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Figure 1: We introduce a badminton backhand short service training system focusing on fine-tuning continuous motions for
novices. This system is built with our analysis of 6 sub-elite players’ open kinetic chain characteristics and kinetic variables,
such as (1) the racket angle, (2) the racket height, (3) the racket speed, and (4) the involvement of the moving joints. We design
guidance and feedback to visualize these features so the user can follow and improve their motion. (A) is the training system
interface displaying the service’s guidance and feedback. In addition, the user’s and the racket’s motions that are bound to
indicators are illustrated in the guidance panel. (B) depicts the ready guidance that tells the racket position is off from the ideal
position. After the user holds the shuttlecock and the racket at the suggested position, the view turns into the swing guidance

illustrated in (C). (D) is a user practicing service with the system.

ABSTRACT

We present a badminton training system that focuses on the back-
hand short service. Unlike the prior motor skill training systems
which focus on the trainee’s posture, our system analyzes the pro-
cess of moving joints with the open kinetic chain (OKC), which
helps align movement and minimize muscle use for better joint
control. We process the users’ mocap data to visually show their last
service process comparing to 4 ideal OKC characteristics that we
collected from a 6-sub-elite formative study as well as recommended
contact posture. We validate our system through a 12-user study
that measures serving accuracy, qualitative feedback, and skeletal
data with users at various skill levels and open source our skele-
tal analysis model for future use. While the participants’ overall
service accuracy was not significantly improved, our results show
that our system helps participants in the short term to fine-tune
their service motion closer to our ideal 4 OKC characteristics.
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« Applied computing — Computer-assisted instruction;
Human-centered computing — Interactive systems and tools;
Empirical studies in HCI; Empirical studies in interaction
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1 INTRODUCTION

Badminton is one of the most popular sports, with approximately
220 million people engaging in it around the world [23, 35]. As more
people go in for badminton, coaching resources are becoming scarce
in quality and quantity, especially for the novice [14]. Without
guidance and instant feedback from the coach, the beginner may get
used to improper motions and needs to take the risk of performing
wrong movements that may hurt them in the worst case [8, 28, 31].
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Computer-aided coaching systems have been proposed to solve muscular e ort measured from wearable sensors and provides sim-
the scarcity of coaching resources. For instance, researchers haveple haptic feedback for the user to receive a real-time result of

introduced a swing training system24 and an agility training
system BQ in coaching badminton. Nevertheless, the motions in
badminton are considerably diverse. A player can play a stroke
from any corner, side, or middle of the court to any position on
the opposing court in forehand or backhand, overhead or under-
hand. The variety of motions in badminton makes it challenging
to include all these strokes in a single coaching system. Therefore,
most prior works still require a trainer or an expert to perform a
correct motion for the trainee to mimic before the training to coach
general badminton motion.

Among all the strokes, service is one of the most crucial strokes
in badminton, and its importance has been more and more em-
phasized since Badminton World Federation (BWF) adopted a new
scoring system in 2006. The new scoring system states that the win-
ner of a rally scores a point where a rally, a series of shots between
opposing players, must start with the service and is not allowed to
have a second service. That is, a badminton player needs to launch
each shuttlecock accurately. There are four main types of service,
but the backhand short service is used more often than other types
of service in double35 and appears to get common in single since
2000s 4. Consequently, most badminton players take consider-
able time practicing to perform an accurate and steady backhand

exertion pattern. Sung et al3[) implemented a badminton foot-
work training system using motion sensors and LEDs to analyze
the player's motion and indicate the target position. Kuo et dl9q
utilized a visual reaction training system to improve the player's
agility and footwork. He et al. 14 designed an auxiliary system
of motion synthesis with Kinect to help users learn badminton
motions.

To help badminton athletes to gain deeper insights into their
performance, more data and analyses have been collected and con-
ducted for suggesting systematic training programs. Vial et 8§ [
and Wilkie et al. BY de ned an accurate service according to the
anterior-posterior trajectory apex location and the vertical height
of the shuttlecock when it crosses the net. Rasmussen eR§]. [
simulate service trajectory with random speed, angle, and horizon-
tal location to observe the in uence of service height. To assess the
simulation result, they use area-of-attack, the area surrounded by
the trajectory and the horizontal line through the top of the net
within the opposing court, to classify those services. In addition to
the service, Waddell et al3H] investigated biomechanical research
on badminton and summarized principles of performing a power
shot, e.g. clear or smash.

