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Abstract

In this work, a low-cost and efficient system is proposed to automatically
analyze the halfpipe sports broadcasting videos. In addition to the court color
ratio information, we find the player region by using salient object detection
mechanisms for facing the challenge of motion blurred scenes in HP videos.
Besides, a novel and efficient method for detecting the spin event is proposed
on the basis of native motion vectors existing in MPEG compressed video.
Experimental results show that the proposed system is effective in recognizing

the hard-to-be-detected spin and grind events in halfpipe videos.
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Chapter 1

Introduction

1.1 Whatis a Halfpipe?

A half-pipe or a vert ramp is an U shaped structure used in gravity sports including snow-
boarding, skiing, skateboarding, bicycle motocross, inline skating, roller skating, and
scootering.

A half-pipe can be categorized into two types: snow, non-snow, such as wood or metal.
As shown in [Figure 1.1], a common halfpipe includes flat section, two transition sections,
two vertical sections or lips, and two decks or tables. The flat section assists a player
to maintain balance and increases the transfering potential energy by lowering the body
position. The transition section lets the player translating potential energy into kinetic
engergy by “pumping” technique. The vert section helps the player control the direction
that he or she wants to fly to. The deck is for the player to rest and to drop in the halfpipe.
A rail or a coping is on the corner of a vertical section and a deck, which is an object used
by players to slide along it by their “vehicles”. But, there is no rail structure in a snow

halfpipe.

1.2 Whatis a Trick?

For each player’s turn, she or he starts from one side of the halfpipe, i.e. the vert section,

passing through the flat section, and reaching to another vert section, and goes back and
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Figure 1.1: Structure of a halfpipe.

forth several times. Each time the player flies above the coping, she or he performs a trick.
For convenient, we call that a player passes through the flat section and goes back to the
falt section again is a trick segment.

A trick can be categorized into four major type: spins, grind, air/grab, and handplant.

Spin is a major type of tricks in halfpipe sports. As shown in [Figure 1.2, a player starts
to spin when he is above the coping.

A grind is a trick that involves a halfpipe player sliding along the coping using some
part of his or her“vehicle” rather than wheels.

A grab/air is a kind of tricks that a player grabs his or her some part of vehicle while
they reach the highest point of a trick. The trick name depends on which part a player
grabs, as illustrated in Figure 1.3. Generally, a particular body position held by a player
is called a grab/air trick.

A handplant trick looks like a form of a handstand. When a player reaches the coping,
he or she flips the body upside-down, and puts his or her hand on the coping for a while,

and then goes back to the halfpipe.



Figure 1.2: A spin trick.

Figure 1.3: A snowboard grab.
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Figure 1.4: System diagram of the proposed approach.

As a result, finding trick related segments and recognizing trick types automatically
are highly wanted by and benifical to halfpipe players.

Recognizing the trick type in a halfpipe video is challenging because (i) the scenes
in an HP video are motion blurred since players move fast, and (ii) the displacement of
players is large in all directions of a 3D space. Due to (i), it is hard to measure the camera
motion by using either pixel-based method (e.g., optical flow) or feature-based method
(e.g., SIFT-matching). And hence, the 3D scene is hard to be reconstructed. Due to (ii),
the background of a scene changes too rapidly to track the player, precisely. Most of the
existed studies recognizing the actions of players with the help of sensors which, some-
times, affects the performace of the player seriously.

Therefore, in the proposed system, halfpipe contest videos will automatically be anal-
ysed effieciently and effectively, without using sensor information.

The system diagram of the proposed approach is illustrated in [Figure 1.4. We will

address how halfpipe sports videos become readable with the aid of video segmentation,



player detection, player tracking, and event detection mechanisms, presented in the fol-

lowing sections.

1.3 How to Learn a Trick

Sports learning usually starts from imitation. People find a way to practice a trick by
watching sports videos. For halfpipe players, a common way to improve their skills is
to learn by imitation. In order to learn the best tricks in the world, they imitate tricks
performed by elite players through watching recorded broadcasting videos, such as Sochi
2014 Olympics and KIA World Extreme Games.

