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(57) ABSTRACT 

Edge candidate points are detected With respect to radial 
straight lines, Which have been set With respect to a prede 
termined point lying in a radiation image. Apredetermined 
number of reference candidate lines are detected by the 
utilization of Hough transform With respect to the edge 
candidate points. It is determined that the region surrounded 
by the reference candidate lines is the irradiation ?eld. The 
irradiation ?eld on a radiation image is thereby recognized 
accurately. Ablackening process is carried out on the region 
outside of the irradiation ?eld, Which has thus been deter 
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METHOD AND APPARATUS FOR RECOGNIZING 
IRRADIATION FIELDS ON RADIATION IMAGES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a method of recognizing 
an irradiation ?eld on a radiation image, and an apparatus for 
carrying out the method. This invention also relates to a 
blackening processing method, and an apparatus for carry 
ing out the blackening processing method. 

[0003] 2. Description of the Prior Art 

[0004] Techniques for reading out a recorded radiation 
image in order to obtain an image signal, carrying out 
appropriate image processing on the image signal, and then 
reproducing a visible image having good image quality by 
use of the processed image signal have heretofore been 
knoWn in various ?elds. For eXample, as such techniques, 
the applicant proposed various radiation image recording 
and reproducing systems Which use stimulable phosphor 
sheets. 

[0005] When a radiation image of an object, such as a 
living body, is recorded on a recording medium, such as 
X-ray ?lm or a stimulable phosphor sheet, it is desirable that 
adverse effects of radiation upon the living body can be kept 
as small as possible. Also, if object portions not related to a 
diagnosis, or the like, are eXposed to radiation, the radiation 
Will be scattered by such portions to the portion that is 
related to a diagnosis, or the like, and the image quality Will 
be adversely affected by the scattered radiation. Therefore, 
When a radiation image is recorded on the recording 
medium, a collimation plate made from lead, or the like, is 
often used in order to limit the irradiation ?eld to an area 
smaller than the overall recording region of the recording 
medium, such that radiation may be irradiated only to that 
portion of the object, the image of Which is to be used. 

[0006] In cases Where a radiation image is recorded on a 
recording medium, such as a stimulable phosphor sheet, by 
using a collimation plate, an image of an object, or the like, 
is recorded in a region (i.e., an irradiation ?eld) inWard from 
the aperture contour of the irradiation ?eld stop. Also, a 
region outWard from the aperture contour of the irradiation 
?eld stop (i.e., a region outside of the irradiation ?eld) is not 
eXposed to the radiation. Therefore, an irradiation ?eld 
contour on the image, Which contour corresponds to the 
aperture contour of the irradiation ?eld stop, constitutes 
edge lines in the image. 

[0007] In cases Where an image signal is detected from the 
recording medium, on Which an image has been recorded 
Within only the irradiation ?eld, and image processing is 
carried out on the image signal, the image processing, such 
as gradation processing, may be carried out on only the 
image signal components of the image signal, Which corre 
spond to the region inside of the irradiation ?eld. In this 
manner, the amount of the processing can be reduced 
markedly, the load of the processing can be kept small, and 
the processing speed can be kept high. 

[0008] The region outside of the irradiation ?eld is not 
eXposed to the radiation. Therefore, in cases Where the 
image is a negative image recorded on medical X-ray ?lm, 
the image density of the region outside of the irradiation 
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?eld becomes approximately loWest on the image. By Way 
of eXample, When the medical X-ray ?lm is set on a vieWing 
screen and the transmission image With light produced by a 
?uorescent lamp is seen, the region having the loWest level 
of image density becomes the very bright region. Therefore, 
in particular, the portion of the irradiation ?eld, Which 
portion is close to the region outside of the irradiation ?eld, 
cannot be seen clearly due to daZZling effects of the bright 
region outside of the irradiation ?eld. Also, in cases Where 
an electric image signal is detected from the recording 
medium, on Which an image has been recorded Within only 
the irradiation ?eld, and a visible image is reproduced from 
the image signal and displayed on an image displaying 
device, such as a cathode ray tube (CRT) display device, the 
region outside of the irradiation ?eld has the highest level of 
luminance, and therefore the image Within the irradiation 
?eld cannot be seen clearly. 

[0009] Accordingly, in the radiation image recording and 
reproducing systems, a process for forcibly replacing the 
image signal values, Which correspond to the region outside 
of the irradiation ?eld, by image signal values representing 
the highest level of image density (or the loWest level of 
luminance) is carried out. The process is ordinarily referred 
to as the blackening process. It is important that the irra 
diation ?eld contour, Which serves as the spatial reference 
for the blackening process, can be recogniZed accurately. 

[0010] Speci?cally, if a contour, Which is smaller than the 
correct irradiation ?eld contour (i.e., Which is positioned 
more inWard than the correct irradiation ?eld contour), is 
recogniZed as the irradiation ?eld contour by mistake, the 
image portion, Which is to be used as the one Within the 
irradiation ?eld, Will be subjected to the blackening process 
as being the one outside of the irradiation ?eld, and therefore 
the image information at the image portion cannot be seen 
on the image obtained from the blackening process. Also, if 
a contour, Which is larger than the correct irradiation ?eld 
contour (i.e., Which is positioned more outWard than the 
correct irradiation ?eld contour), is recogniZed as the irra 
diation ?eld contour by mistake, the image portion, Which 
has the loWest level of image density (or the highest level of 
luminance), Will remain unblackened, and the effects to be 
obtained from the blackening process cannot be obtained. 

[0011] Accordingly, various techniques for accurately car 
rying out the process for recogniZing the irradiation ?eld 
(contour) have been proposed. 

[0012] For eXample, techniques have been proposed, 
Wherein an irradiation ?eld contour is determined by utiliZ 
ing the characteristics in that the irradiation ?eld contour 
constitutes the edge lines in the image, at Which the image 
density changes sharply, and ?nding a portion, at Which the 
value of the image signal changes sharply. One of such 
techniques for determining the edge lines has been proposed 
in Us. Pat. No. 4,967,079. With the technique proposed in 
US. Pat. No. 4,967,079, the edge lines are determined by (a) 
setting a plurality of radial straight lines, Which eXtend from 
a predetermined point in the image (e. g., a center point in the 
image) toWard ends of the image, (b) detecting an edge 
candidate point, at Which the different in image signal value 
is large, from the image signal values corresponding to 
positions along each of the radial straight lines, a plurality of 
edge candidate points being thereby detected With respect to 
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the plurality of the radial straight lines, and (c) determining 
the edge lines in accordance With the thus detected edge 
candidate points. 

