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(57) ABSTRACT 
The invention is a method and apparatus for automated 
detection of small structures in images. One speci?c use is 
to detect malignant microcalci?cation clusters in mammo 
grams. A digitized and ?ltered mammogram image is stored 
in a computer. Seed pixels, Which are pixels that are brighter 
than their immediate neighbors, are identi?ed to indicate 
candidate structures and used to construct tWo regions. 
Various features are then measured using the tWo regions 
around each seed point. The features characterize each 
candidate structure and are input to a classi?er, such as a 
neural network. The classi?er then distinguishes betWeen 
structures of interest and background. The structures 
detected by the classi?er are then presented to a clustering 
algorithm. A detected structure that is less than a threshold 
distance aWay from the nearest structure and a cluster is 
included in that cluster. Finally, the results are displayed, 
either on a monitor or on hard copy, With a frame around the 
detected cluster. 

seed 

structure 



Patent Application Publication Oct. 25, 2001 US 2001/0033680 A1 

seed 

regions grown structure 

FIG. 1 



US 2001/0033680 A1 

METHOD AND SYSTEM FOR DETECTING 
SMALL STRUCTURES IN IMAGES 

[0001] This application is a continuation of application 
Ser. No. 08/548,925, ?led Oct. 26, 1995, noW abandoned. 

STATEMENT OF GOVERNMENTAL INTEREST 

[0002] The Government has rights in this invention pur 
suant to Contract No. N00039-94-C-0001 awarded by the 
Department of the Navy. 

BACKGROUND OF THE INVENTION 

[0003] The invention relates to image analysis and, more 
speci?cally, to a computer implemented method and system 
for the processing of digitized images to automatically 
detect structures of interest therein. In one application, the 
invention comprises a method and apparatus for detecting 
microcalci?cation clusters in mammograms. 

[0004] Identi?cation of small and loW-contrast structures 
in images requires methods and systems for characteriZing 
these structures and separating them from the background. 
One example requiring such methods and systems is the 
detection of microcalci?cations in mammograms, indicating 
the possibility of a malignant tumor. 

[0005] Breast cancer, by far the leading type of cancer 
incidence in Women, causes about 170,000 neW cases a year, 
more than double the amount caused by colorectal cancer, 
the second major type in Women. HoWever, early diagnosis 
and treatment of breast cancer provide one of the highest 
chances of survival among cancer types in Women. The 
American Cancer Society recommends a yearly mammo 
gram examination for asymptomatic Women over the age of 
35 and Medicare covers these procedures. 

[0006] AWareness and Willingness for prevention of breast 
cancer is rapidly increasing in the general public. Therefore, 
it is possible that mammography Will soon be one of the 
highest volume X-ray procedures regularly used in radiol 
ogy clinics. The increasing burden on radiologists is being 
experienced at many medical centers. A reliable computer 
iZed method and system can contribute both speed and 
accuracy to mammogram interpretation. 

[0007] The ?rst and sometimes the only mammographic 
sign in early, curable breast cancer is a cluster of microcal 
ci?cations that are visible in about 50% of breast cancer 
cases. Microcalci?cations typically have a higher X-ray 
opacity than that of normal breast tissue and they appear as 
relatively brighter structures ranging from 0.1 mm to 2 mm 
in Width in a mammogram. In visual inspection, one cluster 
of microcalci?cations consists of 3 or more individual 
microcalci?cations that appear in an area of about 1 cm2. 

[0008] Due to the subtlety of some microcalci?cations, 
visual interpretation of a mammogram is a tedious process 
that generally requires a magnifying glass, and that, in some 
cases, can take more than 15 minutes. In visual inspection, 
the probability of false negatives is high and a signi?cant 
level of false positives is reported, i.e., only one out of ?ve 
cases that radiologists interpret as potential cancer is con 
?rmed in a biopsy examination. 

