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1. 

SYSTEMS AND METHOD FOR IMAGE 
PROCESSING 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of and claims the benefit 
of priority of U.S. application Ser. No. 1 1/557,420 (now U.S. 
Pat. No. 7,711,193), filed Nov. 7, 2006, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND 

Images sometimes need to be analyzed to determine 
whether they are blank or nearly blank. An image is blank 
when it appears to a user to be a single, Solid color. An image 
is nearly blank when a dominating portion of it appears to a 
user to be a single, Solid color. An example of a nearly blank 
image is a black Screen with a corporate or television network 
logo appearing in a portion (e.g., corner) of the screen. Such 
a nearly blank screen may be displayed by a television net 
work between a program and an advertisement. Because 
nearly blank images can be considered to be blank from a 
viewer's perspective, the term “blank” in this specification 
includes actually blank and nearly blank. 
An image that is selected from a video may need to be 

analyzed to determine whether it is blank. A video is gener 
ally a sequence of images (e.g., “frames'), or a sequential set 
of key frames and delta frames. A key frame describes an 
image completely and delta frames describe portions of the 
key frame's image that change before a Subsequent key frame 
is received from the sequence. An image can be selected from 
the video to identify the video. As an example, an Internet 
World Wide Web (“Web”) page may display a “thumbnail” 
image to identify a linked video. When a user viewing the 
Web page selects the thumbnail image, the linked video may 
play. 

The image may be selected automatically. As an example, 
when a Web site enables users to upload videos, the Web site 
may automatically select a thumbnail image to associate with 
the video to provide a link to the video. Commonly, the image 
is selected from a frame near the beginning of the video, end 
of the video, or randomly. Sometimes, the automatically 
selected image is blank. This can occur because Some videos 
have transitions from a solid color (commonly white or 
black), Such as near the beginning of the video. 
When the selected image is blank, the image is not a useful 

thumbnail image because a user viewing a Web page contain 
ing the blank image would not readily know to which video 
the image relates. It is thus desirable to select images that are 
not blank. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a user interface diagram illustrating a Web page 
containing several thumbnail images. 

FIG. 1B is a user interface diagram illustrating a Web page 
containing a video associated with a selected thumbnail 
image. 

FIGS. 2A and 2B are block diagrams illustrating portions 
of videos. 

FIG. 3A is a frame illustrating an image. 
FIG. 3B is an analysis frame. 
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2 
FIG. 4 is a flow diagram illustrating a locate frame routine 

invoked by the facility in some embodiments. 
FIG. 5 is a flow diagram illustrating a check frame routine 

invoked by the facility in some embodiments. 
FIG. 6 is a flow diagram illustrating a calculate ratio rou 

tine invoked by the facility in some embodiments. 

DETAILED DESCRIPTION 

A facility is provided for recognizing blank and nearly 
blank images (jointly, “blank images'). In various embodi 
ments, the facility selects a frame from a video, employs an 
edge-detection algorithm to detect edges in the selected 
frame, creates an analysis frame containing the detected 
edges, calculates an edge ratio associated with the analysis 
frame, and determines whether the calculated edge ratio indi 
cates whether or not the frame is blank. A nearly blank frame 
is considered to be blank. The facility can employ any com 
monly employed edge-detection algorithm. The edge detec 
tion algorithm may have a pixel variance factor that can be 
changed to select the sensitivity of edge detection. The facil 
ity may employ the pixel variance factor when determining 
whether a pixel is a part of an edge. The facility may also 
employ an edge ratio threshold that can be changed to select 
the edge ratio. By detecting edges and analyzing the edge 
ratio, the facility is able to determine whether or not a selected 
image is blank. When the selected image is blank, the facility 
can select another frame from the video and repeat the analy 
S1S. 