[0013] However, With the aforesaid technique for recog 
niZing the edge lines, ie the irradiation ?eld contour, in 
accordance With the edge candidate points having been 
obtained With respect to the radial directions, an irradiation 
?eld contour, Which coincides With the actual irradiation 
?eld contour, cannot necessarily be obtained. In such cases, 
the problems occur in that an image portion, Which is to be 
used, is blackened With the blackening process, or in that an 
image portion, Which has the loWest level of image density 
and is to be blackened, remains unblackened. 

SUMMARY OF THE INVENTION 

[0014] The primary object of the present invention is to 
provide a method of recogniZing an irradiation ?eld on a 
radiation image, Wherein the accuracy, With Which the 
irradiation ?eld is recogniZed, is kept to be higher than the 
accuracy of a conventional technique for recogniZing an 
irradiation ?eld. 

[0015] Another object of the present invention is to pro 
vide an apparatus for carrying out the method of recogniZing 
an irradiation ?eld on a radiation image. 

[0016] A further object of the present invention is to 
provide a blackening processing method for a radiation 
image, Wherein the accuracy, With Which a blackening 
process is carried out, is kept to be higher than the accuracy 
of a conventional technique for the blackening process. 

[0017] A still further object of the present invention is to 
provide an apparatus for carrying out the blackening pro 
cessing method for a radiation image. 

[0018] A method and apparatus for recogniZing an irra 
diation ?eld on a radiation image in accordance With the 
present invention are characteriZed by detecting edge can 
didate points With respect to radial straight lines, Which have 
been set With respect to a predetermined point lying in the 
image, detecting a predetermined number of reference can 
didate lines by the utiliZation of Hough transform With 
respect to the edge candidate points, and determining that 
the region surrounded by the reference candidate lines is the 
irradiation ?eld. 

[0019] Speci?cally, the present invention provides a 
method of recogniZing an irradiation ?eld on a radiation 
image, in Which an image signal representing a radiation 
image is obtained, the radiation image having been recorded 
by use of a collimation plate and having an irradiation ?eld 
thereon, and a process for recogniZing the irradiation ?eld is 
carried out, the irradiation ?eld being recogniZed in accor 
dance With the image signal, the method comprising the 
steps of: 

[0020] i) setting a plurality of radial straight lines 
extending from a predetermined point, Which lies 
Within the irradiation ?eld, toWard ends of the radia 
tion image, 

[0021] ii) detecting an edge candidate point With 
respect to each of the set radial straight lines and in 
accordance With values of the image signal, Which 
correspond to positions located along the radial 
straight line, the edge candidate point being consid 
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ered to constitute a contour of the irradiation ?eld on 
the radial straight line, a plurality of edge candidate 
points being thereby detected With respect to the 
plurality of the radial straight lines, 

[0022] iii) detecting a curved line, Which may be 
represented by Formula (1), With respect to each of 
the edge candidate points: 

p=xi cos 6+yi sin 6 (1) 

[0023] Wherein coordinates of each of the edge candidate 
points on an orthogonal coordinate system having been set 
in the plane of the radiation image are represented by (xi, yi), 
and xi and yi are taken as ?xed values, 

[0024] a plurality of curved lines being thereby found With 
respect to the plurality of the edge candidate points, 

[0025] iv) detecting points of intersection (pj, Gj), at 
Which the detected curved lines intersect With one 
another, the number of the curved lines, Which 
intersect With one another at each of the points of 
intersection (pj, 0j), being then counted With respect 
to each of the points of intersection (pj, Gj), 

0026 v extractin a redetermined number of the g P 
points of intersection (pj, Gj) in the order of decreas 
ing count value, 

[0027] vi) detecting a reference candidate line on the 
orthogonal coordinate system, the reference candi 
date line corresponding to each of the extracted 
points of intersection (pj, 0j) and being de?ned by 
Formula (2): 

[0028] a plurality of the reference candidate lines, Which 
correspond to the extracted points of intersection (pj, Gj), 
being thereby detected, and 

[0029] vii) determining that a region surrounded by 
the plurality of the reference candidate lines de?ned 
by Formula (2) is the irradiation ?eld. 

[0030] By Way of example, as the predetermined point, 
from Which the radial straight lines extend, the physical 
center point in the image may be employed. This is because 
it is not popular that the region outside of the irradiation ?eld 
is located at the center portion of the image. HoWever, in the 
method of recogniZing an irradiation ?eld on a radiation 
image in accordance With the present invention (and in the 
apparatus for carrying out the method, Which Will be 
described later), the predetermined point need not necessar 
ily be set at the center point in the image and may be set at 
one of the other points in the image. 

[0031] The detection of the edge candidate point With 
respect to each radial straight line may be carried out in the 
manner described beloW. Speci?cally, a calculation may be 
made to ?nd the difference betWeen the image signal values, 
Which correspond to tWo adjacent picture elements lying on 
the radial straight line, and a plurality of such differences 
may be calculated successively. TWo adjacent picture ele 
ments, Which are associated With the largest difference, may 
thereby be detected, and one of the tWo adjacent picture 
elements, Which has a smaller image signal value than the 
other, may be detected as the edge candidate point. 
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[0032] As the radiation image, one of various kinds of 
images may be employed. For example, the radiation image 
may be an image (i.e., an original image), Which has been 
read out from the recording medium. Alternatively, the 
radiation image may be an image having been obtained from 
a predetermined normaliZing process, Which is carried out 
such that the image density, the gradation, or the like, may 
fall Within a predetermined range. As another alternative, the 
radiation image may be a reduced image, Which is obtained 
by thinning out the picture elements in the original image. 
As a further alternative, the radiation image may be a 
preliminary read-out image having been obtained from a 
preliminary read-out operation, Which is carried out before 
a ?nal read-out operation for obtaining the original image is 
carried out and Which is carried out for picture elements that 
are larger than those of the ?nal read-out operation. 

[0033] As described above, it is determined that the region 
surrounded by the plurality of the reference candidate lines 
de?ned by Formula (2) is the irradiation ?eld. At this time, 
it may occur that tWo or more such closed regions are 
formed. In such cases, the areas of the closed regions other 
than a single certain closed region are markedly small. 
Therefore, in such cases, a single irradiation ?eld can be 
determined by calculating the areas of the closed regions and 
comparing the calculated areas With one another. 

[0034] The aforesaid predetermined number, Which deter 
mines the number of the extracted reference candidate lines, 
should be equal to at least the number of the linear sides, 
Which constitute the irradiation ?eld contour. 

