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DISPLAY METHOD AND APPARATUS FOR 
ARRANGING ORDER OF LISTING POINTS OF 

INTEREST FOR NAVIGATION SYSTEM 

FIELD OF THE INVENTION 

[0001] This invention relates to a display method and 
apparatus for navigation system for route guidance to the 
destination, and more particularly, to a method and appara 
tus Which is capable of listing names of “Point of Interest 
(POI)” on a screen in such an order that a user actually sees 
the POIs along a calculated route to the destination. 

BACKGROUND OF THE INVENTION 

[0002] A navigation system performs travel guidance for 
enabling a user to easily and quickly reach the selected 
destination. Atypical eXample is a vehicle navigation system 
Where a user drives a car having a vehicle navigation system. 
Such a navigation system detects the position of the user or 
user’s vehicle, reads out map data pertaining to an area at the 
current vehicle position from a data storage medium, for 
eXample, a CD-ROM (compact disc read-only memory), a 
DVD (digital versatile disc), or a hard disc. Alternatively, 
such map data can be provided to the user from a remote 
server through a communication netWork such as Internet. 
The navigation system displays a map image on a monitor 
screen While superimposing a mark representing the current 
location of the user on the map image. 

[0003] When a destination is set, the navigation system 
starts a route guidance function for setting a guided route 
from the start point to the destination. To determine the 
guided route to the destination, the navigation system cal 
culates and determines an optimum route to the destination 
based on various parameters. For eXample, the guided route 
is determined based on the shortest Way to reach the desti 
nation, the route preferring freeWays to surface roads, the 
least eXpensive Way to the destination, or the route Without 
using toll road, and the like. 

[0004] During the route guidance, the navigation system 
reads the nodes data from the data storage medium such as 
DVD and successively stores the nodes data of road seg 
ments (expressed in longitude and latitude) constituting the 
guided route in a memory. In the actual traveling, the node 
series stored in the memory is searched for a portion of the 
guided route to be displayed in a map display area of the 
monitor screen, and the portion of the guided route is 
highlighted so as to be discriminable from other routes. 
When the vehicle is Within a predetermined distance of an 
intersection it is approaching, an intersection guidance dia 
gram (an enlarged or highlighted intersection diagram With 
an arroW indicating the direction in Which the vehicle is to 
turn at the intersection) is displayed to inform a user of the 
desired one of roads or directions selectable at the intersec 
tion. Such route guidance by the navigation system is also 
given by voice instruction. 

[0005] FIGS. 1A-1H shoW an eXample of overall proce 
dure and screen display involved in the navigation system. 
FIG. 1A shoWs an eXample of locator map screen of the 
navigation system When the destination is not speci?ed. 
Typically, the navigation system displays a street on Which 
the vehicle (current vehicle position VP) is running on a map 
image and a name of the street. Other information such as a 
north pointer NP, a map scale and a current time may also 
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be illustrated on the display screen. HoWever, in this situa 
tion, the navigation system does not perform the route 
guidance function because the destination is not speci?ed. 

[0006] FIGS. 1B-1F shoW an eXample of process for 
specifying a destination in the navigation system. When 
selecting a “Destination” menu on a main menu screen (not 

shoWn), the navigation system displays an “Find Destination 
By” screen as shoWn in FIG. 1B for specifying an input 
method for selecting the destination. The “Find Destination 
By” screen lists various methods for selecting the destina 
tion. The methods include “Address” for specifying the city 
and address of the destination, “Intersection” for specifying 
the names of tWo streets Which intersect With one another, 
and “Point of Interest” (POI) for selecting the programmed 
destination based on the name, category or telephone num 
ber. Other methods in the “Find Destination By” screen 
include “Recent Route” for specifying the destination based 
on the recent history of destinations saved in the navigation 
system, “Address Book” for selecting the address of the 
destination out of the prescribed address list stored in the 
system, and “Today’s Plan” for selecting tWo or more 
destinations. 

[0007] When selecting, for eXample, the “Point of Inter 
est” method in FIG. 1B, the navigation system displays 
selection methods of point of interest (POI) either by “Place 
Name” or “Place Type” in FIG. 1C. The “Place Name” is to 
specify a name of POI, and the “Place Type” is to specify a 
category of POI. If the “Place Type” is selected in FIG. 1C, 
the navigation system shoWs an “Select Category” screen 
such as shoWn in FIG. 1D. The screen of FIG. 1D lists 
categories of POI such as “ATM”, “BanK”, “Gas Station”, 
“Hospital”, “Movie Theater”, and “Restaurant”. 

