment among a plurality of segments is a sample area which is a part of 

the zone, and the on-board unit-equipped vehicle number-detecting unit calculates the 

5 number of vehicles, which is equipped with the on-board unit entering the segment 

serving as the sample area among the vehicles which is equipped with the on-board unit 

and the vehicles which is not equipped with the on-board unit that travel in a place 

divided into a plurality of segments, based on information indicating a segment in which 

the on-board unit is located among the plurality of segments that are sequentially 

10 detected based on the information indicating the position of the on-board unit. 

[0015] 

According to this configuration, it is possible to estimate the number of vehicles 

for each road on which vehicles travel and for each segment. 

[0016] 

15 

20 

(6) Further, according to a sixth aspect of the present invention, in the 

above-described aspect, there are a plurality of sample areas, the on-board unit-equipped 

vehicle number-detecting unit detects the number of vehicles equipped with the on-board 

unit entering the sample area in a unit of sample areas, the total vehicle number-detecting 

unit detects the number of all vehicles entering the sample area in a unit of sample areas, 

and the vehicle ratio operation unit calculates the value related to the ratio which is based 

on the number of vehicles equipped with the on-board unit in the sample areas detected 

by the on-board unit-equipped vehicle number-detecting unit and the number of all 

vehicles in the sample area detected by the total vehicle number-detecting unit. 

[0017] 

25 According to this configuration, when there is a variation in the presence rate of 
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the vehicles equipped with the on-board unit depending on a region, by setting a plurality 

of sample areas, it is possible to calculate the ratio based on the value obtained from each 

sample area and suppress a reduction in the accuracy of the ratio value caused by the 

variation. 

5 [0018] 

(7) Further, according to a seventh aspect of the present invention, in the 

above-described aspect, a value indicating a weighting on the number of vehicles present 

is allocated to the plurality of sample areas in advance, and the vehicle ratio operation 

unit calculates the value related to the ratio which is based on the number of vehicles 

10 equipped with the on-board unit in the sample area detected by the on-board 

unit-equipped vehicle number-detecting unit, the number of all vehicles in the sample 

area detected by the total vehicle number-detecting unit, and the value indicating the 

weighting of each sample area. 

[0019] 

15 According to this configuration, when there is a variation in the presence rate of 

the vehicles equipped with the on-board unit depending on a region, by setting a plurality 

of sample areas and allocating a weight corresponding to the presence rate of the vehicles 

equipped with the on-board unit in each sample area, it is possible to suppress a reduction 

in the accuracy of the ratio value caused by the variation. 

20 [0020] 

(8) Further, according to an eighth aspect of the present invention, a server 

device includes an on-board unit-equipped vehicle number-detecting unit configured to 

detect the number of vehicles equipped with an on-board unit entering a sample area, 

which is a part of a plurality of zones divided from a place in which vehicles equipped 

25 with the on-board unit and vehicles not equipped with the on-board unit travel, based on 
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information received from the on-board unit, a total vehicle number-detecting unit 

configured to detect a number of all vehicles entering the sample area, a vehicle ratio 

operation unit configured to calculate a value related to a ratio which is based on the 

number of vehicles equipped with the on-board unit detected by the on-board 

5 unit-equipped vehicle number-detecting unit and the number of all vehicles detected by 

the total vehicle number-detecting unit, and a total vehicle number-estimating operation 

unit configured to calculate a total number of vehicles of the zone based on the number 

of vehicles equipped with the on-board unit entering the zone and the value related to the 

ratio calculated by the vehicle ratio operation unit. 

10 [0021] 

(9) Further, according to a ninth aspect of the present invention, a traffic 

information-processing method includes detecting, by an on-board unit-equipped vehicle 

number-detecting unit, the number of vehicles equipped with an on-board unit entering a 

sample area, which is a part of a plurality of zones divided from a place in which vehicles 

15 equipped with the on-board unit and vehicles not equipped with the on-board unit travel, 

based on information received from the on-board unit, detecting, by a total vehicle 

number-detecting unit, the number of all vehicles entering the sample area, calculating, 

by a vehicle ratio operation unit, a value related to a ratio which is based on the number 

of vehicles equipped with the on-board unit detected by the on-board unit-equipped 

20 vehicle number-detecting unit and the number of all vehicles detected by the total vehicle 

number-detecting unit, and calculating, by a total vehicle number-estimating operation 

unit, a total number of vehicles in the zone based on the number of vehicles equipped 

with the on-board unit entering the zone and the value related to the ratio calculated by 

the vehicle ratio operation unit. 

25 [0022] 
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(10) Further, according to a tenth aspect of the present invention, a program 

causes a computer to function as an on-board unit-equipped vehicle number-detecting 

unit configured to detect the number of vehicles equipped with an on-board unit entering 

a sample area, which is a part of a plurality of zones divided from a place in which 

5 vehicles equipped with the on-board unit and vehicles not equipped with the on-board 

unit travel, based on information received from the on-board unit, a total vehicle 

number-detecting unit configured to detect the number of all vehicles entering the sample 

area, a vehicle ratio operation unit configured to calculate a value related to a ratio which 

is based on the number of vehicles equipped with the on-board unit detected by the 

10 on-board unit-equipped vehicle number-detecting unit and the number of all vehicles 

detected by the total vehicle number-detecting unit, and a total vehicle number-estimating 

operation unit configured to calculate a total number of vehicles in the zone based on the 

number of vehicles equipped with the on-board unit entering the zone and the value 

related to the ratio calculated by the vehicle ratio operation unit. 

15 [Advantageous Effects of Invention] 

[0023] 

According to the traffic information processing system, the server device, the 

traffic information processing method, and the program, it is possible to obtain a 

relatively accurate number of vehicles present in a certain zone in which a number of 

20 vehicles not equipped with the on-board unit is considered in addition to a number of 

vehicles equipped with the on-board unit. 

[Brief Description of Drawings] 

[0024] 

Fig. 1 is a schematic diagram illustrating a traffic information processing system 

25 according to a first embodiment of the present invention. 
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Fig. 2 is a diagram illustrating a configuration of a mesh according to the first 

embodiment. 

Fig. 3 is a block diagram illustrating an internal configuration of an on-board 

unit according to the first embodiment. 

5 Fig. 4 is a block diagram illustrating an internal configuration of an 

information-collecting device according to the first embodiment. 

Fig. 5 is a block diagram illustrating an internal configuration of a center server 

device according to the first embodiment. 

Fig. 6A is a diagram illustrating data stored in a storage unit of a center server 

10 device according to the first embodiment. 

Fig. 6B is a diagram illustrating data stored in a storage unit of a center server 

device according to the first embodiment. 

Fig. 7 is a diagram illustrating data stored in a mesh code table of a center server 

device according to the first embodiment. 

15 Fig. 8 is a flowchart illustrating an operation of a wireless communication unit 

of an information-collecting device according to the first embodiment. 

Fig. 9 is a flowchart illustrating an operation of a camera control unit of an 

information-collecting device according to the first embodiment. 

Fig. 10 is a flowchart illustrating an operation of an on-board unit according to 

20 the first embodiment. 

Fig. 11 is a diagram for describing processing of a dead-reckoning 

navigation-processing unit according to the first embodiment. 

Fig. 12 is a flowchart illustrating an operation of a center server device 

according to the first embodiment. 

25 Fig. 13 is a diagram illustrating an example of an arrangement of an on-board 



10 

unit mounting checkpoints according to the first embodiment. 

Fig. 14 is a schematic diagram illustrating a traffic information processing 

system according to a second embodiment of the present invention. 

Fig. 15 is a block diagram illustrating an internal constitution of an on-board 

5 	unit according to the second embodiment. 

Fig. 16 is a diagram illustrating a table stored in a storage unit of an on-board 

unit according to the second embodiment. 

Fig. 17 is a block diagram illustrating an internal configuration of an 

information-collecting device according to the second embodiment. 

10 Fig. 18 is a block diagram illustrating an internal configuration of a center sewer 

device according to the second embodiment. 

Fig. 19 is a diagram illustrating a segment table of a center server device 

according to the second embodiment. 

Fig. 20 is a flowchart illustrating an operation of an on-board unit according to 

15 	the second embodiment. 

Fig. 21 is a diagram for describing processing of a map matching-processing 

unit according to the second embodiment. 

Fig. 22 is a (first) flowchart illustrating an operation of a center server device 

according to the second embodiment. 

20 Fig. 23 is a (second) flowchart illustrating an operation of a center server device 

according to the second embodiment. 

Fig. 24 is a (third) flowchart illustrating an operation of a center server device 

according to the second embodiment. 

Fig. 25 is a diagram for describing a configuration of data stored in a segment 

25 	table according to the second embodiment. 



11 

[Description of Embodiments] 

[0025] 

(First embodiment) 

Hereinafter, embodiments of the present invention will be described with 

5 	reference to the appended drawings. 

Fig. 1 is a schematic diagram illustrating a traffic information processing system 

100 according to a first embodiment of the present invention. 

The traffic information processing system 100 includes an on-board unit 1 with 

which a vehicle 2 traveling on a road is equipped and that is assigned a uniquely 

10 	identifiable ID (identifier), an information-collecting device 3 connected with a wireless 

communication antenna 31 and a vehicle-detecting camera 32, a center server device 5, a 

Global Positioning System (GPS) satellite 85, and a base station device 80 of a mobile 

phone. 

Fig. 2 is a diagram for describing a schematic diagram in which a road on which 

15 	the vehicle 2 travels is segmented in a mesh form. 	In the traffic information processing 

system 100, a place in which a road on which the vehicle 2 travels is located is divided 

into a plurality of meshes 201, 202, ..., 232, ... as illustrated in Fig. 2. 	The meshes are 

square compartments obtained by dividing land vertically and horizontally at equal 

intervals, and a plurality of roads may be included in one mesh. 	For example, two roads 

20 	extending from the upper right to the lower left are included in the mesh 232. 	The 

shape of the mesh is not limited to a square, and may be a rectangle. 

The traffic information processing system 100 according to the present 

embodiment calculates the number of vehicles traveling in a place divided into a plurality 

of zones in a unit of meshes. 	The traffic information processing system 100 calculates 

25 	vehicles in a mesh based on a ratio of the number of vehicles equipped with the on-board 
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unit among the number of vehicles having entered a sample area serving as a part of a 

mesh. 	In other words, the vehicles equipped with the on-board unit are regarded to be 

mixed with the vehicles not equipped with the on-board unit in an entire mesh including 

the sample area at a ratio of the number of vehicles equipped with the on-board unit to a 

5 total number of vehicles having entered the sample area, and a total number of vehicles is 

calculated in a unit of meshes. 	That is, in a concept according to the present 

embodiment, a zone indicates a mesh, and a sample area indicates a checkpoint at which 

the information-collecting device 3 is installed. 

