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Kinematic and temporal parameters in different modalities of the reverse punch measured by
IMU sensors

Resume

Being able to perform the point-worth technique is a determining factor in
distinguishing between winning the championship title and experiencing failure. For that reason,
elite karate athletes are continually faced with the imperative to enhance their scoring abilities in
dynamic combat environments. To improve technique, it is necessary to adopt a novel
methodological approach based on investigation in realistic surroundings. Stepping out of the usual
laboratory setting thus demands combining a set of specific tests with a reliable measurement
device.

These requirements determined the aim of the research, which was to analyse the
technical aspects of the reverse punch aimed at the body. The technique qualities, i.e., kinematic
and temporal indicators of the punch in different modalities, were assessed by using wireless
technology in surroundings that replicated training and competition environments. The results of the
research are presented in three published studies addressing the main points of such an approach.

The findings of the first study presented in this dissertation confirmed that IMU sensor
technology is valid and discriminatory with the respect to the specific indicators of the reverse
punch and within different modalities of performance. The results of the second study revealed that
the timeline of kinematic indicators in the developmental phase of the reverse punch may be used as
predictors of the punch efficiency. In addition, the data collected from the hand indicates a tendency
to exhibit higher degrees of stability when compared to the body. The study also proposed ten
karate-specific tests with insightful placement of wireless devices on the most informative points of
the body within a multimodal experimental set-up. The third study questioned if the impact is
influenced by the conditions of execution and revealed the difference in the temporal and kinematic
variables of the reverse punch between the applied modalities. Significant correlation coefficients
were observed between the variables pertaining to body and hand measurements, with both large
and medium correlation coefficients.

Overall, this research made a contribution to understanding the kinematic and temporal
punch patterns in the developmental phase of RP in different modalities of execution as a
foundation for individual approaches to enhancing punch efficiency. Apart from that, a novel,
simple, and easy-to-use method for technique analysis was proposed. The main advantage of this
method is its in-field use, i.e., during realistic combat tasks in a common fighting environment.
Finally, such an approach can be used to improve the training and competitive practice of elite-level
karate athletes by identifying the potentially weak points in their RP execution.

Keywords: gyako tsuki; standardised testing; elite athletes; kinematic sensors; technique analysis;
acceleration; velocity; rotation angle; timeline
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KnHeMaTHUYKH U BpEMEHCKH MOKA3aTe/bH YAAPLA TjaKy 3yKH Y Pa3IH4UTHM MOAATUTETUMA
u3sBohemwa mepenu IMU censopuma

Pe3znme

dakTop KOjU TpaBH pa3ivKy u3Mel)y ocBajama IIaMIMOHCKE THUTYJIE W Iopasa je
CIIOCOOHOCT Ja ce W3Bele TeXHHWKa BpenHa MoeHa. M3 Tor pasnora, €IUTHH KapaTUCTH CY
KOHCTAaHTHO CYOYECHHM Ca 3aXTE€BOM Jila Y JUHAMHUYHOM OOpPOCHOM OKpYXCHhY IOIUXKY CBOjE
TXCHHYKE CIIOCOOHOCTH Ha BWINM HHBO. YHamnpeheme TEXHUKE 3axTeBa YyCBajakbe HOBOT
METOJIOJIOIIKOT TPUCTYNA 3aCHOBAHOT HAa HCTPAKUBAKBY Yy PEATUCTHUYHOM OKpyxkewmy. Crtora,
OTKJIOH 01 yoOu4ajeHor J1a00paToOpHjCKOT MPUCTYyIa 3aXTeBa KOMOMHOBAWkE CKyMa crenuduuHux
TECTOBa U yMoTpeOy Moy3AaHuX MepHUX ypehaja.

OBHM 3axTeBM Cy OApPEAWIM IMJb UCTPaKUBamba, Tj. AHAJIU3y TEXHUYKHX acleKaTa
ylapua gjaky 3yKu YCMEpPEHOI Ha Tejlo. TeXHHMYKM acleKTH yaapla, OJHOCHO KMHEMAaTHU4KUd U
BPEMEHCKHM IOKAa3aTe/bl y Pa3IMYUTHM MOJAIUTETUMa H3Bolema, MpOLEHEHN Ccy KopullhemeM
OeXHYHE TEXHOJIOTHjE y OKPYKEHhY CIMYHOM YCIOBHMAa TPEHHUHTa M TaKMHuYeHma. Pesynrartu
UCTPaXMBama IMPEJICTaB/CHN CYy Y TpHU IMyONMKOBaHE CTy/IHje Koje ce OaBe TJIaBHUM acCHEeKTHMa
OBOT IIPUCTYINA.

