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SUMMARIZATION OF FOOTBALL VIDEO 
CONTENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a divisional application 
of and claims priority to US. patent application Ser. No. 
09/933,862, ?led Aug. 20, 2001. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to summariZation of 
video content including football. 

[0003] The amount of video content is expanding at an 
ever increasing rate, some of Which includes sporting events. 
Simultaneously, the available time for vieWers to consume 
or otherWise vieW all of the desirable video content is 
decreasing. With the increased amount of video content 
coupled With the decreasing time available to vieW the video 
content, it becomes increasingly problematic for vieWers to 
vieW all of the potentially desirable content in its entirety. 
Accordingly, vieWers are increasingly selective regarding 
the video content that they select to vieW. To accommodate 
vieWer demands, techniques have been developed to provide 
a summariZation of the video representative in some manner 
of the entire video. Video summariZation likewise facilitates 
additional features including broWsing, ?ltering, indexing, 
retrieval, etc. The typical purpose for creating a video 
summariZation is to obtain a compact representation of the 
original video for subsequent vieWing. 

[0004] There are tWo major approaches to video summa 
riZation. The ?rst approach for video summariZation is key 
frame detection. Key frame detection includes mechanisms 
that process loW level characteristics of the video, such as its 
color distribution, to determine those particular isolated 
frames that are most representative of particular portions of 
the video. For example, a key frame summariZation of a 
video may contain only a feW isolated key frames Which 
potentially highlight the most important events in the video. 
Thus some limited information about the video can be 
inferred from the selection of key frames. Key frame tech 
niques are especially suitable for indexing video content but 
are not especially suitable for summariZing sporting content. 

[0005] The second approach for video summariZation is 
directed at detecting events that are important for the par 
ticular video content. Such techniques normally include a 
de?nition and model of anticipated events of particular 
importance for a particular type of content. The video 
summariZation may consist of many video segments, each of 
Which is a continuous portion in the original video, alloWing 
some detailed information from the video to be vieWed by 
the user in a time effective manner. Such techniques are 
especially suitable for the efficient consumption of the 
content of a video by broWsing only its summary. Such 
approaches facilitate What is sometimes referred to as 
“semantic summaries.” 

[0006] What is desired, therefore, is a video summariZa 
tion technique suitable for video content that includes foot 
ball. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is an exemplary ?oWchart for play detec 
tion. 
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[0008] FIG. 2 is an exemplary illustration of a hiking 
scene in football. 

[0009] FIG. 3 is an exemplary illustration of a kicking 
scene in football. 

[0010] FIG. 4 illustrates one example of a generally green 
color region. 

[0011] FIG. 5 is a technique for de?ning the generally 
green color region. 

[0012] FIG. 6 is a technique for de?ning histograms for 
the ?eld frames. 

[0013] FIG. 7 illustrates the de?nition of a central region 
of a frame and/or ?eld. 

[0014] FIG. 8 illustrates candidate frame selection based 
upon an initial generally green selection. 

[0015] FIG. 9 is an exemplary illustration of a hiking 
scene in football. 

[0016] 
FIG. 9. 

[0017] FIG. 11 illustrates parametric lines for the edge 
detection of FIG. 10. 

FIG. 10 illustrates edge detection for the image in 

[0018] FIG. 12 illustrates computed motion vectors for 
football video. 

[0019] FIG. 13 illustrates an exemplary start of a football 
play. 
[0020] FIG. 14 illustrates a green mask for the image of 
FIG. 13. 

[0021] FIG. 15 illustrates an exemplary green mask for an 
image of a football player. 

[0022] FIG. 16 illustrates an exemplary football player. 

[0023] FIG. 17 illustrates a projection of the green mask 
of FIG. 14. 

[0024] FIG. 18 illustrates a projection of the green mask 
of FIG. 15. 

[0025] FIG. 19 is an illustration of temporal evidence 
accumulation. 

[0026] FIG. 20 is an illustration of the U-V plane. 

[0027] FIG. 21 is an illustration of detecting the end of a 
play in football. 

[0028] FIG. 22 illustrates the preferred technique to iden 
tify the end of the play. 

[0029] FIG. 23 illustrates the detection of black frames for 
commercials. 

[0030] FIG. 24 illustrates an exemplary technique for 
segment removal based upon commercial information. 

[0031] FIGS. 25A-25C illustrate audio segments of dif 
ferent plays. 