The facility can use various algorithms to selecta frame for 
analysis. The facility may indicate to these algorithms to 
select a frame from a specified portion of the video. In some 
embodiments, the facility may employ a scene detection algo 
rithm to select a frame based on the screen's content. An 
example of a scene detection algorithm is described in Fré 
déric Dufaux, Key frame selection to represent a video, 275 
278 (Proceedings of the IEEE Signal Processing Society's 
2000 International Conference on Image Processing, 2000), 
which is incorporated herein by reference in its entirety. In 
other embodiments, the facility may select a frame randomly, 
such as from the portion of the video the facility specifies. In 
other embodiments, the facility may select frames in a video 
sequentially, starting with the first frame. 
The facility employs an edge detection algorithm to detect 

edges in the selected frame. There are many algorithms avail 
able for edge detection. One or more edge detection algo 
rithms can be employed to create an analysis image based on 
a source image. An example of an edge detection algorithm is 
spatial convolution. A type of spatial convolution can be 
represented by equation 1: 

0.0 -1.0 0.0 (1) 

-1.0 4.0 M = 

0.0 -1.0 0.0 

P.M. c. -2.2". XX Mt. 

The facility can employ equation 1 when determining a 
color values for a destination pixel in the analysis image 
based on a source pixel of the selected image. For each source 
pixel, P, the convolution equation calculates a destination 
pixel, C. Each value of the source pixel (e.g., each color 
components value) can undergo the convolution. As an 
example suppose source pixel P. has color values (R, G, 
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B-). The color values for destination pixel C, would be (R, 
G. B.). Each color component of the destination pixel (e.g., 
R, G, or B) can be determined from the corresponding 
color value of the Source pixel using the equation by Substi 
tuting the color values for P, and C. 
A convolution mask, M, indicates which pixel’s values are 

to be included in the convolution. In equation 1, Mindicates 
that the eight pixels Surrounding the Subject pixel are to be 
included. The pixels immediately below, above, and to the 
right have mask values of -1.0. The pixels at the diagonal 
locations have mask values 0. 

Each element in M is multiplied by the corresponding pixel 
value adjacent to each source pixel, P, in the source image, 
P. The results of the multiplications are summed and the sum 
is divided by the sum of the convolution matrix's values. The 
result of the division is a pixel, C., in the convolution output 
image, C, which is the analysis image. 

Thus, this convolution equation cancels out colors of des 
tination pixels when neighboring pixels of the source pixel 
have equal color values. If pixels Surrounding the source pixel 
have the same colors, the destination pixel is colored black. In 
various embodiments, a black pixel can be represented by 
color values (0,0,0) and a non-black pixel can be represented 
by having at least one color component that is non-zero. 

The facility calculates an edge ratio for the analysis image 
by calculating the number of black and non-black pixels in the 
analysis image. This edge ratio is computed by dividing the 
number of non-black pixels by the number of black pixels. 
This quotient (edge ratio) is compared to an edge ratio thresh 
old. When the ratio is less than or equal to an edge ratio 
threshold of approximately 0.023, the facility may determine 
that the image is blank or nearly blank. This edge ratio thresh 
old can be varied, such as programmatically or via user input. 
As the edge ratio threshold is raised, more images may be 
considered to be non-blank. Conversely, when the edge ratio 
threshold is lowered, more images may be considered to be 
blank or nearly blank. 

Turning now to the figures, FIG. 1A is a user interface 
diagram illustrating a Web page containing several thumbnail 
images. A display 100 of a computing device a user employs 
can display an Internet browser 102. The Internet browser 
displays a Web page within its window 105. When the user 
navigates to a Web page, such as Web page 107, that links to 
one or more videos, the Web page may show one or more 
thumbnails 104. When the user selects a thumbnail, such as 
by clicking a mouse pointer on the thumbnail, a video asso 
ciated with the thumbnail may be displayed. 

FIG. 1B is a user interface diagram illustrating a Web page 
containing a video associated with a selected thumbnail 
image. The Web page may embed an object, Such as a video 
viewer object, to display a video in a video region 106 when 
a user selects a thumbnail. 