[0035] The method of recogniZing an irradiation ?eld on a 
radiation image in accordance With the present invention 
may be modi?ed in the manner described beloW. Speci? 
cally, evaluation utiliZing a predetermined evaluation func 
tion may be made With respect to each of the reference 
candidate lines de?ned by Formula (2), 

[0036] predetermined candidate lines may be 
detected in accordance With the results of the evalu 
ation, the predetermined candidate lines being 
detected from the reference candidate lines or in lieu 
of the reference candidate lines, and 

[0037] it may be determined that a region surrounded 
by the predetermined candidate lines, in lieu of the 
reference candidate lines, is the irradiation ?eld. 

[0038] In the modi?cation described above, the evaluation 
utiliZing the predetermined evaluation function may be 
made by making a judgment for each of the reference 
candidate lines de?ned by Formula (2) as to Whether a 
predetermined representative point, Which has been set 
previously as a point lying on the irradiation ?eld contour, 
lies or does not lie on the reference candidate line, and 

[0039] the predetermined candidate lines may be the 
reference candidate lines, Which are among the ref 
erence candidate lines de?ned by Formula (2) and 
for Which it has been judged that the corresponding 
predetermined representative points lie thereon. 

[0040] The term “predetermined representative point hav 
ing been set previously as a point lying on a irradiation ?eld 
contour” as used herein means the point, Which has a strong 
probability of lying on the irradiation ?eld contour on the 
actual image. For example, the predetermined representative 
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point may be the point, at Which the aforesaid difference 
betWeen the image signal values corresponding to tWo 
adjacent picture elements takes a markedly large value. 

[0041] In the modi?cation described above, alternatively, 
the evaluation utiliZing the predetermined evaluation func 
tion may be made by shifting and/or rotating each of the 
reference candidate lines, Which are de?ned by Formula (2), 
Within the range of :m picture elements and :0. degrees 
around the reference candidate line, thereby setting {(2m+ 
1)(2ot+1)—1} number of transformed candidate lines With 
respect to each of the reference candidate lines, calculating 
differentiated values With respect to each candidate line, 
Which is among the reference candidate lines and the trans 
formed candidate lines having been set for the reference 
candidate lines, and calculating a mean value of the differ 
entiated values With respect to each candidate line, the mean 
value being taken With respect to the direction, along Which 
the candidate line extends, and 

[0042] the predetermined candidate lines may be a 
predetermined total number of the reference candi 
date lines and the transformed candidate lines, Which 
have been selected in the order of decreasing mean 
value of differentiated values, in lieu of the reference 
candidate lines de?ned by Formula 

[0043] The value of m and the value of a should preferably 
be set such that, for example, m=1 (picture element) and 
ot=1/(x2+y2)1/2 (degree). In this formula, x and y are the 
values representing the siZe of the reduced image, Which is 
expressed With the number of picture elements (x picture 
elements><y picture elements). For example, in cases Where 
the siZe of the reduced image is 100 picture elements><80 
picture elements, x=100 (picture elements), and y=80 (pic 
ture elements). Therefore, in such cases, m=1 (picture ele 
ment), and (X=1/(1002+802)1/2=7.8><10_3 (degree). 
[0044] In cases Where the scale of reduction falls Within 
the range of 1/18 to 1 (scale of enlargement=1 to 18), the 
value of the reciprocal of the scale of reduction (i.e., the 
same value as the scale of enlargement) may be employed as 
the value of m and the value of 0t. For example, in cases 
Where the scale of reduction is 1/9, the reciprocal (=9) of 1/9 
may be employed such that m=9 (picture elements) and ot=9 
(degrees). 
[0045] The term “differentiated value With respect to each 
candidate line” as used herein for the evaluation function 
described above means the value of difference betWeen the 
image signal components representing tWo picture elements, 
Which stand facing each other With the candidate line 
intervening therebetWeen. A large difference value repre 
sents that the difference in image density (or in luminance) 
betWeen the tWo picture elements is large, and that an edge 
in the image lies betWeen the tWo picture elements. As 
illustrated in FIG. 9A, a plurality of sets of the tWo picture 
elements, Which stand facing each other With the candidate 
line intervening therebetWeen, are located in the direction, 
along Which the candidate line extends. Therefore, a plural 
ity of differentiated values are obtained With respect to the 
plurality of the sets of the tWo picture elements, the sets 
being located in the direction, along Which the candidate line 
extends. The differentiated values having been obtained With 
respect to the sets of the tWo picture elements, the sets being 
located in the direction, along Which the candidate line 
extends, are added to one another, and the thus calculated 
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sum is divided by the number of the sets of the tWo picture 
elements. In this manner, the mean value described above is 
calculated. A large mean value represents a strong probabil 
ity that the candidate line Will be the actual edge in the 
radiation image, and the edge, Which is associated With the 
largest difference in image density (or in luminance), is the 
line constituting the irradiation ?eld contour. 

[0046] In the modi?cation described above, as another 
alternative, the evaluation utiliZing the predetermined evalu 
ation function may be made by shifting and/or rotating each 
of the reference candidate lines, Which are de?ned by 
Formula (2), Within the range of :m picture elements and :0. 
degrees around the reference candidate line, thereby setting 
{(2m+1)(2ot+1)—1} number of transformed candidate lines 
With respect to each of the reference candidate lines, ?nding 
directions of image density gradient vectors With respect to 
each candidate line, Which is among the reference candidate 
lines and the transformed candidate lines having been set for 
the reference candidate lines, and calculating an entropy of 
the directions of image density gradient vectors With respect 
to each candidate line, the entropy being taken With respect 
to the direction, along Which the candidate line extends, and 

[0047] the predetermined candidate lines may be a 
predetermined total number of the reference candi 
date lines and the transformed candidate lines, Which 
have been selected in the order of increasing entropy, 
in lieu of the reference candidate lines de?ned by 
Formula 

[0048] The term “image density gradient vector With 
respect to each candidate line” as used herein for the 
evaluation function described above means the vector 
directed from each of picture elements, Which are located on 
one side of the candidate line, toWard the direction, in Which 
the gradient of the image density (i.e., the value of difference 
in image signal value) is largest. An index value representing 
the direction, to Which the image density gradient vector is 
directed, is calculated. As the index value, for example, the 
sine value (sin [3) of an angle [3, Which is made betWeen the 
direction of the image density gradient vector and the 
direction that is normal to the candidate line, may be 
employed. As illustrated in FIG. 9B, With respect to the 
directions of image density gradient vectors from the picture 
elements located in the direction, along Which the candidate 
line extends, a histogram of the index values is formed. 
Thereafter, the value of entropy, —Z{(Pi)log Pi}, is calcu 
lated from a probability density Pi of the histogram. Asmall 
entropy represents that the directions of image density 
gradient vectors are directed in the same direction. There 
fore, there is a strong probability that the candidate line, 
Which is associated With a small entropy, Will be the line 
constituting the actual irradiation ?eld contour on the radia 
tion image. 