[0009] The factors that contribute to the dif?culty of 
visually recogniZing microcalci?cations are their small siZe; 
their morphological variability; their similarity to other 
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microstructures that are unrelated to cancer, e.g., ?lm arti 
facts, lead shot positioning markers, and some benign tissue 
structures; and the relatively loW contrast of mammograms. 

[0010] For an automated, computeriZed method and sys 
tem, the small siZe of microcalci?cations does not pose a 
large problem because digitiZation resolutions (e.g., 25 
microns/pixel) that provide adequate information on the 
smallest microcalci?cations are available. HoWever, the 
other three factors present challenges that successful auto 
mated systems have to meet. 

[0011] Previously developed automated detection tech 
niques reported varying levels of performance With different 
methods. See, H-P. Chan et al., “Computer-aided detection 
of microcalci?cations in mammograms: methodology and 
preliminary clinical study,”Invest. RadioL, vol. 23, p. 664, 
1988; B. W. Fam et al., “Algorithm for the detection of ?ne 
clustered calci?cations on ?lm mammograms,”Raa'i0l0gy, 
vol. 169, p. 333, 1988; and D. H. Davies and D. R. Dance, 
“Automatic computer detection of clustered calci?cations in 
digital mammograms,”Phys. Med. Biol., vol. 35, p. 1111, 
1990. 

[0012] The potential dif?culties and pitfalls of many auto 
mated detection techniques can be summariZed as folloWs: 

[0013] a. Too little enhancement may preclude the 
detection of minor microcalci?cation peaks While 
too much enhancement may increase signi?cantly 
the amplitude of small background structures (noise) 
and thus produce a large number of false detections. 
An acceptable compromise may not exist in some 
images, and in those images Where it exists, it can 
change from image to image and can be dif?cult to 
determine. 

[0014] b. A small, square region of analysis (moving 
kernel) Where operational parameters are computed, 
may be inappropriate for the natural shape of micro 
calci?cations and automated detection based on such 
approaches may depart considerably, in some cases, 
from the outcome of visual detection. 

[0015] c. A large number of parameters Whose values 
have to be entered manually (e.g., Pam) is not a 
viable approach for expedient clinical use. 

[0016] Considering the limitations discussed above, any 
neW detection method and apparatus has to meet the fol 
loWing requirements: 

[0017] a. Operate on raW data (no enhancement) to 
ensure that both visual interpretation and automated 
detection use the same information. 

[0018] b. Have an approach that is compatible With 
the natural morphology of microcalci?cations, i.e., 
no use of small square areas of interest or moving 
kernels. 

[0019] c. Require a minimal number of operational 
parameters that can be set adaptively and automati 
cally for any image, alloWing fully automated opera 
tion. 

[0020] d. AlloW for visual interpretability of opera 
tional parameters. 
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[0021] The above considerations, and the unsatisfactory 
results obtained With some of the available detection tech 
niques, has led to the development of the fundamentally 
different detection method and apparatus described and 
claimed herein. 

SUMMARY OF THE INVENTION 

[0022] In generalized form, the invention is an image 
analysis method and apparatus implemented in a computer 
for automatically detecting small structures in images. The 
speci?c embodiment described beloW is useful as a diag 
nostic aid that determines, on a digitiZed mammogram, the 
location of clusters of microcalci?cations Whose morpho 
logical properties are similar to those observed in malignant 
microcalci?cation clusters con?rmed by biopsy. 

[0023] The invention ?rst digitiZes the mammogram and 
preprocesses the digitiZed image through a nonlinear ?lter 
that eliminates very high frequency noise. The resultant 
image is then stored in the form of a matrix in the memory 
of a data processing means/computer. 

[0024] In the computer, the digitiZed image is segmented 
into candidate structures by ?rst locating seed pixels, 
de?ned as pixels Which are brighter than their immediate 
neighbors. Each seed pixel in the image is used as the basis 
for constructing/groWing tWo regions. In the ?rst region, 
adjacent pixels are added to the region if: (1) they have a 
gradient value higher than the pixels they adjoin (touch) in 
the groWn region and (2) they have a gray level loWer than 
the pixels they adjoin in the groWn region. The second 
region is constructed/groWn by adding adjacent pixels if 
they have a gray level loWer than the pixels they adjoin in 
the groWn region. 

