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IMAGE DISPLAY APPARATUS, IMAGE 
DISPLAY METHOD, AND MAGNETIC 
RESONANCE MAGINGAPPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a division of U.S. Ser. No. 12/603,961 filed 
Oct. 22, 2009, the entire content of which is incorporated 
herein by reference. 
0002 This application is also based upon and claims the 
benefit of priority from prior Japanese Patent Application No. 
2008-274842 filed on Oct. 24, 2008, and No. 2009-208519 
filed on Sep. 9, 2009, the entire contents of both of which are 
incorporated herein by reference. 

BACKGROUND 

0003 1. Technical Field 
0004. The present exemplary embodiments relate to an 
image display apparatus, an image display method, and a 
magnetic resonance imaging apparatus, and particularly 
relate to an image display apparatus, an image display 
method, and a magnetic resonance imaging apparatus accord 
ing to which change in details due to a difference of the 
imaging methods can be easily observed without moving an 
observation point between images. 
0005 2. Description of Related Art 
0006 Conventionally, various diagnoses and treatments 
are carried out in medical practice with the use of various 
images that are taken by using various diagnostic imaging 
apparatuses. For example, when using a Magnetic Resonance 
Imaging (MRI) apparatus, it can take various kinds of images, 
for example, a longitudinal relaxation weighted image (TW 
image), a transverse relaxation weighted image (TW image), 
a proton density image, a flair image, a fat Suppression image, 
a diffusion image, a perfusion image, a functional Magnetic 
Resonance Imaging (f-MRI) image, and a Magnetic Reso 
nance Spectroscopy (MRS); the list is endless. Moreover, 
when using an X-ray Computed Tomography (CT) apparatus, 
it can take a functional image. Such as a functional image of a 
blood flow, as well as a usual anatomical image based on CT 
values. 
0007 Usually, when reading a plurality of different 
images, for example, films are arranged on a Schaukasten, or 
images are arranged on a monitor; and then a diagnosis is 
carried out while moving an observer's eyes from a point to a 
point corresponding to the same anatomical portion between 
respective images. According to Such diagnosis, because 
images are read by moving the observer's eyes to respective 
regions of interest among several kinds of arranged images, it 
takes a longtime to read the images. It is also very difficult to 
perform a diagnosis while comparing anatomical details 
between images because it is carried out with a movement of 
an observation point. 
0008 For this reason, for example, an ultrasound diagno 
sis apparatus uses a method of Superimposing and displaying 
a monochrome image and a color image, onto both of which 
the same portion is imaged, which is called a fusion method. 
Apart from this, another method is proposed for enabling a 
comparative reading without movement of an observation 
point when there is a plurality of images taken of the same 
portion, by displaying the images in the Substantially same 
position on a screen by Switching the images one by one (for 
example, see JP-A 2006-95279 (KOKAI)). 
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0009. However, according to conventional technology, it 
is difficult to observe easily changes in details due to a dif 
ference of imaging methods. For example, according to dis 
play by a fusion method, because at least two images are 
Superimposed, one of the Superimposed images is limited to 
an image of a small spatial resolution, Such as a monochrome 
image, or a topical image. According to the method of dis 
playing images in the Substantially same position by Switch 
ing them, although reduction in movement of an observation 
point is taken into account, an observation of change in details 
due to a difference of imaging methods is not considered. 

BRIEF SUMMARY 

0010. According to one aspect of the exemplary embodi 
ments, an image display apparatus includes a region-of-inter 
est setting unit that sets a region of interest on each of a 
plurality of images that is imaged by a diagnostic imaging 
apparatus and includes a same portion of a subject; a feature 
analysis unit that performs a feature analysis on each of the 
images based on pixel values of pixels included in the region 
of interest set by the region-of-interest setting unit; and a 
display control unit that causes a display unit to display the 
images in a Substantially same position in a display area 
included in the display unit by Switching the images in an 
order prescribed, and to display a result of the feature analysis 
obtained by the feature analysis unit in same display area. 
0011. According to another aspect of the exemplary 
embodiments, an image display apparatus includes a mode 
changing unit that changes a display mode of image with 
respect to each of a plurality of images that is imaged by a 
diagnostic imaging apparatus and includes a same portion of 
a subject; and a display control unit that causes a display unit 
to display the images of each of which the display mode is 
changed by the mode changing unit in a Substantially same 
position in a display area included in the display unit by 
Switching the images in an order prescribed. 
0012. According to still another aspect of the exemplary 
embodiments, an image display method includes setting a 
region of interest on each of a plurality of images that is 
imaged by a diagnostic imaging apparatus and includes a 
same portion of a Subject, performing a feature analysis on 
each of the images based on pixel values of pixels included in 
the region of interest; and causing a display unit to display the 
images in a Substantially same position in a display area 
included in the display unit by Switching the images in an 
order prescribed, and to display a result of the feature analysis 
in same display area. 
0013. According to yet another aspect of the exemplary 
embodiments, an image display method includes changing a 
display mode of image with respect to each of a plurality of 
images that is imaged by a diagnostic imaging apparatus and 
includes a same portion of a Subject; and causing a display 
unit to display the images of each of which the display mode 
is changed, by Switching the images in an order prescribed, in 
a Substantially same position in a display area included in the 
display unit. 
0014. According to an additional aspect the exemplary 
embodiments, a magnetic resonance imaging apparatus 
includes an imaging unit that takes a plurality of images that 
includes a same portion of a subject; a region-of-interest 
setting unit that sets a region of interest on each of the images 
taken by the imaging unit; a feature analysis unit that per 
forms a feature analysis on each of the images based on pixel 
values of pixels included in the region of interest set by the 
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region-of-interest setting unit; and a display control unit that 
causes a display unit to display the images in a Substantially 
same position in a display area included in the display unit by 
Switching the images in an order prescribed, and to display a 
result of the feature analysis obtained by the feature analysis 
unit in same display area. 
0015. According to a still further aspect of the exemplary 
embodiment, a magnetic resonance imaging apparatus 
includes an imaging unit that takes a plurality of images that 
includes a same portion of a Subject; a mode changing unit 
that changes a display mode of image with respect to each of 
the images taken by the imaging unit; and a display control 
unit that causes a display unit to display the images of which 
the display mode is changed by the mode changing unit, by 
Switching the images in an order prescribed, in a Substantially 
same position in a display area included in the display unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a schematic diagram of a general configu 
ration of a Magnetic Resonance Imaging (MRI) apparatus 
according to a first embodiment of the present invention; 
0017 FIG. 2 is a functional block diagram of a configura 
tion of a control unit according to the first embodiment; 
0018 FIGS. 3A to 3E are schematic diagrams for explain 
ing an example of an image registration method performed by 
a registration processing unit according to the first embodi 
ment, 
0019 FIG. 4 is a schematic diagram for explaining another 
example of an image registration method performed by the 
registration processing unit according to the first embodi 
ment, 
0020 FIG. 5 is a flowchart of a process/procedure of 
image display performed by a control unit according to the 
first embodiment; 
0021 FIG. 6 is a schematic diagram of a flow of image 
display performed by the control unit according to the first 
embodiment; 
0022 FIG. 7 is a schematic diagram of another flow of 
image display performed by the control unit according to the 
first embodiment; 
0023 FIG. 8 is a flowchart of a process/procedure of 
image display performed by a control unit according to a 
second embodiment of the present invention; 
0024 FIG. 9 is a schematic diagram of a flow of image 
display performed by the control unit according to the second 
embodiment; 
0025 FIG. 10 is a schematic diagram of another flow of 
image display performed by the control unit according to the 
second embodiment; 
0026 FIG. 11 is a functional block diagram of a configu 
ration of an image display apparatus according to a third 
embodiment of the present invention; 
0027 FIG. 12 is a flowchart of a process/procedure of 
image display performed by a control unit according to the 
third embodiment; and 
0028 FIG. 13 is a schematic diagram of a flow of image 
display performed by the control unit according to the third 
embodiment. 

