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ABSTRACT 

Generating photographs from a video. Segments of the 
video for Wh1Ch frame-to-frame background motion is less 
than a threshold are identi?ed. For each of the segments, 
video frames in the segment are combined to generate a 
photograph representative of the segment. 

VIDEO SEGMENTCH 
m m 

SOURCE VIDEO 

START 

I 

GET NEXT VIDEO 
SEGMENT 

EMPTY 
SEGMENT? 

MOTION ESTIMATOR 

DETERMINE FRAME-TO-FRAME 
MOTION OF SCENE IN BACKGROUND 

I 
COMBINE FRAMES OF 

TO-FRAME MOTION TO 
GENERATE STILL IMAGE 

SEQUENCE BASED ON FRAME 

__I 

87 

89 

DONE 



Patent Application Publication Mar. 7, 2002 Sheet 1 0f 8 US 2002/0028026 A1 



Patent Application Publication Mar. 7, 2002 Sheet 2 0f 8 US 2002/0028026 Al 

N .wE 

@ 

555w zozkmmzmw 55>: .376 

@ 
dm 

6 

@ 89> 1w womzom 

$20.55 



Patent Application Publication Mar. 7, 2002 Sheet 3 0f 8 US 2002/0028026 A1 

N mm 

a 

. wmm 

; . wwwszlamw 

E 53 

Im 2955mm . 

Q_ 

g 

mm 3 

‘NM \ 

5 \ 

_ 

mm 

5% 553 PM‘ 6% 2g 

3 89> momzow 



Patent Application Publication Mar. 7, 2002 Sheet 4 0f 8 US 2002/0028026 A1 

w .wE 

8mm 
_ 

_ 

_ 

gm)‘ 19mm 05 ii Him 7: @221 W E zooz?td‘ , 
mg 

25 EQQN % 02 

g Q 

mm 

3%) 
>5 5% mmEzzw 

8% Mm) z<n_ <mm 

22.2045 mp0 - 35ml? OM55 



A1 Patent Application Publication Mar. 7, 2002 Sheet 5 0f 8 US 2002/0028026 

m .wE 

mobiz?ww 228E azzomwxog mogsmkwzoo 
5U1E+ Q Ew mg‘; jCm 

553125 41: 



Patent Application Publication Mar. 7, 2002 Sheet 6 0f 8 US 2002/0028026 A1 

VIDEO SEGMENTC VIDEO SEGMENTCH SOUREEJVIDEO 
m j — 

It; 

START 

——I 
SEGMENT 

GET NEXT VIDEO 

FRAME 
CONTINUE? 

DONE 

DETERMINE FRAME-TO-FRAME 
MOTION OF SCENE IN BACKGROUND 

MOTION ESTIMATOR 

I 
COMBINE FRAMES OF 

SEQUENCE BASED ON FRAME 
TO-FRAME MOTION TO 
GENERATE STILL IMAGE 

89 

FIG. 6 



Patent Application Publication Mar. 7, 2002 Sheet 7 0f 8 US 2002/0028026 Al 

N .wE 

81 

D Em Km :5 85 88 
U 8.8 Em Us 88 <3 

4 

X 2929; 96.689 89> 

8 l 

8 

295.888 89> x 29:5; 88-82: 89> 



Patent Application Publication Mar. 7, 2002 Sheet 8 0f 8 US 2002/0028026 A1 

3 

SEQ 2: 

éééaamoam 
mm: 

+ m 

i z_ 89> 852 . I1 I 

9: 1i _ O9 5 55D 0: u- - - , azma?m $55 253021 Emma/Em <52 292223228 
55% 

\L 5 m2 

m9 

0 w 

3 Q3 E5 38 a $535 $53 m2; 553% :75 

513%: 22% i 

SEOEE 2252a 



US 2002/0028026 A1 

EXTRACTING PHOTOGRAPHIC IMAGES FROM 
VIDEO 

[0001] This is a continuation-in-part of copending US. 
application Ser. No. 09/096,720 ?led Jun. 11, 1998. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of image 
processing, and more particularly to automatically extract 
ing photographic images from a video. 

BACKGROUND OF THE INVENTION 

[0003] Historically, video cameras and still image cameras 
have been used for different applications and have occupied 
different consumer markets. Most still image cameras do not 
possess the image storage and rapid capture capability of 
video cameras and therefore are unsuitable for capturing and 
recording video clips. Conversely, the video resolution and 
quality produced by most video cameras are too loW for 
producing high quality still images. Consequently, people 
Who Wish to capture both videos and high quality still 
images must usually have both a video camera and a still 
image camera. 

