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Abstract

Service in table tennis is one of the important indicators to rely on for winning the competition. However,
nowadays coaches or referees do not have an accurate instrument to assess the service in table tennis due to the
limitation of supporting tools like sensor technology. This research is the research and development and intends
to develop a service sensor tool on a table tennis net that can be used for learning or during table tennis matches.
Also, it aims to produce a product and test its effectiveness. Four stages guide such process, that is tool design,
circuit making, program development, and tool testing. We used the adapter 220 v (12 Vdc) 2A, Arduino Uno,
SW 420 vibration sensor, step down DC-DC voltage drop, and 1 ch relay driveras the material. These afore
mentioned components were designed, assembled,and both programmatically and physically installed on the
table tennis net. After going through all steps, the new tool was validated by different experts, mainly electrical
engineering experts, table tennis experts, and table tennis referees in the wake of determiningits weaknesses and
usefulness. Then, it underwent field trials on table tennis athletes who competed atthe regional level for sports
week events in West Sumatra, Indonesia.Results of the expert validity test obtained 89.81 or very good category.
Besides, the results of field trials show that the service sensor detects all service balls especially when they touch
the net. Based on the data harvested, the results of the tool's reliability test were very high. That said, the tool can
accurately, objectively, easily, and practically assess and also be used in learning or during table tennis matches
to make it easier for assessing performance and services.

Keywords: table tennis, sensor technology, service, net

Introduction

Table tennis is one of the mandatory lessons integrated into the physical education programs in higher
education for sports students. It is classified as an anaerobic-aerobic sport. Anaerobic is related both to the
structure of the game and the tempo of the game. While aerobics one generally related to the duration of the
game or competition (Loh & Krasilshchikov, 2015). The game is score dependent, which includes multiple
rallies with multiple strokes (average of 4.0 strokes per rally) (Belli et al., 2019). The athlete's ability to properly
hit the ball is the key indicator that predicts the winning match (Ilino & Kojima, 2016). These efforts include leg
movements with short accelerations and decelerations, and arms to make strong punches (Padulo et al,. 2016a,
2016b). Yet, ball speed and hitting accuracy in table tennis are the two main and dominant factors that determine
or predict the outcome of the match (Girard & Millet, 2009; Rota et al., 2014). Players with high technical ability
will have good movement coordination, and control the power of the stroke, control the speed of the ball, as well
as the speed of rotation of the ball (Bankosz & Winiarski, 2018).

Apart from that, service stroke is believed to be one of the important indicators that players need to have
in table tennis (Fuchs et al., 2018; Malagoli Lanzoni et al., 2014; Tamaki et al., 2017; Zhang et al., 2013, 2018).
It is I form of acquisition of knowledge that needs to be trained and taught through various appropriate training
programs. Then, a well-designed learning program (training) will get maximum results or better achievement
(Firdaus, 2015a, 2015b, 2016; Mario, 2017). It is worth mentioning also that an effective application of service
and the return of serve by the opponent are key success factors in the game of table tennis at the elite level
(Munivrana et al., 2015). The many variations of service players have, make it difficult for opponents to
anticipate the arrival of the ball. In other words, the ball returns by the adversary become easier to turn off
(Ibrahim et al., 2020; Li & Yang, 2020). This effective serve and return are controlled by the spin, speed, and
direction of the ball (Katsikadelis et al., 2013). Therefore, the service techniques are needed to be taught by the
teacher (coach), since it has been proven as an outstanding indicator to win table tennis matches (Katsikadelis et
al., 2013).