DETAILED DESCRIPTION 

0029. Exemplary embodiments of an image display appa 
ratus, an image display method, and a magnetic resonance 
imaging apparatus according to the present invention will be 
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explained below in detail with reference to the accompanying 
drawings. Hereinafter, a Magnetic Resonance Imaging appa 
ratus is referred to as an MRI apparatus. 
0030. A first embodiment according to the present inven 
tion is explained below about an MRI apparatus to which the 
present invention is applied. First of all, a general configura 
tion of an MRI apparatus 100 according to the first embodi 
ment is explained below with reference to FIG. 1. FIG. 1 is a 
schematic diagram of a general configuration of the MRI 
apparatus 100 according to the first embodiment. As shown in 
FIG. 1, the MRI apparatus 100 includes a static magnetic 
field magnet 1, a gradient magnetic-field coil 2, a gradient 
magnetic-field power Source 3, a couch 4, a couch control unit 
5, a Radio Frequency (RF) transmitting coil 6, a transmitting 
unit 7, an RF receiving coil 8, a receiving unit 9, a sequence 
control unit 10 and a computer system 20. 
0031. The static magnetic-field magnet 1 is a magnet 
formed in a hollow drum shape, and generates a uniform static 
magnetic field in its inside space. For example, a permanent 
magnet or a Superconducting magnet is used as the static 
magnetic-field magnet 1. 
0032. The gradient magnetic-field coil 2 is a coil formed in 
a hollow drum shape, and is arranged on the inner side of the 
static magnetic-field magnet 1. The gradient magnetic-field 
coil 2 is formed of three coils in combination corresponding 
to X, y and Z axes orthogonal to one another, and the three coils 
generate gradient magnetic fields of which field strengths 
vary along three directions of the X, y and Z axes, respectively, 
by individually receiving a current Supply from the gradient 
magnetic-field power source 3, which will be described later. 
It is assumed that the Z axis direction is the same direction as 
that of the static magnetic field. The gradient magnetic-field 
power source 3 is a device that Supplies a current to the 
gradient magnetic-field coil 2. 
0033. The gradient magnetic fields of the x, y and Z axes 
generated by the gradient magnetic-field coil 2 correspond to, 
for example, a slice-selective gradient magnetic field Gs, a 
phase-encoding gradient magnetic field Ge, and a readout 
gradient magnetic field Gr, respectively. The slice-selective 
gradient magnetic field GS is used for arbitrarily setting a scan 
cross-section. The phase-encoding gradient magnetic field 
Ge is used for changing the phase of a magnetic resonance 
signal in accordance with a spatial position. The readout 
gradient magnetic field Gris used for changing the frequency 
of a magnetic resonance signal in accordance with a spatial 
position. 
0034. The couch 4 is a device that includes a top plate 4a 
on which a subject P is to be placed; and under the control of 
the couch control unit 5, which will be described later. The 
couch 4 inserts the top plate 4a on which the subject P is 
placed into a hole (a scanning space) of the gradient mag 
netic-field coil 2. Usually, the couch 4 is placed such that the 
longitudinal direction of the couch 4 is to be parallel to the 
central axis of the static magnetic-field magnet 1. The couch 
control unit 5 is a device that controls the couch 4 under the 
control of a control unit 26, and moves the top plate 4a in the 
longitudinal direction and upward and downward by driving 
the couch 4. 

0035. The RF transmitting coil 6 is a coil arranged on the 
inner side of the gradient magnetic-field coil 2, and generates 
a radio-frequency magnetic field by receiving Supply of a 
radio-frequency pulse from the transmitting unit 7. The trans 
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mitting unit 7 is a device that transmits a radio-frequency 
pulse corresponding to a Larmor frequency to the RF trans 
mitting coil 6. 
0036. The RF receiving coil 8 is a coil arranged on the 
inner side of the gradient magnetic-field coil 2, and receives a 
magnetic resonance signal emitted from the Subject Powing 
to an influence of the radio-frequency magnetic field 
described above. Upon receiving a magnetic resonance sig 
nal, the RF receiving coil 8 outputs the magnetic resonance 
signal to the receiving unit 9. 
0037. The receiving unit 9 creates k-space databased on 
the magnetic resonance signal output by the RF receiving coil 
8. Specifically, the receiving unit 9 creates k-space data by 
converting a magnetic resonance signal output from the RF 
receiving coil 8 into digital. The k-space data is associated 
with information about spatial frequencies of a PE direction, 
an RO direction, and an SE direction by the slice-selective 
gradient magnetic field Gs, the phase-encoding gradient mag 
netic field Ge, and the readout gradient magnetic field Gr. 
After creating k-space data, the receiving unit 9 transmits the 
k-space data to the sequence control unit 10. 
0038. The sequence control unit 10 performs scanning of 
the Subject P by activating the gradient magnetic-field power 
source 3, the transmitting unit 7 and the receiving unit 9. 
based on sequence information transmitted from the com 
puter system 20. The sequence information defines a proce 
dure for scanning, such as the strength of power to be supplied 
to the gradient magnetic-field coil 2 by the gradient magnetic 
field power source 3 and the timing of supplying the power, 
the strength of an RF signal to be transmitted to the RF 
transmitting coil 6 by the transmitting unit 7 and the timing of 
transmitting the RF signal, and the timing of detecting a 
magnetic resonance signal by the receiving unit 9. 
0039. Whenk-space data is transmitted from the receiving 
unit 9 as a result of scanning the subject P by activating the 
gradient magnetic-field power Source 3, the transmitting unit 
7 and the receiving unit 9, the sequence control unit 10 trans 
fers the k-space data to the computer system 20. 
0040. The computer system 20 performs total control of 
the MRI apparatus 100, data collection, image reconstruc 
tion, and the like. The computer system 20 particularly 
includes an interface unit 21, an image reconstructing unit 22, 
a storage unit 23, an input unit 24, a display unit 25 and the 
control unit 26. 