SUMMARY OF THE INVENTION 

[0004] A method and apparatus for generating photo 
graphs from a video is disclosed. Segments of the video for 
Which frame-to-frame background motion is less than a 
threshold are identi?ed and, for each of the segments, the 
video frames in the segment are combined to generate a 
photograph representative of the segment. 

[0005] Other features and advantages of the invention Will 
be apparent from the accompanying draWings and from the 
detailed description that folloWs beloW. 

DESCRIPTION OF THE DRAWINGS 

[0006] The present invention is illustrated by Way of 
eXample and not limitation in the ?gures of the accompa 
nying draWings in Which like references indicate similar 
elements and in Which: 

[0007] FIG. 1 illustrates use of a still image generation 
system to generate a set of still images from a source video; 

[0008] FIG. 2 illustrates a business model for providing a 
still image generation service according to one embodiment; 

[0009] FIG. 3 illustrates a selection WindoW presented on 
a display of a still image generation system according to one 
embodiment; 
[0010] FIG. 4 illustrates a WindoW of a computer system 
display in Which pages of a video album according to one 
embodiment are presented; 

[0011] FIG. 5 illustrates a still image generator according 
to one embodiment; 

[0012] FIG. 6 is a How diagram of still image construction 
according to one embodiment; and 

[0013] FIG. 7 is a diagram of a video indeX displayed on 
a computer system display according to one embodiment. 

DETAILED DESCRIPTION 

[0014] Amethod and apparatus for generating still images 
from a video is described. The individual frames of the video 
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are analyZed to automatically identify at least three different 
types of shots: still shots, pan shots and Zoom shots. When 
a still shot is identi?ed, multiple video frames from the still 
shot are combined to create a single high-resolution image. 
For a pan shot, multiple video frames are stitched together 
to create a high-resolution panoramic image. For a Zoom 
shot, multiple video frames are combined to produce a 
multiple-resolution still image. In shots that include both 
pan and Zoom, a multiple-resolution panoramic image is 
generated. Because the processing of the input video is 
automatic, the video can be processed unattended and With 
out the need to learn complicated image editing operations. 

[0015] It is contemplated that the automatic generation of 
still images from video may be provided as a service to 
video camera users. A user may deliver a video to a still 

image generation service Which creates a set of high quality 
still images for the user in return for a fee. In this Way, videos 
of Weddings, parties, vacations, real estate tours, insurance 
records, etc. may be used to generate a corresponding set of 
high quality photographic images. The video may be physi 
cally delivered to the still image generation service in the 
form of a video recording medium such as a disk or tape, or 
the video may be uploaded electronically from an end user 
computer. The set of still images generated from the video 
may likeWise be provided to the user either on a physical 
recording medium (including the medium on Which the 
video Was supplied) or by transmission via a communica 
tions netWork. For example, the still images may be pro 
vided to the end user as a set of printed photographs, or 
posted on a server computer for vieWing or doWnload by the 
end-user or parties authoriZed by the end-user. In the case of 
posting the still images on the server computer, the end-user 
or other authoriZed party may be alloWed to select Which of 
the printed photographs to doWnload, paying a fee for each 
selected still image. 

[0016] In one embodiment, still images generated from a 
user-supplied video may be formatted into an electronic 
album of photographic images referred to herein as a “video 
album.” The video album may be delivered on a recording 
medium, including the medium on Which the source video 
10 Was recorded, or posted on a user-accessible computer 
netWork. In the case of a still image generation service, the 
album may be prepared automatically, With the individual 
photographs being arranged based on default criterion such 
as their order of appearance in the video. TeXt annotations of 
the video may be generated automatically based on the 
corresponding audio track. In the case of user processing of 
the source video 10, the user may indeX the individual 
photographs of the video album according to a number of 
different type of criteria including, Without limitation, order 
of appearance in the video, nature of the shot (e.g., still 
image, panoramic image, Zoom image), subject matter of the 
photographs, user preference and so forth. The user may also 
enter teXt annotations. 

[0017] In one embodiment, a still image generation ser 
vice is provided in the form of a video processing kiosk 
Which includes a disk or tape reader into Which a user may 
insert a video recording medium. The kiosk includes a video 
processing engine to identify still, pan and Zoom shots as 
described above and to automatically display a set of high 
quality still images to the kiosk user. The kiosk may then 
prompt the user to select Which of the still images the user 
Wishes to keep. In one embodiment, the user is given the 



US 2002/0028026 A1 

option of printing the still images using a printing mecha 
nism Within the kiosk, to upload the still images to a server 
computer from Which the user may later doWnload the still 
images, or to have the still images delivered electronically to 
a destination address supplied by the user (e.g., an email 
address). Full video album services may be provided as 
discussed above. The user may be prompted to pay a fee for 
initial processing, a fee for each still image selected, or a 
combination of an initial processing fee and an image 
selection fee. 

