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DETECTION OF FIELD LINES IN SPORTS VIDEOS

Related Patent Applications

(0001J This application claims the benefit under 35 U.S.C. § 119(e) of United States

Provisional Application No. 61/205,428, filed January 16, 2009, the entire contents of

which are hereby incorporated by reference for all purposes into this application.

Field of Invention

[0002] The present invention generally relates to digital image analysis, and more

particularly to the detection of features in video images.

Background

[0003] In sports video analysis, the detection of field lines can provide useful a priori

information for a variety of applications. For example, "virtual" occlusion, such as

occurs when the ball crosses a field line, can be accurately detected given accurate

detection of the field line. Additionally, detected field lines can be compared to a field

model in order to obtain global motion estimates, detect events, such as the scoring of a

goal, and/or provide enhanced reality, such as by insertion of graphics. Field line

detection also allows enhancing or preserving field lines to improve the user experience.

[0004] Several approaches have been taken to the problem of field line detection in

sports videos. Cai and Tai, for example, have described an RGB-model based

thresholding approach to remove non-white pixels, followed by a line-patching algorithm

based on analyzing white pixels in the neighborhood. (Z. Q. Cai et al., "Line detection in

soccer video," IEEE International Conference on Information, Communications and

Signal Processing (ICICS), 2005.) RGB values, however, are subject to the vagaries of

lighting and present high variance between images for the same "white" colors.

[0005] Ribiero and Lopes have proposed using edge detection and a selection grid to

identify key points. Collinear points are then extracted and pieced together to obtain the

field lines. (F. Ribero et al., "Real time game field limits recognition for robot self-

localization using collinearity in middle-size RoboCup soccer," Robόtica: automaςao,

controlo, instrumentaςάo, 2003.)



[0006] Liu et al. have incorporated field line detection as well into their framework

for American football analysis and use the parallel and uniform distribution of lines in the

field to refine detection results. Using the distribution of lines, broken lines are filled by

finding the best possible line to fit across the detected line fragments. (Tie-Yan Liu et al.,

"Effective feature extraction for play detection in American football video," Proceedings

of the 11th International Multimedia Modelling Conference (MMM), 2005.)

Summary

[0007] In an exemplary embodiment in accordance with the principles of the

invention, a method for accurately and robustly detecting field lines in an image, such as

a frame of a sports video, includes: convolving the image with a Laplacian operator to

generate a Laplacian image emphasizing likely line pixels; removing non-playfield

related pixels from the Laplacian image, including pixels lying outside of the playfield

and pixels representing players within the playfield; contrast stretching the resultant

Laplacian image; iteratively applying a Hough transform to the Laplacian image to detect

lines, wherein each iteration results in the detection of one or more field lines which are

removed prior to the next iteration, thus reducing the complexity of the next iteration;

identifying fragments along each field line detected; filling gaps in the field lines,

wherein the gaps are analyzed so that only those gaps that are not likely due to occlusion

by players or other non-line objects are filled; and providing a binary mask indicating the

pixels representing field lines.

[0008] In view of the. above, and as will be apparent from the detailed description,

other embodiments and features are also possible and fall within the principles of the

invention.

Brief Description of the Figures

[0009] Some embodiments of apparatus and/or methods in accordance with

embodiments of the present invention are now described, by way of example only, and

with reference to the accompanying figures in which:

[0010] FIG. 1 is a high-level flowchart of an exemplary method in accordance with

the principles of the invention;



[0011] FIG. 2 is a more detailed flowchart of the method of FIG. 1;

[0012] FIG. 3 is a grayscale image of a frame grabbed from a video to be processed

in accordance with the method of FIG. 2;

[0013] FIG. 4 is the Laplacian of the grayscale image of FIG. 3;

[0014] FIG. 5 is a Harris feature mask generated by applying Harris corner detection

to the grayscale image of FIG. 3;

[0015] FIG. 6 is a contrast-stretched Laplacian image;

[0016] FIG. 7 is a noisy, thresholded contrast-stretched Laplacian image;

[0017] FIG. 8 is the image of FIG. 7 after noise removal, showing the line fragments

that remain;

[0018] FIG. 9 is an image showing fragments detected along a line;

[0019] FIG. 10 is an image indicating the start and end points of the line segments of

the fragments shown in FIG. 9;

[0020] FIG. 11 shows the gaps detected between the start and end points shown in

FIG. 10;

[0021] FIG. 12 is an image showing detected lines, including incorrect cross-lines;

[0022] FIG. 13 shows the detected field lines in the original image; and

[0023] FIG. 14 is a block diagram of an exemplary system in accordance with the

principles of the invention.