[0026] 

10 Fig. 3 is a block diagram illustrating an internal configuration of the on-board 

unit 1. 	The on-board unit 1 is a detecting device with which the vehicle 2 is equipped 

and detects various information. 	The on-board unit 1 includes a power circuit 10, an 

internal battery 11, a wide area communication device 12, a position-detecting unit 13, a 

mesh code storage unit 14, a mesh code-acquiring unit 15, a mesh code 

15 change-determining unit 16, a display unit 17, an alarm unit 18, a storage unit 19, a 

control unit 20, and a wireless communication unit 21. 	The position-detecting unit 13 

includes a GPS receiver 13-1, a GPS complementary sensor unit 13-2, and a 

dead-reckoning navigation-processing unit 13-3. 

In the on-board unit 1, the power circuit 10 includes a regulator that stabilizes a 

20 power source and a noise protector, and is supplied with electric power of 12 V or 24 V 

from the vehicle 2 and supplies the received power to the respective units of the on-board 

unit 1. 

The internal battery 11 is a backup battery, and supplies electric power to each 

unit to protect data stored in the on-board unit 1 when power supply of the vehicle 2 fails 

25 or is interrupted instantaneously. 



13 

The wide area communication device 12 is, for example, a mobile phone 

terminal, and performs communication with the base station device 80 via a 

communication network of mobile telephone communication and transmits or receives 

data to or from the center server device 5. 

5 [0027] 

The position-detecting unit 13 detects the position of the on-board unit 1 using 

the GPS receiver 13-1, the GPS complementary sensor unit 13-2, and the dead-reckoning 

navigation-processing unit 13-3. 

The GPS receiver 13-1 receives radio waves from the GPS satellite 85, reads 

10 time information, and measures information of a latitude and a longitude from the 

received data. 

The GPS complementary sensor unit 13-2 includes a gyro sensor and an 

acceleration sensor, and performs an operation of estimating the position of the on-board 

unit 1 from information of the gyro sensor and the acceleration sensor. 	The GPS 

15 complementary sensor unit 13-2 may be a configuration unit used, for example, when 

reception sensitivity of the radio waves received from the GPS satellite 85 is insufficient. 

The dead-reckoning navigation-processing unit 13-3 performs an operation of 

compensating the position of the on-board unit 1 based on the information of the latitude 

and the longitude measured by the GPS receiver 13-1 and the information of the position 

20 of the on-board unit 1 estimated by the GPS complementary sensor unit 13-2 according 

to the accuracy of the information included in the radio waves received by the GPS 

receiver 13-1. 

[0028] 

The mesh code storage unit 14 stores a uniquely identifiable mesh code 

25 previously allocated to each mesh illustrated in Fig. 2 and information indicating a 
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position of each mesh on a map in association with each other. 	For example, a position 

of each mesh on a map is indicated by latitudes and longitudes of two points on a 

diagonal line of each mesh. 

Further, data stored in the mesh code storage unit 14 is updated such that the 

5 	control unit 20 downloads latest data from the center server device 5 through the wide 

area communication device 12. 

[0029] 

The mesh code-acquiring unit 15 detects a mesh including a position indicated 

by the latitude and the longitude detected by the position-detecting unit 13 from the mesh 

10 	code storage unit 14, and acquires a mesh code corresponding to the detected mesh. 

The mesh code-acquiring unit 15 associates the acquired mesh code with 

information indicating a time at which the radio waves received by the GPS receiver 13-1 

are read, and outputs the associated information. 

[0030] 

15 The mesh code change-determining unit 16 determines whether or not the mesh 

code stored in the storage unit 19 is identical to the mesh code output from the mesh 

code-acquiring unit 15. 	When the two mesh codes are determined not to be identical to 

each other, the mesh code change-determining unit 16 associates an ID allocated to the 

on -board unit 1, the two mesh codes used for the determination, and the information 

20 	indicating the time output from the mesh code-acquiring unit 15 with one another, and 

transmits the associated information to the center server device 5 through the wide area 

communication device 12. 	Further, when the determination ends, the mesh code 

change-determining unit 16 writes the mesh code output from the mesh code-acquiring 

unit 15 to be stored in the storage unit 19 as a latest mesh code. 

25 	[0031] 
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The display unit 17 displays, for example, the information indicating the state of 

the on-board unit 1 or the position on the map. 

The alarm unit 18 includes a speaker therein, and notifies a driver of the vehicle 

2 of the information through a buzzer sound or a melodic sound. 

5 The storage unit 19 stores a program or data used in the on-board unit 1, and 

stores the latest mesh code as described above. 

The control unit 20 performs comprehensive management of, for example, 

transmission and reception of data of the respective units of the on-board unit 1. 	For 

example, when the on-board unit 1 also functions as the GPS navigation system, the 

10 	control unit 20 also performs a path guidance process to a destination included in the 

GPS navigation system. 

When the vehicle enters an on-board unit mounting checkpoint at which the 

information-collecting device 3 is installed, the wireless communication unit 21 receives 

radio waves transmitted by the wireless communication antenna 31, and transmits a 

15 	signal including an ID allocated to the on-board unit 1 as a response. 

[0032] 

Fig. 4 is a block diagram illustrating an internal configuration of the 

information-collecting device 3. 	The information-collecting device 3 includes a 

wireless communication unit 33, a camera control unit 34, a clock unit 35, an Internet 

20 	communication unit 36, a control unit 37, and a storage unit 38. 	The wireless 

communication antenna 31 and the vehicle-detecting camera 32 are separate devices 

from the information-collecting device 3 and are connected to the information-collecting 

device 3. 

The information-collecting device 3 is installed in a place predetermined as the 

25 	on -board unit mounting checkpoint, for example, on a road shoulder of one road included 
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in a mesh as illustrated in Fig. 2. 	Preferably, one or more information-collecting 

devices 3 are installed in each mesh. 

The wireless communication antenna 31 and the vehicle-detecting camera 32 are 

installed, for example, on a road shoulder of either of an inbound lane and an outbound 

5 lane or an iron pole installed above a road around the information-collecting device 3. 

In the present embodiment, a direction in which the wireless communication 

unit 33 transmits the radio signal through the wireless communication antenna 31 is 

identical to a direction in which the vehicle-detecting camera 32 performs photography. 

[0033] 

10 The wireless communication unit 33 transmits the radio signal through the 

wireless communication antenna 31, and receives a signal transmitted by the on-board 

unit 1. 	The radio signal transmitted through the wireless communication antenna 31 by 

the wireless communication unit 33 undergoes directivity control, and is transmitted 

toward an area of one of the inbound and outbound lanes serving as a photography target 

15 of the vehicle-detecting camera 32 so that the on-board unit 1 of the vehicle 2 traveling 

on the other lane does not erroneously respond. 

Upon receiving the signal from the on-board unit 1, the wireless communication 

unit 33 associates the ID of the on-board unit 1 included in the received signal with the 

information indicating the time acquired from the clock unit 35 when the signal is 

20 received, and transmits the associated information to the center server device 5 through 

the Internet communication unit 36. 

[0034] 

The camera control unit 34 performs control of the direction of the 

vehicle-detecting camera 32 and control of a photography condition, and repeatedly 

25 photographs a moving image of a certain period of time at certain intervals. 	Further, 
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when a moving image is photographed, the camera control unit 34 acquires a start time 

and an end time from the clock unit 35, associates a file of the photographed moving 

image with information indicating a photography period of time, and transmits the 

associated information to the center server device 5 through the Internet communication 

5 unit 36. 

[0035] 

The clock unit 35 includes an internal clock, and outputs a current time in 

response to a request. 

The Internet communication unit 36 is connected to the center server device 5 

10 via the Internet, and performs transmission and reception of data with the center server 

device 5. 

The control unit 37 performs comprehensive management of, for example, 

transmission and reception of data of the respective units of the information-collecting 

device 3. 

15 The storage unit 38 stores a program or data used in the information-collecting 

device 3. 

[0036] 

Fig. 5 is a block diagram illustrating an internal configuration of the center 

server device 5. 	The center server device 5 includes an on-board unit-equipped vehicle 

20 number-detecting unit 51, a total vehicle number-detecting unit 52, a vehicle ratio 

operation unit 53, a total vehicle number-estimating operation unit 54, an Internet 

communication unit 55, a mesh code table 56, a mesh code storage unit 57, a traffic 

information-providing unit 58, a storage unit 59, and a control unit 60. 

[0037] 

25 The control unit 60 performs comprehensive management of, for example, 
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transmission and reception of data of the respective units of the center server device 5. 

The control unit 60 receives information in which the ID of the on-board unit 1 is 

associated with the information indicating the time, which is transmitted by the 

information-collecting device 3, through the Internet communication unit 55, and writes 

5 the received information to be stored in the storage unit 59. 

Further, the control unit 60 receives information in which a moving image file 

that is photographed by the vehicle-detecting camera 32 is associated with information 

indicating a photography start time and end time of the moving image, which is 

transmitted by the information-collecting device 3, and writes the received information to 

10 be stored in the storage unit 59. 	Furthermore, in the present embodiment, the control 

unit 60 may receive the moving image file periodically transmitted from the 

vehicle-detecting camera 32 and acquire the photographed image or may transmit a 

command to request transmission of the moving image file to the vehicle-detecting 

camera 32 and acquire the photographed image. 

15 In addition, the control unit 60 receives information in which the ID of the 

on-board unit is associated with a new mesh code and an old mesh code, which is 

transmitted through the base station device 80 by the on-board unit 1, and writes the 

received information to be stored in the mesh code table 56. 

[0038] 

20 The storage unit 59 stores a program or data used in the center server device 5. 

The storage unit 59 includes a table having items such as an ID of an on-board unit and 

information indicating time as illustrated in Fig. 6A, and stores information in which the 

ID of the on-board unit 1 and the information indicating the time are associated with each 

other, which is written by the control unit 60. 

25 The storage unit 59 stores moving image files written by the control unit 60, and 
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includes a table that is used to refer to the moving image files, and has items such as a 

photography start time and end time of the moving image and a moving image file name 

as illustrated in Fig. 6B. 	The storage unit 59 stores information indicating a 

photography start time and end time of a moving image written by the control unit 60 and 

5 a corresponding moving image file name through this table. 

