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rect a plurality of types of past traffic information. The appa 
ratus, methods, and programs may store a plurality of types of 
past traffic information, each type of past traffic information 
having a priority and may merge the stored past traffic infor 
mation in accordance the priorities. The apparatus, methods, 
and programs may detect adjacency relationships among the 
plurality of links; and, if a detected link number indicates that 
the corresponding link is not adjacent to adjacent links, 
replaces the detected link number for the link, the replaced 
link number indicating that the link is adjacent to the adjacent 
links. 
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NAVIGATION APPARATUS, NAVIGATION 
METHOD, AND NAVIGATION PROGRAM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

INCORPORATION BY REFERENCE 

This application is a division of U.S. application Ser. No. 
1 1/104.575, filed Apr. 13, 2005. The disclosure of Japanese 
Patent Applications No. 2004-126955 filed on Apr. 22, 2004 
and No. 2004-126962 filed on Apr. 22, 2004 including the 
specifications, drawings and abstracts are incorporated herein 
by reference in their entirety. This is a Reissue Application of 
U.S. Pat. No. 7,634,355, which issued Dec. 15, 2009 from U.S. 
patent application Ser: No. 12/003,019, filed Dec. 19, 2007, 
which is a division of U.S. patent application Ser: No. 1 1/104, 
575, filed Apr. 13, 2005 (now U.S. Pat. No. 7,328, 101, issued 
Feb. 5, 2008). The disclosure of the prior applications, along 
with the disclosure of Japanese Patent Applications No. 2004 
126955, filed on Apr. 22, 2004 and No. 2004-126962, filed on 
Apr. 22, 2004, including the specifications, drawings and 
abstracts are incorporated herein by reference in their 
entirety. 

BACKGROUND 

1. Related Technical Fields 
Related fields include a navigation apparatus and a navi 

gation method. 
2. Description of Related Art 
In a conventional navigation system, for example, traffic 

information Such as traffic congestion information is received 
from a road traffic information communication system and 
stored. The stored information is used for searching for a 
shortest route (refer to, for example, Japanese Unexamined 
Patent Application Publication No. 2002-148067). 

SUMMARY 

According to the aforementioned navigation system, traffic 
information data received from the road traffic information 
communication system is only for limited roads. Without 
storing accurate traffic information data relevant to every 
road, the navigation apparatus is less likely to identify the 
most suitable route. 

In general, Various kinds of useful traffic information data 
exist other than traffic information data from the road traffic 
information communication system. For example, travel his 
tory data from a probe car (hereinafter referred to as probe 
data) and road traffic sensor census data are available. 

In order to accurate traffic information data relevant to 
every road, it is beneficial to provide a navigation system and 
a navigation method to obtain various kinds of traffic infor 
mation data in accordance with established data precision 
priorities. 

Various exemplary implementations provide a navigation 
apparatus, including a controller. The controller may store a 
plurality of types of past traffic information, each type of past 
traffic information having a priority and may merge the stored 
past traffic information in accordance the priorities. 

Various exemplary implementations provide a navigation 
method. The method may include the steps of storing a plu 
rality of types of past traffic information, each type of past 
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2 
traffic information having a priority and merging the stored 
past traffic information in accordance the priorities. 

Various exemplary implementations provide a navigation 
program. The program may include instructions for storing a 
plurality of types of past traffic information, each type of past 
traffic information having a priority and instructions for 
merging the stored past traffic information in accordance the 
priorities. 

Various exemplary implementations provide a navigation 
apparatus that corrects traffic information data, the traffic 
information data including travel history data for a plurality 
of links, the apparatus comprising a controller. The controller 
may detect adjacency relationships among the plurality of 
links; and, if a detected link number indicates that the corre 
sponding link is not adjacent to adjacent links, replaces the 
detected link number for the link, the replaced link number 
indicating that the link is adjacent to the adjacent links. 

Various exemplary implementations provide a navigation 
method for correcting traffic information data, the traffic 
information data including travel history data for a plurality 
of links. The method may include the steps of detecting adja 
cency relationships among the plurality of links; and replac 
ing, ifa detected link number indicates that the corresponding 
link is not adjacent to adjacent links, the detected link number 
for the link, the replaced link number indicating that the link 
is adjacent to the adjacent links. 

Various exemplary implementations provide a navigation 
program for correcting traffic information data, the traffic 
information data including travel history data for a plurality 
of links. The program may include instructions for detecting 
adjacency relationships among the plurality of links; and 
instructions for replacing, if a detected link number indicates 
that the corresponding link is not adjacent to adjacent links, 
the detected link number for the link, the replaced link num 
ber indicating that the link is adjacent to the adjacent links. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary implementations will now be described with 
reference to the accompanying drawings, wherein: 

FIG. 1 is a block diagram showing a navigation apparatus 
according to an exemplary implementation of the principles 
described herein; 

FIG. 2 is a flowchart showing a method of transmitting 
search data according to an exemplary implementation of the 
principles described herein; 

FIG. 3 is a detailed flowchart showing a method of setting 
priority according to an exemplary implementation of the 
principles described herein; 

FIG. 4 is a detailed flowchart showing a method of merging 
data according to an exemplary implementation of the prin 
ciples described herein; 

FIG. 5 is a block diagram showing a navigation apparatus 
according to a according to another exemplary implementa 
tion of the principles described herein; 

FIG. 6 is a flowchart showing a method of transmitting 
search data according to another exemplary implementation 
of the principles described herein; 

FIG. 7 is a flowchart showing a method of storing corrected 
travel history data according to an exemplary implementation 
of the principles described herein; 

FIG. 8 is a flowchart showing a method of correcting travel 
history data according to an exemplary implementation of the 
principles described herein; 

FIGS. 9(a) and 9(b) are diagrams showing a correction of 
travel times and link numbers; 
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FIGS. 10(a) and (b) are diagrams showing a correction of 
travel times and link numbers; 

FIGS.11(a) and (b) are diagrams showing a correction of 
travel times and link numbers; and 

FIGS. 12(a) and (b) are diagrams showing a correction of 
travel times and link numbers. 