A novice player usually learns tricks by watching inline skate magazine and watching
videos other than looking for a coach. For one thing, specific couch for halfpipe is hard
to find. The other thing is, the skilled halfpipe players are sparse. As a result, readily
available learning resources like magazines and videos are effective resource for novice
players to quickly get in. Videos provide sequential actions of tricks, as illustrated in

Figure 1.5, players can learn a trick step by step from watching the video.

1.4 The Problem of Watching Halfpipe Broadcasting Videos

However, watching an entire sports video is timely, and finding a particular trick in a video
is a hard work. First, we do not know the start and the end points of a trick. Second, there
are many tricks in a video. Third, people cannot watch the same kind of tricks intensively,
because the same kind of tricks are usually very sparse in a video.

It is hard to identify a trick in a video by its name. A trick might be named as many
different words of the same meaning, such as front flip 180, Mist flip, and Bio flip 540.
Those tricks sound different but actually means the same trick. Another problem is that

one name may indicate to more than one trick.



Figure 1.5: Sequential actions of a trick.

1.5 How to Solve Watching Halfpipe Broadcasting Videos
Problems

In order to shortening the time lengthy video, we segment a halfpipe broadcasting video
into tricks. And we label a trick as a spin or a grind, and people can know the attributes
of a trick before watching it. Furthermore, watching the same kind of tricks intensively is

affordable.

1.6 Challenges of Event Detection in Halfpipe Videos

Event Detection in halfpipe broadcasting videos is challenging because (i) the scenes in
an HP video are heavily motion blurred since the camera moves very fast, and (ii) the
displacement of a player is large in all directions of a 3D space. Due to (i), it is hard
to measure the camera motion by using either pixel-based method (e.g., optical flow) or
feature-based method (e.g., SIFT-matching). And hence, the 3D scene is hard to be recon-
structed. Due to (i1), the background of a scene changes too rapidly to be used to track the

player, precisely.



Chapter 2

Related Work

Most of the existing studies analyzed halfpipe sports by using wearable sensors[2][3].
They can recognize whether a player is spin and calculate the corresponding air-time. The
data retrieved by wearable device is highly correlated to mechanics and it can be used to
analyze the impact of human body joint during landing[9] and thus be used to prevent
sports injury.

However, the best tricks performed by elite players are usually shown in the broad-
casting videos. It is hard to let them wear sensors and perform tricks for population. Fur-
thermore, although sensor data helps to injury prevention, one can not learn tricks from
sensor data. So we plan to help players learn tricks from another aspect, the sport video
content analysis.

The characteristics of competitive diving videos are similar to halfpipe sports videos[3].
Since both players in diving video and halfpipe sports video perform acrobatics, the play-
ers’ body are non-rigid deformed. The camera is always tracking on a player in both sports
because the displacement of the player in the scene is large.

In [5] and [[11], they segmented a player from background by using global motion esti-
mation. And [5] further used object segments to recognize player’s action by Hu moments
(as shape descriptor) and continuous hidden Markov model.

For a diving video, the background is at the same scene depth. This fact is beneficial
to the result of global motion estimation and thus the accurate player body segments can

be obtained. Regrettably, for a halfpipe sports video, there are cuts in a trick segment, the



backgrounds are at different scene depth all the time, and the player’s body take up the
too much room of a frame. Even if a player’s body is well segmented, the same tricks of
a player may look different, because the relative positions and orientations of the camera

and the player. So, the approach of [§] is hard to be applied to our work.