[0008] Suppose the user selects “Restaurant”, the naviga 
tion system retrieves the POIs in the selected category, 
restaurant, in this case, as shown in FIG. 1E. Typically, POIs 
(restaurants) Will be listed in the order of distance from the 
user (eX. current vehicle position). If the user selects a 
particular restaurant from the list, such as “Genkai”, the 
navigation system displays a “Con?rm Route” screen such 
as shoWn in FIG. 1F. In this eXample, the “Con?rm Route” 
screen lists the name, address and phone number of the 
destination (POI speci?ed by the user). If this is the correct 
destination, the user enters an “OK to Proceed” key to 
proceed to the neXt procedure. 

[0009] In FIG. 1G, the navigation system calculates and 
determines a route to the destination, i.e., the selected POI. 
The navigation system determines a route to the destination 
based on, for eXample, the shortest Way to reach the desti 
nation, the route using many free Ways as possible or the 
route Without using toll road, and the like. In this eXample, 
the navigation system displays a progress scale of the 
calculation of the route. 

[0010] After determining the guided route, the navigation 
system starts the route guidance as shoWn in FIG. 1H to 
guide the user along the calculated route to the destination. 
Typically, the navigation system shoWs the intersection 
Which is highlighted to shoW the neXt turn and a direction of 
the turn. Such route guidance by the navigation system is 
also accompanied by voice instructions. 

[0011] The foregoing is a typical eXample of using the 
“Point of Interest (POI)” input method of the navigation 
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system. Because the recent storage medium provides a large 
volume of POI data, this input method can be used in various 
applications. For example, suppose a user is driving a car for 
a relatively long trip and the ?nal destination is already 
speci?ed in the vehicle navigation system. In other Words, a 
calculated route to the destination is already established. 
During the trip to the destination, the user Wants to stop by 
various places such as a gas station, restaurant, shopping 
mall, etc., along the calculated route. Alternatively, the user 
simply Wants to enjoy seeing various places surrounding the 
calculated route to the destination With use of the list of POI 
names on the monitor screen. 

[0012] Such a situation is shoWn in FIGS. 2A-2E Where 
a user is travelling to the destination (Dest) While listing 
POIs of selected category such as “Restaurant”. FIG. 2A 
shoWs an eXample of calculated (guided) route to the des 
tination Where the user (vehicle position VP) is at a position 
A. Typically, the user selects to list the POIs in the order of 
distance from the user’s current position as shoWn in FIG. 
2B. FIG. 2C shoWs an eXample of listing the POIs (restau 
rants) in the order of distance. 

[0013] When sorting POIs by distance, generally, the 
distance for each POI is measured along the drive length on 
the road rather than the straight-line length. Thus, in the 
eXample of FIG. 2A, the POI names Will be listed in the 
order of “PiZZa Hut”, “Hard Rock Cafe”, “Inka”, “Genkai” 
and “Sushi Boy” as shoWn in FIG. 2C. The order of POIs 
in the list of FIG. 2C may not be the order that the user 
actually sees While driving the calculated route to the 
destination. 

[0014] For eXample, at the position A, “Hard Rock Cafe” 
looks closer to the user than “PiZZa Hut”. This is because the 
straight-line distance of “Hard Rock Cafe” is smaller than 
that of “PiZZa Hut”. HoWever, the actual drive length to 
“Hard Rock Cafe” is longer than that of “PiZZa Hut” because 
of the particular road situation. Thus, the POI list of FIG. 2C 
correctly lists “PiZZa Hut” prior to “Hard Rock Cafe”. In this 
situation, hoWever, it is preferable that “Hard Rock Cafe” is 
listed prior to “PiZZa Hut” because there is not a signi?cant 
difference in the total drive length to either POI, and the user 
sees “Hard Rock Cafe” closer than “PiZZa Hut”. 

[0015] Further, at the position A, the user sees and feels 
that “Genkai” is closer to the user than “Inka” although the 
actual length along the road to “Genkai” is much longer than 
that of “Inka”. Thus, at the position A, if the selected 
category of POIs (eX., restaurants) are sorted by distance 
(FIG. 2D), the order shoWn in FIG. 2E may match What the 
user actually sees rather than the order of FIG. 2C. HoW 
ever, because there is a signi?cant difference in the actual 
drive length betWeen “Inka” and “Genkai” it may not be 
appropriate to list the order of these POIs in a manner too 
inconsistent to the actual drive length. Further, at the posi 
tion of B, the order of actual distance (road length) and the 
order of actual vieW (straight-line length) betWeen “Inka” 
and “Genkai” are the same. 

