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INFORMATION OF LAND USE OF ROADS/ 
RAILROADS/RIVERS/SEA AND THE LIKE, 
FOR EACH BUILrnNG AREA IN SUPERIMPOSED 
MAP DATA 

PERFORM STATISTIC ANALYSIS FOR EACH r--S93 
SET BUILDING CANDIDATE AREA AND LAND 
USE AREA TO OBTAIN HISTOGRAM FOR 
THREE-DIMENSIONAL DATA VALUES INCLUDED 
IN THE AREA, AND SO ON 

DEFINE MODIFICATION CONDITIONS FOR r--S94 
THREE-DIMENSIONAL DATA CORRESPOINDING 
TO EACH LAND U8E AREA 

B 
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FIG. 29B 

SELECT, FOR EACH AREA, SEVERAL VALUES OF 
HIGH FREQUENCY FROM HISTOGRAM OF EACH 
AREA AS REPRESENTATIVE VALUES OF THE AREA, 
IN ACCORDANCE WITH MODIFICATION CONDITIONS 
FOR EACH SET AREA 

ADD LABEL CORRESPONDING TO REPRESENTATIVE 
VALUE FOR PIXEL, OF PIXELS IN THE AREA, HAVING 
VALUE OF DEM DATA IN THE RANGE EXTENDING 
FROM REPRESENTATIVE VALUE TO 
PREDETERMINED THRESHOLD 

EXAMINE DISTRIBUTION OF LABELS ADDED TO 
ADJACENT PIXELS FOR EACH PIXELS 
REMAINING WITHOUT BEING ASSOCIATED WITH 
REPRESENTATIVE VALUE TO SELECT LABEL OF 
HIGH FREQUENCY AS LABEL OF SUCH PIXEL 

NO 

YES 

REPLACE VALUE OF EACH PIXEL WITH 
REPRESENTATIVE VALUE SET FOR LABEL 

END 
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FIG. 32 
START 

STORE A PLURALITY OF IMAGES 
(SATELLITE STEREO IMAGES) WITH 
THE SAME POINT ON THE GROUND 
PHOTOGRAPHED FROM SATELLITE 

AUTOMATICALLY SUBJECT SATELLITE 
STEREO IMAGES TO STEREO MATCHING 
PROCESSING TO GENERATE 
THREE-DIMENSIONAL DATA SHOWING 
GEOGRAPHIC FEATURES AROUND 
PHOTOGRAPHED POINT 

8'105 

CORRECT AUTOMATICALLY ERRONEOUS 
DATA IN THREE-DIMENSIONAL DATA BY 
USING COMBINED INFORMATION OF 
EXTERNAL SHAPE OF BUILDINGS, FOR 
THREE-DIMENSIONAL DATA OBTAJNED 
BY STEREO MATCHING PROCESSING 

S106 

STORE THREE-DtMENSIONAL DATA 

S107 

READ STORED THREE-DIMENSIONAL 
DATA WHEN SATELLITE IMAGE 
OBTAINED BY PHOTOGRAPHING THE 
SAME POINT AT A DIFFERENT TIME 
POINT IS PROCESSED, AND COMPARE 
THE THREE-DIMENSIONAL DATA WITH 
NEWLY OBTAINED THREE-DIMENSIONAL 
DATA 

S101 

S102 

S103 

ANALYZE SATELLITE STEREO 
IMAGES TO EXTRACT VECTOR 
INFORMATION SHOWING 
EXTERNAL SHAPE FOR 
PHOTOGRAPHED BUILDING 

S104 

COMPARE AND COMBINE 
EXTRACTED BUILDING 
EXTERNAL SHAPE 
INFORMATION WITH BUILDING 
EXTERNAL SHAPE 
INFORMATION INCLUDED IN 
MAP DATA 

NO 

EXAMINE AREA OF WHICH 
SITUATION HAS BEEN CHANGED 
TO MODIFY MAP DATA IN 
ACCORDANCE WITH OBTAINED 
DIFFERENTIAL INFORMATION 

ENO 
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FIG. 33 

PROCESSING OF 
CORRECTING DEM DATA 

US 6,970,593 B2 

SUPERIMPOSE THREE-DIMENSIONAL DATA S111 
ON COMBINED INFORMATION OF EXTERNAL 
SHAPE OF BUILDINGS IN SUCH A MANNER 
THAT POINTS SHOWING THE SAME 
COORDINATE MATCH EACH OTHER 

SET INCLUDED THREE-DIMENSIONAL DATA S112 
AS BUILDING CANDIDATE AREA FOR EACH 
BUILDING AREA IN SUPERIMPOSED MAP DATA 

PERFORM STATISTIC ANALYSIS FOR EACH S113 
SET BUILDING CAI\IDIDATE AREA TO OBTAIN 
HISTOGRAM FOR THREE-DIMENSIONAL DATA 
VALUES INCLUDED IN THE AREA, AND SO ON 

SELECT SEVERAL VALUES OF HIGH S 114 
FREQUENCY FROM HISTOGRAM OF EACH AREA 
AS REPRESENTATIVE VALUES OF THE AREA 

ADD LABEL CORRESPONDING TO 
REPRESENTATIVE VALUE FOR PIXEL, OF S 115 
PIXELS IN THE AREA, HAVING VALUE OF DEM 
DATA IN THE RANGE EXTENDING FROM 
REPRESENTATIVE VALUE TO 
PREDETERMINED THRESHOLD 

EXAMINE DISTRIBUTION OF LABELS ADDED S 116 
TO ADJACENT PIXELS FOR EACH PIXELS 
REMAINING WITHOUT BEING ASSOCIATED 
WITH REPRESENTATIVE VALUE TO SELECT 
LABEL OF HIGH FREQUENCY AS LABEL OF 
SUCH PIXEL 

NO 

REPLACE VALUE OF EACH PIXEL WITH 
REPRESENTATIVE VALUE SET FOR LABEL 

END 
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FIG. 41 
START 

STORE A PLURALITY OF IMAGES 
(SATELLITE STEREO IMAGES) WtTH 
THE SAME POINT ON THE GROUND 
PHOTOGRAPHED FROM SATELLITE 

AUTOMATICALLY SUBJECT SATELLITE 
!MAGES TO STEREO MATCHING 
PROCESSING TO GENERATE 
THREE-DIMENSIONAL DATA SHOWING 
GEOGRAPHIC FEATURES AROUND 
PHOTOGRAPHED POINT 

CORRECT AUTOMATICALLY ERRONEOUS 
DATA IN THREE-DIMENSIONAL DATA BY 
USING COMBINED BUILDING EXTERNAL 
SHAPE INFORMATION AND AREA 
INFORMATION SUCH AS LAND USE ON 
MAP OF ROADS/RAILROADS/RIVERS/ 
SEA AND THE LIKE EXTRACTED FROM 
MAP DATA, FOR THREE-DIMENSIONAL 
DATA OBTAINED BY STEREO MATCHING 
PROCESSING 

S126 

STORE THREE-DIMENSIONAL DATA 

S127 

READ STORED THREE-DIMENSIONAL 
DATA WHEN SATELLITE IMAGE 
OBTAINED BY PHOTOGRAPHING THE 
SAME POINT AT A DIFFERENT TIME 
POINT IS PROCESSED, AND COMPARE 
THE THREE-DIMENSIONAL DATA WITH 
NEWLY OBT Al NED THREE-DIMENSIONAL 
DATA 

S121 

S122 

S125 

S123 

ANALYZE SA TE LUTE STEREO 
IMAGES TO EXTRACT VECTOR 
INFORMATION SHOWING 
EXTERNAL SHAPE FOR 
PHOTOGRAPHED BUILDING 

S124 

COMPARE AND COMBINE 
EXTRACTED BUILDING 
EXTERNAL SHAPE 
INFORMATION WITH BUILDING 
EXTERNAL SHAPE 
INFORMATION INCLUDED IN 
MAP DATA 

NO 

EXAMINE AREA OF WHICH 
SITUATION HAS BEEN CHANGED 
TO MODIFY MAP DAT A IN 
ACCORDANCE WITH OBTAINED 
DIFFERENTIAL INFORMATION 

END 



U.S. Patent Nov. 29, 2005 Sheet 44 of 46 US 6,970,593 B2 

FIG. 42A 

PROCESSING OF 
CORRECTING DEM DATA 

SUPERIMPOSE THREE-DIMENSIONAL DATA 
ON COMBINED BUILDING EXTERNAL SHAPE -----S131 
INFORMATION AND AREA INFORMATION 
SUCH AS LAND USE ON MAP OF ROADS/ 
RAILROADS/RIVERS/SEA AND THE LIKE 
EXTRACTED FROM MAP DATA IN SUCH A 
MANNER THAT POINTS SHOWING THE SAME 
COORDINATE MATCH EACH OTHER 

SET INCLUDED THREE-DIMENSIONAL DATA AS ------BUILDING CANDIDATE AREA, AND SPATIALLY 
S132 

DIVIDE THREE-DIMENSIONAL DATA BASED ON 
INFORMATION OF LAND USE OF ROADS/ 
RAILROADS/RIVERS/SEA AND THE LIKE, 
FOR EACH BUILDING AREA IN SUPERIMPOSED 
MAP DATA 

t 

PERFORM STATISTIC ANALYSIS FOR EACH rs-S133 
SET BUILDING CANDIDATE AREA AND LAND 
USE AREA TO OBTAIN HISTOGRAM FOR 
THREE-DIMENSIONAL DATA VALUES INCLUDED 
IN THE AREA, AND SO ON 

DEFINE MODIFICATION CONDITIONS FOR ~ S134 
THREE-DIMENSIONAL DATA CORRESPOINDING 
TO EACH LAND USE AREA 
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FIG. 42B 

SELECT, FOR EACH AREA, SEVERAL VALUES OF 
HIGH FREQUENCY FROM HISTOGRAM OF EACH 
AREA AS REPRESENTATIVE VALUES OF THE AREA, 
IN ACCORDANCE WITH MODIFICATION CONDITIONS 
FOR EACH SET AREA 

ADD LABEL CORRESPONDING TO REPRESENTATIVE 
VALUE FOR PIXEL, OF PIXELS IN THE AREA, HAVING 
VALUE OF DEM DATA IN THE RANGE EXTENDING 
FROM REPRESENTATIVE VALUE TO 
PREDETERMINED THRESHOLD 

EXAMINE DISTRIBUTION OF LABELS ADDED TO 
ADJACENT PIXELS FOR EACH PIXELS 
REMAINING WITHOUT BEING ASSOCIATED WITH 
REPRESENTATIVE VALUE TO SELECT LABEL OF 
HIGH FREQUENCY AS LABEL OF SUCH PIXEL 
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NO 
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REPLACE VALUE OF EACH PIXEL WITH 
REPRESENTATIVE VALUE SET FOR LABEL 

END 
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STEREO IMAGE PROCESSING APPARATUS 
AND METHOD OF PROCESSING STEREO 

IMAGE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 

2 
ally a rather wide range of area is photographed, but for 
simplifying description, the image is shown with apart 
thereof magnified, and several buildings are seen around the 
roads intersecting each other in the center of the image. 

When comparing the left and right images in two satellite 
images obtained by stereo-photographing an object, the 
rooftop surfaces of buildings are imaged in the positions 
displaced depending on their respective heights, while the 

The present invention relates to a stereo image processing 
apparatus and a stereo image processing method, and a 
recording medium in which a program for processing stereo 
image is recorded, and particularly relates to a method of 
automatically generating three-dimensional data from satel­
lite stereo image or aerial stereo image. 

10 
position of a road is substantially the same in both images. 

2. Description of the Prior Art 

For example, a building a in the left image shown in FIG. 5 
corresponds to a building b in the right image, but this 
building b drawn in the same position in the left image 
corresponds to a building b'. For the rooftop surfaces of 

Conventionally, in this type of method of automatically 
generating three-dimensional data, methods of generating 
three-dimensional data indicative of geographical features 
[DEM (Digital Elevation Map) Data] by stereo matching 
based on images obtained from an artificial satellite and 
aircraft are widely used, and methods in which operators are 
involved in correcting points for which correspondence 
cannot be obtained have also been proposed. 

15 these buildings a and b', the magnitude of displacement c in 
each x coordinate is a parallax. 

When the parallax obtained through the above described 
processing is visualized as a pixel value, the image is dark 
for the ground surface of a road with no parallax, while the 

Here, the stereo matching processing is to determine 
corresponding points in images having the same point 
imaged therein, for two images obtained by photographing 
an object from different viewpoints, namely stereo images, 
and, by using their parallax to determine the depth dimen­
sion and form up to the target according to the principle of 
triangulation technique. 

20 image is bright depending on the height of the building for 
the rooftop of the building, as shown in FIG. 6A. Cross 
sections of those buildings with pixel values showing par­
allaxes (DEM data values showing heights) in the dot line in 
FIG. 6A plotted on the longitudinal axis are shown in FIG. 

25 6B. Height information corresponding to a structure on the 
rooftop of the building can be obtained from FIG. 6B. If 
information of imaging points and visual angles obtained 
from these images are used, the height per pixel for parallax 
can be known, and thus three-dimensional data showing 

30 geographical features around the photographed point is 
obtained from the above described image. 

A various methodologies have already been proposed for 
this stereo matching processing. For example, Japanese 
Patent Publication No. 8-16930 specification discloses a 
methodology of using an area correlation method that is 
widely used in general. This area correlation method is a 
method in which a correlation window is set in the left image 35 

as a template, a search window in the right image is moved 

For methods of generating three-dimensional data by 
conventional stereo matching, however, since areas with no 
textures and areas in which correspondence by coefficients 
of correlation cannot be obtained are also included, a large 
number of points indicating erroneous heights that are very 
different from surroundings are included in the image of the 
above described three-dimensional data. Particularly, since 
hiding occurs around a building and so oil, the number of 

to calculate a mutual coefficient of correlation with the 
template, and a point with a high coefficient is searched with 
this coefficient considered as a matching degree, thereby 
obtaining a corresponding point. 

In the method described above, the range in which the 
search is moved is limited to the direction of epipolar lines 

40 points for which correspondence cannot be obtained may 
become large, which may result in cases where extremely 
high values are shown, or the building is significantly 
damaged. in the image for alleviating processing, whereby the mag­

nitude of displacement in the x direction of the correspond­
ing point in the right image, namely a parallax can be 45 

obtained for each point in the left image. Here, the epipolar 
line is a line that can be drawn, for a point in one image of 
stereo images, as a range in which a point corresponding to 
such a point in the other image exists. The epipolar line is 
described in "Image Analysis Handbook" ( edited by Mikio 50 

Takagi and Hirohisa Simoda, Tokyo Univ. Press, Jan. 1991, 
pp 597-599). 

The direction of epipolar lines is usually different from the 
direction of scan lines in the image, but coordinate trans­
formation is performed, whereby the direction of epipolar 55 

lines can be made to match with the direction of scan lines 
to make rearrangement. The method of coordinate transfor­
mation is described in the above described "Image Analysis 
Handbook". 

In the stereo image rearranged as described above, the 60 

range in which the search window of the corresponding 
point is moved can be restricted on the scan line, and thus 
the parallax is obtained as a difference in x coordinates 
between corresponding points in the left and right images. 