Hanasu mpBe cryauje mpeacTaB/beHEe y OBOj AMCEpTaldju mOTBpawiH cy aa je IMU
(Internal Measurement Units) ceH3opcka TeXHOJIOTHja BajJWJHA W JAUCKPUMHHATOPHA Y TOTJICIY
cienn(pMIHUX MHIUKATOPA YAApIa 2jaKy 3yKu Uy OKBUPY PAa3IMUUTUX MOJAIHTETa TIep(HOPMaAHCH.
PesynraTtu npyre cryauje cy OTKpWIM J1a c€ BPEMEHCKa JIMHUja KWHEMAaTHYKHUX [ToKa3aTesba y Ga3u
pa3Boja ynapua egjaky 3yku MOXKe€ KOPUCTHTH Kao NMpEeAuKTop epukacHocTH TexHuke. [lopen Tora,
MoJIalM MPUKYIIJBEHHU Ca IIaKe yKa3y]y Ha TeH/EHIU]Y UCIIOoJbaBamba BULIET CTeNeHa CTAOMITHOCTH Y
nopehemy ca OHUM KOjU MOTHUY ca Tena. Y CTyAWju je, Takole, NMpensokKeHO JEeCeT TEeCTOBa
cneun(UYHUX 3a Kapare, y KOMOMHAIMju ca I[OCTaB/bambeM OeXuuHux ypehaja Ha
HajuH(OpPMATUBHU]E€ TAayKe Tela, U TO y OKBUPY MYJITHMOJAIHE EKCIEPUMEHTaJIHE IOCTaBKe.
Tpeha ctynamja noBena je y NMUTame yClIoBa W3BOhEHma Ha 3aBPIIHMILYY ynaaplia, a yTBpheHa je
pa3nrKa y BPEMEHCKMM M KHHEMaTHYKHM BapHjaliama ymapua cjaky 3yku w3Mmely Momamurera
n3Bohema. YTBpheHa je 3HayajHa MOBE3aHOCT BapHjadyu (Tella U IIaKe), ca BUCOKUM U CPEIHUM
KOC(HIIMJEHTOM KOpealyje.

CyMapHO, OBO MCTpPaXMBamke IOTNPUHOCH Pa3yMEBalky KHHEMAaTHUYKAX W BPEMEHCKHX
nmapameTapa y pa3BojHO] (a3u ymapra ejaxy 3yku y pasiIddyuTUM MOJAIUTETHMa W3BOhema Kao
OCHOBE 3a MHJMBHYyaJIHH NPUCTYN y noBehamy epukacHocTH TexHuke. [lopes Tora, mpenoxkeH je
HOB, jeIHOCTaBaH U 3a yNoTpedy JIak METO/IOJIOIIKY MPUCTYIN y aHAJIM3U TexHHKe. Eberosa riaBHa
MIPETHOCT JIEXH y MOTYhHOCTH yrnoTpeOe BaH JIabOpaTOpHjCKUX YCJIOBA, OJJHOCHO Y PeaTUCTUYHUM
O6opOeHMM 3amanMMa M yoOuuyajeHoM OopOeHOM oOKpyxkemwmy. Hajzan, TakaB mpuctynm Moxe
Mo0OJBIIATH TPEHAXHY M TAKMHUYAPCKY TPAKCe EIUTHUX KapaTHCTa M TO MyTeM HICHTH(UKAIH]je
MOTEHITMjaTHUX CJIA00CTH MPUIIMKOM H3BOhema yaapua 2jaxy 3yKu.
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1. Introduction

An enhancement of sports skills is probably one of the most important requests in
the carreer of an athlete,"? irrespective of the level of competition.® The aim of the training is
what changes.? Shifting the training focus in some combat sports is possible on account of
fundamental knowledge of punches.* For that reason, the reverse punch (RP) aimed at the
body (in Japanese, gyako tsuki chudan) is perhaps the most studied karate technique. Yet, its
core kinematic elements still seem to provoke undiminished research interest.

The majority of combat sports are recognised through punching techniques.*
Although karate has much in common with various combat sports, its core concept as a
martial art sets it apart. Karate technique is built around the idea of doing as much permanent
damage as possible to an opponent. To be able to produce such harm with only one strike, the
karate practitioner needs to have reached a very high degree of expertise. The very same
intention must be demonstrated in sports fighting, but with one crucial modification: control
over the delivered technique. In sports karate, control is defined as the ability to perform a
technique according to the highest standards without injuring the opponent. Being in a score
advance is possible on account of the criteria of efficiency. No such outcome can be expected
without a stable stance as support for a point-worth technique.® Stance stability is achieved on
account of lengthening. Such stance results in a centre of gravity closer to the ground. In
addition, the scoring technique is characterised by explosive performance. In short, achieving
maximum efficiency requires optimal engagement of psychophysical capacities, effort,
attention, and energy. However, the particular demand is everything but simple to reach. The
dynamics of sports fights demand a swift movement in the fighting area, fast reactions, and
adaptation to the conditions of the fight while loading the maximum possible body mass into
the distal segment of the kinetic chain, i.e., the fist. Understanding such a multi-layered
process, which consists of demanding and simultaneous actions, is not possible without
kinematic analysis.

The researchers have mainly been trying to address this issue under strictly
controlled conditions with equipment that necessitates expertise in application. The
complexity of the human systems that act in synergy® led the researchers to combine diverse
measurement apparatuses, such as marker-based optical systems and force platforms, or
electromyography.>”™ But the extensive logistics and research funds are still the problem.
Apart from that, the biggest issue is the results gained under controlled conditions in
laboratory settings. Numerous studies have highlighted the need for measurements in an
environment that is compatible with reality, whether it is training or competition.**3
Wearable sensor technology might be the solution. Recently, these devices have become
widely used in numerous research projects. Ergonomic as they are, they provide testing in
actual circumstances and deal with the most diverse issues in connection with human
movement, regardless of whether it is elite sport, recreation, or therapy.**™° The main point is
that the sensors do not affect the movement while at the same time providing relevant data
about the monitored phenomenon.’” Despite the possibilities they provide, wireless kinematic
sensors have not yet become an integral part of combat sports research.®



2. Theoretical Approach

Karate was publicly introduced in 1922 by Funakoshi Gichin.'® On a one-century
development path, karate has transformed. Although the essence of traditional martial art is
maintained in a persistent fighting orientation, contemporary karate has evolved into a
complex sport divided into two distinguished disciplines: kata and kumite.?