[0039] 

The mesh code table 56 stores a plurality of tables for each mesh code as 

illustrated in Fig. 7. 

Referring to Fig. 7, a table corresponding to the mesh 201 is a table 56-201, and 

10 tables corresponding to the mesh 202 are stored as a table 56-202, sequentially. 

Each table includes items "on-board unit ID," "entering time," "leaving time," 

and "presence detection," and stores information indicating the entering time, the leaving 

time, and the presence detection for the mesh 232 for each ID of the on-board unit that 

has entered each mesh, for example, as illustrated in the table 56-232 corresponding to 

15 the mesh 232 of Fig. 7. 

When a vehicle has already left a corresponding mesh, "-" indicating that an 

on-board unit having a corresponding ID is not located in the mesh is stored in the 

"presence detection" item of the table. 	Further, when the vehicle has entered the mesh 

but does not leave the mesh, "0" indicating that the on-board unit having the 

20 corresponding ID is located in the mesh is stored in the "presence detection" item of the 

table. 

[0040] 

The mesh code storage unit 57 stores the same data as data stored in the mesh 

code storage unit 14 of the on-board unit I. 	The mesh code storage unit 57 stores latest 

25 data, and the on-board unit 1 downloads the data stored in the mesh code storage unit 57 
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and updates the data of the mesh code storage unit 14 as described above. 

[0041] 

The on-board unit-equipped vehicle number-detecting unit 51 detects the 

number of stored IDs of on-board units during an arbitrarily determined period of time 

5 from the information of Fig. 6A in which the ID of the on-board unit is associated with 

the time, which is stored in the storage unit 59, and outputs the detected number as the 

number of vehicles 2 equipped with the on-board unit. 

[0042] 

The total vehicle number-detecting unit 52 reads the moving image file stored in 

10 the storage unit 59 with reference to the table illustrated in Fig. 6B, performs image 

analysis on the read moving image file, and detects the number of vehicles photographed 

in the moving image. 

[0043] 

The vehicle ratio operation unit 53 calculates a ratio of the number of all 

15 vehicles to the number of vehicles equipped with the on-board unit 1 based on the 

number of vehicles 2 equipped with the on-board unit 1 output by the on-board 

unit-equipped vehicle number-detecting unit 51 and the number of vehicles detected by 

the total vehicle number-detecting unit 52. 

[0044] 

20 The total vehicle number-estimating operation unit 54 detects the number of 

vehicles 2 that have entered each mesh at an arbitrarily determined time from the mesh 

code table 56, and performs an operation of estimating the number of all vehicles located 

in each mesh at the corresponding time based on the ratio calculated by the vehicle ratio 

operation unit 53. 

25 [0045] 
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The Internet communication unit 55 is connected to the base station device 80 

via the Internet network, and performs transmission and reception of data with the 

on-board unit 1. 	For example, the traffic information-providing unit 58 transmits 

information indicating a traffic state calculated by the total vehicle number-estimating 

5 operation unit 54 to the on-board unit 1 through the Internet communication unit 55. 

[0046] 

[Operation of information-collecting device] 

Next, an operation of the information-collecting device 3 will be described with 

reference to flowcharts of Figs. 8 and 9. 

10 The information-collecting device 3 performs an operation for a certain period 

of time at certain intervals. 	For example, the information-collecting device 3 performs 

an operation in which activation is performed at 0 minutes and 30 minutes of every hour, 

and an operation is stopped after the operation is performed for 10 minutes. 	Control of 

activation and stop is performed such that the control unit 37 gives an activation 

15 instruction and a stop instruction to each functioning unit using time information 

acquired from the clock unit 35. 	An operation of the wireless communication unit 33 

and an operation of the camera control unit 34 are performed in parallel. 

First, an operation of the wireless communication unit 33 illustrated in Fig. 8 

will be described. 

20 (Step ST101) 

The wireless communication unit 33 is activated by receiving the activation 

instruction from the control unit 37. 

(Step ST102) 

Then, the wireless communication unit 33 transmits a radio signal through the 

25 wireless communication antenna 31. 
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(Step ST103) 

Then, the wireless communication unit 33 determines whether or not a signal 

transmitted from the on-board unit 1 as a response to the transmitted radio signal has 

been received. 

5 [0047] 

(Step ST104) 

When the wireless communication unit 33 determines that the signal has been 

received from the on-board unit 1, the wireless communication unit 33 reads an ID of the 

on-board unit 1 included in the received signal, and acquires a time from the clock unit 

10 35. 

(Step ST105) 

Then, the wireless communication unit 33 associates the ID of the on-board unit 

1 with the time, and transmits the associated information to the center server device 5 

through the Internet communication unit 36. 	Upon receiving the information in which 

15 the ID of the on-board unit 1 is associated with the time from the information-collecting 

device 3 through the Internet communication unit 55, the control unit 60 of the center 

sewer device 5 writes the received information to be stored in the table of the storage 

unit 59 illustrated in Fig. 6A. 

[0048] 

20 (Step ST106) 

On the other hand, when the wireless communication unit 33 determines that the 

signal has not been received from the on-board unit 1, the wireless communication unit 

33 proceeds to a process of step ST106. 	Then, the wireless communication unit 33 

determines whether or not the stop instruction has been received from the control unit 37. 

25 The wireless communication unit 33 ends the process when the instruction has been 
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received, and repeats the process of step ST102 when the instruction has not been 

received. 

[0049] 

Next, an operation of the camera control unit 34 illustrated in Fig. 9 will be 

5 	described. 

(Step ST201) 

First, the camera control unit 34 is activated by receiving the activation 

instruction from the control unit 37. 

(Step ST202) 

10 Then, the camera control unit 34 acquires a time from the clock unit 35, and 

temporarily stores the acquired time in the storage unit 38 as the start time. 

(Step ST203)  

Then, the camera control unit 34 starts to photograph a moving image through 

the vehicle-detecting camera 32. 

15 (Step ST204) 

Thereafter, the camera control unit 34 ends the photography when 10 minutes 

have elapsed after the photography started, acquires the time from the clock unit 35, and 

sets the acquired time as the end time. 

(Step ST205) 

20 Then, the camera control unit 34 reads the start time from the storage unit 38, 

associates a moving image file of the photographed moving image, the start time, and the 

end time with one another, transmits the associated information to the center server 

device 5 through the Internet communication unit 36, and ends the operation. 

[0050] 

25 Upon receiving the information through the Internet communication unit 55, the 
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control unit 60 of the center server device 5 reads the moving image file from the 

information, and writes the read moving image file in the storage unit 59. 	Further, the 

control unit 60 of the center server device 5 reads the information indicating the start 

time and the end time from the information received through the Internet communication 

5 unit 55, and writes the start time, the end time, and the moving image file name in the 

table illustrated in Fig. 6B in association with one another. 

Through the operation of the information-collecting device 3, it is possible to 

photograph all vehicles passing through the on-board unit mounting checkpoint through 

the vehicle-detecting camera 32 and collect information necessary to count the number of 

10 vehicles 2 equipped with the on-board unit 1 passing through the on-board unit mounting 

checkpoint. 

[0051] 

[Operation of on-board unit] 

Next, an operation of the on-board unit 1 will be described with reference to a 

15 flowchart of Fig. 10. 

(Step ST301) 

For example, the vehicle 2 is assumed to have traveled on the road extending 

from the mesh 231 to the mesh 232 and then entered the mesh 232. 	The GPS receiver 

13-1 of the on-board unit 1 of the vehicle 2 receives the radio waves from the GPS 

20 satellite 85 with a certain period. 	The GPS receiver 13-1 measures a latitude and a 

longitude from information included in the received radio waves, and outputs the 

information of the latitude and the longitude, time information included in the received 

radio waves, and information indicating reliability of the information included in the 

received radio waves. 

25 In the present embodiment, the GPS receiver 13-1 outputs information in which 
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information indicating that the position of the on-board unit 1-1 is a point P1 (latitude yj, 

longitude Xi), information indicating that a time at which the position is detected is 

"9:01," and information indicating reliability "high" are associated. 

[0052] 

5 (Step ST302) 

Then, the GPS complementary sensor unit 13-2 performs an operation of 

estimating the position at which the on-board unit I is located at the time "9:01" output 

by the GPS receiver 13-1 based on a rotation direction of the vehicle 2 obtained from the 

gyro sensor and information of a velocity of the vehicle 2 obtained from the acceleration 

10 sensor. 	In the present embodiment, the GPS complementary sensor unit 13-2 is 

assumed to obtain information indicating a point P2 (latitude W2, longitude X2) as the 

position of the on-board unit 1 based on the operation result. 

Then, the dead-reckoning navigation-processing unit 13-3 calculates the position 

of the on-board unit 1 through a technique illustrated in Fig. 11 using information of the 

15 two positions obtained from the GPS receiver 13-1 and the GPS complementary sensor 

unit 13-2. 

Specifically, the GPS complementary sensor unit 13-2 recognizes the position of 

the on-board unit 1 measured by the operation as the position indicated by the point P2 

(latitude W2, longitude X2), and recognizes the position based on the information of the 

20 latitude and the longitude output by the GPS receiver 13-1 as the point P1 (latitude Nri, 

longitude X1 ). 	In this case, the dead-reckoning navigation-processing unit 13-3 weights 

the reliability of the information output by the GPS receiver 13-1, and calculates the 

position of the point P3 (latitude Ni3, longitude 13) as the position of the on-board unit 1 

through a weight averaging operation. 	In other words, when the reliability of the 

25 information output by the GPS receiver 13-1 is higher, the position of the point P3 
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(latitude v3, longitude X3) is closer to the position of the point P1 (latitude vi, longitude 

Xi) output by the GPS receiver 13-1. 

The dead-reckoning navigation-processing unit 13-3 associates the information 

(that is, the information indicating the point P3 (latitude v3, longitude X3)) of the 

5 calculated position with the time information "9:01" output by the GPS receiver 13-1 and 

outputs the associated information to the mesh code-acquiring unit 15. 

Further, the position serving as a starting point when the GPS complementary 

sensor unit 13-2 performs an operation of estimating the position is the position indicated 

by the point P3 (latitude v3, longitude X3). 