[0049] In cases Where the function for calculating the 
entropy is employed as the evaluation function, the evalu 
ation is made in accordance With Whether the directions of 
image density gradient vectors are or are not directed in the 
same direction. Therefore, the evaluation function utiliZing 
the entropy can be employed only in cases Where the lines 
constituting the irradiation ?eld contour are the straight 
lines. The evaluation function utiliZing the entropy cannot be 
employed in cases Where the lines constituting the irradia 
tion ?eld contour are circular arc lines or curved lines. 
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[0050] The term “image density gradient vector” as used 
herein is not limited to the cases Where the image signal is 
of the type representing the image density values. The term 
“image density gradient vector” as used herein broadly 
embraces the gradient vectors based upon image signals, 
Which represent gray levels and luminous levels, including 
the image density values and luminance values. 

[0051] The present invention also provides an apparatus 
for carrying out the method of recogniZing an irradiation 
?eld on a radiation image in accordance With the present 
invention. Speci?cally, the present invention also provides 
an apparatus for recogniZing an irradiation ?eld on a radia 
tion image, in Which an image signal representing a radiation 
image is obtained, the radiation image having been recorded 
by use of a collimation plate and having an irradiation ?eld 
thereon, and a process for recogniZing the irradiation ?eld is 
carried out, the irradiation ?eld being recogniZed in accor 
dance With the image signal, the apparatus comprising: 

[0052] i) an edge candidate point detecting means for 
setting a plurality of radial straight lines extending 
from a predetermined point, Which lies Within the 
irradiation ?eld, toWard ends of the radiation image, 
and detecting an edge candidate point With respect to 
each of the set radial straight lines and in accordance 
With values of the image signal, Which correspond to 
positions located along the radial straight line, the 
edge candidate point being considered to constitute a 
contour of the irradiation ?eld on the radial straight 
line, a plurality of edge candidate points being 
thereby detected With respect to the plurality of the 
radial straight lines, 

[0053] ii) a reference candidate line detecting means 
for: 

[0054] detecting a curved line, Which may be repre 
sented by Formula (1), With respect to each of the 
edge candidate points having been detected by the 
edge candidate point detecting means: 

p=xi cos 6+yi sin 6 (1) 

[0055] Wherein coordinates of each of the edge candidate 
points on an orthogonal coordinate system having been set 
in the plane of the radiation image are represented by (xi, yi), 
and xi and yi are taken as ?xed values, 

[0056] a plurality of curved lines being thereby found With 
respect to the plurality of the edge candidate points, 

[0057] detecting points of intersection (pj, 0]), at 
Which the detected curved lines intersect With one 
another, the number of the curved lines, Which 
intersect With one another at each of the points of 
intersection (pj, 0]), being then counted With respect 
to each of the points of intersection (pj, 0]), 

[0058] extracting a predetermined number of the 
points of intersection (pj, 0]) in the order of decreas 
ing count value, and 

[0059] detecting a reference candidate line on the 
orthogonal coordinate system, the reference candi 
date line corresponding to each of the extracted 
points of intersection (pj, 0j) and being de?ned by 
Formula (2): 
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[0060] a plurality of the reference candidate lines, Which 
correspond to the extracted points of intersection (pj, 0j), 
being thereby detected, and 

[0061] iii) an irradiation ?eld determining means for 
determining that a region surrounded by the plurality 
of the reference candidate lines de?ned by Formula 
(2), Which have been detected by the reference 
candidate line detecting means, is the irradiation 
?eld. 

[0062] The apparatus for recogniZing an irradiation ?eld 
on a radiation image in accordance With the present inven 
tion may be modi?ed in the manner described beloW. 
Speci?cally, the apparatus may further comprise: 

[0063] an evaluation means for making evaluation, 
Which utiliZes a predetermined evaluation function, 
With respect to each of the reference candidate lines 
de?ned by Formula (2), Which have been detected by 
the reference candidate line detecting means, and 

[0064] a candidate line detecting means for detecting 
predetermined candidate lines in accordance With the 
results of the evaluation having been made by the 
evaluation means, the predetermined candidate lines 
being detected from the reference candidate lines or 
in lieu of the reference candidate lines, and 

[0065] the irradiation ?eld determining means may 
determine that a region surrounded by the predeter 
mined candidate lines, in lieu of the reference can 
didate lines, is the irradiation ?eld. 

[0066] The evaluation means evaluates the eligibility of 
each of the reference candidate lines de?ned by Formula (2), 
Which have been detected by the reference candidate line 
detecting means, for the irradiation ?eld contour or the 
conformity of each reference candidate line to the irradiation 
?eld contour. The candidate line detecting means detects the 
predetermined candidate lines, Which have a high eligibility 
for the irradiation ?eld contour or a high conformity to the 
irradiation ?eld contour, ie which have at least the same 
level of probability of constituting the irradiation ?eld 
contour as the reference candidate lines or a higher level of 
probability of constituting the irradiation ?eld contour than 
the reference candidate lines. 

[0067] In the modi?cation described above, the evaluation 
means may make a judgment for each of the reference 
candidate lines de?ned by Formula (2) as to Whether a 
predetermined representative point, Which has been set 
previously as a point lying on the irradiation ?eld contour, 
(or a predetermined representative point having been set by 
the evaluation means itself) lies or does not lie on the 
reference candidate line, and 

[0068] the candidate line detecting means may detect, 
as the predetermined candidate lines, the reference 
candidate lines, Which are among the reference can 
didate lines de?ned by Formula (2) and for Which it 
has been judged that the corresponding predeter 
mined representative points lie thereon. 

[0069] The term “predetermined representative point hav 
ing been set previously as a point lying on a irradiation ?eld 
contour” as used herein means the point, Which has a strong 
probability of lying on the irradiation ?eld contour on the 
actual image. For eXample, the predetermined representative 
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point may be the point, at Which the aforesaid difference 
betWeen the image signal values corresponding to tWo 
adjacent picture elements takes a markedly large value. 

