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(57) ABSTRACT 

A marker arrangement information measuring apparatus 
includes an image acquiring unit configured to acquire a 
captured image, a marker detecting unit configured to detect 
markers from the captured image, a marker identifying unit 
configured to identify the marker detected by the marker 
detecting unit, an arrangement information calculating unit 
configured to calculate arrangement information of the 
marker based on an identification result of the marker iden 
tifying unit, an analyzing unit configured to analyze the iden 
tification result of the marker identifying unit, and a display 
unit configured to display an image corresponding to an 
analysis result of the analyzing unit on the captured image in 
a combined manner, thus presenting the analysis result to a 
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FIG. 3A 
CAPTURED IMAGE 

FIG. 3B 
DISPLAYED IMAGE 
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FIG. 7 
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FIG. 12A 

FIG. 12B 

FIG. 12C 
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FIG. 13A 
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FIG. 15A 
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FIG. 22 
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FIG. 23 
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MARKER ARRANGEMENT INFORMATION 
MEASURINGAPPARATUS AND METHOD 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to processing to obtain 
arrangement information for each of markers arranged in a 
three-dimensional space. 
0003 2. Description of the Related Art 
0004 Recently, research of Mixed Realty (MR) technol 
ogy has been developed. The MR technology is intended to 
merge a physical space and a virtual space, which is created 
by a computer, with each other without including seams. Of 
the MR technology, Augmented Reality (AR) technology for 
displaying the virtual space in a Superimposed relation to the 
physical space has particularly received attention. 
0005. There are two types of image display apparatus for 
use in the AR technology, i.e., the video see-through type and 
the optical see-through type. In the image display apparatus 
of the video see-through type, a combined image is displayed 
by drawing, on an image of a physical space captured by an 
image pickup apparatus, an image of a virtual space produced 
depending on the position and the posture of the image pickup 
apparatus (such as character information and a virtual object 
drawn using computer graphics) in a Superimposed manner. 
In the image display apparatus of the optical see-through 
type, an image of a virtual space produced depending on the 
position and the posture of an observer's viewpoint is dis 
played on an optical see-through display attached to the 
observer's head. 
0006. The AR technology is expected to be usefully 
employed in various fields including a Surgical aid to display 
a situation inside the body of a patient on the body surface of 
the patient in a Superimposed manner, simulation of building 
construction to display a virtual building on vacant land in a 
Superimposed manner, and an assembly aid to display opera 
tion procedures and layouts of wiring in assembly work. 
0007. One of the most important problems to be overcome 
in the AR technology is how precisely the physical space and 
the virtual space are registered with each other, and a variety 
of approaches have been proposed so far. The problem of 
registration in the AR technology is equivalent to, in the video 
see-through type, a problem of precisely determining the 
position and the posture of the image pickup apparatus in a 
scene (i.e., in a reference coordinate system defined in the 
scene). Also, the problem of registration in the AR technology 
is equivalent to, in the optical see-through type, a problem of 
precisely determining the viewpoint of the observer or the 
position and the posture of the display in a scene. 
0008. As one method for overcoming the problem of reg 
istration in the AR technology of the video see-through type, 
it is generally performed to determine the position and the 
posture of a measurement target by using a plurality of mark 
ers arranged in a scene. More specifically, the position and the 
posture of the image pickup apparatus in the reference coor 
dinate system are determined based on the correspondent 
relationship between a projected position of each marker in a 
captured image and a marker position in the reference coor 
dinate system, the latter being known information. 
0009. Also, according to one method for overcoming the 
problem in the AR technology of the optical see-throughtype, 
the image pickup apparatus is attached to the measurement 
target (i.e., the observer's head or the display). Further, the 
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position and the posture of the image pickup apparatus are 
determined in a similar manner to that in the video see 
through type. 
0010. In the field of photo survey, the method of determin 
ing the position and the posture of the image pickup apparatus 
based on the correspondent relationship between the pro 
jected image of the marker on the captured image and the 
three-dimensional position of the marker is described, for 
example, in R. M. Haralick, C. Lee, K. Ottenberg, and M. 
Nolle: “Review and Analysis of Solutions of the Three Point 
Perspective Pose Estimation Problem”, International Journal 
of Computer Vision, vol. 13, No. 3, PP. 331-356, 1994. It is 
also proposed to optimize the position and the posture of the 
image pickup apparatus by using, as an initial value, the 
position and the posture of the image pickup apparatus which 
are determined based on the projected image of the marker on 
the captured image as described above. The optimization is 
performed by repetitive calculations executed so as to mini 
mize an error between the actually observed position of the 
projected image of the marker on the captured image and the 
calculated position of the projected image, i.e., an error 
between the three-dimensional position of the marker and the 
position of the projected image calculated from the position 
and the posture of the image pickup apparatus. Such a method 
is described, for example, in H. Kato, M. Billinghurst, K. 
Asano, and K. Tachibana: "An Augmented Reality System 
and its Calibration based on Marker Tracking, Transactions 
of Virtual Reality Society of Japan, Vol. 4, No. 4, PP. 607-616, 
1999. Thus, by using the above-mentioned methods, the posi 
tion and the posture of the image pickup apparatus have been 
determined so far based on the image captured by the image 
pickup apparatus. 
0011. On the other hand, as described in, e.g., Japanese 
Patent Laid-Open No. 11-0843.07, Japanese Patent Laid 
Open No. 2000-041173, and A. State, G. Hirota, D. T. Chen, 
W. F. Garrett and M. A. Livingston: “Superior Augmented 
Reality Registration by Integrating Landmark Tracking and 
Magnetic Tracking, Proc. SIGGRAPH '96, PP. 429-438, 
1996, there is known a method of attaching a position and 
posture sensor having 6 degrees of freedom, e.g., a magnetic 
sensor or an ultrasonic sensor, to the image pickup apparatus 
which is a measurement target, and measuring the position 
and the posture of the image pickup apparatus in combination 
with the above-described detection of the marker based on 
image processing. Because an output value of the sensor can 
be stably obtained in spite of accuracy being changed depend 
ing on a measurement range, the method using the sensor and 
the image processing in a combined manner is more robust 
than the method using only the image processing. In Japanese 
Patent Laid-Open No. 2000-041173, the position and the 
posture of the image pickup apparatus are obtained by using, 
as an initial value, the position and the posture of the image 
pickup apparatus obtained from the position and posture sen 
Sor having 6 degrees of freedom, and by minimizing the error 
between the observed position and the calculated position of 
the marker on the projected image of the marker on the 
captured image through repetitive calculations. 
0012. The above-described registration method using the 
marker requires the following information in order to deter 
mine the position and the posture of the image pickup appa 
ratus, as the measurement target, in the reference coordinate 
system. For example, in the case of a point-like marker (here 
inafter referred to as a “point marker') in the form of a circular 
area located in a space and filled in with a single color, the 
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position of the center of gravity of the point marker in the 
reference coordinate system and the posture of the marker 
with respect to the reference coordinate system are required to 
be known. In the case of the marker having a polygonal shape, 
e.g., a triangular or square shape, the position of the center of 
gravity of the marker in the reference coordinate system and 
the posture of the marker with respect to the reference coor 
dinate system are required to be known. When the polygonal 
marker, e.g., a square marker, is employed, the marker is itself 
used as a reference for a coordinate system without separately 
setting the reference coordinate system in many cases. How 
ever, when a plurality of polygonal markers are used, the 
reference coordinate system is required because the relative 
relationships among the positions and the postures of those 
polygonal markers are required to be known. 
0013 Although the position and the posture of the marker 
can be measured by hand work using a tape measure and a 
protractor or a measuring instrument, the measurement is 
usually performed by utilizing an image in consideration of 
that the hand work accompanies the problem of accuracy and 
the need of time and effort. The position of the point marker 
can be measured by the so-called bundle adjustment method. 
According to the bundle adjustment method, the position of 
the point marker is measured through the following process 
ing. Many images of the point marker are captured by an 
image pickup apparatus. The position of the point marker and 
the position and the posture of the image pickup apparatus are 
repeatedly calibrated so that an error between the observed 
position of a projected image of the point marker on each 
captured image and the calculated position of the projected 
image of the point marker (i.e., a projection error) is mini 
mized, the latter being calculated based on the three-dimen 
sional position of the point marker and the position and the 
posture of the image pickup apparatus. 
0014) Further, G. Baratoff, A. Neubeck and H. Regenbre 
cht: “Interactive Multi-Marker Calibration for Augmented 
Reality Applications”, Proc. ISMAR 2002, PP 107-116, 
2002 (hereinafter “Baratoff et al.”) describes a method of 
measuring the positions and the postures of many square 
markers arranged in a three-dimensional space. According to 
the method described in Baratoffetal, images of the many 
square markers arranged in the three-dimensional space are 
captured in large number. The position and the posture of the 
image pickup apparatus used to capture each image and the 
positions and the postures of the square markers are deter 
mined through repetitive calculations so that a projection 
error of each square marker image is minimized. 
0015. When the method of measuring the position of the 
point marker is performed using the above-described bundle 
adjustment method, the accurate position and posture cannot 
be determined unless at least two images are captured for each 
marker. In the case of the point marker, if only one image of 
the point marker is captured, a linearline containing the point 
marker in the three-dimensional space is decided and the 
position of the image pickup apparatus in the direction of 
depth looking from an observer is not definite. Further, when 
the measurement of the position and the posture is performed 
for the square marker, the following tendency is also resulted 
similarly to the case of the point marker. As the number of the 
captured images increases, an error is distributed to a larger 
number of images, and the position and the posture of the 
marker can be measured with higher accuracy than when a 
smaller number of images are captured. It is therefore desired 
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that the image of the marker for which the position and the 
posture are to be determined is captured as many times as 
possible. 
0016. In the known marker measurement, however, there 
is no method of enabling an observer to confirm information 
regarding how many times each marker image has been cap 
tured up to that time while observing the image captured by 
the image pickup apparatus. 
0017. The position and the posture of the marker can be 
measured with higher accuracy by, in addition to increasing 
the number of captured images, observing the marker from 
directions in larger number instead of one direction. 
0018. In the known marker measurement, however, there 
is no method of enabling an observer to confirm information 
regarding in which directions each marker image has been 
captured up to that time while observing the image captured 
by the image pickup apparatus. 

SUMMARY OF THE INVENTION 

0019. In view of the above-described state of the art, when 
a marker image is captured by an image pickup apparatus to 
measure the position and the posture of each marker, the 
present invention gives an operator information regarding 
how many times the marker image has been captured up to 
that time, while the operator observes the image captured by 
the image pickup apparatus, thus enabling the operator to 
confirm for which marker the number of captured images is 
deficient and which marker image is to be captured next. 
0020. Also, when a marker image is captured by an image 
pickup apparatus to measure the position and the posture of 
each marker, the present invention gives an operator informa 
tion regarding in which directions the marker image has been 
captured up to that time, while the operator observes the 
image captured by the image pickup apparatus, thus enabling 
the operator to confirm the direction in which the number of 
times of the image capturing of each marker is deficient and in 
which direction the image of each marker is to be next cap 
tured. 
0021 According to an aspect of the present invention, a 
marker arrangement information measuring apparatus 
includes an image acquiring unit configured to acquire an 
image captured by an image pickup apparatus, a marker 
detecting unit configured to detect markers from the captured 
image, a marker identifying unit configured to identify the 
marker detected by the marker detecting unit, an arrangement 
information calculating unit configured to calculate arrange 
ment information of the marker based on an identification 
result of the marker identifying unit, an analyzing unit con 
figured to analyze the identification result of the marker iden 
tifying unit, and a display unit configured to display an image 
corresponding to an analysis result of the analyzing unit on 
the captured image in a combined manner. 
0022. Further features of the present invention will 
become apparent from the following description of exem 
plary embodiments with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a block diagram showing the functional 
configuration of a marker arrangement information measur 
ing apparatus according to a first exemplary embodiment. 
0024 FIGS. 2A and 2B illustrate a marker used in the first 
exemplary embodiment. 
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0025 FIGS. 3A and 3B illustrate a method of presenting 
the number of times at which an image of each marker has 
been captured. 
0026 FIG. 4 is a flowchart of processing steps of a marker 
arrangement information measuring method according to the 
first exemplary embodiment. 
0027 FIG. 5 is a block diagram showing the functional 
configuration of a marker arrangement information measur 
ing apparatus according to a second exemplary embodiment. 
0028 FIGS. 6A and 6B illustrate a method of presenting 
information that indicates in which direction(s) the image of 
each marker has been captured in the past. 
0029 FIG. 7 is a flowchart of processing steps of a marker 
arrangement information measuring method according to the 
second exemplary embodiment. 
0030 FIG. 8 is a block diagram showing the functional 
configuration of a marker arrangement information measur 
ing apparatus according to a third exemplary embodiment. 
0031 FIG. 9 illustrates point markers used in the third 
exemplary embodiment. 
0032 FIGS. 10A, 10B and 10C illustrate an information 
presenting method according to the third exemplary embodi 
ment. 

0033 FIG. 11 is a flowchart of processing steps of a 
marker arrangement information measuring method accord 
ing to the third exemplary embodiment. 
0034 FIGS. 12A, 12B and 12C illustrate an information 
presenting method according to Modification 3-2. 
0035 FIGS. 13A, 13B and 13C illustrate an information 
presenting method according to Modification 3-1. 
0036 FIG. 14 is a block diagram showing the functional 
configuration of a marker arrangement information measur 
ing apparatus according to a fourth exemplary embodiment. 
0037 FIGS. 15A and 15B illustrate an information pre 
senting method according to the fourth exemplary embodi 
ment. 