DETAILED DESCRIPTION OF EXEMPLARY 
IMPLEMENTATIONS 

FIG. 1 is a diagram showing an exemplary vehicle naviga 
tion system. The vehicle navigation system 10 may include, 
for example, a current position detection unit 11, and/or a 
GPS receiver that receives radio waves sent from an artificial 
satellite of a satellite navigation system (also known as GPS) 
and detects a current position of the vehicle as well as a 
present day and time. 

In addition, the navigation system 10 may include, for 
example, an input unit 12 Such as, for example, a portable 
remote controller, the operation of which may send required 
information through transmission to, for example, a receiving 
section (not shown) of a controller 13 (described later). Note 
that instead of, or in addition to, using the above remote 
controller as the input unit 12, a touch panel may be provided 
on a display Screen, for example, in a liquid crystal display 
panel of an output unit 16 (described later). 

Furthermore, the navigation system 10 may include, for 
example, the controller 13, a memory 14, a communication 
unit 15, and/or the output unit 16. The controller 13 may 
include, for example, a CPU, a RAM, a ROM and/or the 
receiving sections described above interconnected via, for 
example, bus lines. 
The controller 13 may provide route guidance of the 

vehicle and display maps based upon, for example, detection 
output of the current position detection unit 11, operation of 
the input unit 12, information stored in the memory 14, output 
of the communication unit 15, and/or output of an exclusive 
information communication system 20 (described later). 
The memory 14 may include, for example, a hard disk. For 

example, map data and/or traffic information data may be 
stored in the memory 14 in the form of for example, a data 
base that is readable by the controller 13. The communication 
unit 15 may receive, for example, road traffic information 
from the exclusive information communication system 20 
and may output the data to the controller 13. 
The exclusive information communication system 20, for 

example, installed in an exclusive information center, may 
execute wireless communication with, for example, the com 
munication unit 15, a road traffic information communication 
system installed in a road traffic information center (herein 
after also referred to as VICS(R)30), and/or the probe car 40. 

Furthermore, the exclusive information communication 
system 20 may include, for example, a controller 21, a com 
munication unit 22, and/or a memory 23. The controller 21 
may transmit search data, for example according to one or 
more of the exemplary methods shown in FIGS. 2-4. For 
example, the controller 21 may communicate with the com 
munication unit 15, VICS 30, and/or the probe car 40 via the 
communication unit 22. Note that instructions for implement 
ing one or more of the exemplary methods shown in FIGS. 
2-4 may be written in advance, for example, on a ROM of the 
controller 21. 

Accumulated probe data, VICS data, road traffic census 
data, road width interpolation data, and/or link travel times 
based on such each data may be stored in a the memory 23, for 
example, as statistical data in the form of a database. 
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4 
The output unit 16 may include, for example, a display 

device. Based upon control by the controller 13, the output 
unit 16 may display information required for the vehicle. 
Note that the output unit 13 may be installed in an instrument 
panel on an anterior wall of the vehicle and may display 
information on a display panel Such as a liquid crystal panel. 
As described above, the controller 21 may transmit search 

data according to the exemplary method shown in FIG. 2. 
FIG. 2 shows an exemplary method of transmitting search 
data. As shown in FIG. 2, operation of the method begins in 
step 100 where a target area is set. For example, map data 
stored in the memory 14 may be divided into one or more 
target areas defined by predetermined regions, such as, for 
example, prefectual regions. 

Next, in step 200, a time period is set. For example, stored 
data may be merged inaccordance with priorities of the stored 
data (described later) so the time period is set based on the 
priorities. The time period may be set, for example, on a 
24-hour basis. 

In step 300, a priority is set. The priority may be set, for 
example, according to the exemplary priority setting method 
shown in FIG. 3. Then, in step 400, the search data is merged. 
The search data may be merged, for example, according to the 
exemplary method of merging data shown in FIG. 4. In step 
500, the search data is transmitted. For example, the commu 
nication unit 22 may send the merged search data as data 
necessary for searching for a route to the controller 13 via the 
communication unit 15 and the data may be stored in the 
database of the memory 14. Operation of the method ends. 
As described above, the controller 21 may set priority data 

according to the exemplary method shown in FIG. 3. FIG.3 
shows an exemplary method of setting priority. As shown in 
FIG. 3, in step 310, accumulated data is obtained. For 
example, data at a current time for each target area (for 
example, set in step 100) may be obtained from a database of 
the memory 23, and may include, for example, accumulated 
probe data, VICS data, and/or road traffic census data. 

Next, in step 320, current data is obtained. For example, the 
communication unit 22 may receive current probe data cor 
responding to the current time from the probe car 40 and 
provide it to the controller 21. The communication unit 22 
may also receive current VICS data from the VICS 30 and 
provide it to the controller 21. 

In step 330, current data is set. For example, data including, 
for example, current probe data obtained in step 320 and/or 
current VICS data for links whose data are not included in the 
current probe data may be set as current data. 
As used herein, the term “link” refers to, for example, a 

road or portion of a road. For example, according to one type 
of road data, each road may consist of a plurality of compo 
nential units called links. Each link may be separated and 
defined by, for example, an intersection, an intersection hav 
ing more than three roads, a curve, and/or a point at which the 
road type changes. 

