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METHOD FOR AUTOMATICALLY CLASSIFYING 
IMAGES INTO EVENTS 

FIELD OF THE INVENTION 

[0001] The invention relates generally to the ?eld of image 
processing having image understanding that automatically 
classi?es pictures by events and the like and, more particu 
larly, to such automatic classi?cation of pictures by time and 
date analysis and by block-based analysis Which selectively 
compares blocks of the images With each other. 

BACKGROUND OF THE INVENTION 

[0002] Pictorial images are often classi?ed by the particu 
lar event, subject or the like for convenience of retrieving, 
revieWing, and albuming of the images. Typically, this has 
been achieved by manually segmenting the images, or by the 
beloW-described automated method. The automated method 
includes grouping by color, shape or teXture of the images 
for partitioning the images into groups of similar image 
characteristics. 

[0003] Although the presently knoWn and utiliZed meth 
ods for partitioning images are satisfactory, there are draW 
backs. The manual classi?cation is obviously time consum 
ing, and the automated process, although theoretically 
classifying the images into events, is susceptible to miss 
classi?cation due to the inherent inaccuracies involved With 
classi?cation by color, shape or teXture. 

[0004] Consequently, a need eXists for overcoming the 
above-described draWbacks. 

SUMMARY OF THE INVENTION 

[0005] The present invention is directed to overcoming 
one or more of the problems set forth above. Brie?y sum 
mariZed, according to one aspect of the present invention, 
the invention resides in a method for automatically classi 
fying images into events, the method comprising the steps 
of: receiving a plurality of images having either or both date 
and/or time of image capture; determining one or more 
largest time differences of the plurality of images based on 
clustering of the images; and separating the plurality of 
images into the events based on having one or more bound 
aries betWeen events Which one or more boundaries corre 

spond to the one or more largest time differences. 

[0006] These and other aspects, objects, features and 
advantages of the present invention Will be more clearly 
understood and appreciated from a revieW of the folloWing 
detailed description of the preferred embodiments and 
appended claims, and by reference to the accompanying 
draWings. 

ADVANTAGEOUS EFFECT OF THE 
INVENTION 

[0007] The present invention has the advantage of 
improved classi?cation of images by utiliZing both date and 
time information and block-based comparison that checks 
for similarity of subject and background in the images. If 
date and time information is not available, then the block 
based analysis may be used as the sole basis for classi?ca 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram illustrating an overvieW 
of the present invention; 
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[0009] FIG. 2 is a block diagram illustrating a date and 
time clustering technique of the present invention; 

[0010] FIG. 3 is a graph illustrating a scaling function 
used to map the result of the 2-means clustering; 

[0011] FIG. 4 is a graph illustrating a typical result of the 
scaling function of FIG. 3; 

[0012] FIG. 5 is a diagram illustrating a block diagram of 
an event boundary checking after the date and time cluster 
ing; 
[0013] FIG. 6 is a diagram illustrating grouping of images 
Within each event based on content; 

[0014] FIG. 7 is a block diagram of a group-merging step 
of the present invention; 

[0015] FIG. 8 is a block diagram of image re-arrangement 
Within each group; 

[0016] FIG. 9 is a ?oWchart of block-based histogram 
correlation technique; 

[0017] FIG. 10 is diagram illustrating the comparison 
betWeen block histogram; 

[0018] FIG. 11 is diagram of an eXample of best intersec 
tion mapping for three segment analysis; and, 

[0019] FIG. 12 is an illustration of shift detection Within 
the block based histogram-correlation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] In the folloWing description, the present invention 
Will be described in the preferred embodiment as a softWare 
program. Those skilled in the art Will readily recogniZe that 
the equivalent of such softWare may also be constructed in 
hardWare. 

[0021] Still further, as used herein, computer readable 
storage medium may comprise, for example; magnetic stor 
age media such as a magnetic disk (such as a ?oppy disk) or 
magnetic tape; optical storage media such as an optical disc, 
optical tape, or machine readable bar code; solid state 
electronic storage devices such as random access memory 
(RAM), or read only memory (ROM); or any other physical 
device or medium employed to store a computer program. 

[0022] In addition, the term “event” is de?ned herein as a 
signi?cant occurrence or happening as perceived by the 
subjective intent of the user of the image capture device. 