[0025] FolloWing construction of the tWo regions, various 
features are measured using the tWo regions around each 
seed point. Certain of the features, taken together, charac 
teriZe each candidate structure and are used as input to a 
classi?er, such as a neural netWork. The classi?er Will then 
distinguish the candidate structures betWeen structures of 
interest and background. The structures detected by the 
classi?er Will then be presented to a clustering algorithm. A 
detected structure that is less than a threshold distance from 
the nearest structure in a cluster is included in that cluster. 
Finally, the results are displayed either on a monitor or on 
hard copy With a frame around the detected cluster. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 illustrates areas of the ?rst and second 
regions (a1 and a2) used to measure features in the inven 
tion. 

DETAILED DESCRIPTION 

[0027] The method of the invention begins by digitiZing 
each mammogram using, e.g., a HoWtek D4000 drum scan 
ner With a spatial resolution of 25 microns per pixel, an 
optical dynamic range of 3.5 0D. units, and 4096 (12 bits) 
quantization levels. DigitiZed mammograms are then pre 
processed by a nonlinear, 3x3 median ?lter to reduce the 
amount of very high frequency noise While retaining edge 
sharpness. The digitiZed mammograms are then stored in a 
computer in a memory in the form of a matrix x(i,j). 

[0028] Once stored in the computer memory, the digitiZed 
data is processed/analyZed using the computer in the fol 
loWing manner: 
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a. Structure Segmentation 

[0029] Step 1. The digitiZed image is segmented by 
the computer into candidate structures. The location 
of a candidate structure is initially determined With a 
local maximum of intensity. Each pixel that is higher 
in value than all of its immediate neighbors is 
considered a local intensity maximum and used as a 
seed pixel s(i,j) for segmentation. The immediate 
neighborhood is de?ned as those pixels contained in 
a small region centered around the tested pixel. 

[0030] Step 2. The gradient image g(i,j) is formed by 
computing the local gradient at each pixel in the 
image. (Note, forming the gradient image can be 
done before Step 1 above.) 

[0031] Step 3. As shoWn in FIG. 1, around each seed 
pixel a ?rst region (a1) is groWn/constructed by 
using the seed pixel and its 8 neighbors as starting 
points. Adjacent pixels are added to the region if: (1) 
they have a gradient value higher than the pixels they 
adjoin in the region groWn so far, and (2) they have 
a gray level loWer than pixels they adjoin in the 
groWn region. This ?rst region extends to the pixels 
With the highest local intensity change (local con 
trast). The edge of the ?rst region is the immediate 
closed contour With the highest sharpness around the 
seed pixel. 

[0032] Step 4. Around each seed pixel a second 
region (a2), also shoWn in FIG. 1, is groWn/con 
structed using the seed pixel and its 8 neighbors. 
Adjacent pixels are added to the region if they have 
a gray level value loWer than the pixels they adjoin 
in the region groWn so far. This second region 
extends to pixels With the highest intensity difference 
from the seed pixel. The edge of the second region is 
the immediate closed contour at the level of sur 
rounding background, i.e., the edge of the segmented 
candidate structure. 

b. Feature Extraction 

[0033] Step 5. Using the tWo regions around each 
seed point, several measurements are made: 

[0034] 1. The gray level value of the seed pixel 
(sv). 

[0035] 2. The areas of regions 1 and 2 in pixels (al 
and a2). 

[0036] 3. The local contrast obtained by subtract 
ing the mean value of pixels along the edge of 
region 1 from the seed value (ac1). The same 
measurement along the edge of region 2 (ac2). 

[0037] 4. The mean of the higher 50 percentile of 
gradient values along the edge of region 1 (mxs1). 