Next in step 340, for each link that exists in both the current 
probe data and current VICS data, a time difference may be 
calculated between the link travel time according to accumu 
lated probe data and the link travel time according to the 
current data set in step 330. After each time difference for 
each link is calculated, the average value of the calculated 
time differences (hereinafter referred to as average time dif 
ference) may be further calculated for each target area (set in 
step 100). In a similar manner, for example, an average time 
difference between accumulated VICS data and the current 
data, and average time difference between road traffic census 
data and the current data may be calculated. 
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In step 350, priority is set. For example, based on the 
average time differences in step 340, priorities for accumu 
lated road traffic census data, VICS data, and probe data may 
be established. 

For example, according to the current time, if the average 
time difference of road traffic census data, the average time 
difference of VICS data, and the average time difference of 
probe data are ranked in descending order according to the of 
amount of average time difference, the priorities may be 
established according to that order. According to this 
example, assume a priority variable n=1 for road traffic cen 
sus data, n=2 for accumulated VICS data, and n=3 for stored 
probe data. 
As described above, the controller 21 may merge data 

according to the exemplary method shown in FIG. 4. FIG. 4 
shows an exemplary method of merging data. As shown in 
FIG.4, in step 410, accumulated navigation data is initialized. 
For example, road width interpolation data at a desired time 
(for example, eight o'clock) for a target area may be read out 
from a database of the memory 14. 
As used herein, “road width interpolation data' is data that 

represents an estimated time required to travel a link. The 
time required to travel the link is estimated based on the type 
of road the link represents (e.g., local road, expressway, etc.) 
and may be adjusted based on the width of the road the link 
represents (e.g., two lanes, 4 lanes, etc.). Thus, according to 
this example, road width interpolation data at the desired time 
of eight o'clock would indicate, that based on the width of the 
road, it will take 11 minutes to travel the link at eight o'clock. 

Then, in step 420, variable n is set as 1. In step 430, data 
whose priority N is equal to then may be extracted from the 
accumulated data. For example, among accumulated road 
traffic census data corresponding to n=1 for the target area, 
only data at the target time (for example, eight o'clock) may 
be read out from the memory 14. 

Next, in step 431, the read outdata is merged. According to 
this example, road width interpolation data read out in step 
410 may be overwritten with road traffic census data read out 
in step 430. If, for example, a link includes no road traffic 
census data but only road width interpolation data, the road 
width interpolation data may be used for that link. 

In step 432, it is determined whether n=N.N denotes a total 
number of types of data prioritized, for example, in step 350. 
In this example, N=3 because there are three types of priori 
tized data: road traffic census data, accumulated VICS data, 
and stored probe data. IfnzN, then operation continues to step 
433. If n=N, operation jumps to step 440. 

In step 433, the variable n is updated to n n+1. According 
to this example, n=n--1-2. Thus, when returning to step 430, 
accumulated VICS data corresponding to n=2 for the target 
area, and at the target time (for example, eight o'clock) may 
be read out from the database of the memory 14. 
When returning to step 431, the read out data is merged. 

According to this example, accumulated data, which includes 
the merged road traffic census data from the previous step 
431, may be overwritten with VICS data read out in step 430. 
If a link includes no accumulated VICS data but only accu 
mulated data (which includes merged road traffic census data) 
the road traffic census data may be used for that link. 

According to this example, in step 433, the variable n is 
updated to n-n--1-3. In step 430, accumulated probe data 
corresponding to n=3 for the target area and at the target time 
(for example, eight o'clock) may be read out from the data 
base of the memory 14. 
When returning to step 431, the read outdata is merged. For 

example, accumulated data, which includes merged VICS 
data and merged traffic census data from previous steps 431 
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6 
may be overwritten with probe data read out in step 430. If a 
link includes no accumulated probe data but only accumu 
lated data, the VICS data may be used for that link. 

According to this example, n=N=3 in step 432. It should be 
appreciated that steps 410-433 may be repeated for each 
target area at each target time. 

In step 440, it is determined whether all data has been 
merged for all target areas set in step 100 and also relevant to 
each target time in a period of time set in step 200. If the data 
has not been merged for all target areas and all target times, 
operation returns to step 410. If the data has been merged for 
all target areas and all target times, operation ends. 

According to the above exemplary implementation, a plu 
rality of types of data exists, which may include redundant 
information. An average time difference between current data 
and stored data is calculated for each type of accumulated 
data, and a priority is established based on the size of the 
difference. Then each type of data is merged with the stored 
accumulated data according to the established priority. 
Because many sources and/or types of data may be preferen 
tially merged, reliable traffic information may be obtained for 
a greater number of links compared to using just one source of 
data. Thus, accurate traffic information for a larger area may 
be transmitted for a high-quality route search. In addition, 
priorities are established for each predetermined area, so that 
it is possible to provide applicable search database in view of 
regional characteristics. 

According to the above exemplary implementation it is 
possible to search for a guidance route based on accumulated 
data necessary for search in the database of the memory 14. 
Therefore, the route may be searched within a wider target 
area since, due to the merging of many sources of data, highly 
accurate traffic congestion information is available for a 
greater number of links. 

While various features have been described in conjunction 
with the examples outlined above, various alternatives, modi 
fications, variations, and/or improvements of those features 
and/or examples may be possible. Accordingly, the examples, 
as set forth above, are intended to be illustrative. Various 
changes may be made without departing from the broad spirit 
and scope of the underlying principles. 

For example, in step 350 priorities may be established for 
each type of accumulated data in advance. In step 330, as 
described above, when current probe data and current VICS 
data exist redundantly, current probe data is applied for cur 
rent data. However, current data may be created by weighting 
both of current probe data and current VICS data and averag 
ing both of them. 