[0032] FIG. 26 illustrates forming a multi-layered sum 
mary of the original video sequence. 

[0033] FIG. 27 illustrates the video summariZation mod 
ule as part of a media broWser and/or a service application. 

[0034] FIG. 28 illustrates a video processing system. 
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[0035] FIG. 29 illustrates an exemplary overall structure 
of the football summariZation system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0036] A typical football game lasts about 3 hours of 
Which only about one hour turns out to include time during 
Which the ball is in action. The time during Which the ball 
is in action is normally the exciting part of the game, such 
as for example, a kickoff, a hike, a pass play, a running play, 
a punt return, a punt, a ?eld goal, etc. The remaining time 
during the football game is typically not exciting to Watch on 
video, such as for example, nearly endless commercials, the 
time during Which the players change from offense to 
defense, the time during Which the players Walk onto the 
?eld, the time during Which the players are in the huddle, the 
time during Which the coach talks to the quarterback, the 
time during Which the yardsticks are moved, the time during 
Which the ball is moved to the spot, the time during Which 
the spectators are vieWed in the bleachers, the time during 
Which the commentators talk, etc. While it may indeed be 
entertaining to sit in a stadium for three hours for a one hour 
football game, many people Who Watch a video of a football 
game ?nd it dif?cult to Watch all of the game, even if they 
are loyal fans. Avideo summariZation of the football video, 
Which provides a summary of the game having a duration 
shorter than the original football video, may be appealing to 
many people. The video summariZation should provide 
nearly the same level of the excitement (e. g. interest) that the 
original game provided. 

[0037] Upon initial consideration, football Would not be a 
suitable candidate to attempt automated video summariZa 
tion. Initially, there are nearly an endless number of potential 
plays that may occur Which Would need to be accounted for 
in some manner. Also, there are many different types of 
plays, such as a kickoff, a punt, a pass play, a kickoff return, 
a running play, a reverse play, an interception, a sack, etc., 
that likeWise Would need to be accounted for in some 
manner. In addition, each of these plays involves signi?cant 
player motion Which is dif?cult to anticipate, difficult to 
track, and is not consistent betWeen plays. Moreover, the ball 
Would normally be difficult, if not impossible, to track 
during a play because much of the time it is obscured from 
vieW. For example, it Would be difficult to distinguish 
interesting play related activity from typical pre-play activ 
ity of the players Walking around the ?eld getting ready for 
the next play. Based upon such considerations has been 
previously considered impractical, if not impossible, to 
attempt to summariZe football. 

[0038] It is conceivably possible to develop highly sophis 
ticated models of a typical football video to identify poten 
tially relevant portions of the video. HoWever, such highly 
sophisticated models are dif?cult to create and are not 
normally robust. Further, the likelihood that a majority of the 
highly relevant portions of the football video Will be 
included in such a video summariZation is loW because of 
the selectivity of the model. Thus the resulting video sum 
mariZation of the football game may simply be unsatisfac 
tory to the average vieWer. 

[0039] After consideration of the dif?culty of developing 
highly sophisticated models of a football video to analyZe 
the content of the football video, as the sole basis upon 
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Which to create a football summariZation, the present inven 
tors determined that this technique is ultimately ?aWed as 
the models Will likely never be suf?ciently robust to detect 
all the desirable content. Moreover, the number of different 
types of model sequences of potentially desirable content is 
dif?cult to quantify. In contrast to attempting to detect 
particular model sequences, the present inventors deter 
mined that the desirable segments of the football game are 
preferably selected based upon a “play.” A “play” may be 
de?ned as an sequence of events de?ned by the rules of 
football. In particular, the sequence of events of a “play” 
may be de?ned as the time generally at Which the ball is put 
into play (e.g., a time based upon When the ball is put into 
play) and the time generally at Which When the ball is 
considered out of play (e.g., a time based upon When the ball 
is considered out of play). Normally the “play” Would 
include a related series of activities that could potentially 
result in a score (or a related series of activities that could 
prevent a score) and/or otherWise advancing the team toWard 
scoring (or prevent advancing the team toWard scoring). 
[0040] An example of an activity that could potentially 
result in a score, may include for example, throWing the ball 
far doWn ?eld, kicking a ?eld goal, kicking a point after, and 
running the ball. An example of an activity that could 
potentially result in preventing a score, may include for 
example, intercepting the ball, recovering a fumble, causing 
a fumble, dropping the ball, and blocking a ?eld goal, punt, 
or point after attempt. An example of an activity that could 
potentially advance a team toWard scoring, may be for 
example, tackling the runner running, catching the ball, and 
an on-side kick. An example of an activity that could 
potentially prevent advancement a team toWard scoring, 
may be for example, tackling the runner, tackling the 
receiver, and a violation. It is to be understood that the 
temporal bounds of a particular type of “play” does not 
necessarily start or end at a particular instance, but rather at 
a time generally coincident With the start and end of the play 
or otherWise based upon, at least in part, a time (e.g., event) 
based upon a play. For example, a “play” starting With the 
hiking the ball may include the time at Which the center 
hikes the ball, the time at Which the quarterback receives the 
ball, the time at Which the ball is in the air, the time at Which 
the ball is spotted, the time the kicker kicks the ball, and/or 
the time at Which the center touches the ball prior to hiking 
the ball. A summariZation of the video is created by includ 
ing a plurality of video segments, Where the summariZation 
includes feWer frames than the original video from Which 
the summariZation Was created. A summariZation that 
includes a plurality of the plays of the football game 
provides the vieWer With a shorted video sequence While 
permitting the vieWer to still enjoy the game because most 
of the exciting portions of the video are provided, preferably 
in the same temporally sequential manner as in the original 
football video. 