0038 FIG. 16 illustrates a method of calculating the num 
ber of times at which each face of a three-dimensional object 
has been captured. 
0039 FIG. 17 illustrates the method of calculating the 
number of times at which each face of the three-dimensional 
object has been captured. 
0040 FIG. 18 illustrates the method of calculating the 
number of times at which each face of the three-dimensional 
object has been captured. 
0041 FIG. 19 illustrates an information presenting 
method according to Modification 4-1. 
0042 FIG. 20 illustrates the information presenting 
method according to Modification 4-1. 
0043 FIG. 21 illustrates an information presenting 
method according to Modification 4-2. 
0044 FIG. 22 illustrates an information presenting 
method according to Modification 4-3. 
0045 FIG. 23 is a flowchart of processing steps of a 
marker arrangement information measuring method accord 
ing to Modification 4-6. 

DESCRIPTION OF THE EMBODIMENTS 

First Exemplary Embodiment 

0046 FIG. 1 is a block diagram showing the functional 
configuration of a marker arrangement information measur 
ing apparatus 1 according to a first exemplary embodiment. 
An image pickup section 110 is constituted by a video camera 
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and captures an image of a scene or an object on which 
markers are arranged. An image input section 120 takes the 
image captured by the image pickup section 110 into a com 
puter. A marker detecting and identifying section 130 detects 
each marker from the image taken into the computer by the 
image input section 120 and identifies the detected marker. A 
data managing section 140 receives a marker detection result 
from the marker detecting and identifying section 130. When 
an instruction for acquiring the image captured by the image 
pickup section (apparatus) at the current time is input as a 
command entered through a console 150, the data managing 
section 140 stores, in a data storage section 160, the marker 
detection result input from the marker detecting and identi 
fying section 130. A display section 170 displays the image 
taken in by the image input section 120. Further, when an 
instruction for calculating marker arrangement information, 
i.e., the position and the posture of each marker, is input 
through the console 150, the data managing section 140 out 
puts, to a marker position and posture calculating section 180, 
the marker detection result stored in the data storage section 
160. The marker position and posture calculating section 180 
calculates the position and the posture of the marker based on 
the marker detection result. 

0047. The marker used in the first exemplary embodiment 
is described next. FIGS. 2A and 2B illustrate the marker used 
in the first exemplary embodiment. In this first exemplary 
embodiment, a marker having a square shape (hereinafter 
referred to as a “square marker), shown in FIG. 2A, is used 
as a target for calibration of the marker arrangement informa 
tion. As shown in FIG. 2A, the square marker is made up of a 
boundary region (black frame) indicating the presence of a 
marker region, and an inner region Surrounded by the black 
frame. The inner region is divided into five parts at equal 
intervals in each of the vertical and horizontal directions as 
viewed on the drawing, and an inner (3x3) region represents 
the orientation and the specific identifier of the square marker. 
More specifically, four corners of the (3x3) region (i.e., 
regions surrounded by four circles in FIG. 2A) represent the 
orientation of the square marker. Note that the four circles in 
FIG. 2A are shown merely for the sake of explanation and 
they are not actually included in the square marker. Three of 
the four corners are filled in with black, and the remaining one 
is filled in with white. The four corners filled in with black or 
white represent the orientation of the square marker. The 
identifier of the square marker is represented by five regions 
of the (3x3) regions except for the four corners (i.e., five 
regions hatched in FIG. 2A). It is assumed that each of the five 
regions represents 0 when the relevant region is filled in with 
white and 1 when the relevant region is filled in with black. In 
other words, the square marker can represent the identifier in 
5 bits, i.e., 32 kinds of identifiers. 
0048 FIG. 2B illustrates the arrangement information of 
the square marker. The arrangement information of the square 
marker is represented by the position and the posture of the 
square marker with respect to a reference coordinate system. 
In this first exemplary embodiment, the position of the square 
marker is given by the position of a center of the square shape 
(i.e., a crossed point of diagonals) and is represented by a 
three-dimensional vector t, with respect to the reference 
coordinate system. The posture of the square marker is given 
by its posture with respect to the reference coordinate system 
when a coordinate system of the square marker (i.e., a marker 
coordinate system) is defined as shown in FIG. 2B. Because 
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the degree of freedom of the posture is 3, the posture of the 
square marker is represented by a three-dimensional vector 
() 

0049. An outline of the operation of the marker arrange 
ment information measuring apparatus 1 according to the first 
exemplary embodiment will be described below. 
0050. The video camera constituting the image pickup 
section 110 outputs a motion image to the image input section 
120 regardless of the operation of a user. The display section 
170 displays the motion image input to the image input sec 
tion 120 on a screen at any time the user desires. Therefore, 
the user can always confirm, on the screen, the image cap 
tured by the video camera. The user captures the image of the 
scene or the object on which the markers are arranged while 
freely moving the video camera. 
0051. The marker detecting and identifying section 130 
detects each marker contained in the image which has been 
input to the image input section 120, and identifies the 
detected marker. In order to detect the above-described 
square marker from the input image, the marker detecting and 
identifying section 130 executes a binarization process and a 
labeling process on connected areas in the input image, thus 
extracting the inner region Surrounded by the black frame that 
represents the boundary region of the square marker. Further, 
the marker detecting and identifying section 130 executes line 
fitting on the inner region of the square marker and deter 
mines the image coordinates of four apexes of the square 
defining the inner region. In addition, the marker detecting 
and identifying section 130 executes two-dimensional pro 
jective transformation to transform the square marker on the 
input image into an orthogonally projected image, and reads 
the orientation decision region and the bit region, thus reading 
and identifying the identifier of the square marker. 
0052. The data managing section 140 receives the marker 
detection result from the marker detecting and identifying 
section 130. As described above, when the instruction for 
calculating the marker arrangement information, i.e., the 
position and the posture of each marker, is input as a com 
mand through the console 150 by the user, the marker detec 
tion result input from the marker detecting and identifying 
section 130 is stored in the data storage section 160. Accord 
ingly, the data storage section 160 stores the marker detection 
results for a plurality of images. The marker detection results 
are each stored in a set of the image number, the marker 
identifier, and the image coordinates of four apexes of the 
square defining the inner region of the marker. 
0053. The display section 170 displays the image input to 
the image input section 120 on the screen at any time the user 
desires. On that occasion, the data managing section 140 
refers to the data storage section 160 with respect to the 
marker which has been detected and identified in the latest 
image. Further, the data managing section 140 counts the 
number of data detected for the relevant marker and stored in 
the data storage section 160, i.e., the number of times at which 
the image of the relevant marker has been captured up to that 
time. The counted number is presented to the user in different 
manners depending on the case where the number of times of 
the image capturing is two or more and the case where the 
number of times of the image capturing is less than two. 
FIGS. 3A and 3B illustrate a method of presenting the number 
of times at which the image of each marker has been captured. 
FIG. 3A illustrates the image which is captured by the image 
pickup apparatus and is input to the image input section 120. 
In FIG. 3A, it is assumed that the number of times of the 
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image capturing of the marker on the left side in the image is 
less than two (e.g., one) and the number of times of the image 
capturing of the marker on the right side in the image is two or 
more (e.g., four). FIG. 3B illustrates an image actually dis 
played in the display section 170 for presentation to the user. 
In FIG. 3B, squares in shapes corresponding to the positions 
and the postures of the square markers are drawn at positions 
where the markers are detected on the image. The squares are 
drawn in different colors depending on the case where the 
number of times of the image capturing is two or more and the 
case where the number of times of the image capturing is less 
than two (in FIG.3B, the squares are drawn in gray when the 
number of times of the image capturing is less than two and in 
black when the number of times of image capturing is two or 
more). By drawing the squares in different colors, the user can 
confirm, on the image captured at the current time, whether 
the number of times of the image capturing of each marker up 
to that time is sufficient. In other words, the user can confirm 
the marker to be next captured by recognizing the marker for 
which the number of times of the image capturing does not 
reach a sufficient value. 

0054 When the user determines that the image of each 
marker has been captured in the sufficient number of times, 
Such as when the images of all the markers have been captured 
two or more times, the user inputs the instruction for calcu 
lating the marker arrangement information, i.e., the position 
and the posture of each marker in the reference coordinate 
system, through the console 150. Responsively, the marker 
position and posture calculating section 180 calculates the 
position and the posture of the marker based on the marker 
detection result for each of a plurality of images. 
0055 FIG. 4 is a flowchart of processing steps of a marker 
arrangement information measuring method according to the 
first exemplary embodiment. First, in step S1010, the image 
input section 120 outputs the image captured by the image 
pickup section 110 to the marker detecting and identifying 
section 130. The marker detecting and identifying section 130 
detects the markers contained in the image and reads the 
identifier specific to each marker for identification of the 
marker. Further, the marker detecting and identifying section 
130 outputs, as detection data, the image coordinates of four 
apexes of the marker to the data managing section 140. 
0056 Next, in step S1020, the data managing section 140 
refers to a counter counting the number of times of the image 
capturing of the marker up to that time, which is stored in the 
data storage section 160. Further, the data managing section 
140 presents the number of times of the image capturing of 
each marker, which has been detected and identified in the 
image, to the user through the display section 170. 
0057 While referring to, on the screen, the marker on the 
image captured by the camera at the current time and the 
number of times of the image capturing of the relevant marker 
in the past, the user determines whether the images of all the 
markers as calibration targets have been captured in the Suf 
ficient number of times (e.g., two or more for each marker) up 
to that time. After determining whether the number of times 
of the image capturing is sufficient for each marker, the user 
inputs an instruction through the console 150. If it is deter 
mined in step S1030 that the image of each marker has been 
captured in the sufficient number of times up to that time, the 
processing flow advances to step S1060. The instruction can 
be input by the user pressing a particular key on a keyboard or 
operating amouse on a GUI. If it is determined that the image 
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of each marker has not been captured in the sufficient number 
of times up to that time, the processing flow advances to step 
S1040. 

0058. In step S1040, it is determined whether an image 
acquisition instruction is input by the user through the con 
sole 150. The image acquisition instruction can be input by 
the user pressing a particularkey on the keyboard or operating 
the mouse on the GUI. If it is determined that the image 
acquisition instruction is input, the processing flow advances 
to step S1050, otherwise, the processing flow returns to step 
S1010. 

0059. In step S1050, for each marker detected and identi 
fied in step S1010, a set of the image number, the marker 
identifier, and the image coordinates of four apexes of the 
square defining the inner region of the marker are stored in the 
data storage section 160. Then, the value of a counter indi 
cating the number of times at which each marker has been 
detected and identified is incremented by one. Thereafter, the 
processing flow returns to step S1010. 
0060. In step S1060, the position and the posture of the 
marker is calculated. A method of calculating the position and 
the posture of the marker is described next. It is herein 
assumed that the number of the markers as the calibration 
targets, i.e., the targets for each of which the position and the 
posture are to be calculated, is N and the number of the 
captured images is M. Also, it is assumed that a six-dimen 
sional vector representing the position and the posture of a 
marker i (i-1,2,..., N) is a, and a six-dimensional vector 
representing the position and the posture of the camera having 
captured an imagej (j=1,2,..., M) is S. The six-dimensional 
vector a representing the position and the posture of the 
marker is a vector made up of components representing the 
position of the marker in the reference coordinate system, 
which is given by: 

twintertwriter, I' 

and the posture of the marker with respect to the reference 
coordinate system, which is given by: 

2 Oynonymoral 

Namely, the six-dimensional vector a can be expressed by: 
= 2+ 3' 2, Xay 3, 21 attentivitynown ovov, 

Assuming that the position of the camera in the reference 
coordinate system is given by: 

tw.tv.tv.tv. 

and the posture of the camera with respect to the reference 
coordinate system is given by: 

(0,0,..,a), 

the six-dimensional vectors representing the position and the 
posture of the camera can be similarly expressed by: 

St.tto),a),(), 

0061 The coordinates of each apex of the square marker in 
the marker coordinate system, i.e., X, -X, y, z, I'(k=1,2, 
3 and 4), can be expressed, for example, by the following 
formula (1) on an assumption that the length of one side of the 
square is e, and therefore the coordinates of each apex are 
known values when the length of one side of the square is 
known: 
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t (1) 

O 

O 

O 

0062 For the apex which has the marker coordinates x. 
and belongs to the marker having the position to and the 
posture (), with respect to the reference coordinate system, 
camera coordinate X, thereof in terms of the camera having 
the position t and the posture (), with respect to the refer 
ence coordinate system can be expressed by the following 
formula (2): 

where R(CD) and R(CD) are (3x3) rotational transform 
matrices indicating the postures which are represented by co, 
and (), respectively. Also, when a point having camera 
coordinates, given by: 

is projected onto an image by a pinhole camera with the focal 
length f, a projected position, given by: 

can be expressed by the following formula (3): 

S. u yc (3) 

0063. In other words, u is a function of the positiont, and 
the posture (), of the marker and the position t and the 
posture () of the camera. Accordingly, a two-dimensional 
vector u representing the position of a projected image of 
an apex k (k=1,2,3 and 4) of the marker i on the image is a 
function of a, ands, as expressed by the following formula (4): 

it. F(asy) (4) 

I0064.) Assuming that ü, represents the position where 
the projected image of the apex k of the marker i is actually 
observed on the imagej, an error Au, (-il, -u,) between 
ti, and u, which is calculated from the observation posi 
tion il, isk and from a, and s' can be expressed by primary 
approximation as the following formula (5): 

Alli.jk s "f Öuijk | (5) 
da; Ös AS 

I0065. In the above formula, du/da, and du/0s, repre 
sent a Jacobian determinant in which partial differentiation 
coefficients resulting from partially differentiating u, by 
respective components of a, and s, in the formula (4) are 
arrayed. Further, Aa, (i-1,2,N) and As, G=1,2,..., M) can be 
obtained by setting the formula (5) for each apex of each 
marker which has been detected and identified in each image, 
and by Solving simultaneous equations with all Aa, (i-1,2,.. 
. . N) and AS, G-1, 2, . . . , M) being common unknown 
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variables. The position and the posture a, (i-1,2,...,N) of the 
marker can be determined by obtaining Aa (i-1,2,...,N) and 
AS, G-1,2,..., M) in advance with initial values given to a, 
ands, and by repeating a process of corrections expressed by 
a, al-Aa, and s, st-As, 
0066. The initial values of the position and the posture of 
the camera can be obtained by mounting a position and pos 
ture sensor having 6 degrees of freedom, Such as a magnetic, 
optical or ultrasonic sensor, to the camera and by taking in a 
measured value of the sensor. Those initial values can also be 
obtained by applying the known method, such as the DLT 
(Direct Linear Transform) method, to an image obtained by 
capturing the marker which has the position and posture 
known in the reference coordinate system. 
0067. The initial values of the position and the posture of 
the marker are obtained by manually measuring an approxi 
mate position in advance. Those initial values can also be 
obtained based on a projected image of the marker captured 
by a camera having the known position and posture. 
0068 According to the first exemplary embodiment, as 
described above, when the position and the posture of each 
marker arranged or set in a scene oran object are determined 
by using an image, information regarding the number of times 
of the image capturing of the marker up to that time is indi 
cated on the captured image for notification to the user. Based 
on that information, the user can easily confirm for which 
marker the number of times of the image capturing is deficient 
and which marker image is to be next captured, and can 
efficiently perform the marker calibration. 

