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Abstract Tarung Derajat (TD) martial arts requires 

excellent footwork skills to support athlete performance, 

but footwork measurement in the context of TD is still 

limited to methods that are less accurate and relevant to the 

dynamic movement characteristics of this sport. Although 

sensor technology has been applied to other martial arts, 

footwork measurement instruments that are suitable for TD 

techniques, such as evasion and positional shifts in combat, 

have not been widely developed. This study aims to 

develop and validate a sensor-assisted footwork 

measurement instrument specifically designed for TD 

athletes. The initial validation process involved five 

experts in the fields of instrumentation, sports 

measurement, TD, information technology, and language, 

as well as 12 TD athletes for laboratory testing. The data 

obtained were analyzed using descriptive statistics and 

correlations to assess the feasibility of the tool. The results 

showed that the average validity score was 85 (very 

feasible) with an ICC value < p=0.05. Limited testing on 12 

TD athletes showed that this tool can provide objective 

data on the success of athletes in following the rhythm of 

the sensor movement pattern (r=0.865; p=0.007), which in 

turn can be used to improve the effectiveness of training 

and evaluation of athlete performance. This study suggests 

conducting further trials with a larger number of 

participants and involving real match conditions, as well as 

developing tools with additional sensors to improve 

training and evaluation effectiveness. 

Keywords Footwork, Tarung Derajat, Sensor 

Technology, Measuring Instruments, Tool Development 

1. Introduction

Tarung Derajat (TD) has gained international 

recognition through its participation in prestigious 
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championships such as the Sea Games and the World 

Championships organized by the International Federation 

of Tarung Derajat (IFTD) [1], [2]. To achieve success in 

the competition, TD athletes are required to have various 

interrelated performance elements, such as technique, 

tactics, physical condition, and high mental endurance [3]. 

Among the various elements that support an athlete's 

performance, physical condition is the most crucial aspect 

for executing effective and efficient movements during a 

match [4]. 

TD involves various movement techniques, such as 

punches (quick punches, inside/outside circles, hand drops) 

and kicks (front, back, side, circle, back hook), which are 

very important in achieving victory in a match [2]. TD 

championships consist of movement art and free fighting 

categories, with the free fighting category being more 

commonly held. Each free fighting competition is 

categorized based on the athlete's weight and has a match 

duration of approximately three minutes. In this short 

duration, the athlete's footwork skills play a vital role in 

maintaining body balance, moving quickly, and effectively 

dodging and attacking opponents [5], [6]. 

Footwork in martial arts refers to a series of foot 

movements that enable athletes to position their bodies, 

attack, or effectively evade their opponent's attacks [5], 

[7]–[9]. In the context of TD, effective footwork is highly 

dependent on body balance, coordination between the feet 

and hands, and speed of reaction to the opponent's 

movements. Optimal footwork allows athletes to move 

quickly in the desired direction while maintaining balance 

and readiness to attack or evade an opponent's attack [10]–

[12]. 

With the development of technology, the use of sensors 

to measure footwork in martial arts has become the right 

solution for obtaining more accurate, credible, and 

objective data. Several studies show that sensor technology 

can provide a more precise picture of an athlete's 

movements [13]–[16]. This technology has great potential 

in supporting the improvement of athletes' performance, 

both in training and in performance evaluation at the 

competition level. 

However, even though sensor technology has been 

widely applied in other sports, such as Pencak Silat, 

Taekwondo, and Karate, specific and relevant footwork 

measurements for TD are still very limited. Several 

existing footwork measurement instruments are not 

adapted to the unique characteristics of TD movement 

techniques, such as evasion and positional shifts in 

dynamic combat. For example, the tool developed by 

Damrah et al. [16] measures kicking speed in Pencak Silat 

using dynamic sensors, but this tool is not designed to 

measure more complex footwork, such as evasion or 

positional shifts in dynamic combat [16]. Similarly, the 

measurements developed by Ihsan et al. [17], which are 

only relevant to kicks in Pencak Silat, cannot be used to 

measure footwork in TD, which is more diverse and 

dynamic. Therefore, it is important to develop footwork 

measurement instruments that are more specific and 

relevant to the unique footwork techniques in TD. 

This study aims to develop a sensor-assisted footwork 

measurement instrument specifically designed for TD. 