[0070] In the modi?cation described above, alternatively, 
the evaluation means may comprise: 

[0071] a) a transformed candidate line setting means 
for shifting and/or rotating each of the reference 
candidate lines, Which are de?ned by Formula (2), 
Within the range of :m picture elements and :0. 
degrees around the reference candidate line, and 
thereby setting {(2m+1)(2ot+1)—1} number of trans 
formed candidate lines With respect to each of the 
reference candidate lines, and 

[0072] b) an evaluation value calculating means for 
calculating differentiated values With respect to each 
candidate line, Which is among the reference candi 
date lines and the transformed candidate lines having 
been set for the reference candidate lines by the 
transformed candidate line setting means, and cal 
culating a mean value of the differentiated values 
With respect to each candidate line, the mean value 
being taken With respect to the direction, along 
Which the candidate line eXtends, and 

[0073] the candidate line detecting means may detect, 
as the predetermined candidate lines, a predeter 
mined number of the candidate lines in the order of 
decreasing mean value of differentiated values, in 
lieu of the reference candidate lines de?ned by 
Formula 

[0074] In the modi?cation described above, as another 
alternative, the evaluation means may comprise: 

[0075] a) a transformed candidate line setting means 
for shifting and/or rotating each of the reference 
candidate lines, Which are de?ned by Formula (2), 
Within the range of :m picture elements and :0. 
degrees around the reference candidate line, and 
thereby setting {(2m+1)(2ot+1)—1} number of trans 
formed candidate lines With respect to each of the 
reference candidate lines, and 

[0076] b) an evaluation value calculating means for 
?nding directions of image density gradient vectors 
With respect to each candidate line, Which is among 
the reference candidate lines and the transformed 
candidate lines having been set for the reference 
candidate lines by the transformed candidate line 
setting means, and calculating an entropy of the 
directions of image density gradient vectors With 
respect to each candidate line, the entropy being 
taken With respect to the direction, along Which the 
candidate line eXtends, and 

[0077] the candidate line detecting means may detect, 
as the predetermined candidate lines, a predeter 
mined number of the candidate lines in the order of 
increasing entropy, in lieu of the reference candidate 
lines de?ned by Formula 

[0078] Ablackening processing method and apparatus for 
a radiation image in accordance With the present invention 
are characteriZed by carrying out a blackening process on 
the region outside of the irradiation ?eld, Which has been 
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determined by the method or apparatus for recognizing an 
irradiation ?eld on a radiation image in accordance With the 
present invention. 

[0079] Speci?cally, the present invention further provides 
a blackening processing method for a radiation image, in 
Which an image signal representing a radiation image is 
obtained, the radiation image having been recorded by use 
of a collimation plate and having an irradiation ?eld thereon, 
and the image signal is processed such that a region outside 
of the irradiation ?eld may have approximately the highest 
level of image density or approximately the loWest level of 
luminance, 

[0080] Wherein the improvement comprises apply 
ing, as the irradiation ?eld, an irradiation ?eld having 
been determined by a method of recogniZing an 
irradiation ?eld on a radiation image in accordance 
With the present invention. 

[0081] The present invention still further provides a black 
ening processing apparatus for a radiation image, in Which 
an image signal representing a radiation image is obtained, 
the radiation image having been recorded by use of a 
collimation plate and having an irradiation ?eld thereon, and 
the image signal is processed such that a region outside of 
the irradiation ?eld may have approximately the highest 
level of image density or approximately the loWest level of 
luminance, 

[0082] Wherein the improvement comprises apply 
ing, as the irradiation ?eld, an irradiation ?eld having 
been determined by an apparatus for recogniZing an 
irradiation ?eld on a radiation image in accordance 
With the present invention. 

[0083] With the method and apparatus for recogniZing an 
irradiation ?eld on a radiation image in accordance With the 
present invention, the edge candidate points are detected 
With respect to the radial straight lines, Which have been set 
With respect to the predetermined point lying in the image. 
Thereafter, the predetermined number of reference candidate 
lines, Which serve as the edge lines, are detected by the 
utiliZation of Hough transform With respect to the edge 
candidate points. It is determined that the region surrounded 
by the reference candidate lines is the irradiation ?eld. 

[0084] As described above, With the method and apparatus 
for recogniZing an irradiation ?eld on a radiation image in 
accordance With the present invention, in the ?rst stage, a 
plurality of the edge candidate points are detected With 
respect to the radial straight lines having been set in the 
image plane. Also, in the second stage, the reference can 
didate lines, Which are the straight line components con 
necting the plurality of the edge candidate points, are 
detected by the utiliZation of Hough transform and in 
accordance With the plurality of the detected edge candidate 
points. Therefore, the degree of freedom of the shapes of the 
irradiation ?eld contours, Which can be detected, can be kept 
higher than With the conventional methods and apparatuses 
for recogniZing an irradiation ?eld, in Which an irradiation 
?eld contour is detected Within a range of shapes having 
been set previously and in accordance With a plurality of 
edge candidate points having been detected With the same 
operation as that in the aforesaid ?rst stage. Accordingly, 
With the method and apparatus for recogniZing an irradiation 
?eld on a radiation image in accordance With the present 
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invention, the irradiation ?eld, Which markedly conforms to 
the actual irradiation ?eld contour, can be recogniZed. Thus 
the irradiation ?eld can be recogniZed accurately. 

[0085] With the blackening processing method and appa 
ratus for a radiation image in accordance With the present 
invention, the irradiation ?eld contour, Which has been 
detected accurately by the aforesaid method or apparatus for 
recogniZing an irradiation ?eld on a radiation image in 
accordance With the present invention, is utiliZed, and the 
blackening process is carried out With respect to the region 
outside of the irradiation ?eld. Therefore, the blackening 
process for the region outside of the irradiation ?eld can be 
carried out more accurately than With the conventional 
blackening processing methods and apparatuses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0086] FIG. 1 is a block diagram shoWing a ?rst embodi 
ment of the apparatus for recogniZing an irradiation ?eld on 
a radiation image in accordance With the present invention, 

[0087] FIG. 2A is a schematic vieW shoWing a radiation 
image recording apparatus, in Which a collimation plate is 
utiliZed, 

[0088] FIG. 2B is a schematic vieW shoWing a stimulable 
phosphor sheet, on Which a radiation image has been 
recorded by use of the irradiation ?eld stop and an irradia 
tion ?eld contour corresponding to an aperture contour of 
the irradiation ?eld stop has been formed, and Which is to be 
subjected to a process for recognizing the irradiation ?eld 
carried out by the embodiment of FIG. 1, 

[0089] FIG. 3A is an explanatory vieW shoWing hoW edge 
candidate points are detected by an edge candidate point 
detecting means 10, 

[0090] FIGS. 3B and 3C are explanatory graphs shoWing 
hoW reference candidate lines are detected by a reference 
candidate line detecting means 20, 