[0038] 5. The gray level differences betWeen the 
seed value and each pixel along the edge of region 
2 are calculated. The mean value of the higher 50 
percentile of these differences is computed 
(mxc2). 

[0039] 6. The standard deviation of pixel values 
along the edge of region 2 (estd). 
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[0040] 7. An angle index is measured for pixels on 
the 4 (North, East, South, West) or 8 directions 
that radiate from the seed. In each direction a line 
of pixels that extends several pixels beyond the 
edge of region 2 is used. For each pixel x(m,n) on 
each direction the computed index r(m,n) is the 
ratio obtained by dividing the difference betWeen 
the seed value s(i,j) and value of x(m,n) by the 
distance in pixels betWeen s(i,j) and x(m,n). The 
maximal value of r(m,n) on each direction is 
found and normaliZed With a factor that depends 
on the digitiZation range. The arctangent of these 
normaliZed maximal values are averaged to ?nd 
the mean angle index of the structure (aa). 

[0041] Step 6. At least tWo additional features are 
created using the measured features, i.e., the area of 
the ?rst region divided by the area of the second 
region (a1/a2) and the local contrast of the ?rst 
region divided by the local contrast of the second 
region (ac1/ac2). 

[0042] Step 7. Each structure is characteriZed by 
selecting the folloWing 9 features that are used as the 
input to a classi?er: 

[0043] sv, a2, a1/a2, ac1, ac1/ac2, mxs1, mxc2, 
estd, aa. 

c. Classi?cation and Clustering 

[0044] Step 8. A classi?er, such as a neural netWork, 
and, in one embodiment, a feedforWard neural net 
Work, is trained to distinguish betWeen structures to 
be recogniZed and background, using examples of 
both. Structures detected by the neural netWork are 
presented to a clustering algorithm. Adetected struc 
ture that is less than a distance threshold aWay from 
the nearest structure in a cluster is included in that 
cluster. 

[0045] Step 9. The results are displayed either on a 
monitor screen or on hard copy, With a frame around 
the detected clusters. 

[0046] While the discussion above focuses on detection of 
microcalci?cation clusters in mammograms, the method/ 
apparatus of the invention obviously has application to a 
broader range of image analysis. In fact, the invention can be 
used to detect objects in many different types of images, e.g., 
tomographic images. 
[0047] The invention is a method/apparatus to assist radi 
ologists in determining the location of suspicious clusters. 
The invention Will permit investigation of the subtle signs of 
early breast cancer that may be overlooked visually. The 
inherent advantages of an automated detection system, 
Which include spatial resolution exceeding human vision 
and consistent quantitative measurements, Will increase the 
accuracy of mammographic interpretation. 

We claim: 
1. A method for detecting a structure in an image, the 

method comprising the steps of: 

digitiZing the image; 

storing the digitiZed image in a memory of a data pro 
cessing means; 
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detecting automatically the structure using the data pro 
cessing means and the digitiZed image comprising the 
steps of: 

segmenting the digitiZed image into a candidate struc 
ture to be classi?ed; 

extracting features from the candidate structure; char 
acteriZing the candidate structure using the features; 
and 

classifying the candidate structure, using the extracted 
features, as structure or as background; and 

indicating the location of the structure in the image. 
4. The method as recited in claim 1, Wherein the candidate 

structure is classi?ed using a neural netWork. 
5. The method as recited in claim 4, Wherein the neural 

netWork is a feedforWard neural netWork. 
6. The method as recited in claim 1, further comprising 

the step of clustering the classi?ed structures that are a 
threshold distance from each other in the digitiZed image. 