In FIG. 5 is shown an example of two satellite images 65 

obtained by stereo-photographing the same point from dif­
ferent viewpoints. Furthermore, for the satellite image, usu-

Thus, for methods of generating three-dimensional data 
by conventional stereo matching, errors due to mismatching 
of corresponding points are caused, and accurate three­
dimensional information cannot be obtained, thus raising a 
disadvantage that application to complicated images with a 
large number of buildings such as those of urban areas is 
difficult. 

Also, because a satellite image or aerial photograph has 
usually enormous amounts of image data, there is also a 
disadvantage that modification operations by operators are 
difficult and complicated. In view of these problems, a 
method of generating and processing three-dimensional data 
by which sufficiently accurate information can be obtained 
even from images of urban areas and processing can be 
performed automatically is desired. 

SUMMARY OF THE INVENTION 

Hence, an object of the present invention is to solve the 
above described problems and provide a stereo image pro­
cessing apparatus and stereo image processing method and 
a program for processing stereo images, by which suffi­
ciently accurate three-dimensional data can be obtained 
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from satellite stereo images and aerial stereo images with no 
intervention by operators and for complicated objects such 
as buildings in urban areas. 

4 
building external shape information detecting means for 

analyzing said image data to extract information of external 
shape of buildings; 

building external shape information comparing/combin-A first stereo image processing apparatus according to the 
present invention is a stereo image processing apparatus 
subjecting image data obtained from a flying object to stereo 
matching processing to generate three-dimensional data, 
said apparatus comprising: 

5 ing means for comparing and combining the information of 
external shape of buildings obtained from said map data 
with the information of external shape of buildings extracted 
by said building external shape information detecting 

data correcting means for correcting erroneous data to be 
corrected including at least noises and losses in said three- 10 

dimensional data by using at least information of external 
shape of buildings obtained from map data including said 
information of external shape. 

A second stereo image processing apparatus according to 
the present invention is a stereo image processing apparatus 15 

subjecting image data obtained from a flying object to stereo 
matching processing to generate three-dimensional data, 
said apparatus comprising: 

area information extracting means for extracting at least 
area information of land use on the map of roads/railroads/ 20 

rivers/sea from map data including at least information of 
external shape of buildings; and 

data correcting means for correcting erroneous data to be 
corrected including at least noises and losses in said three­
dimensional data by using the area information from said 25 

area information extracting means. 
A third stereo image processing apparatus according to 

the present invention is a stereo image processing apparatus 
subjecting image data obtained from a flying object to stereo 
matching processing to generate three-dimensional data, 30 

said apparatus comprising: 
building external shape information detecting means for 

analyzing said image data to extract information of external 
shape of buildings; and 

data correcting means for correcting erroneous data to be 35 

corrected including at least noises and losses in said three­
dimensional data by using the information of external shape 
of buildings obtained from said building external shape 
information detecting means. 

A fourth stereo image processing apparatus according to 40 

the present invention is a stereo image processing apparatus 
subjecting image data obtained from a flying object to stereo 
matching processing to generate three-dimensional data, 
said apparatus comprising: 

building external shape information detecting means for 45 

analyzing said image data to extract information of external 
shape of buildings; 

means; and 
data correcting means for correcting erroneous data to be 

corrected including at least noises and losses in said three­
dimensional data by using the combined information from 
said building external shape information comparing/com-
bining means. 

A first method of processing stereo images according to 
the present invention is a method of processing stereo 
images in which image data obtained from a flying object is 
subjected to stereo matching processing to generate three-
dimensional data, said method comprising: 

a step of correcting erroneous data to be corrected includ­
ing at least noises and losses in said three-dimensional data 
by using at least information of external shape obtained from 
map data including information of external shape of build-
ings. 

A second method of processing stereo images according 
to the present invention is a method of processing stereo 
images in which image data obtained from a flying object is 
subjected to stereo matching processing to generate three-
dimensional data, said method comprising the steps of: 

extracting at least area information of land use on the map 
of roads/railroads/rivers/sea from map data including infor­
mation of external shape of buildings; and 

correcting erroneous data to be corrected including at 
least noises and losses in said three-dimensional data by 
using the extracted area information. 

A third method of processing stereo images according to 
the present invention is a method of processing stereo 
images in which image data obtained from a flying object is 
subjected to stereo matching processing to generate three­
dimensional data, said method comprising the steps of: 

analyzing said image data to extract information of exter­
nal shape of buildings; and 

correcting erroneous data to be corrected including at 
least noises and losses in said three-dimensional data by 
using the extracted information of external shape of build­
ings. 

A fourth method of processing stereo images according to 
the present invention is a method of processing stereo 
images in which image data obtained from a flying object is 
subjected to stereo matching processing to generate three­
dimensional data, said method comprising the steps of: 

building external shape information comparing/combin­
ing means for comparing and combining the external shape 
information obtained from map data including at least 50 

information of external shape of buildings with the external 
shape information extracted from said building external 
shape information detecting means; and 

analyzing said image data to extract information of exter-
55 nal shape of buildings; 

data correcting means for correcting erroneous data to be 
corrected including at least noises and losses in said three­
dimensional data by using the combined information from 
said building external shape information comparing/com­
bining means. 

A fifth stereo image processing apparatus according to the 

comparing and combining the extracted information of 
external shape of buildings with the information of external 
shape of buildings obtained from map data including at least 
information of external shape of buildings; and 

correcting erroneous data to be corrected including at 
least noises and losses in said three-dimensional data by 
using this combined information. 

present invention is a stereo image processing apparatus 60 

subjecting image data obtained from a flying object to stereo 
matching processing to generate three-dimensional data, 
said apparatus comprising: A fifth method of processing stereo images according to 

the present invention is a method of processing stereo 
65 images in which image data obtained from a flying object is 

subjected to stereo matching processing to generate three­
dimensional data, comprising the steps of: 

area information extracting means for extracting at least 
area information of land use on the map of roads/railroads/ 
rivers/sea from map data including at least information of 
external shape of buildings; 
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extracting at least area information of land use on the map 
of roads/railroads/rivers/sea from map data including at least 
information of external shape of buildings; 

analyzing said image data to extract information of exter­
nal shape of buildings; 

comparing and combining the information of external 
shape of buildings obtained from said map information with 
the information of external shape of buildings extracted in 
said step of extracting said information of external shape of 
buildings; and 

correcting erroneous data to be corrected including at 
least noises and losses in said three-dimensional data by 
using this combined information. 

A first recording medium according to the present inven­
tion in which a program for processing stereo images is 
recorded is a recording medium in which a program for 
processing stereo images is recorded for making a computer 
carryout stereo image processing for subjecting image data 
obtained from a flying object to stereo matching processing 
to generate three-dimensional data, wherein said program 
for processing stereo images makes said computer correct 
erroneous data to be corrected including at least noises and 
losses in the three-dimensional data by using at least infor­
mation of external shape of buildings obtained from map 
data including at least the information of external shape of 
buildings. 

A second recording medium according to the present 
invention in which a program for processing stereo images 
is recorded is a recording medium in which a program for 
processing stereo images is recorded for making a computer 
carry out stereo image processing for subjecting image data 
obtained from a flying object to stereo matching processing 
to generate three-dimensional data, wherein said program 
for processing stereo images makes said computer extract at 
least area information of land use on the map of roads/ 
railroads/rivers/sea from map data including at least infor­
mation of external shape of buildings, and correct erroneous 
data to be corrected including at least noises and losses in 
said three-dimensional data by using the extracted area 
information. 

6 
correct erroneous data to be corrected including at least 
noises and losses in said three-dimensional data by using 
this combined information. 

A fifth recording medium according to the present inven-
5 tion in which a program for processing stereo images is 

recorded is a recording medium in which a program for 
processing stereo images is recorded for making a computer 
carry out stereo image processing for subjecting image data 
obtained from a flying object to stereo matching processing 

10 to generate three-dimensional data, wherein said program 
for processing stereo images makes said computer extract at 
least area information of land use on the map of roads/ 
railroads/rivers/sea from map data including at least infor­
mation of external shape of buildings, analyze said image 

15 data to extract information of external shape of buildings, 
compare and integrate the information of external shape of 
buildings obtained from said map data with the information 
of external shape of buildings obtained from the analysis of 
said image data, and correct erroneous data to be corrected 

20 including at least noises and losses in said three-dimensional 
data by using the combined information. 

That is, the stereo image processing apparatus according 
to the present invention comprises satellite image storing 
means for storing satellite image data, stereo processing 

25 means for generating three-dimensional data from a plurality 
of satellite images by stereo matching processing, DEM data 
automatically correcting means for correcting the three­
dimensional data obtained by this stereo matching process­
ing by using map data, and map data storing means for 

30 storing map data. 
By having the above described configuration, the stereo 

image processing apparatus of the present invention operates 
in such a manner as to subject a pair of satellite images 
obtained by photographing the same point in a plurality of 

35 directions to stereo matching processing, generate height 
information in each point in the image according to the 
obtained parallax information, namely three-dimensional 
data, superimpose thereon information of external shape of 
buildings included in map data, and transform internal 

40 three-dimensional data into a typical value of high frequency 
for each building area, thereby modifying three-dimensional 
data with noises and losses. A third recording medium according to the present inven­

tion in which a program for processing stereo images is 
recorded is a recording medium in which a program for 
processing stereo images is recorded for making a computer 45 

carry out stereo image processing for subjecting image data 
obtained from a flying object to stereo matching processing 

More specifically, the stereo image processing apparatus 
of the present invention extracts shape information of a 
building from images by image processing means or obtains 
the same from vector data included in existing map data, 
superimposes the shape information of the building on the 
three-dimensional data obtained by stereo matching process­
ing, and replaces internal three-dimensional data values with 
several values of high frequency to modify the same for each 
building area. Thereby, three-dimensional data can be gen-

to generate three-dimensional data, wherein said program 
for processing stereo images makes said computer analyze 
said image data to extract information of external shape of 50 

buildings, and correct erroneous data to be corrected includ­
ing at least noises and losses in said three-dimensional data 
by using the extracted information of external shape of 
buildings. 

A fourth recording medium according to the present 55 

invention in which a program for processing stereo images 
is recorded is a recording medium in which a program for 
processing stereo images is recorded for making a computer 
carry out stereo image processing for subjecting image data 
obtained from a flying object to stereo matching processing 60 

to generate three-dimensional data, wherein said program 
for processing stereo images makes said computer analyze 
said image data to extract information of external shape of 
buildings, compare and combine the extracted information 
of external shape of buildings with the information of 65 

external shape of buildings obtained from map data includ­
ing at least information of external shape of buildings, and 

erated automatically without operator involvement, and suf­
ficiently accurate three-dimensional shapes can be obtained 
even for complicated objects such as those in urban areas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the configuration of a 
stereo image processing apparatus according to the first 
embodiment of the present invention; 

FIG. 2 is a block diagram showing the configuration of 
DEM data automatically correcting means in FIG. 1; 

FIG. 3 is a flowchart showing operations of the stereo 
image processing apparatus according to the first embodi­
ment of the present invention; 

FIG. 4 is a flowchart showing the operation of DEM data 
automatically correcting means in FIG. 1; 
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FIG. 5 is a schematic diagram showing one example of 
satellite images for use in the first embodiment of the present 
invention; 

FIGS. 6A and 6B are schematic diagrams showing one 
example of three-dimensional data images obtained with the 
first embodiment of the present invention; 

FIG. 7 is a schematic diagram showing one example of 
map data for use in the first embodiment of the present 
invention; 

FIGS. SA and SB are schematic diagrams showing one 
example of three-dimensional data set by area setting means 
in FIG. 2; 

8 
FIG. 31 is a block diagram showing the configuration of 

the stereo image processing apparatus according to the sixth 
embodiment of the present invention; 

FIG. 32 is a flowchart: showing operations of the stereo 
5 image processing apparatus according to the sixth embodi­

ment of the present invention; 
FIG. 33 is a flowchart showing operations of DEM data 

automatically correcting means in FIG. 31; 
FIG. 34 illustrates processing of comparing DEM data by 

10 DEM data comparing means in FIG. 31; 
FIG. 35 illustrates processing of comparing DEM data by 

DEM data comparing means in FIG. 31; 
FIG. 9 is a schematic diagram showing one example of a 

histogram showing the distribution of three-dimensional 
data obtained with in-area histogram analysis means in FIG. 15 

2; 

FIG. 36 illustrates processing of comparing DEM data by 
DEM data comparing means in FIG. 31; 

FIG. 37 illustrates processing of comparing DEM data by 
DEM data comparing means in FIG. 31; 

FIGS. lOA and lOB are schematic diagrams showing one 
example of a three-dimensional data area corrected by DEM 
data modifying means in FIG. 2; 

FIG. 11 illustrates modification operations by DEM data 
modifying means in FIG. 2; 

FIG. 12 illustrates modification operations by DEM data 
modifying means in FIG. 2; 

FIG. 13 illustrates modification operations by DEM data 
modifying means in FIG. 2; 

FIG. 14 illustrates modification operations by DEM data 
modifying means in FIG. 2; 

FIG. 15 illustrates modification operations by DEM data 
modifying means in FIG. 2; 

FIG. 16 is a block diagram showing the configuration of 
the stereo image processing apparatus according to the 
second embodiment of the present invention; 

FIG. 17 is a block diagram showing the configuration of 
DEM data automatically correcting means in FIG. 16; 

FIG. 38 illustrates processing of comparing DEM data by 
DEM data comparing means in FIG. 31; 

FIG. 39 shows map data modified according to the sixth 
20 embodiment of the present invention; 

FIG. 40 is a block diagram showing the configuration of 
the stereo image processing apparatus according to the 
seventh embodiment of the present invention; 

FIG. 41 is a flowchart showing operations of the stereo 
25 image processing apparatus according to the seventh 

embodiment of the present invention; 
FIGS. 42A and 42B are flowcharts showing operations of 

DEM data automatically correcting means in FIG. 40; and 
FIG. 43 is a block diagram showing the configuration of 

30 the stereo image processing apparatus according to the 
eighth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 18 is a flowchart showing operations of the stereo 35 

image processing apparatus according to the second embodi­
ment of the present invention; 

Embodiments of the present invention will now be 
described referring to the drawings. FIG. 1 is a block 
diagram showing a configuration of a stereo image process­
ing apparatus according to the first embodiment of the 
present invention. In FIG. 1, the stereo image processing 
apparatus according to the first embodiment of the present 

FIGS. 19A and 19B are flowcharts showing operations of 
DEM data automatically correcting means in FIG. 16; 

FIG. 20 is a schematic diagram showing one example of 40 

map data including area information; 
FIG. 21 is a block diagram showing the configuration of 

the stereo image processing apparatus according to the third 
embodiment of the present invention; 

invention comprises satellite image storing means 1, stereo 
processing means 2, DEM data automatically correcting 
means 3 and map data storing means 4. 

FIG. 22 is a flowchart showing operations of the stereo 45 

image processing apparatus according to the third embodi­
ment of the present invention; 

The satellite image storing means 1 stores satellite image 
data. The stereo processing means 2 subjects the satellite 
image data obtained from the satellite image storing means 
1 to stereo matching processing to generate three-dimen­
sional data [DEM (Digital Elevation Map) data]. 