Chapter 3

Proposed Method

3.1 Highest Point Detection and Trick Segmentation

In a run, a player keeps performing tricks and moving back-and-forth on a halfpipe. When
the player is on the flat section or transition section, the scene is mainly composed by the
halfpipe. And once the player goes above the coping, the percentage of a halfpipe in the
scene is getting less and less. Moreover, we observe that the percentages of the halfpipe’s
occupation are nearly the same when the player flies above drops below the coping. And
once a player leaves the halfpipe, he or she will act as a projectile. So the highest point of
a trick is occurred in the middle point of a flying and dropping below the coping.

We choose hue in HSV color space to represent the idea of the ratio of halfpipe in a
scene. The halfpipe court color coverage ratio of frame  is defined as 7(t) = > d(hue(p)—
t), where p is a pixel in a frame, and hue(p) is the hue of the pixel p.

However, the contest videos were shot by deck view or ground view and the scenes
may switch between them in a trick, which affects the distributions of the court color

coverage ratio of a frame.

3.1.1 Noise Elimination

The peaks (i.e., the highest positions of players) may happen several times in between

the two verts because the contest video could be shot by ground view or deck view when



the player passes through the flat, which affects the distributions of the peaks of the court
color coverage ratio.

To solve the camera view switching issue and the objects with the same color as the
halfpipe issue, we apply moving average filter to the halfpipe court color coverage ratio.
The span s is chosen as the half duration of a trick to eliminate the noise induced by the

two pre-discussed issues.

3.1.2 Peak and Valley Detection

The highest points lie in the valleys between the first peak and the last peak of the filtered
result 7(¢). The peaks are detected at frames x, when m(z) > m(z + 1), m(z) > m(z —
1), and m(x) denotes the corresponding halfpipe court color coverage ratio at frame z.

Similarly, the vallies are located at m(z) < m(z + 1), m(z) < m(z — 1).

3.2 Player Detection and Tracking

The task of player detection and tracking is quite challenging in halfpipe sports videos
since the scene often changes very fast and both the player and the background are quite
blurred. Nevertheless, there are always some scenes composed mainly of the player sur-
rounded by halfpipe court during each trick segment, i.e. the scenes with high coverage
ratio of court’s color. As a result, the connected components in the non-court color parts
of the scene stand for player region candidates. We then apply the multi-scale contrast
saliency detection proposed by [6] on those scenes for detecting the players, since the
player always be the most salient part of those scenes. Finally, the player region can be
detected by combining the non-court color region and the salient object region in the scenes
of high court color coverage ratio. For the other scenes, we apply the algorithm proposed
in [[7] to track the position of the player. Since there could be several shot changes during a
trick segment, we will re-estimate the player region at each shot change detected based on
the difference of color histograms [[I]][4]. Value in HSV color space is chosen to conduct

shot detection.
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3.3 Spin Detection

We intend to recognize if there is a spin — one major type of halfpipe tricks — happened
near the highest point. Since the movements of the native motion vectors, of an MPEG
compressed video, will behave like a circle (as shown in [Figure 3.1)), when a player per-
forms a spin trick. To recognize such a circle, the following mechanism is suggested. Let
A € CM*N be the matrix representing the motion field of the player region. We accu-
mulate the vertical components of A along the horizontal axis,u; = Zf\il Im(A4;;), and
likewise the vertical axis,i.e. v; = Z;VZI Re(A; ;). As shown in Figure 3.1, vectors u
and v will across the zero-valued axes, once they reach the center of the circle. However,
motion vectors may not form a perfect circle because the rotating movements behind the
body of the player cannot be captured by the camera when the rotation axis of the player is
nearly perpendicular to the camera view. In such a situation, some part of the circle may
be missed, but fortunately, either v or v could still capture the property. So we use the
number of zero crossing points neighboring to the frame with the highest point to detect

spin event. The frames with the fewer zero crossing points or no zero crossing points the

less possible that there is a spin trick in those frames.