[0016] In other Words, the order of POIs that the user can 
actually see varies dynamically depending the position and 
the surrounding conditions of the calculated route. Further, 
in such a situation of FIG. 2A Where the user travels along 
the calculated (guided) route, a POI Which is substantially 
deviated from the guided route such as “IHOC” should be 
eXcluded from the POI list. Thus, there is a need of a display 
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method for a navigation system that can list POIs in an order 
that a user actually see along the route to the destination 
While taking consideration of balance With actual drive 
lengths to the POIs. There is also a need of a display method 
for a navigation system Which is able to specify a transversal 
distance of the calculated road for excluding POIs outside of 
the transversal distance from the POI list. 

SUMMARY OF THE INVENTION 

[0017] It is, therefore, an object of the present invention to 
provide a display method and apparatus for a navigation 
system Which is capable of listing the names of points of 
interest (POIs) in such an order that the user sees the POIs 
When traveling along the route to the destination. 

[0018] The navigation system of the present invention is 
designed to search POIs Within a speci?ed search area and 
to calculate a modi?ed distance of each POI and to list the 
POIs in the order of modi?ed distance in such a sequence 
that the user actually sees the POIs as he travels along the 
guided route to the destination. 

[0019] More speci?cally, the method of the present inven 
tion includes the steps of determining a route to the desti 
nation, specifying a search area by selecting a distance range 
on the route from a user position and by de?ning a radius of 
a region circle, creating a plurality of region circles con 
secutively on the route, retrieving points of interest (POIs) 
Within the search area, calculating a modi?ed distance of 
each POI based on distances from tWo (?rst and second) 
reference points in tWo consecutive region circles to the POI 
and distances from the user position to the tWo reference 
points, and listing the POIs in the order of modi?ed distance 
calculated by the above process. The method further repeats 
the steps of retrieving POIs Within the search area and 
calculating the modi?ed distance of each POI to determine 
the order of listing the POIs. 

[0020] In the method of the present invention, the modi 
?ed distance of each POI is calculated by: 

[0021] Where D1 is a modi?ed distance of a particular 
POI, d11 is a straight-line distance betWeen the ?rst reference 
point and the POI, d12 is a straight-line distance betWeen the 
second reference point and the POI, Qk_1 is a traveling 
distance along the route betWeen the user position and the 
?rst reference point, and Qk is a traveling distance along the 
route distance betWeen the user position and the second 
reference point. 

[0022] Preferably, the ?rst reference point is a center of 
one of the tWo consecutive region circles and the second 
reference point is a center of another region circle. In the 
case Where the modi?ed distances of tWo or more POIs in 
the consecutive tWo region circles are identical to one 
another, a POI Whose distance d11 from the ?rst reference 
point is shorter than that of the other POIs is given the 
priority for determining the listing order. 

[0023] Another aspect of the present invention is a display 
apparatus for a navigation system. The display apparatus is 
constituted by various means for achieving the display 
methods described above Which searches POIs Within the 
speci?ed search area and calculates the modi?ed distance of 
each POI and lists the POIs in the order of modi?ed distance 
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in such an order that the user actually sees the POIs as he 
travels along the guided route to the destination. 

[0024] According to the present invention, the method 
uses a plurality of region circles having their centers on the 
route to the destination, retrieves POIs contained in the 
region circles and quickly calculates a modi?ed distance of 
each POI by using adjacent centers of the region circles, 
compares the calculated distances and displays the POIs on 
the name list in the order of the modi?ed distance. Conse 
quently, the user Will vieW the POI names on the name list 
in such a sequence that he actually sees the POI along the 
route to the destination. Therefore, the user can easily ?nd 
out preferred POIs in the order listed in the POI list on the 
monitor screen. Moreover, the navigation system in the 
present invention can provide the user good estimation and 
preparation to stop by the favorite POIs along the route. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIGS. 1A-1H are schematic diagrams shoWing an 
example operational process and display example of navi 
gation system for implementing the method and apparatus of 
the present invention. 

[0026] FIG. 2A is a schematic diagram shoWing an 
example of guided route to the destination With POIs along 
the route and FIGS. 2B-2C are schematic diagrams of 
display examples shoWing the POIs sorted by distance based 
on drive lengths to the POIs, and FIGS. 2D-2E are sche 
matic diagrams of display examples shoWing the POIs 
sorted by distance based on actual vieW by the user. 

[0027] FIG. 3 is a block diagram shoWing an example of 
the structure of the navigation system implementing the 
display method of the present invention. 

[0028] FIGS. 4A-4B are schematic diagrams shoWing an 
example of a remote controller accompanied by the navi 
gation system of FIG. 3. 

[0029] FIGS. 5A-5G are schematic diagrams shoWing 
display examples in the navigation system of the present 
invention, and illustrating steps of listing POIs along the 
route in such a sequence that a user actually sees the POIs 
on the calculated road to the destination. 