Nowadays, many teachers (coaches), and referees do not have accurate data to make policies or make
decisions about service scoring in table tennis. One of the reasons is the limitation of technology-based
supporting tools (Ihsan et al., 2020, 2021; Komaini et al., 2021, 2022; Rifki et al., 2022). Without technology, it
is somehow impossible for athletes to achieve optimal performance. Moreover, the use of technology in terms of
measurement is highly recommended to reduce errors in data collection. As such far, cutting-edge technology
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had brought up various sensor technologies which can be combined with sports devices. (Li et al., 2015). Sensors
capture and translate their physical attributes into observable ones, such as temperature, mass, speed, pressure, or
hot objects like humans. Also, they make people's lives much better in almost every field (Javaid et al., 2021).
These changes involve sensor intelligence, which provides increased productivity and performance (Batool et al.,
2019; Huynh et al., 2007; Wang et al., 2015). With the development of micro-machines and advances in
microcontroller platforms, complex sensors have been widely applied in the field of life (Xu et al., 2017). Thus,
one system can use many sensors with varying capacities, depending on the functional complexity and
increasing functional requirements (Wu et al., 2021; Zhang et al., 2009). In table tennis, sensor technology has
been discussed from several studies, such as: sensor-based table tennis strokes with detection and classification
systems installed in table tennis rackets (Blank et al., 2015), with the impact of hitting the ball on a table tennis
racket that uses three sensors as vibration sensors on the outer edge of the racket (Blank et al., 2016), estimation
of the speed and spin of the ball in table tennis using inertial sensors mounted on the racket (Blank et al., 2017),
an online detection and classification of in-corrected played strokes in table tennis using IR depth camera
(Hegazy et al., 2020), the use of the accelerometer and gyroscope sensors embedded in the smartphone attached
to the player's wrist (Viyanon et al., 2016), inertial sensors mounted on the racket and body (Bankosz &
Winiarski, 2020), table tennis hitting performance using wrist band sensors (Sha et al., 2021), and rich lamellar
crystal baklava-structured PZT/PVDF piezoelectric sensor toward individual table tennis training (Tian et al.,
2019). However, to our best understanding and knowledge, there has been no study focusing on using sensor
technology installed in table tennis nets.

Therefore, this present study aims to develop a service sensor tool on a table tennis net. This tool is
expected to be able to accurately assess the service ball error in table tennis. In addition, it is expected to be
useful for learning (training), as well as table tennis matches, especially to ease the performance of teachers
(coaches), and referees during appraisals.

Materials & Methods
Study Design

This study uses a research and development design commonly known as R&D, intending to produce the
product, and test its effectiveness. The components employed for developing sucha service sensor tool on a table
tennis net consist of,adapter 220 v (12 Vdc) 2A, arduino uno, SW 420 vibration sensor, step down DC-DC
voltage drop, and 1 ch relay driver. All these aforementioned components are assembled and connected both
programmatically and physically and installed on the table tennis net.
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Figure 1. a) Relay drive circuit, b) Arduino uno, c) Vibration sensor d) Overall circuit schematic, ) PCB layout
(vibration net detector, f) Circuit layout on the box
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Figure 1 depicts the components needed during the development of a service sensor tool on a table tennis
net. All of these components are well assembled and fixed one another so that they can accurately detect service
faults and mitigate undesired mistakes in table tennis.

Participant

This research involves three experts who are competent in their fields, namely an electrical engineer, a
table tennis expert, and a table tennis referee. Their main role is to validate the so-called instrument through
testing stages so that its weaknesses and strengths/advantages of the designed product are known. Then, two
table tennis athletes from Gunung Pengilun were used as the initial trial data. While athletes competing in
regional sports week events throughout West Sumatra as the final trial data, which was 8 matches in aggregation.
The criteria for participants are aged between 14-17 years and have participated in several table tennis
competitions (at least in regional student sports week).

Procedure

The procedure in this study consisted of four main stages.

- Stage 1: tool design. In this process, device design, electrical circuit design, and the coding stage for the
microcontroller are carried out. The design of the tool uses a vibration sensor, which functions as a
detector when the net rubs against the ball. Three vibration sensors are installed on the net. The
sensor used is a type of SW420 vibration sensor with digital data.

- Stage 2: network creation. Implement a series of block designs that have been designed in the previous
stage, it is then implemented on a circuit board. The design of the tool is made simple, easier to use,
and placed on a table tennis system that does not yet use a net detector. We create circuit designs and
PCB layouts using the EAGLE autodeck application.