FIGS. 2A and 2B are block diagrams illustrating portions 
of videos. FIG. 2 illustrates a portion of a video 200 compris 
ing frames 202, 204, 206, and 208. The frames can be a 
combination of key frames and delta frames. Alternatively, 
each frame may be a key frame. As previously discussed, a 
key frame describes an entire image whereas a delta frame 
describes changes to an image described by a prior key frame. 
Each frame may also identify whetherit is a key frame or delta 
frame. A video can have sequences of frames that are blank 
(e.g., actually blank or nearly blank) or non-blank. As an 
example, a portion of a video illustrated in FIG. 2B has 
sequences of frames that are blank (302 and 306) and other 
sequences of frames that are not blank (304 and 308). Blank 
sequences 302 and 306 may be transitions between the non 
blank sequences. 
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4 
FIG. 3A is a frame illustrating an image. The frame 320 

contains an image 322. Although the image is depicted in the 
illustration as black, it can be one or more colors. As an 
example, the image may be an actual photograph. 

FIG. 3B is an analysis frame. The analysis frame indicates 
edges an edge detector detected in the selected frame. Edge 
342 corresponds to image 320. Although the illustrated edge 
is depicted in black, it may be depicted in white or the color of 
the original image. 

FIG. 4 is a flow diagram illustrating a locate frame routine 
invoked by the facility in some embodiments. The facility 
may invoke the routine to locate a frame in a video, Such as to 
identify a thumbnail image. The routine begins at block 402. 
At block 404, the routine receives an indication of a video. 

As an example, the routine may receive an indication of a file 
location at which the video is stored. 
At block 406, the routine selects a portion of the video from 

which to locate a frame. As an example, the routine may select 
as a range the first thirty seconds of the video. 
At block 408, the routine invokes an identify frame sub 

routine to select a frame from the video. The routine may 
provide an indication of the portion of the video from which 
to selecta frame, such as from the beginning to thirty seconds. 
The identify frame subroutine may use one or more of vari 
ous algorithms to select a frame. As an example, the Subrou 
tine may use a scene selection algorithm, random selection, 
first frame, etc. 
At block 410, the routine invokes a check frame subrou 

tine to determine whether the selected frame appears to be 
blank. In some embodiments, the check frame Subroutine 
returns NULL to indicate that the selected frame is blank. The 
check frame subroutine is described in further detail below in 
relation to FIG. 5. 
At decision block 412, the algorithm determines, based on 

the check frame subroutine's return value, whether the frame 
appears to be blank. If the frame appears to be blank, the 
routine continues at block 414. Otherwise, the routine con 
tinues at block 416, where it returns an indication of the 
selected frame. 
At block 414, the routine selects another portion of the 

Video from which to select a frame. As an example, the 
routine may add 30 seconds to the range identified at block 
406. 

FIG. 5 is a flow diagram illustrating a check frame routine 
invoked by the facility in some embodiments. The facility 
may invoke the routine to determine whether a selected frame 
is blank. The routine begins at block 502. 
At block 504, the routine receives an indication of a frame. 

The routine initially sets a frame identifier to identify the 
indicated frame. The routine may also receive an indication of 
a video from which the frame was selected. 
At block 506, the routine invokes a detect edges subrou 

tine. In various embodiments, the detect edges Subroutine 
may receive an indication of a frame and a video from which 
the frame was selected, and provide a new frame in which 
edges are identified. The new frame is an analysis frame that 
the facility can use to determine whether the frame is blank. 
The detect edges Subroutine may employ any Suitable edge 
detection algorithm. Examples of edge detection algorithms 
include convolution (described above), Canny, Sobel, and 
Laplacian edge detectors. 
At block 508, the routine invokes a calculate ratio Subrou 

tine to calculate a ratio of non-black to black pixels (e.g., edge 
ratio) in the new frame returned by the detect edges subrou 
tine. The calculate ratio subroutine is described in further 
detail below in relation to FIG. 6. 
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At decision block 510, the routine determines whether the 
ratio returned by the calculate ratio subroutine is smaller 
than or equal to an edge ratio threshold. If the routine is less 
than or equal to the edge ratio threshold, the routine continues 
at block 512. Otherwise, the routine continues at block 514. In 
various embodiments, the check frame routine may also 
receive an indication of the edge ratio threshold at block 504, 
e.g., so as to configure the routine. 