FIG. 23 is a flowchart showing operations of DEM data 
automatically correcting means in FIG. 21; 

FIG. 24 is a block diagram showing the configuration of 50 

the stereo image processing apparatus according to the 
fourth embodiment of the present invention; 

The DEM data automatically correcting means 3 auto-
matically corrects erroneous data such as noises and losses 
in the three-dimensional data obtained by the stereo pro­
cessing means 2, by using shape information of the external 
shape of buildings and the like (hereinafter, referred to as 

FIG. 25 is a flowchart showing operations of the stereo 
image processing apparatus according to the fourth embodi­
ment of the present invention; 

FIG. 26 is a flowchart showing operations of DEM data 
automatically correcting means in FIG. 24; 

FIG. 27 is a block diagram showing the configuration of 
the stereo image processing apparatus according to the fifth 
embodiment of the present invention; 

FIG. 28 is a flowchart showing operations of the stereo 
image processing apparatus according to the fifth embodi­
ment of the present invention; 

FIGS. 29A and 29B are flowcharts showing operations of 
DEM data automatically correcting means in FIG. 27; 

FIG. 30 is a schematic diagram showing one example of 
map data including area information; 

55 external shape information). The map data storing means 4 
provides map data such as information of the external shape 
of buildings to the DEM data automatically correcting 
means 3. 

The above described satellite image storing means 1 and 
60 map data storing means 4 are not always needed, and the 

satellite images and the map data may be, inputted externally 
using Internet and the like. Also, as the map data, many 
products are commercially available in data formats such as 
vector data and raster data, but any data may be used as long 

65 as they include information of the external shape of build­
ings and the like. These apply to other embodiments 
described later. 
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FIG. 2 is a block diagram showing the configuration of the 
DEM data automatically correcting means 3 in FIG. 1. In 
FIG. 2, the DEM data automatically correcting means 3 
comprises registration means 31, area setting means 32, 
in-area histogram analysis means 33 and DEM data modi­
fying means 34. 

The registration means 31 superimposes three-dimen­
sional data obtained by the stereo processing means 2 on the 
map data including information of the external shape of 
buildings given from the map data storing means 4 by 
performing parallel translation/transformation and the like 

10 
In the DEM data automatically correcting means 3, the 

registration means 31 superimposes the three-dimensional 
data on the map data in such a manner that the points 
showing the same coordinate match with each other (step 

5 Sll in FIG. 4). If the geodetic system employed in the 
three-dimensional data and the satellite images providing its 
base is different from the geodetic system used in the map 
data, since latitude and longitude values of the same point 
are different from each other, transformation is carried out so 

10 that the values are equal to each other, information of a 
predetermined point at which latitude and longitudinal val­
ues are consistent with each other is used to determine a 
transformation parameter, transformation such as affine 

so that the same geographical coordinate point included in 
each data matches with each other. For each building in the 
map data superimposed by the registration means 31, the 
area setting means 32 sets the three-dimensional data 15 

included in the area within the external shape of the building 

transformation is applied to any one of the values, and the 
three-dimensional data is superimposed on the map data in 
such a manner that the same points in the both data match 

as the candidate area of each building. with each other. 
The in-area histogram analysis means 33 analyzes the 

histogram distribution of the three-dimensional data 
included in the area in each area set by the area setting means 20 

32 to obtain statistic information such as values of high 
frequency. Based on the statistic information in each area 
obtained by the in-area histogram analysis means 33, the 
DEM data modifying means 34 modifies the three-dimen­
sional data included in the area by replacing the three- 25 

dimensional data with values of high frequency and outputs 
the same. 

The area setting means 32 sets the three-dimensional data 
included inside as a building candidate area for each build­
ing area in the superimposed map data (step Sl2 in FIG. 4). 
For each set building candidate area, the in-area histogram 
analysis means 33 performs statistic analysis to obtain a 
histogram, and so on for three-dimensional data values 
included in the area (step Sl3 in FIG. 4). 

For each area, the DEM data modifying means 34 selects 
several values exhibiting high frequency, and replace those 
values of selected points with the value of highest frequency 
in the three-dimensional data near those selected points in 
the three-dimensional data within the area to modify the 

FIG. 3 is a flowchart showing operations of the stereo 
image processing apparatus according to the first embodi­
ment of the present invention, and FIG. 4 is a flowchart 
showing operations of the DEM data automatically correct­
ing means 3 of FIG. 1. Operations of the stereo image 
processing apparatus according to the first embodiment of 
the present invention will be described referring to these 
FIGS. 1 to 4. 

First, a plurality of images obtained by photographing the 
same point on the ground from different viewpoints from a 
satellite, namely satellite stereo images are stored in the 
satellite image storing means 1 (step Sl in FIG. 3), and those 
satellite stereo images are given to the stereo processing 
means 2. 

The stereo processing means 2 automatically subjects the 
obtained satellite stereo images to stereo matching process­
ing to generate the three-dimensional data showing geo­
graphical features around the photographed point (step S2 in 
FIG. 3). Specifically, this is shown by the value of height 
corresponding to each point on the two-dimensional map. 

Here, as described in the description of the related art, the 
stereo matching processing is to determine corresponding 
points in images having the same point imaged therein, for 
two images obtained by photographing an object from 
different viewpoints, and use their parallax to determine the 
depth dimension and form up to the target according to the 
principle of triangulation technique. Generally, various 
methodologies such as methods in which feature amounts 
are determined to provide correspondence therewith and 
correlation methods in which correlation of left and right 
images is used, are proposed as the stereo matching pro­
cessing, but in this embodiment, no limits are imposed on 
methodologies for use in the stereo matching processing. 

For the three-dimensional data obtained by the stereo 
matching processing, the DEM data automatically correct­
ing means 3 uses map data having mainly information of the 
external shape of buildings stored in the map data storing 
means 4 and included in the area corresponding to the 
three-dimensional data to correct automatically erroneous 
data in the three-dimensional data (step S3 in FIG. 3). 

30 three-dimensional data. 
That is, the DEM data modifying means 34 selects several 

values of high frequency from the histogram of each area as 
a representative value of the area (step Sl4 in FIG. 4), and 
adds labels corresponding to the representative value for 

35 pixels having values of DEM data in the range extending 
from the representative value to a predetermined threshold, 
of respective pixels in the area (step Sl5 in FIG. 4). 

Thereafter, for each pixel remaining without being asso­
ciated with the representative value, the DEM data modify-

40 ing means 34 examines the distribution of the labels added 
to nearby pixels, and selects a label of high frequency as a 
label of the pixel (step Sl6 in FIG. 4). When labels are 
determined for all the pixels in the building area (step Sl 7 
in FIG. 4), the DEM data modifying means 34 replaces the 

45 value of each pixel with the representative value set for the 
label (step Sl8 in FIG. 4). 

As described above, since three-dimensional data is all 
obtained automatically on the computer by the stereo pro­
cessing means 2 and the DEM data automatically correcting 

50 means 3, operations by operators are not required. 
Also, erroneous data included in three-dimensional data is 

corrected according to building shape information of the 
map data in the DEM data automatically correcting means 3, 
thereby making it possible to obtain the three-dimensional 

55 data of higher frequency compared to the three-dimensional 
data extracted automatically in a conventional way. 

FIG. 5 is a schematic diagram showing one example of 
satellite images for use in the first embodiment of the present 
invention, FIGS. 6A and 6B are schematic diagrams show-

60 ing one example of three-dimensional data obtained by the 
first embodiment of the present invention, and FIG. 7 is a 
schematic diagram showing one example of the map data for 
use in the first embodiment of the present invention. 

Also, FIG. 8 is a schematic diagram showing one example 
65 of the three-dimensional data set by the area setting means 

32 in FIG. 2, FIG. 9 is a schematic diagram showing one 
example of a histogram showing the distribution of the 
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three-dimensional data obtained by the in-area histogram 
analysis means 33 in FIG. 2, and FIG. 10 is a schematic 
diagram showing one example of the three-dimensional data 
corrected by the DEM data modifying means 34 in FIG. 2. 

Specific operations of the first embodiment of the present 5 

invention will be described referring to these FIGS. 1 to 10. 
In FIG. 5 shown are two satellite images obtained by 
stereo-photographing an object, to which the first embodi­
ment of the present invention is applied. Furthermore, 
although for the satellite image, a significantly wide range of 10 

area is usually photographed, a part of the image is magni­
fied and shown for simplifying description, and several 
buildings are seen around the roads intersecting each other 
in the center of the image. 

In the first embodiment of the present invention, the 15 

satellite stereo images as described above, previously stored 

12 
When the parallax obtained through the above described 

processing is visualized as a pixel value, the image is dark 
for the ground surface of a road with no parallax, while the 
image is bright depending on the height of the building for 
the rooftop of the building, as shown in FIG. 6A. Cross 
sections of those buildings with pixel values showing par-
allaxes in the dot line in FIG. 6A plotted on the longitudinal 
axis are shown in FIG. 6B. Height information correspond­
ing to a structure on the rooftop of the building can be 
obtained from FIG. 6B. If information of imaging points and 
visual angles obtained from these images are used, the 
height per pixel for parallax can be known, and thus the 
three-dimensional data showing geographical features 
around the photographed point is obtained from the above 
described image. 

However, since areas with no textures and areas in which 
correspondence by coefficients of correlation cannot be 
obtained are also included, a large number of points indi­
cating erroneous heights that are very different from sur-

in the satellite image storing means 1, are given to the stereo 
processing means 2, and the stereo matching processing is 
automatically performed on the computer in the same fash­
ion as a conventional method. 

Here, the stereo matching processing is to determine 
corresponding points in images having the same point 
imaged therein, for two images obtained by photographing 
an object from different viewpoints, and use their parallax to 
determine the depth dimension and form up to the target 
according to the principle of triangulation technique. Vari­
ous methodologies have already been proposed for this 
stereo matching processing, but in this embodiment, an area 
correlation method that is widely used is used in the same 
fashion as the method described in the above described 
Japanese Patent Publication No. 8-16930 specification. 

20 roundings are included in the image of the above described 
three-dimensional data. Particularly, since hiding occurs 
around a building and so on, the number of points for which 
correspondence cannot be obtained becomes large, which 
may result in cases where extremely high values are shown, 

25 or the building is significantly damaged. 
One example of the map data included in the map data 

storing means 4 and rasterized to be visualized is shown in 
FIG. 7. In the map data, zone demarcation lines, names of 
administrative districts/roads/buildings and the like are lay-

In this area correlation method, the range in which the 
search window is moved is limited to the direction of the 

30 ered in various ways and included as vector data or raster 
data in addition to shapes of buildings and roads and the like, 
and location information such as latitude and longitude 
described with predetermined coordinate systems is 
included for each data. epipolar lines in the image for alleviating processing, 

whereby the magnitude of displacement in the x direction of 35 

the corresponding point in the right image, namely a parallax 
can be obtained for each point in the left image. 

The direction of the epipolar lines is usually different from 
the direction of scan lines in the image, but coordinate 
transformation is performed, whereby the direction of the 40 

epipolar lines can be made to match with the direction of 
scan lines to make rearrangement. The method of coordinate 
transformation is described in the above described "Image 
Analysis Handbook". 

In the stereo image rearranged as described above, the 45 

range in which the search window of the corresponding 
point is moved can be restricted on the scan line, and thus 
the parallax is obtained as a difference in x coordinates 
between corresponding points in the left and right images. 

In FIG. 5 is shown an example of two satellite images 50 

obtained by photographing the same point from different 
viewpoints. For the satellite image, a significantly wide 
range of area is usually photographed, but for simplifying 
description, the image is shown with a part thereof magni­
fied, and several buildings are seen around the roads inter- 55 

secting each other in the center of the image. 
When comparing the left and right images in two satellite 

images obtained by stereo-photographing an object, the 
rooftop surfaces of buildings are imaged in the positions 
displaced depending on their respective heights, while the 60 

position of a road is substantially the same in both images. 
For example, a building a in the left image shown in FIG. 5 
corresponds to a building b in the right image, but this 
building b is drawn in the same position in the left image 
corresponds to a building b'. For the rooftop surfaces of 65 

these buildings a and b', the magnitude of displacement c in 
each x coordinate is a parallax. 

Types of data included in the map data are different 
depending on the map data, but by using the vector data of 
those data showing shapes of buildings, errors of the three­
dimensional data as described above by the DEM data 
automatically correcting means 3 are corrected. 

Specifically, first, the three-dimensional data obtained by 
the registration means 31 is superimposed on the map data 
in such a manner that their corresponding points match each 
other. Since the three-dimensional data is obtained in 
response to satellite images, it can be considered that the 
geodetic system is similar to a system that is used in the 
satellite image, and information called meta data including 
each information such as the shooting direction and time 
when the image is formed, and information of latitude and 
longitude in four corners of the image is attached to the 
satellite image. Thus, a coordinate for any point in the image 
for the three-dimensional data can be obtained via interpo-
lation. 

Also, for each data in the map image, information of 
latitude and longitude is included as a coordinate value of 
each apex if the information is vector data. However, if the 
employed geodetic system is different, latitude and longi-
tude values denoting the same point on the ground are 
different, and it is therefore impossible to consider points to 
which the latitude and longitudinal values correspond as the 
same point for providing correspondence. For this reason, 
points are first shifted by using a predetermined parameter 
so that they are equal in latitude and longitude, by which 
several corresponding points are obtained. 

In addition, an affine transformation parameter allowing 
those points to match each other is determined by the least 
square method or the like, and the transformation is applied 
to any one of the map data and three-dimensional data, 
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thereby superimposing the map data on the three-dimen­
sional data in such a manner that the same points match each 
other. 

After the map data is superimposed on the three-dimen­
sional, the three-dimensional data included in a closed area 
surrounded by vector data is set for each building as an area 
corresponding to the building by the area setting means 32. 

One example of a three-dimensional data area corre­
sponding to the building located at the upper-left in FIG. 7, 
which is obtained by such operations, is shown in FIG. 8 
with the area being magnified. In this case, the obtained 
three-dimensional data and the area in the image do not 
match completely, and there exists an area showing a high 
value locally in a part of three-dimensional data due to the 
structure on the rooftop of the building. 

Then, the distribution of three-dimensional data is exam­
ined for each area obtained by the in-area histogram analysis 
means 33. For the area shown in FIG. 8, an example of a 
histogram of the internal three-dimensional data is shown in 
FIG. 9. 

To observe this, the values corresponding to the rooftop 
surface of the building and the structure on the rooftop, 
respectively, show relatively high frequency. Also, since the 
rooftop surface in the three-dimensional data and the build­
ing area in the map data do not match completely, there exist 
small peaks even at the positions in which parallax is about 
0. 

The in-area histogram analysis means 33 records values 
showing frequency above a predetermined ration to the 
number of three-dimensional data in an area, as representa­
tive values in the area. In the case of the above described 
area, A and B are representative values. 

Also, the representative value for each area is used to 
correct three-dimensional data in the area by the DEM data 
modifying means 34. Specifically, the distribution of three­
dimensional data values in the proximate is examined for 
each point in the area, and if there exists the value of highest 
frequency near the representative value, the three-dimen­
sional data is replaced with the representative value. If the 
value of highest frequency is not a value existing near the 
representative value, the three-dimensional data is replaced 
with a representative value showing the highest frequency. 
The three-dimensional data corrected by the above described 
methodology is shown in FIG. 10. Process operations 
described above are operations according to the first 
embodiment of the present invention. 