3.4 Grind Detection

As shown in [Figure 3.2, when a player just goes back and forth, he or she has zero velocity
at the highest point, but when a player performs a grind trick, he or she still has horizontal
velocity. We use motion intensity[|10] and standard deviation of motion intensity features
to see whether there is camera motion and the player has velocity at the highest point.
Moreover, if a player performs a trick, the halfpipe can be seen all the time in the scene.
So, the halfpipe color coverage ratio should not be low at the highest point. The motion
intensity is defined as g "4 /02 + v, Where @ is the set of inter-coded macro-blocks
and ||®|| denotes the cardinality of the set . And the variance of motion vector magni-

tudes is defined as ﬁ > o(y/v2 + v2 — i)?, where i is the motion intensity

11
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Figure 3.1: Proposed spin event detection.

Figure 3.2: Illustration of (a) air trick and (b) grind trick.
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Chapter 4

Results and Discusion

For testing the proposed system, we downloaded “KIA World Extreme Games 2013 In-
line Vert Heat 1’° video from Youtube. The duration of the video is 15 minutes. There
are 5 players in the contest and each player performed 3 runs. Each run is at most 45
seconds. The video contains 129 cuts, 116 successful tricks, 45 successful spin tricks, and
13 successful grind tricks. The ground truth tricks cuts, and the highest points have been

manually annotated.

4.1 Cut Detection

A cut is counted detected if it is within 3 frames difference to the ground truth cut. We
choose value in HSV to count the color histogram, and there are 32 bins. The threshold is
automatically determined in each run by Otsu’s threshold selection [8]. The precision of

cut detection is 1.0, the recall is 0.984, and F1 score is 0.992. The corresponding result is

illustrated as Figure 4.1.

4.2 Highest Point Detection

A highest point is counted detected if it is within 4+ 10 frames difference to the ground
truth because the highest point is hard to be determined even by human. And we only

count successful tricks. If a player falls and stops moving, the hypothesis of highest point

13



Najdenov Runt, KIA 2013
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Figure 4.1: The cut detection results in Najdenov runl.

Figure 4.2: A player falls.

detection “a player is always go back and forth” is no longer fulfilled as shown in
ure 4.2 The precision of the highest point detection is 0.956, the recall is 0.931, and F1
score is 0.943. The result of highest point detection is good, but there are still some cases
failed as discussed in the following.

As shown in Figure 4.4, the player of this run is the one in the right side of the first
picture, but the camera operator did not track him until he performed first trick. This situ-
ation happens frequently when the running order of the contest rearranged due to weather
or other issues.

Our hypothesis is that once a run starts, the player will go back and forth regularly
until the end of a run. But, if a player falls and indeed stops for a while, it does not fit
the hypothesis, and the highest point detector will miss the highest point of this trick. We,
therefor, chose successful tricks for performing the highest point detection here.

When the shots changed from a ground view to a deck view and back to a ground view

within a trick, the color coverage ratios changed from a low level to a high level and then

14



Figure 4.4: Camera operator does not track the correct player.

back to a low level. And thus, the valley of the color coverage ratio is far from the highest
point of a trick. In our experiment, most of the cases can be solved by using a moving
average filter, but some of the highest points could not be annotated at the exact matched
frame numbers.

As shown in [Figure 4.3, the player performed a grind, the highest point could not be
detected. Likewise, as shown in figure, the player made a curve in the air above the coping,
and the highest point is failed to be detected. In other cases, if a player flies high enough,
the color coverage ratio is low in the deck view shot, and the highest point can be detected.
However, making a curve in the air naturally causes the flying height lower than flying

straight. So, these cases need be solved in the future.

4.3 Spin Detection

The 4 10 frames near to the highest point are used to detect a spin event. And only if there
are more than 56% of these frames have circles, a spin event is detected. The precision is

0.444, the recall is 0.444, F1 score is 0.444, and the accuracy is 0.569.

15
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Figure 4.5: a slow grind.