7. The method as recited in claim 1, the segmenting the 
digitiZed image step comprising the steps of: 

locating a seed pixel in the digitiZed image, the seed pixel 
having a higher intensity value than its neighboring 
pixels; 

forming a gradient image of the digitiZed image; 

constructing a ?rst region beginning With the seed pixel 
and its neighboring pixels by adding to the ?rst region 
all adjacent pixels having both a gradient value higher 
and a gray level loWer than the pixels already in the ?rst 
region that the adjacent pixels adjoin; and 

constructing a second region beginning With the seed 
pixel and its neighboring pixels by adding to the second 
region all adjacent pixels having a gray level value 
loWer than the pixels already in the second region that 
the adjacent pixels adjoin. 

8. The method as recited in claim 7, the extracting features 
step comprising the step of measuring the standard deviation 
of pixel values along the edge of the second region (estd). 

9. The method as recited in claim 7, the extracting features 
step comprising the step of measuring a gray level value of 
the seed pixel (sv). 

10. The method as recited in claim 8, the extracting 
features step further comprising the step of measuring a gray 
level value of the seed pixel (sv). 

11. The method as recited in claim 7, the extracting 
features step comprising the step of measuring an area of the 
?rst region in pixels (a1). 

12. The method as recited in claim 10, the extracting 
features step further comprising the step of measuring an 
area of the ?rst region in pixels (a1). 

13. The method as recited in claim 7, the extracting 
features step comprising the step of measuring an area of the 
second region in pixels (a2). 

14. The method as recited in claim 12, the extracting 
features step further comprising the step of measuring an 
area of the second region in pixels 

15. The method as recited in claim 7, the extracting 
features step comprising the step of measuring a local 
contrast obtained by subtracting the mean value of pixels 
along the edge of the ?rst region from the seed pixel value 
(ac1). 
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16. The method as recited in claim 14, the extracting 
features step further comprising the step of measuring a 
local contrast obtained by subtracting the mean value of 
pixels along the edge of the ?rst region from the seed pixel 
value (ac1). 

17. The method as recited in claim 7, the extracting 
features step comprising the step of measuring a local 
contrast obtained by subtracting the mean value of pixels 
along the edge of the second region from the seed pixel 
value (ac2). 

18. The method as recited in claim 16, the extracting 
features step further comprising the step of measuring a 
local contrast obtained by subtracting the mean value of 
pixels along the edge of the second region from the seed 
pixel value (ac2). 

19. The method as recited in claim 7, the extracting 
features step comprising the step of measuring the mean 
value of the higher ?fty percentile of the gradient values of 
the pixels along the edge of the ?rst region (mxs1). 

20. The method as recited in claim 18, the extracting 
features step further comprising the step of measuring the 
mean value of the higher ?fty percentile of the gradient 
values of the pixels along the edge of the ?rst region (mxs1). 

21. The method as recited in claim 7, the extracting 
features step comprising the step of measuring the mean 
value of the higher ?fty percentile of the gray level differ 
ences betWeen the seed pixel value and each pixel along the 
edge of the second region (mxc2). 
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22. The method as recited in claim 20, the extracting 
features step further comprising the step of measuring the 
mean value of the higher ?fty percentile of the gray level 
differences betWeen the seed pixel value and each pixel 
along the edge of the second region (mxc2) 23. 

23. The method as recited in claim 7, the extracting 
features step comprising the step of measuring the mean 
angle index of the structure (aa). 

24. The method as recited in claim 22, the extracting 
features step further comprising the step of measuring the 
mean angle index of the structure (aa). 

25. The method as recited in claim 24, the extracting 
features step further comprising the step of dividing the area 
of the ?rst region by the area of the second region (a1/a2). 

26. The method as recited in claim 25, the extracting 
features step further comprising the step of dividing the local 
contrast of the ?rst region by the local contrast of the second 
region (ac1/ac2). 

27. The method as recited in claim 26, the characteriZing 
the candidate structure comprising the step of selecting the 
sv, a2, a1/a2, ac1, ac1/ac2, mxs1, mxc2, estd, and aa features 
to characteriZe the candidate structure. 

28. The method as recited in claim 27, Wherein the image 
is a mammogram and the structure is a microcalci?cation. 