[0023] Before describing the present invention, it facili 
tates understanding to note that the present invention is 
preferably utiliZed on any Well-knoWn computer system, 
such a personal computer. Consequently, the computer sys 
tem Will not be discussed in detail herein. It is also instruc 
tive to note that the images are either directly input into the 
computer system (for eXample by a digital camera) or 
digitiZed before input into the computer system (for eXample 
by scanning). 
[0024] Referring to noW FIG. 1, there is illustrated a How 
diagram illustrating an overvieW of the present invention. 
DigitiZed images are input into the computer system Where 
a softWare program of the present invention Will classify 
them into distinct categories. The images Will ?rst be ranked 
S10 in chronological order by analyZing the time and date of 
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capture of each image. The date and/or time of capture of 
each picture may be extracted, for example, from the 
encoded information on the ?lm strip of the Advanced Photo 
System (APS) images, or from information available from 
some digital cameras. The representations of the images Will 
then be placed S20 into one of a plurality of distinct events 
by a date and time clustering analysis that is described 
beloW. Within each event, the contents of the images are 
analyZed S20 for determining Whether images closest in 
time to an adjacent event should be maintained in the event 
as de?ned by the clustering analysis, or the adjacent events 
merged together. After the images are de?ned into events, a 
further sub-classi?cation (grouping) Within each event is 
performed. In this regard, the images Within each event Will 
then be analyZed by content S30 for grouping images of 
similar content together, and then the date and time S30 for 
further re?ning the grouping. 

[0025] The event segmentation S20 using the date and 
time information is by a k-means clustering technique, as 
Will be described in detail beloW, Which groups the images 
into events or segments. Aboundary check is then performed 
on the segments S20 for verifying that the boundary images 
should actually be grouped into the segment identi?ed by the 
clustering, as Will also be described beloW. 

[0026] These groups of images are then sent to a block 
based histogram correlator S30 for analyZing the content. 
For each event or segment sent to the correlator, a content or 
subject grouping S30 is performed thereon for further sub 
classifying the images by subject Within the particular event 
segment. For example, Within one event, several different 
subjects may appear, and these subject groupings de?ne 
these particular subjects. The subject grouping is based 
primarily on image content, Which is performed by a block 
based histogram correlation technique. This correlation 
compares portions of tWo images With each other, as Will 
also be described in detail beloW. The result of the ranking 
is the classi?cation of images of each segment into distinct 
subject groupings. The date and time of all the images Within 
each subject grouping are then compared to check Whether 
any tWo or more subject grouping can be merged into a 
single subject grouping S30. 

[0027] A re?nement and subject re-arrangement analysis 
S40 Will further improve the overall classi?cation and the 
subject grouping by rearranging certain images Within a 
subject group. 

[0028] Referring to FIG. 2, there is shoWn an exploded 
block diagram illustrating the data and time clustering 
technique S20. First, the time interval betWeen adjacent 
pictures (time difference) is computed S20a. A histogram of 
the time differences is then computed S20b, an example of 
Which is shoWn in block 10. The abscissa of the histogram 
is preferably the time in minutes, and the ordinate of the 
histogram is the number of pictures having the speci?ed 
time difference. The histogram is then mapped S20c to a 
scaled histogram using a time difference scaling function, 
Which is shoWn in FIG. 3. This mapping is to take the 
pictures With small time difference and substantially main 
tain its time difference, and to take pictures With a large time 
difference and compress their time difference. 

[0029] A 2-means clustering is then performed S20a' on 
the mapped time-difference histogram for separating the 
mapped histogram 10 into tWo clusters based on the time 
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difference; the dashed line represents the separation point for 
the tWo clusters. For further details of 2-means clustering, 
Introduction to Statistical Pattern Recognition, 2nd edition 
by Keinosuke Fukunaga 1990 may be consulted, and there 
fore, the process of 2-means clustering Will not be discussed 
in detail herein. Referring brie?y to FIG. 4, the result of 
2-means clustering is the segmentation of the histogram into 
tWo portions 10a and 10b. Normally, events are separated by 
large time differences. The 2-means clustering, therefore, is 
to de?ne Where these large time differences actually exist. In 
this regard, the right portion 10b of the 2-means clustering 
output de?nes the large time differences that correspond to 
the event boundaries. 

[0030] Referring to FIG. 5, there is illustrated an example 
of boundary checking betWeen events. For tWo consecutive 
events i and j, a plurality of block-based, histogram com 
parisons are made to check if the pictures at the border of 
one event are different from the pictures at the border of the 
other event. If the comparison of content is similar, the tWo 
segments are merged into one segment. OtherWise, the 
segments are not merged. Preferably, the comparisons are 
performed on the three border images of each event (i3, i4, 
i5 With j1, j2, j3), as illustrated in the draWing. For example, 
image is i5 compared With image j1 and etc. This block 
based histogram comparison technique Will be described in 
detail hereinbeloW. 

