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Abstract : Since the evaluation is influenced by the case selection, it is necessary to apply

some common databases in the performance evaluation. To evaluate our computer-aided diag-

nosis (CAD) system for detecting masses, 320 images from the Mammogaphy Image Analy-

sis Society (MIAS) database in UK were applied in this study. Our algorithm for detecting

masses was based on a standard adaptive thresholding technique which had been developed in

our group. However, the preliminary result was not as well as those for a Japanese database.

After we adjusted some thresholding values of our system, a 90% sensitivity with 0.8 false

positive (FP) was achieved which indicated that our scheme was effective for the different

databases in both Japan and UK. Moreover, the differences between the MIAS and a Japa-

nese database were also discussed.
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1. Introduction

Mammography is considered to be a major sig-
nificant way for detecting abnormalities in breast
as early as possible. Breast cancer commonly pre-
sents as a mass. Currently there are a number of
research groups who have been developing CAD
systems to detect masses on mammograms. There
are two general approaches achieved in mammog-
raphic mass detection and analysis : one is a single
-image segmentation and the other is a bilateral

image subtraction.

In the first approach, several techniques based
on computerized feature extraction have been em-
ployed. Lai et al. presented a method by detecting
circumscribed masses. They reported that their sen-
sitivity for masses was 100% with an average of
1.7 false positive (FP) per mammogram [1]. Li
et al. used a technique based on adaptive thresh-
old. Their results with a database of 95 images
indicated that a sensitivity of 90% was achieved

at the expense of two FPs per image [2]. A
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new rubber band straightening transform (RBST)
was introduced. The classification accuracy for
masses described by an area (Az) of 0.94 under
the ROC curve [3].

The second approach is based on the analysis
of the symmetry between both sides of mammo-
grams. Yin et al. developed a nonlinear bilateral
subtraction technique to identify asymmetries be-
tween the right and left breast images. They cor-
rectly distinguished 95% masses from 46 pairs of
mammograms with three FPs per image  [4].
Different to Yin's approach, Mendez et al. have
characterized the asymmetries by using only one
thresholding instead of more complex methods of
linking multiple subtracted images. A true positive
(TP) rate of 71% was achieved at an average
number of 0.67 FP per image [5].

An automated CAD system for detecting masses
and clustered microcalcifications in  digital mam-
mograms has been developed in our group. A se-
ries of results for detecting masses has been re-
ported by using Japanese databases [6-8]. So
far, the detection result reached a sensitivity of 91
% at an average of 0.9 FP per image for a test-
ing database. In addition, a mass-classification sys-
tem for mammograms has been developing in our
group. It was reported that the classification sensi-
tivity was 85.7% and the specificity was 81.8%
[9].

In 1994, the result in the paper of Nishikawa
[10] showed that the accuracy of a CAD system
was depended on the case selection. As a possible
long-term solution for dealing with this problem, a
common database was suggested to evaluate CAD
schemes.

Responding to Nishikawa's  suggestion, our
group has tried to find some common databases
to examine the performance of our CAD system
for detecting masses. Several years ago, as the
first step we used the CADM database for our
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evaluation that was produced by Japan Society of
Computer Aided Diagnosis of Medical Images. It
was concluded that our scheme was effective for
Fuji computed radiography (FCR) images because
of the high detection performance. Furthermore,
we had been looking forward to evaluating our
CAD system by some databases from overseas
such as the database produced by the Mammog-
raphic Image Analysis Society (MIAS) in UK
1994.

In this paper, we employed the MIAS database
to evaluate the performance of our CAD scheme
for detecting masses on mammograms. Since the
performance of our system to detect the clustered
microcalcifications on the MIAS database has been
demonstrated in our previous paper with a sensi-
tivity of 95.8% at the number of FPs as 1.84
clusters per image [11], we will only discuss the

detection ability for masses in below.