Modification 1-1 

0069. While in the first exemplary embodiment the 
squares are drawn at the detected positions of the markers on 
the captured image in different colors depending on the num 
ber of times of the image capturing for each of the markers, 
the information regarding the number of times of the image 
capturing of the marker can also be notified to the user in any 
of other suitable manners. For example, only the outer frame 
portion of the square can be drawn in a different color instead 
of filling in the entire inner region of the maker with some 
color. Also, instead of changing the color, the marker for 
which the number of times of the image capturing is sufficient 
is drawn as a square at high transparency, while the marker for 
which the number of times of the image capturing is deficient 
is drawn as a square at low transparency. As an alternative, the 
transparency can be set to levels reversal to the above case. 
Further, the information regarding the number of times of the 
image capturing can be presented only for the marker for 
which the number of times of the image capturing is deficient, 
while no information is presented for the marker for which the 
number of times of the image capturing is sufficient. As an 
alternative, the information can be presented in a reversed 
a. 

0070 Instead of the figure drawing, the information 
regarding the number of times of the image capturing can also 
be presented as character information. For example, the num 
ber of times of the image capturing up to that time can be 
indicated in numeral per marker nearby the detected area of 
the marker on the image. As an alternative, the number of 
times of the image capturing which is still required to be 
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performed per marker can be indicated in numeral instead of 
the number of times of the image capturing up to that time. 

Modification 1-2 

(0071. While in the first exemplary embodiment the infor 
mation presenting method is changed depending on whether 
the image of the marker has been captured two or more times, 
the criterion number is not limited to two. The user can freely 
set the number of times of the image capturing, which serves 
as a criterion for changing the information presenting 
method, by using the console 150. In that case, the informa 
tion presenting method is changed depending on the number 
of times of the image capturing, which is set as the criterion by 
the user. 

Modification 1-3 

0072 While in the first exemplary embodiment the infor 
mation is presented at the detected position of the marker on 
the image, the information presenting method is not limited to 
Such an example. As another example, when the approximate 
position and posture of the camera and the approximate posi 
tion and posture of the marker are known in any manner, the 
information presenting method can be modified such that the 
projected position of the marker on the captured image is 
calculated based on those approximate positions and pos 
tures, and the information is presented at the calculated posi 
tion. The approximate position and posture of the camera can 
be obtained by mounting a position and posture sensor having 
6 degrees of freedom, such as a magnetic, optical or ultrasonic 
sensor, to the camera, or by executing calculations based on 
the projected image of the marker, for which the approximate 
or accurate position and posture are known, on the captured 
image. The approximate position and posture of the marker 
can be obtained by performing manual measurement in 
advance, or by executing calculations based on the captured 
image while setting, as a reference, the marker for which the 
approximate or accurate position and posture are known. 

Modification 1-4 

0073 While in the first exemplary embodiment the square 
marker is used as a target marker for calibrating the arrange 
ment information, the features of the present invention are not 
impaired even when point markers or markers having other 
Suitable shapes are used. 

Modification 1-5 

0074. While in the first exemplary embodiment the infor 
mation presenting method is changed for each marker 
depending on the number of times of the image capturing, the 
information presenting method can be changed between the 
marker for which the accurate position and posture are known 
in advance, e.g., a reference marker defining the reference 
coordinate system, and a marker which is a target for calibrat 
ing the position and the posture thereof. 

Modification 1-6 

(0075. In the first exemplary embodiment, in step S1030 in 
the flowchart of FIG. 4, the user determines whether the 
number of times of the image capturing of the marker is 
Sufficient, and then explicitly inputs the instruction for calcu 
lating the position and the posture of the marker through the 
console 150. 
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0076. However, the determination in step S1030 can also 
be automatically executed by the computer. Further, if the 
images of all the markers are each captured in the predeter 
mined number of times or more, the computer can automati 
cally start the process for calculating the position and the 
posture of the marker with no need of explicit input of the 
instruction from the user. 

Second Exemplary Embodiment 
0077. In the first exemplary embodiment, the user is noti 
fied of the information regarding the number of times at 
which each marker observed on the image has been captured 
by the camera in the past for the measurement of the marker 
position. In this second exemplary embodiment, the user is 
notified of information regarding in which direction(s) the 
image of each marker has been captured up to that time, thus 
indicating the direction(s) in which the number of times of the 
image capturing of the marker is deficient, so that the user can 
confirm in which direction the image of the marker is to be 
next captured, while observing the captured image. 
0078 FIG. 5 is a block diagram showing the functional 
configuration of a marker arrangement information measur 
ing apparatus according to the second exemplary embodi 
ment. The functional configuration of the marker arrange 
ment information measuring apparatus according to the 
second exemplary embodiment is similar to that of the marker 
arrangement information measuring apparatus according to 
the first exemplary embodiment, and a detailed description of 
common components is not repeated here. 
0079. As in the first exemplary embodiment, an image 
pickup section 110 captures an image of a scene or an object 
on which markers are arranged. The captured image is input 
to a computer through an image input section 120. A marker 
detecting and identifying section 130 detects each marker 
region from the image input through the image input section 
120 and reads an identifier specific to each marker for iden 
tification of the marker. Further, the marker detecting and 
identifying section 130 outputs the identifier of the marker 
and the image coordinates of each apex of the marker to a data 
managing section 240. 
0080. The data managing section 240 refers, for each 
marker detected and identified in the marker detecting and 
identifying section 130, to information stored in a data stor 
age section 260 and indicating in which direction(s) the 
image of the relevant marker has been captured in the past. 
The marker detecting and identifying section 130 then pre 
sents the information to the user through a display section 
270. Accordingly, for each marker appearing on the image 
captured at the current time, the user can receive the informa 
tion regarding in which direction(s) the image of the marker 
has been captured in the past, and the user can confirm in 
which direction the image of the marker is to be next captured. 
FIGS. 6A and 6B illustrate a method of presenting, according 
to this second exemplary embodiment, the information 
regarding in which direction(s) the image of each marker has 
been captured in the past. In FIGS. 6A and 6B, the informa 
tion regarding in which one of four directions corresponding 
to four sides of each square marker the image of the marker 
has been captured in the past is displayed over the marker 
detected on the object image in a Superimposed relation. FIG. 
6A shows an image which has been captured by the image 
pickup section 110 and input to the image input section 120. 
The captured image is displayed in the display section 270 as 
shown in FIG. 6B. A marker image shown on the left side of 
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FIG. 6B represents a marker of which image has been cap 
tured in the past in the direction indicated by a triangle filled 
in with black, i.e., of which image has been captured in only 
one direction in the past. A marker image shown on the right 
side of FIG. 6B represents a marker which includes two 
triangles filled in with black and of which image has been 
captured in two directions in the past. 
I0081. When an image acquisition instruction is input 
through a console 150, the data managing section 240 stores, 
in the data storage section 260, the marker detection and 
identification result obtained from the image which is output 
from the marker detecting and identifying section 130 and is 
displayed at the current time, i.e., the identifier of the marker, 
the image coordinates of each apex of the marker, and the 
image capturing direction(s) which has been detected and 
identified in the image. 
I0082. When an instruction for calculating the position and 
the posture of the marker is input through the console 150, the 
data managing section 240 reads the marker detection result 
from the data storage section 260 and outputs the marker 
detection result to a marker position and posture calculating 
section 180. Based on the marker detection result, the marker 
position and posture calculating section 180 calculates the 
position and the posture of the marker and outputs the calcu 
lated results. 

I0083 FIG. 7 is a flowchart of processing steps of a marker 
arrangement information measuring method according to the 
second exemplary embodiment. First, in step S1010, the 
image input section 120 outputs the image captured by the 
image pickup section 110 to the marker detecting and iden 
tifying section 130. The marker detecting and identifying 
section 130 detects the markers contained in the image and 
reads the identifier specific to each marker for identification 
of the marker. Further, the marker detecting and identifying 
section 130 outputs, as detection data, the image coordinates 
of four apexes of the marker to the data managing section 240. 
I0084. Next, in step S2020, the data managing section 240 
refers to the information regarding in which direction(s) the 
image of each marker has been captured in the past, the 
information being stored in the data storage section 260. 
Further, the data managing section 240 presents the direction 
(s) in which the image of each marker has been captured in the 
past, to the user through the display section 270. 
I0085 While referring to, on the screen, the marker on the 
image captured by the camera at the current time and the 
image capturing direction(s) of the relevant marker in the 
past, the user determines whether the images of all the mark 
ers as calibration targets have been captured in Sufficient 
image capturing directions up to that time. For example, a 
rotation range of the marker about an axis defined by a normal 
line with respect to the marker is divided into four angular 
spans (i.e., 90 degrees), and the user determines whether the 
image of the marker has been captured in all four directions 
corresponding to the divided four angular spans. Thus, the 
user determines whether the image of each marker has been 
captured in Sufficient image capturing directions. Based on 
the determination result, the user inputs an instruction 
through the console 150. If it is determined in step S2030 that 
the image of each marker has been captured in Sufficient 
image capturing directions up to that time, the processing 
flow advances to step S1060. The instruction can be input by 
the user pressing a particular key on a keyboard or operating 
a mouse on a GUI. If it is determined that the image of each 
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marker has not been captured in Sufficient image capturing 
directions up to that time, the processing flow advances to 
step S1040. 
I0086. In step S1040, it is determined whether an image 
acquisition instruction is input by the user through the con 
sole 150. The image acquisition instruction can be input by 
the user pressing a particularkey on the keyboard or operating 
the mouse on the GUI. If it is determined that the image 
acquisition instruction is input, the processing flow advances 
to step S2050, otherwise, the processing flow returns to step 
S1010. 

0087. In step S2050, the image coordinates of four apexes 
of each marker detected and identified in step S1010 are 
stored in the data storage section 260. After setting a flag 
indicating the direction in which the image of the marker has 
been captured, the processing flow returns to step S1010. 
Herein, the image capturing direction of the marker is decided 
as follows. In this second exemplary embodiment, a rotation 
range of the square marker as the calibration target about a 
normal line with respect to the marker, i.e., about a Z axis of 
the marker coordinate system in FIG. 2B, is divided into four 
angular spans corresponding to four sides of the square, and 
flags representing four directions corresponding to the 
divided four angular spans are prepared. The determination as 
to in which direction the image of the marker is captured is 
made based on the length of each side of the square in the 
captured image. Thus, the image capturing direction is deter 
mined as the direction corresponding to the longest side of the 
square in the captured image, and the flag corresponding to 
the longest side is set. 
0088. In step S1060, the position and the posture of the 
marker is calculated in a similar manner to that in the first 
exemplary embodiment. 
0089. According to the second exemplary embodiment, as 
described above, information regarding in which direction(s) 
the image of each marker has been captured up to that time is 
presented to the user who observes the captured image, thus 
indicating in which direction(s) the number of times of the 
image capturing of each marker is deficient. Based on that 
information, the user can confirm in which direction the 
image of the relevant marker is to be next captured. 

Modification 2-1 

0090 While in the second exemplary embodiment the 
image capturing direction in the past is presented to the user 
by filling in a portion of the marker with black, which corre 
sponds to the image capturing direction in the past, the direct 
ing indicating method is not limited to Such an example. As 
another example, the image capturing direction can be pre 
sented by changing a color of the relevant side of the square 
defining the marker on the captured image. As an alternative, 
the image capturing direction can be displayed by changing 
transparency of the corresponding portion of the marker. In 
other words, the image capturing direction can be presented 
in an arbitrary Suitable manner so long as the user can easily 
discern the image capturing direction. 