[0091] FIG. 4A is a graph shoWing reference candidate 
lines LL, Which have been detected by the reference candi 
date line detecting means 20, 

[0092] FIG. 4B is a graph shoWing an irradiation ?eld 
contour PS, Which has been determined by an irradiation 
?eld determining means 30, 

[0093] FIG. 5 is a block diagram shoWing a second 
embodiment of the apparatus for recogniZing an irradiation 
?eld on a radiation image in accordance With the present 
invention, 

[0094] FIG. 6 is an explanatory vieW shoWing represen 
tative points, Which are utiliZed in the embodiment of FIG. 
5, 

[0095] FIG. 7 is a block diagram shoWing a third embodi 
ment of the apparatus for recogniZing an irradiation ?eld on 
a radiation image in accordance With the present invention, 

[0096] FIG. 8 is an explanatory vieW shoWing hoW a 
plurality of candidate lines are set, 

[0097] FIG. 9A is an explanatory vieW shoWing hoW a 
mean value of differentiated values With respect to each 
candidate line is calculated as an evaluation value, 
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[0098] FIG. 9B is an explanatory vieW showing hoW an 
entropy of directions of image density gradient vectors With 
respect to each candidate line is calculated as an evaluation 
value, and 

[0099] FIG. 10 is a block diagram shoWing an embodi 
ment of the blackening processing apparatus for a radiation 
image in accordance With the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0100] The present invention Will hereinbeloW be 
described in further detail With reference to the accompa 
nying draWings. 
[0101] FIG. 1 shoWs a ?rst embodiment of the apparatus 
for recogniZing an irradiation ?eld on a radiation image in 
accordance With the present invention. FIG. 2A shoWs a 
radiation image recording apparatus, in Which a collimation 
plate is utiliZed. FIG. 2B shoWs a stimulable phosphor sheet, 
on Which a radiation image has been recorded by use of the 
irradiation ?eld stop and an irradiation ?eld contour corre 
sponding to an aperture contour of the irradiation ?eld stop 
has been formed, and Which is to be subjected to a process 
for recogniZing the irradiation ?eld carried out by the 
embodiment of FIG. 1. FIG. 3A shoWs hoW edge candidate 
points are detected by an edge candidate point detecting 
means 10. FIGS. 3B and 3C shoW hoW reference candidate 
lines are detected by a reference candidate line detecting 
means 20. 

[0102] A radiation image, Which is to be subjected to 
processing carried out by an irradiation ?eld recogniZing 
apparatus 100 shoWn in FIG. 1, may be obtained in the 
manner described beloW. Speci?cally, as illustrated in FIG. 
2A, a collimation plate is located betWeen an X-ray source 
and an object. The irradiation ?eld stop has a rectangular 
aperture contour, and its portion outWard from the aperture 
is constituted of a lead plate, Which blocks X-rays from 
impinging upon portions of the object and portions of a 
stimulable phosphor sheet. In this condition, X-rays are 
produced by the X-ray source and irradiated to the object. 
The X-rays pass through the object and then impinge upon 
the stimulable phosphor sheet. At this time, as illustrated in 
FIG. 2B, the X-rays do not impinge upon a region Pout on 
the stimulable phosphor sheet (i.e., a region Pout outside of 
the irradiation ?eld), Which region corresponds to the side 
outWard from the aperture contour of the irradiation ?eld 
stop. An X-ray image of the object is recorded in a region 
(i.e., the irradiation ?eld) Pin on the stimulable phosphor 
sheet, Which region corresponds to the side inWard from the 
aperture contour of the irradiation ?eld stop. Also, at the 
portion of the stimulable phosphor sheet, Which portion 
corresponds to the aperture contour of the irradiation ?eld 
stop, an irradiation ?eld contour PS is formed. The irradia 
tion ?eld contour PS has a (rectangular) shape approXi 
mately identical With the shape of the aperture contour of the 
irradiation ?eld stop and is constituted of a plurality of edge 
lines, at Which the image density changes sharply. 

[0103] In the manner described above, a radiation image 
(hereinbeloW referred to as the original image) P is stored on 
the stimulable phosphor sheet. The stimulable phosphor 
sheet, on Which the original image P has been stored, is fed 
into a radiation image read-out apparatus (not shoWn), 
Which may be of the knoWn type. In the radiation image 
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read-out apparatus, the original image P is read out from the 
stimulable phosphor sheet, and a digital image signal S 
representing the original image P is thereby obtained. The 
image signal S is fed into the irradiation ?eld recogniZing 
apparatus 100 shoWn in FIG. 1. 

[0104] The irradiation ?eld recogniZing apparatus 100 
comprises an edge candidate point detecting means 10 for 
detecting a plurality of edge candidate points E, Which are 
considered to constitute the irradiation ?eld contour PS, in 
accordance With the received image signal S. The irradiation 
?eld recogniZing apparatus 100 also comprises a reference 
candidate line detecting means 20 for detecting edge lines 
(reference candidate lines) LL, Which are constituted by the 
plurality of the edge candidate points E, by the utiliZation of 
Hough transform and in accordance With the edge candidate 
points E. The irradiation ?eld recogniZing apparatus 100 
further comprises an irradiation ?eld determining means 30 
for recogniZing the irradiation ?eld in accordance With a 
plurality of the reference candidate lines, Which have been 
detected by the reference candidate line detecting means 20. 

[0105] The irradiation ?eld recogniZing apparatus 100 Will 
hereinbeloW be described in more detail. 

[0106] As illustrated in FIG. 3A, the edge candidate point 
detecting means 10 sets 120 radial straight lines LO at equal 
angle intervals (=3 degrees), Which lines eXtend from a 
center point K in the image P represented by the received 
image signal S toWard ends of the radiation image. The 
number of the radial straight lines, the intervals of them, the 
point, from Which they extend, and the like, may be altered 
arbitrarily. 

[0107] Thereafter, the edge candidate point detecting 
means 10 compares the image signal values corresponding 
to picture elements, Which are adjacent to each other in the 
direction along each of the 120 radial straight lines LO. The 
edge candidate point detecting means 10 thereby ?nds a set 
of the picture elements, Which shoW the largest value of 
difference in image signal value, on each of the radial 
straight lines LO. It may be considered that an edge candi 
date point corresponding to an edge in the image, at Which 
the image density changes sharply, is located betWeen the 
thus found set of the picture elements. In this manner, the 
edge candidate point E is detected With respect to each of the 
120 radial straight lines LO, and 120 total of the edge 
candidate points E are thereby detected. 