This instrument will provide a more precise solution for 

measuring the footwork of TD athletes, while filling the 

gap in the measurement of footwork in other martial arts 

that are not relevant to TD footwork techniques. With this 

instrument, it is hoped that the effectiveness of training and 

evaluation of TD athletes' performance in the context of 

competition and training can be improved. This research 

also plays an important role in supporting the development 

of TD towards Olympic-level competition. 

2. Materials and Methods 

This study uses a Research and Development (R&D) 

approach by adopting the Borg and Gall model, which 

consists of ten steps. However, in this study, the main focus 

is on the first six steps as presented in Table 1 and Figure 1. 

Table 1.  Research stages 

Stages Description 

Needs analysis and literature review At this stage, an analysis of the needs related to measuring footwork in TD athletes was conducted 

using sensor technology, as well as a literature study on measuring footwork in martial arts. 

Initial product planning and design The tool was designed based on the results of needs analysis and literature studies. The initial 

product was designed using a pressure sensor (load cell) connected to a microcontroller system. 

Expert validation Validation was carried out by involving five experts in the fields of instrumentation, sports 

measurement, TD, information technology, and language. Assessment was given on aspects of 

design, sensor accuracy, ease of use, and relevance to TD characteristics using a scale of 1-4. 

Design revisions based on expert 

input 

Based on feedback from experts, revisions were made to the tool design, specifically to improve 

ergonomics, board size, and tool layout. 

Limited laboratory testing Limited trials were conducted on 12 TD athletes who had competed at the national level to test the 

functionality of the sensors. 

Further revisions and finalization of 

the initial design 

After testing, further revisions were made to finalize the design of the tool, which had been adjusted 

based on input from experts and test results. 
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Figure 1.  Research flow chart 

Figure 2.  Footwork measurement simulation 

This device uses pressure sensors (load cells) and an 

Arduino microcontroller to detect athletes' footwork 

patterns. The sensors are mounted on a rectangular training 

board, with each sensor point representing TD 

characteristic footwork patterns (diagonal movements and 

rotations). The design of this device also takes safety into 

consideration, using elastic materials on the parts of the 

device that interact directly with participants (see Figures 2 

and 3). 

This sensor-based footwork instrument works by 

detecting the athlete's foot movements. The steps taken in 

the test are as follows: (a) division of the foot movement 

area into four points, each measuring 1 x 1 meter; (b) the 

participant's starting position is standing on one of the 

points, with the feet crossed and shoulder-width apart; and 

(c) the participant moves their feet from one point to 

another according to the “go” instruction issued by the 

sensor. 

The measurement results are the total success of athletes 

in following the rhythm of sensor movement patterns for 

60 seconds, which are displayed on the sensor frame. The 

data obtained was analyzed using descriptive statistics and 

correlation to assess the suitability of the tool, with the 

following criteria: a score of 81-100 is very feasible, 61-80 

is feasible, 41-60 is fairly feasible, 21-40 is less feasible, 

and 0-20 is unfeasible. 
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a)                                                b) 

  

c)                                               d) 

Figure 3.  a) Design plan, b) Component assembly, c) Component box and tool program, d) Tool display when turned on 

3. Results 

In the initial stage, design indicators including 

mechanical design, programming, and control were 

determined. Simulation results showed the need for a 

specific TD footwork pattern definition, as well as 

adjustments to the design and programming of the tool to 

meet the tool development requirements. 

After the tool was developed, expert validation was 

conducted to assess various aspects using a 1–4 rating scale. 

This validation involved experts in the fields of 

instrumentation, sports measurement, TD, information 

technology, and language. Some of the recommendations 

for improvement received from the experts included (a) 

improving the appearance and size of the board to better 

suit user needs, (b) improving the layout, and (c) replacing 

the touch sensor with a load cell sensor to improve the 

accuracy of footwork measurements. Based on the 

validation results, the developed tool obtained an average 

validity score of 85, which is categorized as very feasible 

for measuring the footwork skills of TD athletes in the free 

fighting category (see Table 2). 

Table 2.  Validity of the tool 

Experts Score Description 

Instrumentation 85 Very feasible 

Sports measurement 86 Very feasible 

Tarung Derajat 90 Very feasible 

Information technology 85 Very feasible 

Language 80 Feasible 

Average 85 Very feasible 

To ensure consistency between expert assessments, an 

Intraclass Correlation Coefficient (ICC) analysis was 

performed, with an ICC value < p=0.05 (see Table 3). The 

reliability of the tool was tested to ensure that it provided 

consistent results in measuring athletes' footwork skills. 