FIGS. 11 to 15 illustrate modification operations by the 
DEM data modifying means 34 in FIG. 2. The modification 
operations by the DEM data modifying means 34 will be 
described in detail below referring to FIGS. 11 to 15. 

14 
Then, the DEM data modifying means 34 performs pro­

cessing of adding labels corresponding to the representative 
value for pixels having values of the DEM data in the range 
extending from the representative value to a predetermined 

5 threshold, of respective pixels in the area. FIG. 12 shows a 
range of values of the DEM data corresponding to each 
representative value by the threshold values, for the histo­
gram shown in FIG. 9, wherein the ranges of values of the 
DEM data considered as the representative values are deter-

10 mined by the threshold d for A and by the threshold e for B 
in FIG. 12, respectively. 

Results of adding a label of A or B to pixels included in 
this range of data values, with application to the building 
area of the DEM image shown in FIG. 11, are shown in FIG. 

15 13. The label A is added to pixels showing data values "4", 
"5" and "6", and the label Bis added to pixels showing data 
values "7" and "8", but no label is added to the area of the 
data value "1" that does not correspond to the set range of 
data values. 

20 Also, for each pixel remaining without being associated 
with the representative value through the above described 
labelling process, the distribution of labels added to adjacent 
pixels is examined, and labels of high frequency are selected 
as labels of such pixels. FIG. 14 shows adjacent areas for 

25 pixels with no labels added thereto in the DEM data image 
shown in FIG. 13. 

For a pixel f (the pixel shown by a dotted line) in FIG. 14, 
for example, a range (the range shown by a dotted line g) of 

30 
a five pixel square with the pixel f located in the center is set 
and labels of pixels included in this range are examined. As 
a result, the label A that is the most frequent label in the 
range g is taken as a label of the pixel f. However, if there 
exist no pixels with labels added thereto in a set adjacent 
range, no label is added to a target pixel. This adjacent label 

35 

40 

45 

selection processing is repeatedly performed until labels are 
added to all pixels in a target building area. If pixels with no 
label added thereto remain in the area even after the above 
described processing is applied to all the pixels with no label 
added thereto in the area, the processing is repeatedly 
performed for the remaining pixels with no label added 
thereto. In this repeated processing, for a group of pixels 
with no label added thereto, a pixel adjacent to the pixel with 
a label added thereto is taken one after another, and the 
number of pixels with no label added thereto is decreased. 
When labels are added to all the pixels in the target building 
area, repetition of the above described adjacent label selec­
tion processing is ended. 

When labels are determined for all the pixels in the 

50 
building area, processing of replacing the value of each pixel 
with a representative value set for the label is performed. 
When labels are set for all the pixels in the DEM data image 
in FIG. 13, and they are replaced with representative values, 

Pre-modified DEM data magnified for the inside a certain 
building area is shown in FIG. 11. In FIG. 11, values 
described inside respective cells are pixel values showing 
height information, which is expressed by eight stage values 55 
for simplifying description. 

a modified DEM data image is obtained as shown in FIG. 15. 
FIG. 16 is a block diagram showing the configuration of 

the stereo image processing apparatus according to the 
second embodiment of the present: invention. In FIG. 16, the 
stereo image processing apparatus according to the second 
embodiment of the present invention comprises satellite 
image storing means 1, stereo processing means 2, DEM 
data automatically correcting means 3, map data storing 

Also, FIG. 9 shows an example of a histogram of the 
internal three-dimensional data as described above. In FIG. 
9, values of DEM data showing height and their frequencies 
are added to the lateral and longitudinal axes, respectively. 60 

Assume that of these, values of A and B of high frequency 
correspond to pixel values of "5" and "8" in FIG. 11. 

In the DEM data modifying means 34, processing of 
selecting several values of high frequency from the histo­
gram in each area as representative values in the area is first 65 

performed. Thereby, values of the DEM data of "A" and "B" 
in FIG. 9 are selected as representative values in the area. 

means 4 and area information extracting means 5. 

The satellite image storing means 1 stores satellite image 
data. The stereo processing means 2 subjects the satellite 
image data obtained from the satellite image storing means 
1 to stereo matching processing to generate three-dimen-
sional data. 
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For the three-dimensional data obtained by the stereo 
matching processing, the DEM data automatically correct­
ing means 3 uses in combination the building external shape 
information stored in the map data storing means 4 and the 

The DEM data automatically correcting means 3 correct 
automatically erroneous data to be corrected such as noises 
and losses in the three-dimensional data obtained by the 
stereo processing means 2 by using information of external 
shape of buildings and the like that can be obtained sepa­
rately from map data. The map data storing means 4 
provides the map data including information of external 
shape of buildings and the like to the DEM data automati­
cally correcting means 3. The area information extracting 
means 5 extracts area information such as land use on the 10 

map of roads/railroads/rivers/sea and the like from the map 
data. 

5 area information such as land use on the map of roads/ 
railroads/rivers/sea and the like extracted from the map data 
by the area information extracting means 5 to correct 
automatically erroneous data in the three-dimensional data 
(step S23 in FIG. 18). 

In the DEM data automatically correcting means 3, the 
registration means 31 superimposes the three-dimensional 
data on the map data in such a manner that the points 
showing the same coordinate match with each other (step 
S31 in FIG. 19). If the geodetic system employed in the 

FIG. 17 is a block diagram showing the configuration of 
the DEM data automatically correcting means 3 in FIG. 16. 
In FIG. 17, the DEM data automatically correcting means 3 
comprises registration means 31, area dividing means 36, 
in-area histogram analysis means 33, modification condition 
setting means 35 and DEM data modifying means 34. 

15 three-dimensional data and the satellite images providing its 
base is different from the geodetic system used in the map 
data, since latitude and longitude values of the same point 
are different from each other, transformation is carried out so 
that the values are equal to each other, information of a The registration means 31 superimposes the three-dimen­

sional data obtained by the stereo processing means 2 on the 
map data including information of external shape of build­
ings given from the map data storing means 4 by performing 
parallel translation/transformation and the like so that the 
same geographical coordinate points included in the both 
data match with each other. The area dividing means 36 sets, 25 

for each building in the map data superimposed by the 
registration means 31, the three-dimensional data in the area 
within the external shape of the building as the candidate 
area of each building, and spatially divides the three-dimen­
sional data in accordance with the area information on the 30 

map. 

20 predetermined point at which latitude and longitudinal val­
ues are consistent with each other is used to determine a 
transformation parameter, transformation such as affine 
transformation is applied to any one of the values, and the 
three-dimensional data is superimposed on the map data in 
such a manner that the same points in the both data match 
with each other. 

The area dividing means 36 sets the three-dimensional 
data included inside as a building candidate area for each 
building area in the superimposed map data, and spatially 
divides the tree-dimensional data based on area information 
of roads/railroads/rivers/sea and the like obtained from the 
area information extracting means 5 (step S32 in FIG. 19). 
There may be cases where these building candidate areas 
and areas divided according to area information overlap one 
another. For example, they are the cases where the building 
area may be included in an urban area but cannot exist in a 
sea area, and so on. 

The in-area histogram analysis means 33 analyzes the 
histogram distribution of the three-dimensional data 
included in the area in each area set by the area dividing 
means 36 to obtain statistic information such as values of 35 

high frequency. The modification condition setting means 35 
sets modification conditions for the three-dimensional data 
corresponding to the area information of each land use on 
the map. Based on the statistic information in each area 
obtained by the in-area histogram analysis means 33 and the 
modification conditions set by the modification condition 
setting means 35, the DEM data modifying means 34 
modifies the three-dimensional data included in the area by 
replacing the three-dimensional data with values of high 
frequency and outputs the same. 

For each set building candidate area and areas divided 
according to area information, the in-area histogram analysis 

40 means 33 performs statistic analysis to obtain a histogram, 
and so on for the three-dimensional data values included in 
the area (step S33 in FIG. 19). 

The modification condition setting means 35 defines 
modification conditions for the three-dimensional data cor-

45 responding to area information of the above described each 
land uses (step S34 in FIG. 19). To give a specific example, 
internal discontinuous three-dimensional data is considered 
as errors and is smoothed in the case of road areas, and for 

FIG. 18 is a flowchart showing operations of the stereo 
image processing apparatus according to the second embodi­
ment of the present invention, and FIG. 19 is a flowchart 
showing operations of the DEM data automatically correct-

50 
ing means 3 in FIG. 16. Operations of the stereo image 
processing apparatus according to the third embodiment of 
the present invention will be described referring to these 
FIGS. 16 to 19. 

sea and river areas, since correct three-dimensional data 
cannot be obtained by general stereo matching methodolo­
gies due to the fact that they are almost uniform areas with 
no textures and that they are influenced by changes in 
shapes, reflection of sunlight and the like, the height is 
defined as "O" uniformly in the case of sea, or height 

First, a plurality of images obtained by photographing the 
same point on the ground from different viewpoints from the 
satellite, namely satellite stereo images are stored in the 
satellite image storing means 1 (step S21 in FIG. 18), and 
those satellite stereo images are given to the stereo process­
ing means 2. 

The stereo processing means 2 automatically subjects the 
obtained satellite stereo images to stereo matching process­
ing to generate the three-dimensional data showing geo­
graphic features around the photographed point (step S22 in 
FIG. 18). Also in this embodiment, no limits are imposed on 
methodologies for use in the stereo matching processing as 
in the case of the first embodiment of the present invention. 

55 information of the adjacent land is used in the case of rivers. 
For each area, the DEM data modifying means 34 selects 

several values exhibiting high frequency in accordance with 
the modification conditions for each area information set in 
the modification condition setting means 35, and replaces 

60 those values of selected points with the value of highest 
frequency in the three-dimensional data near those selected 
points in the three-dimensional data within the area to 
modify three-dimensional data. 

That is, for each area, the DEM data modifying means 34 
65 selects several values of high frequency from the histogram 

of each area as a representative value of the area in accor­
dance with the modification conditions for each set area 
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(step S35 in FIG. 19), and adds labels corresponding to the 
representative value for pixels having values of the DEM 
data in the range extending from the representative value to 
a predetermined threshold, of respective pixels in the area 
(step S36 in FIG. 19). 

Thereafter, for each pixel remaining without being asso­
ciated with the representative value, the DEM data modify­
ing means 34 examines the distribution of the labels added 
to nearby pixels, and selects a label of high frequency as a 
label of the pixel (step S37 in FIG. 19). When labels are 
determined for all the pixels in the building area (step S38 
in FIG. 19), the DEM data modifying means 34 replaces the 
value of each pixel with the representative value set for the 
label (step S39 in FIG. 19). This processing of replacement 
of the representative values by the DEM data modifying 
means 34 is similar to that described above using FIGS. 11 
to 15. 

As described above, since the three-dimensional data is 

18 
sional areas are set also for each building area as in the case 
of the area setting means 32 of the first embodiment of the 
present invention. 

For each area obtained in this way, three dimensional data 
5 values exhibiting high frequency are determined as repre­

sentative values for each area by the in-area histogram 
analysis means 33, in the same fashion as the first embodi­
ment of the present invention. 

Also, modification conditions of three-dimensional data 
10 corresponding to area information of the above described 

each land use are defined by the modification condition 
setting means 35. To give a specific example, a method 
similar to that of the first embodiment of the present inven­
tion is used in the case of areas inside an urban zone in which 

15 buildings are supposed to exist, but internal discontinuous 
three-dimensional data is considered as errors and is 
smoothed in the case of road areas even if they exist in the 
same urban zone. 

all obtained automatically on the computer by the stereo 20 

processing means 2, the DEM data automatically correcting 
means 3 and the area information extracting means 5, 
operations by operators are not required. 

Also, for sea and river areas, since correct three-dimen-
sional data cannot be obtained by general stereo matching 
methodologies due to the fact that they are almost uniform 
areas with no textures and that they are influenced by 
changes in shapes, reflection of sunlight and the like, the 

Also, in addition to information of external shape of 
buildings of the map data, the three-dimensional data modi- 25 

fication conditions corresponding to area information are 
set, and erroneous data included in the three-dimensional 
data is corrected based thereon, thereby making it possible 

height is defined as "O" uniformly in the case of sea, or 
height information of the adjacent land (the most frequent 
values of the three-dimensional data) is directly used in the 
case of rivers. In addition, in the case of forests and the like, 
methods in which only points showing three-dimensional 
data values obviously different from the surroundings are to obtain the three-dimensional data more accurate than 

those by conventional methods not only in the building area 
but also in other areas. 

FIG. 20 is a schematic diagram showing one example of 
the map data including area information. Specific operations 
according to the second embodiment of the present inven­
tion will be described referring to this FIG. 20. The second 
embodiment of the present invention is similar to the above 
described first embodiment of the present invention in that 
the satellite stereo images as described above previously 
stored in the satellite image storing means 1 are first given 
to the stereo processing means 2, and the stereo matching 
processing is automatically performed on the computer in 
the same fashion as a conventional method. Also, it is similar 
to the above described first embodiment of the present: 
invention in that images of the three-dimensional data as 
shown in FIG. 6 are obtained by using stereo matching by 
the area correlation method. 

This embodiment is different from the first embodiment of 
the present invention in the sense that not only information 
of external shape of buildings but also area information of 
roads, forests, water areas and the like such as one example 

30 modified, and so on are employed. 
In accordance with such modification conditions, the 

DEM data modifying means 34 uses representative values 
obtained for each area by the in-area histogram analysis 
means 33 to correct automatically the three-dimensional 

35 data in each area. The above process operations are process 
operations of the second embodiment of the present inven­
tion. 

FIG. 21 is a block diagram showing the configuration of 

40 
the stereo image processing apparatus according to the third 
embodiment of the present invention. In FIG. 21, the stereo 
image processing apparatus according to the third embodi­
ment of the present invention comprises satellite image 
storing means 1, stereo processing means 2, DEM data 

45 
automatically correcting means 3 and building external 
shape information detecting means 6. 

The satellite image storing means 1 stores satellite image 
data. The stereo processing means 2 subjects the satellite 
image data obtained from the satellite image storing means 

50 1 to stereo matching processing to generate three-dimen­
sional data. 

of the map data shown in FIG. 20, of the map data stored in 
the map data storing means 4, are extracted from the map 
data by the area information extracting means 5, and are 
used for processing of correcting the three-dimensional data 

55 
in the DEM data automatically correcting means 3. 

The DEM data automatically correcting means 3 auto-
matically corrects erroneous data to be corrected such as 
noises and losses in the three-dimensional data obtained by 
the stereo processing means 2, by using information of 
external shape of buildings and the like obtained separately 

This processing of correcting the three-dimensional data 
in the DEM data automatically correcting means 3 will be 
described specifically. First, the registration means 31 super­
imposes the three-dimensional data and satellite image 
obtained in the same fashion as the first embodiment of the 
present invention on the map data in such a manner that 
corresponding points match one another. 

After they are superimposed, the area dividing means 36 
uses the area information extracted from the map data by the 
area information extracting means 5 to divide spatially the 
three-dimensional data, and corresponding three-dimen-

from the building external shape information detecting 
means 6. The building external shape information detecting 
means 6 analyzes the satellite images stored in the satellite 

60 image storing means 1 to extract the information of external 
shape of buildings. 