Description of Embodiments

[0024] Other than the inventive concept, the elements shown in the figures are well

known and will not be described in detail. For example, other than the inventive concept,

familiarity with digital image processing techniques is assumed and not described herein.

It should also be noted that embodiments of the invention may be implemented using

various combinations of hardware and software. Finally, like-numbers in the figures

represent similar elements.

[0025] FIG. 1 is a high-level flowchart summarizing an exemplary method in

accordance with the principles of the invention. The exemplary method operates on

image frames grabbed from a video stream to detect field lines therein. The image

frames can be in any suitable colorspace, such as, the RGB, YUV or HSV colorspace.



The exemplary method relies on one or more expected features of the lines of the field

depicted in the video, such as the fact that in the illustrative case of soccer, field lines are

almost always a high-contrast feature in the image and that except for the ellipses in the

center of the field and near the goal -posts, most field lines are straight.

[0026] The method of FIG. 1 can be broadly divided into three main procedures: pre¬

processing 110, line detection 120, and gap filling 130. Generally, in pre-processing 110,

field line fragments are extracted and noise is minimized. Pre-processing 110 includes:

generating the Laplacian of the image, 111; removing from the Laplacian image the

audience and other non-playfield features using playfield detection, 112; removing from

the Laplacian image non-playfield features on the playfield, such as players, using Harris

corner detection, 113; performing contrast stretching and binarization (thresholding) of

the Laplacian image, 114; and performing removal of noise (such as small non-linear

objects) on the contrast-stretched and thresholded Laplacian image, 115.

[0027] In line detection 120, fragments lying along a line are identified. In gap

filling 130, any gaps (not caused by occluding objects) between fragments on a line are

filled.

[0028] FIG. 2 shows a more detailed flowchart of the exemplary method of FIG. 1.

Using a frame grabbed from a video stream at 201, the intensity, or grayscale, values of

the image are obtained at 202. For a YUV colorspace frame, for example, the Y-

component of the frame can be used to generate the corresponding grayscale image; for

an HSV colorspace frame, the V-component can be used; and for an RGB frame, the

grayscale image can be generated using a weighted sum of the three components. FIG. 3

shows an illustrative grayscale image of a frame grabbed from a video of a soccer match.

[0029] At step 203, the Laplacian of the grayscale image is generated. FIG. 4

illustrates the Laplacian image that results from convolving the original grayscale image

of FIG. 3 with a Laplacian operator. Because the Laplacian of an image highlights rapid

intensity changes, convolving the image with a 3x3 Laplacian operator efficiently detects

the line pixels. Because the field lines are relatively thin features, the Laplacian operator

should have a relatively small window, such as 3x3, for example. However, due to

perspective distortion, some of the field line pixels farther away from the camera, such as

those towards the top of the frame, may be weaker in contrast with respect to other field



lines. In order to compensate for weaker field line pixels and to utilize the high-contrast

nature of the field line pixels, contrast stretching is performed

[0030] Because field line fragments are high-contrast features compared to the

playfield but not to other features such as the players and the audience, pixels

representing such other features should be removed from the image before contrast

stretching is performed. To this end, playfield detection is performed at 204 in which a

playfield mask is generated. The purpose of playfield detection 204 is to remove pixels

outside of the playfield boundaries, including pixels representing the audience, sign

boards, and the like. In an exemplary embodiment, the playfield mask that is generated at

204 is a binary mask, with pixels corresponding to the playfield having maximum

intensity (white) and pixels outside of the playfield having minimum intensity (black).

Playfield detection 204 can be performed in accordance with any suitable technique, such

as that described in Y. Liu et al., "Playfield Detection Using Adaptive GMM and Its

Application," /EEE ICASSP '05, pp. 421- 424, March 2005. Note that some playfield

detection techniques based on the detection of grass or other such playfield feature of a

distinct color may require that the frame first be converted to the RGB colorspace.