- Stage 3: programming. Coding is a sequential and repeated command line that is continuously carried
out by the microcontroller. We use an Arduino microcontroller as the main controller, which
functions as a vibration sensor data reader and processes the data based on the number of vibration
intervals. Then, the vibration interval data is converted into the form of output (digital reading).

- Stage 4: tool testing. The test was carried out with several experiments involving instrumentation
experts to find out the weaknesses and advantages of the designed tool. After that, the resulting tool
was tested for use in the field. The trial process consists of two stages, namely the initial stage and
the final stage. In the initial stage, it is carried out for two consecutive days, where the athlete serves,
and the number of times the sensor detects when the ball hits the net is counted. Furthermore, the
final stage was tested in regional student sports week matches with the same scoring system.

Statistical analysis

Validity analysis of the new product was based on descriptive statistics, namely calculating the
percentage level of the feasibility of the tool. Then, the reliability test is based on calculations from several trials
(early stage and final stage), with the criteria of the service sensor being able to detect when the service ball hits
the net.

Result
Tool Validity
Validity measurement is operationally defining the concept that is measured up to the creation of a
service sensor device on a table tennis net.
Table 1. Expert validation

Electrical Table tennis Table tennis
. . Average
Indicators engineer expert referee S
indicator
Score % Score % Score %
Arduino uno runs smoothly, receives, and
displays vibration results from the ball 4 1111 4 1111 4 1111 1111
The vibration sensor can receive the results
of the touch of the table tennis ball
smoothly, and send the results to the 4 L1 4 1111 4 L1l 1111
arduino uno
Service sensor size on table tennis net 3 8.33 3 8.33 3 8.33 8.33
Rubric tool design setup 3 8.33 4 11.11 4 11.11 10,19
Sensor layout to detect service ball 4 11.11 3 8.33 3 8.33 9.26
Instrument led size 3 8.33 3 8.33 4 11.11 9.26
Sensor circuit schematic 3 8.33 4 11.11 4 11.11 10,19
User effectiveness 4 11.11 4 11.11 3 8.33 10,19
Valid accuracy test results 4 11.11 3 8.33 4 11.11 10,19
Score 32 88.89 32 88.89 33 91.67 89.81
Maximum score 36 100.00 36 100.00 36 100.00 100.00
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Table 1 shows that the overall average percentage of expert validation is equal to 89.81% which is
presented in the following histogram below:
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Figure 2. Percentage of expert validation assessment

Figure 2 showcases the percentage of assessments from electrical engineering experts and table tennis
experts which stands at 88.89%, whereas the percentage of table tennis referees felt at 91.67%. In other words,
based on these highlighted results above, the service sensor tool on the table tennis net is feasible and fulfillsthe
requirement in order to proceed to the next step as the implementation for field trials.
Tool Reliability

After the feasibility test of the tool wasverified and fulfilled, the designed tool was tested in the field. This
stage was divided into two main stages; that is the initial and the final stage of the trials.

Table 2. Results of the initial trial

. Try the ball that Response Lights
Subject Rep. Test hits the net light on off
Initial trial Table tennis athlete 1 First day 50 times 50 times 0
Gunung Pengilun, 2 50 times 50 times 0
Padang, West $umatra, 1 The second 50 times 50 times 0
Indonesia 2 day 50 times 50 times 0
Total 200 times 200 times 0

As described in Table 2, the results of the initial trials (first and second day) with 50 trials each, the
service sensor device on the table tennis net detects when the service ball hits the net. This is indicated by the
lights on, and no lights going out when the service ball hits the net. Furthermore, the results of the final stage of
the trial showed the same results during the table tennis match of the regional student sports week, West
Sumatra, Indonesia (Table 3).