0041. The interface unit 21 controls input and output of 
various signals that are given and received to and from the 
sequence control unit 10. For example, the interface unit 21 
transmits sequence information to the sequence control unit 
10, and receives k-space data from the sequence control unit 
10. When having received k-space data, the interface unit 21 
storesk-space data in the storage unit 23 with respect to each 
subject P. 
0042. The image reconstructing unit 22 creates spectrum 
data of a desired nuclear spin inside the Subject P or image 
data by performing post-processing, i.e., reconstruction pro 
cessing, such as Fourier transform processing, on k-space 
data stored in the storage unit 23. 
0043. The storage unit 23 storesk-space data received by 
the interface unit 21, and image data created by the image 
reconstructing unit 22, with respect to each Subject P. 
0044) The input unit 24 receives various instructions and 
information input from an operator. As the input unit 24, a 
pointing device, such as a mouse or a trackball, a selecting 
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device. Such as a mode Switch, and an input device. Such as a 
keyboard, can be used as required. 
0045. The display unit 25 displays various information, 
Such as spectrum data or image data, under the control of the 
control unit 26. A display device. Such as a liquid crystal 
display, can be used as the display unit 25. 
0046. The control unit 26 includes a Central Processing 
Unit (CPU) and a memory (neither of which is shown) and 
carries out total control of the MRI apparatus 100. Specifi 
cally, the control unit 26 controls a scan by creating sequence 
information based on imaging conditions input by the opera 
tor via the input unit 24, and transmitting the created sequence 
information to the sequence control unit 10, and controls 
reconstruction of an image performed based on k-space data 
sent from the sequence control unit 10 as a result of the scan. 
0047. Because Magnetic Resonance (MR) imaging is per 
formed by using a protocol in which a plurality of different 
sequences is combined, different kinds of images are gener 
ally obtained through one time of imaging. Examples of a 
perfusion imaging protocol can be listed as follows: a T. 
Weighted image (TW image) imaging sequence, a T 
weighted image (TW image) imaging sequence, and a pro 
tocol in which a flair-image imaging sequence and a dynamic 
image imaging sequence are combined. 
0048. The general configuration of the MRI apparatus 100 
according to the first embodiment has been explained above. 
Under Such configuration, according to the first embodiment, 
the control unit 26 sets a Region Of Interest (ROI) on each of 
a plurality of images that includes the same portion of a 
Subject, and performs a feature analysis on each of the images 
based on pixel values of pixels included in the set ROI. The 
control unit 26 then causes the display unit 25 to display each 
of the images in the Substantially same position in a display 
area included in the display unit 25 by Switching the images in 
a certain order, and to display a result of the feature analysis 
in the same display area. Consequently, according to the first 
embodiment, change in details due to a difference of the 
imaging methods can be easily observed without moving an 
observation point between images. 
0049. Details of the control unit 26 according to the first 
embodiment are explained below. First of all, a configuration 
of the control unit 26 according to the first embodiment is 
explained below with reference to FIG. 2. FIG. 2 is a func 
tional block diagram of a configuration of the control unit 26 
according to the first embodiment. As shown in FIG. 2, the 
control unit 26 particularly includes a registration processing 
unit 26a, an image-correction processing unit 26b, an ROI 
setting unit 26C, a feature-analysis processing unit 26d and a 
display control unit 26e. 
0050. The registration processing unit 26a performs reg 
istration between a plurality of images on which a portion of 
a subject to be examined is imaged. Specifically, the registra 
tion processing unit 26a reads from the storage unit 23 a 
plurality of images on which the same portion of a Subject to 
be examined is imaged, and aligns the sizes and the positions 
of the read images. For the registration of images to be per 
formed here, any of various generally-known image-registra 
tion methods, for example, registration based on anatomical 
information, can be used. 
0051. The registration processing unit 26a performs reg 
istration by reading a plurality of medical images, for 
example, different kinds of images and images along different 
time sequences that are taken by the same kind of diagnostic 
imaging apparatus through different imaging methods, or 
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images taken by different diagnostic imaging apparatuses. 
For example, the registration processing unit 26a performs 
registration by reading images taken through different imag 
ing methods, such as, a TW image, a TW image, a proton 
density image, a flair image, a fat Suppression image, a dif 
fusion image, a perfusion image, a functional Magnetic Reso 
nance Imaging (f-MRI) image and/or an MR spectroscopy. 
0052 Moreover, for example, the registration processing 
unit 26a performs registration by reading images taken under 
imaging conditions that include a different setting value 
among imaging parameters. The imaging parameters include 
an Echo Time (TE), a Repetition Time (TR) and ab factor that 
indicates the strength of a Motion Probing Gradient (MPG) 
pulse. 
0053 Generally, an MRI apparatus can image a cross 
section of a Subject in an arbitrary direction among three 
dimensional directions. Therefore, positional information 
about an image taken by the MRI apparatus is expressed in a 
coordinate system that is uniquely determined based on a 
pose of a patient during a scan. Such coordinate system is 
called “a patient coordinate system’, and is determined with 
respect to each scan based on a posture of the patient (a Supine 
position, aprone position, a right recumbent position, or a left 
recumbent position), and an insert direction into the apparatus 
(from the head, or from the foot). On the other hand, a coor 
dinate system called “an apparatus coordinate system” is 
unique to an apparatus, has the origin point at the center of the 
magnetic field, and is expressed with three coordinate axes 
respectively along three directions in the apparatus, namely, 
an upward-and-downward direction, a right-and-left direc 
tion, and a fore-and-aft direction of the apparatus. 
0054 Morphological images, for example, a TW image 
and a TW image, are often taken of the same area in the same 
examination in many cases. Consequently, positions of the 
morphological images, such as a TW image and a TW 
image, are indicated in the same patient coordinate system. 
For this reason, morphological images can be easily regis 
tered by using positional information with respect to a patient 
coordinate system generally attached to an image. 
0055. On the other hand, functional images, for example, 
a diffusion image and a perfusion image, generally have a 
distortion, so that it is difficult to perform registration simply 
based on a patient coordinate system. Therefore, the registra 
tion processing unit 26a extracts a region that indicates a 
characteristic portion from each image, and performs regis 
tration with reference to the extracted region. FIGS. 3A to 3E 
are schematic diagrams for explaining an example of an 
image registration method performed by the registration pro 
cessing unit 26a according to the first embodiment. Explained 
below is a case of registration between a Diffusion Weighted 
Imaging (DWI) image and a Perfusion Weighted Imaging 
(PWI) image. 
0056. For example, to begin with, the registration process 
ing unit 26a extracts the region of a portion Subjected to 
registration from both a DWI image and a PWI image. Spe 
cifically, the registration processing unit 26a extracts the 
region of a portion Subjected to registration from among 
voxels included in both the DWI image and the PWI image by 
performing generally-known segmentation processing. The 
registration processing unit 26a then extracts Voxels posi 
tioned on the boundary of the extracted region as boundary 
voxels 31, as shown in FIG. 3A. FIG. 3A depicts part of the 
boundary voxels 31. 
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0057. Furthermore, the registration processing unit 26a 
extracts shape Voxels that express the shape of each region 
extracted from the DWI image and the PWI image. Specifi 
cally, the registration processing unit 26a selects a certain 
number of Voxels as shape Voxels 32 from among boundary 
voxels included in both the DWI image and the PWI image, as 
shown in FIG. 3B. For example, the registration processing 
unit 26a selects the shape voxels 32 with certain intervals 
from among a plurality of boundary Voxels arranged along the 
boundary of the region. 
0.058 Subsequently, the registration processing unit 26a 
associates the shape voxels between the DWI image and the 
PWI image. Specifically, as shown in FIG. 3C, the registra 
tion processing unit 26a makes every combination of the 
shape voxels 32 between the DWI image and the PWI image 
in every pattern, and calculates a distance between combined 
Voxels in every combination. The registration processing unit 
26a then specifies a pattern of combinations of the shape 
voxels 32 in which the total of distances between the voxels 
becomes the minimum. When calculating, for example, the 
registration processing unit 26a calculates the position of 
each voxel based on the patient coordinates included in infor 
mation attached to each image, and then calculates a distance 
between voxels based on the calculated positions. 
0059. The registration processing unit 26a then registers 
the position of each voxel by each pair of associated shape 
voxels. Specifically, as shown in FIG. 3D, the registration 
processing unit 26a moves the position of each of the shape 
voxels 32 in the PWI image to match up with the position of 
a corresponding one of the shape voxels 32 in the DWI image, 
by each combination of the shape Voxels 32, according to the 
combinations of the shape voxels 32 in which the total of the 
distances between the Voxels is the minimum. 
0060. The registration processing unit 26a then registers 
the position of each voxel included in the region of a portion 
Subjected to registration based on a transformation matrix. 
Specifically, the registration processing unit 26a calculates 
the transformation matrix between voxels 33 and the bound 
ary voxels 31 in the region extracted from the PWI image by 
weighting the transformation of an adjacent shape Voxel. The 
registration processing unit 26a then moves each Voxel based 
on the transformation matrix, as shown in FIG. 3E. Each of 
the arrows shown in FIGS. 3D and 3E indicates a vector 
representing the transformation of the transformation matrix. 
0061. In this way, the registration processing unit 26a can 
precisely perform registration of an image that has a distor 
tion, such as a diffusion image and a perfusion image, by 
changing a style, such as the size and/or the shape, of a portion 
included in the image Subjected to registration. 
0062. A method of performing registration of an image is 
not limited to this. For example, registration of each image 
can be performed by receiving from an operator an operation 
of setting an arbitrary number of reference points on each 
image Subjected to registration, and associating the reference 
points set by the operator. Accordingly, for example, as the 
operator sets reference points along the contour of the same 
portion drawn on each image, registration of each image can 
be performed so as to match up the position of the portion. 
0063 Registration of an image is not limited to two-di 
mensional directions, and can be performed in three-dimen 
sional directions. FIG. 4 is a schematic diagram for explain 
ing another example of an image registration method 
performed by the registration processing unit 26a according 
to the first embodiment. For example, as shown in FIG.4, it is 
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assumed that six TW images I to I and five TW images 
I to Is are taken of the same portion in a slice direction. 
When each of the images is an axial image, the slice direction 
is a Z-axis direction of the patient coordinate system. When 
each of the images is a sagittal image, the slice direction is an 
x-axis direction of the patient coordinate system. When each 
of the images is a coronal image, the slice direction is a y-axis 
direction of the patient coordinate system. It is assumed that 
the TW images I to I are taken at slice intervals different 
from those for the TW images I to Is. Moreover, it is 
assumed that the position of the TW image I matches the 
position of the TW image I, and the position of the TW 
image I matches the position of the TW image Is. 
0064. In such case, for example, if performing registration 
between the TW image I and the TW image I, the 
images are different in position in the slice direction. In Such 
case, for example, the registration processing unit 26a creates 
an interpolation image I to be in the same position as that of 
the TW image I in the slice direction by using the TW 
image I and the TW image I on the opposite sides of the 
TW image I. After that, the registration processing unit 26a 
performs registration of the interpolation image I and the 
TW image I in the direction orthogonal to the slice direc 
tion, as required. Any known technology can be used as a 
method of creating the interpolation image I. 
0065. The image-correction processing unit 26b performs 
a correction of an image registered by the registration pro 
cessing unit 26a. For example, the image-correction process 
ing unit 26b performs a distortion correction, or a correction 
for eliminating noise, on an image registered by the registra 
tion processing unit 26a. For Such correction of an image, any 
of generally-known various methods of image correction can 
be used. 
0066. The image-correction processing unit 26b can 
change a display style of each image by performing correc 
tion processing. For example, the image-correction process 
ing unit 26b changes the size of each image, or changes the 
shape of each image. 
0067. The ROI setting unit 26c sets an ROI on each image 
corrected by the image-correction processing unit 26b. For 
example, to begin with, the ROI setting unit 26c receives an 
operation of specifying a point of intereston one of a plurality 
of images displayed on the display unit 25, from the operator 
via the input unit 24. The ROI setting unit 26c then sets on the 
image an ROI of a certain size that has the center at the 
received point of interest, and applies the same ROI to each of 
the other images. 
0068 Moreover, the ROI setting unit 26c receives an 
operation of specifying a region (for example, a region of a 
rectangle or a circle) on one of the images displayed on the 
display unit 25 via the input unit 24. The ROI setting unit 26c 
then sets on the image the received region as an ROI, and 
applies the same ROI to each of the other images. 
0069. In this way, when setting an ROI on one of a plurality 
of images, the ROI setting unit 26c sets similarly the ROI on 
the other images, thereby omitting a procedure of setting a 
point of interest and an ROI on each of the images. 
0070 The feature-analysis processing unit 26d performs a 
feature analysis on each image corrected by the image-cor 
rection processing unit 26b based on pixel values of pixels 
included in each ROI set by the ROI setting unit 26c. For 
example, the feature-analysis processing unit 26d performs a 
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feature analysis by calculating statistics about pixel values, 
Such as an average and a standard deviation of the pixel 
values. 
0071. The display control unit 26e causes the display unit 
25 to display each image corrected by the image-correction 
processing unit 26b in Substantially the same position in the 
display area included in the display unit 25 by switching the 
images in a certain order (like turning pages), and to display 
a result of the feature analysis obtained by the feature-analy 
sis processing unit 26d in the same display area. 
0072 The display control unit 26e can cause display of a 
portion of an image on which an ROI is set by the ROI setting 
unit 26C, for example, in an enlarged manner under a certain 
magnification. Accordingly, a region Subjected to a diagnosis 
can be more precisely observed. 
0073. A flow of image display performed by the control 
unit 26 according to the first embodiment is explained below 
with reference to FIGS. 5 and 6. FIG. 5 is a flowchart of a 
process/procedure of image display performed by the control 
unit 26 according to the first embodiment. FIG. 6 is a sche 
matic diagram of a flow of image display performed by the 
control unit 26 according to the first embodiment. Explained 
below is an example of processing when displaying a TW 
image, a TW image, and a flair image of a brain. 
0074 As shown in FIG. 5, according to the control unit 26 
of the first embodiment, to begin with, the registration pro 
cessing unit 26a receives input of a TW image, a TW image, 
and a flair image of a brain of the same subject (Step S101), 
and registers each of the input images (Step S102). The 
image-correction processing unit 26b then corrects each of 
the images registered by the registration processing unit 26a 
(Step S103). 
0075 When performing registration, the registration pro 
cessing unit 26a performs registration of each of the images 
based on, for example, positional information with respect to 
a patient coordinate system attached to each image. When 
performing the registration, the registration processing unit 
26a stores the amount of movement of the coordinates gen 
erated through the registration into a storage unit, such as an 
internal memory, with respect to each of the images. If a style 
of an image. Such as the size or the shape, is changed through 
the correction processing, the image-correction processing 
unit 26b stores information indicating the size and the shape 
of the changed image into the storage unit with respect to each 
of the images. 
0076 Subsequently, the display control unit 26e causes 
the display unit 25 to display one of the images corrected by 
the image-correction processing unit 26b, for example, the 
TW image, in the display area included in the display unit 25 
(Step S104). The image to be displayed at Step S104 is 
hereinafter referred to as a “reference image'. Different 
images can be set for respective kinds of diseases as a refer 
ence image, which can be arbitrarily changed in accordance 
with an instruction made by the operator. 
0077. As shown in FIG. 6, when the operator then specifies 
a point of interest on a reference image 41 of the displayed 
TW image (Yes at Step S105), the ROI setting unit 26c sets 
an ROI on each of the images based on the point of interest 
(Step S106). The example shown in FIG. 6 depicts a case in 
which an ROI is set on “superior frontal gyrus' in terms of 
anatomy. 
(0078. When setting each ROI, the ROI setting unit 26c 
stores positional information indicating the position of the set 
ROI into the storage unit with respect to each of the images. 
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Furthermore, the ROI setting unit 26c calculates a magnifi 
cation when enlarging an image in the set ROI to a certain size 
for enlarged display and stores the calculated magnification 
into the storage unit with respect to each of the images. 
0079 Subsequently, the feature-analysis processing unit 
26d creates a histogram of pixel values in the ROI as a feature 
analysis. For example, the feature-analysis processing unit 
26d creates a histogram of statistics, such as an average value 
and an integrated value of the pixel values (Step S107). 
0080. After that, the display control unit 26e creates an 
enlarged image of the ROI image by image (Step S108) and, 
furthermore, as shown in FIG. 6, causes the display unit 25 to 
display an enlarged image 42 of the TW image on which the 
histogram created by the feature-analysis processing unit 26d 
is Superimposed, in the display area included in the display 
unit 25 (Step S109). For example, the display control unit 26e 
makes the histogram transparent and Superimposes the trans 
parent histogram on the enlarged image 42. The display con 
trol unit 26e can make the histogram opaque and Superimpose 
the opaque histogram on the enlarged image 42. 
0081. When creating an enlarged image at Step S108, the 
display control unit 26e specifies the position and the size of 
the ROI with respect to each of the images based on the 
amount of movement of the coordinates, information indicat 
ing the size and the shape of image changed through correc 
tion processing, and positional information about the ROI, 
which are stored in the storage unit. Moreover, the display 
control unit 26e creates the enlarged image, image-by-image, 
by enlarging an image in the ROI of which the position and 
the size are specified, based on the magnification stored in the 
storage unit. 
0082. The operator then performs a certain operation of 
image Switching on the displayed enlarged image 42 via the 
keyboard or the mouse of the input unit 24 (Yes at Step S110), 
and then the display control unit 26e causes the display unit 
25 to display the enlarged image 42 of the TW image, an 
enlarged image 43 of the TW image, oran enlarged image 44 
of the flair image, on each of which the histogram created by 
the feature-analysis processing unit 26d is Superimposed, by 
Switching the enlarged images, in the Substantially same posi 
tion in the display area included in the display unit 25 (Step 
S111), as shown in FIG. 6. 
0083 FIG. 6 depicts an example when displaying the his 
togram created from the pixel values of the respective images 
by arranging it on each of the images. In Such case, for 
example, it can be configured Such that the display control 
unit 26e causes display of a flame of an image and display of 
a histogram in the same color with respect to each type of 
image. In Such case, for example, the display control unit 26e 
displays the flame and the histogram of the TW image in red, 
those of the TW image in green, and those of the flair image 
in blue. Accordingly, the operator can easily establish asso 
ciations between the histograms and the respective images. 
0084 As described above, according to the MRI apparatus 
100 of the first embodiment, the ROI setting unit 26c included 
in the control unit 26 sets an ROI on each of a TW image, a 
TW image, and a flair image of the brain of the subject P. The 
feature-analysis processing unit 26d creates a histogram of 
statistics with respect to each of the images based on pixel 
values of pixels included in the ROIs set by the ROI setting 
unit 26c. The display control unit 26e then causes the display 
unit 25 to display one of the images in Substantially the same 
position in the display area included in the display unit 25 by 
Switching the images in a certain order, and to display the 
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histogram created by the feature-analysis processing unit 26d 
in the same display area. Consequently, according to the first 
embodiment, change in details due to a difference of the 
imaging methods can be easily observed without moving an 
observation point between images. Specifically, by display 
ing a histogram of statistics together with an image, a diag 
nosis that is quantitative, but not qualitative, can be per 
formed. 
I0085. The first embodiment is explained above in a case of 
displaying only an enlarged image after an ROI is set. How 
ever, the present invention is not limited to this and, for 
example, it can be configured to display a reference image in 
parallel with an enlarged image. FIG. 7 is a schematic dia 
gram of another flow of image display performed by the 
control unit 26 according to the first embodiment. 
I0086. In this case, for example, as shown in FIG. 7, the 
display control unit 26e displays the reference image 41 indi 
cating an ROI in parallel with one of the enlarged images 42 
to 44. Accordingly, the position of a region displayed in an 
enlarged manner can be easily grasped in the portion to be 
examined. For example, a relative position of the ROI in the 
brain region can be easily grasped. 
0087 Moreover, as shown in FIG. 6, the first embodiment 