[0031] To identify those pixels representing non-line features within the playfield,

such as players, Harris corner detection is performed at 205. Harris corner detection is

sensitive to pixels with high corner strength. FIG. 5 illustrates the Harris feature mask

that results from the application of Harris corner detection to the original grayscale image

of FIG. 3. Primarily, the white blobs in FIG. 5 correspond to the players on the field to

be removed. Some blobs, however, may correspond to corners or intersections of lines,

removal of which would lead to an undesirable loss of line pixels. To minimize such

loss, the following strategy can be applied. First, all of the blobs obtained by applying

Harris corner detection are morphologically dilated to encompass surrounding pixels.

Then, only those blobs in the Harris feature mask larger than a certain threshold, which

are more likely to be players, are maintained in the mask whereas the smaller blobs are

removed from the mask (set to black). In an exemplary embodiment, any blob with an

area of at least 60 pixels is deemed to correspond to a player.

[0032] At step 206, the Laplacian image (FIG. 4) of the grayscale image generated at

203, the playfield mask generated at 204 and the Harris feature mask (FIG. 5) generated



at 205 are combined so that pixels corresponding to the players and non-field portions of

the image are removed from the Laplacian image. In an exemplary embodiment, the

combination step 206 can be carried out by multiplying the intensities of the Laplacian

image, the playfield mask, and the inverse of the Harris feature mask.

[0033] In order to compensate for weaker field line pixels and to utilize the high-

contrast nature of the acquired field line pixels, contrast stretching (or normalization) is

performed at 210 on the Laplacian of the playfield without players. Contrast in the image

is improved by "stretching" (or normalizing) the range of intensity values in the

Laplacian image so that they lie within a desired range of values. In an exemplary

embodiment, contrast stretching is performed in accordance with the following

expression:

where:

Po = Contrast-stretched Laplacian of the image

Pm
= Laplacian of the image;

a , b = Minimum and maximum Laplacian values in the image, respectively; and

c , d = Lower and upper limits specifying the bottom 1% and top 1% of all

Laplacian values, respectively.

[0034] FIG. 6 shows the contrast-stretched image generated from the Laplacian of

the playfield without players. Note the enhanced field lines in FIG. 6.

[0035] The contrast-stretched Laplacian image (FIG. 6) is then thresholded at step

2 11 using a high value threshold S to identify line pixels. In other words, those pixels

with intensity values of at least S are set to white (maximum intensity), whereas the

remaining pixels are set to black (minimum intensity). For a contrast-stretched Laplacian

image whose intensity has been normalized, an exemplary value for S is 0.7. FIG. 7

shows the resultant thresholded, contrast-stretched binary image. In an exemplary

embodiment, the value of threshold S is preferably dependent on the vertical location

within the frame to offset for the weaker contrast of line pixels towards the top of the

frame due to perspective distortion.



[0036] The thresholding process of step 2 11, however, returns a substantial amount

of noise because of the contrast stretching. Removal of small, non-linear objects is

therefore performed at step 212. At 212, region analysis is used to identify non-line

regions. First, the 8-connected components in the binary image (FIG. 7) are labeled.

Each labeled region is then analyzed using the following properties: 1) area, the number

of pixels in the region; and 2) eccentricity, the eccentricity of the ellipse that has the same

second moment of area as the region, a measure of how elongated the region is. Because

line segments have very high values of eccentricity, they can be identified by values

greater than 0.99. Some curvilinear line fragments from curved field lines (e.g. the center

circle in a soccer field) may have a lower value of eccentricity but will usually have a

fairly large area. Such fragments are to be retained. Therefore, only labeled regions with

comparatively low eccentricity and low area will be determined to be noise. The labeled

regions determined to be noise are removed.

[0037] After removal of the labeled regions determined to be noise, a morphological

thinning operation is performed until each remaining labeled region is shrunk to a

minimally connected region thus obtaining one-pixel-wide regions and completing step

212. FIG. 8 illustrates the resultant binary image.

[0038] As illustrated in FIG. 8, after the above-described preprocessing, the resultant

image will typically contain a large number of field line fragments. A fragment analysis

is then performed to identify fragments lying along field lines. In the exemplary method

of FIG. 2, the fragment analysis is performed in the following iterative procedure.