The test results obtained a value of r=0.865 (p=0.007), 

indicating that the tool is reliable for measuring the 

footwork skills of TD athletes (see Table 4). 
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Table 3.  Intraclass Correlation Coefficient 

Indicator ICC p 

Tool design 0.871 0.007 

Sensor accuracy 0.894 0.003 

Ease of use 0.943 0.001 

Relevance to the characteristics of Tarung Derajat 0.926 0.001 

Significance (p<0.05). 

Table 4.  Reliability of the tool 

Variable n r p 

Sensor-assisted footwork skills 12 0.865 0.007 

Significance (p<0.05). 

4. Discussion 

This study successfully developed a sensor-assisted 

instrument for measuring footwork in TD athletes, 

specifically designed according to the technical 

characteristics and movements in this sport. Expert 

validation results showed an average score of 85 (very 

feasible), while inter-rater reliability showed an ICC value 

of up to 0.943 for the ease of use indicator and 0.926 for 

relevance to TD characteristics. Furthermore, the general 

reliability of the instrument in a limited trial (n=12) 

obtained a value of r=0.865 (p=0.007). These findings 

indicate that the developed instrument is feasible for 

measuring footwork in TD athletes. 

The results of this study are in line with the trend of 

applying sensor technology in martial arts and combat 

sports that has been proposed by previous literature. A 

review by Worsey et al. [18] shows that the use of 

wearable/inertial sensors in combat sports is increasing, 

but the focus is more on the quality of punches or kicks 

than on footwork. More specifically, a study by Vuković et 

al. [19] conducted research on elite karate athletes who 

used wireless kinematic sensors to measure the technical 

parameters of counterpunches in two different training 

conditions. Their results showed that the analysis of 

kinematic parameters, such as speed and acceleration, can 

be used as reliable indicators of counterpunch efficiency. 

In addition, the measurement results showed that hand 

stability was better maintained than body stability when 

performing counterpunches, where wireless sensors could 

provide more in-depth information about the kinematic and 

temporal structure of the punch development phase. This 

study emphasized the importance of a specific and 

individualized testing approach to improving athletes' 

techniques through accurate data collection [19]. 

Meanwhile, the use of technology-based training 

systems is also increasingly being adopted in various sports. 

Research by Kuo et al. [20] applied a sensor and visual cue 

system to badminton and found significant improvements 

in agility and reaction time after sensor-based intervention. 

In this study, badminton players who participated in a 

three-week training program showed significant 

improvements in reaction time and agility. This system can 

accurately record movements and response times, as well 

as simulate competitive environments [20]. These findings 

show that affordable training technology can be used to 

improve agility and visual reaction, which also has the 

potential to be applied in martial arts training with the aim 

of improving footwork and reaction skills. This 

theoretically and practically reinforces the argument that 

footwork is not just about “fast footwork,” but also about 

strategic footwork patterns, transitions, and movement 

adaptation in dynamic competitive conditions. 

The theoretical implication of this study is the 

development of a more comprehensive framework for 

understanding footwork in martial arts. This instrument 

allows footwork performance to be measured 

objectively—for example, speed of movement, body 

rotation, foot contact time with the floor, and response to 

stimuli. This enriches the literature on athletic performance, 

which has thus far focused more on kicks/punches or basic 

physical variables. For example, a recent study examining 

balance as a predictor of punching performance in boxers 

shows that dynamic balance significantly affects punching 

performance [21]. Thus, footwork—which is closely 

related to balance, transition, and speed—now has a 

measurement instrument that can be empirically tested. 

The practical implications of these findings include (a) 

coaches and TD athletes can use this tool as part of a 

program for periodic evaluation and monitoring of 

footwork. With objective data, training drills can be 

designed to improve specific areas, such as quick 

transitions from a waiting position to an attacking position, 

or effective diagonal movements; (b) training performance 

evaluations or technical changes can be measured before 

and after intervention with more valid metrics, making 

training decisions more evidence-based; (c) TD sports 

federations and institutions can consider adopting this 

sensor technology as part of national or international 

development programs, including preparation for 

higher-level competitions such as the Olympics; and (d) 

this tool also opens up opportunities for integration with 

more advanced data analysis systems, as is the trend in AI 

and sensor literature in martial arts [22]. 