is explained above in a case of arranging and displaying a 
histogram created from pixel values of respective images on 
each of the images. However, the present invention is not 
limited to this and, for example, it can be configured Such that 
the display control unit 26e displays a corresponding result of 
a feature analysis (a histogram) on each of the images. In such 
case, the display control unit 26e displays one of results of 
feature analyses by Switching them image-by-image in accor 
dance with Switching of display of the images. Accordingly, 
the feature values of each of the images can be easily grasped 
by associating it with the image. 
I0088. Furthermore, although explained above is a case 
where the display control unit 26e switches the images in 
accordance with an operation performed by an operator by 
using a keyboard and/or a mouse, it can be configured to 
Switch images automatically at certain time intervals. 
Accordingly, comparative reading of a plurality of images can 
be performed by switching them even under a situation where 
the keyboard and the mouse cannot be operated. 
I0089 Moreover, the display control unit 26e can change 
the order of Switching images in accordance with an instruc 
tion from the operator. Accordingly, the operator can change 
the order of image display so as to perform comparative 
reading easily in accordance with the type of each image on 
which the operator performs comparative reading. 
0090 The first embodiment is explained above in a case of 
displaying a TW image, a TW image, and a flair image of a 
brain. However, the present invention is not limited to this, 
and can be similarly applied to a case of displaying other 
kinds of images. 
0091 Conventionally, the usefulness of an evaluation per 
formed in combination on a diffusion image and a perfusion 
image taken by an MRI apparatus has gained recognition, 
particularly in examinations of cerebral infarction. Specifi 
cally in an examination of cerebral infarction by using a 
diffusion image and a perfusion image, a segmentation region 
including a portion in doubt about cerebral infarction is 
extracted from each of the diffusion image and the perfusion 
image, and then a region that does not match when Superim 
posing the extracted segmentation regions (hereinafter, "mis 
match area') is specified. The specified region is called an 
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“ischemic penumbra area', and considered as a region that 
can be relieved by an early recovery of blood flow. For this 
reason, it is meaningful to specify the ischemic penumbra 
area accurately, for performing a diagnosis and a treatment of 
cerebral infarction. 
0092. A case of displaying a diffusion image and a perfu 
sion image of a brain is explained below as a second embodi 
ment according to the present invention. According to the 
second embodiment, a diffusion image and a perfusion image 
are displayed by Switching them, while constantly Superim 
posing the boundary of a segmentation region. Accordingly, 
an ischemic penumbra area can be accurately and easily 
specified, and a diagnosis and a treatment of cerebral infarc 
tion can be promptly performed. 
0093. An MRI apparatus according to the second embodi 
ment basically includes a configuration similar to that shown 
in FIGS. 1 and 2, except that only processing to be performed 
by the control unit 26 is different; therefore, a flow of image 
display performed by the control unit 26 is explained below 
with reference to FIGS. 8 and 9. 
0094 FIG. 8 is a flowchart of a process/procedure of 
image display performed by the control unit 26 according to 
the second embodiment. FIG. 9 is a schematic diagram of a 
flow of image display performed by the control unit 26 
according to the second embodiment. Explained below is an 
example of processing when displaying separately a diffusion 
image and a perfusion image of a brain taken four hours after 
an episode of a symptom. 
0095. As shown in FIG. 8, according to the control unit 26 
of the second embodiment, to begin with, the registration 
processing unit 26a receives input of a diffusion image and a 
perfusion image of a brain of the same Subject taken four 
hours after an episode of a symptom (Step S201), and then 
registers each of the input images (Step S202). The image 
correction processing unit 26b then corrects each of the 
images registered by the registration processing unit 26a 
(Step S203). 
0096. When performing registration, the registration pro 
cessing unit 26a performs registration of the images based on, 
for example, positional information with respect to a patient 
coordinate system attached to each image. When performing 
the registration, the registration processing unit 26a stores the 
amount of movement of the coordinates (for example, using a 
transformation matrix) generated through the registration 
into a storage unit, such as an internal memory, with respect to 
each of the images. If a style of an image. Such as the size or 
the shape, is changed through the correction processing, the 
image-correction processing unit 26b Stores information that 
indicates the size and the shape of the changed image into the 
storage unit with respect to each of the images. 
0097 Subsequently, the display control unit 26e arranges 
the images corrected by the image-correction processing unit 
26b, and then causes the display unit 25 to display the images 
in the display area included in the display unit 25 (Step S204). 
As shown in FIG. 9, when the operator specifies a point of 
interest on one of a diffusion image 51 and a perfusion image 
52, both of which are displayed (Yes at Step S205), the ROI 
setting unit 26c sets a point of interest in the same position on 
the other image on which the operator does not specify a point 
of interest. 