[0031] Referring to FIG. 6, there is illustrated an overvieW 
of subject (content) grouping for each segmented event. 
Within each segmented event i, adjacent pictures are com 
pared (as illustrated by the arroWs) With each other using the 
beloW-described, block-based histogram technique. For 
example, the block-based histogram technique may produce 
?ve subject groupings (for example groups 1-5) from the 
one event i, as illustrated in the draWing. The arrangement 
of the subject grouping is stored for future retrieval during 
the subject arrangement step s40. In particular, the subject 
grouping having a single image is stored (for example 
groups 2, 3, and 5). 

[0032] Referring to FIG. 7, after the grouping by content, 
a time and date ordering is performed on the groupings for 
merging groups together based on a time and date analysis. 
Ahistogram of the time difference betWeen adjacent images 
in the event is computed, similar to FIG. 4. Apredetermined 
number of the largest time differences (for example bound 
ary an) are compared With the boundaries (for example 
boundaries b12, b23, b34, b45 ) of the subject grouping 
determined by the block-based analysis. The predetermined 
number of largest time differences are determined by divid 
ing the total number of images Within an event by the 
average number of picture per group (four is used in the 
present invention). If the boundary of the subject grouping 
matches the boundary based on the chosen time differences, 
the subject groupings Will not be merged. If there is not a 
match betWeen the tWo boundaries, the subject groupings 
having a boundary not having a matched time difference in 
the histogram Will be merged into a single subject grouping 
(for example groups b1, bb, b3 merged into resulting group 
c1). 
[0033] Referring to FIG. 8, there is illustrated a diagram 
of image re-arrangement Within each group. The arrange 
ment of the initial subject groupings is retrieved for identi 
fying subject groupings that contain single images (for 
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example the groups With a single image of FIG. 6—groups 
2, 3, and 5 that are re-illustrated as groups 2, 3, and 5 in FIG. 
8). Any single images from the same subject grouping that 
are merged as identi?ed by the merged subject grouping (for 
example, groups c1 and c2 of FIG. 7) are compared With all 
other images in the merged subject grouping, as illustrated 
by the arroWs. This comparison is based on block-based 
histogram analysis. If the comparisons are similar, these 
images Will be re-arranged so that the similar images are 
located adjacent each other, for eXample groups d1 and d2. 

[0034] Further re?nement is done by comparing any group 
that still contains a single image after the above procedure, 
With all the images in the event. This is to check if these 
single image groups can be better arranged Within the event 
grouping. This comparison is similar to the subject re 
arrangement step of FIG. 8. 

[0035] Referring to FIG. 9, there is illustrated a ?oWchart 
of the block-based histogram correlation used in the above 
analyses. First, a histogram of the entire image of both 
images is computed S50, a global histogram. A comparison 
of the tWo histograms is performed by histogram intersec 
tion value S60 illustrated the folloWing equation: 

2 mime-.6.) 
IntenR, c) = ‘:1 

R; 1% 

[0036] Where R is the histogram of the reference image, C 
is the histogram of the candidate image, and n is the number 
of bins in the histogram. If the intersection is under a 
threshold S65, preferably 0.34, although other thresholds 
may be used, the images are different. If the threshold is met 
or eXceeded S65, then a block-based histogram correlation 
Will be performed S70. In this regard, each image Will be 
divided into blocks of a given siZe, preferably 32x32 piXels 
in the present invention. It is instructive to note that those 
skilled in the art may vary the block siZe depending on the 
resolution of the image Without departing from the scope of 
the invention. For each block, a color histogram is com 
puted. Referring to FIG. 10, if one image is considered a 
reference image and one image a candidate image, the 
images are compared in the folloWing Way. Each block 20 of 
the reference image is compared to the corresponding block 
30 of the candidate image and to the adjacent blocks 40, 8 
blocks in the present invention. 