[0018] In another embodiment, scene cuts in a video are 
automatically detected to create a set of miniature-vieW 
keyframes and corresponding timecodes. The miniature 
vieW keyframes, referred to herein as thumbnails, may be 
presented on the display of a computer system to alloW a 
user to select entry points into the video. For eXample, if the 
video has been digitiZed (or recorded in digital form) and is 
accessible by the computer system, then the user may select 
a thumbnail of interest to cause the video to begin playing 
on the display of the computer system starting at the point 
in the video at Which the thumbnail appears. In this Way, a 
navigable indeX of the video is established, greatly simpli 
fying the activity of searching a video for subject matter of 
interest. 

[0019] FIG. 1 illustrates use of a still image generation 
system 12 to generate a set of still images 15 from a source 
video 10. The source video 10 may be supplied to the still 
image generation system 12 in a number of forms, including 
on video recording media such as magnetic tape or disk, 
optical disk, solid state storage and so forth. Alternatively, 
the source video 10 may be delivered electronically, for 
eXample, by uploading the video via a communications 
netWork to the still image generation system 12. The source 
video 10 may be recorded in a number of different formats, 
including Without limitation standard NTSC (National Tele 
vision System Code) analog video or in any number of 
digital video formats. In the case of an analog format, the 
source video 10 is digitiZed by the still image generation 
system 12 before further processing is performed. 

[0020] In a preferred embodiment, the still image genera 
tion system 12 is implemented by a programmed general 
purpose computer system and a set of one or more media 
readers, such as a cassette or diskette reader. The media 
readers may be installed in the computer system or operated 
as standalone devices Which generate an analog or digital 
video feed. Aframe digitiZing module (often called a “frame 
grabber”) may be included in the computer system to receive 
and digitiZe an analog video signal supplied from an eXternal 
analog media reader. Alternatively, the eXternal media reader 
may generate a digital output that can be accepted via a 
communication port of the computer system. 

[0021] The set of still images 15 generated by the still 
image generation system 12 may be output in a number of 
forms. For eXample, the still image generation system 12 
may include a printing device for generating printed images 
19. Alternatively, the set of still images 15 may be recorded 
on a portable storage medium 21, including on unused 
recording space on the medium on Which the source video 
10 Was supplied. Further, the set of still images 15 may be 
output in electronic form appropriate for direct transmission 
to an end-user vieWing system 22 (e.g., via e-mail or 
electronic courier) or for posting on a server computer 17 
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that can be accessed via a communications netWork 20 such 
as the Internet or other computer netWork. For eXample, the 
set of still images 15 may be posted on a server computer 
accessible via the World Wide Web (the “Web”) so that an 
end-user may vieW the posted images using a client com 
puter (e.g., vieWing system 22) and select Which images of 
the set 15 to doWnload. 

[0022] FIG. 2 illustrates a business model for providing a 
still image generation service according to one embodiment. 
Initially, a customer 25 supplies a source video 10 to a still 
image generation service 26. The source video 10 may be 
provided, for eXample, on a portable storage medium or by 
electronic transmission. The still image generation service 
26 processes the source video 10 to generate a set of still 
images 15. Finally, the customer provides a fee 27 to the still 
image generation service in return for the set of still images. 
The fee may be monetary or a supply of information such as 
pro?le information that can be resold to advertisers or other 
parties interested in demographic information. As discussed 
above, the set of still images 15 may be provided as a set of 
prints, a set of images recorded on a storage medium or by 
electronic transmission. Also, the customer 25 may be 
permitted to select a subset of the still images, paying a 
reduced, or per-image fee. The fee 27 may be different for 
the different types of still images depending on a number of 
factors such as the number of frames that have been com 
bined to produce the still image, the overall siZe of the still 
image (e.g., in area or storage requirements), and so forth. 
As discussed above, the still image service 26 may be 
operated as a drop-off service or as a customer-operated 
kiosk. In the case of the drop-off service, the customer 25 
may drop off (or electronically transmit) the source video 10 
and receive the set of still images 15 later (e.g., by pickup 
or by electronic transmission). In the case of a kiosk, the 
customer 25 may insert the source video 10 into a media 
reader included in the kiosk and stand by While the source 
video 10 is being processed. The customer may interact With 
a user-interface of the kiosk to specify processing criteria 
and to select Which of the set of still images 15 to keep. 

[0023] In an alternative embodiment, a still image gen 
eration system 26 is implemented by a programmed general 
purpose computer, such as a desktop or laptop computer of 
a computer user. In that case, still image generation softWare 
is sold to the user, for eXample as shrink-Wrap or click-Wrap 
softWare, and installed on the user’s computer system. 
Additional equipment, such as the above-described media 
reader and playback device may be required. Thus, the still 
image generation system 26 may be implemented in the 
same end-user computer system that is used to provide the 
vieWing system 22 of FIG. 1. 