Since the DEM data automatically correcting means 3 in 
the third embodiment of the present invention has a con­
figuration similar to that of the DEM data automatically 

65 correcting means 3 in the first embodiment of the present 
invention shown in FIG. 2 except that information of exter­
nal shape of buildings is inputted from the building external 
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shape information detecting means 6, description of its 
configuration is not presented here. 

FIG. 22 is a flowchart showing operations of the stereo 
image processing apparatus according to the third embodi­
ment of the present invention, and FIG. 23 is a flowchart 
showing operations of the DEM data automatically correct­
ing means 3 in FIG. 16. The operations of the stereo image 
processing apparatus according to the third embodiment of 
the present invention will be described referring to these 
FIGS. 21 to 23. 

First, a plurality of images obtained by photographing the 
same point on the ground from different viewpoints from the 
satellite, namely satellite stereo images are stored in the 
satellite image storing means 1 (step S41 in FIG. 22), and 
those satellite stereo images are given to the stereo process­
ing means 2 and the building external shape information 
detecting means 6. 

The stereo processing means 2 automatically subjects the 
obtained satellite stereo images to stereo matching process­
ing to generate the three-dimensional data showing geo­
graphic features around the photographed point (step S42 in 
FIG. 22). Also in this embodiment, no limits are imposed on 
methodologies for use in the stereo matching processing as 
in the case of the first embodiment of the present invention. 

The building external shape information detecting means 
6 analyzes the obtained satellite stereo images, and extracts 
vector information showing the external shape for the pho­
tographed building (step S43 in FIG. 22). Specifically, in the 
building external shape information detecting means 6, 
groups composed mainly of lines such as rectangles, among 
closed curve groups obtained by binarizing results of edge 
detection for the image and sublinearizing the same to 
perform coupling processing, are selected as information of 
external shape of buildings. 

20 
from the representative value to a predetermined threshold, 
of respective pixels in the area (step S55 in FIG. 23). 

Thereafter, for each pixel remaining without being asso­
ciated with the representative value, the DEM data modify-

5 ing means 34 examines the distribution of the labels added 
to nearby pixels, and selects a label of high frequency as a 
label of the pixel(step S56 in FIG. 23). When labels are 
determined for all the pixels in the building area (step S57 
in FIG. 23), the DEM data modifying means 34 replaces the 

10 value of each pixel with the representative value set for the 
label (step S58 in FIG. 23). This processing of replacement 
of representative values by the DEM data modifying means 
34 is similar to that described above using FIGS. 11 to 15. 

As described above, since the three-dimensional data is 
15 all obtained automatically on the computer by the stereo 

processing means 2, the DEM data automatically correcting 
means 3 and the building external shape information detect­
ing means 6, operations by operators are not required. 

Also, by correcting three-dimensional data based on 
20 information of external shape of buildings with the three­

dimensional data extracted and analyzed only from the 
satellite images, three-dimensional data more accurate than 
those by conventional methods can be obtained even in the 
case where the map data cannot be obtained and where 

25 information described in the map data does not match the 
satellite images because the information is old and so on. 

In addition, specific process operations according to the 
third embodiment of the present invention will be described. 
The third embodiment of the present invention is similar to 

30 the above described first embodiment of the present inven­
tion in that satellite stereoimages as described above previ­
ously stored in the satellite image storing means 1 are first 
given to the stereo processing means 2, and the stereo 
matching processing is automatically performed on the 

35 computer in the same fashion as a conventional method, 
Also, it is similar to the above described first embodiment of 
the present invention in that images of the three-dimensional 
data as shown in FIG. 6 are obtained by using stereo 

For the three-dimensional data obtained by the stereo 
matching processing, the DEM data automatically correct­
ing means 3 uses the information of external shape of 
buildings obtained from the satellite image itself by the 
building external shape information detecting means 6 to 
correct automatically erroneous data in three-dimensional 40 

data (step S44 in FIG. 22). 

matching by the area correlation method. 
The satellite stereo images stored in the satellite image 

storing means 1 are further analyzed by the building external 
shape information detecting means 6, and for the photo­
graphed building, vector information showing its external 
shape is extracted. Specifically, groups composed mainly of 

In the DEM data automatically correcting means 3, the 
registration means 31 superimposes the three-dimensional 
data on the information of external shape of buildings 
obtained by the building external shape information detect­
ing means 6 (step S51 in FIG. 23). In this case, since the 
images to be used as the reference are the same, transfor­
mation processing for matching geodetic systems is not 
usually required. 

The area setting means 32 sets the internally included 
three-dimensional data as a building candidate area for each 
superimposed building area (step S52 in FIG. 23). For each 
set building candidate area, the in-area histogram analysis 
means 33 performs statistic analysis to obtain a histogram, 
and so on for the three-dimensional data included in the area 
(step S53 in FIG. 23). 

For each area, the DEM data modifying means 34 selects 
several values exhibiting high frequency, and replaces those 
values of selected points with the value of highest frequency 

45 lines such as rectangles, among closed curve groups 
obtained by binarizing results of edge detection for the 
satellite image and sublinearizing the same to perform 
coupling processing, are selected, and a vector sequence 
connecting each apex is obtained as information of the 

50 external shape of buildings. 
Also, operation of correcting automatically erroneous 

data in the three-dimensional data obtained by the DEM data 
automatically correcting means 3 is performed, but in this 
embodiment, the information of the external shape of build-

55 ings obtained from the satellite image itself by the above 
described building external shape information detecting 
means 6 is used to correct the three-dimensional data in the 
same fashion as the first embodiment of the present inven-

in the three-dimensional data near those selected points in 60 

the three-dimensional data within the area to modify the 
three-dimensional data. 

tion. The above described process operation is the process 
operation of the third embodiment of the present invention. 

FIG. 24 is a block diagram showing the configuration of 
the stereo image processing apparatus according to the 
fourth embodiment of the present invention. In FIG. 24, the 
stereo image processing apparatus according to the fourth 

That is, the DEM data modifying means 34 selects several 
values of high frequency from the histogram of each area as 
a representative value of the area (step S54 in FIG. 23), and 
adds labels corresponding to the representative value for 
pixels having values of DEM data in the range extending 

65 embodiment of the present invention comprises satellite 
image storing means 1, stereo processing means 2, DEM 
data automatically correcting means 3, map data storing 
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means 4, building external shape information detecting 
means 6 and building external shape information comparing/ 
combining means 7. 

22 
combining the building external shape information extracted 
by the building external shape information detecting means 
6 with the building external shape information included in 
the map data stored in the map data storing means 4 (step The satellite image storing means 1 stores satellite image 

data. The stereo processing means 2 subjects the satellite 
image data obtained from the satellite image storing means 
1 to stereo matching processing to generate three-dimen­
sional data. The DEM data automatically correcting means 

5 S64 in FIG. 25). 

3 automatically corrects erroneous data to be corrected such 
as noises and losses in the three-dimensional data obtained 10 

from the stereo processing means 2, by using information of 
external shape of buildings and the like obtained separately 
from the building external shape information comparing/ 
combining means 7. 

Specifically, a time when map data is created is often 
different from a time when the satellite image is obtained, 
and there are cases where the map data corresponding to 
photographed new buildings does not exist, and therefore if 
the information of the external shape of buildings is obtained 
from the satellite image by the building external shape 
information extracting means 6 in an area with no buildings 
existing on the map data, it is assumed that buildings exist, 
while in contrast, if the information of the external shape of 

The map data storing means 4 provides map data such as 
information of the external shape of buildings. The building 
external shape information detecting means 6 analyzes the 
satellite image stored in the satellite image storing means 1 
to extract the information of the external shape of buildings. 
The building external shape information comparing/com­
bining means 7 compares and combines the information of 
the external shape of buildings of the map data provided 
from the map data storing means 4 with the information of 
the external shape of buildings extracted by the building 
external shape information detecting means 6. 

15 buildings is obtained from map data for an area for which the 
information of the external shape of buildings cannot be 
obtained from the satellite image, it is assumed that no 
buildings exist in the area. An area with the external shape 
of buildings obtained from both the map data and satellite 

20 image can be treated as an area in which buildings exist as 
a matter of course, but if there is a large deviation, the map 
data is essentially used on a preferential basis. 

For the three-dimensional data obtained by the stereo 
matching processing, the DEM data automatically correct-

25 ing means 3 uses the information of the external shape of 
buildings combined by the building external shape informa­
tion comparing/combining means 7 to correct automatically 
erroneous data in three-dimensional data (step S65 in FIG. 

Since the DEM data automatically correcting means 3 in 
the fourth embodiment of the present invention is similar in 
configuration to the DEM data automatically correcting 
means 3 in the first embodiment of the present invention 
shown in FIG. 2 except that information of the external 30 

shape of buildings is inputted from the building external 
shape information comparing/combining means 7, descrip­
tion of its configuration is not presented here. 

FIG. 25 is a flowchart showing operations of the stereo 
image processing apparatus according to the fourth embodi- 35 

ment of the present invention, and FIG. 26 is a flowchart 
showing operations of the DEM data automatically correct­
ing means 3 in FIG. 24. Operations of the stereo image 
processing apparatus according to the fourth embodiment of 
the present invention will be described referring to these 40 

FIGS. 24 to 26. 
First, a plurality of images obtained by photographing the 

same point on the ground from different viewpoint from the 
satellite, namely satellite stereo images are stored in the 
satellite image storing means 1 (step S61 in FIG. 25), and 45 

those satellite stereo images are given to the stereo process­
ing means 2 and the building external shape information 
detecting means 6. 

The stereo processing means 2 automatically subjects the 
obtained satellite stereo images to stereo matching process- 50 

ing to generate three-dimensional data showing geographic 
features around the photographed point (step S62 in FIG. 
25). Also in this embodiment, no limits imposed are on 
methodologies for use in the stereo matching processing as 
in the case of the first embodiment of the present invention. 55 

The building external shape information detecting means 
6 analyzes the obtained satellite stereo images, and extracts 
vector information showing the external shape for the pho­
tographed building (step S63 in FIG. 25). Specifically, in the 
building external shape information detecting means 6, 60 

groups composed mainly of lines such as rectangles, among 
closed curve groups obtained by binarizing results of edge 
detection for the image and sublinearizing the same to 
perform coupling processing, are selected as the information 

25). 
In the DEM data automatically correcting means 3, the 

registration means 31 superimposes the three-dimensional 
data on the information of the external shape of buildings 
combined by the building external shape information com-
paring/combining means 7 (step S71 in FIG. 25). 

The area setting means 32 sets the internally included 
three-dimensional data as a building candidate area for each 
superimposed building area (step S72 in FIG. 26). For each 
set building candidate area, the in-area histogram analysis 
means 33 performs statistic analysis to obtain a histogram, 
and so on for three-dimensional data values included in the 
area (step S73 in FIG. 26). 

For each area, the DEM data modifying means 34 selects 
several values exhibiting high frequency, and replaces those 
values of selected points with the value of highest frequency 
in the three-dimensional data near those selected points in 
the three-dimensional data within the area to modify three­
dimensional data. 

That is, the DEM data modifying means 34 selects several 
values of high frequency from the histogram of each area as 
a representative value of the area (step S74 in FIG. 26), and 
adds labels corresponding to the representative value for 
pixels having values of the DEM data in the range extending 
from the representative value to a predetermined threshold, 
of respective pixels in the area (step S75 in FIG. 26). 

Thereafter, for each pixel remaining without being asso­
ciated with the representative value, the DEM data modify­
ing means 34 examines the distribution of the labels added 
to nearby pixels, and selects a label of high frequency as a 
label of the pixel (step S76 in FIG. 26). When labels are 
determined for all the pixels in the building area (step S77 
in FIG. 26), the DEM data modifying means 34 replaces the 
value of each pixel with the representative value set for the 
label (step S78 in FIG. 26). This processing of replacement 

of the external shape of buildings. 
The building external shape information comparing/com­

bining means 7 performs processing of comparing and 

65 of the representative value by the DEM data modifying 
means 34 is similar to that described above using FIGS. 11 
to 15. 
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As described above, since three-dimensional data is all 
obtained automatically on the computer by the stereo pro­
cessing means 2, the DEM data automatically correcting 
means 3, the building external shape information detecting 
means 6 and the building external shape information com­
paring/combining means 7, operations by operators are not 
required. 

24 
thereof is defined as final information of external shape of 
buildings by using the map data. 

If a corresponding building does not exist in the map data 
in spite of the fact that external shape information of the 

5 building has been obtained from the image, it is selected as 
a newly constructed building. On the other hand, if a 
corresponding building cannot be obtained in the image in 
spite of the fact that the building exists in the map data, it is Also, since the building external shape information in the 

map data and the building external shape information 
obtained by analyzing the satellite images are used in 10 

combination, three-dimensional data more accurate than 
those by conventional methods can be obtained even when 
information described in the map data is different from the 
satellite images, and influence of errors when the satellite 
images are analyzed can be reduced because a higher 
priority is given to the map data in the common area. 

assumed that the building does not exist in the area. 
In addition, the final information of the external shape of 

buildings obtained through processing as described above by 
the DEM data automatic processing means 3 is used to 
correct automatically the three-dimensional data in the same 
fashion as the first embodiment of the present invention. The 

15 above described process operations are the process opera­
tions of the fourth embodiment of the present invention. 

In addition, specific process operations according to the 
fourth embodiment of the present invention will be 
described. The fourth embodiment of the present invention 
is similar to the above described first embodiment of the 
present invention in that the satellite stereo images as 
described above previously stored in the satellite image 
storing means 1 are first given to the stereo processing 
means 2, and the stereo matching processing is automati­
cally performed on the computer in the same fashion as a 
conventional method. Also, it is similar to the above 
described first embodiment of the present invention in that 
the images of the three-dimensional data as shown in FIG. 
6 are obtained by using stereo matching by the area corre­
lation method. 

FIG. 27 is a block diagram showing-the configuration of 
the stereo image processing apparatus according to the fifth 
embodiment of the present invention. In FIG. 27, the stereo 

20 image processing apparatus according to the fifth embodi­
ment of the present invention comprises satellite image 
storing means 1, stereo processing means 2, DEM data 
automatically correcting means 3, map data storing means 4, 
area information extracting means 5, building external shape 

25 information detecting means 6 and building external shape 
information comparing/combining means 7. 

The satellite image storing means 1 stores satellite image 
data. The stereo processing means 2 subjects the satellite 
image data obtained from the satellite image storing means 

30 1 to stereo matching processing to generate three-dimen­
sional data. The DEM data automatically correcting means 
3 automatically corrects erroneous data to be corrected such 
as noises and losses in the three-dimensional data obtained 

The satellite stereo images stored in the satellite image 
storing means 1 are further analyzed by the building external 
shape information detecting means 6, and for the photo­
graphed building, vector information showing its external 
shape is extracted by a method similar to that of the third 35 

embodiment of the present invention. 

by the stereo processing means 2, by using information of 
external shape of buildings and the like obtained separately 
from the building external shape information comparing/ 
combining means 7. 