10 [0053] 

(Step ST303) 

Then, the mesh code-acquiring unit 15 receives the point P3 (latitude iv3, 

longitude X3) serving as the position information and the time information "9:01" from 

the dead-reckoning navigation-processing unit 13-3, reads a set of latitude and longitude 

15 information indicating the position of each mesh stored in the mesh code storage unit 14, 

detects a mesh including the position received from the dead-reckoning 

navigation-processing unit 13-3, and acquires a mesh code corresponding to the detected 

mesh. 

Upon acquiring the mesh code, the mesh code-acquiring unit 15 outputs the 

20 acquired mesh code and the information indicating the time to the mesh code 

change-determining unit 16. 

(Step ST304) 

Then, the mesh code change-determining unit 16 reads an immediately 

previously acquired mesh code stored in the storage unit 19, and determines whether or 

25 not the read mesh code is identical to the mesh code output by the mesh code-acquiring 
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unit 15. 

[0054] 

(Step ST305) 

5 

When the mesh codes are determined not to be identical to each other, that is, 

when the mesh code is determined to have changed, the mesh code change-determining 

unit 16 associates the ID allocated to the on-board unit 1, the latest mesh code output by 

the mesh code-acquiring unit 15, the mesh code read from the storage unit 19, and the 

information indicating the time with one another, and transmits the associated 

information to the center server device 5 through the wide area communication device 12. 

10 Then, the mesh code change-determining unit 16 writes the latest mesh code to be stored 

in the storage unit 19, and repeats the process from step ST301. 

On the other hand, when the mesh codes are determined to be identical to each 

other, that is, when the mesh code is determined not to have changed, the mesh code 

change-determining unit 16 writes the latest mesh code output by the mesh 

15 code-acquiring unit 15 to be stored in the storage unit 19, and repeats the process from 

step ST301. 

[0055] 

Upon receiving the ID of the on-board unit 1, the old mesh code, the new mesh 

code, and the information indicating the time from the on-board unit 1 through the 

20 Internet communication unit 55, the control unit 60 of the center server device 5 reads the 

old mesh code, and detects the table corresponding to the old mesh code from the mesh 

code table 56. 	Here, since the old mesh code is 231, the table 56-231 is detected, the 

reception time is written in the column of the leaving time of the on-board unit ID 

corresponding to the table 56-231, and "-" indicating the state in which the on-board unit 

25 1 has left is recorded in the column of the presence detection. 
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Next, the control unit 60 reads the new mesh code from the received information, 

and detects the table corresponding to the read new mesh code from the mesh code table 

56. 

Here, since the new mesh code is 232, the table 56-232 is detected, a row of a 

5 newly received on-board unit ID is added to the table 56-232, the reception time is 

written in the item of the entering time of the added row, and "0" indicating the state in 

which the on-board unit 1 is currently present is recorded in the column of the presence 

detection. 

[0056] 

10 The above process is performed through the on-board units 1 with which a 

plurality of vehicles 2 are equipped, and each time a plurality of on-board units 1 enter 

other meshes, the entering time, the leaving time, and the presence detection are updated, 

and information is accumulated in the corresponding tables of the mesh code table 56 of 

the center server device 5. 

15 Further, when the mesh code is initially acquired by the mesh code-acquiring 

unit 15, an immediately previous mesh code is not stored in the storage unit 19. 	In this 

case, the mesh code change-determining unit 16 is assumed to determine that the mesh 

code has changed even when the mesh code is newly acquired from the state in which 

there is no immediately previous mesh code. 

20 Through the operation of the on-board unit 1, the center server device 5 can 

collect information related to a mesh that the vehicle 2 equipped with the on-board unit 1 

enters or leaves, an entering time, and a leaving time. 

[0057] 

[Operation of center server device] 

25 Next, an operation of the center server device 5 will be described with reference 
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to Fig. 12. 

(Step ST401) 

First, the on-board unit-equipped vehicle number-detecting unit 51 of the center 

server device 5 selects a target period of time in which an on-board unit mounting rate is 

5 calculated. 	The selection of the period of time may be arbitrarily performed by an 

operator of the center server device 5, but in this example, since a photography interval 

of a moving image is 0 minutes and 30 minutes of every hour, and the photography is 

performed for 10 minutes, any one period of time among these periods of time is selected. 

Here, 9:00 to 9:10 is assumed to be selected. 

10 (Step ST402) 

The on-board unit-equipped vehicle number-detecting unit 51 counts the number 

1 from 	data has been 	from 9:00 	9:10 from of on-board units 	which 	 received 	to 	the table 

of the storage unit 59 illustrated in Fig. 6A, and calculates the number of vehicles 

equipped with the on-board unit. 

15 (Step ST403) 

20 

Then, the total vehicle number-detecting unit 52 reads a moving image 1 serving 

as a moving image file photographed from 9:00 to 9:10 from the storage unit 59 with 

reference to the table of the storage unit 59 illustrated in Fig. 6B. 	The total vehicle 

number-detecting unit 52 performs image analysis on the file of the read moving image 1, 

and calculates the number of vehicles that have traveled past the on-board unit mounting 

checkpoint from 9:00 to 9:10. 

[0058] 

(Step ST404) 

Then, the vehicle ratio operation unit 53 calculates the ratio of the number of all 

25 vehicles to the number of vehicles equipped with the on-board unit based on the number 
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of vehicles equipped with the on-board unit calculated by the on-board unit-equipped 

vehicle number-detecting unit 51 and the number of vehicles calculated by the total 

vehicle number-detecting unit 52. 

(Step ST405) 

5 Then, the total vehicle number-estimating operation unit 54 selects a time at 

which a total number of vehicles in a mesh is desired to be checked, and detects the 

number of vehicles 2 that have entered at the selected time from the tables 56-201, 

56-202, ... of the mesh code table 56. 

Specifically, the total vehicle number-estimating operation unit 54 performs the 

10 detecting of the number of vehicles 2 by counting the number of 1Ds of the on-board 

units that have entered a the selected time but have not left with reference to the mesh 

code table 56. 

(Step ST406) 

Then, the total vehicle number-estimating operation unit 54 performs an 

15 operation of estimating the number of all vehicles serving as a sum of the number of 

vehicles equipped with the on-board unit and the number of vehicles not equipped with 

the on-board unit in each mesh using the number of detected vehicles of each mesh and 

the ratio calculated by the vehicle ratio operation unit 53. 

For example, when the operation performed by the vehicle ratio operation unit 

20 53 is an operation of dividing the number of vehicles equipped with the on-board unit by 

the number of all vehicles, the total vehicle number-estimating operation unit 54 can 

calculate a value indicating an estimation of the number of all vehicles in each mesh by 

dividing the number of vehicles of each mesh calculated in step ST405 by the value 

calculated by the vehicle ratio operation unit 53. 

25 Then, the total vehicle number-estimating operation unit 54 outputs the value 
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indicating the estimated number of all vehicles to the traffic information-providing unit 

58. 	The traffic information-providing unit 58 may provide this value by transmitting 

this value to the on-board unit I without change as information indicating the degree of 

congestion or may provide image information that is illustrated based on this value so 

5 that a congested mesh is easily understood. 

[0059] 

Through the configuration of the first embodiment, the accurate number of 

vehicles can be obtained in view of the number of vehicles not equipped with the 

on-board unit as well as the vehicles equipped with the on-board unit. 	Further, an 

10 accurate degree of congestion can be obtained based on the obtained number of vehicles 

in die mesh. 	The present embodiment has been described in connection with an 

example in which the degree of congestion is obtained based on the number of all 

vehicles in the mesh, but the present invention is not limited to this example. 	For 

example, it is possible to understand the flow or motions of people by chronologically 

15 analyzing a change in the number of all vehicles in the mesh. 	Information used to 

understand the flow or activity of people is effective information in marketing strategies 

and the like. 

Further, in the configuration of the first embodiment, information of the number 

of vehicles equipped with the on-board unit 1 and the number of all vehicles to pass 

20 through is collected in a limited range such as the limited on-board unit mounting 

checkpoint of one mesh through one information-collecting device 3. 	Then, the center 

server device 5 uses the information collected by the information-collecting device 3 for 

the operation of estimating die number of all vehicles in each mesh. 	Thus, it is 

unnecessary to install the device that detects the number of vehicles in all meshes, and 

25 thus it is possible to reduce a system installation cost. 
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Further, in the first embodiment, the information-collecting device 3 is installed 

at one on-board unit mounting checkpoint, but when the ratio of the number of all 

vehicles to the number of vehicles equipped with the on-board unit differs according to 

5 an area, a plurality of points 3-1 to 3-4 may be installed as illustrated in Fig. 13. 	When 

a plurality of points are installed as described above, the vehicle ratio operation unit 53 

may calculate a sum value of the number of vehicles equipped with the on-board unit of 

each point calculated by the on-board unit-equipped vehicle number-detecting unit 51 

and a sum value of the number of all vehicles of each point calculated by the total vehicle 

10 number-detecting unit 52 and calculate the ratio based on the sum values. 	Further, an 

average value of the number of vehicles equipped with the on-board unit of each point 

and an average value of the number of all vehicles of each point may be calculated, and 

the ratio may be calculated based on the values. 	Furthermore, when there is a variation 

in each point, the ratio may be calculated in view of a weighting according to a 

15 distribution thereof. 

Further, in the configuration of the first embodiment, a time is selected in step 

ST405 of Fig. 12, but the number of all vehicles of each mesh may be estimated at a 

point in time at which the process of Fig. 12 is performed. 	When the number of all 

vehicles of each mesh is estimated at the point in time, the number of on-board unit IDs 

20 in which the "presence detection" item of each table of the mesh code table 56 indicated 

by "0" may be counted 	Thus, it is possible to calculate the number of vehicles 2 that 

have entered each mesh at a corresponding point in time. 

[0061] 

[Second embodiment] 

25 Next, a traffic information processing system 300 according to a second 

32 
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embodiment of the present invention will be described. 	Fig. 14 is a schematic diagram 

illustrating the traffic information processing system 300. 	The traffic information 

processing system 300 includes an on-board unit 7 with which a vehicle 8 traveling on a 

road is equipped and has a uniquely identifiable ID, an information-collecting device 3a 

5 connected with a vehicle-detecting camera 32, a center server device 9, a GPS satellite 85, 

and a base station device 80 of a mobile phone. 

In the traffic information processing system 300, a road on which the vehicle 8 

travels is divided into a plurality of areas called segments in advance, and each of the 

segments is allocated a uniquely identifiable ID such as segment 1, 2, 3... 