RP is a cornerstone in both kata and kumite practice;*® what differs are standards
of efficiency. Kata is a predetermined sequences of actions that constitute offence and
defence activity formally organised and performed in unity.?’ Thus, the technique must
demonstrate a high level of strength and stability, along with speed in transition and a sharp
ending that emphasises its power.*" In contrast, no such predictability or prearranged series of
techniques is common for kumite — sports combat.?* Although each discipline has its own
requirements,®* the basis of the punch execution remains constant.*®

2.1  The Fundamentals of Karate Technique

In karate, basic technique training employing all conventional principles of
martial art*” is founded on a large number of repetitions at various speeds of execution (from
very slow, controlled, and with an active mind set to details to the fastest possible and
automated performance).’® From a traditional point of view, karate training takes place in
several stages.?® It is characterised by gradual mastery of the technique curriculum, which
includes stances, transitional movements, punches, kicks, blocks, and swiping technique.?*

Regardless of the practiced discipline, several points are regarded as of primary
importance in learning karate technique and therefore to the reverse punch. These points also
represent the fundamentals of competition rules in technique assessment.”® Nakayama®®
especially emphasises:

(1) Form, Balance, and Centre of Gravity: In order to kick or punch with success, the body as
a whole must work harmoniously and provide the required stability. But the centre of gravity
is constantly changing, meaning that dynamic stability ensures efficiency.

(2) Power and Speed: Concentrating maximum power at the moment of impact is the ultimate
goal. Speed, allowing good punching or kicking control, is an important element in power
application. The final outcome must be moving with maximum speed and executing
technique with full control.

(3) Concentration of Power: This principle summarises the requirement that the technique be
performed in a manner that requires application of all body parts simultaneously, in contrast
to execution with punching the arm alone, for example.

(4) Muscular Power: Engagement of the proper muscle groups and timed muscle contraction.



(5) Rhythm: Although rhythm is an important element in both kata and kumite practice, it is
especially emphasised in kata performances. Nakayama (1989) emphasises strength, speed,
and smooth transition as the three essential components of kata performance. Strength is
worth it only if it’s applied at the correct time. Speed by itself has no value if it is not
controlled. The two types of speed are recognised as important: fast execution of a single
technique as well as fast interconnection of several techniques.*®

(6) Timing: Good timing is considered to be the delivery of technique at the point when it has
the greatest potential and will likely jeopardise the opponent at the highest level.

(7) Lower Abdomen and Hips: The importance of the lower abdomen in Japan is summarised
in the concept of the tanden, which is recognised as a central area of human energy in the
region behind the navel. If the practitioner takes the correct stance, the centre of gravity will
be found in the same spot. When tanden's strength is concentrated in performing karate
techniques, the pelvis and hipbone are firmly supported by the thighs, and the torso is strongly
supported by the spine. This kind of support between the body segments creates a powerful
technique.”

These fundamentals are implemented in karate practice from the very beginning.
choko tsuki (ChT) is typically the first technique taught to students who are just starting out
karate practise. ChT is a form of the RP practiced in a natural, standing stance (in Japanese,
shizentai). The main goal of such practice is to teach the novices to be concentrated on details,
such as timely integrating the actions of one's limbs, directing the punch properly without
redundant deviations from the line of performance, and timing muscle contractions. In the
next phase, practitioners focus on the regulation of hip movement. Traditionally, it is achieved
through a variety of tasks performed in the basic stance, which is zenkotsu dachi.'® After this
point kata and kumite competitors differentiate in more specific way. Although it is relatively
uncommon to engage in solo training,? a significant emphasis in combat karate is placed on
practising against an opponent, whether utilising supplementary equipment or not, while
assuming a combat stance.

2.2  Specific Requirements of Kumite Practice

In contrast to kata, which can be considered a closed skill distinguished by the
absence of the opponent, kumite is an open-skill sport, meaning that modifications in combat
settings are constant.** Competitors fight in five weight divisions. Karate combat lasts three
minutes for both males and females,”® and it is characterised by a high level of dynamism.?®?’
The majority of karate kumite is characterised by aerobic activity, constituting 77.8% of
overall energy sources. The rest of the fight profile is composed of anaerobic alactic and lactic
sources of energy.?® In order to gain an advantage over the opponent, fighters must efficiently
deal with number of concurrent information and modify their strategies in accordance.?
Inconsistency of the combat conditions can also be recognised in the high level of fighting
intensity followed by the high speed of various actions aimed at the opponent.** Nonetheless,
the distance between the opponents is constantly changing, demanding the athletes
permanently rearrange tactics and shift between offence, defence, or counter-attack. In

3



compare to lower limb technique, punches are more frequent. This applies regardless of the
type of action.?” They are also faster in compare to kicking techniques.’® The successive
inclusion of segments of the kinetic chain (both lower and upper extremities) in the punching
technique indicates a possible range of inconsistencies in execution.***

Scorning is not an easy task. The technique performed has to be up to par with
regard to quality. That always means the highest level of energy and speed, along with
optimal timing.*® Special attention is paid to controlled power, as exceeding it can lead to
penalising the offender® and altering the outcome of the match. The ultimate goal is to
exceed the rival through more effective technique. Thus, the final objective is to design
strategies for successful training, highlightening the critical factors of technique efficiency
and control.