[0041] Referring to FIG. 1, a procedure for summariZation 
of a football video includes receiving a video sequence 20 
that includes at least a portion of a football game. Block 22 
detects the start of a play of a video segment of a plurality 
of frames of the video. After detecting the start of the play, 
block 24 detects the end of the play, thereby de?ning a 
segment of video betWeen the start of the play and the end 
of the play, namely, a “play”. Block 26 then checks to see if 
the end of the video (or the portion to be processed) has been 
reached. If the end of the video has not been reached block 
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26 branches to block 22 to detect the next play. Alternatively, 
if the end of the video has been reached then block 26 
branches to the summary description 28. The summary 
description de?nes those portions of the video sequence 20 
that contain the relevant segments for the video summari 
Zation. The summary description may be compliant With the 
MPEG-7 Summary Description Scheme or TV-Anytime 
Segmentation Description Scheme. A compliant media 
broWser, such as shoWn in FIG. 27, may apply the summary 
description to the input video to provide summariZed vieW 
ing of the input video Without modifying it. Alternatively, 
the summary description may be used to edit the input video 
and create a separate video sequence. The summariZed video 
sequence may comprise the selected segments Which 
excludes at least a portion of the original video other than the 
plurality of segments. Preferably, the summariZed video 
sequence excludes all portions of the original video other 
than the plurality of segments. 

[0042] The present inventors then considered hoW to 
detect a “play” from a football video in a robust, ef?cient, 
and computationally effective manner. After extensive 
analysis of a typical football game it Was determined that a 
football game is usually captured by cameras positioned at 
?xed locations around the football ?eld, With each camera 
typically capable of panning, tilting, and Zooming. Each 
play in a football game normally starts With the center hiking 
the ball, such as toWard the quarterback or kicker. Further, 
a hiking scene, in Which the center is about to hike the ball, 
is usually captured from a camera location to the side of the 
center. This camera angle is typically used because it is 
easier to observe the movements of all of the parties 
involved (the offense, the center, the quarterback, the receiv 
ers, the running back, and the defense) from this vieWpoint. 
Thus a play typically starts With a frame such as shoWn in 
FIG. 2. 

[0043] While an attempt to determine a hiking scene may 
include complex computationally intensive analysis of the 
frame(s) to detect the center, the quarterback, or the kicker, 
and the offense/defense, together With appropriate motion, 
this generally results in non-robust hiking scene detection. 
To overcome this limitation the present inventors Were 
dumbfounded to recogniZe that the scenes used to capture a 
football video typically use the same set of camera angles. 
The football game normally includes cameras sitting either 
on one side of the ?eld and on the tWo ends of the ?eld. The 
side cameras are normally located in the stadium above the 
25, 50, and 25 yard lines, and the tWo end cameras are 
located at the ends of the ?elds. There may be additional 
cameras, such as handheld cameras, but most of the events 
are captured by the side cameras and the end cameras. In 
general there are tWo different types of plays, namely, place 
kicks and regular plays (e.g., plays that are not place kicks). 
In general, place kicks (Which include the kick-offs, extra 
point attempts, and ?eld goal attempts) are usually captured 
by a camera near the end of the ?eld, While a regular play 
(including runs, passes, and punts) is usually captured by a 
side camera. It is also noted that a kick-off is usually 
captured by an end camera folloWed by a side camera. 
Accordingly, the different plays of a football video may be 
categoriZed as one of tWo different types of plays, namely, 
a place kick, and a regular play. 