[0108] The reference candidate line detecting means 20 
detects a sine curve LS, Which may be represented by 
Formula (1) shoWn beloW, With respect to each of the edge 
candidate points E, Which have been detected by the edge 
candidate point detecting means 10. 

p=xi cos 6+yi sin 6 (1) 

[0109] Wherein the coordinates of each of the edge can 
didate points E on the X-y coordinate system shoWn in FIG. 
3A are represented by (Xi, yi), and Xi and yi are taken as 
?Xed values. 

[0110] As illustrated in FIG. 3B, Formula (1) represents 
the formula of straight lines, Which pass through the coor 
dinates (Xi, yi), the center coordinates being ?Xed at (Xi, yi). 
Also, in Formula (1), p represents the length of the perpen 
dicular dropped from the origin O of the X-y coordinate 
system to each straight line LL, Which passes through the 
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coordinates (xi, yi), and 0 represents the angle made 
between the perpendicular and the X axis. 

[0111] The straight lines LL, Which pass through the 
coordinates (xi, yi), are represented by Formula (1), in Which 
p and 0 are changed. As illustrated in FIG. 3C, in the G-p 
space (ie the Hough space), the straight lines LL, Which 
pass through the coordinates (xi, yi), are expressed as the 
sine curve. 

[0112] The same operation as that described above is 
carried out With respect to each of the edge candidate points 
As a result, 120 sine curves LSi, Wherein i=1, 2, . . . , 120, 

are expressed in the Hough space. 

[0113] The reference candidate line detecting means 20 
detects points of intersection (pj, 0]), at Which 120 sine 
curves LSi intersect With one another, and counts the number 
of the sine curves, Which intersect With one another at each 
of the points of intersection (pj, 0]), With respect to each of 
the points of intersection (pj, 0]). In cases Where tWo sine 
curves intersect With each other at a certain point of inter 
section (pj, 0]), it is meant that the tWo sine curves pass 
through the coordinates (pj, 0]). This means that tWo dif 
ferent edge candidate points E1 and E2 lie on the same 
straight line, Which is represented by Formula (2) shoWn 
beloW and passes through the coordinates (x, y) on the x-y 
coordinate system that correspond to the coordinates (pj, Gj). 

[0114] Therefore, a straight line corresponding to a point 
of intersection, at Which the number (the count value) of the 
sine curves intersecting With one another is large, is the one, 
on Which many edge candidate points E lie and Which 
constitutes the irradiation ?eld contour PS. 

[0115] The reference candidate line detecting means 20 
carries out the aforesaid counting operation With respect to 
all of the edge candidate points E, and extracts a predeter 
mined number of the points of intersection (pj, 0]) in the 
order of decreasing count value. Also, the reference candi 
date line detecting means 20 detects a straight line on the x-y 
coordinate system, Which line corresponds to each of the 
extracted points of intersection (pj, 0]). The predetermined 
number of the straight lines, Which correspond to the 
extracted points of intersection (pj, 0]), are thereby detected. 
The predetermined number of the straight lines having thus 
been detected are the reference candidate lines LL. 

[0116] The irradiation ?eld determining means 30 deter 
mines the irradiation ?eld contour PS in accordance With the 
plurality of the reference candidate lines LL, Which have 
been detected in the manner described above. The irradiation 
?eld determining means 30 feeds the image signal, Which 
corresponds to the irradiation ?eld contour PS, into an 
external image processing apparatus, or the like. 

[0117] HoW the irradiation ?eld recogniZing apparatus 100 
of FIG. 1 operates Will be described hereinbeloW. 

[0118] The image signal S representing the image P, on 
Which the irradiation ?eld contour PS has been formed, is 
fed into the irradiation ?eld recogniZing apparatus 100. 
Firstly, the edge candidate point detecting means 10 sets the 
center point K With respect to the received image signal S, 
and sets 120 radial straight lines LO at equal angle intervals, 
Which lines start With the center point K. 
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[0119] Thereafter, With respect to each of the radial 
straight lines, the edge candidate point detecting means 10 
compares the image signal values corresponding to picture 
elements, Which are adjacent to each other in the direction 
along the radial straight line. The edge candidate point 
detecting means 10 thereby ?nds an edge candidate point E, 
at Which the difference in image signal value is largest. After 
the edge candidate points E have thus been detected With 
respect to all of the radial straight lines, the information 
representing the coordinates of the position of each of the 
edge candidate points E is fed into the reference candidate 
line detecting means 20. At this time, the coordinates are set 
With respect to the x-y coordinate system in the plane of the 
radiation image. 

[0120] In accordance With the received information rep 
resenting the 120 edge candidate points E, the reference 
candidate line detecting means 20 detects a predetermined 
number of the reference candidate lines LL, Which number 
has been set in the reference candidate line detecting means 
20. FIG. 4A shoWs the cases Wherein the predetermined 
number of the reference candidate lines LL is ?ve. The thus 
detected reference candidate lines LL (LL1, LL2, LL3, LL4, 
and LL5) are the straight lines, portions of Which can 
constitute the sides of the irradiation ?eld contour PS. 

[0121] The information representing the plurality of the 
reference candidate lines LL having thus been detected is fed 
into the irradiation ?eld determining means 30. The irradia 
tion ?eld determining means 30 determines that the region 
surrounded by the plurality of the reference candidate lines 
LL is the irradiation ?eld Pin. Also, the irradiation ?eld 
determining means 30 determines that the contour of the 
irradiation ?eld Pin is the irradiation ?eld contour PS. The 
irradiation ?eld determining means 30 feeds a position 
signal, Which represents the picture elements constituting 
the irradiation ?eld contour PS as shoWn in FIG. 4B, into the 
external image processing apparatus, or the like. 

[0122] The external image processing apparatus carries 
out a blackening process, or the like, on the radiation image 
signal S, Which has been received via a different signal 
transmission line, in accordance With the position signal, 
Which represents the picture elements constituting the irra 
diation ?eld contour PS. With the blackening process, the 
image signal values corresponding to the region Pout outside 
of the irradiation ?eld, Which region is located more outWard 
than the irradiation ?eld contour PS, are uniformly replaced 
by image signal values representing the highest image 
density. The thus obtained image, in Which the region Pout 
outside of the irradiation ?eld has been blackened, is used 
for making a diagnosis, or the like. 