[0030] FIG. 6A is a schematic diagram shoWing ranges of 
distances for sorting POIs along the calculated route to the 
destination and FIG. 6B is a schematic diagram shoWing a 
concept of circle regions on the calculated route for imple 
menting the method of the present invention. 

[0031] FIG. 7A is a schematic diagram to shoW a method 
of calculating a straight-line POI distance by Pythagoras 
theorem and FIG. 7B is a schematic diagram shoWing a 
problem involved in calculating the straight-line distance of 
POIs When the road is U-turned. 

[0032] FIGS. 8A-8B are schematic diagrams shoWing the 
method of the present invention for calculating the modi?ed 
POI distance to arrange an order of listing the POIs in the 
order of distance. 

[0033] FIG. 9 is a schematic diagram shoWing a special 
situation involved in the method of calculating the POI 
distance in the present invention of FIGS. 8A-8B. 

[0034] FIG. 10 is a schematic diagram shoWing a generic 
illustration for explaining the method of the present inven 
tion for calculating the modi?ed POI distance. 
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[0035] FIG. 11 is a How chart shoWing an overall process 
for arranging an order of displaying POIs by the navigation 
system of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The present invention Will be described in detail 
With reference to the accompanying draWings. The naviga 
tion system of the present invention is designed to enable a 
user to easily vieW the names of points of interest (POI) on 
a list Wherein the POI names are arranged in such a sequence 
that the user actually sees the POIs as he travels along the 
guided route to the destination. 

[0037] FIG. 3 shoWs an example of structure of a vehicle 
navigation system implementing the present invention, 
although the present invention can also be applied to a 
portable navigation device such as a one implemented by a 
PDA (personal digital assistant) device or other hand-held 
devices. In the block diagram of FIG. 3, the navigation 
system includes a map storage medium 21 such as a CD 
ROM, DVD, hard disc or other storage means (hereafter 
“DVD”) for storing map information, a DVD control unit 22 
for a controlling an operation for reading the map informa 
tion from the DVD, a position measuring device 23 for 
measuring the present vehicle position. The position mea 
suring device 23 has a vehicle speed sensor for detecting a 
moving distance, a gyro for detecting a moving direction, a 
microprocessor for calculating a position, a GPS receiver, 
and etc. 

[0038] The block diagram of FIG. 3 further includes a 
map information memory 24 for storing the map information 
Which is read out from the DVD 21, a database memory 25 
for storing database information such as point of interest 
(POI) information Which is read out from the DVD 21, a 
remote controller 27 for executing a menu selection opera 
tion, an enlarge/reduce operation, a destination input opera 
tion, etc. and a remote controller interface 28. 

[0039] The remote controller 27 has a variety of function 
keys as shoWn in FIG. 4A and numeric keys as shoWn in 
FIG. 4B. The numeric keys appear When a lid in the loWer 
part of FIG. 4A is opened. The remote controller 27 includes 
a joy stick/enter key 27a, a rotary encoder 27b, a cancel key 
27c, an MP/RG key 27d, a menu key 276, a Zoom/scroll key 
27q, a monitor ON/OFF key 27f, a remote control transmit 
ter 27g, a plan key 27h, an N/H key 27i, a voice key 27j, a 
list key 27k, a detour key 271, a delete destination key 27m, 
a delete key 2711, numeric keys 270, and an OK key 27p. 

[0040] The joy stick/enter key 27a selects highlighted 
items Within the menu and moves map displays and a vehicle 
position icon. The rotary encoder 27b changes Zoom scale, 
scrolls list pages, moves the cursor, and etc. The cancel key 
27c cancels the present displayed screen or is operated When 
returning the screen to the previous menu screen. The 
MP/RG key 27d toggles betWeen detailed map display and 
basic guide display during guidance. The menu key 276 
displays the main menu. The plan key 27h starts the guid 
ance to the route set by Today’s Plan function, the N/H key 
27i changes betWeen north-up and heading-up orientation, 
the voice key 27j initiates voice instruction. 

[0041] Although a remote controller such as described 
above is a typical example for selecting menus, executing 
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selected functions and etc., the navigation system includes 
various other input methods to achieve the same and similar 
operations done through the remote controller. For example, 
the navigation system includes hard keys and a joystick on 
a head unit of the navigation system mounted on a dash 
board, touch screen of the display panel, and voice commu 
nication means. 