[0039] At step 214, a Hough transform is applied to the binary image (FIG. 8)

obtained as a result of pre-processing. The peak of the Hough transform corresponds to

the line containing the largest number of fragment pixels. As described below, it is

contemplated that several iterations of step 214 will be performed on the image, with the

line corresponding to the peak of the Hough transform in the image being removed from

the image in each subsequent iteration.

[0040] At 216, the highest peak in the Hough transform is located and compared to

the highest Hough transform peak found for the image thus far. If the peak of the Hough

transform is comparable to the highest peak found so far in the iterative process,

operation proceeds to step 218, otherwise operation jumps to step 228, described below.



In an exemplary embodiment, a peak is considered comparable to the highest peak if it is

at least 10% of the highest peak.

[0041] At step 218, a refinement of the line corresponding to the Hough transform

peak is performed. The "best" line found by the Hough transform is a coarse fit to the

optimal line. If it were fine, then finding the best line with the Hough transform would

be computationally expensive. The line found by the Hough transform can be

characterized by the parameters p and θ, where p indicates the perpendicular distance of

the line from the origin of the image and θ indicates the angle of the line with respect to

the horizontal axis of the image. At 218, keeping θ constant, the parameter p is varied

over a small range about the line and the line containing the largest number of fragment

pixels is retained. A local search is thus performed in the proximity of the line found by

the Hough transform for a more accurate location of the line in the image with the largest

number of fragment pixels. This line is high-lighted in FIG. 9 .

[0042] Once the aforementioned line has been identified and refined, the gaps

between the fragments on the line are detected at step 222. First, the pixels in a fragment

are sorted according to their locations (row and column values) in order to identify the

start- and end-points of the line segments of each fragment. The segment start- and end-

points for the currently processed line are highlighted in FIG. 10. Second, each fragment

end-point is then matched with the fragment start-point closest to it (in Euclidean

distance) such that there are no fragment pixels between the two points. Ensuring that

there are no fragment pixels between matched end- and start-points avoids matching up

the start- and end-points of the same fragment with each other. Once the end- and start-

points have been matched, the pixels between each pair (representing each gap) are stored

for later use. FIG. 11 shows the detected gaps highlighted.

[0043] Once the gaps in the line have been identified, all of the fragments along the

line are removed at step 224 before operation proceeds to step 226 at which a

determination is made, as described below, as to whether the iterative fragment analysis

is done. If not, the fragment analysis described above is repeated starting from step 214

for the line corresponding to the next highest peak in the Hough transform. Each

iteration of the fragment analysis involves re-application of the Hough transform and



results in the removal of the line containing the maximum number of fragment pixels (i.e.

the peak in the transform).

[0044] Removing the detected fragment pixels after each iteration allows efficient

detection of shorter field lines, such as the lines near the soccer goal area, which are

substantially shorter than the sidelines. Due to the discretization of Hough transform

parameters, however, some collections of fragments from different field lines may be

incorrectly detected as belonging to the same field line, as illustrated in FIG. 12. This

can be avoided by removing the line with the largest number of fragment pixels and

repeating the fragment analysis, as described. Since pre-processing has reduced the

number of pixels, and since the number of pixels to be analyzed decreases with each

successive iteration, this should be computationally feasible.

[0045] Note that the fragment analysis performed in steps 214-224 is repeated for

successively smaller lines until it is determined at step 226 that the fragment analysis is

done. This determination can be based on one or more criteria. For example, if a given

number of lines have been analyzed, a determination can be made at step 226 to end

further analysis. This given number may be based, for example, on a priori knowledge of

the number of lines on the play field appearing in the video being analyzed. If the play

field is known to have eleven lines, for example, processing can be completed after

eleven lines have been analyzed. Another criterion can be based on the number of

fragment pixels found to be on a line. Once most of the field lines have been detected

and removed, the method will proceed to find successively smaller lines. To prevent

unnecessary analysis of trivial lines, a threshold can be placed on the minimum number

of fragment pixels required to be on a "line." This value can be specified as a factor of

the first line detected, ostensibly the line in the frame with the largest number of fragment

pixels. One or more of the aforementioned or other criteria can be used independently or

combined for step 226.