[0037] Referring to FIG. 9, the block histograms betWeen 
the reference image and the candidate image are compared 
using the histogram intersection equation de?ned above 
S80. The average intersection value is derived by computing 
the average of the best intersection values from each of the 
block comparisons S90. This average intersection value Will 
be compared to a loW threshold (preferably 0.355), and a 
high threshold (preferably 0.557). If the average intersection 
value is beloW the loW threshold S95, the tWo images are 
considered different. If the average intersection value is 
above the high threshold S96, then the tWo images are 
considered similar. If the average intersection value is 
betWeen these tWo thresholds, further analysis Will be per 
formed as described beloW (3-segment average intersection 
map S100). 
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[0038] Referring to both FIGS. 9 and 11, a 3-segment 
analysis Will be performed to determine if the tWo images 
may contain a similar subject. This is performed by ?rst 
forming a map 60 Which contains the average of the tWo 
highest intersection values of each of the block comparisons; 
for eXample, 9 comparisons Were performed in the illustra 
tion of FIG. 10, the average of the highest tWo Will be used 
for map 60. FIG. 11 illustrates, for eXample, a 9x6 block 
although it should be understood that the map siZe depends 
on the siZe of the image. This map is divided into three parts: 
the left portion 70a, the center portion 70b, and the right 
portion 70c. If the average intersection value of the center 
portion 70b is higher than a threshold (preferably 0.38) 
S105, the tWo images may contain a very similar subject in 
the center portion 70b of the image, and the tWo images may 
be considered to be similar by subject. In addition, the 
comparisons of the histogram Will be performed With the 
reference and candidate images reversed. If the tWo images 
are similar both methods should give substantially similar 
correlation; obviously if they are different, the results Will 
not be similar. The images are then checked S110 to deter 
mine if there is a high intersection value in one of the 
directions, right, left, up, and doWn. 

[0039] Referring to FIGS. 9 and 12, shift detection is used 
to determine the case When the tWo images 90 and 100 (of 
tWo different siZes in the draWing) have very similar subject 
that appears in different locations of the image. For eXample, 
the main subject may be situated in the center of one image 
and to the left-hand side of the other image. Such a shift can 
be determined by recording both the best intersection values 
of the reference blocks, as Well as the coordinates of the 
corresponding candidate blocks. This is achieved by com 
paring the intersection values of the blocks in four directions 
(right, left, up, and doWn). The entire image Will be shifted 
by one block (as illustrated by the arroWs) in one of the 
directions (right in the draWing) Where the best intersection 
value is the highest. The above analysis and the shift can be 
repeated S120 to check for similarity. 

[0040] The invention has been described With reference to 
a preferred embodiment. HoWever, it Will be appreciated that 
variations and modi?cations can be effected by a person of 
ordinary skill in the art Without departing from the scope of 
the invention. 

1. A method for automatically classifying images into 
events, the method comprising the steps of: 

(a) receiving a plurality of images having either or both 
date and/or time of image capture; 

(b) determining one or more largest time differences of the 
plurality of images based on clustering of the images; 
and, 

(c) separating the plurality of images into the events based 
on having one or more boundaries betWeen events 

Which one or more boundaries correspond to the one or 
more largest time differences. 

2. The method as in claim 1, Wherein step (b) includes 
computing a time difference histogram and performing a 
2-means clustering on the time difference histogram for 
de?ning the one or more boundaries. 



US 2003/0198390 A1 

3. The method as in claim 2, wherein step (b) further 
includes mapping the time difference histogram through a 
time difference scaling function before performing the 
2-means clustering. 

4. The method as in claim 2, Wherein step (c) includes 
checking the images adjacent the one or more boundaries for 
similarity by comparing content of the images. 

5. The method as in claim 4, Wherein step (c) includes 
checking the images adjacent the one or more boundaries for 
similarity by using a block-based histogram correlation 
technique. 

6. The method as in claim 5 further comprising step (d) 
dividing the events into subject grouping by using an image 
content analysis. 

7. The method as in claim 6, Wherein step (d) includes 
dividing the events into subject grouping by using a block 
based histogram technique. 

8. A method for automatically classifying images into 
events, the method comprising the steps of: 
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(a) receiving a plurality of images arranged in chrono 
logical order; 

(b) dividing the images into a plurality of blocks; and, 

(c) grouping the images into subject grouping based on 
block-based histogram correlation Which includes com 
puting a color histogram of each block and computing 
a histogram intersection value Which determines the 
similarity betWeen blocks. 

9. The method as in claim 8, Wherein step (c) includes 
comparisons of tWo of the images by shifting one of the 
images in a desired direction based on the intersection value 
and then computing the block based correlation. 

10. The method as in claim 9, Wherein step (c) includes 
forming a map that contains tWo best intersection values of 
each of the block comparisons; dividing the map into three 
portions; and then comparing center portions for similarity. 

* * * * * 