Modification 2-2 

0091. While in the second exemplary embodiment the 
image capturing direction of the marker is determined based 
on the length of each side of the square in the captured image, 
the direction determining method is not limited to Such an 
example. One alternative method is as follows. The relative 
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position and posture of the camera with respect to the square 
marker are determined based on the image coordinates of 
each apex of the square marker by using the two-dimensional 
projective transformation or any of other Suitable methods. 
Then, based on the determined posture, the rotation of the 
marker about its normal axis is extracted by the known 
method. Further, while in the second exemplary embodiment 
the rotation range of the marker about its normal axis is 
divided into four angular spans, the number of divisions is not 
limited to four. Also, the dividing direction is not limited to 
the rotating direction of the marker about its normal axis, and 
the marker observing direction can be divided in an arbitrary 
Suitable manner. 

Modification 2-3 

0092. While in the second exemplary embodiment the 
information regarding in which direction(s) the image of each 
marker has been captured in the past is presented to the user, 
the information presenting method is not limited to Such an 
example. As another example, the information regarding the 
number of times of the image capturing, described above in 
the first exemplary embodiment, can also be additionally 
presented to the user in a combined manner. Further, those 
two kinds of information can be presented in the form indi 
cating the number of times of the image capturing for each 
image capturing direction. 

Modification 2-4 

0093. While in the second exemplary embodiment the 
information regarding in which direction(s) the image of each 
marker has been captured in the past is presented to the user, 
the presented information is not limited to the direction. Other 
information such as the distance between the camera and the 
marker and the position of the camera relative to the marker at 
the time of image capturing can also be presented to the user. 
Because the size of the marker is known, the information 
regarding the distance between the camera and the marker can 
be presented by comparing the size of the marker in the 
captured image with the known size of the marker to roughly 
determine the distance therebetween, and indicating the 
roughly determined distance. The information regarding the 
position of the camera relative to the marker can also be 
presented in a similar manner. 

Third Exemplary Embodiment 

0094 FIG. 8 is a block diagram showing the functional 
configuration of a marker arrangement information measur 
ingapparatus according to a third exemplary embodiment. An 
image pickup section 800 is constituted by a video camera 
and captures an image of a scene or an object on which 
markers are arranged. An image input section 810 takes the 
image captured by the image pickup section 800 into a com 
puter. A marker detecting section 820 detects each marker 
from the image taken into the computer by the image input 
section 810. Further, a marker identifying section 830 iden 
tifies the marker detected by the marker detecting section 820. 
A data managing section 840 stores, in a data storage section 
850, a marker identification result input from the marker 
identifying section 830. An analyzing section 860 analyzes 
the marker identification result stored in the data storage 
section 850. A display section 870 displays an image obtained 
by combining an image corresponding to an analysis result of 
the analyzing section 860 with the image taken in by the 
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image input section 810. In addition, when an instruction for 
calculating marker arrangement information is input through 
a console 880, the data managing section 840 outputs, to a 
marker arrangement information calculating section 890, the 
marker identification result stored in the data storage section 
850. The marker arrangement information calculating section 
890 calculates the marker arrangement information based on 
the marker identification result. 
0095. The marker used as a measurement target in this 
third exemplary embodiment is, e.g., a square marker or a 
point marker. 
0096. An outline of the operation of the marker arrange 
ment information measuring apparatus according to the third 
exemplary embodiment will be described below. The video 
camera constituting the image pickup section 800 outputs a 
motion image to the image input section 810 regardless of the 
operation of a user. The display section 870 displays the 
motion image input to the image input section 810 on a screen 
at any time the user desires. Therefore, the user can confirm, 
on the screen, the image captured by the video camera. The 
user captures the image of the scene or the object on which the 
markers are arranged while freely moving the video camera. 
0097. The marker detecting section 820 detects each 
marker contained in the image which has been input to the 
image input section 810. In order to detect the above-de 
scribed square marker from the input image, the marker 
detecting section 820 executes a binarization process and a 
labeling process on connected areas in the input image, thus 
extracting the inner region surrounded by the black frame that 
represents the boundary region of the square marker. Further, 
the marker detecting section 820 executes line fitting on the 
inner region of the square marker and determines the image 
coordinates of four apexes of the square defining the inner 
region. Thereafter, the marker detecting section 820 outputs a 
combination of the image and the image coordinates to the 
marker identifying section 830. 
0098 Based on the image coordinates of the detected 
marker input from the marker detecting section 820, the 
marker identifying section 830 executes two-dimensional 
projective transformation to transform the square marker on 
the captured image into an orthogonally projected image. 
Further, the marker identifying section 830 reads the orienta 
tion decision region and the bit region, thus reading and 
identifying the identifier of the square marker. 
0099. The data managing section 840 receives the marker 
identification result from the marker identifying section 830. 
When an instruction for acquiring the image captured by the 
Video camera at the current time is input as a command 
entered through the console 880 in accordance with a user's 
input operation, the data managing section 840 stores, in the 
data storage section 850, the marker identification result input 
from the marker identifying section 830. Accordingly, the 
data storage section 850 stores the marker identification 
results for a plurality of images. The marker identification 
results are each stored in a set of the image number, the 
marker identifier, and the image coordinates of four apexes of 
the square defining the inner region of the marker. 
0100 When the instruction for acquiring the image cap 
tured by the video camera at the current time is input through 
the console 880 and the marker identification result input 
from the marker identifying section 830 is stored in the data 
storage section 850, the analyzing section 860 analyzes the 
identification results of all the markers, which are stored in 
the data storage section 850. Further, the analyzing section 
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860 determines whether the arrangement information of the 
marker as the measurement target in the reference coordinate 
system can be measured. That determination is made, for 
example, based on whether the image of the marker for which 
the arrangement information in the reference coordinate sys 
tem is known is captured in a predetermined number of times. 
The marker for which the arrangement information in the 
reference coordinate system is known can be the square 
marker shown in FIG. 2A, or a marker of which arrangement 
information is represented by the position of a point (herein 
after referred to as a “point marker') as shown in FIG.9. The 
point marker shown in FIG.9 is a circular marker in which the 
inside is filled in with a single color. In this third exemplary 
embodiment, the center of gravity of the circle is assumed to 
be the position of the point marker. 
0101. As in the known photogrammetric technique, the 
marker arrangement information calculated from only the 
marker identification result provides only the relative posi 
tional relationship between the markers. The relative posi 
tional relationship can be represented by the position and the 
posture of each marker on the basis of an arbitrary reference 
coordinate system (hereinafter referred to as a “relative ref 
erence coordinate system'), e.g., a marker coordinate system 
of one square marker. In order that the arrangement informa 
tion of the marker as the measurement target in the reference 
coordinate system can be measured, the correspondence 
between the relative reference coordinate system and the 
reference coordinate system is required to be known. ASSum 
ing that the relative reference coordinate system and the ref 
erence coordinate system have the same scale, the correspon 
dence between those two coordinate systems can be 
represented by the position and the posture of one coordinate 
system with respect to the other coordinate system. 
0102) To obtain the correspondence between the relative 
reference coordinate system and the reference coordinate 
system, for one or more square markers each having the 
position and the posture known in the reference coordinate 
system, it is required to measure the position and the posture 
of the relevant square marker in the relative reference coor 
dinate system. To measure the position and the posture of the 
square marker having the known size in the relative reference 
coordinate system, the image of the relevant Square marker is 
required to be captured at least one or more times by the 
camera of which position and posture in the relative reference 
coordinate system are known. Also, the correspondence 
between the relative reference coordinate system and the 
reference coordinate system can be obtained when the posi 
tions of three or more point markers in the relative reference 
coordinate system are measured, those point markers having 
the positions known in the reference coordinate system and 
not lying on the same straight line. To measure the position of 
each point marker in the relative reference coordinate system, 
the relevant point marker is required to be captured at least 
two or more times by the camera of which position and 
posture in the relative reference coordinate system are known. 
0103) The analyzing section 860 analyzes the identifica 
tion results stored in the data storage section 850. For 
example, the analyzing section 860 analyzes as to whether the 
square marker having the position and the posture known in 
the reference coordinate system has been captured one or 
more times, or whether three or more point markers having 
the positions known in the reference coordinate system have 
been each captured two or more times. Then, the analyzing 
section 860 determines whether the arrangement information 
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of the marker as the measurement target in the reference 
coordinate system can be measured, and outputs a determi 
nation result as the analysis result. 
0104. The user inputs, through the console 880, not only 
the instruction for acquiring the image captured by the video 
camera at the current time, but also the instruction for calcu 
lating the marker arrangement information, i.e., the position 
and the posture of each marker, to the marker arrangement 
information calculating section 890. When the analyzing sec 
tion 860 outputs the analysis result that the arrangement infor 
mation of the marker in the reference coordinate system can 
be measured, the marker arrangement information calculat 
ing section 890 calculates the position and the posture of each 
marker in the reference coordinate system. When the analyz 
ing section 860 outputs the analysis result that the arrange 
ment information of the marker in the reference coordinate 
system cannot be measured, the marker arrangement infor 
mation calculating section 890 selects one of the markers as 
the measurement targets and calculates the position and the 
posture of each marker in the relative reference coordinate 
system which is defined by the marker coordinate system of 
the selected marker. For example, when the user determines 
that a sufficient number of images have been captured, while 
capturing the image by the video camera, the user inputs the 
instruction for calculating the marker arrangement informa 
tion to the marker arrangement information calculating sec 
tion 890 which executes the calculation of the marker 
arrangement information. Also, when the user inputs the 
instruction for capturing the image through the console 880, 
the marker arrangement information calculating section 890 
can automatically calculate, after storing the identification 
result of the marker in the captured image, the marker 
arrangement information based on the marker identification 
result stored in the data storage section 850. The marker 
arrangement information calculated in the marker arrange 
ment information calculating section 890 is stored in the data 
storage section 850 through the data managing section 840. 
The stored marker arrangement information is the arrange 
ment information in the reference coordinate system or the 
relative reference coordinate system. While repeating the 
acquisition of the image and the calculation of the marker 
arrangement information, the user finally measures the 
marker arrangement information in the reference coordinate 
system with Sufficient accuracy. Further, it is assumed that 
even when the arrangement information of the marker in the 
reference coordinate system is known, the marker arrange 
ment information is stored in the data storage section 850. 
0105. The position and posture calculating section 900 
calculates the position and the posture of the video camera at 
the current time based on the marker arrangement informa 
tion stored in the data storage section 850. More specifically, 
the position and posture calculating section 900 receives, 
from the marker identifying section 830, the identification 
result of the marker in the image which has been input from 
the image pickup section 800 to the image input section 810. 
Based on the correspondence between the image coordinates 
of each apex of the square marker or each point marker and 
three-dimensional coordinates, the position and posture cal 
culating section 900 calculates the position and the posture of 
the video camera at the time of capturing of the relevant 
image. 
0106 The display section 870 displays the image input to 
the image input section 810 on the screen at any time the user 
desires. On that occasion, based on the analysis result output 
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from the analyzing section 860, information is presented to 
the user in different manners between the case where the 
arrangement information of the marker in the reference coor 
dinate system can be measured and the other case. FIGS. 10A, 
10B and 10C illustrate an information presenting method 
depending on whether the arrangement information of the 
marker in the reference coordinate system can be measured. 
When the analyzing section 860 determines that the arrange 
ment information of the marker in the reference coordinate 
system cannot be measured and also determines that the 
arrangement information of the marker in the relative refer 
ence coordinate system can be measured, the display section 
870 executes processing as follows. Based on the position and 
the posture of the video camera in the relative reference 
coordinate system which are output from the position and 
posture calculating section 900, a three-dimensional model of 
each marker in the relative reference coordinate system is 
drawn on the captured image shown in FIG. 10A and is 
displayed on a display (not shown) in a combined manner 
with the image input to the image input section 810 as shown 
in FIG. 10B. The display can be a display ordinarily used in 
association with a computer, Such as a CRT or an LCD, or a 
head mounted display which is an image display device used 
in the AR technology. When the analyzing section 860 deter 
mines that the arrangement information of the marker in the 
reference coordinate system can be measured, the display 
section executes processing as follows. As shown in FIG. 
10C, based on the position and the posture of the image 
pickup apparatus (video camera) in the reference coordinate 
system which are output from the position and posture cal 
culating section 900, an image drawing both a three-dimen 
sional model representing the reference coordinate system 
and a three-dimensional model of each marker in the refer 
ence coordinate system is combined with the captured image 
in a superimposed relation. Because the above-described 
information presenting method enables the user to confirm on 
the displayed image whether the arrangement information of 
the marker in the reference coordinate system can be mea 
Sured, the user can confirm whether the image of the marker 
for which the arrangement information in the reference coor 
dinate system is known is to be further captured. 
0.107 As shown in FIG.10B, the three-dimensional model 
of the marker in the reference coordinate system or the rela 
tive reference coordinate system is made up of, e.g., the outer 
frame Surrounding the inner region of the marker and a seg 
ment representing the normal direction with respect to the 
marker (i.e., a segment extending in the Z, direction from the 
center of the marker in FIG. 2B). However, the three-dimen 
sional model of the marker in the reference coordinate system 
or the relative reference coordinate system can be any of other 
Suitable models so long as it represents the shape of the 
marker. For example, the three-dimensional model of the 
marker can be only the outer frame Surrounding the inner 
region of the marker. The three-dimensional model represent 
ing the reference coordinate system is made up of, e.g., seg 
ments extending from the origin of the reference coordinate 
system as a start point in the directions of three axes orthogo 
nal to one another. Those segments correspond respectively to 
an X-axis, a y-axis and a Z-axis of the reference coordinate 
system (or an X-axis, a y-axis and a Z-axis in FIG. 2B). 
The three-dimensional model representing the reference 
coordinate system can include character information indicat 
ing the names of the three axes and the originas shown in FIG. 
1OC. 
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0108 FIG. 11 is a flowchart of processing steps of a 
marker arrangement information measuring method accord 
ing to the third exemplary embodiment. First, in step S1110. 
the image input section 810 outputs the image captured by the 
image pickup section 800 to the marker detecting section 820. 
The marker detecting section 820 executes a binarization 
process and a labeling process on connected areas in the input 
image, thus extracting the inner region of the square marker. 
Further, the marker detecting section 820 executes line fitting 
on the outer periphery of the inner region and determines the 
image coordinates of four apexes of the inner region of the 
square marker, to detect the square marker. When the marker 
as the measurement target includes the point marker which is 
represented by, e.g., a circular area filled in with a single 
color, the marker detection is performed as follows. A marker 
region is determined through the steps of extracting pixels 
having the same color as the point marker by checking 
whether pixels provide a particular area in aYUV color space 
image corresponding to the filled-in color, and by executing 
the labeling process on the interconnected pixels in the same 
color. Then, the point marker is detected by calculating the 
center of gravity of the marker region in the captured image. 
0109 Based on the image coordinates of the detected 
marker input from the marker detecting section 820, the 
marker identifying section 830 executes identification of the 
marker. More specifically, for the square marker, the marker 
identifying section 830 transforms the square marker on the 
captured image into an orthogonally projected image based 
on the image coordinates of the detected marker. Further, the 
marker identifying section 830 reads the orientation decision 
region and the bit region, thus reading and identifying the 
identifier of the square marker. Further, the point marker can 
be identified, for example, by clicking the mouse at the posi 
tion of the detected marker on the captured image, or by first 
manually identifying the point marker and then dynamically 
tracking the identified point marker among the images. When 
the point marker is a natural feature point having a specific 
identifier, such as described in Daniel F. Abawi, Joachim 
Bienwald, Ralf Dorner: “Accuracy in Optical Tracking with 
Fiducial Markers: An Accuracy Function for AR Tool Kit'. 
Proc. ISMAR 2004, PP. 260-261, 2004, the point marker can 
be identified by using an identifier which is directly obtained 
from the captured image when the marker is detected from the 
image. The identification result is sent to the data managing 
section 840 and the position and posture calculating section 
900. 