[0024] FIG. 3 illustrates a selection WindoW 30 presented 
on a display 29 of a still image generation system according 
to one embodiment. The user of the still image generation 
system (e.g., element 12 of FIG. 1), Who may or may not be 
the person Who has requested the set of still images, selects 
from among thumbnail vieWs of still images (32, 34, 36) 
presented in the selection WindoW 30, for eXample, by 
clicking thumbnails the user Wishes to keep. In one embodi 
ment, each selected thumbnail vieW of a still image (32, 34, 
36) is removed from the selection WindoW 30 to a selections 
list 39. The selected still images 41 may be printed, trans 
mitted or otherWise delivered to the user as they are selected 
or after all selections have been made. As shoWn, the 
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individual still images 32, 34, 36 may be obtained from 
different types of video shots, including pan shots 31 pro 
duced by rotation or translation of the video camera, Zoom 
shots 33 produced by Zooming the video camera in or out or 
both, and still shots 35 produced by keeping the video 
camera stationary or by user-activation of a repetitive cap 
ture input Which causes a captured frame to be automatically 
copied to a number of successive frames. The still image 
generation system may make the still images available 
one-by-one as they are created from the source video 10, or 
the entire source video 10 may be processed to generate the 
complete set of still images before the set of still images is 
presented to the user of the system. 

[0025] FIG. 4 illustrates a WindoW 50 of a computer 
system display in Which pages 51 of a video album 52 
according to one embodiment are presented. The video 
album 52 contains separately vieWable pages each contain 
ing one or more still images (53A, 53B, 53C) that have been 
generated by combining frames of a video. Text descriptions 
54A, 54B, 54C are associated With each of the images, and 
may be automatically extracted from the audio track during 
video processing. Further, a sound and video icons may be 
associated With the images in the video album. When a 
vieWer clicks the sound icon 55, a portion of the audio track 
that corresponds to the video segment used to generate still 
image 53B is played. Similarly, When a vieWer clicks the 
video icon 56, the video is presented starting at the ?rst 
frame of the video segment used to generate still image 53A. 
Virtual reality players may also be associated With the still 
images presented in the video album 52. For example, a 
panoramic player is invoked to alloW the vieWer to pan about 
Within panoramic image 53A When the vieWer clicks the 
PAN button 57. Similarly, a pan and Zoom player is invoked 
to alloW the vieWer to pan and Zoom Within the multiple 
resolution still image 53C. 

[0026] Although the pages 51 of the video album 52 are 
shoWn in FIG. 4 as being cascaded over one another, many 
alternate arrangements of pages may be used. For example, 
the pages 51 may be tiled, or individually selected by any 
number of scrolling techniques. The pages 51 may also be 
sorted based on a number of different criteria including, but 
not limited to, order of appearance in the video, nature of 
still image (e.g., panorama, multiple resolution still, etc.), 
legend text (e.g., grouping pages containing user-speci?ed 
keyWords together). Similarly, the individual still images of 
the video album 52 may be reorganiZed Within the video 
album according to such criteria so that, for example, the 
video album is chronologically ordered or images are 
grouped according to subject matter. 

[0027] FIG. 5 illustrates a still image generator 60 accord 
ing to one embodiment. The still image generator 60 
includes a scene change estimator 61, a still image construc 
tor 67, and a background motion estimator 65. 

[0028] The scene change estimator 61 compares succes 
sive frames of the source video 10 to one another to 
determine When a transformation of a scene in the video 
frames exceeds a threshold. When applied to an entire 
source video 10, the effect of the scene change estimator 61 
is to segment the sequence of frames in the source video 10 
into one or more subsequences of video frames (i.e., video 
segments or clips), each of Which exhibits a scene transfor 
mation that is less than a predetermined threshold. The 
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background motion estimator 65 and still image constructor 
67 process each video segment identi?ed by the scene 
change estimator 61 to generate a composite still image 
having pixel values draWn from tWo or more of the frames 
in the video segment. Thus, the predetermined threshold 
applied by the scene change estimator 61 de?nes the incre 
mental transformation of a scene Which results in construc 
tion of a neW still image of the still image set 15. 

[0029] According to one embodiment, the scene change 
estimator 61 operates by determining a transformation vec 
tor for each pair of adjacent video frames in the source 
video. Herein, a ?rst frame is considered to be adjacent a 
second frame if the ?rst frame immediately precedes or 
succeeds the second frame in a temporal sequence of frames. 
According to one embodiment, the transformation vector 
includes a plurality of scalar components that each indicate 
a measure of change in the scene from one video frame to 
the next. For example, the scalar components of a transfor 
mation vector may include measures of the folloWing 
changes in the scene: translation, scaling, rotation, panning, 
tilting, skeW, color changes and time elapsed. 