2. MIAS database

The MIAS database contained 161 pairs of
mammograms selected carefully from the United
Kingdom National Breast Screening Programme.
Each of the mammograms was obtained from the
medio-lateral oblique view and was digitized by a
Joyce-Loeble SCANDIG-3 microdensitometre at a
spatial resolution of 50-um sampling distance with
an 8-bit density resolution. The linear response of
scanning microdensitometre was in the range from
0.0 to 3.2 optical densities. There were four sizes
of image used, depending on the breast sizes:
small, medium, large and extra large in the MIAS
database.

There were 118 abnormal and 204 normal
mammograms in the database. Classes of abnor-
mality are presented as calcification ; well-defined
and circumscribed masses ; spiculated masses ;

other, ill-defined masses; architectural distortion ;
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Histograms of size in radius for malignant (a) and benign (b) masses in the MIAS database. The

mean size for malignant was 12.2mm, and for benign was 9.8mm. It should be noted that the values of

vertical coordinate in (2) and (b) were different.

and asymmetry. All abnormal mammograms had
(20 ma-

lignants) in 55 images. The mammograms in data-

been biopsy-proven. There are 58 masses

base had been classified depending on the charac-
teristic of background tissues into three categories,
fatty, fauy-glandular and dense [12].

We calculated the histograms of 58 mass sizes
that were shown for malignant (a) and benign (b)
in Fig. 1. respectively. The average approximate
radius of the masses were 12.2mm for malignant
as well 9.8mm for benign. From above histogram,
it was not difficult to find that some of malignant
masses were very obvious. but some were rather
subtle.

In this study, considering that applying part of
common database would still cause the evaluating
problem. we employed 320 out of all 322 mam-
mograms (except two images which were not in-
cluded in our type) from the MIAS database that
was rather different with Japanese databases. Until

now. such kind of research has never done by
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any other groups. For instance, there were only
37. 60 and 14 mammograms from the MIAS data-
base used in the studies of Rangayyan et al. [13],
Brake ct al. [14] and Kok-Wiles et al. [15], re-
spectively. It was no doubt that applying necarly
all cases from a rather different common database
would make the detection more difficult  than
those evaluations already done by other groups
before. However, we believe that the advantage
for such evaluation will make our result more
comparable as well as more objectively.

In addition, it should be noted that since the
number of malignant masses (those are our main
interest in this study) in the MIAS database was
as less as 20 in all of 322 images, it was impos-
sible for us to separate the MIAS database into
two parts. in which one for training and the other
for testing. In below. we provided two results by
employing the MIAS database both as a training

set and as a testing set.
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3. Method of CAD scheme

Our scheme, which was based on single-image
segmentation, has developed by employing a stan-
dard adaptive thresholding technique in the field
[6-8,16]. In

the process of eliminating FPs, a method by com-

of image processing and analysis

paring both right and left images was employed
as well  [17].

There were 7 main stages developed in our al-
gorithm, which were (1) image input and digitiza-
tion ; (2) extraction of breast area, (3) classifica-
tion and segmentation of breast region ; (1) extrac-
tion of suspicious area , (5) re-analysis of detected
candidate region ; (6) elimination of FPs ; (7) indi-

cation of detected masses.

3.1 Image input and digitization

Each of the mammograms in the MIAS data-
base was first compressed to an image with a
pixel size of 0.4mmX0.4mm and was linearly

converted to 12-bit pixel values.

3.2 Extraction of breast area

The border of skin line in each mammogram
was extracted by investigating the change of den-
sity profile. In this technique, not only the differ-
ences of the image density but also the weight of
location information of breast border were consid-
ered [18].

3.3 Classification and segmentation of breast
region

First, by using the characteristics of Sobel den-
sity gradient, the area of pectoralis muscle was
decided. Then the gray-level histogram for each
mammogram without the pectoralis muscle's area
was achieved. According to the histogram, the
digital mammogram was divided into glandular-
fatty, fatty and dense in regard with the three

Vol.18 No.3 (2001)

categories reported on the MIAS database. After-
wards, the segmentation was undergone especially
for glandular-fatty image. Generally, the glandular-
fatty images were segmented into two parts, one
was the thick mammary-gland area and the other
was the area on which the fatty was able to part
away from mammary-gland (7,8, 16].
3.4 Extraction of suspicious area

The low-density areas were generally considered
as the first candidates for mass. A mask (4 pixels
X4 pixels) was used in each of three catego-
rized images to find out the suspicious candidates
by several different threshold values depending on
the categories and the segmented parts of mammo-

gram [7,8].