In addition to the movement characteristics of the shuttlecock,

short service. Previous research works collected biomechanical data there are works in kinesiology that focus on biomechanics or an-

of professional players' or coaches' service motidn16 23. These
works focus on the stance at the moment of the contact without
considering serving a shuttlecock is a continuous motion.

In this paper, we have implemented a self-training solution for
practicing badminton backhand short service. We analyzed the
service motion with the characteristics of the open kinetic chain
(OKC), which is a type of body movement in which the most distal
segment is unconstrained and not xed to anythindJ]. These
OKC characteristics thus are understandable parameters to visualize
and help the user to adjust their continuous motion. We conducted
a formative study to quantify an OKC model of backhand short
service with six sub-elite players' motions and designed a training
system that provides visualized feedback and guidance using the
model. Finally, we evaluated the system's e ectiveness and usability
by recruiting twelve users practicing with the system. The result
shows that our system can in uence the user's exertion pattern
toward our ideal model in short-term practice while a longer-term
practice may be required to advance their service accuracy.

2 RELATED WORK

In this section, we review prior works related to our system: (1)
the research in badminton, including coaching systems, motion
analysis, and biomechanics, (2) motor skill acquisition and coach-
ing in general, and (3) information visualization on feedback and
guidance.

2.1 Research on Badminton

Many researchers are dedicated to understanding Badminton in
various elds, such as kinesiology, sport medicine, coaching, and
sport engineering p, 23. In coaching badminton, Raina et ak4]

presented a badminton training system that visualizes the user's

thropometry [23. Ahmed et al. [l] and Hussain et al.1§ collected

and analyzed biomechanical variables like the joint angle of the
arm and kinematic variables such as the speed of the shuttlecock
through the video when recruited sub-elite players or coaches were
executing backhand short service, forehand short service, and fore-
hand long service. Rusydi et aR] use three degrees of freedom
inertia measurement units (IMU) placed on joints to measure the
angle change and concluded that backhand short service could be
classi ed asonly use the wrisand use both the wrist and the elbow

2.2 Motor Skill Acquisition and Teaching

Researchers have proposed training systems in various sports. Wu
et al. [3g demonstrated how to design visual cues in virtual reality
and introduced a pin-pong training system helping the user to face
a rotating ball. Han et al. 13 applied virtual coaches surround-
ing the user in the augmented reality head-mounted display for
learning Tai-Chi Chuan. De Kok et al1{] presented a coaching
system that can automatically generate an instruction to a squat
trainee. Chan et al.]] demonstrated a dance training system based
on motion capture and virtual reality providing an interactive learn-
ing approach while practicing dance. Zou et aB9 proposed a
virtual-reality-based baseball batting practice system with real-time
swing information. Lin et al. Q introduced a basketball free-throw
learning system and compared feedback in augmented reality dis-
play or 2D display. Miles et al 2 summarized the use of a virtual
environment in ball sports training and pointed out that a virtual
environment can provide consistent content, extra information, and
instant change.

Besides, training motor skills other than sports are also highly
attended. Gould and Robert$q reviewed literature and identi ed
in uential factors related to motor skill acquisition. Wulf et al.37]
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Table 1: The open kinetic chain characteristics of the backhand short service that we surveyed in this paper. We break down

the motion of the backhand short service into these characteristics.

Characteristics of motion

Backhand short service

Open kinetic chain

Stress pattern

Number of joint axes
Planes of movement
Number of moving joints

Transverse plane

Rotation of the wrist (adduction) and the elbow (supination) !
The craniocaudal (longitudinal) axis !

The forearm remains stationary while the hand is moving !

Rotary

One primary
! Single

One at atime

summarized factors in motor skill training. In addition to the the-
ories, Ipsita et al. 17 presented a virtual-reality-based welding

training system attempting to solve the shortage of the welding
workforce. Maekawa et al 1] employed a wearable backpack-type
haptic device with dual robotic arms to assist motor skill learning.

2.3 Feedback and Guidance

Some research works summarized a guideline for feedback design
and visual design. Blomqvist et aBJ[compared two types of instruc-
tion in badminton training, and they found the user improved their
service skill the most under the traditional instruction (perception,
decision-making, and then movement execution). Zhu et 3§ [
proposed a guideline for using two types of feedback, knowledge
of result and knowledge of performance. Covaci et &.4nalyzed

the di erence between rst-person and third-person viewpoints
while training free-throw with virtual reality. Tang et al. 1] and
Semeraro et al.47 categorized visual designs for various types
of movements. Thoravi et al 3] reviewed the design space of re-
mote teaching of physical tasks. Most of our feedback and guidance
design was inspired by these works.

