Mustapha G, Mahmud J., Sulaiman W.R W.
Jurnal Mekanikal, June 2025, 48: 165-173

KINEMATICS CHARACTERISATION OF DEFLECTION
TECHNIQUE IN SENI SILAT CEKAK USING MOTION

CAPTURE ANALYSIS
Ghazirah Mustapha®*, Jamaluddin Mahmud®, Wan Ruzaini Wan Article history
Sulalmanc Received
25" November 2024
. . . . . . . . .- Revised
*Mechanical Engineering Studies, College of Engineering, Universiti 25 April 2025
Teknolggi MARA Cawangan Pulau Pinang 13500 Permatang Pauh, Penang, Accepted
Malay51a 30t May 2025
bCollege of Engineering, Universiti Teknologi MARA, 40450 Shah Alam, Published
Selangor, Malaysia 20" June 2025

°SIRIM Bhd, Kulim Hi-Tech Park, 09000 Kulim, Kedah, Malaysia
*Corresponding email: ghazirah039@uitm.edu.my

ABSTRACT

This study investigates the effectiveness and kinematics of Kaedah A, a deflection
technique in Seni Silat Cekak Malaysia (SSCM). As the scientific research on Malay
Martial Arts (Silat) is limited, this study aims to analyze the execution time of Kaedah A
and presents its kinematic profile. Twenty experienced SSCM practitioners performed
Kaedah A, which was captured using a motion capture system (Microsoft Kinect via
Cekak Visual 3D v1.0) at 30 frames per second. The captured hand positional data was
analyzed to determine the hand's trajectory, velocity, and execution time. Results
indicated that Kaedah A can be executed in less than 0.1 seconds, demonstrating its
potential for rapid self-defense. The maximum average hand velocity was 5.02 m/s.
Statistical analysis of kinematic variables, including velocity components, execution time
and elbow joint angle, revealed normal distributions. The findings of this study
contribute to a deeper understanding of SSCM techniques and its potential applications
in self-defense.
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1.0 INTRODUCTION

A punch delivers rapid force to an opponent, typically reaching its target within 0.1 seconds
[1]. Given the estimated minimum human reaction time of 0.18 seconds, effectively
defending against an unexpected punch appears to be a significant challenge. Current
research on defensive techniques is limited. Even more, previous studies have even
suggested that the techniques are inadequate for self-defense [2]. This investigation is
among pioneering effort to understand the biomechanics of Kaedah A, one of defensive
technique in Seni Silat Cekak Malaysia [3].

Seni Silat Cekak Malaysia (SSCM) is a Traditional Malay Martial Art focused on
self-defense, emphasizing defensive techniques. It trains practitioners to effectively counter
any attack. SSCM employs four primary deflection techniques (Kaedah A, Kaedah B,
Kaedah C, and Kaedah D) as the foundation of its defensive strategies. These techniques
can neutralize attacks depending on the location of the point of attack. While SSCM
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effectiveness is acknowledged by the practitioners, a scientific understanding of its
mechanics of movement remains limited. This is a common challenge not only for SSCM
but also for other combat sports like Tackwondo, where the quantification and performance
analysis of techniques, such as striking velocity and impact force, are relatively unexplored
[4]-[5]. This study aims to bridge that gap by characterizing the kinematics of Kaedah A
using motion capture analysis.

Motion capture technology allows researchers to record the three-dimensional
movement of the human body using specialized cameras and sensors [6]. Marker-based or
markerless system meticulously tracks the body's position and orientation throughout the
execution of a technique. This data is then analyzed to reveal the precise movement patterns,
velocities, and joint angles involved. In the context of Kaedah A, motion capture can
provide valuable insights into the speed and efficiency of the deflection that contribute to
its effectiveness. By employing motion capture, this quantifies the movement, allowing for
a more objective and detailed understanding of how Kaedah A works.