[0042] Referring back to FIG. 3, the navigation system 
further includes a bus 26 for interfacing the above units in 
the system, a processor (CPU) 29 for controlling an overall 
operation of the navigation system, a ROM 30 for storing 
various control programs such as a route search program, a 
map matching program necessary for navigation control, 
and a POI display arrange program of the present invention, 
a RAM 31 for storing a processing result such as a guide 
route, a voice interface and guiding unit 32 for voice 
communication interface and spoken instructions, a display 
controller 33 for generating map image (a map guide image 
and an arroW guide image) on the basis of the map infor 
mation, a VRAM (video RAM) 34 for storing images 
generated by the display controller, a menu/list generating 
unit 35 for generating menu image/various list images, a 
synthesiZing unit 35, a monitor (display) 40 and a key and 
screen interface 39 for interfacing With various other input 
means such as hard keys and a joystick on a panel of the 
navigation system, and the like. 

[0043] APOI display arrange unit 37 directly relates to the 
present invention. The POI display arrange unit 37 has a 
function of arranging POIs on the monitor 40 as to Which 
POIs along the guided route to the destination should be 
included, and an order of listing the POIs based on the 
distance from the current vehicle position as Well as the 
actual order that the user can see the POIs When traveling on 
the guided route. The detailed description about this function 
is given beloW With reference to FIGS. 5-10. 

[0044] FIGS. 5A-5G shoW an eXample of process for 
specifying the destination by using the POI arrangement 
method of the present invention. In this eXample, it is 
assumed a situation Where a user Wants to stop by a Way 
point such as a gas station While traveling to the destination. 
The navigation system has already determined a calculated 
(guided) route to the destination, thus, the user Wants to ?nd 
a preferred gas station on or close to the calculated route. 

[0045] FIG. 5A illustrates a map image 60 on the navi 
gation system shoWing the calculated (guided) route 62 for 
guiding the user to the destination 63. In this eXample, a 
mark 61 indicates a user position such as a current vehicle 
location. A mark 61‘ shoWs a situation Where the user is off 
the route to the destination thus, the POI search process in 
the present invention is stopped. It should be noted that, 
Within the concept of the present invention, the term “user 
position” is not limited to an actual position of the user but 
includes any imaginary position on or close to the route 62. 
Typically, the route 62 is highlighted on the screen so that it 
is easily discernible by the user from the other streets. The 
data indicating the current user position is also given in the 
loWer boX 64 by latitude and longitude obtained by GPS. 

[0046] When executing a “Select” menu on the screen of 
FIG. 5A, the navigation system displays a menu screen 65 
as shoWn in FIG. 5B for selecting the neXt activity. In this 
eXample, the menu includes “Display Entire Route”, “Find 
POI along Route”, “Change Routing Method” and “Delete 

Dec. 16, 2004 

Destination” menus. When the “Display Entire Route” menu 
is selected, the navigation system displays the entire guided 
route from the current user position 61 to the destination 63 
on the map such as shoWn in FIG. 5A. When the “Find POI 
along Route” menu is selected, the process of the present 
invention starts for ?nding POIs along the route to the 
destination Within a speci?ed range. When the “Change 
Routing Method” menu is selected, the user can change the 
method of selecting the route to the destination such as the 
shortest Way to reach the destination, the route using many 
free Ways as possible or the route Without using toll road, 
and the like. When the “Delete Destination” menu is 
selected, the user can re-enter a neW destination, then, the 
navigation system calculates a route to the neW destination. 

[0047] In this case, the user selects the “Find POI along 
Route” menu because he Wants to ?ll-in the gas at a gas 
station on or close to the guided route 62 to the destination. 
In response, the navigation system displays a “Select Type” 
screen 66 as shoWn in FIG. 5C. The screen 66 shoWs a list 
of POI categories such as “Education”, “Emergency”, 
“Entertainment”, “Financial Services”, “Gas Stations”, 
“Government” and so on. Since the user Wants to search a 

gas station in this case, he selects the POI type “Gas 
Stations” from the list. Then, the navigation system displays 
a “Select Initial Search Range” screen 67 such as shoWn in 
FIG. 5D. 

[0048] The list on the screen 67 of FIG. 5D typically 
includes several ranges of distance such as “Within 2 miles”, 
“2-5 miles”, “5-10 miles”, “10-20 miles”, “20-30 miles” and 
the like. This list is used to specify an initial search range for 
searching POIs by the navigation system. Alternatively, 
Without using the step of selecting the initial search range by 
the user, the navigation system starts searching the POIs 
along the route immediately after selecting the POI category. 

[0049] The folloWing eXample shoWs a case Where the 
user selects the initial search range. If the user selects 
“Within 2 miles” as an initial search range, then the navi 
gation system searches POIs of the selected category (gas 
station) starting from the current vehicle position. If the user 
selects “5-10 miles” as an initial search range, then the 
navigation system searches for POIs (gas stations) of the 
selected category starting from 5 miles aWay from the 
current user (vehicle) position. In other Words, the naviga 
tion system Will not retrieve the POIs Within 5 miles from 
the current user position. 