In step 431 as described above, data is merged by overwrit 
ing accumulated data in a database. However, it is also pos 
sible to set each specified ratio for each type of stored data in 
order of the priorities and merge data by multiplying each 
stored data by each specified ratio and averaging the calcula 
tion results. 

In steps 100 through 400, for example, the navigation sys 
tem 10 may directly obtain the data and execute the same 
operations in step 100 through 400 for the data instead. 

Hereinafter, another exemplary implementation of the 
principles discussed herein will be described. In the first 
exemplary implementation, accumulated probe data, that is, 
travel history data recorded by a probe car, is utilized as data 
for searching for a route. However, such travel history data is 
not always relevant to all routes. For example, if stored route 
data does not include travel history data for the target area, the 
travel history data may be unreliable. Thus, the unreliable 
travel history data is not useful for searching for a route, 
displaying traffic information, and so on. 
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In order to resolve such issues as described above, it is 
beneficial to correct travel history data. 

FIG. 5 is a diagram showing an exemplary of a vehicle 
navigation system. The vehicle navigation system 101 may 
include, for example, a current position detection unit 110. 
and/or a GPS receiver that receives radio waves sent from an 
artificial satellite of a satellite navigation system (also known 
as GPS) and detects a current position of the vehicle as well as 
a present day and time. 

In addition, the navigation system 101 may include, for 
example, an input unit 120 such as, for example, a portable 
remote controller, the operation of which may send transmit 
information to a receiving section (not shown) of the control 
ler 130 (described later). Note that instead of using the above 
remote controller as the input unit 120, for example, a touch 
panel may be provided along a display screen in a liquid 
crystal display panel of an output unit 160 (described later) 
may be employed as the input unit 120. 

Furthermore, the navigation system 101 may include, for 
example, the controller 130, a memory 140, a communication 
unit 150, and/or the output unit 160. The controller 130 may 
include, for example, a CPU, a RAM, and/or a ROM as well 
as the receiving sections, for example, interconnected via bus 
lines. 
The controller 130 may transmit search data, for example, 

according to the exemplary method shown in flowchart in 
FIG. 6. For example, the controller 130 may provide route 
guidance of the vehicle and display maps based upon detec 
tion output of the current position detection unit 110, opera 
tion of the input unit 120, information stored in the memory 
140, output of the communication unit 150, and/or output of 
the exclusive information communication system 201 (de 
scribed later). 
The memory 140 may include, for example, a hard disk. 

For example, map data and/or travel history data may be 
stored in the memory 140, for example, in the form of a 
database that is readable by the controller 130. Note that such 
travel history data may include link numbers allocated for 
links as well as passing times, i.e., times at which the links 
along a vehicle travel route will be passed. 
The communication unit 150 may receive road traffic infor 

mation from the exclusive information communication sys 
tem 201 and may output it to the controller 130. Furthermore, 
the exclusive information communication system 201 may 
transfer various kinds of traffic information data which are 
received from a road traffic information communication sys 
tem installed in a road traffic information center (hereinafter 
also referred to as VICS(R 30). 
The output unit 160 may include, for example, a display 

device. Based upon control by the controller 130, the output 
unit 160 may display information required for the vehicle. 
Note that the output unit 160 may be installed, for example, in 
an instrument panel on an anterior wall of the vehicle and may 
display on a display panel Such as a liquid crystal panel. 
As discussed above, the controller 130 may transmit search 

data, for example, according to the exemplary method of 
transmitting search data shown FIG. 6. As shown in FIG. 6, in 
step 1100, travel history data is read out. For example, Link 
numbers allocated for links as well as passing times at the 
links along a vehicle travel route may be read out from a 
database of the memory 114. Next, in step 1200, travel history 
data is corrected. The travel history data may be corrected, for 
example, according to the exemplary method of correcting 
travel history data shown in FIGS. 7 and 8. 

In step 1300, it is determined whether all of the travel 
history data is corrected. If all of the travel history data has not 
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8 
been corrected, operation returns to step 110. If all of the 
travel history data has been corrected, operation continues to 
step 1400. 

In step 1400, the corrected travel history data is stored. For 
example, the travel history may be stored in a database of the 
memory 114. Then, operation of the method ends. 
As discussed above, the travel history data may be cor 

rected according to the exemplary method shown in FIGS. 7 
and 8. As shown in FIGS. 7 and 8, in step 1210, a first link 
number is obtained. For example, a link number at the earliest 
time among travel history data, for example, read out in step 
1100 is obtained as the first link number Na. 

In step 1220, a second link number is obtained. For 
example, a link number which chronically appears after the 
first link number Nais obtained as the second link number Nb 
among the travel history data. 
Then in step 1230, it is determined whether there is a link 

number that chronologically appears after the second link 
number Nb in the travel history data. If a link number does not 
chronologically appear after the second link number, opera 
tion ends. If a link number chronologically appears after the 
second link number, operation continues to step 1231. In step 
1231, the link number that continuously appears after the 
second link number Nb is set as the third link number Nc. 

Next, in step 1240, it is determined whether the link cor 
responding to the first link number Na (hereinafter referred to 
as the first link La) is adjacent to the link corresponding to the 
second link number Nb (hereinafter referred to as the second 
link Lb). For the purpose of this example, an adjacency rela 
tionship is detected between the first link and the second link 
when both links are connected with each other in map data. 

If the first link La is adjacent to the second link Lb, opera 
tion continues to step 1241. If the first link La is not adjacent 
to the second link Lb, operation jumps to step 1250. In step 
1241, the first link number is reset in step 1241. For example, 
the second link number Nb may be set as the first link number 
Na. Then, operation returns to step 1220, where a new second 
link number Nb is obtained. 