10 Further, in the traffic information processing system 300, the on-board unit 

mounting checkpoint at which the information-collecting device 3a is installed is one of 

an inbound lane and an outbound lane of any one segment, and a direction in which the 

vehicle-detecting camera 32 performs the photography is one lane serving as a target of a 

target segment. 	Here, as an example, an entrance of the inbound lane of the segment 4 

15 is assumed to be set as the on-board unit mounting checkpoint, and the vehicle-detecting 

camera 32 is assumed to be set to photograph the entrance of the inbound lane of the 

segment 4. 

Further, the traffic information processing system 300 according to the present 

embodiment calculates the number of vehicles traveling on a road divided into a plurality 

20 of zones for each segment. 	For example, the traffic information processing system 100 

calculates the number of vehicles in the mesh based on the ratio of the number of 

vehicles equipped with the on-board unit to the number of vehicles having entered a 

sample area serving as a part of a zone including a plurality of segments. 	In other 

words, in a concept of the present embodiment, a zone indicates a region including a 

25 plurality of segments, and a sample area indicates a segment in which the 
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information-collecting device 3 is installed. 	The present embodiment will be described 

in connection with an example in which a sample area is one segment, but the present 

invention is not limited to this example, and a sample area may be a region configured 

with a plurality of segments. 

5 [0062] 

Fig. 15 is a block diagram illustrating an internal configuration of the on-board 

unit 7. 	The same functioning units as in the on-board unit 1 of the first embodiment are 

denoted by the same reference numerals, and different configurations will be described 

below. 

10 In the on-board unit 7, a map matchingprocessing unit 70 performs matching of 

information of a position of a segment stored in a road map data storage unit 71 and 

information of the position of the on-board unit 1 detected by the position-detecting unit 

13, and detects a segment in which the on-board unit 7 is located. 	In other words, the 

map matching-processing unit 70 is an example of a configuration unit functioning as a 

15 segment detecting unit that detects a segment corresponding to a position detected by the 

position-detecting unit 13 from among a plurality of segments serving as areas obtained 

by dividing a road. 

[0063] 

A segment change-determining unit 72 determines, for example, whether or not 

20 the on-board unit 7 has entered a new segment based on a result of the detecting process 

of the map matching-processing unit 70. 	For example, when the on-board unit 7 is 

determined to have entered a new segment, the segment change-determining unit 72 

transmits information in which an ID of the segment that the on-board unit 7 has newly 

entered, information related to a time, and an on-board unit ID are associated with one 

25 another to the center sewer device 9 through the wide area communication device 12. 
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[0064] 

A storage unit 73 stores a program or data used in the on-board unit 7. 	The 

storage unit 73 includes a table in which the information of the latitude and the longitude 

detected by the position-detecting unit 13 and a segment ID obtained as a result of 

5 matching performed by the map matching processing unit 70 are stored in association 

with the time information included in the radio waves received from the GPS satellite 85, 

for example, as illustrated in Fig. 16. 

In the table, an item (an item indicated by "-") in which there is no record in the 

segment ID indicates that no segment is detected in the map matching-processing unit 70. 

10 [0065] 

The control unit 74 performs comprehensive management of, for example, 

transmission and reception of data of the respective units of the on-board unit 7. 	For 

example, when the on-board unit 7 also functions as the GPS navigation system, the 

control unit 74 also performs a path guidance process to a destination included in the 

15 GPS navigation system, a process of selecting an optimal path to a destination based on 

information indicating the degree of congestion received from the center server device 9, 

and the like. 

[0066] 

The road map data storage unit 71 stores road map data in a segment format, and 

20 information of a latitude and a longitude of a starting point and an ending point of each 

segment and information indicating a connection relation of segments are included. 	All 

roads are not necessarily divided into segments, and a road in which the degree of 

congestion is desired to be detected is assumed to be stored in a segment format. 

Further, data stored in the road map data storage unit 71 is updated such that the control 

25 unit 74 downloads latest data from the center server device 9 through the wide area 
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communication device 12. 

[0067] 

Fig. 17 is a block diagram illustrating an internal configuration of the 

information-collecting device 3a. 	The information-collecting device 3a has a similar 

5 configuration to the information-collecting device 3 except that the wireless 

communication antenna 31 and the wireless communication unit 33 are removed from 

the information-collecting device 3 of the first embodiment, and therefore a detailed 

description thereof is omitted. 

[0068] 

10 Fig. 18 is a block diagram illustrating an internal configuration of the center 

server device 9. 	The same functioning units as in the center server device 5 of the first 

embodiment are denoted by the same reference numerals, and different configurations 

will be described below. 

In the center server device 9, a control unit 92 performs comprehensive 

15 management of, for example, transmission and reception of data of the respective units of 

the center server device 9. 

The control unit 92 receives the moving image file photographed by the 

vehicle-detecting camera 32 and the photography start and end time information of the 

moving image which are transmitted by the information-collecting device 3a, and writes 

20 the received information to be stored in a storage unit 93. 

Further, the control unit 92 receives an ID of a newly entered segment, 

information related to a time, and an on-board unit ID, which are transmitted through the 

base station device 80 by the on-board unit 7, and writes the received information to be 

stored in a segment table 90. 

25 [0069] 
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The storage unit 93 stores a program or data used in the center server device 5. 

The storage unit 93 stores the moving image file written by the control unit 92, and stores 

a table that is used to refer to the moving image files, and has items such as a 

photography start time and end time of the moving image and a moving image file name 

5 as illustrated in Fig. 6B, similarly to the first embodiment. 

[0070] 

A road map data storage unit 91 stores the same data as the data stored in the 

road map data storage unit 71 of the on-board unit 7. 	The road map data storage unit 91 

stores latest data, and the on-board unit 7 downloads the data stored in the road map data 

10 storage unit 91 and updates the data of the road map data storage unit 71 as described 

above. 

[0071] 

The segment table 90 is, for example, a table of a format illustrated in Fig. 19, 

and stores the data received from the on-board unit 7 through the Internet communication 

15 unit 55. 	The segment table 90 initially includes an item of "on-board unit ID," and 

includes a plurality of sets, each of which includes items of "time" and "Seg (segment)." 

A moving direction-determining unit 94 determines a moving direction of the 

vehicle 8 based on the information stored in the segment table 90. 

[0072] 

20 The on-board unit-equipped vehicle number-detecting unit 51a detects the 

number of vehicles 8 equipped with the on-board unit 7 based on the data stored in the 

segment table 90. 

The total vehicle number-estimating operation unit 54a detects the number of 

vehicles 8 that have entered each segment at an arbitrarily determined time from the 

25 segment table 90, and performs an operation of estimating the number of all vehicles 
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located in each segment at the corresponding time based on the ratio calculated by the 

vehicle ratio operation unit 53. 

For example, the traffic information-providing unit 58a transmits the 

information indicating the traffic state calculated by the total vehicle number-estimating 

5 operation unit 54a to the on-board unit 7 through the Internet communication unit 55. 

[0073] 

Next, operations of the information-collecting device 3a, the on-board unit 7, 

and the center server device 9 will be described. 

The information-collecting device 3a performs the same process as the flowchart 

10 of Fig. 9 performed by the vehicle-detecting camera 32, and thus operations of the 

on-board unit 7 and the center server device 9 that are different from those of the first 

embodiment will be described below. 

[Operation of on-board unit] 

Next, an operation of the on-board unit 7 will be described with reference to a 

15 flowchart of Fig. 20. 

(Step ST501) 

For example, in Fig. 14, the vehicle 8 is assumed to have traveled in a region to 

which a segment is not allocated on a road reaching the segment 1 and then entered the 

segment 1. 	The GPS receiver 13-1 of the on-board unit 7 of the vehicle 8 receives the 

20 radio waves from the GPS satellite 85 with a certain period. 	The GPS receiver 13-1 

measures a latitude and a longitude from information included in the received radio 

waves, and outputs information of the measured latitude and the longitude, time 

information included in the received radio waves, and information indicating reliability 

of the information included in the received radio waves. 	In the present embodiment, the 

25 GPS receiver 13-1 outputs information in which information indicating that the position 
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of the on-board unit 1-1 is a point P1 (latitude Vi, longitude XI ), information indicating 

that a time at which the position is detected is "08:26," and information indicating 

reliability "high" are associated. 

[0074] 

5 (Step ST502) 

Then, the GPS complementary sensor unit 13-2 performs an operation of 

estimating the position at which the on-board unit 7 is located at the time "08:26" output 

by the GPS receiver 13-1 based on a rotation direction of the vehicle 8 obtained from the 

gyro sensor and information of a velocity of the vehicle 8 obtained from the acceleration 

10 sensor. 	In the present embodiment, the GPS complementary sensor unit 13-2 is 

assumed to obtain information indicating a point P2 (latitude W2, longitude X2) as the 

position of the on-board unit 1-1 based on the operation result. 

Then, the dead-reckoning navigation-processing unit 13-3 calculates a point P3 

(latitude w3, longitude X3) serving as the position of the on-board unit 7 through a 

15 technique illustrated in Fig. 11 using information of the two positions obtained from the 

GPS receiver 13-1 and the GPS complementary sensor unit 13-2. 

Then, the dead-reckoning navigation-processing unit 13-3 writes the information 

(that is, the information indicating the point P3 (latitude 113, longitude X3)) of the 

calculated position and the time information "08:26" output by the GPS receiver 13-1 to 

20 be stored in the table of the storage unit 73 illustrated in Fig. 16, and outputs the stored 

information to the map matching-processing unit 70. 	Here, data in which a time is 

"8:26" in Fig. 16 is assumed to be written data. 

[0075] 

(Step ST503) 

25 Then, the map matching-processing unit 70 receives the point P3 (latitude w3, 
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longitude )L3) serving as the position information and the time information "08:26" from 

the dead-reckoning navigation-processing unit 13-3, reads information of a previous 

position of the on-board unit 7 stored in the table of the storage unit 73 and the time 

information associated with the position information, and obtains trajectories of the 

5 vehicle 8, that is, trajectories of the on-board unit 7 that are chronologically lined up. 

For example, the trajectory of the on-board unit 7 is assumed to be a trajectory I 

indicated by a dotted line of Fig. 21. 	The map matching-processing unit 70 extracts 

three paths, that is, path candidates C 1, C2, and C3, from the data stored in the road map 

data storage unit 71 based on the trajectory I as a candidate of a path corresponding to the 

10 obtained trajectory I. 	Then, the map matching-processing unit 70 determines a path 

candidate having a smallest error amount from an area size (a hatched area of Fig. 21) of 

an area surrounded by the obtained trajectory I and the paths of the path candidates C 1, 

C2, and C3. 	In the present embodiment, the map matching-processing unit 70 

determines the path candidate C 2 having the smallest area size (the hatched area of Fig. 