Table 3. The results of the final test of the tool

. Competitio The ball h}ts Response Lights Match
Subject the net during . .
n light on off duration
the game

1 6 times 6 times 0 5 sets
Table tennis 2 5 times 5 times 0 5 sets
Final stage trial | regional student 3 4 times 4 times 0 3 sets
sports week 4 3 times 3 times 0 3 sets
competition, 5 7 times 7 times 0 4 sets
West Sumatra, 6 6 times 6 times 0 3 sets
Indonesia 7 5 times 5 times 0 3 sets
8 5 times 5 times 0 5 sets

Total 41 times 41 times 0 31 sets

Based on data in Tables 2 and 3, it can be said that the level of tool reliability is 1.00 (very high/strong).
In other words, the service sensor tool on the table tennis net is reliable and consistent with data collection.
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Figure 3. Histogram of test results for the initial and final stages
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Figure 3 explainsthe comparison of the overall results between the initial and final stages of the trials. In
the initial stage, the total is 200 trials. While in the final stage the total number of balls touching the net during
the match amounted to 41 times.

Final Form of Product developed
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Figure 4. Final shape of the product

Figure 5. Sensor placed in a fold of white tape
The electronic components attached to the table tennis are well designed and fixed. The red Arduino
vibration sensor is mounted in a white fold of the net (Figure 5). This is intended so as not to interfere with the
course of the game/match. Then, the red lights on the side of the net pole are neatly installed to make it look
attractive. The box (Figure 4) is a series of all table tennis net sensors. The box is taped under the table tennis
court.

Discussion

Based on the results of the research we conducted, the results of the validity test from the experts met the
requirements and werein the very good/decent category. While the results of the reliability test show that the
service sensor tool on the table tennis net is reliable and consistent in data collection (all lights turn on when the
service ball hits the net).This service sensor tool is a tool for teachers (coaches) and referees when leading a table
tennis match. These results are consistent with previous research, which reported that sensor technology can help
both the learning and the training process (Bankosz & Winiarski, 2020). Other studies also reported that
technology is widely used to improve and support training, as well as develop elite and amateur sports
(Camomilla et al., 2018; Matsuwaka & Latzka, 2019; Oh et al., 2019), and thereby sports coaching must be
based on science and technology (Firdaus, 2011). Another study also states that the presence of technology can
make learning more efficient (Hussin, 2018), and help success in teaching (Shoraevna et al., 2021).

Worthy to mention also that, sensor-based technology has the characteristics of portability, low cost, and
ease of use (Sha et al., 2021). In accordance with the results of previous studies, sensor-based technology enables
to detectionof table tennis strokes in time-series data, and the classificationof each stroke into the correct type of
stroke category (Blank et al., 2015). Sensor technology can also measure the speed and spin of the ball in table
tennis (Blank et al., 2017). Another study also reports that the use of sensors allows for better and sharper data
quality (Izzo et al., 2022; Nogueira et al., 2020). Nevertheless, the measuring instrument that we developed is
inseparable from its shortcomings. In addition, our research did not reach the stage of mass production, because
it requires a company as a business partner, and requires a fairly large cost. Another drawback is that there is no
comparative instrument so far. To our knowledge, this is the first study to use a service sensor device on a table
tennis net. Therefore, we emphasize that this tool only detects service errors when the ball hits the net, not
detects service skills/movements.

Conclusions

The conclusion from the results of this present study is the design and the development of a service
sensor tool on a table tennis net. This service sensor is used to detect service errors especially when the ball hits
the net. Before getting used, this tool has been validated by experts who are competent in their fields, with a
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cumulative validity score of 89.81, or fits in the very good category. This was evidenced byits implementation in
the field. That means, the newly invented tool detects all service balls when they touch the tennis net and is
immediately responded to a lit lamp. The initial test showed that as many as 200 trials of the service ball that
touched the net were immediately responded to by a lit lamp. Furthermore, the final test showed 41 times the
service ball that touched the net during a table tennis match, also responded by a light that was on. In other
words, the service sensor device on the table tennis net can objectively assess, so it is expected to be useful in
learning (training), as well as for table tennis referees especially when leading a match. Future research based on
sensor technology is needed to assess motion errors in the implementation of table tennis services. This becomes
interesting to assess overall, both from the aspect of motion, as well as service errors when the ball hits the net.
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