[0123] As described above, With this embodiment of the 
apparatus for recogniZing an irradiation ?eld on a radiation 
image in accordance With the present invention, the edge 
candidate points are detected With respect to the radial 
straight lines, Which have been set With respect to the 
predetermined point lying in the image. Thereafter, the 
predetermined number of the reference candidate lines are 
detected by the utiliZation of Hough transform With respect 
to the edge candidate points. It is determined that the region 
surrounded by the reference candidate lines is the irradiation 
?eld. Therefore, the accuracy, With Which the irradiation 
?eld contour is recogniZed, can be kept higher than With the 
conventional methods or apparatuses for recogniZing an 
irradiation ?eld. 
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[0124] A second embodiment of the apparatus for recog 
niZing an irradiation ?eld on a radiation image in accordance 
With the present invention Will be described hereinbeloW 
With reference to FIG. 5. 

[0125] In the irradiation ?eld recognizing apparatus 
shoWn in FIG. 5, the irradiation ?eld recognizing apparatus 
100 of FIG. 1 is modi?ed such that it may further comprise 
an evaluation means 40 and a candidate line detecting means 

50, and such that the irradiation ?eld determining means 30 
may be replaced by an irradiation ?eld determining means 
30‘. In the second embodiment, the reference candidate line 
detecting means 20 detects a larger number of reference 
candidate lines than in the ?rst embodiment of FIG. 1. The 
evaluation means 40 makes evaluation, Which utiliZes a 
predetermined evaluation function, With respect to each of 
the thus detected reference candidate lines. The candidate 
line detecting means 50 detects predetermined candidate 
lines LL‘, Which are considered to more accurately constitute 
the irradiation ?eld contour, in accordance With the results of 
the evaluation having been made by the evaluation means 
40. The predetermined candidate lines LL‘ are detected from 
the reference candidate lines or in lieu of the reference 
candidate lines. Also, in lieu of the region surrounded by the 
reference candidate lines LL being determined as the irra 
diation ?eld, the irradiation ?eld determining means 30‘ 
determines that a region surrounded by the predetermined 
candidate lines LL‘, Which have been detected by the can 
didate line detecting means 50, is the irradiation ?eld. 

[0126] With the second embodiment of the irradiation 
?eld recogniZing apparatus, the predetermined candidate 
lines, Which have a higher eligibility for the irradiation ?eld 
contour than in the ?rst embodiment of FIG. 1, can be 
detected. Therefore, the accuracy, With Which the irradiation 
?eld contour is recogniZed, can be kept higher than in the 
?rst embodiment of FIG. 1. 

[0127] By Way of eXample, the evaluation means 40 may 
operate in the manner described beloW. Speci?cally, as 
illustrated in FIG. 6, the evaluation means 40 divides the 
radiation image into eight regions P1, P2, . . . , P8 at angle 
intervals of 45 degrees around a predetermined point, such 
as the center point, in the image. (In cases Where a speci?c 
point is set by the edge candidate point detecting means 10, 
the set speci?c point may be employed as the predetermined 
point.) In FIG. 6, the dots represent the edge candidate 
points, Which have been set by the edge candidate point 
detecting means 10. The evaluation means 40 ?nds an edge 
candidate point indicated by the mark “X”, Which is associ 
ated With the largest value of difference in image signal 
value among the 15 edge candidate points contained in each 
of the divided regions. The evaluation means 40 sets the thus 
found edge candidate points, Which are indicated by the 
mark X as the representative points. Thereafter, With respect 
to each of the reference candidate lines, the evaluation 
means 40 makes a judgment as to Whether the representative 
points lie or does not lie on the reference candidate line. 

[0128] In such cases, the candidate line detecting means 
50 detects, as the predetermined candidate lines, the refer 
ence candidate lines, Which are among the aforesaid refer 
ence candidate lines and for Which it has been judged that 
the corresponding representative points lie thereon. 
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[0129] In the manner described above, the representative 
points are set by the evaluation means 40. Alternatively, the 
representative points may be set previously by a different 
means, or the like. 

[0130] FIG. 7 shoWs a third embodiment of the apparatus 
for recogniZing an irradiation ?eld on a radiation image in 
accordance With the present invention. In the third embodi 
ment, a different evaluation means 401 and a different 
candidate line detecting means 50‘ are employed. 

[0131] Speci?cally, in the third embodiment of the irra 
diation ?eld recogniZing apparatus, the evaluation means 40‘ 
comprises a transformed candidate line setting means 41 and 
an evaluation value calculating means 42. As illustrated in 
FIG. 8, the transformed candidate line setting means 41 
shifts and/or rotates each of the reference candidate lines, 
Which have been detected by the reference candidate line 
detecting means 20, Within the range of :m picture elements 
and :0. degrees around the reference candidate line. The 
transformed candidate line setting means 41 thereby sets 
{(2m+1)(2ot+1)—1} number of transformed candidate lines 
With respect to each of the reference candidate lines. With 
respect to each candidate line, Which is among the original 
reference candidate lines and the transformed candidate 
lines having been set for the reference candidate lines, the 
evaluation value calculating means 42 carries out operations 
With a function (1) or a function (2) described beloW. 

[0132] (1) A function for, as illustrated in FIG. 9A, 
calculating differentiated values With respect to each candi 
date line (i.e., each of the reference candidate lines and the 
transformed candidate lines), and calculating a mean value 
of the differentiated values With respect to each candidate 
line, the mean value being taken With respect to the direc 
tion, along Which the candidate line extends. 

[0133] (2) Afunction for, as illustrated in FIG. 9B, ?nding 
directions of image density gradient vectors With respect to 
each candidate line (i.e., each of the reference candidate 
lines and the transformed candidate lines), and calculating 
an entropy of the directions of image density gradient 
vectors With respect to each candidate line, the entropy being 
taken With respect to the direction, along Which the candi 
date line eXtends. 

[0134] Also, in cases Where the former evaluation function 
(1) is employed, a candidate line detecting means 50‘ 
detects, as the predetermined candidate lines, a predeter 
mined number of the candidate lines in the order of decreas 
ing mean value of differentiated values. In cases Where the 
latter evaluation function (2) is employed, the candidate line 
detecting means 50‘ detects, as the predetermined candidate 
lines, a predetermined number of the candidate lines in the 
order of increasing entropy. 

[0135] The differentiated value With respect to each can 
didate line in the former evaluation function (1) is the value 
of difference betWeen the image signal components repre 
senting tWo picture elements, Which stand facing each other 
With the candidate line intervening therebetWeen. A large 
difference value represents that the difference in image 
density betWeen the tWo picture elements is large, and that 
an edge in the image lies betWeen the tWo picture elements. 
As illustrated in FIG. 9A, a plurality of sets of the tWo 
picture elements, Which stand facing each other With the 
candidate line intervening therebetWeen, are located in the 