0098. Furthermore, the ROI setting unit 26c extracts a 
segmentation region as an ROI from each of the images with 
reference to a pixel at each point of interest (Step S206). For 
the extraction of a segmentation region performed at Step 
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S206, one of generally-known various region-extraction 
methods, for example, a Region Growing method, can be 
used. 
0099. When extracting the segmentation region, the ROI 
setting unit 26c stores positional information indicating the 
position of the extracted segmentation region into the storage 
unit with respect to each of the images. 
0100 Subsequently, the feature-analysis processing unit 
26d extracts the boundary of the segmentation region created 
by the ROI setting unit 26c from each of the images as a 
feature analysis (Step S207). 
0101. After that, as shown in FIG. 9, the display control 
unit 26e displays the perfusion image 52 on which the seg 
mentation regions extracted from the respective images are 
superimposed (Step S208). At Step S208, instead of the per 
fusion image, the display control unit 26e can display the 
diffusion image on which the segmentation regions extracted 
from the respective images are Superimposed. 
0102. When Superimposing the segmentation regions, the 
display control unit 26e specifies the position of each seg 
mentation region on each image based on the amount of 
movement of the coordinates, information indicating the size 
and the shape of image that is changed through correction 
processing, and positional information about the segmenta 
tion region, which are stored in the storage unit, and then 
Superimposes the segmentation regions. 
0103) The operator then performs a certain operation of 
image Switching on a displayed image via the keyboard or the 
mouse of the input unit 24 (Yes at Step S209), and then the 
display control unit 26e causes the display unit 25 to display 
the diffusion image 51 or the perfusion image 52 on which the 
segmentation regions extracted from the respective images by 
the feature-analysis processing unit 26d are Superimposed, by 
Switching the images, in Substantially the same position in the 
display area included in the display unit 25 (Step S210). FIG. 
9 depicts an example of the perfusion image 52 on which the 
segmentation regions are Superimposed. 
0104. As described above, according to the second 
embodiment, in the MRI apparatus 100, the ROI setting unit 
26c included in the control unit 26 creates segmentation 
regions from a diffusion image and a perfusion image of a 
brain as an ROI by performing certain region-extracting pro 
cessing, and the feature-analysis processing unit 26d extracts 
a boundary of each segmentation created by the ROI setting 
unit 26c with respect to each of the images, as a feature 
analysis. The display control unit 26e then Superimposes one 
on another of respective boundaries of the segmentation 
regions in the respective images extracted by the feature 
analysis processing unit 26d, and causes display of the Super 
imposed boundaries on an image in a Superimposed manner. 
Consequently, according to the second embodiment, because 
a region indicated by using segmentation regions in a plural 
ity of images, for example, an ischemic penumbra area in a 
brain, can be accurately and easily specified, a diagnosis and 
a treatment can be promptly and effectively performed. 
0105. The second embodiment is explained above in a 
case of displaying a diffusion image and a perfusion image 
taken at the same timing (four hours after an episode of a 
symptom). However, the present invention is not limited to 
this and, for example, can be similarly applied to a case of 
displaying a plurality of images taken at different timings. 
FIG. 10 is a schematic diagram of another flow of image 
display performed by the control unit 26 according to the 
second embodiment. 
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0106 For example, as shown in FIG. 10, when displaying 
a diffusion image 61 taken four hours after an episode of a 
symptom, a perfusion image 62 taken four hours after the 
episode, and a TW image 63 taken 14 days after the episode, 
the display control unit 26e Superimposes a boundary A of a 
segmentation region extracted from the diffusion image 61, a 
boundary B of a segmentation region extracted from the per 
fusion image 62, and a boundary C of a segmentation region 
extracted from the TW image 63, on the respective images, 
and then displays each of the images by Switching them. The 
boundary C indicates a region in which tissue is necrosis. 
FIG. 10 depicts an example of the TW image 63 taken 14 
days after the episode on which the boundaries A to C are 
Superimposed. 
0107. In this way, by constantly displaying the boundary 
of a segmentation region in a tissue image (for example, a 
TW image) taken after the elapse of a certain time period 
from an episode of a symptom, and further displaying the 
boundary of a segmentation in a functional image (for 
example, a diffusion image and/or a perfusion image) taken 
immediately after the episode in a Superimposed manner, a 
progress of the symptom about a lesion portion from imme 
diately after the episode can be efficiently observed. 
0108 Furthermore, the display control unit 26e can vary 
the colors of the boundaries when displaying the boundaries 
in a Superimposed manner. Accordingly, each of the bound 
aries can be easily identified. 
0109 Although the first embodiment and the second 
embodiment are explained above in cases where the present 
invention is applied to an MRI apparatus, the exemplary 
embodiments are not limited to this, and can be similarly 
applied to other diagnostic imaging apparatuses. The exem 
plary embodiments can be similarly applied to, for example, 
an X-ray diagnosis apparatus, an X-ray Computed Tomogra 
phy (CT) apparatus, an ultrasound diagnosis apparatus, a 
Single Photon Emission Computed Tomography (SPECT) 
apparatus, and a Positron Emission Tomography (PET) appa 
ratuS. 