Most assessments in the field of martial art biomechanics studied some
characteristics such as the speed [7]— [10], execution time [11], [12] and impact force [11],
[13]-[15]. The reported characterisation as well contributes another area (structure of
movement) [16]. Classification of technique execution into phases could assist the
practitioner to enhance their understanding on how to execute the technique properly, thus
improving their physical skill [16]—[20]. In terms of martial arts style involved in the study,
common techniques selected are Tackwondo [20]-[28], Judo [29]-[31], Karate [11], [32]-
[34] and Boxing [8], [9], [35], [36]. In this aspect, should be indicated that biomechanics
research related to Silat (Malay Martial Art) biomechanics is still in its early stages and
very few in research publications.

The purpose of this study was, therefore, to 1) analyse the effectiveness of Kaedah A
based on the total time of execution and ii) to present the kinematic of the Kaedah A
performed by 20 experienced SSCM practitioner by quantifying the technique using 3D
motion capture technology. The trajectory mapping and kinematics data as well will be
used to classify the movement into phases (structure of movement). This reported work is
novel as no study on any Malay Martial Art (Silat) movement classification has been
reported. The finding was expected to provide better interpretation towards SSCM’s
philosophy on emphasizing proper technique execution instead of physical advantage
(muscular strength) to dominate a confrontation.

2.0 METHODOLOGY

To characterize the kinematics of Kaedah A, this work employed a motion capture analysis
approach.

2.1 Subjects

Twenty males (height: 168.35 + 5.90, weight: 77.35 + 21.70) were recruited from Kelas
Latihan Cekak Universiti Teknologi MARA. The subjects had been practicing SSCM,
completed the syllabus and prepared for physical test to obtain the primary certificate of
Seni Silat Cekak Malaysia (Ujian Sijil Rendah Silat Cekak). For each participant, the
anthropometric data were collected, and the subjects were required to wear tight-fitting
body garments to ascertain a better body shape recognition by the Microsoft Kinect sensor.
Informed consent was obtained and descriptive instruction about the procedures has been
given to the subjects prior to their participation. This study was approved by the UiITM
Research Ethics Committee.
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2.2 Equipment

In this work, Cekak Visual 3D v1.0 (CV3D) was utilized to provide the positional data.
CV3D was developed for the use of Seni Silat Cekak Malaysia (SSCM) practitioners (ref)
and is able to operate at a speed of 30fps. It is operated using the integration of Matlab GUI
and Microsoft Kinect. CV3D is a portable system which offers a simpler and faster set up
yet can track up to twenty body landmarks. The system is user-friendly as the installation
process is easier and does not involve placement of markers on the subject’s body. Thus, it
is expected to give better data acquisition since it does not limit the practitioner’s movement.

2.3 Data Collection

The measuring system (CV3D) was calibrated before each assessment and procedures.
Calibration is essential because it relates the output of a measuring instrument with the true
value and provides the allowable deviation from a true perspective model [37] - [39]. The
task was to characterise Kaedah A. The subjects were allotted 5-minutes stretching and
warm up session for them to prepare themselves and become comfortable with the task.
The execution was accomplished by all subjects start from a static upright standing position
and facing the sensor at a distance of > 2.5m. From this position, subjects were instructed
to perform their maximum effort of Kaedah A with imaginary incoming force (punch) at
the middle of their thorax area. To obtain optimum results and simulate real condition, the
subjects were instructed to execute Kaedah A immediately (as fast as they could) when the
command was given by the instructor. This technique was executed with the left hand as a
reaction toward an imaginary incoming force from a right-handed opponent. They were
asked to perform a thrice repetition [16] of Kaedah A to observe repeatability and each
movement was then captured by Cekak Visual 3D v1.0.