The obtained vector information is given to the building 
external shape information comparing/combining means 7 
together with data showing the external shapes of buildings 

40 
in the map stored in the map data storing means 4, and 
processing of combining the external shapes of buildings is 
performed. 

The map data storing means 4 provides map data such as 
information of the external shape of buildings. The area 
information extracting means 5 extracts area information 
such as land use on the map of roads/railroads/rivers/sea and 
the like from the map data. The building external shape 
information detecting means 6 analyzes the satellite image 
stored in the satellite image storing means 1 to the extract If a time when the map data is created is different from a 

time when the satellite image is obtained, there are many 
cases where information does not match each other because 
map data corresponding to a new building does not exist, or 
a building that would have existed for the map data has 
already been demolishes at the time of taking a picture for 
the satellite image and thus the building is not photographed. 
Since it can be considered that usually, new satellite images 
can be obtained relatively easily compared to the map data 
requiring a long period before it is created, processing as 
described below is performed considering that the satellite 
image is the latest. 

First, the information of the external shape of buildings 
obtained from the image by the building external shape 
information extracting means 6 is compared with the infor­
mation of the external shape of buildings in the map stored 

45 information of the external shape of buildings. The building 
external shape information comparing/combining means 7 
compares and combines the information of the external 
shape of buildings of the map data provided from the map 
data storing means 4 with the information of the external 

50 shape of buildings extracted by the building external shape 
information detecting means 6. 

Since the DEM data automatically correcting means 3 in 
the fifth embodiment of the present invention is similar in 
configuration to the DEM data automatically correcting 

55 means 3 in the second embodiment of the present invention 
shown in FIG. 17 except that information of the external 
shape of buildings is inputted from the building external 
shape information comparing/combining means 7, descrip-
tion of its configuration is not presented here. 

FIG. 28 is a flowchart showing operations of the stereo 
image processing apparatus according to the fifth embodi­
ment of the present invention, and FIG. 29 is a flowchart 
showing operations of the DEM data automatically correct­
ing means 3 in FIG. 27. Operations of the stereo image 

in the map data storing means 4, and a pair of the informa- 60 

tion of the external shape of buildings, which exist at 
locations only a little way from each other and of which 
difference in areas is smaller than a predetermined value and 
ratio of the common part is larger than a predetermined 
value, is made to correspond to each other as information 
indicating the same building. This building is considered as 

65 processing apparatus according to the fifth embodiment of 
the present invention will be described referring to these 
FIGS. 27 to 29. a permanently existing building, and the external shape 
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First, a plurality of images obtained by photographing the 
same point on the ground from different viewpoints from the 
satellite, namely satellite stereo images are stored in the 
satellite image storing means 1 (step S81 in FIG. 28), and 
those satellite stereo images are given to the stereo process- 5 

ing means 2 and the building external shape information 
detecting means 6. 

The stereo processing means 2 automatically subjects the 
obtained satellite stereo images to stereo matching process­
ing to generate the three-dimensional data showing geo- 10 

graphic features around the photographed point (step S82 in 
FIG. 28). Also in this embodiment, no limits are imposed on 
methodologies for use in the stereo matching processing as 
in the case of the first embodiment of the present invention. 

The building external shape information detecting means 15 

6 analyzes the obtained satellite stereo images, and extracts 
vector information showing the external shape for the pho­
tographed building (step S83 in FIG. 28). Specifically, in the 
building external shape information detecting means 6, 
groups composed mainly of lines such as rectangles, among 20 

closed curve groups obtained by binarizing results of edge 
detection for the image and sublinearizing the same to 
perform coupling processing, are selected as the information 
of the external shape of buildings. 

The building external shape information comparing/com- 25 

bining means 7 performs processing of comparing and 
combining the building external shape information extracted 
by the building external shape information detecting means 
6 with the building external shape information included in 
the map data stored in the map data storing means 4 (step 30 

S84 in FIG. 28). Since this combination processing is similar 
to that of the above described fourth embodiment of the 
present invention, description thereof is not presented here. 

For the three-dimensional data obtained by the stereo 
matching processing, the DEM data automatically correct- 35 

ing means 3 uses in combination the area information such 

26 
sponding to area information of the above described each 
land uses (step S94 in FIG. 29). Since the setting of the 
modification conditions of three-dimensional data by the 
modification condition setting means 35 is similar to that of 
the above described second embodiment of the present 
invention, description thereof is not presented here. 

For each area, the DEM data modifying means 34 selects 
several values exhibiting high frequency in accordance with 
the modification conditions for each area set in the modifi­
cation condition setting means 35, and replaces those values 
of selected points with the value of highest frequency in the 
three-dimensional data near those selected points in the 
three-dimensional data within the area to modify three­
dimensional data. 

That is, for each area, the DEM data modifying means 34 
selects several values of high frequency from the histogram 
of each area as a representative value of the area in accor­
dance with the modification conditions for each set area 
(step S95 in FIG. 29), and adds labels corresponding to the 
representative value for pixels having values of DEM data in 
the range extending from the representative value to a 
predetermined threshold, of respective pixels in the area 
(step S96 in FIG. 29). 

Thereafter, for each pixel remaining without being asso­
ciated with the representative value, the DEM data modify­
ing means 34 examines the distribution of the labels added 
to nearby pixels, and selects a label of high frequency as a 
label of the pixel (step S97 in FIG. 29). When labels are 
determined for all the pixels in the building area (step S98 
in FIG. 29), the DEM data modifying means 34 replaces the 
value of each pixel with the representative value set for the 
label (step S99 in FIG. 29). This processing of replacement 
of representative values by the DEM data modifying means 
34 is similar to that described above using FIGS. 11 to 15. 

As described above, since three-dimensional data is all 
obtained automatically on the computer by the stereo pro­
cessing means 2, the DEM data automatically correcting 
means 3, the area information extracting means 5, the 
building external shape information detecting means 6 and 

as land use on the map of roads/railroads/rivers/sea and the 
like extracted from the map data by the area information 
extracting means 5 and the combined information of the 
external shape of buildings obtained from the building 
external shape comparing/combining means 7 to correct 
automatically erroneous data in the three-dimensional data 
(step S85 in FIG. 28). 

40 the building external shape information comparing/combin­
ing means 7, operations by operators are not required. 

In the DEM data automatically correcting means 3, the 
registration means 31 superimposes the three-dimensional 
data on the area information such as land use on the map of 
roads/railroads/rivers/sea and the like extracted from the 
map data by the area information extracting means 5 and the 
information of the external shape of buildings combined by 
the building external shape information comparing/combin­
ing means 7 (step S91 in FIG. 29). 

The area dividing means 36 sets as a building candidate 
area the three-dimensional data included inside for each 
building area in the superimposed map data, and spatially 
divides the tree-dimensional data based on area information 
of roads/railroads/rivers/sea and the like obtained from the 
area information extracting means 5 (step S92 in FIG. 29). 
Since the division process by the area dividing means 36 is 
similar to that of the above described second embodiment of 

Also, as in the case of the above described fourth embodi­
ment of the present invention, since the building external 
shape information in the map data and the building external 

45 shape information obtained by analyzing the satellite images 
are used in combination, the three-dimensional data more 
accurate than those by conventional methods can be 
obtained even when information described in the map data 
is different from the satellite images, and influence of errors 

50 when the satellite images are analyzed can be reduced 
because a higher priority is given to the map data in the 
common area. 

In addition, since three-dimensional data modification 
conditions corresponding to area information in the map 

55 data are set to correct erroneous data included in the three-
dimensional data, the three-dimensional data more accurate 
than those by conventional methods can be obtained not 
only in building areas but in other areas. 

the present invention, the description thereof is not pre- 60 

sented here. 

FIG. 30 is a schematic diagram showing one example of 
the map data including area information. Specific operations 
of the fifth embodiment of the present invention will be 
described referring to this FIG. 30. The fifth embodiment of 
the present invention is similar to the above described first 
embodiment of the present invention in that the satellite 

For each area set by the area dividing means 36, the 
in-area histogram analysis means 33 performs statistic 
analysis to obtain a histogram, and soon for three-dimen­
sional data values included in the area (step S93 in FIG. 29). 
The modification condition setting means 35 defines modi­
fication conditions for the three-dimensional data corre-

65 stereo images as described above previously stored in the 
satellite image storing means 1 are first given to the stereo 
processing means 2, and the stereo matching processing is 
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automatically performed on the computer in the same fash­
ion as a conventional method. Also, it is similar to the above 
described first embodiment of the present invention in that 
images of three-dimensional data as shown in FIG. 6 are 
obtained by using stereo matching by the area correlation 5 

method. 

28 
matically correcting means 3. The DEM data comparing 
means 9 compares three-dimensional data previously stored 
in the DEM data storing means 8 with the modified three-
dimensional data outputted from the DEM data automati­
cally correcting means 3. The map data modifying means 10 
modifies the map data stored in the map data storing means 
4, based on differential information of the past three dimen­
sional data and current three-dimensional data obtained by 
the DEM data comparing means 9. 

Since the DEM data automatically correcting means 3 in 
the sixth embodiment of the present invention is similar in 
configuration to the DEM data automatically correcting 
means 3 in the first embodiment of the present invention 
shown in FIG. 2 except that the information of the external 

The satellite stereo images stored in the satellite image 
storing means 1 are further analyzed by the building external 
shape information detecting means 6, and for the photo­
graphed building, vector information showing its external 10 

shape is extracted by a method similar to that of the above 
described third embodiment of the present invention. The 
obtained vector information is given to the building external 
shape information comparing/combining means 7 together 
with data showing the external shapes of buildings in the 
map stored in the map data storing means 4, and processing 

15 shape of buildings is inputted from the building external 
shape information comparing/combining means 7, descrip­
tion of its configuration is not presented here. of combining the external shapes of buildings is performed. 

This combination processing is similar to operations of the 
building external shape information comparing/combining 
means 7 in the above described fourth embodiment of the 
present invention. 

FIG. 32 is a flowchart showing operations of the stereo 
image processing apparatus according to the sixth embodi-

20 ment of the present invention, and FIG. 33 is a flowchart 
showing operations of the DEM data automatically correct­
ing means 3 in FIG. 31. Operations of the stereo image 
processing apparatus according to the sixth embodiment of 
the present invention will be described referring to these 

Also, area information of roads, forests, water areas and 
the like is extracted from map data included in the the map 
data storing means 4 and as shown in FIG. 30 by the area 
information extracting means 5, and is given to the DEM 
data automatically correcting means 3 along with the build­
ing external shape information obtained by the above 
described process, and processing of correcting three-di­
mensional data is automatically performed in the same 
fashion as the second embodiment of the present invention. 30 

The above described operations are the process operations 
according to the fifth embodiment of the present invention. 

25 FIGS. 31 to 32. 

FIG. 31 is a block diagram showing the configuration of 
the stereo image processing apparatus according to the sixth 
embodiment of the present invention. In FIG. 31, the stereo 35 

image processing apparatus according to the sixth embodi­
ment of the present invention comprises satellite image 
storing means 1, stereo processing means 2, DEM data 
automatically correcting means 3, map data storing means 4, 
building external shape information detecting means 6, 40 

building external shape information comparing/combining 
means 7, DEM data storing means 8, DEM data comparing 
means 9 and map data modifying means 10. 

The satellite image storing means 1 stores satellite image 
data. The stereo processing means 2 subjects the satellite 45 

image data obtained from the satellite image storing means 
1 to stereo matching processing to generate three-dimen­
sional data. The DEM data automatically correcting means 
3 automatically corrects erroneous data to be corrected such 
as noises and losses in the three-dimensional data obtained 50 

from the stereo processing means 2, by using information of 
external shape of buildings and the like obtained separately 
from the building external shape information comparing/ 
combining means 7. 

The map data storing means 4 provides map data such as 55 

the information of the external shape of buildings. The 
building external shape information detecting means 6 ana­
lyzes the satellite image stored in the satellite image storing 
means 1 to extract the information of the external shape of 
buildings. The building external shape information compar- 60 

ing/combining means 7 compares and combines the infor­
mation of the external shape of buildings of the map data 
provided from the map data storing means 4 with the 
information of the external shape of buildings extracted by 
the building external shape information detecting means 6. 65 

The DEM data storing means 8 stores the modified 
three-dimensional data outputted from the DEM data auto-

First, a plurality of images obtained by photographing the 
same point on the ground from different viewpoints from the 
satellite, namely the satellite stereo images are stored in the 
satellite image storing means 1 (step SlOl in FIG. 32), and 
those satellite stereo images are given to the stereo process­
ing means 2 and the building external shape information 
detecting means 6. 

The stereo processing means 2 automatically subjects the 
obtained satellite stereo images to stereo matching process­
ing to generate the three-dimensional data showing geo­
graphic features around the photographed point (step S102 
in FIG. 32). Also in this embodiment, no limits are imposed 
on methodologies for use in the stereo matching processing 
as in the case of the first embodiment of the present 
invention. 

The building external shape information detecting means 
6 analyzes the obtained satellite stereo images, and extracts 
vector information showing the external shape for the pho­
tographed building (step S103 in FIG. 32). Specifically, in 
the building external shape information detecting means 6, 
groups composed mainly of lines such as rectangles, among 
closed curve groups obtained by binarizing results of edge 
detection for the image and sublinearizing the same to 
perform coupling processing, are selected as the information 
of the external shape of buildings. 

The building external shape information comparing/com­
bining means 7 performs processing of comparing and 
combining the building external shape information extracted 
by the building external shape information detecting means 
6 with the building external shape information included in 
the map data stored in the map data storing means 4 (step 
S104 in FIG. 32). Specifically, this combination processing 
is performed in the same fashion as the above described 
fourth embodiment of the present invention. 

For the three-dimensional data obtained by the stereo 
matching processing, the DEM data automatically correct­
ing means 3 uses the information of the external shape of 
buildings combined by the building external shape informa­
tion comparing/combining means 7 to correct automatically 
erroneous data in three-dimensional data (step S105 in FIG. 
36). 
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shape information obtained by analyzing the satellite images 
are used in combination, the three-dimensional data more 
accurate than those by conventional methods can be 
obtained even when information described in the map data 

In the DEM data automatically correcting means 3, the 
registration means 31 superimposes the three-dimensional 
data on the information of the external shape of buildings 
combined by the building external shape information com­
paring/combining means 7 (step Slll in FIG. 33). 

The area setting means 32 sets the internally included 
three-dimensional data as a building candidate area for each 
superimposed building area (step Sl12 in FIG. 33). For each 

5 is different from the satellite images, and influence of errors 
when the satellite images are analyzed can be reduced 
because a higher priority is given to the map data in the 
common area. 

set building candidate area, the in-area histogram analysis 
means 33 performs statistic analysis to obtain a histogram, 10 

and so on for three-dimensional data included in the area 
(step Sl13 in FIG. 33). 

For each area, the DEM data modifying means 34 selects 
several values exhibiting high frequency, and replaces those 
values of selected points with the value of highest frequency 15 

in the three-dimensional data near those selected points in 
the three-dimensional data within the area to modify three­
dimensional data. 

In addition, since the map data is updated from differential 
information relative to the past result of extraction of the 
three-dimensional data, the embodiment can be applied even 
when new map data cannot be obtained for an area in which 
the satellite image is formed, and the updated map data itself 
can be used for creation of maps, geographic information 
systems and the like. 