0110 Moreover, the first embodiment and the second 
embodiment are explained above in cases where after per 
forming registration of a plurality of images, a segmentation 
region is extracted from each of the images, and then the 
extracted segmentation regions are displayed on each of the 
images in a Superimposed manner. In contrast, for example, 
before registration of the images, a segmentation region is 
extracted from each of the images, and then registration can 
be performed only between the extracted segmentation 
regions. 
0111. In such case, for example, at first, the display control 
unit 26e registers one with another of segmentation regions 
extracted from respective images by the feature-analysis pro 
cessing unit 26d, and then Superimposes them on one another. 
The display control unit 26e then performs registration of the 
Superimposed segmentation regions with an image to be dis 
played, and then Superimposes them on one another and 
displays them. Accordingly, registration of the whole image 
does not need to be performed with respect to each of the 
images, so that the load of processing related to the registra 
tion can be reduced. 
0112 Furthermore, the first embodiment and the second 
embodiment are explained above in cases where the present 
invention is applied to an MRI apparatus; however, the 
present invention is not limited to this, and can be similarly 
applied to an image display apparatus (also called a viewer) 
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that displays images taken by various diagnostic imaging 
apparatuses, such as an MRI apparatus, an X-ray diagnosis 
apparatus, an X-ray CT apparatus, an ultrasound diagnosis 
apparatus, a SPECT apparatus, a PET apparatus, and an endo 
Scope. 