In step 1250, it is determined whether the first link La and 
the link corresponding to the third link number Nc (hereinaf 
ter referred to as the third link Lc) are adjacent in the map 
data. If the first link La and the third link Lc are adjacent, 
operation continues to step 1251. If the first link La and the 
third link Lc are not adjacent, operation jumps to step 1260. 

In step 1251, the second link number Nb is replaced. For 
example, as shown in FIG. 9(a), the travel history data may 
include “1's as the first link numbers Na at traveling time 
10:00:00 and 10:00:01, “98's as the second link numbers Nb 
at traveling time 10:00:02, 10:00:03, and 10:00:04, and “2's 
as the third link numbers Nc at traveling time 10:00:05 and 
10:00:06. 

Thus, according to this example, the first link La is not 
connected with the second link Lb on map data because the 
first link number Na is “1” and the second link number Nb is 
'98. That is, there is no adjacency relationship between the 
two links. In addition, according to this example, the first link 
La is connected with the third link Lc on map data because the 
first link number Na is “1” and the third link number Nc is “2. 
There is an adjacency relationship between the first link La 
and the third link Lc. 

Thus, for example, in step 1251, the each second link 
number Nb at travel time 10:00:02 and 10:00:03 would be 
replaced with the first link number Na, that is, “1” as shown in 
FIG.9(b). The second link number Nb at 10:00:04 would be 
replaced with the third link number Nc, that is “2 as shown 
in FIG.9(b). 
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By replacing the second link number in step 1251, even if 
an incorrect link number is allocated for a link which has no 
relationship with adjacent links (previous/following links), it 
may be corrected with one or more adjacent link numbers. 

Then in step 1252, the first link number is reset. For 
example, the third link number Nc may be set as the first link 
number Na. Operation returns to step 1220, where a new 
second link number is obtained. 

In step 1260, it is determined whether there is a link that is 
adjacent with both of the first link La and the second link Lb 
in the map data. Hereinafter Such an adjacent link is referred 
to as a common link Lab. 

If a common link Lab exists, operation continues to step 
1261. If a common link Lab does not exists, operation jumps 
to step 1270. In step 1261, it is determined whether there is 
only one travel time including the first link number Na. If 
there is more than one travel time including the first link 
number Na, operation continues to step 1262. If there is only 
one travel time including the first link number Na, operation 
jumps to step 1264. 

For example, as shown in FIG. 10(a), travel history data 
may include “1's as the first link numbers Na attraveling time 
10:00:00, 10:00:01, and 10:00:02, “3's as the second link 
numbers Nb at traveling time 10:00:03 and 10:00:04, and 
“4's as the third link numbers Nc at traveling time 10:00:05 
and 10:00:06. 

According to this example, the first link number Na is “1” 
and the second link number Nb is “3.” Thus, there is a com 
mon link Lab having link number 2 in the map data that is 
adjacent to both the first link La and the second link Lb. 
According to this example, more than one travel time includ 
ing the first link number Na exist. 

In step 1262, at least part of the first link number Na is 
replaced. According to this example, the first link number Na 
at travel time 10:00:02 is replaced with the link number 
allocated for the common link Lab, that is, “2 as shown in 
FIG. 10(b). Then, in step 1263, the first link number is reset. 
For example, the second link number Nb is set as the first link 
number Na. Operation returns to step 1220. 
By replacing at least part of the first link number Na, even 

if a link number is missing, a link number allocated for a 
common link “Lab' may be appropriately applied. 

In step 1264, one or more link numbers are replaced. For 
example, as shown in FIG. 11(a), travel history data may 
include link number “1” s at traveling time 10:00:00 and 
10:00:01, “2 at 10:00:02, “3 as the first link number Na at 
10:00:03, “5's as the second link numbers Nb at 10:00:04 and 
10:00:05, and “6” as the third link number Nc at 10:00:06. 
According to this example, the first link number Na is “3” 

and the second link number Nb is “5” Thus, there is a com 
mon link Lab including link number “4” in the map data 
which is adjacent to both the first link La and the second link 
Lb. In addition, in the example, only one travel time including 
the first link number Na exists. 

According to this example, when the link numbers are 
replaced in step, 1264, the link number attravel time 10:00:01 
may be replaced with link number 2, as described in FIG. 
11(b). Then the link number at travel time 10:00:02 is 
replaced with link number "3. The link number attravel time 
10:00:03 is replaced with link number “4” 
By replacing one or more link numbers in step 1264, even 

if a link number is missing, a link number allocated for a link 
which is adjacent to the missing link may be appropriately 
used. Then, the first link number is reset in step 1265. For 
example, the second link number Nb is set as the first link 
number Na, and operation returns to step 1220. 
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10 
In step 1270, it is determined whether there is a link that is 

adjacent to both the first link La and the third link Lc in the 
map data. Hereinafter, such an adjacent link is referred to as 
a common link Lac. 

If a common link Lac exists, operation continues to step 
1271. If a common link Lac does not exist, operation jumps to 
step 1280. 

In step 1271, the second link number Nb is replaced with 
the common link number Lac. For example, as shown in FIG. 
12(a), travel history data may include “1's as the first link 
numbers Na at traveling times 10:00:00 and 10:00:01, “98's 
as the second link numbers Nb attravelingtimes 10:00:02 and 
10:00:03, and '3's as the third link numbers Nc at traveling 
times 10:00:04, 10:00:05, and 10:00:06. 

According to this example, the first link number Na is “1” 
and the third link number Nc is “3.” Thus, it is determined that 
there is a common link Lac including link number 2 that is 
adjacent to both the first link La and the third link Lc. Accord 
ing to this example, in step 1271, the link numbers '98 at 
travel time 10:00:02 and 10:00:03 would be replaced with the 
link number allocated for the common link Lac, that is, “2 as 
shown in FIG. 12(b). 
By replacing the second number Nb with the common link 

Lac number, in step 1271, even if an incorrect link number is 
allocated for a link which has no relationship with adjacent 
links, it may be accurately corrected with a link number for a 
link adjacent to the link in question. In step 1272, the first link 
number is reset in step 1272. For example, the third link 
number Nc is set as the first link number Na, and operation 
returns to step 1220. 