At block 512, the routine sets the frame identifier to NULL 
to indicate that the frame appears to be blank. 

At block 514, the routine returns the frame identifier. 
FIG. 6 is a flow diagram illustrating a calculate ratio rou 

tine invoked by the facility in some embodiments. The facility 
may invoke the routine to calculate an edge ratio. The routine 
begins at block 602. 

At block 604, the routine receives a frame. The frame may 
be an analysis frame that identifies edges that were detected 
by an edge detection algorithm in a frame selected from a 
video. 
At block 606, the routine sets to zero counters indicating 

the number of black (“num black”) pixels and the number of 
non-black (“num white') pixels. 

Between the loop of blocks 608-620, the routine counts the 
number of black and non-black pixels. At block 608, the 
routine selects a pixel. 

At decision block 610, the routine determines whether the 
pixel is black. If the pixel is black, the routine continues at 
block 612. Otherwise, the routine continues at block 616. 

At block 612, the routine increments the counter for black 
pixels and then continues at block 620. 

At block 616, the routine increments the counter for non 
black pixels. 

At block 620, the routine selects another pixel. If there are 
no further pixels, the routine continues at block 622 where it 
returns the quotient determined by dividing the number of 
non-black pixels by the number of black pixels. Otherwise, 
the routine continues at block 610. 

While various embodiments are described in terms of the 
environment described above, those skilled in the art will 
appreciate that the facility may be implemented in a variety of 
other environments including a single, monolithic computer 
system, as well as various other combinations of computer 
systems or similar devices connected in various ways. 

Those skilled in the art will appreciate that the logic illus 
trated in FIGS. 4-6 and in their associated descriptions may be 
altered in various ways. For example, the order of the logic 
may be rearranged; Substeps may be performed in parallel; 
shown logic may be omitted or other logic may be included: 
etc. 

It will be appreciated by those skilled in the art that the 
above-described facility may be straightforwardly adapted or 
extended in various ways. For example, the facility can be 
employed to recognize blank and nearly-blank images in 
general and not just from a video. While the foregoing 
description makes reference to particular embodiments, the 
scope of the invention is defined solely by the claims that 
follow and the elements recited therein. 

I claim: 
1. A computer-implemented method for processing an 

image comprising: 
identifying at least one characteristic of the image: 
determining a number of first colored pixels and a number 
of non-first colored pixels associated with the identified 
characteristic of the image: 

randomly selecting an image from a video, 
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6 
calculating, using a processor, a ratio for the image based 

on the a number of first colored pixels and the a 
number of non-first colored pixels; 

comparing the ratio for the image with a threshold; and 
identifying the image as being blank based on the compari 

son of the ratio to the threshold. 
2. The method of claim 1, wherein the first colored pixels 

are black pixels and the non-first colored pixels are non-black 
pixels. 

3. The method of claim 2, wherein calculating the ratio for 
the image comprises calculating a quotient based on the num 
ber of black pixels and the number of non-black pixels. 

4. The method of claim 1, wherein the at least one char 
acteristic of the image comprises an edge. 

5. The method of claim 4, further comprising: 
detecting edge pixels in the image; and 
determining, based on the detected edge pixels, a number 

of black pixels and a number of non-black pixels. 
6. The method of claim 4, wherein the ratio is an edge ratio. 
7. The method of claim 1, wherein the image is associated 

with a frame in a the video. 
8. The method of claim 7, further comprising: 
generating a thumbnail image based on the frame when the 

image is not identified as being blank; and 
linking the thumbnail image to the video. 
9. The method of claim 1, wherein identifying the image as 

being blank comprises identifying the image as being blank 
or nearly blank based on the comparison of the ratio to the 
threshold. 

10. A non-transitory computer-readable storage medium 
storing computer-executable instructions for processing an 
image that, when executed by a processor, perform the steps 
of: 

identifying at least one characteristic of the image: 
determining a number of first colored pixels and a number 
of non-first colored pixels associated with the identified 
characteristic of the image: 

randomly selecting an image from a video, 
calculating, using a processor, a ratio for the image based 

on the a number of first colored pixels and the a 
number of non-first colored pixels; 

comparing the ratio for the image with a threshold; and 
identifying the image as being blank based on the compari 

son of the ratio to the threshold. 
11. The computer-readable storage medium of claim 10, 

wherein the first colored pixels are black pixels and the non 
first colored pixels are non-black pixels. 