15 21) of the area surrounded by the trajectory 1 and the path candidates as the path 

corresponding to the trajectory I of the on-board unit 7. 

[0076] 

Then, the map matching-processing unit 70 performs matching of the path C2 

determined to be the path of the trajectory I and the information of the latest position, and 

20 detects a segment in which the on-board unit 7 is located. 	The map 

matching-processing unit 70 associates the segment ID of the detected segment with the 

position and the time information of the storage unit 73 based on the time information 

corresponding to the segment ID, records the associated information, and outputs the 

associated information to the segment change-determining unit 72. 

25 In the present embodiment, the point P3 (latitude N13, longitude ?L3) is assumed to 
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be the position included in the area corresponding to the segment 1. 	In this case, the 

map matching-processing unit 70 determines that the on-board unit 1 has entered the 

segment 1 at a time "08:26." 	Then, the map matching processing unit 70 writes "1" in 

the item of "Seg (segment)" corresponding to the time "08:26." 	Further, when the 

5 segment ID has not been detected, the map matching-processing unit 70 writes "-" in the 

"Seg" item of the table of the storage unit 73 as described above. 

[0077] 

(Step ST504) 

Then, the segment change-determining unit 72 receives the segment ID "1" and 

10 the time information "08:26" from the map matching-processing unit 70, reads 

information of a segment ID of an immediately previous time from the table of the 

storage unit 73, and determines whether or not there is a change in the segment ID. 

Here, since the vehicle 8 has traveled in the region to which no segment is 

allocated and then entered the segment 1, "-" indicating that there is no corresponding 

15 segment ID is recorded in the "Seg" item corresponding to an immediately previous time 

("08:25" of Fig. 16). 	The segment change-determining unit 72 determines that there is 

a change in the segment ID when a new segment ID is detected in a state in which no 

segment ID is recorded or when a value different from a segment ID of a target time is 

recorded in a segment ID for an immediately previous time. 

20 On the other hand, the segment change-determining unit 72 determines that 

there is no change in the segment ID when the segment ID received from the map 

matching-processing unit 70 is identical to the segment ID for the immediately previous 

time, and the process returns to step ST501. 

[0078] 

25 (Step ST505) 
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Then, when it is determined that there is a change in the segment ID, the 

segment change-determining unit 72 transmits the segment ID "1" received by the map 

matching-processing unit 70, the time information "08:26" corresponding to the segment 

ID "1," and the on-board unit ID "12340001" to the center server device 9 through the 

5 wide area communication device 12. 

Upon receiving data from the on-board unit 7 through the Internet 

communication unit 55, the control unit 92 of the center server device 9 writes the 

received data to be stored in the segment table 90 as illustrated in Fig. 19. 	Here, the 

on-board unit 7 corresponds to the on-board unit ID "12340001," "08:26" is written in an 

10 item of "time 1" of a row of the on-board unit ID "12340001," and "1" indicating the 

segment 1 is written in the corresponding item of "Seg." 

[0079]  

In Fig. 14, as the vehicle 8 moves forward, the on-board unit 7 writes data in the 

table of the storage unit 73 each time the position is measured. 	Then, when the segment 

15 change-determining unit 72 determines that there is a change in the segment ID, the 

on-board unit 7 transmits data to the center server device 9, and the data is written in the 

segment table 90 of the center server device 9. 

As the on-board unit 7 moves forward in this way, for example, in the order of 

the segments 1, 2, 4, and 6, the segment ID for the immediately previous time and the 

20 segment ID for the target time are changed. 	In this case, the segment 

change-determining unit 72 determines that the segment has been changed in step ST504, 

and transmits information in which the segment ID received from the map 

matching-processing unit 70, the time information corresponding to the segment ID, and 

the on-board unit ID "12340001" are associated with one another to the center server 

25 device 9. 	The center server device 9 writes the received information to the segment 
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table 90. 	Specifically, the center server device 9 records data illustrated in the row of 

the on-board unit ID "12340001" of Fig. 19 in the segment table 90. 

[0080] 

Then, when the vehicle 8 leaves the segment 6, since the corresponding segment 

5 ID is not detected in the process of step ST503, the map matching-processing unit 70 

writes "-" indicating that there is no corresponding segment ID as in the "Seg" item 

"09:23" corresponding to an item in which a time is 	in the storage unit 73 of the on-board 

unit 7. 

Then, even when a state in which there is a segment ID is changed to a state in 

10 which there is no segment ID is performed, 	the change-determining unit 72 determines 

that a segment has been changed in step ST504, and transmits data to the center server 

device 9. 	The center server device 9 writes "-" indicating a state in which there is no 

corresponding segment ID as in the "Seg" item of "time 5" of Fig. 19 in the segment 

table 90. 	When "-" is written in the "Seg" item of the segment table 90, it indicates that 

15 the on-board unit 7 has left a segment in which the on-board unit 7 was located until an 

immediately previous time. 

As described above, when the segment change-determining unit 72 determines 

that the segment ID has been changed, the on-board unit 7 according to the present 

embodiment associates the segment ID in which the on-board unit 7 is located with a 

20 time at which the on-board unit 7 was first located in the segment indicated by the 

segment ID, and transmits the associated information to the center server device 9. 

Thus, the number of transmissions can be reduced to be lower than when both the time 

and position information illustrated in Fig. 16 are transmitted to the center server device 

9. 

25 [0081] 
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[Operation of center server device] 

Next, an operation of the center server device 9 will be described with reference 

to Figs. 22 to 25. 

Figs. 22 and 23 illustrate a series of processes connected by a reference symbol 

5 	A, and Fig. 24 illustrates a sub routine called from step ST603 and step ST608. 

(Step ST601) 

First, the on-board unit-equipped vehicle number-detecting unit 51a of the center 

server device 5 selects a target time at which the on-board unit mounting rate is 

calculated. Similarly to the first embodiment, in this example, 9:00 to 9:10 is assumed 

10 	to be selected based on a photography period of time of a moving image. 

(Step ST602) 

The on-board unit-equipped vehicle number-detecting unit 51a selects a segment 

of the on-board unit mounting checkpoint at which the information-collecting device 3a 

is installed. 	Here, the segment 4 is selected as illustrated in Fig. 14. 

15 (Step ST603) 

The on-board unit-equipped vehicle number-detecting unit 51a calls the sub 

routine illustrated in Fig. 24 in order to detect the number of vehicles 8 that have entered 

the inbound lane of the segment 4 from 9:00 to 9:10. 

[0082] 

20 Fig. 25 is a diagram illustrating the data stored in the segment table 90 

illustrated in Fig. 19 so that the data is easily understood visually. 	For example, Fig. 25 

illustrates that the on-board unit 1 having the on-board unit ID "12340001" entered the 

segment 1 at 8:26, entered the segment 2 at 8:34, entered the segment 4 at 8:46, entered 

the segment 6 at 9:06, and left the segment 6 at 9:23. 

25 	[0083] 
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Here, an example of a processing flow of the sub routine will be described with 

reference to Fig. 24. 

(Step ST701) 

The on-board unit-equipped vehicle number-detecting unit 51a selects a time or 

5 	a period of time serving as a target in order to detect the number of vehicles 8 located in 

any one segment at a certain time or during a certain period of time from the segment 

table 90. 

Here, since a period of time of 9:00 to 9:10 is already selected in the process of 

step ST601 of the main routine, the same period of time of 9:00 to 9:10 is selected. 

10 (Step ST702) 

Then, the on-board unit-equipped vehicle number-detecting unit 51a selects a 

target segment. 	Since the segment is already selected in the process of step ST602 of 

the main routine, the segment 4 is selected. 

(Step ST703) 

15 Then, the on-board unit-equipped vehicle number-detecting unit 51a reads the 

segment ID associated with the selected time zone (9:00 to 9:10) from the segment table 

90 for each on-board unit 7. 

[0084] 

(Step ST704) 

20 	Then, the on-board unit-equipped vehicle number-detecting unit 51a determines 

whether or not the on-board unit 7 has entered the selected segment 4 for the selected 

period of time based on the read information. 

The on-board unit 7 having the on-board unit ID "12340001" that is initially 

read entered the segment 4 at 8:46 and left the segment 4 at 9:06. 	Thus, the on-board 

25 	unit-equipped vehicle number-detecting unit 51a determines that the on-board unit 7 
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having the on-board unit ID "12340001" has entered the segment 4. 

[0085] 

(Step ST705) 

When the on-board unit 7 of the target is determined to have entered the 

5 segment 4 from 9:00 to 9:10, the on-board unit-equipped vehicle number-detecting unit 

51a causes the moving direction-determining unit 94 to determine the moving direction 

in order to calculate the number of vehicles 8 that have entered the inbound lane that is 

regarded as the photography target by the vehicle-detecting camera 32. 	The on-board 

unit-equipped vehicle number-detecting unit 51a outputs the on-board unit ID 

10 "12340001" of the on-board unit 7 of the target and the selected segment ID "4" to the 

moving direction-determining unit 94. 

Then, the moving direction-determining unit 94 reads data corresponding to the 

on-board unit ID "12340001" output from the on-board unit-equipped vehicle 

number-detecting unit 51a from the segment table 90. 	The moving 

15 direction-determining unit 94 detects an item corresponding to the segment ID "4" output 

from the on-board unit-equipped vehicle number-detecting unit 51a from among the read 

data, and reads a segment ID of an immediately previous time of the detected item. 	In 

the example illustrated in Fig. 19, the moving direction-determining unit 94 reads the 

segment ID (=2) of an immediately previous time "8:34" of the item of the detected 

20 segment ID "4." 

Then, the moving direction-determining unit 94 determines the moving direction 

of the vehicle 2 based on the data indicating the connection relation of the segments 

stored in the road map data storage unit 91. 	Here, the moving direction-determining 

unit 94 detects a path in which the segment ID has changed from 2 to 4 from the road 

25 map data storage unit 91, and determines that the detected path is the inbound lane. 



47 

Then, the on-board unit ID "12340001" and the determination result "inbound lane" are 

output to the on-board unit-equipped vehicle number-detecting unit 51a. 