2.3 Technical Quality Indicators

Analysis of the combat activity at the World and European championships
showed that elite fighters mostly gain an advantage using RP. Also, they prefer scoring the
body in comparison to the head.?” RP is characterised by its constantly growing acceleration.
Within the first phase of the punch, hand speed rises to 12.5 m/s.*? RP is performed in a fudo
dachi (combat) stance. The hand delivering the technique is on the contralateral side of the leg
that is leading. As such, RP can be broken down into phases. At each stage, features emerge
that indicate a general pattern of performance. The punch has a kinetic chain that is structured
in a sequential manner. The lower part of the chain, consisting of leg joints, is the initiator of
the movement. The very first activity is associated with the rare leg ankle. Knee and hip joints
are following. The body rotates, and the upper, ipsilateral part of the chain takes the lead. The
shoulder, elbow, and wrist are involved in the movement in this order. Such structure, along
with the specifics of the human locomotion subsystems® makes the RP complex motion from
the perspective of degrees of freedom.™

Punching effectively is, therefore, difficult to achieve. Many components of
human motor control must be adjusted in a number of ways.® Linear as well as rotational
quantities help with understanding the mechanics of the movement, differentiation between
types of punches,? and skill evaluation.*®* When it comes to the reverse punch, the energy
and power that are conveyed to the opponent are directly proportional to the velocity with
which the punch is delivered.®® Thus, acceleration and velocity™>** are key elements of the
punch’s kinematic pattern. In addition, the timing of the incorporation of different body parts
into the movement's sequential structure has an effect on the punching speed as well.>%
Taking into consideration the role that the lower part of the kinetic chain plays in the delivery
of the punch,* the angular speed of the pelvis should also be taken into account.

2.4 Previous Research

Diverse aspects of the reverse punch have been investigated under numerous
performance conditions and methodological approaches.
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Analysing the reverse punch of four males with different combat backgrounds,
Stull and Barham revealed differences in the obtained kinematics. Compared to the rest of the
participants, the Shotokan karate athlete achieved the highest value of hip velocity and the
greatest horizontal hip displacement. In addition to this, peak hip, shoulder, and wrist
velocities occurred earlier in the timeline, and the average wrist velocity was the highest. The
main characteristics of the reverse punch performed by the karate athlete were: a peak hip
velocity of 1.55 m/s at 42% of the total movement time; a peak shoulder velocity of 3.21 m/s
at 53% of the total movement time; and a peak wrist velocity of 8.58 m/s at 80% of the total
movement time.*’

Chiu and Shiang investigated reaction time, attacking speed, and punch force in
elite male and female karate athletes under four different conditions regarding standing
positions. They revealed no systematic differences between straight and reverse punches. In
relation to the reaction times, forward punch (550-650 ms) needed longer than stand punch
(350-450 ms); and the attacking speeds in forward punch (2.7-3.0 m/s) were faster than stand
punch (1.9-2.1 m/s). Investigators revealed that the punch motion time and total time of
execution were related to the attacking distance. Furthermore, distance adjustment is
associated with the experience and punch style of participants. As for the sex differences,
female subjects achieved higher motion speeds in stand reverse punches.*®

In addition to the study of the effect of stance on attack-time during a karate
movement, Wang and Liu studied reverse punch under two stance conditions with 24 elite
karate competitors. They concluded that, apart from the slight difference in punch speed, it
was not significant. But, regarding attack time, combat stance influences the optimisation of
performance.®

Dworak et al. studied velocity and Kinetic parameters in punches and kicks
performed by Shotokan competitors in laboratory settings. The main findings were: punches
seem to be approximately two times weaker than kicks; regardless of being expected to be
direct perpendicularly, there is a tendency for deviation of resultant force in gyako tsuki;
punch velocity was calculated at the level of about 10 m/s, but the highest value was reached
at 12.4 m/s; punch velocity is higher than kick velocity.’

Analysing five karate athletes with different levels of performance Emmermacher
et al. concluded that acceleration is under the influence of individual characteristics in the
“pushing phase” of punch execution. They also found that techniques with the shortest
pushing times had relatively long decelerations.*

Girodet et al. used a 12-segment marker model in the kinematic and dynamic
analysis of straight punches. They found that the peak force (1745 N) was reached 5 ms after
the initial contact with the makiwara.**

Gulledge and Dapena compared mechanical factors in the reverse and three-inch
power punches performed on a padded target. The smaller velocities immediately before
impact were evidenced for the power punch (0.14 m/s) than the reverse punch (0.31 m/s), for
the whole-body centre of mass; for the arm centre of mass (2.86 m/s vs. 4.68 m/s); and for the
knuckle (4.09 m/s vs. 6.43 m/s). Also, the participants achieved a higher peak force when
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performing the reverse punch (1450 N) compared to the power punch (790 N). Nevertheless,
the linear impulse of the fist in the first 0.20 s during the contact was slightly larger in the
power punch than in the reverse punch (43.2 N-s vs. 37.7 N-s).*

Suwarganda et al. investigated if the sequence of the reverse punch under different
conditions may have an impact on kinematic parameters such as punch time, distance, and
joint velocities in nine elite karate athletes. On the basis of the linear resultant joint velocities
of the shoulder and elbow, they identified two clusters: (1) more simultaneous movement
sequence (mostly associated with female performances — 87%), and (2) more sequential
movement sequence (mostly associated with male performances — 83%). It was also found
that males achieve longer punch distances and higher peak linear resultant joint velocities for
the shoulder, elbow, and wrist. In addition to this, both male and female participants seem to
optimise their performance in terms of punch distance and peak linear resultant joint
velocities, regardless of whether the punch was performed aiming at the body or the head.*