3.5 Re-analysis of detected candidate region

Because there were a number of normal candi-
dates in low-density areas, the general feature
analysis was employed for decreasing the number
of candidates as a regular step for classifying the
suspicious mass.

The malignant candidates were determined re-
peatedly in the low-density areas by using some
texture features analysis. For instance, when a
candidate’s circularity value was greater than the
threshold, it would be classified as a true mass.
Otherwise this candidate would be considered as a
re-analysis candidate. For the re-analysis candidate,
a new threshold was determined. According to
that threshold, we transformed the re-analysis can-
didate to a new candidate that was defined as its
pixel value changed from the lowest density to
this new threshold. Then the thresholds of size,
contrast, circularity and standard deviation would
examine once more the new candidate. Such re-
analysis procedure was iteratively performed until
either the new candidates' size was smaller than
the threshold for size or it was classified as a
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true malignant candidate [7,8].
3.6 Elimination of FPs

Since there was still a lot of FPs left after the
general feature analysis was applied, it seemed
necessarily to eliminate the FPs by using some
[6,19].

There were three methods developed by our

new methods

group . (1) eliminating FP masses by using second
-order statistics [21], (2) decreasing the funicular
-shape FPs [20], (3) decreasing the false candi-
dates by comparing right and left mammograms

(17].
3.6.1 Eliminatng FP masses by using
second-order statistics

We also noted that there were some differences
between TP and false one in the co-occurrence
matrix of the image. There were four parameters,
which significantly impacted to the classification
by a series of experiments. From the gray-level co
-occurrence matrix, three second-order statistics
values (angular second moment: ASM, inverse
difference moment : IDM, and entropy : ENT) were
determined. In addition, from the matrix based on
the gray-level difference method. a contrast
(CNT) was set.

By investigating the data from our experiment,
we recognized that the quantities of TPs in ASM
was smaller than those in the FPs but the magni-
tude of IDM, ENT and CNT in the TPs were
greater than those in the FPs. The FP candidates
were effectively discriminated by using such char-
acteristics of the four parameters. As an example
in a Japanese mammogram database, the number
of false candidates was decreased from 4.0 to 1.9

per image at the sensitivities around 85% [20].

3.6.2 Decreasing funicular-shape FPs
There were lots of funicular-shape candidates
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(nearly 1,3 in total FPs)
scheme in regard to their higher circularity. In

detected by our

fact, they were not TPs but were either the blood
vessels or parts of the mammary-gland.

The higher circularity for funicular-shape candi-
dates was mainly caused by the general definition
for circularity in re-analysis procedure of our pro-
gram, as introduced in section 3.5. In order to
classify the funicular-shape false candidates from
the masses. we presented eleven parameters to ex-
amine the funicular-shape candidates such as . (1)
length-to-width ratio, (2) minimum width, (3) circu-
larity, (1) average contrast in the candidate, (5) av-
erage contrast in the central part of the candidate.
(6) average of the standard deviations of pixel-
value distributions in the equal distance. (9) per-
centage of the gradient-omponent ratio in constant
directions determined by nipple position. (100 stan-
dard deviation for the central part of the candidate
in unsharp-mask processed image, and 11) gradient
ratio for each direction obtained using the gravity.
After the region of interest (ROI) automatically
extracted by a rectangular window that contained
a minimum area including the border of suspi-
cious mass candidate. all eleven parameters would
be calculated one by one. Then the funicular-
shape case was distinguished by the Mahalanobis'
generalized distance. To calculate the Mahalanobis’
generalized distance, a dictionary database was

necessary [21].

3.6.3 Decreasing the false candidates by
comparing right and left mammograms

There were several systems developed for de-
tecting masses. which were based on the deviation
from the usual architectural symmetry of normal
[4,5].
introduced a method based on the same point but

right and left Differing with others, we

rather to utilize it in the stage of eliminating the
false candidates than to use it for detecting
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masses.