In step 1280, it is determined whether there is an adjacency 
relationship between the second link Lb and the third link Lc 
in the map data. If the second link Lb is not adjacent to the 
third link Lc in the map data, operation continues to step 
1281. If the second link Lb is adjacent to the third link Lc in 
the map data, operation jumps to step 1282. 

In step 1281, the third link number Nc is set as the second 
link number Nb and a link number that chronologically 
appears after the replaced second link number Nb is set as the 
third link number Nc among travel history data. Then, opera 
tion returns to step 1280. 

In step 1282, the third link number Nc is set as the first link 
number Na and operation returns to step 1220. 
As described above, if there is no remaining link number 

which continuously appears after the second link number Nb, 
for example, if the second link Lb is adjacent to a destination 
for the travel history data, operation of the exemplary method 
ends. 

According to the above described exemplary methods 
shown in FIGS. 6-8, the controller 113 may search for a 
guidance route based on, for example a request for display by 
the input unit 112. During the route search, the controller 113 
may, for example, search for a route and/or display traffic 
information, based on the corrected travel history data, for 
example, stored in the database of the memory 114. There 
fore, after the correction, a reliable route may be searched and 
traffic information may be correctly displayed with using the 
dependable travel history data. 

While various features have been described in conjunction 
with the examples outlined above, various alternatives, modi 
fications, variations, and/or improvements of those features 
and/or examples may be possible. Accordingly, the examples, 
as set forth above, are intended to be illustrative. Various 
changes may be made without departing from the broad spirit 
and scope of the underlying principles. 

For example, in step 1251, if the first link La is not adjacent 
to the second link Lb in the map data, but the first link La is 
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adjacent to the third link Lc (e.g., there is an incorrect link 
number between two adjacent links), part of the second link 
numbers Nb that are close to the first link La may be replaced 
with the first link number Na and the remaining second link 
numbers Nb may be replaced with the third link number Nc. 

In this manner, for example in FIG. 9(a), if odd number of 
second link numbers Nb exist in one group, the middle link 
number in the group (that corresponds to the travel time 
10:00:03) may be replaced with the first link number Na. 

In step 1262, if the first link La and the second link Lb or the 
first link La and the third link Lc are not adjacent in the map 
data, a common link Lab that is adjacent to both of the first 
link La and the second link Lb exists, and if more than one 
travel history data including the first link number Na exist, the 
link number for the common link Lab may be replaced with 
the link number at the last travel time for the first link La. For 
example, as shown in FIGS. 10(a) and 10(b), if a necessary 
link number 2 for a common link Lab is missing between 
the first link number “1” and the second link number'3', the 
link number “1” for the last travel time of the first link, may be 
changed to “2. 

In step 1264, if the first link La and the second link Lb are 
not adjacent, the first link La and the third link Lc are not 
adjacent, a common link Lab which is adjacent to both of the 
first link La and the second link Lb exists, and if only one 
travel history data including the first link number Na exists, a 
link number that appears before the first link number with a 
plurality of travel history data may be referenced and used to 
assign the missing link numbers. 

For example, as shown in FIGS.11(a) and 11(b), a neces 
sary link number “4” for a common link Lab is missing 
between the first link number '3' and the second link number 
“5,” and there is only one travel history data for the first link 
“3” (i.e., 10:00:03). The link which appears before the first 
link and which has more than one travel history data, may 
have the link number for the last travel history data increased, 
and the first link adjusted accordingly. Thus, as shown in 
FIGS.11(a) and 11(b), the link number “1” is the first link that 
appears before the first link number'3” having more than one 
travel history data, 10:00:01 and 10:00:02. The last travel 
history data is for link number “1” is increased to link number 
“2 and the remaining links “2 and the first link '3' are each 
increased by one accordingly. 

In step 1271, if the first link La and the second link Lb are 
not adjacent or the first link La and the third link Lc are not 
adjacent, if there is no common link Lab which is adjacent to 
both of the first link La and the second link Lb, and if a 
common link Lac which is adjacent to both of the first link La 
and the third link Lc is found (i.e., a necessary link number 
allocated for a common link Lac is missing between the first 
link number Na and the third link number Nc and an incorrect 
link number exists instead) the second link number Nb may 
be replaced with the link number allocated for the common 
link Lac 

For example, as shown in FIG. 12(a), if a first link number 
“1” and a second link number'98 are not adjacent, a first link 
number “1” and a third link number'3' are not adjacent, and 
a common link number 2 is found which is adjacent to both 
the first and third link, the second link number '98 may be 
replaced with the common link number 2. Accordingly, as 
shown in FIG. 12(b) the non-adjacent link number '98 may 
be replaced with the adjacent link number'2' and each of the 
first link “1,” the replaced second link “2 and the third link 
“3' will be correctly adjacent and in order. 
The above-described travel history data correction appara 

tus 101, comprises a controller that stores vehicle travel data 
taken in the past as travel history data associated with a 
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plurality of link numbers, detects adjacency relationships 
among the plurality of link numbers (e.g., steps 1240, 1250), 
and replaces a link number allocated for a link which has no 
relationship with adjacent links with at least one link number 
allocated for a link which has a relationship with adjacent 
links based on the detection by the controller (e.g., steps 1251, 
1262, 1264, 1271). 
By replacing link numbers, an incorrect link number allo 

cated for a link which has no relationship with adjacent links 
may be accurately corrected with at least one link number 
allocated for a link which has a relationship with adjacent 
links. Therefore, after the correction, a reliable route may be 
searched and traffic information may be correctly displayed 
with using the dependable travel history data. 