[0050] When the user selects “Within 2 miles” in FIG. 5D, 
the navigation system searches the gas stations for each 
range along the calculated route 62 in a manner shoWn in 
FIG. 5E. This eXample shoWs that tWo gas stations are 
found Within 2 miles, tWo gas stations are found in the 
distance range of 2-5 miles, and ?ve gas stations are found 
in the distance range of 5-10 miles. This eXample also shoWs 
that the navigation system is still searching the gas stations 
in the distance range of 10-20 miles (shoWn by numeral 68) 
and that the search process for the distance ranges 20 miles 
or greater is not started. 

[0051] While the vehicle is traveling toWard the destina 
tion and thus, the current vehicle position is changing, it is 
possible that the navigation system continuously searches 
the POIs for the distance ranges. HoWever, if the navigation 
system constantly searches and calculates the POIs, the 
resultant POI list frequently changes, Which may irritate the 
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user. Thus, it is preferable that the navigation system per 
forms the process of FIGS. 5E-5G only When the user 
activates (resets, etc.) this process. 
[0052] If the vehicle is moving While the POI search is 
processed, the moved distance is deducted from the searched 
distance of the POIs, and the navigation system displays the 
POIs behind the vehicle position as minus distance. Thus, in 
FIG. 5F, if the user has already a point more than 5 miles 
from the point Where the POI search has started, “Within 2 
miles” and “2-5 miles” ranges are denoted by the minus 
label. Further, as noted above, if the user is off the route to 
the destination by more than a predetermined distance as 
shoWn by the mark 61‘ in FIG. 5A, the POI search process 
is stopped. 
[0053] After completing the calculation, the search result 
is displayed such as shoWn in a “Select Search Range for 
Details” screen 69 of FIG. SF. The list shoWs the number of 
POIs (gas stations) in each range. In this eXample, the user 
selects the distance range “10 to 20 miles” (shoWn by 
numeral 70) in FIG. 5F. Then, in FIG. 5G, the navigation 
system displays a POI name list Where three gas stations 
(POIs) “Gardena Mobil Mart”, “Arco” and “TRMI” Within 
the 10-20 mile range from the current user position are 
listed. In the present invention, these gas stations are listed 
in the order such that the user Will see them as he drives 
along the route by the method of the present invention 
described later. In other Words, this order may not necessary 
be the same as the order of actual travel distance (drive 
length) along the roads from the current vehicle position. 
[0054] Therefore, in traveling along the route, the user Will 
see Way points, in this case, gas stations, along the route in 
the order listed on the POI name list. This feature gives the 
user a good estimate of seeing the neXt POI during the travel. 
If the user Wants to be guided to the gas station, he selects 
a gas station in the POI list in FIG. 5G, and the navigation 
system displays the “Con?rm Route” screen such as shoWn 
in FIG. 1F. Then, by further selecting “OK to Proceed”, the 
navigation system calculates the route to the gas station and 
starts to perform the route guidance such as shoWn in FIGS. 
1G and 1H to the selected gas station. 

[0055] In the foregoing, the process and display eXamples 
for searching POIs along the route by using the POI arrange 
ment method in the present invention has been described. As 
noted above, the POI arrangement method of the present 
invention is advantageously implemented in the “Find POI 
along Route” of the navigation system (FIG. 5B). In the 
folloWing, a more detailed method of arranging an order of 
listing POIs is described With reference to FIGS. 6-10. 

[0056] FIG. 6A shoWs an eXample as to hoW POIs (75a 
75]‘) are distributed along the route and Which POIs are 
retrieved for the purpose of the present invention. Numeral 
61 indicates a current user position, typically, a current 
vehicle location, but can be any imaginary point on the route 
62. The route 62 is divided into several distance ranges, such 
as 0-2 miles, 2-10 miles and 10-50 miles from the current 
user position 61. These distances regions correspond to the 
search ranges in the display eXample shoWn in FIGS. 5E-5F 
although only three ranges are shoWn here. In order to 
arrange an order of listing the POIs on the route, the 
navigation system compares distances of all of the POIs 
(75a-75f) from the current vehicle position 61. 
[0057] Further, for retrieving only POIs close to the cal 
culated route 62, a distance Dt Which is transversal to the 
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calculated route 62 is speci?ed in a manner shoWn in FIG. 
6A. Thus, only POIs Within a prede?ned Width along the 
calculated route 62 are retrieved and measured their dis 
tances for determining the listing order. Thus, POIs 75g and 
75h in FIG. 6A are not retrieved as entries for POI listing. 
In other Words, a search area is speci?ed by the distance 
range (eX., 10-50 miles) and the transversal distance Dt. As 
an eXample, such a transversal distance Dt is a quarter miles 
for local streets, and a half mile for freeWays. Preferably, the 
distance Dt is preset in the navigation system and can be 
changed by a user through a set-up process of the navigation 
system. 