0110. Next, in step S1120, the position and posture calcu 
lating section 900 calculates the position and the posture of 
the video camera at the current time. If the analysis result 
output from the analyzing section 860 indicates the determi 
nation that the arrangement information of the marker in the 
reference coordinate system can be measured, the position 
and posture calculating section 900 calculates the position 
and the posture of the video camera (image pickup apparatus) 
in the reference coordinate system. On the other hand, if the 
arrangement information of the marker in the relative refer 
ence coordinate system can be measured, the position and 
posture calculating section 900 calculates the position and the 
posture of the video camera (image pickup apparatus) in the 
relative reference coordinate system. When the markers 
observed on the captured image are not on the same plane in 
a three-dimensional space, the position and the posture of the 
Video camera (image pickup apparatus) can be calculated by 
Solving linear simultaneous equations based on the corre 
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spondence between the image coordinates and the three-di 
mensional coordinates by using the Direct Linear Transform 
(DLT) method, for example. Also, when the markers 
observed on the captured image lie on the same plane in the 
three-dimensional space, the position and the posture of the 
Video camera can be calculated by solving linear simulta 
neous equations based on the correspondence between the 
image coordinates and two-dimensional plane coordinates 
and by executing the two-dimensional projective transforma 
tion between the relevant plane and the image plane. Further, 
as described in D. G. Lowe. “Fitting Parameterized Three 
Dimensional Models to Images, IEEE Transactions on Pat 
tern Analysis and Machine Intelligence, Vol. 13, no. 5, pp. 
441-450, 1991 (hereinafter “Lowe'), the position and the pos 
ture of the video camera can be optimized through the steps of 
obtaining initial values of the position and the posture of the 
Video camera by a certain method, and executing repetitive 
calculations so that an error between the image coordinates of 
the marker detected on the captured image and the calculated 
image coordinates is minimized. Those initial values can be 
obtained by solving the above-described linear simultaneous 
equations, or by utilizing the position and the posture 
obtained in a preceding frame. The repetitive calculations can 
be executed, for example, by the Gauss-Newton method or 
the Levenberg-Marquardt method. In addition, the position 
and the posture of the video camera can also be calculated 
through the step of removing outliers, which are caused by 
false detection of the marker and false adaptation, by using a 
robust estimation method such as M-estimation or RANSAC 
(RANdom SAmple Consensus). 
0111. In step S1130, the information regarding whether 
the arrangement information of the marker in the reference 
coordinate system can be measured is presented to the user. 
When the analysis result output from the analyzing section 
860 indicates that the arrangement information of the marker 
in the reference coordinate system can be measured, the fol 
lowing processing is executed. Based on the position and the 
posture of the video camera in the reference coordinate sys 
tem which are calculated in step S1120, the image drawing 
both the three-dimensional model representing the reference 
coordinate system and the three-dimensional model of the 
marker in the reference coordinate system is combined with 
the captured image and displayed in a Superimposed relation. 
When the analysis result output from the analyzing section 
860 indicates that the arrangement information of the marker 
in the reference coordinate system cannot be measured, the 
following processing is executed. Based on the position and 
the posture of the video camera in the relative reference 
coordinate system which are calculated in step S1120, the 
image drawing the three-dimensional model of the marker in 
the relative reference coordinate system is combined with the 
captured image and displayed in a Superimposed relation. 
0112. In step S1140, it is determined whether the instruc 
tion for calculating the marker arrangement information is 
input through the console 880. If the determination result 
indicates the input of the instruction, the processing flow 
advances to step S1180, otherwise, the processing flow 
advances to step S1150. The instruction can be input by the 
user pressing aparticularkey on the keyboard or operating the 
mouse on the GUI. 

0113. In step S1150, it is determined whether the instruc 
tion for acquiring the image is input through the console 880. 
If the determination result indicates the input of the instruc 
tion, the processing flow advances to step S1160, otherwise, 
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the processing flow returns to step S1110. The instruction can 
be input by the user pressing a particular key on the keyboard 
or operating the mouse on the GUI. 
0114. In step S1160, for each marker detected and identi 
fied in step S1110, a set of the image number, the marker 
identifier, and the image coordinates of four apexes of the 
square defining the inner region of the marker (in the case of 
a point marker, the image coordinates of the point marker) is 
stored in the data storage section 850. Thereafter, the process 
ing flow advances to step S1170. 
0115. In step S1170, the analyzing section 860 analyzes 
the identification results of all the markers stored in the data 
storage section 850 and determines whether the arrangement 
information of the marker as the measurement target in the 
reference coordinate system can be measured. For example, 
the determination is made as to whether the image of the 
marker having the arrangement information known in the 
reference coordinate system has been captured in the prede 
termined number of times. When the marker for which the 
arrangement information in the reference coordinate system 
is known is a square marker, the determination is made as to 
whether one or more square markers have been captured in 
the image one or more times. On that occasion, the image of 
the relevant square marker is to be captured together with one 
or more other markers which are also the measurement tar 
gets. While the predetermined number of times of the image 
capturing is set to one or more herein, it is not limited to Such 
a value. The predetermined number of times of the image 
capturing can be set to two or more for the measurement with 
higher accuracy. When the marker for which the arrangement 
information in the reference coordinate system is known is a 
point marker, the determination is made as to whether three or 
more point markers not lying on the same Straight line have 
each been captured in the image two or more times. In the case 
of the point marker, the image of the point marker is to be 
captured together with one or more other markers which are 
also the measurement targets. Further, as in the case of the 
square marker, the number of times of the image capturing of 
the point marker is not limited to two or more, and it can be set 
to three or more for the measurement with higher accuracy. 
The markers for which the arrangement information in the 
reference coordinate system is known can be a mixed com 
bination of the square marker and the point marker. In Such a 
case, if any of the above-described conditions is satisfied, it is 
determined that the arrangement information of the marker in 
the reference coordinate system can be measured. When the 
processing of step S1170 is completed, the processing flow 
returns to step S1110. The processing flow can be modified 
Such that, regardless of whether the instruction for calculating 
the marker arrangement information is input by the user, the 
flow automatically advances to step S1180 after step S1170 to 
calculate the marker arrangement information. 
0116. In step S1180, the marker arrangement information 

is calculated. The method of calculating the marker arrange 
ment information is described next. The following descrip 
tion is first made of the method of calculating the marker 
arrangement information in the relative reference coordinate 
system, and then made of the method of transforming the 
relative reference coordinate system to the reference coordi 
nate system. It is herein assumed that the number of the 
markers as the calibration targets, i.e., the targets for each of 
which the arrangement information is to be calculated, is N 
and the number of the captured images is M. Also, it is 
assumed that a six-dimensional vector representing the posi 
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tion and the posture of a square marker i (i-1,2,...,N) is a 
and a six-dimensional vector representing the position and 
the posture of the camera having captured an image (= 1, 2, 
... , M) is s. The six-dimensional vector a representing the 
position and the posture of the marker is a vector made up of 
components representing the position of the marker in the 
relative reference coordinate system, which is given by: 

twintertwriter, 

and the posture of the marker with respect to the relative 
reference coordinate system, which is given by: 

0,,0,...,’on, 

Namely, the six-dimensional vector a can be expressed by: 
attent inter own 'own'ow, I 

Assuming that the position of the camera in the relative ref 
erence coordinate system is given by: 

tw.tv.tv.tv. 

and the posture of the camera with respect to the relative 
reference coordinate system is given by: 

the six-dimensional vectors representing the position and the 
posture of the camera can be similarly expressed by: 

S-Ittito), (),a), 

0117 The coordinates of each apex of the square marker in 
the marker coordinate system, i.e., x, x, y, z,' (k=1,2, 
3 and 4), can be expressed, for example, by the following 
formula (6) on an assumption that the length of one side of the 
square is 2e (ex0), and therefore the coordinates are known 
values when the length of one side of the square is known: 

0118 For the apex which has the marker coordinates x. 
and belongs to the marker having the position to and the 
posture (), with respect to the relative reference coordinate 
system, camera coordinate X, thereof in terms of the camera 
having the position tand the posture (), with respect to the 
relative reference coordinate system can be expressed by the 
following formula (7): 

where R(co-) and R(co) are (3x3) rotational transform 
matrices indicating the postures which are represented by (), 
and co, respectively. Also, when a point having camera 
coordinates, given by: 

is projected onto an image by a pinhole camera with the focal 
length f, a projected position, given by: 

can be expressed by the following formula (8): 

0119. In other words, u is a function of the positiont, and 
the posture (), of the marker and the position t and the 
posture () of the camera. Accordingly, a two-dimensional 
vector u representing the position of a projected image of 
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an apex k (k=1,2,3 and 4) of the marker i on the image is a 
function of a, ands, as expressed by the following formula (9): 

I0120 Assuming that il, represents the position where 
the projected image of the apex k of the marker i is actually 
observed on the imagej, an error Au,(u,-i,) between 
the observation position ü, and u, which is calculated 
from a, and scan be expressed by primary approximation as 
the following formula (10): 

Öuijk duijk | (10) Au; ; , s 
liik da; Ösi Asi 

I0121. In the above formula, du/da, and du/0s, repre 
sent a Jacobian determinant in which partial differentiation 
coefficients resulting from partially differentiating u, by 
respective components of a, and s, in the formula (9) are 
arrayed. Further, Aa, (i-1,2,...,N) and AS, G-1,2,..., M) 
can be obtained by setting the formula (10) for each apex of 
each marker which has been detected and identified in each 
image, and by solving simultaneous equations with all Aa, 
(i-1, 2, . . . , N) and AS, G-1, 2, . . . , M) being common 
unknown variables. The position and the posture a, (i-1,2,.. 
... N) of the marker can be determined by obtaining Aa (i-1, 
2,...,N) and AS, G-1,2,..., M) in advance with initial values 
given to a, and s, and by repeating a process of corrections 
expressed by a. a+Aa, and S. S.-As. 
0122) The initial values of the position and the posture of 
the camera are given by the position and the posture calcu 
lated in the position and posture calculating section 900. As 
an alternative, those initial values can be obtained by mount 
ing a position and posture sensor having 6 degrees of free 
dom, Such as a magnetic, optical or ultrasonic sensor, to the 
camera and by taking in a measured value of the sensor. 
Further, those initial values can also be obtained by using the 
known method, such as the DLT (Direct Linear Transform) 
method, based on the image coordinates of the marker which 
has the position and posture known in the relative reference 
coordinate system. The initial values of the position and the 
posture of the marker are obtained by manually measuring an 
approximate position inadvance. Those initial values can also 
be obtained based on a projected image of the marker cap 
tured by a camera having the known position and posture in 
the relative reference coordinate system. In the case of a 
square marker having a known size, the position and the 
posture of the square marker can be calculated by executing 
two-dimensional projective transformation between an actual 
plane and an image plane based on the correspondence 
between the actual-plane position in the marker coordinate 
system and the image coordinates for each apex of the square 
marker. In the case of a point marker, the position of the point 
marker can be calculated based on the principle of triangular 
Surveying if the image of the point marker has been captured 
by two or more cameras each having the position and the 
posture known in the relative reference coordinate system. 
0123. The method of transforming the arrangement infor 
mation of the marker in the relative reference coordinate 
system to the arrangement information of the marker in the 
reference coordinate system is described next. First, descrip 
tion is made of the case where the square marker having the 
position and the posture known in the reference coordinate 
system has been captured and the position and the posture of 
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the relevant square marker in the relative reference coordinate 
system have been calculated by the above-described method 
of calculating the marker arrangement information. Herein, 
the position and the posture of the square marker in the 
reference coordinate system, which square marker has the 
position and the posture known in the reference coordinate 
system, are represented by a three-dimensional vectort, and 
a (3x3) rotational matrix R. Also, the position and the 
posture of the square marker in the relative reference coordi 
nate system are represented by a three-dimensional vectort, 
and a (3x3) rotational matrix R. A three-dimensional vector 
t' and a (3x3) rotational matrix R' representing the position 
and the posture of the marker in the reference coordinate 
system, respectively, can be expressed by the following for 
mula (11) in which t is a three-dimensional vector represent 
ing the position of the relevant marker in the relative reference 
coordinate system and R is a (3x3) rotational matrix repre 
senting the posture of the relevant marker therein, those posi 
tion and posture being calculated by the above-described 
method of calculating the marker arrangement information: 