Cesari and Bertucco tested different ways of punch execution, comparing expert
and novice performances. It was evidenced that karate experts tend to: use specific strategies
to maintain body stability; reach higher upper limb velocity, punch impulse, and have a larger
box displacement.” Kinematics analysis of karate techniques by a digital movie camera
showed that gyako tsuki is a uniformly accelerated motion. The observed acceleration was
about 63 m/s?, and the highest obtained velocity was about 13 m/s.** It was also determined
that the maximum acceleration of the wrist during a reverse punch differs when the punch is
executed with (12.297 m/s?) or without (21.252 m/s?) impact on the target. In addition to that,
in the first case, mechanical power might increase up to 8.21%, while in the case of hitting the
impact, mechanical power increases up to 25.23%.%

lonete et al. confirmed the sequential structure of the reverse punch. It was found
that the technique starts with hip movement and reaches its end when the arm is fully
extended in about 0.492 s. The highest obtained hip velocity was 0.912 m/s at 42% of total
movement time; the peak shoulder velocity was 1.700 m/s at 65% of total movement time;
and the peak wrist velocity was 5.125 m/s at 73% movement time.*

Vences Brito et al. compared the kinematic and electromyographic patterns of the
choku tsuki punch between a group of experienced karate athletes and participants without
karate backgrounds. They found that punch activity occurs within 400 ms, has near-distal end,
and the intensity of activation is greater with the arm muscles compared to the forearm. As
part of that, experience plays a great role in technical skill, meaning that karate athletes
execute the punch with smaller amplitudes (the arm — flexion and internal rotation; the
forearm — extension and pronation).’

In the extensive research Koropanovski compared characteristics of
neuromuscular function in senior male national karate team, kata, and kumite competitors.
The kinematic and dynamic characteristics of the gyako tsuki punch performed in different
modalities (in the air or on the platform; with or without withdrawing the punching fist to the
starting position; with or without stance elongation) revealed performance differences
between athletes of different specialisations. Among others, registered differences were in
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relation to punch timeline. In a comprehensive analysis, it has been observed that kata
competitors initiate their movements earlier than kumite competitors, irrespective of the
performance conditions. This observation holds true for various reference points, such as the
elbow and fist of the punching arm, the knee of the rear leg, and the ankle of the front leg.
Specifically, kata competitors commence their hand movements at approximately 30% of the
total timeline, whereas kumite competitors initiate their hand movements at around 40% of the
overall movement time. When it comes to the velocity and acceleration of the analysed points,
as well as the angular speed and acceleration of the elbow and knee, kumite athletes (in almost
all conditions) achieve a statistically significantly higher maximum velocity of the fist in
comparison to kata competitors. The same applies for the knee and ankle of the front leg
while executing a reverse punch with stance elongation. On the contrary, kata competitors
reached higher velocity and acceleration of the hip, as well as angular velocity and
acceleration of the elbow and knee. Unexpectedly, analysis revealed more disruptions in the
punch trajectory with kata athletes. As the final outcome of such differences, it was concluded
that kata specialisation leads to movement predominantly based on a simultaneous kinematic
scheme, while kumite orientation is characterised by successive kinematic schemes.™*

Using 3D accelerometry in a Virtual Instrumentation System (VIS), Urbinati et al.
measured the velocity of the gyako tsuki. The tested athletes performed the punch in the
velocity range of 6 to 6.8 m/s, but maximum values varied between 10 and 10.2 m/s.*’

Loturco et al. studied the relationship between punching acceleration and strength
and power variables. The professional karate athletes, male and female, participated in the
study where acceleration of the reverse punch was assessed in four different conditions
aiming for different goals: (1) fixed distance (aiming for maximum speed); (2) fixed distance
(aiming for maximum impact); (3) self-selected distance (aiming for maximum speed); (4)
self-selected distance (aiming for maximum impact). The main findings were: males in
comparison to females achieve higher acceleration values; different conditions and goal
orientation influence punch acceleration (executing punch from a self-selected distance
aiming for maximum impact produces higher accelerations in comparison to speed-oriented
goals and fixed distances); lower values of acceleration are obtained aiming for maximum
speed from a fixed distance than from a self-selected distance; and maximal strength and
power of the upper- and lower-body are positively correlated to punch acceleration in the
different conditions.™® The influence of distance on the effectiveness of the punch is also
evidenced in other combat sports.*® In addition to punch kinetics, it was evidenced that the
type of stance affects the punch impact force. In other words, a stance involving a larger
number of segments (and therefore greater effective mass) generates more impact force.*

Martinez de Quel and Bennett compared a group of karate athletes to a group
without karate experience to determine if expert knowledge and practice influence the
execution time of movement performed under two conditions: 1) as a reaction, and 2) as self-
initiated. On the basis of the kinematic analysis, the investigators concluded that a shorter
time to peak velocity and movement time, as well as greater accuracy of the movement, are
achieved in reactive than self-initiated movements. Even dough karate athletes reached higher
peak velocity; determined differences were not under the influence of the skill level. Also, the
study revealed no effect of the different types of auditory cues on reaction time or
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kinematics.>® Different findings were reported by Mudri¢ et al. They conducted the study with
the aim of evaluating a novel video-based method for testing reaction time (RT) in combat
karate. Elite karate practitioners consistently obtained shorter simple and choice reaction time
than the beginners regardless of stimulus.™

Fusch et al. aimed to identify and discriminate between two concepts of punch
execution: consecutive and simultaneous sequences of motion. Motion capture with 61
reflective markers and eight Vicon cameras was used, and five experienced karate athletes
participated in the study. The main finding confirmed proximal-to-distal sequencing of
maximal joint velocities in both concepts. In addition to this, differences between concepts
occurred in the range of motion; timing, maximal angular velocities, fist velocity at contact,
execution time, distance, and horizontal shift of the centre of mass. They concluded that the
main characteristics distinguishing two concepts are: (1) high pelvis momentum and
backswing of the shoulder and elbow (in the case of a consecutive sequence of motion); and
(2) shoulder involvement in the punch (in the case of a simultaneous sequence of motion).>?