[0030] In one implementation, the scene change estimator 
61 applies a spatial loW pass ?lter to the frames of the source 
video 10 before computing the transformation deltas 
betWeen adjacent frames. After being loW pass ?ltered, the 
individual frames in the source video 10 contain less infor 
mation than before ?ltering so that feWer computations are 
required to determine the transformation deltas. In one 
implementation, transformation deltas are cleared at the 
beginning of a video segment and then a transformation 
delta computed for each pair of adjacent frames in the video 
segment is added to transformation deltas computed for 
preceding pairs of adjacent frames to accumulate a sum of 
transformation deltas. In effect, the sum of transformation 
deltas represents a transformation betWeen a starting video 
frame in a video segment and the most recently compared 
video frame in the video segment. In one embodiment, the 
sum of transformation deltas is compared against a prede 
termined transformation threshold in decision block 63 to 
determine if the most recently compared video frame has 
caused the transformation threshold to be exceeded. The 
transformation threshold may be a vector quantity that 
includes multiple scalar thresholds, including thresholds for 
color changes, translation, scaling, rotation, panning, tilting, 
skeW of the scene and time elapsed. In an alternate embodi 
ment, the transformation threshold is dynamically adjusted 
in order to achieve a desired ratio of video segments to 
frames in the source video 10. In another alternate embodi 
ment, the transformation threshold is dynamically adjusted 
in order to achieve a desired average video segment siZe 
(i.e., a desired number of video frames per video segment). 
In yet another alternate embodiment, a transformation 
threshold is dynamically adjusted to achieve a desired 
average elapsed time per video segment. Generally, any 
technique for dynamically adjusting the transformation 
threshold may be used Without departing from the spirit and 
scope of the present invention. 

[0031] In one embodiment, if the most recently compared 
video frame causes caused the transformation threshold to 
be exceeded, the scene is deemed to have changed at 
decision block 63 and the video frame that precedes the most 
recently compared video frame is deemed to be the ending 
frame of the video segment. Consequently, if a predeter 
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mined transformation threshold is used, each video segment 
of the source video 10 is assured to have an overall trans 
formation that is less than the transformation threshold. If a 
variable transformation threshold is used, on the other hand, 
considerable variance in the overall transformation delta of 
respective video segments may result and it may be neces 
sary to iteratively apply the scene change estimator to reduce 
the variance in the transformation deltas. 

[0032] FIG. 6 is a How diagram of still image construction 
according to one embodiment. As discussed above, the scene 
change estimator effectively resolves the source video 10 
into a plurality of video segments each de?ned by a 
sequence of frames. Thus, at block 81, the next video 
segment (e.g., video segment) Within the source video 10 is 
identi?ed (or selected). If the video segment is determined 
to be empty at decision block 83 (i.e., the video segment 
includes no frames), then the end of the video has been 
reached and still image construction for the source video 10 
is completed. OtherWise, the number of frames in the video 
segment is compared against a threshold number in decision 
block 85 to determine Whether the segment has a suf?cient 
number of frames to produce a still image. The threshold 
number of frames may be predetermined or adaptively 
determined based on the lengths of the segments of the 
source video 10. Also, the user of the still image generation 
system may specify the threshold number of frames required 
to produce a still image or the user may specify a starting 
value that may be adapted according to the lengths of 
segments of the source video 10. In this Way, the user of the 
still image generation system may control hoW many still 
images are generated, setting the threshold value to a high 
number of frames to reduce the number of video segments 
from Which still images are constructed and setting the 
threshold value to a loWer number to increase the number of 
video segments from Which still images are constructed. 
Alternatively, in an adaptive system, a target number of still 
images may be speci?ed so that the threshold number may 
be automatically increased or decreased during processing to 
converge on the target number of still images. 

[0033] If the number of frames in the video segment does 
not exceed the threshold number of frames, then processing 
of the next video segment begins at block 81. OtherWise, at 
block 87, the background motion estimator inspects the 
video segment indicated by the scene change estimator to 
identify a dominant motion of the scene depicted in those 
frames. This dominant motion is considered to be a back 
ground motion. 

[0034] There are a number of techniques that may be used 
to identify the background motion in a video segment. One 
technique, called feature tracking, involves identifying fea 
tures in the video frames (e.g., using edge detection tech 
niques) and tracking the motion of the features from one 
video frame to the next. Features that exhibit statistically 
aberrant motion relative to other features are considered to 
be dynamic objects and are temporarily disregarded. 
Motions that are shared by a large number of features (or by 
large features) are typically caused by changes in the dis 
position of the camera used to record the video and are 
considered to be background motions. 