12. The computer-readable storage medium of claim 11, 
wherein calculating the ratio for the image comprises calcu 
lating a quotient based on the number of black pixels and the 
number of non-black pixels. 

13. The computer-readable storage medium of claim 10, 
wherein the at least one characteristic of the image com 
prises an edge. 

14. The computer-readable storage medium of claim 13, 
further storing instructions for: 

detecting edge pixels in the image; and 
determining, based on the detected edge pixels, a number 

of black pixels and a number of non-black pixels. 
15. The computer-readable storage medium of claim 13, 

wherein the ratio is an edge ratio. 
16. The computer-readable storage medium of claim 10, 

wherein the image is associated with a frame in a the video. 
17. The computer-readable storage medium of claim 16, 

further storing instructions for: 
generating a thumbnail image based on the frame when the 

image is not identified as being blank; and 
linking the thumbnail image to the video. 
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18. The computer-readable storage medium of claim 10, 
wherein identifying the image as being blank comprises iden 
tifying the image as being blank or nearly blank based on the 
comparison of the ratio to the threshold. 

19. A device for processing an image comprising: 
a storage for storing instructions; and 
a processor for executing the instructions to perform the 

steps of: 
identifying at least one characteristic of the image: 
determining a number of first colored pixels and a num 
ber of non-first colored pixels associated with the 
identified characteristic of the image 

randomly selecting an image from a video, 
calculating a ratio for the image based on the a number 

of first colored pixels and the a number of non-first 
colored pixels; 

comparing the ratio for the image with a threshold; and 
identifying the image as being blank based on the com 

parison of the ratio to the threshold. 
20. The device of claim 19, wherein the first colored pixels 

are black pixels and the non-first colored pixels are non-black 
pixels. 

21. The device of claim 20, whereincalculating the ratio for 
the image comprises calculating a quotient based on the num 
ber of black pixels and the number of non-black pixels. 

22. The device of claim 19, wherein the at least one char 
acteristic of the image comprises an edge. 

23. The device of claim 22, further storing instructions for: 
detecting edge pixels in the image; and 
determining, based on the detected edge pixels, a number 

of black pixels and a number of non-black pixels. 
24. The device of claim 22, wherein the ratio is an edge 

ratio. 
25. The device of claim 19, wherein the image is associated 

with a frame in a the video. 
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26. The device of claim 25, further storing instructions for: 
generating a thumbnail image based on the frame when the 

image is not identified as being blank; and 
linking the thumbnail image to the video. 
27. The device of claim 19, wherein identifying the image 

as being blank comprises identifying the image as being 
blank or nearly blank based on the comparison of the ratio to 
the threshold. 

28. A computer-implemented method comprising: 
randomly identifying a first frame within a video file, 
determining, using a processor, that the first frame is blank, 
randomly identifiving a second frame within the video file, 
determining that the second frame is not blank, and 
generating a thumbnail representative of the video file 

using the second frame. 
29. The method of claim 28, wherein determining that the 

first frame is blank comprises. 
calculating an edge ratio for the first frame, 
comparing the edge ratio to a threshold and 
determining that the first frame is blank based on the com 

parison of the edge ratio to the threshold. 
30. A system for processing an image, comprising: 
One or more processors configured to: 

randomly identif a first frame within a video file, 
determine that the first frame is blank, 
randomly identif a second frame within the video file, 
determine that the second frame is not blank, and 
generate a thumbnail representative of the video file 

using the second frame. 
31. The system of claim 30, wherein the One or more pro 

cessors are filrther configured to: 
calculate an edge ratio for the first frame, 
compare the edge ratio to a threshold and 
determine that the first frame is blank based on the com 

parison of the edge ratio to the threshold. 
k k k k k 