R-R-R, 'R (11) 

0.124. The following description is made of the case where 
the positions of three or more point markers having the posi 
tions known in the reference coordinate system and not lying 
on the same straightline have been each captured in the image 
two or more times. In that case, because the position of each 
of those point markers in the relative reference coordinate 
system is calculated, the relative position and posture 
between both the coordinate systems are calculated based on 
the correspondence between the positions of each point 
marker in the two coordinate systems. For example, when the 
number of the point markers is three and the point markers lie 
on the same plane, a coordinate transform matrix is obtained 
by executing the two-dimensional projective transformation 
between two planes. When the point markers are not on the 
same plane, a coordinate transform matrix M satisfying a 
formula (12), given below, is obtained by the method of least 
squares, for example: 

x x, x, x ... A v. x x ... (12) 

y yi , , ... y : y : 
5 : 5. 3. ... : z. z. z. 
1 1 1 1 ... 1 1 1 1 

In the formula (12), x'=x" y." Z," 1 (n=1, 2, . . . ) 
represents the position of the point marker in the reference 
coordinate system, and x'=x" y." Z." 11 (n=1, 2, . . . ) 
represents the position of the point marker in the relative 
reference coordinate system. 
0.125. It is here assumed that a (3x3) rotational matrix R. 
represents a rotation of the coordinate transform matrix M. 
and a three-dimensional vector trepresents aparallel move 
ment of the coordinate transform matrix M. A three-dimen 
sional vector t' and a (3x3) rotational matrix R' representing 
the position and the posture of the marker in the reference 
coordinate system, respectively, can be expressed by the fol 
lowing formula (13) in which t is a three-dimensional vector 
representing the position of the relevant marker in the relative 
reference coordinate system and Risa (3x3) rotational matrix 
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representing the posture of the relevant marker therein, those 
position and posture being calculated by the above-described 
method of calculating the marker arrangement information: 

t'R't-t, 

R'=RR (13) 

0126. After calculating the marker arrangement informa 
tion in step S1180, the processing flow advances to step 
S1190. If the arrangement information of the marker in the 
reference coordinate system cannot be calculated in step 
S1180, the processing flow returns to step S1110 to continue 
the image capturing of the marker for which the arrangement 
information in the reference coordinate system is known. 
Also, even when the arrangement information of the marker 
in the reference coordinate system can be calculated in step 
S1180, it is possible to return the processing flow to step 
S1110 to continue the image capturing if the user cannot 
satisfy with the measurement accuracy. 
0127. According to the third exemplary embodiment, as 
described above, since the information regarding whether the 
arrangement information of the marker in the reference coor 
dinate system can be measured is presented to the user, the 
user can momentarily confirm whether the image capturing is 
to be further continued, and the measurement of the marker 
arrangement information can be efficiently performed. 

Modification 3-1 

0128. In the third exemplary embodiment, the information 
regarding whether the arrangement information of the marker 
in the reference coordinate system can be measured is pre 
sented to the user by drawing the three-dimensional model 
representing the reference coordinate system. However, the 
information presenting method is not limited to Such an 
example. Any of other Suitable methods can also be used so 
long as it is able to display, on the captured image, the infor 
mation regarding whether the arrangement information of the 
marker in the reference coordinate system can be measured. 
0129. For example, the information can be presented by 
changing the color of the three-dimensional model, which 
represents the marker, depending on whether the arrangement 
information of the marker in the reference coordinate system 
can be measured. Also, instead of changing the color of the 
three-dimensional model, the three-dimensional model rep 
resenting the marker can be drawn at low transparency when 
the arrangement information of the marker in the reference 
coordinate system can be measured, and drawn at high trans 
parency when that arrangement information cannot be mea 
Sured. As an alternative, the transparency can be set to levels 
reversal to the above case. 
0130. While in the third exemplary embodiment the infor 
mation regarding whether the arrangement information of the 
marker in the reference coordinate system can be measured is 
three-dimensionally presented to the user by employing the 
position and the posture of the video camera and the three 
dimensional models of both the reference coordinate system 
and the marker, that information can also be presented in a 
two-dimensional manner. For example, it is possible to utilize 
only the identification information, which is stored in the data 
storage section 850, without calculating the position and the 
posture of the video camera. More specifically, when the 
arrangement information of the marker in the reference coor 
dinate system can be measured, the relevant information can 
be presented to the user by filling in the inside of each 
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detected square marker with some color, taking into account 
the image coordinates of each apex of the detected square 
marker as shown in FIG. 13A, or by drawing diagonal lines in 
each detected square marker as shown in FIG. 13B. Instead of 
presenting the information infigures, the information can also 
be presented in the form of text as shown in FIG. 13C. Further, 
instead of presenting the information to the user, the marker 
arrangement information can be automatically calculated 
when the arrangement information of the marker in the ref 
erence coordinate system can be measured. 

Modification 3-2 

I0131. In the third exemplary embodiment, the information 
regarding whether the arrangement information of the marker 
in the reference coordinate system can be measured is pre 
sented to the user by drawing the three-dimensional model 
representing the reference coordinate system. According to 
that method, however, when the size of the three-dimensional 
model representing the reference coordinate system is kept 
fixed, there is a possibility that the three-dimensional model 
extends out of the screen as shown in FIG.12A. To avoid such 
a drawback, as shown in FIG. 12B, the size of the three 
dimensional model representing the reference coordinate sys 
tem can be adjusted by using the position, the posture and the 
focal length of the video camera so that the three-dimensional 
model is always held within the screen. Further, instead of 
changing the size of the three-dimensional model represent 
ing the reference coordinate system, the position where the 
three-dimensional model is displayed can be adjusted, as 
shown in FIG. 12C, so that text information indicating each 
coordinate axis is always held within the screen. 

Fourth Exemplary Embodiment 

0.132. In the second exemplary embodiment, the image 
capturing direction of each marker is displayed after conver 
sion to a corresponding direction on a plane in which the inner 
region of the marker is divided into four parts. However, the 
direction presenting method in the present invention is not 
limited to the method displaying the image capturing direc 
tion of each marker after conversion to a corresponding direc 
tion on the plane. 
I0133. In a fourth exemplary embodiment, the image cap 
turing direction of each marker, the distance up to the marker 
captured in the image, and the number of times of the image 
capturing of the marker (those items of information regarding 
the image capturing of each marker will be hereinafter 
referred to as “image capturing information') are displayed in 
the form of a three-dimensional object corresponding to each 
marker. Displaying the three-dimensional object enables the 
user to confirm which marker is to be captured next in which 
image capturing direction and at what a distance. In this 
fourth exemplary embodiment, a hemispherical object 1510 
is displayed as the three-dimensional object, as shown in 
FIGS. 15A and 15B. Also, in this fourth exemplary embodi 
ment, the color of a part of the surface of the hemispherical 
object 1510 is changed depending on both the image captur 
ing direction of the corresponding marker and the number of 
times of the image capturing. 
0.134. By displaying the image capturing information of 
the marker with the object 1510 indicating the three-dimen 
sional image capturing direction of the marker, only the infor 
mation regarding the direction in which the image is viewed 
at the current time can be displayed in an emphasized way. 
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More specifically, an area corresponding to the image captur 
ing information regarding the direction in which the image is 
viewed at the current time is drawn in larger size than that in 
the other direction due to the effect of drawing processing 
(perspective projection and hidden Surface elimination) to 
project the three-dimensional object 1510 onto the projection 
Surface. In other words, attribute information, e.g., color, set 
for the three-dimensional object 1510 is drawn in a larger area 
than the case when the attribute information is two-dimen 
sionally displayed on a plane. With that effect, the user can 
determine whether the image is to be captured in the relevant 
direction, based on a relatively simple determination crite 
rion, i.e., a colored area on the screen. Assume, for example, 
the case where the user observes a scene from an image 
capturing position set as shown in FIG. 15A. Viewing from 
Such an image capturing point, the user is given with an image 
shown in FIG. 15A. In the presented image, a color indicating 
that a marker has already been captured in the image from that 
position is displayed on the three-dimensional object 1510. 
Therefore, the user can determine that the image is not 
required to be captured any more from that position. Further, 
assume that the user moves to another image capturing posi 
tion and an image shown in FIG.15B is captured. In the image 
of FIG. 15B, a color indicating that the marker is not yet 
captured in the image from the other position is displayed on 
appearing faces of the three-dimensional object 1510 in the 
presented image. From the presented image, therefore, the 
user can determine that the image is required to be captured 
from the other position. 
0135 Also, by displaying, near the marker, a numeral 
value indicating marker detection accuracy 1520 at the time 
of image capturing of the marker, the user can confirm the 
detection accuracy (detection reliability) of each marker, of 
which image has been captured so far, in terms of numerical 
value, thus enabling the image capturing position to be fed 
back with high accuracy. 
0.136 FIG. 14 is a block diagram showing the functional 
configuration of a marker arrangement information measur 
ingapparatus according to the fourthexemplary embodiment. 
The functional configuration of the marker arrangement 
information measuring apparatus according to the fourth 
exemplary embodiment is similar to that of the marker 
arrangement information measuring apparatus according to 
the third exemplary embodiment. A detailed description of 
common components is not repeated here. 
0.137 As in the third exemplary embodiment, an image 
pickup section 800 captures an image of a scene or an object 
on which markers are arranged. The captured image is input 
to a computer through an image input section 810. A marker 
detecting section 820 detects each marker from the image 
taken into the computer through the image input section 810. 
Further, a marker identifying section 830 identifies the 
detected marker and stores a marker identification result in a 
data managing section 1440. 
0.138. The data managing section 1440 receives the marker 
identification result input from the marker identifying section 
830. When an instruction for acquiring the image captured by 
the image pickup section 800 (video camera) is input as a 
command entered through a console 880, the data managing 
section 1440 stores, in a data storage section 1450, the marker 
identification result input from the marker identifying section 
830. 
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0.139. The data storage section 1450 stores the marker 
identification results for a plurality of images. The marker 
identification results are each stored as a set of plural items 
given below: 
0140 image number 
0.141 identifier of each marker 
0.142 image coordinates of four apexes of square defining 
the inner region of the marker 
0.143 relative position and posture of the video camera 
(only when they can be calculated) 
0144. When the instruction for acquiring the image cap 
tured by the video camera at the current time is input through 
the console 880 in accordance with the user's input operation 
and the marker identification result input from the marker 
identifying section 830 is stored in the data storage section 
1450, the analyzing section 1460 analyzes the identification 
results of all the markers, which are stored in the data storage 
section 1450. In this fourth exemplary embodiment, the ana 
lyzing section 1460 executes not only the determination 
described in the third exemplary embodiment, i.e., the deter 
mination as to whether the arrangement information of the 
measurement target can be calculated in the reference coor 
dinate system, but also calculations to detect the following 
items of information. Stated another way, based on the marker 
identification results, the analyzing section 1460 stores: 
(0145 marker identifier 
0146 three-dimensional direction at the time of image 
capturing (hereinafter referred to as “three-dimensional 
image capturing direction') 
0147 distance up to the marker in the relative reference 
coordinate system at the time of image capturing (hereinafter 
referred to as "image capturing distance') 
0148 number of times of the image capturing for each of 
faces of the three-dimensional object, which is made corre 
spondent to the three-dimensional image capturing direction 
of the marker 

014.9 marker detection accuracy 
in a mutually correspondent manner for each of the markers 
captured in the image. The method of obtaining the analysis 
result will be described later. 

0150. The analysis result obtained for each marker is out 
put to a display section 1470. 
0151. The display section 1470 displays the image input 
through the image input section 810 on a screen at any time 
the user desires. On that occasion, based on the analysis result 
output from the analyzing section 1460, the display section 
1470 presents, near each marker, the three-dimensional 
object 1510 indicating the image capturing information of the 
marker and the marker detection accuracy 1520. FIG. 15A 
illustrates one example for presenting, to the user, the three 
dimensional object 1510 for each of the identified markers. In 
this fourth exemplary embodiment, the three-dimensional 
object 1510 representing the image capturing information of 
the marker is displayed in the form of a geodesic dome which 
is obtained by projecting a regular icosahedron onto a spheri 
cal Surface and dividing a curved surface into regular tri 
angles. Further, in this fourth exemplary embodiment, the 
three-dimensional object 1510 is arranged such that a linear 
line parallel to a normal vector passing a central point of the 
marker passes the Zenith of the geodesic dome. Because of no 
need of displaying an image in the horizontal direction in 
which the marker is not detected, the three-dimensional 
object 1510 is displayed such that, as shown in FIG. 15A, the 

Meta Platforms Exhibit 1005 
Page 0036



US 2008/0285854 A1 

three-dimensional object 1510 is moved in the normal direc 
tion and its bottom Surface is spaced from the marker by a 
preset certain distance. 
0152 Processing steps of a marker arrangement informa 
tion measuring method according to the fourth exemplary 
embodiment are similar to those, shown in FIG. 11, according 
to the third exemplary embodiment. The following descrip 
tion is made of only steps S1130, S1160 and S1170 which 
differ in processing from those in the third exemplary 
embodiment. 