0113. A case of applying the present invention to an image 
display apparatus is explained below as a third embodiment 
according to the present invention. At first, a configuration of 
the image display apparatus according to the third embodi 
ment is explained below with reference to FIG. 11. FIG. 11 is 
a functional block diagram of a configuration of an image 
display apparatus 200 according to the third embodiment. As 
shown in FIG. 11, the image display apparatus 200 according 
to the third embodiment includes a communication unit 210, 
a storage unit 220, an input unit 230, a display unit 240, and 
a control unit 250. 

0114. The communication unit 210 controls transmission 
and reception of information that is exchanged between the 
image display apparatus 200 and a Picture Archiving and 
Communication System (PACS), an image database, or the 
like, via a network. The PACS is an image administration 
system included in various diagnostic imaging apparatuses 
and image storage devices connected via a network. The 
image database is a database that stores various images taken 
by various diagnostic imaging apparatuses. 
0115 Such image data transmitted from the PACS or the 
image database are typically tomographic images or projec 
tion images, and further includes tomographic images of 
multiple cross-sections, and Volume data expressed with Vox 
els. Moreover, the transmitted image data can be data 
obtained before image creation. For example, an MRI appa 
ratus performs registration in Some cases by calculating the 
amount of movement by measuring correlation between data 
in frequency space. Furthermore, Such image data can be 
attached with information, such as imaging parameters, slice 
(scanning) position, imaging time and imaging conditions. 
0116. The storage unit 220 stores various information, for 
example, an image received from the PACS or an image 
database via the communication unit 210, and various pro 
grams to be executed by the control unit 250. 
0117 The input unit 230 receives various instructions and 
information input from an operator. A pointing device. Such 
as a mouse or a trackball, and an input device, such as a 
keyboard, can be used as the input unit 230, as required. 
0118. The display unit 240 displays various information, 
Such as an image taken by a diagnostic imaging apparatus. A 
display device, such as a liquid crystal display, can be used as 
the display unit 240, as required. 
0119) The control unit 250 includes a CPU and a memory 
(neither of which are shown) and carries out total control of 
the image display apparatus 200. According to the third 
embodiment, the control unit 250 sets an ROI on each of a 
plurality of images that includes the same portion of a Subject, 
and performs a feature analysis on each of the images based 
on pixel values of pixels included in the set ROI. The control 
unit 250 then causes the display unit 240 to display each of the 
images in Substantially the same position in a display area 
included in the display unit 240 by Switching the images in a 
certain order, and to display a result of the feature analysis in 
the same display area. Consequently, according to the third 
embodiment, change in details due to a difference of the 
imaging methods can be easily observed without moving an 
observation point between images. 
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0120 Specifically, the control unit 250 particularly 
includes a registration processing unit 250a, an image-cor 
rection processing unit 250b, an ROI setting unit 250c, a 
feature-analysis processing unit 250d and a display control 
unit 250e. Respective functions of the units are basically 
similar to those of the registration processing unit 26a, the 
image-correction processing unit 26b, the ROI setting unit 
26C, the feature-analysis processing unit 26d, and the display 
control unit 26e shown in FIG. 2; therefore, detailed expla 
nations are omitted below. 
0121 A flow of image display performed by the control 
unit 250 according to the third embodiment is explained 
below with reference to FIGS. 12 and 13. FIG. 12 is a flow 
chart of a process/procedure of image display performed by 
the control unit 250 according to the third embodiment. FIG. 
13 is a schematic diagram of a flow of image display per 
formed by the control unit 250 according to the third embodi 
ment. Explained below is an example of processing when 
displaying images of a liver taken along a time sequence by 
dynamic imaging with the use of an X-ray CT apparatus 
(hereinafter, “dynamic CT scan'). 
0122. According to dynamic imaging of a liver, imaging is 
carried out at a plurality of different timings after a contrast 
agent is injected into a Subject. The timings include an artery 
phase, a portal-venous phase and an equilibrium phase. The 
equilibrium phase is the late phase enhanced after several 
minutes. The concentration of residual contrast agent in each 
of the phases is meaningful information. The third embodi 
ment is explained below in a case of displaying respective 
images of the liver in the artery phase, the portal-venous 
phase and the equilibriumphase, obtained through a dynamic 
CT scan. 

0123. As shown in FIG. 12, according to the control unit 
250 of the third embodiment, to begin with, the registration 
processing unit 250a receives input of respective images of a 
liver of the same Subject in an artery phase, a portal-venous 
phase and an equilibrium phase, obtained through a dynamic 
CT scan (Step S301), and registers each of the input images 
(Step S302). The registration processing of images performed 
at Step S302 can be omitted. Accordingly, processing time for 
calculation can be reduced. 
0.124. The image-correction processing unit 250b then 
corrects each of the images registered by the registration 
processing unit 250a (Step S303). 
0.125 Subsequently, as shown in FIG. 13, the display con 

trol unit 250e causes the display unit 240 to display (a) an 
image 71 in the artery phase of the liver, (b) an image 72 in the 
portal-venous phase, and (c) an image 73 in the equilibrium 
phase, each of which is corrected by the image-correction 
processing unit 250b, in an arranged manner in the display 
area included in the display unit 240 (Step S304). 
0126. As shown in FIG. 13, when the operator then speci 

fies an ROI on one of (a) the image 71 in the artery phase, (b) 
the image 72 in the portal-venous phase, and (c) the image 73 
in the equilibrium phase (D on the image 71, E on the image 
72, or F on the image 73) (Yes at Step S305), the ROI setting 
unit 250c similarly sets the ROI in the same position on each 
of the images in the other phases on which the operator does 
not specify an ROI. 
0127 Subsequently, the feature-analysis processing unit 
250d sets an abnormal area and a normal area on each of the 
images based on the ROI set by the ROI setting unit 250c 
(Step S306). Specifically, as shown in FIG. 13, the feature 
analysis processing unit 250d sets the ROI set by the ROI 
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setting unit 250c to an abnormal area, and sets an extended 
area extended from the abnormal area by a certain distance to 
a normal area. 

I0128. The feature-analysis processing unit 250d then cal 
culates a Time Density Curve (TDC) of each of the abnormal 
area and the normal area based on pixel values of each of the 
images, as a feature analysis (Step S307). At Step S307, the 
feature-analysis processing unit 250d can calculate a TDC 
that indicates pixel values, and otherwise can calculate a TDC 
that indicates differences from reference values that are pixel 
values of an image taken before a contrast agent is injected. 
I0129. After that, as shown in FIG. 13, the display control 
unit 250e causes the display unit 240 to display a graph 75 of 
the TDCs created by the feature-analysis processing unit 
250d in the display area included in the display unit 240 (Step 
S308). According to the graph 75, a curve H denotes the TDC 
of the normal area, and a curve G denotes the TDC of the 
abnormal area. 