At first, the images with rather enhancing bor-
der and edge were derived from a dynamic-range
compression processing and a filter processing for
density. Secondly, the alignment procedure for
mammograms was decided by the reference infor-
mation from border. Then, the correlative regions
were determined. Finally. the correlation of the
right and left mammograms was examined in both
correlative arcas. There were four feature values
introduced such as the maximum of crosscorrela-
tion coefficient, maximum of difference for pixel
value, mean absolute difference on gradient, and
correlation coefficient on gradient. By setting four
thresholds for those parameters. the FP candidates
were decreased by comparison of right and left

[17].

images

3.7 Indication of detected masses

An arrow described the detected masses. At
same tme the center and the size of detected
masses were introduced as well.

18311
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4. Results and discussion

4.1 Result when using the MIAS database
as a testing set
An initial result for malignant masses (TP

rate . 55%, the number of FPs I 1.4 per image)
was poor while the MIAS database was applied to
our CAD without

suggested that some modifications are necessary

any modifications. Such result
for our scheme when employing the MIAS in re-
(TP

the number of FPs 0.7 per image).

garding our result to a Japanese databasc
91%,

There is a similar result reported by Brown ct al.

rate .

By applying the 50 cases from the MIAS data-
base for training their CAD system (TP rate 95
%, the number of FPs 1.5 per image). the de-
tection sensitivity for an Australia database was
To

present some significant differences in  mammo-

only 60% at the 1.5 FPs per image [22].

grams from the MIAS database and a Japanese
database. some examples were shown in Fig.2.

It is not hard to find out from these examples

337iml

336imi

Fig.2 Examples to show the differences between the mammograms of the MIAS database and a Japa-

nese database. The Japanese mammograms came from Aichi Cancer Center Hospital, Japan

March).
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(1998,

In order to show these images clearly in print, some image processing methods were applied.

—149—



274

270m

Fig.3 Examples in which we failed to detect the masses correctly. The arrows point to the malignant
masses not be detected by our CAD system. Same as the images in Fig.2, all examples were modified

to view clearly in here.

Table 1 Results for the detection of malignant
masses in the MIAS database.

TP rate

No. of FPs per image

Result 1 90% (18,720) 0.8(265.7320)

Result 2 52% (30,/58) 0.8(253.7320)

Result 3 59%(23,739) 0.8(260.7320)
that there are more linear materials and more

mammary-gland materials in the images of MIAS
database. Furthermore, the size of breast area in
the MIAS database is usually larger than those in
Japanese databases. Such characteristics in  the
MIAS database not only make the detection of
masses rather difficult, but also tend to increase
the number of FPs. We think that the different
characteristics in the MIAS database are the main
reason which caused the low initial detection re-

sult introduced above.

4.2 Results when using the MIAS database
as a training set
After some of our parameters were adapted by
using the information of 20 malignant masses. a
(TP rate : 90%, FP . 0.8), as Re-

sult 1 Table 1. was achieved as significant as the

feasible result

result while utilizing a database from Japan. When

—150—

Table 2 A comparison of detection ability for ma-
lignant masses from the MIAS database and one
of Japanese database.

MIAS

Japanese

TP rate 90% (18.720) 91% (21,723)
FPs(per image) 0.8 (265320) 0.7 (628.7888)
TN rate 40% (12873200 45% (400.7888)

not only the malignant but also benign masses
were considered as abnormal, the TP rate was 52
% with 0.8 FP shown as Result 2.

if we regarded all of malignant masses. architec-

In addition,

tural distortions and asymmetries of mammary
gland as abnormal. the sensitivity was 59% with
the expense of 0.8 FP as Result 3. We trained
our CAD system by using only the information
from 20 malignant masses in the MIAS database.
Above result is similar to those in Brown et al.

paper [22]. It seems that some modifications
might be necessary when the CAD system is ap-
plied to different databases.

It is important to point out that as suggested by
Kallergi et al. recently [23]. when evaluating the
performance of detecting masses in digital mam-
mography, two criteria should be paid attention to.
The detected area should be at least 50% of the

true mass area and no more than four times of
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the true area in order to be considered as TP
[23]. We think that the evaluation according to
their suggestion would allow a better understand-
ing of the performance. Therefore, all TPs pre-
sented in Table | were checked by these two cri-
teria one by one.