In order to assess wearable system application in combat sports, Saponara
measured the kinematics of the reverse punch. Descriptive indicators showed that during
punch performance, speed is almost uniformly growing up to 12.5 m/s in the first phase of the
movement measured in the time frame of 160 ms. After the peak is reached, speed decreases
in about the same time frame. During the execution, the average recorded acceleration was 78
m/s?. The angular speed of the pelvis was also measured, and values obtained while
performing a reverse punch were 1216 rad/s.*?

Echeverria and Santos evaluated the efficacy of computer vision algorithms in
accurately detecting the various postures executed by karate practitioners during the dynamic
motions involved in kumite. Researchers took into account the high level of explosiveness,
variability of executed techniques (among which is gyako tsuki), and necessity for adaptation
during karate fights. The classification algorithms coming from realistic karate performance
situations in conjunction with non-labelled photos yielded positive outcomes. The authors
concluded that movement detection systems can be applied in karate practice.”® Venkatraman
et al. also presented an independent and unconventional Punch-O-Meter system to monitor
reverse punch speed and force. Following the identification of the optimal sensor setup and
punching site, a series of experimental tests were conducted to measure the punch force of the
gyako tsuki at six distinct speeds. However, the researchers in both studies were based on
laboratory conditions.>® However, the researchers based the tests on laboratory conditions.

The purpose of the research that was carried out by Quinzi et al.was to investigate
the reliability of the correlation between lower limb maximal power and punch speed. This
was to be done not only for individual actions, but also for a combination of kizami tsuki and
gyaku tsuki in situations that were either static or dynamic. The results of this study indicate
that there were notable associations between the maximal relative power of the lower limbs
and punch speed across all tasks and settings. These findings suggest that the relationship
between lower limb power and punch speed remains consistent even when considering
combinations of punching techniques performed in dynamic conditions.>



Goethel et al. studied the phase relationship between the proximal and distal joints
during the gyako tsuki punch, comparing elite and sub-elite karate athletes. The linear velocity
peak of the wrist was measured. They found that coordinated motor patterns of performance
become more stable and controlled due to experience. As a result, elite athletes achieve a
linear velocity peak of the wrist significantly higher (7.3 £ 0.8 m/s) than the sub-elite group
(6.1 £ 0.7 m/s). According to the authors, this kind of result can be attributed to the higher
optimisation of the kinetic chain in the elite group, i.e., a better intra-segment coordination
capacity. In that matter, the stability of coordinated patterns can be regarded as an element of
technical quality.®

Venkatraman and Nasiriavanaki compared the attained speed and force in gyako
tsuki performance with and without rotating the fist. The performance condition made a
difference of 3.56% in the speed of the punch: the punch performed with rotation reached
5.33 £ 0.215 m/s, and the one without rotation reached 5.52 + 0.212 m/s. Also, the force
generated in the first case was higher.*®

Quinzi et al. investigated if there is a connection between lower limb maximal
power and punch speed while performing the combined technique in static and dynamic
conditions. It was determined that lower limb maximal relative power and punch speed are
significantly correlated regardless of task and condition applied. Besides, punch speed
observed in the study ranged between 6.28 and 7.21 m/s, but what is particularly interesting is
that the combination of punches kizami tsuki and gyaku tsuki led to an increase in punch speed
when compared to using gyaku tsuki alone. For example, a combination of punches performed
from a static position resulted in 6.69 m/s in contrast to gyako tsuki alone at 6.28 m/s, and
similar results were obtained from a dynamic position: 7.21 m/s vs. 6.47 m/s, respectively.>

Analysing elite athletes’ performance Markovi¢ et al. determined the differences
in the temporal structure of the reverse punch in relation to the achieved maximal velocity. On
the basis of the kinematic parameters and their temporal indicators, which create a
recognisable time structure, punch could be categorised as slow, average, or fast. The study
evidenced the median maximal velocity of the hand from the slowest to the fastest group as
follows: 5.72 m/s, 6.37 m/s, and 7.11 m/s, respectively.®

The objective of the study conducted by Goethel et al. was to examine and
contrast the abilities of karate athletes divided according to their competitive experience in
terms of kinematic parameters, perceptual and reaction skills as well as neuromuscular control
while performing a gyaku tsuki. The more experienced athletes demonstrated significantly
greater values in nearly all performance indicators. The elite athletes demonstrated shorter
time durations in perceptual and reaction skills. The sole notable disparity in the
neuromuscular control parameters was observed specifically during the deceleration phase. In
this phase, elite athletes exhibited a greater co-contraction index between the groups of
muscles involved in punching. In summary, the more experienced athletes demonstrated
superior reaction speed, wrist acceleration, and braking efficiency compared to the less
experienced ones, resulting in a less detectable strategy for their opponents.®’



25 Limitations of the Previous Research

As previously mentioned, the analysis of the kinematics of karate techniques is a
subject of frequent investigation within laboratory settings.”®> Athletes in these situations are
constrained in ways that are uncommon in actual combat. As a result, such surroundings may
have an impact on the technique being researched.”® The consequences are clear given that
elite sports involve subtle adjustments and reactions to changes. Aside from that, it can be
argued that there has been a lack of systematic research in the biomechanical analysis of
reverse punch. For that reason, it is hard to structure the findings and offer a complete
kinematic illustration of this technique. In particular, major problems are:

(1) Various sample and level of condition;

Differences in participant groups relate to gender and experience (including novices, regular
practitioners, elite, and sub-elite athletes), while comparison conditions mainly relate to level
of expertise,”* task orientation,***? or a combination of conditions (level of expertise-task
orientation®® or gender-task orientation'?).