0153. In step S1130, the display section 1470 first decides 
a color by referring, among the analysis results obtained by 
the analyzing section 1460 in step S1170, to the number of 
times of the image capturing for each of the faces of the 
three-dimensional object 1510 which indicate the three-di 
mensional image capturing direction of the marker. The 
method of calculating the number of times of the image 
capturing for each of the faces of the three-dimensional object 
1510 will be described later. In this fourth exemplary embodi 
ment, the color of each face of the three-dimensional object 
1510 is set to be white when the number of times of the image 
capturing of the relevant face is 0, gray when the number of 
times of the image capturing is one, and black when the 
number of times of the image capturing is two or more. By 
changing the color of each face of the three-dimensional 
object 1510 in such a way, when the image of the face is 
captured in directions overlapping with each other, the user 
can be prompted to distribute the three-dimensional image 
capturing directions as far as possible. Note that, in the 
present invention, the display colors and the manner of 
assigning the colors depending on the number of times of the 
image capturing are not limited to those ones described above 
in this fourth exemplary embodiment. As seen from the above 
description of the fourth exemplary embodiment, the present 
invention can also be practiced by using any of other Suitable 
manners so long as it is able to display the image capturing 
information of a range appearing on the image at the current 
time in an emphasized manner, thus enabling the user to 
confirm the image capturing direction of the marker and the 
number of times of the image capturing thereof. 
0154) In addition, the display section 1470 displays, near 
each marker, a numeral value of the marker detection accu 
racy 1520 calculated by the analyzing section 1460, as shown 
in FIG. 15A. The display position of the numerical value can 
be set, for example, to a certain three-dimensional position on 
the same plane as that on which the marker is arranged, taking 
into account the predetermined direction and distance with 
respect to the central point of the marker. 
0155 Finally, based on the position and the posture of the 
Video camera which are obtained by the position and posture 
calculating section 900, the display section 1470 produces an 
image drawing the three-dimensional object 1510 and the 
marker detection accuracy 1520 therein, and displays the 
produced image in a Superimposed relation to the captured 
image. 
0156. In step S1160, for each marker detected and identi 
fied in step S1110, a set of the image number, the marker 
identifier, the image coordinates of four apexes of the square 
defining the inner region of the marker (in the case of a point 
marker, the image coordinates of the point marker), and the 
relative position and posture of the video camera is stored in 
the data storage section 1450. Thereafter, the processing flow 
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advances to step S1170. The relative position and posture of 
the video camera are stored only when they can be calculated 
in step S1120. 
0157. In step S1170, the analyzing section 1460 analyzes 
the identification results of all the markers stored in the data 
storage section 1450. More specifically, the analyzing section 
1460 executes not only the determination described above in 
the third exemplary embodiment, i.e., the determination as to 
whether the arrangement information of the marker in the 
reference coordinate system can be measured, but also the 
calculations to obtain the number of times of the image cap 
turing corresponding to the three-dimensional image captur 
ing direction of the marker, the three-dimensional image cap 
turing direction, the image capturing distance, and the marker 
detection accuracy 1520 for each marker. 
0158. The three-dimensional image capturing direction of 
the marker, the image capturing distance thereof, and the 
number of times of the image capturing corresponding to the 
three-dimensional image capturing direction of the marker 
are decided, by way of example, as follows. FIGS. 16-18 
illustrate the number of times of the image capturing of the 
object face. The processing described below is executed for 
each data set obtained as the identification result. 
0159 First, the analyzing section 1460 refers to the iden 
tification result stored in the data storage section 1450 and 
obtains a position 1610 at which an image is captured by the 
Video camera. At that time, the direction of a vector extending 
from the central point of the marker to the image capturing 
position 1610 is assumed to be the three-dimensional image 
capturing direction, and the length of the vector is assumed to 
be the image capturing distance. The three-dimensional 
image capturing direction and distance are stored in the ana 
lyzing section 1460. Thereafter, a cone 1620 is produced in 
which the center of a circular bottom surface of the cone is 
defined by the image capturing position 1610 and the Zenith 
of the cone is defined by the central point of the marker. On 
that occasion, the radius of the circular bottom surface of the 
cone can be set to a fixed numerical value in advance, or can 
be changed depending on the image capturing distance or the 
field angle of the video camera. 
(0160 Next, as shown in FIG. 17, a region 1710 in which 
the cone 1620 and the three-dimensional object 1510 overlap 
with each other is determined by the known cross-point cal 
culation method. Further, the count number of times of the 
image capturing for each of faces 1810 of the three-dimen 
sional object 1510, which overlap with the region 1710 as 
shown in FIG. 18, is incremented by one. The count number 
for each face is stored in the analyzing section 1460. 
0.161 The marker detection accuracy 1520 represents esti 
mated accuracy for the relative position and posture of the 
video camera at the time when the marker is detected from the 
captured image. The estimated accuracy for the relative posi 
tion and posture of the video camera is determined, for 
example, by a method which is obtained by extending the 
method described in Lowe to the three-dimensional direction. 
More specifically, the image of each marker is first captured 
from a plurality of known relative positions and postures of 
the video camera, taking into account the three-dimensional 
direction beforehand in which the marker image is possibly 
captured. Further, an accuracy score based on an error 
between the relative position and posture of the video camera, 
which are obtained from the marker, and the known relative 
position and posture thereof is stored in the form of a table for 
each of the three-dimensional directions and each value of the 
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distance. The accuracy score is calculated, for example, as a 
ratio of (preset allowable error/measured error). The table is 
stored in the analyzing section 1460 beforehand. 
0162. Further, the marker detection accuracy 1520 is 
determined, by way of example, as follows. First, the analyz 
ing section 1460 refers to the estimated accuracy table for the 
relative position and posture of the video camera based on the 
three-dimensional image capturing directions and distances 
at which the images have been captured up to that time. Next, 
of the accuracy scores for the three-dimensional image cap 
turing directions and distances, two values of the first and 
second highest accuracy scores are averaged and the averaged 
value is set as the marker detection accuracy 1520. When the 
marker is not identified, the marker detection accuracy 1520 
is set to 0, and when the marker is identified only one time, a 
half the obtained accuracy score is set as the marker detection 
accuracy 1520. 
0163 According to the fourth exemplary embodiment, as 
described above, the analyzing section 1460 first calculates 
the three-dimensional image capturing direction, the image 
capturing distance, the number of times of the image captur 
ing corresponding to the three-dimensional image capturing 
direction, and the marker detection accuracy 1520 for each of 
the identified markers. Then, the display section 1470 dis 
plays the three-dimensional object 1510 and the marker 
detection accuracy 1520 based on the analysis result. With 
that processing, the user can determine whether the image is 
to be captured in the relevant direction, based on a relatively 
simple determination criterion, i.e., a colored area on the 
screen and a numerical value of the marker detection accu 
racy 1520. 

Modification 4-1 

0164. The present invention is not limited to the use of a 
geodesic dome as the three-dimensional object 1510 as in the 
fourth exemplary embodiment, and the three-dimensional 
object 1510 can also be practiced in any of other suitable 
three-dimensional shapes so long as it is able to represent the 
three-dimensional image capturing direction of the marker. 
For example, as shown in FIG. 19, a quadrangular truncated 
pyramid can be used as the three-dimensional object 1510. 
Alternatively, as shown in FIG. 20, a decagonal truncated 
pyramid can also be used as the three-dimensional object 
151O. 

0.165. In this modification, the functional configuration 
and the processing steps of the marker arrangement informa 
tion measuring apparatus are basically the same as those in 
the fourth exemplary embodiment except for the shape of the 
three-dimensional object 1510. Therefore, a description 
thereof is not repeated here. 

Modification 4-2 

0166 In the fourth exemplary embodiment, the color of 
the face of the three-dimensional object is decided depending 
on the three-dimensional image capturing direction of the 
marker and the number of times of the image capturing 
thereof. However, the method of representing the image cap 
turing information in the present invention is not limited to the 
method of changing the color of the face of the three-dimen 
sional object. For example, the image capturing information 
can also be represented by changing the position of the face of 
the three-dimensional object 1510. 
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0167. In this modification, in addition to changing the 
color of the face of the three-dimensional object 1510 as in the 
fourth exemplary embodiment, the face of the three-dimen 
sional object 1510 is scaled down in the direction toward the 
center of the hemisphere depending on the three-dimensional 
image capturing direction and distance at the time of the 
image capturing, as shown in FIG. 21. By thus changing the 
shape of the three-dimensional object 1510 when it is dis 
played, the information regarding the distance at the time of 
the image capturing can be presented to the user. 
0.168. In this modification, the functional configuration of 
the marker arrangement information measuring apparatus 
differs only in the processing executed by the display section 
1470 as compared with that of the marker arrangement infor 
mation measuring apparatus according to the fourth exem 
plary embodiment. 
0169. The display section 1470 in this modification 
decides the colorand the level in depth from the object surface 
for each face of the three-dimensional object 1510 based on 
the analysis result obtained by the analyzing section 1460, 
and then displays the three-dimensional object 1510 depend 
ing on the marker arrangement information. 
0170 In this modification, the processing steps of the 
marker arrangement information measuring apparatus differ 
only in the process of presenting the information in step 
S1130 as compared with those in the fourth exemplary 
embodiment. 
0171 In step S1130, in addition to the processing executed 
in the fourth exemplary embodiment, the display section 
1470 decides the shape of the three-dimensional object 1510 
based on the analysis result. Further, the display section 1470 
executes the following processing for each face of the three 
dimensional object 1510. First, the display section 1470 
refers to the image capturing distance obtained in the analysis 
result and determines in which one of ranges set in a preset 
distance table the image capturing distance falls. For 
example, four ranges corresponding to 100%, 75%, 50% and 
25% are prepared in the distance table. The face of the three 
dimensional object 1510 is scaled down at a scale-down rate 
set corresponding to the relevant distance. In a scaling-down 
process, as denoted by 2110 in FIG. 21, the face of the 
three-dimensional object 1510 is scaled down with the central 
point of the hemisphere being a reference point for the scal 
ing-down, and additional faces are produced so as to fill in the 
gaps caused due to the scaling-down of the relevant face. The 
faces produced to fill in the gaps are colored in the same color 
as that of the scaled-down face. 

Modification 4-3 

0172. In the fourth exemplary embodiment, even when the 
marker is not detected, the three-dimensional object 1510 is 
displayed similarly to the detected marker if the following 
conditions are satisfied: 
0173 the arrangement information of the relevant marker 
in the reference coordinate system can be measured, and 
0.174 the past analysis result of the relevant marker is 
stored. 
0.175. However, because the user cannot confirm the state 
of the marker being not detected, a difficulty occurs in effi 
ciently obtaining information. Stated another way, even when 
the user inputs the instruction for capturing the image through 
the console 880, an image effective in calculating the marker 
arrangement information often cannot be obtained for the 
reason that the market is not detected. To avoid such a prob 
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lem, the detected marker and the not-detected marker are 
required to be displayed in a separately discernable way. 
0176). In this modification, transparency of the three-di 
mensional object 1510 is changed depending on the detected 
state of the marker so that the user can determine whether the 
current image is suitable for acquiring the marker arrange 
ment information. FIG. 22 illustrates an example of display 
when this modification is applied. FIG. 22 shows a state 
where a marker 2220 at the left end extends out of the cap 
tured image and it is not recognized as a marker. In Such a 
case, to discriminate the other recognized markers and the 
not-recognized marker 2220, a three-dimensional object 
2210 representing the marker 2220 is presented to the user at 
low transparency. Note that, in the present invention, the 
method of displaying the recognized State of the marker in a 
separately discernable manner is not limited to the above 
described one using transparency. Any of other Suitable meth 
ods can also be used so long as it enables the recognized State 
of the marker to be separately discernable on the image by 
changing the color, e.g., brightness of the entire three-dimen 
sional object, or the shape thereof. 
0177. In this modification, the functional configuration 
and the processing steps are similar to those in the fourth 
exemplary embodiment except for the processing of step 
S1130 executed by the display section 1470. In step S1130, 
the display section 1470 forms an identifier list of the mark 
ers, which are detected at the current time, based on the 
identification results of the current image. Then, the display 
section 1470 draws the three-dimensional object 1510 
depending on the analysis result. More specifically, the dis 
play section 1470 obtains the identifier of each marker from 
the analysis result. If the identifier of the relevant marker is 
not included in the identifier list of the detected markers, the 
display section 1470 draws the three-dimensional object 
1510 representing the relevant marker at higher transparency. 
0.178 With that processing, the user can separately recog 
nize the marker detected at the current time and the marker 
not yet detected from each other, and can efficiently continue 
the image capturing that is requited to obtain the marker 
arrangement information. 