Further, the travel history data correction apparatus 101 
comprises a controller 113 that detects a current position (via 
current position detection unit 111). The controller 113 may 
store a link number corresponding to the current position as 
travel history data. 
The travel history data correction apparatus 101 comprises 

the controller 113 that may store vehicle travel data taken in 
the past as travel history data associated with a plurality of 
link numbers as well as times to pass through the links, and 
then the controller 113 may, if there is a link which has no 
relationship with adjacent links, replace the link number with 
at least one link number allocated for a link which has a 
relationship with adjacent links based on a time to pass 
through the link. 
The travel history data correction apparatus 101, comprises 

the controller 113 that stores vehicle travel data taken in the 
past as travel history data associated with a plurality of link 
numbers, for example in memory 114, determines whether 
there a first link La that is allocated a first link number Na is 
adjacent to and a second link Lb that chronologically appears 
after the first link number and that is allocated at least one 
second link number Nb. (e.g., step 1240). The controller 113 
determines from the travel history data whether there is the 
first link La is adjacent to a third link Lc that chronologically 
appears after the second link number and which is allocated a 
third link number (Nc) (e.g., step 1250). If the controller 113 
detects that the first link La and the third link Lc, the controller 
113 replaces the second link number with at least one first link 
number and/or third link number (e.g., step 1251). 
By replacing the link numbers, an incorrect link number 

allocated for a link which has no relationship with adjacent 
links may be accurately corrected with at least one previous 
and/or following link number. Therefore, a reliable route may 
be searched and traffic information may be correctly dis 
played with using the dependable travel history data. 
The controller 113 detects whether the first link La and the 

third link Lc are adjacent. The controller 113 detects whether 
there is a first common link Lab which connects with both of 
the first link La and the second link Lb (e.g., step 1260), and 
replaces a link number at a last time for the first link La with 
a link number allocated for the first common link Lab if the 
first link La is not adjacent to the second link Lb, the second 
link is not adjacent to the third link Lc, and if the first common 
link is detected (e.g., steps 1262, 1264). 
By replacing link numbers, even if a link number is miss 

ing, a link number allocated for a common link may be 
appropriately used. 
The travel history data correction apparatus 101 includes a 

controller 113 that detects whether there is only one travel 
history data including the first link number, stores vehicle 
travel history as travel history data in relationship to a plural 
ity of link numbers and travel times. If a first link La and a 
second link Lb are not adjacent, the first link La and a third 
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link Lc are not adjacent, a common link Lab which is adjacent 
to both of the first link La and the second link Lb exists, and 
only one travel history data including the first link number Na 
exists, the controller 113 may reference a link number that 
appears before the first link number and has a plurality of 5 
travel times (travel history data), to assign missing link num 
bers. 

For example, as shown in FIGS.11(a) and 11(b), a neces 
sary link number “4” for a common link Lab is missing 
between the first link number'3' and the second link number 
“5,” and there is only one travel history data for the first link 
“3” (i.e., 10:00:03). The controller may increase the link 
number for the last travel history data of a link which appears 
before the first link and which has more than one travel history 
data, and may adjust the following link numbers accordingly. 
Thus, as shown in FIGS. 11(a) and 11(b), the link number 
“11” is the first link that appears before the first link number 
“3” having more than one travel history data, 10:00:01 and 
10:00:02. The last travel history data is for link number “1” is 
increased to link number 2 and the remaining links “2 and 
the first link '3' are each increased by one accordingly. 
By executing Such replacing processing, even if a link 

number is missing, a link number adjacent to the missing link 
number may be appropriately used. 
The travel history data correction apparatus 101, including 

controller 113 detects whether the first link La and the third 
link Lc are adjacent, detects whether there is a first common 
link Lab that connects both of the first link La and the second 
link Lb, and detects whether there is a second common link 
Lac which connects with both of the first link La and the third 
link Lc (e.g., step 1270). The controller 113 replaces a link 
number for the second link Lb with a link number allocated 
for the second common link Lac (e.g., step 1271), when the 
first link La and the third link Lc are not adjacent and there is 
not a first common link Lab that connects both of the first link 
La and the second link Lb, and a common link Lac is found. 
By replacing link numbers, an incorrect link number allo 

cated for a link which has no relationship with adjacent links 
may be accurately corrected with a link number allocated for 
a link adjacent to the link in question. 

If there is a link which has no relationship with adjacent 
links, the link number may be replaced with at least one link 
number allocated for a link which has a relationship with 
adjacent links in view of adjacency relationships among the 
plurality of link numbers. 
By executing Such replacing processing, an incorrect link 

number allocated for a link which has no relationship with 
adjacent links may be accurately corrected with at least one 
link number allocated for a link which has a relationship with 
adjacent links. 
When vehicle travel data taken in the past is stored as travel 

history data associated with a plurality of link numbers, the 
first link La including the first link number Na is not adjacent 
to the second link Lb including at least one second link 
number Nb which appears right after the first link number, it 
may be determined whether the first link La is adjacent to the 
third link Lc including the third link number Nc. The second 
link number Nb may then be replaced with at least one first 
link number Na and/or at least one third link number Nc in the 
travel history data. 
By replacing link numbers, an incorrect link number allo 

cated for a link which has no relationship with adjacent links 
may be accurately corrected with at least one previous and/or 
following link number. 

Note that, for ease of explanation, the above-described 
apparatus and methods are described with the aid of reference 
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14 
numerals. It should be appreciated that the respective struc 
ture and method steps represented by the reference numerals 
are merely exemplary. 