[0035] Another technique for identifying background 
motion in a video segment is to correlate the frames of the 
video segment to one another based on common regions and 
then determine the frame to frame offset of those regions. 
The frame to frame offset can then be used to determine a 
background motion for the video segment. 
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[0036] Still other contemplated techniques for identifying 
background motion in a video segment include, but are not 
limited to, coarse-to-?ne search methods that use spatially 
hierarchical decompositions of frames in the video segment; 
measurements of changes in video frame histogram charac 
teristics over time to identify scene changes; ?ltering to 
accentuate features in the video segment that can be used for 
motion identi?cation; optical ?oW measurement and analy 
sis; pixel format conversion to alternate color representa 
tions (including grayscale) to achieve greater processing 
speed, greater reliability or both; and robust estimation 
techniques, such as M-estimation, that eliminate elements of 
the video frames that do not conform to an estimated 
dominant motion. 

[0037] Still referring to FIG. 6, the still image constructor 
receives the background motion information from the back 
ground motion estimator in block 89 and uses the back 
ground motion information to register the frames of the 
video segment to one another. Registration refers to spatially 
correlating video frames in a manner that accounts for 
changes caused by background motion. By registering the 
video frames based on background motion information, 
regions of the frames that exhibit motions that are different 
from the background motion Will appear in a ?xed location 
in only a small number of the registered video frames. That 
is, the regions move from frame to frame relative to a static 
background. These regions are considered to be dynamic 
objects. 
[0038] In one embodiment, the still image constructor 
removes dynamic objects from frames of the video segment 
to produce a processed sequence of video frames. This 
technique is described in copending US. patent application 
Ser. No. 09/096,720 ?led Jun. 11, 1998, Which is hereby 
incorporated by reference in its entirety. At block 89, the still 
image constructor generates a still image based on the 
processed sequence of video frames and the background 
motion information. Depending on the nature of the back 
ground motion, construction of the still image may involve 
combining tWo or more processed video frames into a single 
still image, referred to as a composite image. In one embodi 
ment, the composite image may be a panoramic image or a 
high resolution still image. Apanoramic image is created by 
stitching tWo or more processed video frames together and 
can be used to represent a background scene that has been 
captured by panning, tilting or translating a camera. A high 
resolution still image is appropriate When the subject of a 
processed sequence of video frames is a relatively static 
background scene (i.e., the disposition of the camera used to 
record the video source is not signi?cantly changed). One 
technique for creating high resolution still images is to 
analyZe the processed sequence of video frames to identify 
sub-pixel motions betWeen the frames. Sub-pixel motion is 
caused by slight motions of the camera and can be used to 
create a composite image that has higher resolution than any 
of the individual frames captured by the camera. When 
multiple high resolution still images of the same subject are 
constructed, the high resolution still images can be compos 
ited to form a still image having regions of varying resolu 
tion. Such an image is referred to herein as a multiple 
resolution still image. As discussed above, When a multiple 
resolution still image is displayed during execution of a 
video album application program on a computer, a user can 
Zoom in or out on different regions of the image. Similarly, 
a user can pan about a panoramic image. Combinations of 
pan and Zoom are also possible. 

[0039] FIG. 7 is a diagram of a video index 96 displayed 
on a computer system display 50 according to one embodi 
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ment. Avideo presentation 95 is displayed in one WindoW of 
the display 50, and the video index 96 is displayed in a 
separate WindoW. In an alternate embodiment, the video 
index 96 may be displayed in a tool bar or other location 
Within the same WindoW as the video presentation. The 
video index 96 contains miniaturiZed versions (thumbnails 
97A-97J) of still images generated from the video presen 
tation. For the purpose of the video index, the threshold 
number of frames required to signal a still image may be set 
to a loW value so that at least one still image is constructed 
per scene change. By this arrangement, the still image 
generation system automatically detects scene cuts in the 
source video and generates a corresponding still image. 
Consequently, the video index 96 contains a thumbnail for 
each scene cut in the source video. In a preferred embodi 
ment, each of the thumbnails 97A-97J is time correlated to 
the corresponding video segment in the source video by a 
timecode. Thus, if a user selects a thumbnail of interest in the 
index, the timecode associated With the thumbnail is used to 
identify a frame of the video that has a corresponding time 
offset from the start of the video, and the video is played 
starting at that time offset. In this Way, a user may navigate 
the video presentation 95 by selecting thumbnails of interest 
from the video index 96. In an alternate embodiment, the 
thumbnails 97A-97J may be correlated to the viedo presen 
tation by sequence numbers instead of by time codes. For 
example, each frame of the source video may be numbered, 
so that the number of a video frame that begins a segment 
of the video used to generate a still image may be associated 
With a thumbnail of the still image. When the user selects the 
thumbnail of the still image (e.g., by clicking a mouse button 
When a cursor controlled by the mouse is positioned over the 
thumbnail), the source video is played starting at the ?rst 
frame of the corresponding video segment. 