3 A GOOD BACKHAND SHORT SERVICE

Understanding a good service is essential for designing a service
coaching system. An intuitive metric is whether the landing point
locates in a valid region or not. However, a legal service could
be merely technically good, not tactically good, and results in the
opponent's advantage. Hence, previous works on the badminton
service had come up with other metrics, such as the apex location
and the clearance height of the trajectory, to quantify the quality
of the service [33, 35].

Another aspect of evaluating the service is the motion of the
racket and the player's body. In Section 2, we summarized works
about the posture and the joint movement of the experienced player.
They provide kinetic variables, such as joint angles, racket angles,
and the speed of the shuttlecock, helping the novice understand
and reconstruct the posture. Nevertheless, service is beyond the
posture but includes four continuous steps: ready, back swing, for-
ward swing, and contactd9. Moreover, typically there is a follow-
through movement after the contact. Using the information of this
continuity between joints on badminton service has not been
fully explored.

Inspired by the concept of the sequence of moving joirdd][
we found the OKC, one type of body movement in which the fur-
thest part away from the body is unrestricted and not xed to any
object [1]], that is suitable to describe the motion of badminton

service. The motion characteristics of the OKC include stress pat-
tern, the number of joint axes, muscular involvement, etc. After
investigating the OKC, we derived the mapping of backhand short
service and OKC characteristics related to the motion process in
Table 1.

3.1 Formative Study

We conducted a formative study to quantify the OKC characteristics
of the service and validate the mapping. Besides, BWF adopted a
new service rule that the whole shuttle shall be below 1.15m at the
moment of contact in 2018]. With the bygone service rule, the
launch height depends on the player's rib height, which results in
ataller player can serve atter, i.e., it is harder for the receiver to
attack. Since many previous research works on service posture are
earlier than the adoption, we also collected new data on kinetic
variables through this study.

3.1.1 Participant§Ve recruited 6 sub-elite players from the bad-
minton team of departments and the school, 1 female, 5 males, 1
left-handed, aged from 21 to 25 (M = 23.67, SD = 1.5). Their experi-
ence of playing badminton range from 8 to 18 years (M = 10.5, SD
= 3.83), and the duration under systematical training varies from 1
to 9 years (M = 4.5, SD = 3.08). In addition, P5 is the gold medalist
of 3 city individual tournaments in double, P1 is the champion of
an intercollegiate team's competition, P2 is third place in an inter-
departmental contest, and P4 is the runner-up in double and third
place in single in interdepartmental competitions.

3.1.2 Apparatus, Procedure, and Table study was conducted at
Human Computer Interaction Lab at National Taiwan University
with markings of part of the short service line and center line on
the oor. We used six OptiTrack Prime 13 cameras to capture the
motion of players. Markers were applied based on the OptiTrack pre-
de ned conventional full-body biomechanical markerset (Figure 2).
Also, we placed markers on the racket to monitor its speed and
orientation. The shuttlecock, however, was not tracked because
the marker or the stained spot on it was not always visible to the
camera of a retro-re ective motion capture system due to its slant
shape [25].

We recorded one player's motion at atime. In the beginning, they
were informed of the task details and asked to put on the motion
capture suit. Participants had 5 minutes for warm-up to get familiar
with provided racket while wearing the motion capture suit. After
the warm-up, they were asked to perform 20 to 40 services, ensuring
at least ve successful and accurate services without losing marker
information were recorded. Each recording starts from the moment
of the backswing and terminates as soon as the racket contacts the
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Figure 2: The conventional full body biomechanics markerset
and the marker on the racket. The markers of joints on the
arms are labeled as SHQ ELB, WRA, WRB, and FIN with a
pre x ( L or R) indicating the direction. The actual position

of the wrist is regarded at the middle of the WRA and WRB.
According to the player's dominated hand, those markers
are relabeled as hand, wrist, elbow, shoulder, shu lecock-
shoulder, and shu lecock-hand . Finally, we derived target
variables from the position of these markers (Appendix A).

shuttle. Afterward, they took o the suit and lled out the form of
their badminton experience and personal information.

3.1.3 Data Analysis and Resilhe captured motion was stored

Xu and Cheng

Table 2: Ideal kinetic variables of backhand short service.
These variables include the motion of the racket and the
body. Both backhand short service patterns were used in the
formative study and those two types of shots were recorded
in di erent elbow angle changes.