This study has several limitations that need to be 

reported. First, the sample used was limited to only 12 TD 

athletes in the initial trial for instrument function and 

validity. This limits the ability to generalize the findings to 

a broader or more varied population, such as gender or skill 

level. Second, the scope of the measurements taken only 

covered gait patterns at four predetermined points and a 

duration of 60 seconds, which did not fully reflect the 

complexity of movements in TD matches, especially in 

conditions of interaction with opponents and match 

pressure. Third, the trials were conducted in a controlled 

laboratory, so ecological validity may be limited because 
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the testing was not conducted in real match situations. In 

addition, the instruments used still measure some of the 

related variables, such as the success of following the 

sensor movement pattern, while other important aspects, 

such as acceleration/deceleration, foot contact time, 

rotation angle, and foot-hand coordination, have not been 

measured directly. Finally, although initial validity and 

reliability showed good results, the design of the device, 

sensor layout, and user interface still require further 

refinement with more complex and lengthy testing. 

5. Conclusions 

This study successfully developed a sensor-assisted 

footwork measurement instrument specifically designed 

for TD athletes. This instrument demonstrated excellent 

feasibility, with an average validity score of 85 and ICC 

values of 0.871 for tool design, 0.894 for sensor accuracy, 

0.943 for ease of use, and 0.926 for relevance to TD 

characteristics. Laboratory trials involving 12 TD athletes 

showed that this tool can be used to measure footwork 

(r=0.865; p=0.007), provide accurate data, and can be 

applied in evaluating athlete performance during training 

and competition. The development of this instrument also 

fills a gap in footwork measurement relevant to dynamic 

techniques in TD. This study suggests conducting further 

trials with a larger number of participants and involving 

real match conditions, as well as developing tools with 

additional sensors to improve training and evaluation 

effectiveness. Overall, this tool has the potential to make an 

important contribution to supporting the development of 

TD athletes, particularly in the context of achieving 

international competition, especially the Olympics. 

 

REFERENCES 

[1] A. Alnedral, N. Ihsan, D. T. Mario, N. Aldani, and D. P. 
Sari, “Digital-based e-modules in Tarung Derajat martial 
arts learning at basic level,” Int. J. Hum. Mov. Sport. Sci., 
vol. 11, no. 2, pp. 306–315, 2023.https://doi.org/10.13189/
saj.2023.110207. 

[2] N. Aldani, A. Alnedral, Y. Kiram, Z. Zulbahri, D. T. Mario, 
and N. Ayubi, “Side‐kick ability in Tarung Derajat martial 
arts: Leg muscle strength and waist flexibility,” Balneo 
PRM Res. J., vol. 16, no. 3, p. 840, 2025. 
https://doi.org/10.12680/balneo.2025.840. 

[3] A. Alnedral and D. P. S. Sari, Getting to know Tarung 
Derajat better. In Eureka Media Aksara (1st edition). CV. 
Eureka Media Aksara., 2022. 

[4] A. Alnedral, S. Bakhtiar, U. Umar, and N. Aldani, 
“Training method and excellent characters of basic 
technique engineering skills,” Int. Conf. Sport Sci. Heal. 
Recreat., pp. 3–13, 2018. http://repository.unp.ac.id/id/epri
nt/21005. 

[5] T. Jung and H. Park, “The effects of defensive footwork on 
the kinematics of Taekwondo roundhouse kicks,” Eur. J. 
Hum. Mov., vol. 40, pp. 78–95, 2018. https://www.eurjhm.
com/index.php/eurjhm/article/view/449. 

[6] H. Park and T. Jung, “The effects of back-step footwork on 
Taekwondo roundhouse kick for the counterattack,” Eur. J. 
Hum. Mov., vol. 44, pp. 129–145, 2020. https://doi.org/10.
21134/eurjhm.2020.44.538. 

[7] A. H. Chen et al., “Acute effects of vibration foam rolling 
warm-up on jump and flexibility asymmetry, agility and 
frequency speed of kick test performance in Taekwondo 
athletes,” Symmetry (Basel)., vol. 13, no. 9, p. 1664, 2021. 
https://doi.org/10.3390/sym13091664. 