[0058] FIG. 6B shoWs an eXample of basic concept of the 
present invention using region circles Which divide the route 
62 into a plurality of segments each having a constant radius 
R. By creating the region circles continuously along the 
route 62, it is clear that the radius R functions as the 
transversal distance Dt to de?ne the Width along calculated 
route 62. In other Words, the radius R corresponds to the 
transversal distance Dt. Thus, the radius R is typically in the 
order of 0.2-1 miles. In the eXample of FIG. 6B, a center Sn 
(n is an arbitrary natural number) of each region circle is on 
the calculated route 62. Further, the position of the center Sn 
of each region circle is at a point Where the circumference 
of the immediately prior region circle intersects With the 
calculated route 62. 

[0059] The ?rst region circle (Region 1) is established in 
the manner of FIG. 6B Where the center S1 of the circle is 
at a position Which is aWay from the current vehicle position 
61 by the radius R if the search area includes the current user 
position. In the case Where the distance range is aWay from 
the user position such as 2-10 miles in FIG. 6A, the ?rst 
region circle can be established at the 2 mile point. As shoWn 
in FIG. 6B, the center S2 of the neXt region circuit (Region 
2) is a position Where the ?rst region circle intersects With 
calculated route 62. 

[0060] Namely, the points Where the circumference of one 
region circle intersect With the calculated route are the 
centers of other region circles such as Sk—1, Sk and Sk+1. 
De?ning a plurality of region circles in this manner to cover 
a predetermined search area speci?ed by the distance range, 
such as Within 2 miles, 2-10 miles, etc. and the radius R of 
the region circles, the navigation system retrieves the speci 
?ed type of POIs Within the region circles. As noted above, 
typically, the POIs are retrieved With use of the map data and 
PO data in the map storage medium 21 such as DVD. Thus, 
POIs 76 and 77 Within the region circles of FIG. 6B Will be 
retrieved by the navigation system. 

[0061] For the purpose of the present invention, the dis 
tance betWeen a particular POT and a current vehicle posi 
tion (user position) can be determined through a Pythagoras 
theorem in the manner shoWn in FIG. 7A. Because this 
method calculates the straight line distance betWeen the user 
and the PO to determine the order of POT listing, it is 
eXpected that the resultant order matches the actual order 
that the user Will see the POIs. In this method, for calculating 
a length of a hypotenuse of a right triangle, lengths of tWo 
sides of the triangle are used. 

[0062] Thus, in FIG. 7A, the straight-line distance d1 
(hypotenuse) betWeen the current position 61 and the POT 
76 is calculated by tWo distances (Q+D1X and dly) Which 
intersect at a right angle With one another. Similarly, the 
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straight-line distance d2 (hypotenuse) between the current 
position 61 and the POT 77 is calculated by tWo distances 
(Q+D2x and dzy) Which intersect at a right angle With one 
another. By using the tWo distances, each straight-line 
distance is expressed by the following equations: 

[0063] HoWever, this method is not practical because it 
takes time to ?nd the values of line segment such d1y or d2y 
that is perpendicular to the route. Especially, because the 
route 62 to the destination is not alWays a straight line, it is 
necessary to determine the angle of the route 62 at Which the 
line segments intersect With the route at right angle, Which 
requires a complicated calculation process. Thus, the navi 
gation system has to spend a long time to calculate the 
distance betWeen the user position and the particular PO. 

[0064] Another problem involved in the method of FIG. 
7A is shoWn in FIG. 7B Where the route to the destination 
is U-turned or Zig-Zag curved. In the eXample of FIG. 7B, 
the straight-line distance betWeen the user position 61 and 
each POI 81, 82 and 83 can be calculated by the method of 
FIG. 7A. As a result, the navigation system determines that 
the straight-line distance to the POI 83 is smaller than that 
of the POI 81 or POI 82. Even though the user can see the 
POI 83 closer to him than the other POIs 81 and 82, the drive 
length to the POI 83 is the longest. Thus, it is not appropriate 
to display the POI 83 prior to the POIs 81 and 82 in the POI 
name list. Therefore, although the method using the 
Pythagoras theorem can be used in the present invention, it 
is not the best approach. 