Specific operations according to the sixth embodiment of 
the present invention will now be described. The sixth 
embodiment of the present invention is similar to the above 
described first embodiment of the present invention in that That is, the DEM data modifying means 34 selects several 

values of high frequency from the histogram of each area as 
a representative value of the area (step Sl14 in FIG. 33), and 
adds labels corresponding to the representative value for 
pixels having values of DEM data in the range extending 
from the representative value to a predetermined threshold, 
of respective pixels in the area (step Sl15 in FIG. 33). 

20 the satellite stereo images as described above previously 
stored in the satellite image storing means 1 are first given 
to the stereo processing means 2, and the stereo matching 
processing is automatically performed on the computer in 
the same fashion as a conventional method. Also, it is similar 

Thereafter, for each pixel remaining without being asso­
ciated with the representative value, the DEM data modify­
ing means 34 examines the distribution of the labels added 

25 to the above described first embodiment of the present 
invention in that images of the three-dimensional data as 
shown in FIG. 6 are obtained by using the stereo matching 
by the area correlation method. 

The satellite stereo images stored in the satellite image to nearby pixels, and selects a label of high frequency as a 
label of the pixel (step Sl16 in FIG. 33). When labels are 
determined for all the pixels in the building area (step Sll 7 
in FIG. 33), the DEM data modifying means 34 replaces the 
value of each pixel with the representative value set for the 
label (step Sl18 in FIG. 33). This processing of replacement 
of representative values by the DEM data modifying means 
34 is similar to that described above using FIGS. 11 to 15. 

30 storing means 1 are further analyzed by the building external 
shape information detecting means 6, and for the photo­
graphed building, vector information showing its external 
shape is extracted by a method similar to that of the above 
described third embodiment of the present invention. The 

The DEM data storing means 8 stores the three-dimen­
sional data obtained as described above (step S106 in FIG. 
32), and when processing is performed for a satellite image 
obtained by photographing the same point at a different time, 
the DEM data comparing means 9 reads its three-dimen­
sional data from the DEM data storing means 8, and 
compares the three-dimensional data with the newly 
obtained three-dimensional data (step S107 in FIG. 32). 

35 obtained vector information is given to the building external 
shape information comparing/combining means 7 along 
with data showing external shapes of buildings in the map 
stored in the map data storing means 4, and processing of 
combining the external shapes of buildings is performed. 

40 This combination processing is similar to operations of the 
building external shape information comparing/combining 
means 7 in the above described fourth embodiment of the 
present invention. 

Specifically, for example, buildings and the like that did 45 

not exist at a time point in the past when a picture was taken 
for the satellite image, but are photographed in a new 
satellite image are detected by the building external shape 
information detecting means 6, and are recorded as build­
ings by the building external shape information comparing/ 50 

combining means 7, and thus they exist in three-dimensional 
data but do not exist in the map data. 

The map data modifying means 10 modifies the map data 
stored in the map data storing means 4 in accordance with 
differential information obtained by examining areas of 55 

which situations have been changed (steps S108 and S109 in 
FIG. 32). 

As described above, since the three-dimensional data is 
all obtained automatically on the computer by the stereo 
image processing means 2, the DEM data automatically 60 

correcting means 3, the building external shape information 
detecting means 6 and the building external shape informa­
tion comparing/combining means 7, operations by operators 
are not required. 

Also, as in the case of the above described fourth embodi- 65 

ment of the present invention, since the building external 
shape information in the map data and the building external 

Also, by the DEM data automatically correcting means 3, 
the final building external shape information obtained by 
processing as described above is used to correct automati­
cally the three-dimensional data in the same fashion as the 
first embodiment of the present invention. The DEM data 
storing means 8 stores the three-dimensional data corrected 
by a method described above. When a satellite image 
obtained by photographing the same point at a different time 
is processed, the DEM data comparing means 9 reads the 
past DEM data from the DEM data storing means 8, and 
compares the DEM data with the newly obtained three­
dimensional data. 

FIGS. 34 to 38 illustrate DEM data comparison process­
ing by the DEM data comparing means 9 in FIG. 31, and 
FIG. 39 shows map data modified according to the sixth 
embodiment of the present invention. Processing of modi­
fying map data according to the six embodiment of the 
present invention will be described referring to the FIG. 30 
and FIGS. 34 to 39. 

FIG. 30 shows an example of the map data stored in the 
map data storing means 4, and FIG. 34 shows an example of 
the satellite stereo images obtained by photographing the 
surroundings of the point corresponding to this map data at 
a time in the past. The DEM data as shown in FIG. 35, 
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obtained in the DEM data automatically correcting means 3 
by the above described processing for FIG. 34 is stored in 
the DEM data storing means 8 together with information of 
date and time when they were photographed for the image. 

32 
image data obtained from the satellite image storing means 
1 to stereo matching processing to generate three-dimen­
sional data. The DEM data automatically correcting means 

On the other hand, an example of the satellite stereo 5 

images obtained by newly photographing the surroundings 

3 automatically corrects erroneous data to be corrected such 
as noises and losses in the three-dimensional data obtained 
from the stereo processing means 2, by using information of 

of the same point is shown in FIG. 36. New buildings that 
have not existed at a previous time and are not imaged in 
FIG. 34 are imaged as buildings h and i in FIG. 36. When 
the satellite stereo images are stored in the satellite image 10 

storing means 1, and the three-dimensional data is calculated 

external shape of buildings and the like obtained separately 
from the building external shape information comparing/ 
combining means 7. 

The map data storing means 4 provides map data such as 
the external shapes of buildings. The area information 
extracting means 5 extracts area information such as land 
use on the map of roads/railroads/rivers/sea and the like 
from the map data. The building external shape information 
detecting means 6 analyzes the satellite image stored in the 
satellite image storing means 1 to extract information of the 

by the above described method as in the case of the past 
satellite images shown in FIG. 34, and is corrected auto­
matically, the DEM data as shown in FIG. 37 is newly 
obtained as output from the DEM data automatically cor- 15 

recting means 3. 
The obtained DEM data is stored in the DEM data storing 

means 8 together with photographing time information of 
the satellite images, and is given to the DEM data comparing 
means 9. The DEM data comparing means 9 reads the DEM 20 

data in the same point in the past as shown in FIG. 35, stored 
previously in the DEM data storing means 8, and superim­
poses the DEM data on the newly obtained DEM data as 
shown in FIG. 37 to determine differential data. 

external shape of buildings. The building external shape 
information comparing/combining means 7 compares and 
combines the information of the external shape of buildings 
of the map data provided from the map data storing means 
4 with the information of the external shape of buildings 
extracted by the building external shape information detect­
ing means 6. 

The DEM data storing means 8 stores modified three-
For example, according to differences between the DEM 

data in FIGS. 35 and 37, the differential data as shown in 
FIG. 38 is obtained. For buildings imaged in the both 
images, similar height information is obtained in each DEM 
data, and therefore a value almost equal to O is given as the 
difference, but buildings that did not exist in the past image 
are obtained as areas having differential values such as the 
building h shown in FIG. 38. 

Similarly, for buildings that existed in the past image but 
have been lost due to demolition and the like, and buildings 

25 dimensional data outputted from the DEM data automati­
cally correcting means 3. The DEM data comparing means 
9 compares the three-dimensional data previously stored in 
the DEM data storing means 8 with the modified three­
dimensional data outputted from the DEM data automati-

30 cally correcting means 3. The map data modifying means 10 
modifies the map data stored in the map data storing means 
4, based on differential information of the past three dimen­
sional data and current three-dimensional data obtained by 
the DEM data comparing means 9. 

of which shapes and heights have been changed due to 35 

reconstruction, corresponding differential areas are 
obtained. 

The DEM data automatically correcting means 3 in the 
seventh embodiment of the present invention is similar in 
configuration to the DEM data automatically correcting 
means 3 in the second embodiment of the present invention 
shown in FIG. 17 except that information of external shape 

Binarization/outline extraction is carried out from the 
obtained differential areas, whereby outline information for 
changed buildings is obtained. Up to this point, detailed 
DEM data comparison processing carried out by the DEM 
data comparing means 9 has been described. 

The map data modifying means 10 modifies the map data 
stored in the map data storing means 4, in accordance with 
differential information obtained through DEM data com­
parison processing by the above described DEM data com­
paring means 9. The result of modifying the map data in 
FIG. 30 based on the building outline information obtained 
from the building h shown in FIG. 38 is shown in FIG. 39. 
It corresponds to a portion with the building h added by the 
map data modifying means 10 in FIG. 39. The above 
operations are the process operations according to the sixth 
embodiment of the present invention. 

FIG. 40 is a block diagram showing the configuration of 
the stereo image processing apparatus according to the 
seventh embodiment of the present invention. In FIG. 40, the 
stereo image processing apparatus according to the seventh 
embodiment of the present invention comprises satellite 
image storing means 1, stereo processing means 2, DEM 
data automatically correcting means 3, map data storing 
means 4, area information extracting means 5, building 
external shape information detecting means 6, building 
external shape information comparing/combining means 7, 
DEM data storing means 8, DEM data comparing means 9 
and map data modifying means 10. 

The satellite image storing means 1 stores satellite image 
data. The stereo processing means 2 subjects the satellite 

40 of buildings is inputted from the building external shape 
information comparing/combining means 7, description of 
its configuration is not presented here. 

FIG. 41 is a flowchart showing operations of the stereo 
image processing apparatus according to the seventh 

45 embodiment of the present invention, and FIG. 42 is a 
flowchart showing operations of the DEM data automati­
cally correcting means 3 in FIG. 40. Operations of the stereo 
image processing apparatus according to the seventh 
embodiment of the present invention will be described 

50 referring to these FIGS. 40 to 42. 
First, a plurality of images obtained by photographing the 

same point on the ground from different viewpoints from the 
satellite, namely satellite stereo images are stored in the 
satellite image storing means 1 (step Sl21 in FIG. 41), and 

55 those satellite stereo images are given to the stereo process­
ing means 2 and the building external shape information 
detecting means 6. 

The stereo processing means 2 automatically subjects the 
obtained stereo images to stereo matching processing to 

60 generate the three-dimensional data showing geographic 
features around the photographed point (step Sl22 in FIG. 
41). Also in this embodiment, no limits are imposed on 
methodologies for use in the stereo matching processing as 

65 

in the case of the first embodiment of the present invention. 
The building external shape information detecting means 

6 analyzes the obtained satellite stereo images, and extracts 
vector information showing the external shape for the pho-
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tographed building (step Sl23 in FIG. 41). Specifically, in 
the building external shape information detecting means 6, 
groups composed mainly of lines such as rectangles, among 
closed curve groups obtained by binarizing results of edge 
detection for the image and sublinearizing the same to 5 

perform coupling processing, are selected as the information 
of the external shape of buildings. 

The building external shape information comparing/com­
bining means 7 performs processing of comparing and 
combining the building external shape information extracted 10 

by the building external shape information detecting means 
6 with the building external shape information included in 
the map data stored in the map data storing means 4 (step 
Sl24 in FIG. 41). Since this combination processing is 
similar to that of the above described fourth embodiment of 15 

the present invention, description thereof is not presented 
here. 

34 
of each area as a representative value of the area in accor­
dance with modification conditions for each set area (step 
Sl35 in FIG. 42), and adds labels corresponding to the 
representative value for pixels having values of the DEM 
data in the range extending from the representative value to 
a predetermined threshold, of respective pixels in the area 
(step Sl36 in FIG. 42). 

Thereafter, for each pixel remaining without being asso­
ciated with the representative value, the DEM data modify­
ing means 34 examines the distribution of the labels added 
to nearby pixels, and selects a label of high frequency as a 
label of the pixel (step Sl37 in FIG. 42). When labels are 
determined for all the pixels in the building area (step Sl38 
in FIG. 42), the DEM data modifying means 34 replaces the 
value of each pixel with the representative value set for the 
label (step Sl39 in FIG. 42). This processing of replacement 
of representative values by the DEM data modifying means 
34 is similar to that described above using FIGS. 11 to 15. 

The DEM data storing means 8 stores three-dimensional 
For the three-dimensional data obtained by the stereo 

matching processing, the DEM data automatically correct­
ing means 3 uses in combination the area information such 
as land use on the map of roads/railroads/rivers/sea and the 
like extracted from the map data by the area information 
extracting means 5 and the combined information of the 
external shape of buildings obtained from the building 
external shape information comparing/combining means 7 
to correct automatically erroneous data in the three-dimen­
sional data (step Sl25 in FIG. 41). 

20 data obtained as described above (step Sl26 in FIG. 41), and 
when processing is performed for a satellite image obtained 
by photographing the same point at a different time, the 
DEM data comparing means 9 reads its three-dimensional 
data from the DEM data storing means 8, and compares the 

In the DEM data automatically correcting means 3, the 
registration means 31 superimposes the three-dimensional 
data on the area information such as land use on the map of 
roads/railroads/rivers/sea and the like extracted from the 
map data by the area information extracting means 5 and the 
information of the external shape of buildings combined by 
the building external shape information comparing/combin­
ing means 7 (step Sl31 in FIG. 42). 

The area dividing means 36 sets as a building candidate 
area the three-dimensional data included inside for each 
building area in the superimposed map data, and spatially 
divides the tree-dimensional data based on area information 

25 three-dimensional data with the newly obtained three-di­
mensional data (step Sl27 in FIG. 41). 

Specifically, for example, buildings and the like that did 
not exist at a time point in the past when a picture was taken 
for the satellite image, but are photographed in a new 

30 satellite image are detected by the building external shape 
information detecting means 6, and are recorded as build­
ings by the building external shape information comparing/ 
combining means 7, and thus they exist in the three-

35 

dimensional data but do not exist in the map data. 
The map data modifying means 10 modifies the map data 

stored in the map data storing means 4 in accordance with 
differential information obtained by examining areas of 
which situations have been changed (steps Sl28 and Sl29 in 
FIG. 41). 

As described above, since the three-dimensional data is 
all obtained automatically on the computer by the stereo 
image processing means 2, the DEM data automatically 
correcting means 3, the building external shape information 
detecting means 6 and the building external shape informa-

of roads/railroads/rivers/sea and the like obtained from the 40 

area information extracting means 5 (step Sl32 in FIG. 42). 
Since the division process by the area dividing means 36 is 
similar to that of the above described second embodiment of 
the present invention, the description thereof is not pre­
sented here. 45 tion comparing/combining means 7, operations by operators 

are not required. For each area set by the area dividing means 36, the 
in-area histogram analysis means 33 performs statistic 
analysis to obtain a histogram, and so on for three-dimen­
sional data values included in the area (step Sl33 in FIG. 
42). The modification condition setting means 35 defines 
modification conditions for the three-dimensional data cor­
responding to area information of the above described each 
land uses (step Sl34 in FIG. 42). Since the setting of 
modification conditions of three-dimensional data by the 
modification condition setting means 35 is similar to that of 
the above described second embodiment of the present 
invention, description thereof is not presented here. 

Also, as in the case of the above described fourth embodi­
ment of the present invention, since the building external 
shape information in the map data and the building external 

50 shape information obtained by analyzing the satellite images 
are used in combination, the three-dimensional data more 
accurate than those by conventional methods can be 
obtained even when information described in the map data 
is different from the satellite images, and influence of errors 

55 when the satellite images are analyzed can be reduced 
because a higher priority is given to the map data in the 
common area. 