[0040] FIG. 8 is a diagram of an embodiment of a 
processing system 100 that may be used to perform the 
above-described processing operations, either as an end-user 
machine, Within a kiosk or as part of a still image generation 
service. The processing system 100 includes a processing 
unit 110, memory 120, display device 130, user-input device 
140, communications device 150, media reader 160, frame 
grabber 170 and printing device 180, each coupled to a bus 
structure 105. When the processing system forms part of a 
video processing kiosk, the display device 130 and the 
user-input device 140 may be implemented by a touch 
sensitive screen or other simpli?ed user-interface. In alter 
nate embodiments, other devices may be used to manipulate 
elements displayed on the display device 130 and to alloW 
a user to input information and selections into the processing 
system 100. The printing device 180 is preferably a high 
quality color printer, though a black and White printer may 
also be used. In the case of a video processing kiosk, the 
printer 180 is preferably enclosed Within the kiosk housing, 
adjacent an opening through Which printed output is made 
available to the kiosk user. 

[0041] The processing unit 110 may include one or more 
general purpose processors, one or more digital signal 
processors or any other devices capable of executing a 
sequence of instructions. When programmed With appropri 
ate instructions, the processing unit may be used to perform 
the above-described video processing operations. 

[0042] The communications device 150 may be a modem, 
area netWork card or any other device for coupling the 
processing system 100 to a computer netWork. The commu 
nications device 150 may be used to generate or receive a 
carrier Wave modulated With a data signal, for example, for 
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transmitting or receiving video frames, still images or text 
from a server computer on the World Wide Web or other 
netWork, or for receiving updated program code or function 
extending program code that can be executed by the pro 
cessing unit 110 to implement various embodiments of the 
present invention. 

[0043] The memory 120 may include both system 
memory (typically, high speed dynamic random-access 
memory) and various non-volatile storage devices such as 
magnetic tape, magnetic disk, optical disk, electrically eras 
able programmable read only memory (EEPROM), or any 
other computer-readable medium. As shoWn in FIG. 8, the 
memory 120 may be used to store program code 122 for 
performing the above-described processing operations and 
image data 124. The image data 124 may include, for 
example, video frames that have been obtained from media 
reader 160 or from the frame grabber, or still images 
resulting from combination of video frames. In one embodi 
ment, When poWer is applied to the processing system 100, 
operating system program code is loaded from non-volatile 
storage into system memory by the processing unit 110 or 
another device, such as a direct memory access controller 
(not shoWn). Sequences of instructions comprised by the 
operating system are then executed by processing unit 110 to 
load other sequences of instructions from non-volatile stor 
age into system memory, including sequences of instructions 
that can be executed to perform the above-described video 
processing operations. Thus, program code that can be 
executed to perform the above-described video processing 
operations may be obtained from a computer-readable 
medium, including the above-described carrier Wave, and 
executed in the processing unit 110. 

[0044] The media reader 160 may be a video cassette tape 
reader, an optical disk reader (e.g., Digital Versatile Disk 
(DVD) or Compact-Disk (CD)), a magnetic disk reader or 
any other device capable of reading video data from a 
portable storage media. If the video stored on the portable 
storage media is in a digital format (as in the case of a digital 
video camera output, for example), the content may be 
processed directly by the processing unit 110 to generate a 
set of still images. If the video is stored in an analog format 
(e.g., NTSC video), the signal is sampled and converted to 
a digital representation. The analog-to-digital conversion 
may be performed by a separate conversion device (not 
shoWn), by the frame grabber 170 or by the processing unit 
110 itself. The frame grabber 170 is used to convert an 
analog video signal received from a record/playback device 
190 (e.g., a video cassette recorder, DVD player, DIVX 
player, video camera, etc.) or from the media reader 160 into 
a digitiZed set of video frames. The frame grabber may 
obtain an analog video signal from the media reader 160 via 
bus 105 or via a separate transmission path indicated by 
dashed arroW 162. The output of the frame grabber 170 may 
be transferred to the memory 120 for processing by the 
processing unit 10 or processed in place (i.e., Within a buffer 
of the frame grabber) by the processing unit 110. 