[8] D. T. Iwandana, A. Falaahudin, and M. Romadhoni, 
“Analysis of Tarung Derajat athletes ability Bantul 
Regency (Correlational study in terms of eye-hand 
coordination, arm length and arm power),” Int. J. 
Multidiscip. Res. Anal., vol. 06, no. 01, pp. 140–143, 2023. 
https://doi.org/10.47191/ijmra/v6-i1-18. 

[9] A. M. Lukina, F. K. Zekrin, A. P. Kozyreva, and R. V. 
Mustaev, “Footwork training model as basis for progress in 
martial arts techniques and tactics,” Theory Pract. Phys. 
Cult., vol. 2, no. 1, pp. 3–5, 2022. 
http://tpfk.ru/index.php/TPPC/article/view/118. 

[10] C. Tack, “Evidence-based guidelines for strength and 
conditioning in mixed martial arts,” Strength Cond. J., vol. 
35, no. 5, pp. 79–92, 2013. https://doi.org/10.1519/SSC.0b
013e3182a62fef. 

[11] V. M. Zatsiorsky, W. J. Kraemer, and A. C. Fry, Science 
and practice of strength training. Human Kinetics, 2020. 

[12] T. Jung and H. Park, “Contributions of body segments to 
the toe velocity during Taekwondo roundhouse kick,” Appl. 
Sci., vol. 12, no. 15, p. 7928, 2022. 
https://doi.org/10.3390/app12157928. 

[13] A. Dzedzickis, A. Kaklauskas, and V. Bucinskas, “Human 
emotion recognition: Review of sensors and methods,” 
Sensors (Switzerland), vol. 20, no. 3, 2020. 
https://doi.org/10.3390/s20030592. 

[14] N. Ihsan et al., “Sensor-based scoring system for the 
fighting category in Pencak Silat,” Retos, vol. 57, pp. 684–
691, 2024. https://doi.org/10.47197/retos.v57.105906. 

[15] R. Irawan et al., “Design of a sensor technology-based 
hand-eye coordination measuring tool: Validity and 
reliability,” Retos, vol. 56, pp. 966–973, 2024. 
https://doi.org/10.47197/retos.v56.103610. 

[16] D. Damrah et al., “A measuring tool for kick speed with 
dynamic targets: A digital-based instrument designed for 
Pencak Silat learning,” Ann. Appl. Sport Sci., vol. 11, no. 4, 
p. e1216, 2023. http://aassjournal.com/article-1-1216-en.ht
ml. 

[17] N. Ihsan, Yulkifli, and Yohandri, “Development of speed 
measurement system for Pencak Silat kick based on sensor 
technology,” J. Phys. Conf. Ser., vol. 755, no. 1, pp. 1–8, 
2016. https://doi.org/10.1088/1742-6596/755/1/011001. 

[18] M. T. O. Worsey, H. G. Espinosa, J. B. Shepherd, and D. V. 
Thiel, “Inertial sensors for performance analysis in combat 
sports: A systematic review,” Sports, vol. 7, no. 28, pp. 1–
19, 2019. https://doi.org/10.3390/sports7010028. 



1272 Sensor Technology for Measuring the Footwork Skills of Tarung Derajat: Development and Initial Validation of Instruments  

 

[19] V. Vuković, N. Koropanovski, S. Marković, A. Kos, M. 
Dopsaj, and A. Umek, “Specific test design for the in-depth 
technique analysis of elite karate competitors with the 
application of kinematic sensors,” Appl. Sci., vol. 12, no. 16, 
p. 8048, 2022. https://doi.org/10.3390/app12168048. 

[20] K. P. Kuo, H. H. Tsai, C. Y. Lin, and W. T. Wu, 
“Verification and evaluation of a visual reaction system for 
badminton training,” Sensors, vol. 20, no. 23, p. 6808, 2020. 
https://doi.org/10.3390/s20236808. 

[21] S. Dalal and M. Rathore, “Dynamic balance as a predictor 
of punching performance in elite boxers: A correlation 
study,” Int. J. Phys. Educ. Sport. Heal., vol. 12, no. 4, pp. 
513–515, 2025. https://doi.org/10.22271/kheljournal.2025.
v12.i4h.3944. 

[22] Y. Pang, Y. Wang, Q. Wang, F. Li, C. Zhang, and C. Ding, 
“Applications of AI in martial arts: A survey,” J. Sport. Eng. 
Technol., vol. 239, no. 2, pp. 301–331, 2024. 
https://doi.org/10.1177/17543371241273827. 

 