For each area, the DEM data modifying means 34 selects 
several values exhibiting high frequency in accordance with 
the modification conditions for each area set in the modifi- 60 

Furthermore, since three-dimensional data modification 
conditions corresponding to area information in the map 
data are set to correct erroneous data included in the three­
dimensional data, the three-dimensional data more accurate cation condition setting means 35, and replaces those values 

of selected points with the value of highest frequency in the 
three-dimensional data near those selected points in the 
three-dimensional data within the area to modify the three­
dimensional data. 

That is, for each area, the DEM data modifying means 34 
selects several values of high frequency from the histogram 

than those by conventional methods can be obtained not 
only in building areas but in other areas. In addition, since 
the map data is updated from the differential information 

65 with the past result of extraction of the three-dimensional 
data, the embodiment can be applied even when new the 
map data cannot be obtained for an area in which the satellite 
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image is formed, and the updated map data itself can be used 
for creation of maps, geographic information systems and 
the like. 

Specific operations according to the seventh embodiment 
of the present invention will now be described. The seventh 
embodiment of the present invention is similar to the above 
described first embodiment of the present invention in that 
the satellite stereo images as described above previously 
stored in the satellite image storing means 1 are first given 
to the stereo processing means 2, and the stereo matching 
processing is automatically performed on the computer in 
the same fashion as a conventional method. Also, it is similar 
to the above described first embodiment of the present 
invention in that images of three-dimensional data as shown 
in FIG. 6 are obtained by using stereo matching by the area 
correlation method. 

The satellite stereo images stored in the satellite image 
storing means 1 are further analyzed by the building external 
shape information detecting means 6, and for the photo­
graphed building, vector information showing its external 
shape is extracted by a method similar to that of the above 
described third embodiment of the present invention. The 
obtained vector information is given to the building external 
shape information comparing/combining means 7 together 
with the data showing the external shapes of buildings in the 
map stored in the map data storing means 4, and processing 
of combining information of the external shapes of buildings 
is performed. This combination processing is similar to 
operations of the building external shape information com­
paring/combining means 7 in the above described fourth 
embodiment of the present invention. 

Also, area information of roads, forests, water areas and 
the like is extracted by the area information extracting 
means 5 from the map data as shown in FIG. 20, included 

36 
disk, a semiconductor memory, a CD-ROM and other 
recording media can be used. 

The program for realizing the above described stereo 
image processing apparatus is read in the data processing 

5 device 12 from the recording medium 14, and controls 
operations of the data processing device 12, secures areas for 
the satellite image storing means 1 and the map data storing 
means 4 in the storage device 13, makes the data processing 
device 12 generate at least the DEM data automatically 

10 correcting means in the first to fifth embodiments of the 
present invention, and controls operations thereof. The data 
processing device 12 carries out the processing same as that 
by the stereo image processing apparatus according to the 
first to fifth embodiments of the present invention, by 

15 controlling the program for realizing the stereo image pro­
cessing apparatus. Also, the program for realizing the above 
described stereo image processing apparatus is read in the 
data processing device 12 from the recording medium 14, 
and controls operations of the data processing device 12, 

20 secures areas for the satellite image storing means 1, the map 
data storing means 4 and the DEM data storing means 8 in 
the storage device 13, makes the data processing device 12 
generate at least the DEM data automatically correcting 
means in the sixth and seventh embodiments of the present 

25 invention, and controls operations thereof. The data process­
ing device 12 carries out the processing same as that by the 
stereo image processing apparatus according to the sixth and 
seventh embodiments of the present invention, by control­
ling the program for realizing the stereo image processing 

30 apparatus. 

in the map data storing means 4, and is given to the DEM 35 

data automatically correcting means 3 together with the 
building external shape information obtained with the above 
described processing, and processing of correcting the three­
dimensional data is automatically performed in the same 
fashion as the above described second embodiment of the 40 

Process operations using the satellite images have been 
described for the aforesaid first to eighth embodiments of the 
present invention, but a pair of stereo images obtained from 
aerial photographs can also be used to perform image 
processing in the same fashion as the first to eighth embodi­
ments of the present invention. In this case, usually, points 
at the ground level are consecutively photographed from an 
aircraft flying in a certain direction at a constant speed so 
that areas overlapping among images are obtained, and those 
images are stored in the satellite image storing means 1 with 
each of the overlapping areas considered as a stereo image. present invention. 

However, unlike the satellite image obtained from pho­
tographing the object to be imaged from a high altitude point 

The DEM data storing means 8 stores the three-dimen­
sional data obtained as described above. When a satellite 
image with the same point imaged at a different time is 
processed in the same manner as that of the sixth embodi­
ment of the present invention, the DEM data comparing 
means 9 reads the past DEM data from the DEM data storing 
means 8, and compares the data with the newly obtained 
three-dimensional data. 

45 
by using a line sensor, the aerial photograph is obtained by 
digitalized with an apparatus such as a scanner an original 
silver salt photograph obtained by photographing the object 
by a camera from a relatively law altitude point, thus 
entailing errors at the time of photographing the object, 

The map data modifying means 10 modifies the map data 
stored in the map data storing means 4 by a method similar 

50 
deformations due to lens aberration and central projection, 
errors at the time of digitalizing photographs, and the like. 

to that of the sixth embodiment of the present invention, in 
accordance with differential information obtained through 
processing of comparing the DEM data by the above 
described DEM data comparing means 9. The above opera- 55 

tions are the process operations according to the seventh 
embodiment of the present invention. 

FIG. 43 is a block diagram showing the configuration of 
the stereo image processing apparatus according to the 
eighth embodiment of the present invention. In FIG. 43, the 60 

stereo image processing apparatus according to the eighth 
embodiment of the present invention comprises an input 
device 11, a data processing device 12, a storage device 13, 
a recording medium 14 and an output device 15. 

A program for realizing the above described stereo image 65 

processing apparatus is recorded in the recording medium 
14. Furthermore, as the recording medium 14, a magnetic 

For camera lens deformation, in the aerial photograph, 
data corrected on the basis of parameters for the camera lens 
at the time of photographing the object can be normally 
obtained, but mismatch occurs due to other deformations at 
the time of map registration, and hence the image should be 
subjected to transformation into a coordinate system used in 
the map data to perform geometric correction. 

In the present invention, the image data is superimposed 
on the map data in such a manner that points showing the 
same coordinates of the both data correspond to each other, 
in the registration means 31 included in the DEM data 
automatically correcting means 3, but in the case where the 
aerial photograph is used instead of the satellite image, the 
aerial photograph is first subjected to transformation into a 
coordinate system for use in the map data, and therefore a 
plurality of corresponding standard points called GCE 



US 6,970,593 B2 
37 

(Ground Control Point) are selected manually from each of 
the image data and the map data. 

Points such as intersections of roads and confluences of 
water areas that can easily be identified are selected as those 
standard points, a geometric transformation factor of affine 5 

transformation or two or more order polynominal transfor­
mation is determined by the least square method, and the 
aerial photograph and the DEM data image are subjected to 
transformation to correspond to the map data. 

By changing the operations of the registration means 31 10 

as described above, the process operations according to the 
present invention can be achieved also for the aerial photo­
graph, by a method similar to that of each of the first to 
eighth embodiments of the present invention. 

In this way, all the processing is automatically performed 15 

on the computer, including processing of correcting the 
three-dimensional data obtained through the stereo process­
ing, whereby the accurate three-dimensional data can be 
obtained from the satellite stereo image and the aerial stereo 
image with no operations of the operator. 20 

Also, the building external shape information obtained 
from the map data or the satellite image by analyzing the 
same is used to correct the three-dimensional data, whereby 
sufficiently accurate three-dimensional data can be obtained 
even for complicated objects such as buildings in urban 25 

areas. 
In addition, land use and area information included in the 

map data is used to correct the three-dimensional data while 
changing conditions depending on each area, whereby the 
three-dimensional data more accurate than those by conven- 30 

tional methods can be obtained even in non-building areas. 
In addition, the building external shape information 

obtained from the satellite image by analyzing the same is 
used to correct the three-dimensional data, whereby the 

35 
three-dimensional data more accurate than those by conven­
tional methods can be obtained even for images of areas of 
which the map data cannot be obtained. 

38 
second time period different from said first time period to 
stereo matching processing to generate second three-dimen­
sional data, comprising: 

data correcting means for correcting erroneous data cor­
rected including at least noises and losses in inputted 
three-dimensional data by using information of exter­
nal shapes of buildings obtained from map data, said 
data correcting means inputting said first three-dimen­
sional data to provide first modified three-dimensional 
data and inputting said second three-dimensional data 
to provide second modified three-dimensional data; 

map data storing means for storing said map data; 
data storing means for storing said first modified three­

dimensional data; 
data comparing means for comparing said first modified 

three-dimensional data stored in said data storing 
means with said second modified three-dimensional 
data; and 

map data modifying means for modifying said map data 
stored in said map data storing means based on differ­
ential information obtained from said data comparing 
means to provide modified two-dimensional map data. 

2. The stereo image processing apparatus according to 
claim 1, wherein said data correcting means comprises: 

registration means for superimposing said inputted three­
dimensional data on said map data; 

area data setting means for setting, for each building 
defining an area in the map data superimposed by said 
registration means, the inputted three-dimensional data 
included in the area as candidate three-dimensional 
data of each building; 

in-area histogram analysis means for obtaining, in each 
area, statistic information from the candidate three­
dimensional data included in the area; and 

data modifying means for modifying, based on the sta­
tistic information in each area obtained by said in-area 
histogram analysis means, the inputted three-dimen­
sional data included in the area. The three-dimensional data and the new three-dimen­

sional data obtained by the above described method are 
compared with each other, and information of difference 
between those data is extracted and incorporated in the map 
data, thereby making it possible to update the map data for 
the imaged area of the satellite image, and use the map data 
for creation of maps, geographic information systems and 
the like. 

40 
3. The stereo image processing apparatus according to 

claim 1, further comprising: 

As described above, according to the present invention, 
the satellite image data obtained from satellite image storing 
means storing satellite image data is subjected to stereo 
matching processing to generate the three-dimensional data, 
and at least information of external shape of buildings 
obtained from the map data of map data storing means 
storing the map data including at least the information of 
external shape of buildings is used to correct automatically 
erroneous data to be corrected including at least noises and 
losses in the three-dimensional data, whereby sufficiently 
accurate three-dimensional data can be obtained from sat­
ellite stereo images and aerial stereo images automatically 
with no operations of operators and even for complicated 
objects such as buildings in urban areas. 

What is claimed is: 

image storing means for storing said first image data. 
4. The stereo image processing apparatus according to 

claim 1, wherein said first flying object is an artificial 

45 satellite, and said first image data is satellite image data 
obtained from said artificial satellite. 

5. The stereo image processing apparatus according to 
claim 1, wherein said first flying object is an aircraft, and 
said first image data is aircraft image data obtained from said 

50 aircraft. 
6. A method of processing first stereo images in which 

first image data obtained from a first flying object during a 
first time period is subjected to stereo matching processing 
to generate first three-dimensional data and processing sec-

55 ond stereo images in which second image data obtained 
from a second flying object during a second time period 
different from said first time period is subjected to stereo 
matching processing to generate second three-dimensional 
data, comprising: 

60 

1. A stereo image processing apparatus subjecting first 
image data obtained from a first flying object (airframe) 
during a first time period to stereo matching processing to 65 

generate first three-dimensional data and subjecting second 
image data obtained from a second flying object during a 

correcting first erroneous data including at least noises 
and losses in said first three-dimensional data by using 
information of external shapes of buildings obtained 
from map data to provide first modified three-dimen­
sional data; 

correcting second erroneous data including at least noises 
and losses in said second three-dimensional data by 
using said information of external shapes of buildings 
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obtained from said map data to provide second modi­
fied three-dimensional data; 

comparing said first modified three-dimensional data with 
said second modified three-dimensional data to provide 
differential information; and 

modifying said map data based on said differential infor­
mation to provide modified two-dimensional map data. 

5 

7. The method according to claim 6, wherein said step of 
correcting first erroneous data comprises the steps of: 

superimposing said first three-dimensional data on said 10 

map data; 

40 
correcting second erroneous data including at least noises 

and losses in said second three-dimensional data by 
using said information of external shapes of buildings 
obtained from said map data to provide second modi­
fied three-dimensional data; 

comparing said first modified three-dimensional data with 
said second modified three-dimensional data to provide 
differential information; and 

modifying said map data based on said differential infor­
mation to provide modified two-dimensional map data. 

13. The stereo image processing apparatus according to 
claim 2, further comprising: 

image storing means for storing said first image data. 
14. A method for correcting two-dimensional map data, 

setting, for each building defining an area in the super­
imposed map data, first three-dimensional data 
included in the area as candidate three-dimensional 
data of each building; 15 comprising: 

obtaining, for each area, statistic information from the 
candidate three-dimensional data included in the area; 
and 

modifying, based on the statistic information in said each 
area, the first three-dimensional data included in the 20 

area to provide first modified three-dimensional data. 
8. The method according to claim 6, wherein said first 

image data is obtained from image storing means for storing 
the first image data. 

9. The method according to claim 6, wherein said map 25 

data is obtained from map storing means for storing the map 
data. 

10. The method according to claim 6, wherein said first 
flying object is an artificial satellite, and said first image data 
is satellite image data obtained from said artificial satellite. 30 

11. The method according to claim 6, wherein said first 
flying object is an aircraft, and said first image data is aircraft 
image data obtained from said aircraft. 

12. A recording medium in which a program for process­
ing stereo images is recorded for making a computer carry 35 

out a process, the process comprising: 
subjecting first image data obtained from a first flying 

object during a first time period to stereo matching 
processing to provide first three-dimensional data; 

subjecting second image data obtained from a second 40 

flying object during a second time period different from 
said first time period to stereo matching processing to 
provide second three-dimensional data; 

correcting first erroneous data including at least noises 
and losses in the first three-dimensional data by using 45 

at least information of external shapes of buildings 
obtained from map data to provide first modified three­
dimensional data; 

subjecting first image data obtained from a first flying 
object during a first time period to stereo matching 
processing to provide first three-dimensional data; 

subjecting second image data obtained from a second 
flying object during a second time period different from 
the first time period to stereo matching processing to 
provide second three-dimensional data; 

correcting the first three-dimensional data based on the 
two-dimensional map data to provide first modified 
three-dimensional data; 

correcting the second three-dimensional data based on the 
two-dimensional map data to provide second modified 
three-dimensional data; 

comparing the first modified three-dimensional data with 
the second modified three-dimensional data to provide 
differential information; and 

correcting the two-dimensional map data based on the 
differential information to provide modified two-di­
mensional map data. 

15. The stereo image processing apparatus of claim 1, 
wherein said second flying object is the same as said first 

flying object. 
16. The method of claim 6, 
wherein said second flying object is the same as said first 

flying object. 
17. The recording medium of claim 12, 
wherein said second flying object is the same as said first 

flying object. 
18. The method of claim 14, 
wherein said second flying object is the same as said first 

flying object. 

* * * * * 