In Fig.3,

scheme failed to detect the malignant mass cor-

there are four images in which our
rectly in Result 1. The mass on image of 179ls
was not detected because of its greater value of
the maximum crosscorrelation when the FPs were
eliminated by comparing left and right mammo-
grams. Both images of 265lm and 274rx were
unsuccessfully detected because they were not met
with some thresholds in our system at the stage
of eliminating the FPs. The reason we failed to
detect the malignant mass in  270rm mammogram
was that the suspicious candidate including the
malignant mass was extracted improperly with the
pectoralis muscle's area. In the stage of re-analysis
of detected candidate region, when the true suspi-
cious candidate was finally separated from the
pectoralis muscle's area, unfortunately, its area
with true mass had become too small to delete as
a FP. Understanding from this case, it is neces-
sary to improve our scheme in order to extract
the suspicious candidates more efficiently, espe-
cially for those malignant masses in or partly in

the pectoralis muscle area.

4.3 A detection comparison between the
MIAS database and one of Japanese
databases

Table 2 shows a comparison between the MIAS
database and one of Japanese databases for detect-
ing the malignant masses in mammograms. In the

Japanese database, there are 888 mammograms

from the Aichi Cancer Center Hospital in 1996.

Among those images, 23 malignant masses were

presented. It was not difficult to recognize from
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the Table 2 that we achieved the similar results
for either the MIAS or the Japanese database

while using them as training sets.

4.4 A discussion for three methods of elimi-
nating the FPs

There were three methods used in our CAD al-
gorithm for eliminating FP candidates. After these
three methods were employed, the total number of
FPs for 320 mammograms was reduced from 1251
to 265. It was obvious that those three methods
have played an important role to improve the per-
formance of our system for detection of masses.
A discussion was provided in below for three
methods, named as second-order statistics method,
decreasing the funicular-shape FPs method and
comparing right and left method. In short, we
called them as Method 1, Method 2 and Method
3.

From our investigation, the Method 3 performed
better than the other two methods for the MIAS
database. On the contrary, for a Japanese database,
we found that the Method | performed much
better than Methods 2 and 3. It should be noted
that the methods used for decreasing the number
of FPs was strongly sensitive to some specific
types of FPs. By our observation, the Method 1|
enabled to decrease the smaller and low contrast
FPs. The candidates eliminated by the Method 3
varied and there was no limitation of one or two
types of FPs. Hence, the Method 3 was able to
delimit the numerous FPs. However, it should be
mentioned that there was one type of FPs elimi-
nated efficiently only by Method 3, some FPs lo-
cated in the highest density part of mammary-
gland. Such kind of FPs was usually regarded to
be the most difficult FPs for eliminating.



5. Conclusion

We studied the CAD

scheme for detecting malignant masses by using

performance of our

all mammograms from the MIAS database. The
initial result while using the MIAS database as a
testing set was not as well as that of Japanese
database. The reason for this is that our system
had been training by some of Japanese databases.
which are not the similar databases with the
MIAS database. It seems that our detection result
was deeply affected by the different characteristics
in the MIAS database and the Japanese databases.
After modified some of our parameters, we suc-
cessfully achieved the sensitivity of 90% at the
expense of FPs at 0.8. By comparing the both
detection results from the MIAS database and a
Japanese database, we found that we have reached
at the similar sensitivities while applying the two
databases as training sets. Such feasible results
demonstrated that our CAD system for mass de-
tection was effective not only on the Japanese da-
tabases, but also on the MIAS database.

In the discussion of three methods for elimina-
tion of false candidates, our result illustrated that
the method of decreasing the FPs by comparing
right and left mammograms was more efficient
than the second-order statistics method and de-
creasing the funicular-shape FPs method.

We are looking forward to utilizing as many
databases from overseas as possible to evaluate
and improve the performance of our CAD scheme
in order to provide an effective second opinion to

radiologists.
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