(2) Different test settings that affected the kinematic factors under observation;

The aims of the studies determined various test conditions (starting position, goal orientation,
presence or absence of a target or a stimulus), which influenced the monitored kinematic
parameters. Kinematic differences in reverse punch can occur as a consequence of numerous
factors: experience,”** competitive specialization,"* overall timeline structure,® distance,
primary orientation towards maximal speed or maximal impact in professional karate
athletes,*® or self-initiation or reactive executions drown by stimuli.>

In addition to the above, probably the most important issues are:
(3) Experimental setup and task specific conditions;

Different aims of the studies determined different test conditions that influenced the
monitored kinematic parameters (executing a punch in the air, a punching pad, a wooden
beam, or a platform). In addition, diverse types of measuring equipment were applied. Just to
remind, VencesBrito et al.®® investigated the kinematic and EMG patterns of choko tsuki,
which was executed in a natural standing stance on a wooden board makiwara. Gothel et al.**
were investigating the joint-phase relationship while executing the technique. The relationship
between the proximal and distal joints was the focus of the investigation. Participants
performed a RP from the fighting stance on an instrumented target, using visual stimuli.
Audio and visual stimuli were used in the study of Martinez de Quel et al.*® and RP was
performed on a punching mitt fixed to a wooden beam in order to determine whether within-
task expertise affects execution time in reactive and self-initiated movements. In the study of
Loturco et al.,** participants, standing in a fighting stance, performed RP on the body of their
opponent, having different goal and task orientations.

(4) Diversity of punch execution phases or kinematic parameters of the segment being
studied;
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It should be emphasised that RP kinematics has been observed and analysed in the various
performance phases of execution and is influenced by experimental conditions. Meaning that
the variables of interest (linear and angular velocity and acceleration) were calculated taking
into account different referent points (pelvis, torso, shoulder, elbow, and fist), and time points
in the movement performance. Just for an example, Martinez de Quel et al.*® defined the
movement time of the reverse punch as “time elapsed from movement onset to the moment of
zero crossing in velocity” and the movement onset as “the first moment when the speed was
more than 10 mm/sec for 40 ms consecutives”, while Fusch et al.>® defined the time of the
execution of RP as the absolute time [ms] from the first movement enabling anticipation of an
attack to the instant when the punching fist hits the target” and the shift of the centre of body
mass up to 4 mm was taken as the starting point of the punch.

2.6 Sensors Application in Sport Performance Evaluation

Tracking changes in relevant performance parameters is a sports necessity enabled
by measurement.”* So, the main question is how to overcome these limitations and whether
kinematic sensors (KS) can improve the measuring process. The use of KS is rapidly
expanding in a broad field of sport (taking into account elite, high-level sport and
recreation).*> Among others, the following causes stand out as the most important:
overcoming the limitations of laboratory-based assessment and the constraints of conventional
training methods founded on coaches subjective evaluation.***#°® In order to be applicable,
KS must provide assurance of their accurate use so as to meet high standards for reliable
performance monitoring and evaluation. Such an approach leads to systematic and objective
qualitative and quantitative analyses, as well as the association of science-based knowledge
with practical application,**#32332 \which is the ultimate goal.

Studying joint kinematics in the context of actual sporting activity is a difficult
undertaking. The need to use cutting-edge approaches that have an impact on data collecting
is the underlying cause.***® Additionally, performance changes occur frequently and abruptly,
which compromises the measurement's precision.”® Further, motor tasks specific for the sport
and kinematic parameters relevant for the analysis determine the most suitable measurement
system, which always has to meet high precision criteria and reliability.* Such a system
should ensure the athlete's unrestricted movement, whether it is performed in training sessions
or competitions. This can be achieved by using ergonomic, wireless measuring instruments
characterised by enough power and appropriate measurement capabilities. 853

2.7 Sensors Application in Combat Sports

Inertial sensors are used in more than one area of combat sports studies (such as
taekwondo, judo, boxing, and karate) to enhance the training®* and competition process,®
technical modelling,®® equipment,®” execution, and technique examination 213206871
Different strategies have been used, including mounting wearable devices on athletic outfits,
athletes, or both. Nevertheless, the use of KS is not extensive.
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One of the possible explanations for the lack of such studies using KS is the
sports-specific restrictions that combat sports impose on its use. Less than 3% of studies
reviewed by Camomilla et al.'® featured combat sports. The majority of existing sensors are
rendered ineffective by high acceleration levels, quick and ballistic movements, and numerous
rotations of the engaged segments of the Kkinetic chain, as seen in combat sports
techniques.'®"? When considering the use of kinematic sensors, the specificity of soft tissues
must be taken into account. Namely, the motor task, in itself, sets certain requirements in
terms of the location and the way of placing the measuring device.'® Given all that, the topic's
intricacy becomes clear. Finally, that raises the question of reliability and applicability of
wireless sensors technology in the analysis of the combat sports techniques, particularly
punches.

In high-level sports, an individual approach is of outmost importance. Such an
approach should be directed towards a comprehensive analysis. In order for such an analysis
to be productive, it needs to be focused on the critical stages of performing the technique. On
the other hand, knowledge of impact biomechanics provides guidelines when choosing a
measuring instrument with appropriate characteristics. The operating range (OR) and
sampling frequency of the device will depend on the phase in which the kinematic quantities
are measured. In the development phase of the punch, they are lower, while at the impact, the
highest values are achieved; therefore, a higher OR is necessary. The same principle should
be applied whether the focus is on a proximal or distal segment. In terms of the gradual
growth in kinematic quantities, the phase before the impact might be regarded as
developmental.®® On the contrary, the final phase of execution is characterised by achieving
the highest acceleration values;"® hence, sensors that can register high kinematic values are
needed. Previous research in combat sports, aiming for different performance features, shows
diversity in device properties with an operating range of the accelerometer between +3 g and
+2000 g, the gyroscope from 1000 deg to 4000 deg, and a sampling frequency of up to 5000
Hz.”