[0046] After the field lines in the image and the gaps in them have been identified in

accordance with the above-described iterative procedure, a gap filling process is applied

at 228 to each gap. In an exemplary embodiment, the gap filling process entails

extracting all pixels in the gap which pass a weaker threshold W on the contrast-stretched

Laplacian image (FIG. 6). These pixels represent potential field line pixels in the gap. A



gap is filled if there are enough pixels in the gap with intensities which equal or exceed

the threshold W. Applying this criterion eliminates the filling of gaps in field lines

caused by occluding objects. If this is not a concern, this criterion can be eliminated and

all gaps between fragments on a field line filled. For normalized intensity, an exemplary

value for the threshold W is 0.1.

[0047] In an exemplary embodiment, the condition to fill a gap is defined as follows:

where:

Pweak set of pixels whose values in Pout (see FIG. 6 and Eq. 1) are greater than W,

Pgap = set of pixels in the detected gap, and

F = minimum fraction of weak pixels along the gap to allow gap filling (e.g., F

= 0.3).

[0048] Thus, if a gap meets condition (2), it is filled. Note that the entire gap is

treated equally, meaning that it is all filled or all left out. In a further embodiment,

different pixels in the gap can be treated differently, so that, for instance, line pixels in a

shadow are filled whereas line pixels behind a player are not. In an exemplary

embodiment, the value of threshold W is preferably dependent on the vertical location

within the frame to compensate for the weaker contrast of line pixels towards the top of

the frame due to perspective distortion. The gap filling step 228 is repeated for all of the

gaps in all of the lines detected as described above.

[0049] The detected field lines are then output at 230, such as in a binary mask

identifying the field line pixels in which field line pixels are white and all other pixels are

black. The field line mask can then be used for a variety of applications, such as to

highlight the field lines in the original image, as illustrated in FIG. 13.

[0050] In an exemplary embodiment, temporal information may be used to improve

the line detection process. If one or more field lines are detected with high accuracy, then

global motion estimates can be used to track those lines between frames, thereby

reducing the computational overhead of finding those field lines again.



[0051] In an exemplary embodiment, texture information can be used to obtain more

coherent lines. Texture information can be obtained, for example, by computing the local

standard deviation at each pixel to generate an image with sharper lines in the pre¬

processing phase.

[0052] In an exemplary embodiment, machine learning can be used to generate

values for one or more parameters such as the limits for contrast stretching the Laplacian

image (see Eq. 1), and the strong and weak thresholds described above for detecting line

pixels using the Laplacian image (FIG. 7 and Eq. 2).

[0053] FIG. 14 is a block diagram of an exemplary system 1400 in accordance with

the principles of the invention. The system 1400 can be used to generate a field line

mask from a video stream of a sports event such as a soccer match. The system 1400

comprises a frame grabber 1410 and a digital video editor 1420. Frame grabber 1410

captures one or more frames of the video stream for processing by digital video editor

1420 in accordance with the principles of the invention. Digital video editor 1420

comprises a processor 1421, memory 1422 and I/O 1423. In an exemplary embodiment,

digital video editor 1420 may be implemented as a general purpose computer executing

software loaded in memory 1422 for carrying out field line detection as described above.

[0054] In view of the above, the foregoing merely illustrates the principles of the

invention and it will thus be appreciated that those skilled in the art will be able to devise

numerous alternative arrangements which, although not explicitly described herein,

embody the principles of the invention and are within its spirit and scope. For example,

although illustrated in the context of a particular sequence of steps, the steps shown may

be combined, divided or re-ordered to accomplish the principles of the invention.

Similarly, although shown as separate elements, some or all of the elements may be

implemented in a stored-program-controlled processor, e.g., a digital signal processor or

a general purpose processor, which executes associated software, e.g., corresponding to

one, or more, steps, which software may be embodied in any of a variety of suitable

storage media. Further, the principles of the invention are applicable to various types of

systems. It is therefore to be understood that numerous modifications may be made to the



illustrative embodiments and that other arrangements may be devised without departing

from the spirit and scope of the invention.

[0055] Additionally, it will be appreciated by those skilled in art that any flow charts,

flow diagrams, state transition diagrams, pseudocode, and the like represent various

processes which may be substantially represented in computer readable medium and so

executed by a computer or processor, whether or not such computer or processor is

explicitly shown.