Kinetic variable Mean SD Remark
Racket pitch angle (deg.) 21.60 7.95
Racket height di erence (m) 0.11 0.07
Racketspeed (m/s) 5.41 041
Wrist angle change (deg.) 9.96 3.93
9.10 3.04 Elbow and wrist

Elbow angle change  (deg.) 4 o7 ¢ 96 wrist only

Shoulder angle change (deg.) 1.48 0.87

including the start of the backward swing, the start of the forward
swing, and the moment of contact. Next, we derived segments and
kinetic variables, such as joint angles, racket angle, and racket speed,
from the change of the marker position in each period (Appendix A).
In addition to these variables, we also observed the racket height
during forwarding swinging and joint angle change during the
whole swinging process by calculating the di erence. Since the per-
formance of a service depends on the trajectory of the shuttlecock,
and we lacked the information about the shuttlecock, we put the
racket motion to use instead. At the same time, considering OKC
characteristics, we summarized variables a ecting the shuttlecock
and related to the body motion, including the racket pitch angle, the
racket height change, the racket speed, and the involvement of the
wrist, elbow, and shoulder in Figure 3. After removing outliers by
applying the 1.5 interquartile range rule, the mean and standard
deviation of these variables of a good badminton backhand short
service is shown in Table 2.

4 SYSTEM

With the quanti ed result of kinetic variables of the service, we
designed a self-training system utilizing Unity and providing visual
guidance and real-time feedback. The system focused on the motion
of serving only with the wrist to lower the bar on learning the
service and simplify its design. This system comprises three parts:
motion capture, motion analysis, and feedback. It is possible to use
any motion capture method, and we use the same approach as the
formative study (Sec. 3.1.2) here. Meanwhile, the captured data is
streamed and analyzed in a Unity scene. Finally, the analyzed result
is visualized as the guidance and feedback shown on the screen in
front of the user as Figure 1D shows.

4.1 Motion Analysis

While the captured skeletal data was real-time streamed to the Unity
scene and bound to an avatar, there is a kinetic variable calculator
that extracts variables listed in appendix A from the avatar. Next,

there are two types of components, the state machine of service

with a two-dimensional array whose axes are timestamps and each state and the controller of guidance and feedback.

marker's three-dimensional coordinate. With the distance between

the racket and the hand holding the shuttle, we labeled keyframes,

As addressed in Section 3, we separate a service into ve states:
ready, backward swing, forward swing, contact (follow through),
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Figure 3: The distribution of six kinetic variables of interest from the formative study. (A) is the racket pitch angle, (B) is the
change of the racket height, (C) is the racket speed, and (D) - (F) is the angle change of the wrist, elbow, and shoulder. The blue
box in (D) shows the mean and standard deviation of all six players, whereas the blue box in (E) shows the mean and standard
deviation of ve players who use both the elbow and wrist. The cross mark denotes the mean, and the dot is the outlier. We
found that P4 only uses the wrist during the study. We regarded P3 as the group using elbow and wrist because his elbow angle
change is close to his wrist angle change, even though his elbow change is as little as P4.

Figure 4: The guidance of the ready position of the shuttle-
cock and the racket. The position is real-time generated ac-
cording to the user's stature. (B) - (F) shows the color change
depends on the distance between the actual position and the
target position of the shuttlecock and the racket along the
sagittal axis of the user's body.

Figure 5: The frames of the animation of the swing track
guidance. The indicator swipes backward rst and then for-
ward.

the user holds the racket and the shuttle close enough to the calcu-
lated ready position shown on the screen, the state transfers to the
ready state. In the ready state, the state machine transfers the state
into the backward swing state as soon as the racket starts moving
in the opposite direction of the body's forward. Otherwise, the state
will switch back to the idle state immediately if the user moves the
racket in another direction (e.g., forward or upward) while ready
because the backward swing could help the user to exert easier to
maintain better consistency between short and long service in the
future. When the distance between the racket and the shuttlecock

and idle. A service state machine monitors the user's kinetic vari- gets closer in the backward swing state, the state changes into the
ables and updates the service state. Starting from the idle state, if forward swing state. Right after the distance increases, the state
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Figure 6: (A) and (B) illustrate the racket pitch angle dif-
ference between the shot performed by the user, and the
recommended angle is within or without the threshold. The
resulting angle exceeding the threshold is colored red with
a round arrow indicator. (C) depicts the racket speed at the
moment of contact with a speedometer whose middle rep-
resents the target speed. (D) depicts the height change of
the racket relative to the ready position of the racket during
the forward swing. If the height di erence is greater than
the standard, it is recorded in red; otherwise, in green. (E)
shows the joint angle change relative to the target motion
pattern. The wrist should be close to the right side (larger
side), while the other two joints' usage must be kept on the
left side (smaller side).

turns into the contact state and switches back to the idle state a
few seconds later.