I0130. As shown in FIG. 13, the display control unit 250e 
can display the respective ROIs set on (a) the image 71 in the 
artery phase, (b) the image 72 in the portal-venous phase, and 
(c) the image 73 in the equilibriumphase (regions D, E, F, on 
the images 71 to 73) and respective lines indicating the artery 
phase, the portal-venous phase, and the equilibrium phase in 
the graph 75 of the TDCs (lines D, E and F) in the same colors 
phase by phase. Accordingly, the image in each phase and the 
concentration in each phase (corresponding to the level of a 
pixel value) can be easily observed in an associated manner. 
I0131 Subsequently, the display control unit 250e creates 
enlarged images including the abnormal area and the normal 
area respectively from the image 71 in the artery phase, the 
image 72 in the portal-venous phase, and the image 73 in the 
equilibrium phase (Step S309); and then causes the display 
unit 240 to display an enlarged image 74 in the artery phase on 
which the abnormal area and the normal area set by the ROI 
setting unit 250c are Superimposed in the display area 
included in the display unit 240 (Step S310). Otherwise, the 
display control unit 250e can cause display of an enlarged 
image in the portal-venous phase or in the equilibriumphase, 
instead of the enlarged image 74 in the artery phase. 
0.132. When the operator performs a certain operation of 
image Switching on a displayed image via the keyboard or the 
mouse of the input unit 230 (Yes at Step S311), the display 
control unit 250e causes the display unit 240 to display one of 
the respective enlarged images in the artery phase, the portal 
venous phase and the equilibriumphase, on each of which the 
abnormal area and the normal area set by the ROI setting unit 
250c are Superimposed, by Switching the enlarged images, in 
Substantially the same position in the display area included in 
the display unit 240 (Step S312). 
I0133. As shown in FIG. 13, the display control unit 250e 
can display a line indicating the abnormal area on the 
enlarged image (line G on the enlarged image 74) and a curve 
indicating the TDC of the abnormal area in the graph 75 of the 
TDCs (curve G in the graph 75) in the same color, and a line 
indicating the normal area on the enlarged image (line H on 
the enlarged image 74) and a curve indicating the TDC of the 
normal area in the graph 75 of the TDCs (curve H in the graph 
75) in the same color. Accordingly, the curves in the graph 75 
of the TDCs and the abnormal area and the normal area 
Superimposed on the image 71 in the artery phase, the image 
72 in the portal-venous phase, and the image 73 in the equi 
libriumphase can be easily observed in an associated manner. 
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0134. Alternatively, one of the regions D, E and F in FIG. 
13 corresponding to a Switched and displayed image can be 
displayed in a highlighted manner. 
0135. As described above, according to the third embodi 
ment, in the image display apparatus 200, the ROI setting unit 
250c of the control unit 250 sets an ROI on each of a plurality 
of images of a liver obtained through a dynamic CT scan; and 
the feature-analysis processing unit 250d sets an abnormal 
area and a normal area on each of the images based on pixel 
values of pixels included in the ROI set by the ROI setting unit 
250c, and calculates TDCs of the set abnormal area and the set 
normal area. The display control unit 250e then causes the 
display unit 240 to display the images in Substantially the 
same position in the display area included in the display unit 
240 by Switching the images in a certain order, and to display 
the abnormal area and the normal area, and the TDCs of the 
respective areas, in the same display area. Consequently, 
according to the third embodiment, change in details due to a 
difference of the imaging methods can be easily observed 
without moving an observation point between images. Spe 
cifically, the degree of remaining contrast agent in a liver can 
be visually confirmed. 
0136. In addition to the image used in the above embodi 
ments, the image Switching display and the display of feature 
values of ROI described in the above embodiments can be 
similarly applied to, for example, a plurality of CT images, 
MR images, ultrasound images, SPECT images, PET images 
and endoscope images, taken under different imaging condi 
tions (including imaging time). Moreover, the above display 
can be similarly applied to display of a combined image of 
Some of those images. Examples of such combination include 
CT and MR, CT and PET, CT and SPECT, Digital Subtraction 
Angiographies (DSA) and MR, PET and MR, PET and an 
ultrasound diagnosis apparatus (US), SPECT and MR. 
SPECT and US, US and CT, US and MR, an X-ray diagnosis 
apparatus (X-ray) and CT, X-ray and MR, and X-ray and US. 
0.137 As described above, according to the first, the sec 
ond, or the third embodiment, a plurality of kinds of images 
taken of the same portion through various methods is dis 
played in Substantially the same position on a screen by being 
Switched, and feature values are additionally displayed, so 
that change in details due to a difference of imaging methods 
can be easily observed while fixing an observation point at a 
screen position of a portion of interest. Accordingly, an image 
reader can improve the efficiency of image reading, and can 
perform a diagnosis and a treatment promptly. Moreover, 
because a statistical result is also displayed, a diagnosis that is 
quantitative, but not qualitative, can be performed. 
0.138. In other words, according to the first, the second, or 
the third embodiment, by displaying an image effective for an 
image diagnosis and its feature values, with the use of a 
plurality of medical images, anatomical details (ROI) on each 
image can be comparatively read without moving the obser 
Vation point, and a determination on presence or absence of 
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diseases, screening between benign and malign characteris 
tics, and a decision about a treatment flow, can be performed. 
0.139. As described above, the image display apparatus, 
the image display method and the magnetic resonance imag 
ing apparatus according to the embodiments of the present 
invention are useful when performing comparative reading of 
various images, and particularly Suitable when one needs to 
perform a quantitative diagnosis based on a grasp of features 
of various images. 
0140. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the specific details 
and representative embodiments shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equiva 
lents. 
What is claimed is: 
1. An image display apparatus comprising: 
a mode changing unit that changes a display mode of image 

with respect to each of a plurality of images that is 
imaged by a diagnostic imaging apparatus and includes 
a same portion of a Subject; and 

a display control unit that causes a display unit to display 
the images of each of which the display mode is changed 
by the mode changing unit in a Substantially same posi 
tion in a display area included in the display unit by 
Switching the images in an order prescribed. 

2. The image display apparatus according to claim 1, 
wherein the mode changing unit changes a size of image with 
respect to each of the images. 

3. The image display apparatus according to claim 1, 
wherein the mode changing unit changes a shape of image 
with respect to each of the images. 

4. An image display method comprising: 
changing a display mode of image with respect to each of 

a plurality of images that is imaged by a diagnostic 
imaging apparatus and includes a same portion of a 
Subject; and 

causing a display unit to display the images of each of 
which the display mode is changed, by Switching the 
images in an order prescribed, in a Substantially same 
position in a display area included in the display unit. 

5. A magnetic resonance imaging apparatus comprising: 
an imaging unit that takes a plurality of images that 

includes a same portion of a subject; 
a mode changing unit that changes a display mode of image 

with respect to each of the images taken by the imaging 
unit; and 

a display control unit that causes a display unit to display 
the images of which the display mode is changed by the 
mode changing unit, by Switching the images in an order 
prescribed, in a Substantially same position in a display 
area included in the display unit. 
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