[0086] 

(Step ST706) 

5 On the other hand, when the on-board unit 7 of the target is determined not to 

have entered the segment 4 from 9:00 to 9:10, the on-board unit-equipped vehicle 

number-detecting unit 51a proceeds to the process of step ST706. 	The on-board 

unit-equipped vehicle number-detecting unit 51a determines whether or not data of all 

the on-board units 7 has been read. 

10 Then, when data of any one on-board unit 7 has not been read, the on-board 

unit-equipped vehicle number-detecting unit 51a repeats the process from step ST703. 

(Step ST707) 

On the other hand, when data of all the on-board units 7 has been read, the 

on-board unit-equipped vehicle number-detecting unit 51a calculates the number of 

15 vehicles 8 that have entered the inbound lane of the segment 4, and outputs the calculated 

number of vehicles 8 to the vehicle ratio operation unit 53. 

[0087] 

20 

In the example illustrated in Fig. 25, the seven on-board units having the 

on-board unit IDs of 12340001, 12340008, 12340015, 12340003, 12340020, 12340006, 

and 12340030 have entered the segment 4, and have entered the inbound lane, the 

outbound lane, the outbound lane, the inbound lane, the outbound lane, the inbound lane, 

and the outbound lane, respectively. 	Thus, the on-board unit-equipped vehicle 

number-detecting unit 51a outputs "3" as the number of vehicles that have entered the 

inbound lane. 

25 Further, in the determination performed by the moving direction-determining 
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unit 94, when there is no item of an immediately previous time, for example, when the 

segment 1 is selected as the target segment, there is no item of an immediately previous 

time for the on-board unit 7 having the on-board unit ID of 12340001 as illustrated in Fig. 

19. 	In this case, when the on-board unit 7 has entered the segment 1 in the state in 

5 which there is no segment ID, the moving direction-determining unit 94 is able to 

determine the direction by storing information indicating that the on-board unit 7 has 

entered the inbound lane in the road map data storage unit 91. 

[0088] 

Here, the description of the main process will continue with reference back to 

10 Fig. 22. 

(Step ST604) 

The process of step ST604 performed by the total vehicle number-detecting unit 

52 is the same process as step ST403 of Fig. 12, and here, the moving image file of 9:00 

to 9:10 is read, and the number of vehicles having traveled past the on-board unit 

15 mounting checkpoint is calculated. 

(Step ST605) 

The process of step ST605 performed by the vehicle ratio operation unit 53 is 

the same process as step ST404 of Fig. 12, and as a result, the vehicle ratio operation unit 

53 calculates the ratio of the number of all vehicles to the number of vehicles equipped 

20 with the on-board unit based on the number of vehicles equipped with the on-board unit 

calculated by the on-board unit-equipped vehicle number-detecting unit 51a and the 

number of vehicles calculated by the total vehicle number-detecting unit 52. 

[0089] 

(Step ST606) 

25 Referring to Fig. 23, the total vehicle number-estimating operation unit 54a 
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selects a time at which a total number of vehicles in the segment is desired to be checked. 

(Step ST607) 

The total vehicle number-estimating operation unit 54a selects the segments in 

order starting from the segment 1 in order to detect the number of vehicles 8 that have 

5 entered each segment at the corresponding time from the segment table 90. 

(Step ST608) 

Then, the total vehicle number-estimating operation unit 54a selects a time and a 

segment, and calls the sub routine illustrated in Fig. 24. 

[0090] 

10 By performing the process of steps ST701 to ST707, the total vehicle 

number-estimating operation unit 54a can obtain the number of vehicles 8 that have 

entered the target segment at the target time. 

Further, when the total vehicle number-estimating operation unit 54a calls the 

sub routine of Fig. 24, since information on whether the vehicle has entered the inbound 

15 lane or the outbound lane is optional, the process of step ST705 may not be performed. 

[0091] 

(Step ST609) 

The total vehicle number-estimating operation unit 54a determines whether or 

not all segments have been selected. 

20 When any one segment is not selected, the total vehicle number-estimating 

operation unit 54a repeats the process from step ST607. 	All segments refer to all 

segments included in a zone in which the segment 4 is decided to be sample area. 	In the 

present embodiment, the zone includes the segments 1 to 6, and the sample area is the 

segment 4. 

25 (Step ST6I0) 
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have been On the other hand, when all segments 	selected, the total vehicle 

number-estimating operation unit 54a performs an operation of estimating a total number 

of the vehicles equipped with the on-board unit and a total number of vehicles not 

equipped with the on-board unit in the respective segments using the calculated number 

5 of vehicles of the respective segments and the ratio calculated by the vehicle ratio 

operation unit 53. 

For example, when the operation performed by the vehicle ratio operation unit 

53 is an operation of dividing the number of vehicles equipped with the on-board unit by 

the number of all vehicles, a value indicating an estimation of the number of all vehicles 

10 in each segment can be calculated by dividing the number of vehicles of each segment by 

the value calculated by the vehicle ratio operation unit 53. 	Then, the total vehicle 

number-estimating operation unit 54a outputs the value indicating the estimated number 

of all vehicles to the traffic information-providing unit 58a, and the traffic 

information-providing unit 58a may provide this value by transmitting this value to the 

15 on-board unit 7 without change as information indicating the degree of congestion or 

may provide image information that is illustrated based on this value so that a congested 

segment is easily understood. 

[0092] 

Through the configuration of the second embodiment, the accurate number of 

20 vehicles can be obtained in view of the number of vehicles not equipped with the 

on-board unit as well as the vehicles equipped with the on-board unit. 	In the 

configuration of the first embodiment, the number of all vehicles is estimated in a unit of 

meshes having a certain area size, whereas in the configuration of the second 

embodiment, the number of all vehicles is estimated for each segment obtained by 

25 dividing a road. 	Thus, according to the configuration of the second embodiment, it is 
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possible to obtain the number of vehicles passing through the road more accurately and 

obtain more detailed information indicating the degree of congestion. 

Further, in the second embodiment, similarly to the first embodiment, one 

information-collecting device 3a collects information of the number of vehicles equipped 

5 with the on-board unit 7 and the number of all passing vehicles in a limited range such as 

one segment. 	Then, the center server device 9 performs an operation of estimating the 

number of all vehicles of the other segments using the information collected by the 

information-collecting device 3a. 	Thus, it is unnecessary to install a device that detects 

the number of vehicles in all segments, and it is possible to reduce a system installation 

10 cost. 

[0093] 

Further, in the second embodiment, similarly to the first embodiment, the 

information-collecting device 3a is installed at one on-board unit mounting checkpoint, 

but when the ratio of the number of all vehicles to the number of vehicles equipped with 

15 the on-board unit differs depending on an area, the information-collecting device 3a may 

be installed in a plurality of segments. 

Further, in the example of the second embodiment, the inbound lane of the 

segment 4 is set as the target, but the ratio may be obtained such that the two 

vehicle-detecting cameras 32 are installed, and the outbound lane of the segment 4 is also 

20 included in the target. 	In this case, the center server device 9 detects the vehicles 8 

equipped with the on-board unit 7 in the inbound lane and the outbound lane through the 

process of step ST103. 

Further, the ratio may be obtained such that a segment of a relatively short 

distance is set, both the inbound lane and the outbound lane are photographed by one 

25 vehicle-detecting camera 32, and the number of vehicles traveling on each of the inbound 
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lane and the outbound lane is detected based on the photographed image. 

Through this technique, when a plurality of values indicating the number of 

vehicles equipped with the on-board unit of each point calculated by the on-board 

unit-equipped vehicle number-detecting unit 51a and a plurality of values indicating the 

5 number of all vehicles of each point calculated by the total vehicle number-detecting unit 

52 are obtained, the respective sum values may be calculated, and the ratio may be 

calculated based on the sum values, similarly to the first embodiment. 	Further, an 

average value of the number of vehicles equipped with the on-board unit and an average 

value of the number of all vehicles may be calculated, and the ratio may be calculated 

10 based on the values. 	Furthermore, when there is a variation in each point, the ratio may 

be calculated in view of weighting depending on a distribution thereof. 

[0094] 

Further, in the second embodiment, it is possible to calculate the number of 

vehicles 8 equipped with the on-board unit 7 passing through the on-board unit mounting 

15 checkpoint using the information stored in the segment table 90 of the center server 

device 9 and thus reduce the cost for the wireless communication antenna 31 and the 

wireless communication unit 33, compared to the first embodiment. 	Here, the present 

invention is not limited to the above embodiments. 	In the configuration of the second 

embodiment, similarly to the first embodiment, the information-collecting device 3a may 

20 be equipped with the wireless communication antenna and the wireless communication 

unit, and the number of vehicles 8 equipped with the on-board unit 7 passing through the 

on-board unit mounting checkpoint may be calculated through the same technique as in 

the first embodiment. 

[0095] 

25 Further, in Embodiments 1 and 2, the information-collecting device 3 and the 
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information-collecting device 3a performs the operation for a certain period of time at 

certain intervals, but the present invention is not limited to this configuration, and the 

operation may be continuously performed. 	Furthermore, an image photographed by the 

vehicle-detecting cameras 32 of the information-collecting device 3 and the 

5 information-collecting device 3a may be a plurality of still images obtained by 

performing the photography only when a vehicle passes through rather than a moving 

image. 

Further, in the first embodiment, the number of vehicles equipped with the 

on-board unit is calculated through the on-board unit-equipped vehicle number-detecting 

10 unit 51 with which the center server device 5 is equipped, but the information-collecting 

device 3 may be equipped with the on-board unit-equipped vehicle number-detecting unit 

51. 

Further, in Embodiments 1 and 2, the number of all vehicles is calculated 

through the total vehicle number-detecting unit 52 with which the center server devices 5 

15 and 9 are equipped, but the information-collecting device 3 and 3a may equip with this 

configuration. 

[0096] 

Further, in Embodiments 1 and 2, the ratio of the number of all vehicles to the 

number of vehicles equipped with the on-board unit is obtained by dividing the number 

20 of vehicles equipped with the on-board unit by the number of all vehicles, but the present 

invention is not limited to this configuration. 	For example, the ratio may be obtained by 

dividing the number of all vehicles by the number of vehicles equipped with the on-board 

unit, or the ratio of the number of all vehicles to the number of vehicles not equipped 

with the on-board unit or the ratio of the number of vehicles not equipped with the 

25 on-board unit to the number of all vehicles may be obtained. 
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Further, the information-collecting devices 3 and 3a according to Embodiments 

1 and 2 have the configuration in which the photography is performed by the 

vehicle-detecting camera 32, and the number of vehicles is detected by analyzing the 

photographed image, but the detecting of the number of vehicles is not limited to the 

5 technique based on the image analysis. 	A tread board may be installed on a point over 

which vehicles pass, and the number of traveling vehicles may be counted using the tread 

board, or the number of entering vehicles may be counted by an infrared sensor or an 

ultrasonic sensor. 