[0065] FIGS. 8A-8B shoW the concept of the preferred 
embodiment of the present invention. This method utiliZes 
the region circles of FIG. 6B in Which both (1) a distance 
along the calculated route from the user position to a center 
of particular region circle and (2) a straight-line distance 
from the center to the particular POI, are used to determine 
the modi?ed distance to the POT. This approach is able to 
avoid the problem of FIG. 7B because the distance (drive 
length) along the route is included as one parameter of the 
distance calculation. Further, in the method of the present 
invention, the distances of the POIs can be determined in the 
order that the user can actually see the POIs. 

[0066] In the eXample of FIGS. 8A and 8B, the compu 
tation of each POI distance (modi?ed distance) is performed 
With use of tWo reference positions Which are centers (?rst 
center and second center) of the tWo consecutive region 
circles. The straight-line distance betWeen the ?rst center 
and a POI as Well as the straight-line distance betWeen the 
second center and the PO are used to determine the modi?ed 
PO distance. The drive lengths along the calculated route 
from the current user position to the ?rst and second centers 
are also used in the calculation. 

[0067] More speci?cally, in FIG. 8A, tWo consecutive 
region circles k-l and k are shoWn Where POIs 91 and 92 
are found Within an area de?ned by the tWo region circles. 
A ?rst center Sk_1 is a center of the region circle k-l and a 
second center Sk is a center of the region circle k. The 
distance betWeen the ?rst center Sk_1 and the POT 91 and the 
distance betWeen the second center Sk and the POT 91 are 
denoted by d11 and d12, respectively. The distance betWeen 
the ?rst center Sk_1 and the POT 92 and the distance betWeen 
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the second center Sk and the POT 92 are denoted by d21 and 
d22, respectively. In the present invention, the modi?ed 
distance of each POT is calculated by using the tWo dis 
tances (dM and d12, d21 and d22) from the ?rst and second 
centers (Sk_1 and Sk) as Well as the drive lengths Qk_1 and 
Ok to the ?rst and second centers (Sk_1 and Sk). 

[0068] One of the reasons that the distances from the tWo 
centers (or generally, tWo reference points) are considered is 
to avoid errors in determining the listing order of POIs. For 
eXample, in the eXample of FIG. 8A, if the distance from 
only the second center Sk is taken into consideration, the 
navigation system Will judge that the POT 92 is closer than 
the POT 91 because the distance d22 is shorter than the 
distance d12. Since it is clear that the user Will see the POT 
91 ?rst When traveling along the calculated route 62, this 
judgement is incorrect. In the present invention, hoWever, 
since the ?rst and second centers Sk_1 and Sk are used as the 
reference positions for calculating the modi?ed POT dis 
tances, it is possible to avoid this type of error. 

[0069] As noted above, in calculating the POI distance, the 
distances betWeen the user position (current vehicle posi 
tion) 61 and the ?rst and second centers Sk_1 and Sk are also 
incorporated. In FIG. 8A, the distance betWeen the user 
position 61 and the ?rst center Sk_1 is denoted by Qk_1, and 
the distance betWeen the user position 61 and the second 
center Sk is denoted by Qk. With use of the above param 
eters, the modi?ed distance D1 for the POI 91 and the 
modi?ed distance D2 for the POI 92 are calculated by the 
folloWing equation: 

[0070] As shoWn in the above equations (1) and (2), the 
POI distance is obtained by incorporating both the drive 
length along the road (eX. Qk_1, Qk) and the straight-line 
length (eX. dll, d12, d21 and d22). The order of listing the 
POIs Which are sorted by distance Well matches the order 
that the user actually see the POIs When traveling along the 
calculated route 62 to the destination. One of the reasons is 
that, Within the particular region circle, the straight-line 
distance (rather than the drive distance on the road) is used 
for calculation. Thus, In the eXample of FIG. 2A, “Hard 
Rock Cafe” Will be listed prior to “PiZZa Hut” even though 
the actual drive length to “Hard Rock Cafe” is longer than 
that of “PiZZa Hut”. 

[0071] In the method of the present invention, even if there 
arises an inconsistency in the arrangement of POI listing 
order, such an inconsistency Will be negligible for actual 
application to the navigation system because the visual sense 
of a user does not require an absolute accuracy. Further, 
because the drive length along the route is incorporated in 
the calculation, the problems associated With the U-turn road 
such as shoWn in FIGS. 2A and 7B (Where actual drive 
length is signi?cantly different from the straight-line length) 
Will not occur in the method of the present invention. 
Further, the navigation system is able to perform the calcu 
lation easily and quickly because the equations (1) and (2) 
noted above are simple and the information on each position 
of the POIs is given in latitude and longitude by the map 
data. 

[0072] FIG. 8B shoWs the method of the present invention 
Which is basically the same as that of FIG. 8A although the 