[0045] It should be noted that the individual video pro 
cessing operations described above may also be performed 
by speci?c hardWare components that contain hard-Wired 
logic to carry out the recited operations or by any combi 
nation of programmed processing components and hard 
Wired logic. Nothing disclosed herein should be construed as 
limiting the processing system or other components of a still 
image generation system to a single embodiment Wherein 
the recited operations are performed by a speci?c combina 
tion of hardWare components. 
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[0046] In the foregoing speci?cation, the invention has 
been described With reference to speci?c exemplary embodi 
ments thereof. It Will, hoWever, be evident that various 
modi?cations and changes may be made to the speci?c 
exemplary embodiments Without departing from the broader 
spirit and scope of the invention as set forth in the appended 
claims. Accordingly, the speci?cation and draWings are to be 
regarded in an illustrative rather than a restrictive sense. 

What is claimed is: 
1. A method of generating photographs from a video, the 

method comprising: 

identifying segments of the video for Which frame-to 
frame background motion is less than a threshold; and 

for each of the segments, combining video frames in the 
segment to generate a photograph representative of the 
segment. 

2. The method of claim 1 further comprising: 

automatically detecting a scene cut in the video; and 

selecting at least one video frame of a segment of the 
video that folloWs the scene cut to be a photograph. 

3. The method of claim 1 Wherein combining the video 
frames to generate a photograph comprises stitching images 
in the video frames together to generate a panoramic pho 
tograph. 

4. The method of claim 1 Wherein combining video 
frames to generate a photograph comprises blending piXels 
from the video frames to generate a photograph having 
higher resolution than any one of the video frames. 

5. The method of claim 1 Wherein combining video 
frames to generate a photograph comprises blending piXels 
from the video frames to form a multi-resolution photo 
graph. 

6. The method of claim 1 Wherein identifying segments of 
the video for Which frame-to-frame background motion is 
less than a threshold comprises identifying a succession of 
frames of the video that each include a portion of an image 
in a preceding frame. 

7. The method of claim 6 Wherein identifying the succes 
sion of frames of the video that each include a portion of an 
image in a preceding frame comprises removing a dynamic 
object from at least one frame of the succession of frames 
before comparing the at least one frame to a preceding frame 
in the succession of frames. 

8. A method comprising: 

receiving a video from a customer on a machine-readable 

medium; 
processing the video to generate a set of photographs in 

return for a fee. 
9. The method of claim 8 further comprising recording the 

set of photographs on the machine-readable medium and 
returning the machine-readable medium to the customer. 

10. The method of claim 8 Wherein receiving a video from 
a customer on a machine-readable medium comprises 
receiving the video in a data signal propagated over a 
communications netWork. 

11. The method of claim 8 Wherein receiving a video from 
a customer on a machine-readable comprises receiving the 
video on a machine-readable diskette. 
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12. The method of claim 8 Wherein processing the video 
to generate a set of photographic images comprises: 

identifying segments of the video that eXhibit background 
motion less than a threshold; and 

combining video frames in each of the segments of the 
video to form the set of photographic images. 

13. The method of claim 12 Wherein combining video 
frames in each of the segments of the video to form the set 
of photographic images comprises stitching together images 
in the video frames of at least one of the segments of the 
video to form a panoramic photograph. 

14. The method of claim 12 Wherein combining video 
frames in each of the segments of the video to form the set 
of photographic images comprises stitching together images 
in the video frames of at least one of the segments of the 
video to form a photograph having higher piXel resolution 
than any one of the video frames. 

15. The method of claim 8 further comprising posting the 
set of photographic images on a server that is accessible to 
the customer via a computer netWork. 

16. The method of claim 8 Wherein processing the video 
to generate a set of photographs comprises printing the set 
of photographs. 

17. An apparatus for generating photographs from a 
video, the apparatus comprising: 

a scene change estimator to identify segments of the video 
for Which frame-to-frame background motion is less 
than a threshold; and 

a still image constructor to combine video frames in the 
segment to generate a photograph representative of the 
segment. 

18. An apparatus for generating photographs from a 
video, the apparatus comprising: 

means for identifying segments of the video for Which 
frame-to-frame background motion is less than a 
threshold; and 

means for combining video frames in the segment to 
generate a photograph representative of the segment. 

19. An article of manufacture including one or more 
computer-readable media that embody a program of instruc 
tions for generating photographs from a video, Wherein the 
program of instructions, When eXecuted by a processing unit, 
causes the processing unit to: 

identify segments of the video for Which frame-to-frame 
background motion is less than a threshold; and 

for each of the segments, combine video frames in the 
segment to generate a photograph representative of the 
segment. 

20. The article of claim 19 Wherein the one or more 
computer-readable media comprises a portable storage 
medium in Which at least a portion of the program of 
instructions is embodied. 

21. The article of claim 19 Wherein the one or more 
computer-readable media comprises a propagated data sig 
nal in Which the program of instructions is embodied. 