As the state changes, there is ready position and swing track
guidance and feedback on the service result, the variable di erence
between the user's attempt and the expert model. At the beginning
and the end of every shot, there are translucent indicators of the
shuttle and the racket with halos to illustrate a proper ready posi-
tion. After the user holds the shuttlecock and the racket at the ready
position, the position indicators disappear, and a circular indicator
with animation shows up to indicate the swing track. As soon as
the user swings, all the guidance and feedback are hidden until the
user hits the shuttlecock. Afterward, the feedback revealing the
di erence between the current trial and the expert model is shown
on screen.

4.2 Guidance and Feedbacks

The guidance informs the user where (the ready guidance) and
how (the swing guidance) to perform a backhand short service.
In consideration of the BWF adoption, the height of the target
shuttlecock position is set at a constant height, and the position
in the transverse plane depends on the user's front and shoulder
position. As Figure 4 shows, the color of the halo indicates the
distance between the suggested position and the actual position
in the sagittal axis (body's front). Once in the ready state, a circle
with spokes is displayed to indicate the swing track (Figure 1C).
The center of the circular indicator is the user's wrist, and the
plane of the circle aligns with the transverse plane through the
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we animated the change in spoke color and scale to indicate the
motion of a backward and then forward swing (Figure 5).

The feedback contains the motion of the racket and the body.
The motion of the racket directly a ects the ight of the shuttlecock
and the motion of the body is exactly what we are going to teach the
user. We used the racket pitch angle, the height change of the racket,
and the racket speed to describe the movement of the racket. In
the meantime, we illustrate the user's joint involvement to indicate
his/her exertion pattern.

After the shot, all four types of feedback are shown on the display
as Figure 1A illustrates. The racket pitch angle feedback indicates
the angle at the moment of contact. The target angle is shown as
a tiled blue rectangle, and the result of the user is displayed with
either green (Figure 6A) or red rectangle (Figure 6B) depending on
the di erence between the target and what the user performs. If
the di erence is greater than the standard deviation of the expert
model, the color is red and a circular arrow towards the desired
angle pops up. The height change of the racket from the start of
the forward swing to the moment of contact is presented with a
line chart (Figure 6D). The baseline at the center represents the
height at the start of the backswing, and the user needs to keep the
change within one standard deviation of the ideal model. The height
di erence within the threshold is colored green. Alternatively, red
while it exceeds the bound. The racket speed at the moment of
contact is displayed as an analog speedometer (Figure 6C). The user
is asked to keep the pointer in the middle. The joint involvement
is graphed as three sliders (Figure 6E). The di erence between
maximum and minimum angles during the swing is illustrated as
the blue indicator in the slider. The middle of each slider represents
the average of each joint usage of the model. The target motion of
our design is a service using the wrist only. Thus, we expect that
the change in the wrist angle should be as signi cant as possible.
On the contrary, the other two joints should be xed during the
swing. Since the angle between the shuttlecock and the racket at
the end of the backward swing can be less than the model's average,
we use the small one as the upper bound of the wrist involvement
judgment.

5 EVALUATION

The evaluation of our system includes the usability and the im-
provement of the user's performance. We conducted a study on
practicing backhand short service with our system. We measured
the performance by analyzing the change in the user's kinetic vari-
ables and the trajectory of the shuttlecock before and after training.
Lastly, we interviewed the user to evaluate the system's usability
and collect their subjective feedback about the visual guidance.

5.1 Participants

We recruited 12 users, 3 females, and 9 males, all right-handed,
aged from 19 to 27 (M = 22.83, SD = 1.95). Their total experience of
playing badminton is less than ve years (M =2.14, SD = 1.53). Most

shuttlecock. The angle between adjacent spokes increases with of their training experience comes from the physical education class

a constant angular acceleration calculated from the user's ready

posture and the target racket speed. To make it easier to understand,

while they were schooling, and the duration is less than three years
(M=1.12,SD=1.11).
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