[0097] 

10 Further, a program for implementing functions of the respective processing units 

in the present invention may be recorded in a computer-readable recording medium, and 

conversion of an assembly program may be performed by reading the program recorded 

in the recording medium into a computer system and executing the read program. 

15 

Here, the "computer system" is assumed to include an operating system (OS), 

hardware such as a peripheral device, and the like. 	Further, the "computer system" is 

assumed to include a WWW system having a home page provision environment (or 

display environment). 	Furthermore, the "computer-readable recording medium" refers 

to a portable medium such as a flexible disk, a magneto optical disc, a ROM, or a 

CD-ROM or a storage device such as a hard disk with which a computer system is 

20 equipped. 	Moreover, the "computer-readable recording medium" is assumed to include 

a medium holding a program for a certain period of time such as an internal non-volatile 

memory (RAM) of a computer system serving as a sewer or a client when a program is 

transmitted via a network such as the Internet or a communication line such as a 

telephone line. 

25 [0098] 



55 

Further, the program may be transmitted from a computer system stored in a 

device storing the program or the like to another computer system through a transmission 

medium or transmitted waves in a transmission medium. 	Here, the "transmission 

medium" through which the program is transmitted refers to a medium having an 

5 information-transmitting function such as a network (a communication network) such as 

the Internet or a communication line (a communication wire) such as a telephone line. 

Furthermore, the program may be one which implements some of the above-described 

functions. 	Moreover, the program may be a so-called differential file (a differential 

program) that can implement the above-described functions in combination with a 

10 program previously stored in a computer system. 

[Industrial Applicability] 

[0099] 

According to the traffic information processing system, the server device, the 

traffic information processing method, and the program, it is possible to obtain the 

15 relatively accurate number of vehicles present in a certain zone in which the number of 

vehicles not equipped with the on-board unit as well as the number of vehicles equipped 

with the on-board unit is considered. 

[Reference Signs List] 

[0100] 

20 1 On-board unit 

10 Power circuit 

11 Internal battery 

12 Wide area communication device 

13 Position-detecting unit 

25 13-1 GPS receiver 
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13-2 GPS complementary sensor unit 

13-3 Dead-reckoning navigation-processing unit 

14 Mesh code storage unit 

15 Mesh code-acquiring unit 

5 16 Mesh code change-determining unit 

17 Display unit 

18 Alarm unit 

19 Storage unit 

20 Control unit 

10 3 Information-collecting device 

31 Wireless communication antenna 

32 Vehicle-detecting camera 

33 Wireless communication unit 

34 Camera control unit 

15 35 Clock unit 

36 Internet communication unit 

37 Control unit 

38 Storage unit 

5 Center server device 

20 51 On-board unit-equipped vehicle number-detecting unit 

52 Total vehicle number-detecting unit 

53 Vehicle ratio operation unit 

54 Total vehicle number-estimating operation unit 

55 Internet communication unit 

25 56 Mesh code table 
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57 Mesh code storage unit 

58 Traffic information-providing unit 

59 Storage unit 

60 Control unit 

2 Vehicle 

80 Base station device 

85 GPS satellite 

100 Traffic information processing system 
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[CLAIMS] 

[Claim 1] 

A traffic information processing system, comprising: 

an on-board unit configured to be installed in a vehicle; 

5 an on-board unit-equipped vehicle number-detecting unit configured to detect 

the number of vehicles equipped with the on-board unit entering a sample area, which is 

a part of a plurality of zones divided from a place in which vehicles equipped with the 

on-board unit and vehicles not equipped with the on-board unit travel, based on 

information received from the on-board unit; 

10 a total vehicle number-detecting unit configured to detect the number of all 

vehicles entering the sample area; 

a vehicle ratio operation unit configured to calculate a value related to a ratio 

which is based on the number of vehicles equipped with the on-board unit detected by 

the on-board unit-equipped vehicle number-detecting unit and the number of all vehicles 

15 detected by the total vehicle number-detecting unit; and 

a total vehicle number-estimating operation unit configured to calculate a total 

number of vehicles in the zone based on the number of vehicles equipped with the 

on-board unit entering the zone and the value related to the ratio calculated by the vehicle 

ratio operation unit. 

20 [Claim 2] 

The traffic information processing system according to Claim 1, 

wherein the total vehicle number-estimating operation unit calculates the 

number of vehicles equipped with the on-board unit entering the zone based on 

information indicating a zone in which the on-board unit is located among the plurality of 

25 zones that are sequentially detected based on information indicating a position of the 
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on-board unit. 

[Claim 3] 

5 

The traffic information processing system according to Claim 1 or 2, further, 

comprising, 

an information-collecting device that is connected with a camera, 

wherein the information-collecting device acquires an image obtained by 

photographing the vehicle entering the sample area by the camera, and 

the total vehicle number-detecting unit analyzes the acquired image 

photographed by the camera, and detects the number of all vehicles entering the sample 

10 area. 

[Claim 4] 

15 

The traffic information processing system according to Claim 3, 

wherein the information-collecting device includes a wireless communication 

antenna, 

the on-board unit receives a radio signal transmitted from the wireless 

communication antenna, and responds, 

the on-board unit-equipped vehicle number-detecting unit counts the number of 

on-board units that have responded, and calculates the number of vehicles equipped with 

the on-board unit entering the sample area. 

20 [Claim 5] 

The traffic information processing system according to any one of Claims 1 to 3, 

wherein the zone is a segment which is a divided area of a road, and a 

predetermined segment among a plurality of segments is a sample area which is a part of 

the zone, and 

25 the on-board unit-equipped vehicle number-detecting unit calculates the number 
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of vehicles, which is equipped with the on-board unit entering the segment serving as the 

sample area among the vehicles which is equipped with the on-board unit and the 

vehicles which is not equipped with the on-board unit that travel in a place divided into a 

plurality of segments, based on information indicating a segment in which the on-board 

5 unit is located among the plurality of segments that are sequentially detected based on the 

information indicating the position of the on-board unit. 

[Claim 6] 

10 

The traffic information processing system according to any one of Claims 1 to 5, 

wherein there are a plurality of sample areas, 

the on-board unit-equipped vehicle number-detecting unit detects the number of 

vehicles equipped with the on-board unit entering the sample area in a unit of sample 

areas, 

the total vehicle number-detecting unit detects the number of all vehicles 

entering the sample area in a unit of sample areas, and 

15 the vehicle ratio operation unit calculates the value related to the ratio which is 

based on the number of vehicles equipped with the on-board unit in the sample areas 

detected by the on-board unit-equipped vehicle number-detecting unit and the number of 

all vehicles in the sample area detected by the total vehicle number-detecting unit. 

[Claim 7] 

20 The traffic information processing system according to Claim 6, 

wherein a value indicating a weighting on the number of vehicles present is 

allocated to the plurality of sample areas in advance, and 

the vehicle ratio operation unit calculates the value related to the ratio which is 

based on the number of vehicles equipped with the on-board unit in the sample area 

25 detected by the on-board unit-equipped vehicle number-detecting unit, the number of all 
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vehicles in the sample area detected by the total vehicle number-detecting unit, and the 

value indicating the weighting of each sample area. 

[Claim 8] 

A server device, comprising: 

5 an on-board unit-equipped vehicle number-detecting unit configured to detect 

the number of vehicles equipped with an on-board unit entering a sample area, which is a 

part of a plurality of zones divided from a place in which vehicles equipped with the 

on-board unit and vehicles not equipped with the on-board unit travel, based on 

information received from the on-board unit; 

10 a total vehicle number-detecting unit configured to detect the number of all 

vehicles entering the sample area; 

a vehicle ratio operation unit configured to calculate a value related to a ratio 

which is based on the number of vehicles equipped with the on-board unit detected by 

the on-board unit-equipped vehicle number-detecting unit and the number of all vehicles 

15 detected by the total vehicle number-detecting unit; and 

a total vehicle number-estimating operation unit configured to calculate a total 

number of vehicles in the zone based on the number of vehicles equipped with the 

on-board unit entering the zone and the value related to the ratio calculated by the vehicle 

ratio operation unit. 

20 [Claim 9] 

A traffic information-processing method, comprising: 

detecting, by an on-board unit-equipped vehicle number-detecting unit, the 

number of vehicles equipped with an on-board unit entering a sample area, which is a 

part of a plurality of zones divided from a place in which vehicles equipped with the 

25 on-board unit and vehicles not equipped with the on-board unit travel, based on 
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information received from the on-board unit; 

detecting, by a total vehicle number-detecting unit, the number of all vehicles 

entering the sample area; 

calculating, by a vehicle ratio operation unit, a value related to a ratio which is 

5 based on the number of vehicles equipped with the on-board unit detected by the 

on-board unit-equipped vehicle number-detecting unit and the number of all vehicles 

detected by the total vehicle number-detecting unit; and 

calculating, by a total vehicle number-estimating operation unit, a total number 

of vehicles in the zone based on the number of vehicles equipped with the on-board unit 

10 entering the zone and the value related to the ratio calculated by the vehicle ratio 

operation unit. 

[Claim 10] 

A program causing a computer to function as: 

an on-board unit-equipped vehicle number-detecting unit configured to detect 

15 the number of vehicles equipped with an on-board unit entering a sample area, which is a 

part of a plurality of zones divided from a place in which vehicles equipped with the 

on-board unit and vehicles not equipped with the on-board unit travel, based on 

information received from the on-board unit; 

a total vehicle number-detecting unit configured to detect the number of all 

20 vehicles entering the sample area; 

a vehicle ratio operation unit configured to calculate a value related to a ratio 

which is based on the number of vehicles equipped with the on-board unit detected by 

the on-board unit-equipped vehicle number-detecting unit and the number of all vehicles 

detected by the total vehicle number-detecting unit; and 

25 a total vehicle number-estimating operation unit configured to calculate a total 
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number of vehicles in the zone based on the number of vehicles equipped with the 

on-board unit entering the zone and the value related to the ratio calculated by the vehicle 

ratio operation unit. 