2.4 Data Analysis

Analyses of data were conducted on kinematic parameters within the range of onset of
motion and point of impact. The trajectory mapping method was performed in order to
identify time of execution (ToE) and motion representation [39]. Based on the trajectory
mapping, the initial point, t; is identified when the left hand starts moving; and the impact
point is at the intersection position, tip of the hand with the punch concentration point
(overlapping of the coordinate data). The punch concentration point was obtained using
Equation (1) below:

Xe = (B2 4 xy (1)

For each trial, the time elapsed between these two points is defined as the time of
execution of Kaedah A (ToE) as indicated in equation (2). This information is crucial as it
is one of the important aspects that gives the competitor the advantage.

At =ty — t; (2)

Kinematic data such as positional changes, velocities, acceleration and angle
of projection, were calculated based on data collected from CV3D. MATLAB function was
used to develop a function capable of analysing the motion data captured by the system.
Data processing was conducted on motion data within the range of onset of the motion and
point after impact. Point after impact was defined as the moment after contact until the
subject’s hand stops the execution. The average velocity data from the execution indicated
that either y axis or x axis component dominates due to the trajectory of the technique
executed. The most effective way to consider all axes into account is to calculate the Root
Mean Square of all three axes.
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Another kinematic variable considered in this work is the joint angle measurement
during the execution. The elbow angle for each frame was measured since it is a critical
joint movement in Kaedah A execution. The determination was made to identify whether
the rate of movement reaches and goes beyond the limited and abnormal values which could
lead to injury to the practitioner which applied the defensive technique (Kaedah A). Line
segments of the lower arm and upper arm were obtained using the coordinate data of
shoulder, elbow and wrist from the motion capture procedure.

2.5 Statistical Analysis

For the recorded parameters the means values and standard deviations (SD) were calculated
using standard statistical procedure. The Shapiro-Wilks tests were used to test the normality
distribution. All the statistical calculations were carried out with the use of MS Excel.

3.0 RESULTS & DISCUSSION

Figure 1 & 2 shows the trajectory mapping for the repetition of hand movements in sagittal
plane and in three dimensional (average). The data values were obtained from the CV3D
for Kaedah A’s left-hand execution. In order to reduce the nuisance factor, the movements
were repeated three times by each practitioner. Since the variances of the repeated data
were not significant, the average value of each data was then calculated to observe the
trajectory pattern for the execution of Kaedah A. A three-dimensional (3D) trajectory of
Kaedah A execution was also obtained using Matlab to get a better insight into multi-planar
movement of the motion.
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Figure 1: Subject hand trajectory mapping in the sagittal plane
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Figure 2: Hand trajectory during Kaedah A execution in three dimensional

3.1 Total Time of Execution of Kaedah A

The trajectory mapping graph provides the information on the initial and intersection points
for ToE calculation. The initial point is identified when the hand starts moving; identified
at t;= 0.033s and the impact point is at the intersection position of the hand with the punch
concentration point. The average value for Kaedah A time of execution (ToE) was found
to be 0.096s (less than 0.1s). The ToE obtained from the study indicates that Kaedah A met
the main criteria for a technique to be established as an effective reaction towards a punch
(the execution time must be less than 0.1s). In comparison with the total time to react for a
normal human (0.18s), Kaedah A has eliminated 0.05s which would have consisted of the
time allocated for thinking of the best reaction and reduced the time to start moving due to
the constant training. Based on the calculated average ToE (0.096s), the point of impact
point for each average trajectory (three captures) was identified.

Initial point (t;) was identified at the beginning of the hand movement, while the final
point (tf) was identified when the hand stop moving. Both points were identified by
observing the graph trajectory mapping. Whereas the impact point (tip) was identified
0.096s after the initial point.

3.2 Kinematics Description

The trajectory data was then differentiated with respect to time to obtain the velocity profile
of the hand motion. Figure 3 illustrates the positional first and second derivatives against
time graphs of the hand movement upon the execution of Kaedah A. Figure 3 demonstrates
how the hand velocities change during the execution of Kaedah A. It can be observed that
velocity starts from 0 m/s, which denotes the stance posture (in which hands are stationary
and practitioner are in preparatory phase). The graph also shows that the execution
produced a bell-shaped velocity profile, speed up at the initial phase and achieved the
average maximum velocity, Vmax ave of is 5.02 m/s.
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Figure 3: Hand position data, velocity and acceleration for Kaedah A execution

While the acceleration-time graph for Kaedah A can be described as two events.