While various features have been described in conjunction 
with the examples outlined above, various alternatives, modi 
fications, variations, and/or improvements of those features 
and/or examples may be possible. Accordingly, the examples, 
as set forth above, are intended to be illustrative. Various 
changes may be made without departing from the broad spirit 
and scope of the underlying principles. 
What is claimed is: 
1. A travel history data correction apparatus, comprising: 
a memory that stores: 
map data comprising connection relationships of links; 
and 

vehicle travel history data for a plurality of the links 
along a vehicle travel route, each of the plurality of the 
links having a link number; and 

a controller that: 
detects adjacency relationships among the plurality of 

the links based on the map data; and 
replaces a link having a link numberindicating that there 

is no adjacency relationship for the link in the vehicle 
travel history data with another link having another 
link number indicating that there is an adjacency rela 
tionship for the other link. 

2. The travel history data correction apparatus according 
to claim 1, wherein the controller: 

detects a current vehicle position; and 
stores a current link number corresponding to the current 

position as the vehicle travel history data in the 
memory. 

3. The travel history data correction apparatus according 
to claim 1, wherein: 

the vehicle travel history data includes times at which each 
of the plurality of the links was passed through along the 
vehicle travel route; and 

if a particular link having a particular link number indicat 
ing that the particular link is not related to adjacent links 
is detected, replaces the particular link number for the 
particular link with a link number indicating that the 
particular link is related to the adjacent links. 

4. A travel history data correction apparatus, comprising: 
a memory that stores: 
map data comprising connection relationships of links; 
and 

vehicle travel history data for a plurality of the links 
along a vehicle travel route, each of the plurality of the 
links having a link number; and 

a controller that: 
detects whether there is an adjacency relationship 

between a first link having a first link number and a 
second link having a second link number based on the 
map data, the second link number appearing directly 
after the first link number in the vehicle travel history 
data; 

detects whether there is an adjacency relationship 
between the first link and a third link having a third 
link number based on the map data, the third link 
number appearing directly after the second link num 
ber in the vehicle travel history data; and 

if there is no adjacency relationship detected between 
the first link and the second link and there is a an 
adjacency relationship detected between the first link 
and the third link, replaces the second link number 
with at least one of first link number and the third link 
number. 
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5. The travel history data correction apparatus according to 
claim 4, wherein the controller: 

detects whether there is a first common link which con 
nects with both of the first link and the second link; and 

if the first common link is detected, there is no adjacency 
relationship detected between the first link and the sec 
ond link, and there is no adjacency relationship detected 
between the first link and the third link, replaces a link 
number at a last occurrence of the first link in the vehicle 
travel history data with a link number corresponding to 
the first common link. 

6. The travel history data correction apparatus according to 
claim 5, wherein the controller: 

detects whether there is a first common link which con 
nects with both of the first link and the second link; 

detects whether there is a second common link which con 
nects with both of the first link and the third link; and 

if there is no adjacency relationship detected between the 
first link and the second link, there is no adjacency 
relationship detected between the first link and the third 
link, there is no first common link, and there is a second 
common link, replaces the second link number with a 
link number corresponding to the second common link. 

7. A travel history data correction method, comprising: 
storing: 
map data comprising connection relationships of links; 
and 

vehicle travel history data for a plurality of the links 
along a vehicle travel route, each of the plurality of the 
links having a link number; 

detecting adjacency relationships among the plurality of 
links based on the map data; and 

replacing a link having a link number indicating that there 
is no adjacency relationship for the link in the vehicle 
travel history data with another link having another link 
numberindicating that there is an adjacency relationship 
for the other link. 

8. A travel history data correction method, comprising: 
storing: 
map data comprising connection relationships of links; 
and 

vehicle travel history data for a plurality of the links 
along a vehicle travel route, each of the plurality of the 
links having a link number; and 

detecting whether there is an adjacency relationship 
between a first link having a first link number and a 
second link having a second link number based on the 
map data, the second link number appearing directly 
after the first link number in the vehicle travel history 
data; 
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detecting whether there is an adjacency relationship 

between the first link and a third link having a third link 
number based on the map data, the third link number 
appearing directly after the second link number in the 
vehicle travel history data; and 

if there is no adjacency relationship detected between the 
first link and the second link and there is a an adjacency 
relationship detected between the first link and the third 
link, replacing the second link number with at least one 
of first link number and the third link number. 

9. A travel history data correction apparatus comprising: 
a memory that stores. 
map data comprising connection relationships of links, 
and 

vehicle travel history data for a plurality of the links 
along a vehicle travel route, each of the plurality of 
the links having a link number, and 

a controller that: 
detects whether there is an adjacency relationship 

between a first link having a first link number and a 
second link having a second link number based on the 
map data, the second link number appearing directly 
after the first link number in the vehicle travel history 
data, 

detects whether there is a first common link which con 
nects with both of the first link and the second link, 
and 

if there is no adjacency relationship detected between 
the first link and the second link and there is a first 
common link, replaces the first link number with a link 
number corresponding to the first common link. 

10. A travel history data correction method comprising: 
storing in a memory. 
map data comprising connection relationships of links, 
and 

vehicle travel history data for a plurality of the links 
along a vehicle travel route, each of the plurality of 
the links having a link number, 

detecting whether there is an adjacency relationship 
between a first link having a first link number and a 
second link having a second link number based on the 
map data, the second link number appearing directly 
after the first link number in the vehicle travel history 
data, 

detecting whether there is a first common link which 
connects with both of the first link and the second link, 
and 

replacing the first link number with a link number cor 
responding to a first common link if there is no adja 
cency relationship detected between the first link and 
the second link and there is the first common link. 
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