[0044] The regular play typically starts With a frame such 
as that shoWn in FIG. 2. The camera then folloWs the ball 
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until the ball is called dead, at Which time the current regular 
play ends. After the end of the regular play there is typically 
a camera break, at Which time the camera vieWs other 
activity, such as the commentators or the fans. The time 
betWeen the camera break and the start of the next play is 
usually not exciting and thus should not be included in the 
summary. 

[0045] The place kick typically starts With a frame such as 
that shoWn in FIG. 3, and it normally ends With a camera 
break, in a manner similar to the regular play. For the place 
kick, there are normally more than one camera break before 
the end of the play, such as for example, a ?rst camera break 
at the sWitch from the end camera to the side camera, and a 
second camera break When the play ends. 

[0046] To determine a start of a play, such as those shoWn 
in FIGS. 2 and 3, the present inventors considered criteria 
that may be suitable to characteriZe such an event. The 
criteria to determine the start of the play is based on 
anticipated characteristics of the image, as opposed to ana 
lyZing the content of the video to determine the actual 
events. One criteria that may be used to determine the start 
of a play is the ?eld color. Under the assumption that a 
camera provides a typical start frame like those shoWn in 
FIG. 2 or 3, it may be observed that the ?eld has a generally 
green color. Accordingly, a characteristic of the start of a 
play may be if a suf?cient spatial region of the frame has the 
generally green color. The suf?cient spatial generally green 
region may be further de?ned by having shape characteris 
tics, such as substantially straight edges, a set of substan 
tially parallel edges, a four-sided polygon, etc. Further, the 
spatial region of the generally green color is preferably 
centrally located Within the frame. Thus, it Would initially 
appear that the start of a play can be detected by locating 
frames With a generally green dominant color in the central 
region. The aforementioned color test is useful in detecting 
the start of a play. HoWever, after further analysis it Was 
determined that merely detecting the generally green domi 
nant color centrally located is suf?cient but may be insuf 
?cient for a robust system. For example in some implemen 
tations, a dominant generally green color may be a necessary 
condition but not a suf?cient condition for determining the 
start frame of play. 

[0047] For example, the color characteristic of a central 
spatial generally green region may exist When the camera is 
focused on a single player on the ?eld prior to a play. In 
addition, the precise color of the generally green color 
captured by the camera varies from ?eld to ?eld, from 
camera to camera, and from day to night. In fact, even for 
a given game, since it may start in late afternoon and last into 
early evening, the lighting condition may change, causing 
the generally green color of the same ?eld to vary signi? 
cantly during the video. Moreover, the generally green ?eld 
color is typically not uniform and includes variations. Thus 
it is preferably not to use a narroW de?nition of the generally 
green color (e.g., excluding other non-green speci?c colors). 
Therefore, it is preferable to use a broad de?nition of 
generally green. If a broad de?nition of a generally green 
color is used, such as ones that includes portions of other 
colors, then a greater number of non-play scenes Will be 
identi?ed. 

[0048] With the generally green color of the ?eld not being 
constant, it is desirable to calibrate the generally green color 
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for a speci?c football video. Further, it is desirable to 
calibrate the generally green color for a speci?c portion of 
a football video, With the generally green color being 
recalibrated for different portions of the football video. 
Referring to FIG. 4, using the hue component in the HSV 
color space as an example, the preferred system provides a 
range of generally green colors, such as G10W and Ghigh, With 
generally green being de?ned there betWeen. The G10W 
and/or Ghigh may be automatically modi?ed by the system to 
adapt to each particular football video and to different 
portions of the video. 

[0049] With the variation of the ?eld color even Within a 
game, the present inventors determined that a color histo 
gram Hg of the generally green color in addition to a range 
given by G10W and Ghigh, provides a more accurate speci? 
cation of the ?eld color. The Hg may calibrated for a speci?c 
football video. Also Hg may be calibrated for a speci?c 
portion of the football video, With the Hg being recalibrated 
for different portions of the football video. Even With tWo 
frames of the video shoWing the ?eld the resulting color 
histograms Will tend to be different. Thus, it is useful to 
estimate the extent to Which the ?eld color histograms vary 
in a particular football video, or portion thereof. It is 
preferable to use the ?eld scenes, hoWever detected, from 
Which to estimate the color histograms. 