There are some miss detected cases are disussed in the following: When a player is
relatively small in a scene , the number of motion vectors is not large enough to represent
a spin. When the bounding box is smaller than a player, a spin trick cannot be detected.
When the rotation axis is nearly parallel to the camera view, motion vectors may not form
a perfect circle because the rotating movements behind the body of the player cannot be
captured by the camera. When a player spins fast, the player’s region will be blur. In this
case, the corresponding macroblocks are intra-predicted, so there are nearly no motion
vectors in the bounding box for being detect as a spin trick.

There are false alarmed cases as discussed in the following: When the bounding box
is larger than a player, motion vectors of background areas may be included. Sometimes,
it causes a false alarm. When a player waves his or her hand like a circle at the highest

point, the motion vectors form a circle, and it also causes a false alarm.

4.4 Grind Detection

The highest points are assumed to be known in this experiment. The threshold of court
color coverage ratio is set to 0.15, the threshold of motion intensity is 4 pixels per mac-
roblock, and the threshold of variance of motion vector magnitude is set to 36. The span
of moving average filter for motion intensity and the variance of motion vector magnitude
are set to 10 frames, and the span for court color coverage ratio is 41 frames. In the end,
the precision for grind detection is 0.430, the recall is 0.889, F1 score is 0.458, and the
accuracy is 0.845.

As shown in [Figure 4.5, when a player performs a grind but looks like merely locked-

in, the grind was not detected, because he did not move to the highest point and thus the

16



Figure 4.6: The trajectory of a player making a curve in the air.

camera has no motion. However, from learning perspective, a locked-in should be detected
because one can learn grind tricks from locked-ins. A slow but long grind could not be
detected because the grind detector did not take overall players’ motion into consideration
but only players’ motion around the highest point.

Although the result seems not good enough, we have observed a useful phenomenon
from those failed cases, which is the reason why our accuracy severely reduced.

When a player makes a curve in the air, the trajectory looks like the one shown in
Figure 4.6; when a player performs a grind trick, the trajectory looks like the one shown in
Figure 4.7. If a player flies in the air but not so high when making a curve or a player grinds
not long enough, the camera motion of them has no difference, and the grind detector can
not distinguish them. This fact explains why the precision is low.

Although making a curve in the air and performing a grind tricks are different, there
is a strong correlation between them. A player learns to grind by making several curves
just above the coping. After the player feels confidence, he or she put his or her vehicle
slightly on the coping. Finally, the player grinds when he or she put his or her vehicle

completely on the coping. This means successful detection of making-curve player in the

17



Figure 4.7: The trajectory of a player performing a grind trick.

air is useful for a player who wants to learn a grind trick.

18



Chapter 5

Conclusion and Future Work

To the best of our knowledge, our approaches about event detection in halfpipe broadcast-
ing sports videos are novel. The main difference between our work and existing one is that
we detect halfpipe sports event by analyzing videos instead of using wearable sensors.

In this thesis, we have presented issues in learning halfpipe sports and methods for
detecting events in halfpipe sports broadcasting videos.

The proposed method successfully segments runs into tricks, and detects the highest
point event, the spin event, and the grind event. With the aid of our system, when a player
watches halfpipe sports videos, he or she can jumps between tricks without the need of
seeking manually, and knowing the attributes of a trick before hand.

Because the analysis of halfpipe sports videos is very challenging and brand-new, there
are lots of directions left for further investigation and we summarize them as follows.

Detection for more complex events: There are still important events in halfpipe
sports which do not covered in this thesis, such as player fall, handplant, and grab/air
event.

A bit more precise trick attributes. A watcher may not want only to find where spin
tricks are but also to know if the rotation axis of the human body of a spin trick is the
longitudinal axis, the median axis, or the transverse axis.

Recognition of combined tricks. A player may combines several tricks into a trick.
For example, a player may spins into the coping, then grinds on the coping, and again

spins off the coping. Some actions are hard to be imagine before watching them in the

19



videos. For instance, a player may handplant on the coping, then jump by his hand, and
grind on the coping. How to detect this series of tricks successfully is very challenging

but useful for a halfpipe sports learner.
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