Modification 4-4 

0179. In the fourth exemplary embodiment, the three-di 
mensional object 1510 reflecting the image capturing infor 
mation is displayed on the image to aid the user in determin 
ing whether the image captured at the current time is to be 
acquired. 
0180. The method of aiding the user in making determi 
nation as to the image capturing in the present invention is not 
limited to the above-described one requiring the user to 
actively look at the color information of the three-dimen 
sional object 1510. For example, the marker arrangement 
information measuring apparatus can automatically deter 
mine the color information of the three-dimensional object 
1510 displayed on the image and provide information indi 
cating the determination result to the user. 
0181. In this modification, the functional configuration 
and the processing steps are similar to those in the fourth 
exemplary embodiment. The difference between this modifi 
cation and the fourth exemplary embodiment is that, after 
producing the image of the three-dimensional object 1510 in 
the processing of step S1130, the display section 1470 
executes statistical processing of the colors in the image and 
provides an indication for prompting the user to instruct the 
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image acquisition. The statistical processing of the colors in 
the image can be executed, for example, as a step of obtaining 
histograms of the image colors. 
0182. The indication for prompting the user to instruct the 
image acquisition can be provided, for example, by display 
ing a character train "Capture Image' on the image when, in 
the histograms of the image colors obtained by the above 
described Statistical processing, pixels occupied by a white 
area are three or more times those occupied by an area in other 
colors. 
0183 The method of prompting the user to instruct the 
image acquisition in the present invention is not limited to the 
above-described one using the character train for the prompt 
ing indication. The present invention can also be practiced by 
using any of other Suitable methods, such as changing the 
color and/or the shape of the three-dimensional object 1510, 
So long as it enables the user to easily make the determination 
based on the presented image. 

Modification 4-5 

0184. In Modification 4-4, the indication for prompting 
the user to instruct the image acquisition is displayed based on 
frequency distribution of the colors in the produced image of 
the three-dimensional object 1510. However, the present 
invention is not limited to the above-described method of 
displaying the indication for prompting the user to instruct the 
image acquisition. For example, the marker arrangement 
information measuring apparatus can automatically make the 
determination from the result of the statistical processing of 
the image colors to acquire the image. Stated another way, the 
display section 1470 can execute statistical processing of the 
image of the three-dimensional object 1510 and output the 
image acquisition instruction through the console 880 in 
accordance with the processing result. 

Modification 4-6 

0185. In the fourth exemplary embodiment, the analyzing 
section 1460 analyzes the images which have been captured 
in the past, and presents the three-dimensional object 1510 
and the marker detection accuracy 1520 based on the analysis 
result. 

0186. However, the present invention is not limited to the 
process of analyzing the images which have been captured in 
the past. The analyzing section 1460 can also analyze the 
marker identified in the image which is captured at the current 
time, and Successively updates the three-dimensional object 
1510 and the marker detection accuracy 1520 in real time. 
0187. This modification represents the case where the ana 
lyzing process is executed on the marker identified in the 
image which is captured at the current time. 
0188 In this modification, the functional configuration of 
the marker arrangement information measuring apparatus is 
similar to that in the fourth exemplary embodiment. The 
following description is made of only the difference between 
this modification and the fourth exemplary embodiment. 
0189 The data managing section 1440 stores the marker 
identification result obtained by the marker identifying sec 
tion 830 in the data storage section 1450 regardless of an 
instruction entered through the console 880. 
0190. After determining that the image acquisition 
instruction is not entered through the console 880, the ana 
lyzing section 1460 receives the identification result addition 
ally stored in the data storage section 1450 and produces a 
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tentative analysis result. The tentative analysis result is data 
obtained by copying the analysis result held in the analyzing 
section 1460 and reflecting the newly input identification 
result on the copied analysis result. The tentative analysis 
result is stored separately from the ordinary analysis result. 
When the new identification result is received next, the ten 
tative analysis result is erased. When the image acquisition 
instruction is entered through the console 880, the ordinary 
analysis result is stored. 
0191 FIG. 23 is a flowchart of processing steps of the 
marker arrangement information measuring apparatus 
according to this modification. The processing steps in this 
modification are similar to those in the fourth exemplary 
embodiment, and the following description is made of only 
the difference therebetween. 
(0192. In step S2310, as in step S1150 in the fourth exem 
plary embodiment, it is determined whether the instruction 
for acquiring the image is input through the console 880. If 
the determination result indicates the input of the instruction, 
the processing flow advances to step S2330, otherwise, the 
processing flow advances to step S2320. 
0193 In step S2320, the analyzing section 1460 produces 
a tentative analysis result based on the identification result. 
The analyzing process is the same as that in step S1170 of the 
fourth exemplary embodiment except for the storage destina 
tion of analysis result data. Namely, the tentative analysis 
result is written in a memory area differing from that in which 
the ordinary analysis result is written. 
(0194 In step S2330, the display section 1470 determines 
whether the image acquisition instruction is input through the 
console 880. If the image acquisition instruction is input, the 
display section 1470 draws the three-dimensional object 
1510 based on the ordinary analysis result stored in the ana 
lyzing section 1460. If the image acquisition instruction is not 
input, the display section 1470 draws the three-dimensional 
object 1510 based on the tentative analysis result stored in the 
analyzing section 1460. The other processing is the same as 
that of step S1130 in the fourth exemplary embodiment. 
0.195. In the marker arrangement information measuring 
apparatus according to this modification, as described above, 
the analyzing process is executed even for the image, which is 
captured at the current time, in a similar manner to the case 
where the image acquisition instruction is input, thus 
enabling the analysis result to be presented to the user. With 
that processing, the result obtained from the image which is 
captured at the current time is promptly fed back to the user 
through the presented image. In other words, since the analy 
sis result can be presented to the user before the user issues the 
image acquisition instruction and determines a failure of the 
image acquisition, it is possible to efficiently acquire the 
image. 
0196. The present invention is not limited to the above 
described method of always executing the tentative analyzing 
process to display the tentative analysis result whenever the 
image acquisition instruction is not input. For example, the 
tentative analysis result can be displayed only when the user 
inputs an instruction for displaying the result of the tentative 
analyzing process through the condole 880. 

Other Modifications 

0197) In the above-described exemplary embodiments, 
when the markers arranged on the scene or the object are each 
calibrated, i.e., when the position and the posture of each 
marker is measured, the information regarding the number of 
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times of the image capturing of the marker in the past and the 
image capturing directions of the marker, as well as the ref 
erence coordinate system are presented to the user. However, 
the present invention is not limited to the calibration of the 
marker, and it can also be applied to the case of calibrating 
other information by using markers. 
0198 For example, when calibration of a magnetic posi 
tion and posture sensor having 6 degrees of freedom (e.g., the 
position and the posture of a transmitter with respect to the 
reference coordinate system, and the position and the posture 
of a receiver with respect to the coordinate system of a mea 
Surement target (e.g., a camera)) is executed based on images 
capturing markers arranged in a space, the above-described 
exemplary embodiments can be applied Such that the user can 
decide the marker and the direction for which the image is to 
be next captured, while receiving the information regarding 
the number of times of the image capturing and the image 
capturing directions for each of the markers. 
0199 The present invention can also be practiced by Sup 
plying program code (Software) for implementing the func 
tions of the above-described exemplary embodiments to a 
computer (CPU or MPU) in a system or an apparatus, which 
is connected to various devices for operate them so as to 
implement the functions of the above-described exemplary 
embodiments, and by operating the various devices in accor 
dance with programs stored in the computer in the system or 
the apparatus. 
0200. In that case, the program code (software) serves—to 
implement the functions of the above-described exemplary 
embodiments. 
0201 Storage media for Supplying the program code can 
be, e.g., a floppy disk, a hard disk, an optical disk, a magneto 
optical disk, a CD-ROM, a magnetic tape, a nonvolatile 
memory card, and a ROM. 
0202 Further, the present invention involves not only the 
case where the functions of the above-described exemplary 
embodiments are implemented by the computer executing the 
Supplied program code, but also the case where the functions 
of the above-described exemplary embodiments are imple 
mented by the Supplied program code in cooperation with an 
OS (operating system) running in the computer, other appli 
cation Software, and so on. 
0203. In addition, the supplied code read can be written in 
a memory which is provided in a function extension board 
inserted in the computer or in a function extension unit con 
nected to the computer, and a part or the whole of the actual 
processing can be executed by a CPU or the like, which is 
incorporated in the function extension board or the function 
extension unit, in accordance with commands from the pro 
gram code. 
0204 While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
modifications, equivalent structures and functions. 
0205 This application claims the benefit of Japanese 
Patent Application No. 2006-219845 filed Aug. 11, 2006 and 
No. 2007-131573 filed May 17, 2007, which are hereby 
incorporated by reference herein in their entirety. 

What is claimed is: 
1. A marker arrangement information measuring apparatus 

comprising: 
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an image acquiring unit configured to acquire an image 
captured by an image pickup apparatus; 

a marker detecting unit configured to detect markers from 
the captured image: 

a marker identifying unit configured to identify the marker 
detected by the marker detecting unit; 

an arrangement information calculating unit configured to 
calculate arrangement information of the marker based 
on an identification result of the marker identifying unit; 

an analyzing unit configured to analyze the identification 
result of the marker identifying unit; and 

a display unit configured to display an image correspond 
ing to an analysis result of the analyzing unit on the 
captured image in a combined manner. 

2. The marker arrangement information measuring appa 
ratus according to claim 1, further comprising a position and 
posture calculating unit configured to calculate a position and 
a posture of the image pickup apparatus at the time of cap 
turing of the image. 

3. The marker arrangement information measuring appa 
ratus according to claim 1, wherein: 

the analyzing unit counts the number of times of the image 
capturing of each marker based on identification infor 
mation obtained by the marker identifying unit; and 

the display unit displays information corresponding to the 
number of times of the image capturing in correspon 
dence to each marker. 

4. The marker arrangement information measuring appa 
ratus according to claim 1, wherein: 

the analyzing unit calculates at least one of an image cap 
turing direction, an image capturing distance, and an 
image capturing position of each marker based on iden 
tification information obtained by the marker identify 
ing unit and a position and a posture of the image pickup 
apparatus; and 

the display unit displays information corresponding to the 
at least one of the image capturing direction, the image 
capturing distance, and the image capturing position. 

5. The marker arrangement information measuring appa 
ratus according to claim 1, wherein the display unit displays 
animage representing a relative relationship among the mark 
ers on the captured image in a combined manner. 

6. The marker arrangement information measuring appa 
ratus according to claim 1, further comprising a setting unit 
configured to set a reference marker having known arrange 
ment information in a reference coordinate system, 

wherein the analyzing unit determines, based on identifi 
cation information of the reference marker, whether the 
arrangement information of the marker in the reference 
coordinate system can be calculated, and 

the display unit displays an image representing the refer 
ence coordinate system on the captured image in a com 
bined manner when the arrangement information of the 
marker in the reference coordinate system can be calcu 
lated. 

7. The marker arrangement information measuring appa 
ratus according to claim 1, wherein the display unit com 
prises: 

a producing unit configured to produce an image corre 
sponding to the analysis result based on a position and a 
posture of the image pickup apparatus; and 

a combining unit configured to combine the produced 
image corresponding to the analysis result with the cap 
tured image, 
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wherein the combining unit three-dimensionally combines 
the image corresponding to the analysis result. 

8. The marker arrangement information measuring appa 
ratus according to claim 1, wherein: 

the analyzing unit calculates, from a currently captured 
image, a tentative analysis result for each marker iden 
tified by the marker identifying unit; and 

the display unit displays information based on the tentative 
analysis result. 

9. The marker arrangement information measuring appa 
ratus according to claim 1, wherein the display unit displays 
the analysis result of the analyzing unit on the same projected 
plane as the captured image. 

10. The marker arrangement information measuring appa 
ratus according to claim 1, wherein the display unit displays 
the analysis result of the analyzing unit on the same plane as 
a plane on which the corresponding marker is arranged. 

11. The marker arrangement information measuring appa 
ratus according to claim 1, wherein the display unit displays, 
based on the analysis result of the analyzing unit, information 
made correspondent to a three-dimensional shape represent 
ing a three-dimensional direction in which each marker is 
observed. 

12. The marker arrangement information measuring appa 
ratus according to claim 11, wherein a part or the whole of a 
Surface of the three-dimensional shape representing the three 
dimensional direction has a color changed depending on the 
analysis result of the analyzing unit. 

13. The marker arrangement information measuring appa 
ratus according to claim 11, wherein the three-dimensional 
shape representing the three-dimensional direction is 
changed depending on the analysis result of the analyzing 
unit. 

14. The marker arrangement information measuring appa 
ratus according to claim 1, wherein the analyzing unit calcu 
lates at least one of an image capturing direction, an image 
capturing distance, an image capturing position, the number 
of times of the image capturing, and the marker identification 
result of the corresponding marker. 

15. The marker arrangement information measuring appa 
ratus according to claim 1, wherein the display unit displays, 
based on the image presented corresponding to the analysis 
result of the analyzing unit, an indication for prompting a user 
to acquire the captured image. 

16. The marker arrangement information measuring appa 
ratus according to claim 1, wherein the display unit automati 
cally acquires the captured image based on the image pre 
sented corresponding to the analysis result of the analyzing 
unit. 

17. The marker arrangement information measuring appa 
ratus according to claim 1, wherein the analyzing unit calcu 
lates marker detection reliability based on at least one item of 
information regarding an image capturing direction, an image 
capturing distance, and an image capturing position of each 
marker, decides the analysis result based on the calculated 
detection reliability, and displays the decided analysis result 
on the display unit. 

18. A marker arrangement information measuring method 
comprising: 

acquiring an image captured by an image pickup unit; 
detecting markers from the captured image; 
identifying the marker detected; 
calculating arrangement information of the marker based 

on an identification result of the marker detected; 
analyzing the identification result; and 
combining an image corresponding to an analysis result 

with the captured image in a Superimposed manner. 
c c c c c 
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