Positive acceleration indicates acceleration in the direction of elbow flexion, while negative
acceleration indicates acceleration in the direction of elbow extension.

Statistical descriptive (mean and standard deviation, minimum and maximum) of

specific kinematic variables which is the maximum velocity (Vy, Vy,V,), Total Time of
Execution (TToE), angle of projection and joint angle (Elbow) were presented in Table 1.
The preliminary analysis (Shapiro Wilk) showed a normal distribution of all the considered
variables. All data are normally distributed (retain the null hypothesis) since the p-value >
0.05. Velocity Vi max is the velocity at which the hand approaches the imaginary target
laterally while velocity Vy max is the velocity at which the practitioner lifted his hand in
upwards direction.

Table 1: Selected kinematic parameter (Mean £+ SD) from ready position up to moment of impact

Variable Mean £SD Min to max
Total time of Execution (s) 0.096 +0.022 0.044 - 0.148
Vxmax (m/s) 2.940 +0.671 1.993 - 5.158
Vymax (m/s) 4.610 +0.549 3.875-5.989
Vzmax (m/s) 1.011 +0.534 3.004 - 3.846
Angle of projection, Bexe (°) 31.86 £2.94 23.73 -39.62
Elbow Angle, 6 min (°) 19.54 +1.36 12.12 - 28.12
Elbow Angle, 6 max (°) 78.72 £4.16 61.16 - 107.05
Elbow Angle, ROM (°) 59.19+£4.16 91.19 - 40.45

To ensure that the Kaedah A execution is safe to be executed and does not cause

strain towards the elbow of the practitioner, the elbow angle, 8 was calculated. The
calculated elbow angle and its derivation (angular velocity, angular acceleration) are
presented in Figure 4.
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Figure 4: Angular displacement, velocity and acceleration of elbow extension/flexion movement in
Kaedah A execution

The determination was made to identify whether the rate of movement reaches and
goes beyond the limit of abnormal values which could lead to injury to the practitioner
which apply the defensive technique (Kaedah A). According to the angular displacement,
velocity and acceleration profile plotted in Figure 4, the kinematic sequence of the
segmental movements in the execution of Kaedah A begin with the forearm pronation,
followed then by the forearm rotation and elbow flexion which begin at t > 0.03s. The
execution ends with elbow extension and forearm in supine position. The maximum elbow
angle and minimum elbow angle during the flex gave the maximum ROM of 60° which is
within normal functional range (30° to 130°).

3.3 Kinematic Parameter Comparison

A comparison with previous investigations reveals discrepancies in the measured total time
of execution and average maximum velocity [40]. While prior research reported a shorter
execution time of 0.060 s and a higher average maximum velocity of 5.42 m/s, the current
study reported values of 0.096 s and 5.02 m/s, respectively. Despite the use of identical
motion sensors, these variances may be due to variations in data processing software used
and numbers of respondents involved. This study expanded upon previous work by
incorporating a detailed kinematic analysis of elbow angle during extension and flexion,
providing a more comprehensive understanding of the technique's execution.

4.0 CONCLUSION

The purpose of this study was to understand the kinematic characteristics of Kaedah A4 to
demonstrate the applicability of this technique. The result and consideration presented
might be used in comparative studies and indicate a way forward for future research. It was
concluded from the findings that:
1. The objectives in analysing the efficacy of Kaedah A based on the total
execution time as well as in describing the kinematic characteristics of the
hand movement upon its execution have been successfully achieved.
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il. This work serves as an initiative in establishing data gathering and
processing methods as a form of benchmarking to generate comparable
results for future works.
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