[0050] The folloWing technique may be used to determine 
Glow, Ghigh, and Hg. Referring to FIG. 5, for all (or a portion 
of) the frames containing the ?eld all the generally green 
pixels are located. For this initial determination preferably 
the generally green pixels are de?ned to include a large 
interval. The interval may be de?ned as G0=[G01OW, GOhigh]. 
Next a statistic measure of the generally green pixels is 
calculated, such as the mean hue green value Gmean of all the 
pixels. Next G10W and Ghigh may be set. One technique for 
setting G10W and Ghigh is: G1OW=Gmean—g, Ghigh=Gmean+g, 
Where g is a constant such that Ghigh—G1OW<G0high—G01OW. 
In essence, the technique narroWs (i.e., reduces its gamut) 
the range of generally green colors based on color based 
information from the football video. 

[0051] The folloWing technique may be used to determine 
the color histogram Hg_ Referring to FIG. 6, all (or a portion 
of) the frames containing the ?eld are selected. Within these 
?eld frames all (or a portion on) the pixels falling in the 
range of G10W and Ghigh are selected. Other ranges of 
generally green colors may likewise be used. The color 
histogram Hi for each of these sets of pixels in each of the 
frames is then determined. Then H is computed as a 
statistical measure, such as the average, of all the calculated 
color histograms Hi. In particular the variation of Hg may be 
calculated as folloWs. 

[0052] For any frame containing the ?eld, compute the 
error betWeen Hi and Hg: 

ei=HHg—HiH Where is the L1 norm. 

[0053] The sample mean is computed as: 

me = £26; 

[0054] The sample standard deviation of all the errors is 
calculated as: 
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[0055] With N being the number of frames, v being a 
measure for evaluating hoW a color histogram is 
different from the average Hg. 

[0056] With the green color being calibrated, the system 
may test if a frame is likely the start of a play by checking 
the folloWing tWo conditions: 

[0057] (1) if the frame has more than P1% generally 
green pixels; 

[0058] (2) if the color histogram H1 of these generally 
green pixels is close enough to Hg. 

[0059] The ?rst condition may be examined by counting 
the number of pixels Whose hue value falls in Glow, Ghigh. 
The second condition may be examined by checking if the 
difference betWeen H1 and Hg is smaller than a threshold, 
i.e., if |]H1—Hg|]<Th. The threshold Th may be determined as: 

Th=me+c'v, 

[0060] Where c is a constant, typically 3 or 4. 

[0061] If both conditions are satis?ed, then a potential 
start is detected, and this frame may then be further checked 
by other modules if it is desirable to con?rm a detection. If 
hoWever, the frame has only more than P2% green pixels 
(P2<P1), and the second condition is satis?ed, then the ?eld 
line detection module described later should be used to 
increase the con?dence of an accurate determination of a 
potential start of a play. 

[0062] After consideration of actual frames of the start of 
a play in football videos the present inventors observed that 
sometimes the start frames contain non-?eld regions on the 
top and the bottom, and further may contain editing bars on 
the side or on the bottom. These factors are not especially 
compatible With the use of the thresholds P1 and P2, as 
previously described. For the thresholds P1 and P2 to be 
more robust, only the center region (e.g., primarily generally 
Within such non-?eld regions and editing bars) of the frame 
should be used When computing the percentages. Referring 
to FIG. 7, the center region may be de?ned as folloWs. 

[0063] (1) scan a frame roW-by roW, starting from the 
?rst roW, until a roW that has dominant generally 
green pixels is located, or until a predetermined 
maximum is reached, Whichever occurs ?rst; 

[0064] (2) scan the frame roW-by-roW, starting from 
the bottom roW, until a roW that has dominant 
generally green pixels is located, or until a predeter 
mined maximum is reached, Whichever occurs ?rst; 

[0065] (3) scan the frame column-by-column, start 
ing from the right column until a column that has 
dominant generally green pixels is located, or until a 
predetermined maximum is reached, Whichever 
occurs ?rst; 

[0066] (4) scan the frame column-by-column, start 
ing from the left column until a column that has 