[0056] In the claims hereof any element expressed as a means for performing a

specified function is intended to encompass any way of performing that function

including, for example, a) a combination of circuit elements which performs that function

or b) software in any form, including, therefore, firmware, microcode or the like,

combined with appropriate circuitry for executing that software to perform the function.

The invention as defined by such claims resides in the fact that the functionalities

provided by the various recited means are combined and brought together in the manner

which the claims call for. Applicant thus regards any means which can provide those

functionalities as equivalent as those shown herein. Finally, and unless otherwise

explicitly specified herein, the drawings are not drawn to scale.



CLAIMS

1. A computer implemented method for detecting field lines in an image comprising

the steps of:

generating a Laplacian image from the image;

detecting field lines by iteratively applying a Hough transform to the Laplacian

image, wherein each iteration results in the detection of a field line which is removed

from the Laplacian image prior to the next iteration;

performing gap filling in the detected field lines; and

generating a binary mask indicating pixels representing the field lines.

2. The method of claim 1, wherein the image is a frame of a sports video.

3. The method of claim 1 further comprising:

removing non-playfield related pixels from the Laplacian image, including pixels

lying outside of the playf ϊeld and pixels representing players within the playfield.

4 . The method of claim 3 further comprising:

contrast stretching the resultant Laplacian image.

5. The method of claim 4 further comprising:

performing a thresholding operation on the contrast-stretched Laplacian image.

6. The method of claim 4 further comprising:

removing noise from the contrast-stretched Laplacian image.

7. The method of claim 3 further comprising:

generating a playfield mask; and

applying the playfield mask to the Laplacian image.



8. The method of claim 3 further comprising:

generating a player mask; and

applying the player mask to the Laplacian image.

9. The method of claim 8, wherein generating the player mask includes:

performing Harris corner detection on the image.

10. The method of claim 9 further comprising:

dilating features generated by the Harris corner detection; and

removing features smaller than a predetermined threshold from the player mask.

11. The method of claim 1, wherein performing gap filling includes:

analyzing gaps in the detected field lines so that gaps caused by occluding objects

are not filled.

12. The method of claim 1, wherein detecting field lines includes:

refining locations of field lines detected by applying the Hough transform.

13. A computer program recorded on a computer-readable recording medium, said

program causing the computer to detect field lines in an image by executing the steps of:

generating a Laplacian image from the image;

detecting field lines by iteratively applying a Hough transform to the Laplacian

image, wherein each iteration results in the detection of a field line which is removed

from the Laplacian image prior to the next iteration;

performing gap filling in the detected field lines; and

generating a binary mask indicating pixels representing the field lines.

14. The computer program of claim 13, wherein the image is a frame of a sports

video.



15. The computer program of claim 13 causing the computer to detect field lines in an

image by executing the further steps of:

removing non-playfield related pixels from the Laplacian image, including pixels

lying outside of the playfield and pixels representing players within the playfield.

5

16. The computer program of claim 15 causing the computer to detect field lines in an

image by executing the further steps of:

contrast stretching the resultant Laplacian image.

0 17. The computer program of claim 16 causing the computer to detect field lines in an

image by executing the further steps of:

performing a thresholding operation on the contrast-stretched Laplacian image.

18. The computer program of claim 16 causing the computer to detect field lines in an

5 image by executing the further steps of:

removing noise from the contrast-stretched Laplacian image.

19. The computer program of claim 15 causing the computer to detect field lines in an

image by executing the further steps of:

0 generating a playfield mask; and

applying the playfield mask to the Laplacian image.

20. The computer program of claim 15 causing the computer to detect field lines in an

image by executing the further steps of:

5 generating a player mask; and

applying the player mask to the Laplacian image.

21. The computer program of claim 20, wherein generating the player mask includes:

performing Harris corner detection on the image.

!0



22. The computer program of claim 2 1 causing the computer to detect field lines in an

image by executing the further steps of:

dilating features generated by the Harris corner detection; and

removing features smaller than a predetermined threshold from the player mask.

23. The computer program of claim 13, wherein performing gap filling includes:

analyzing gaps in the detected field lines so that gaps caused by occluding objects

are not filled.

24. The computer program of claim 13, wherein detecting field lines includes:

refining locations of field lines detected by applying the Hough transform.
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