Understanding the biomechanics of the technique under analysis, as well as
knowledge based on common practice, is supposed to provide a broader perspective regarding
device properties, such as the number of necessary sensors and their positioning. Of course,
the research goal issue stays open and should also be reconsidered in relation to these
requests. Different studies employed a diverse model of sensor positioning, applying one
measuring device or using a full-body model.”” But the objective is to propose a reference
body point that might provide illuminating data. Also, sensor-to-segment axis alignment is a
critical feature that should be considered when predicting joint kinematics with inertial
sensors.”® However, obtaining such data is possible only if the positioning of the device has
no impact on its output.”® To put it another way, the kinematic quantities at the specified body
attachment position must not be greater than the device's dynamic ranges. Additionally, this
means that the site must satisfy the requirements for a safe connection. In order to assure firm
connection during ballistic motion, additional fastening kit should be taken into account. Of
course, main condition is to enable athletes to perform the technique without interference’ in
the way they normally do it in training and competition.
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3. Research Problem, Subject, Aims and Tasks

The technical aspects of the reverse punch aiming at the body, the most dominant
punching technique in sports karate fights, are the research problem.

To be more specific, the subject of the research is the quality of technique across
several performance modalities.

The aim of the research is to assess the differences between the kinematic and
temporal indicators of RP in different modalities by applying the kinematic sensor technology
in realistic performance conditions.

The following research tasks arise from the above:

—  Sample recruitment;

— Sample data collection (body weight, body height, age, years of training and
competition experience, dominant fighting stance);

— Estimation of kinematic and temporal characteristics of the punch in different
performance modalities;

— Signal processing;

— Statistical data processing and analysis

3.1  Study#1

The point-worth technique is what makes the difference between victory and
defeat. In order to perform such a technique in an elite-level competition, every aspect of its
execution has to meet the highest standards that lie on the kinetic and kinematic
foundations.***

To have a comprehensive understanding of the intricacies involved in punches, it
is imperative to conduct measurements in a training setting that closely replicates real-life
conditions. A reliable instrument ought to be the first step in achieving this objective. This
necessity is especially pronounced in combat sports, where research in real combat situations
is particularly important.**3

The objective of this study was to evaluate the metric characteristics and
reliability of kinematic sensors in specifically created karate tests. Namely, the study aimed to
evaluate the reliability of kinematic sensors in accurately capturing acceleration data during
the execution of punches. The punch performed was gyako tsuki, the most common karate
technique.

3.2 Study #2

Elite karate athletes are consistently confronted with the demand to enhance their
scoring capabilities in dynamic fighting surroundings. In order to enhance technique, there is
13



a requirement for a fresh methodology approach that encompasses data collection and
comprehensive analysis of punch execution.

The potential of the Internet of Things (1oT) to offer a feasible resolution for this
intricate issue is worth considering. Yet, the specificity of combat sports as well as the high
demands of elite sports make research strategies take into account numerous
factors. 121418586372 considering the biomechanical aspects of reverse punch, the technical
characteristics of wearable kinematic devices, the dynamism of karate combat, scoring
requirements, training, and competition surroundings, this study proposes a novel method for
data acquisition.

The main aim of this study was to achieve the following objectives: (i) obtain the
relevant parameters required to improve technique by using specially designed assessments;
(i) perform a thorough analysis of the initial stage of the reverse punch as a basis for creating
an individualised training programme; and (iii) propose the specific integration of wireless
sensor devices based on the biomechanics aspects of the punch.

3.3 Study #3

There hasn't been a lot of research done on how joint motion affects the punch's
effectiveness before impact. The same can be said about the relationship that exists between
the kinematic and temporal characteristics of a reverse punch (RP), which is what ultimately
decides whether a point will be scored or not.

It is known that RP has a segmental structure.*>**"3 But impact has been the main
focus of the research up to date. Elite karate athletes exhibit faster reactions and acceleration
of the wrist, making their technique less noticeable to opponents.* They also have greater
shoulder extension and generate a high preferred velocity for joint movements.” The punch
kinematics are influenced by different task orientations and conditions of execution, such as
the primary orientation towards force or speed at a fixed or self-selected distance.’® In elite
athletes, the peak wrist linear velocity can reach up to 7.3 m/s.** Competing experience also
affects punch execution.”’

The referred studies were conducted on a diverse sample, applying a variety of
methodological approaches and not taking into account the developmental stage of the
reverese punch. Hence, the objective of the present study is focused on variability as well as
correlation between observed kinematic parameters and accompained temporal indicators of
body and hand in the initiation of the punch execution.
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4. Hypotesis

Based on a review of a previous research, the following hypotheses have been set:

HG - IMU sensor technology is valid and discriminatory with the respect to the
specific indicators of the reverse punch and within different modalities of performance.

H1 — There is a difference in the kinematic parameters in the developmental phase
of the reverse punch between the tests.

H2 — The appearance time of the kinematic events is structured in a recognisable
pattern.

H3 — There is a correlation between the kinematic and temporal parameters of the
body and hand in the developmental phase of punch.
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5. Study #1 Vukovi¢ V, Dopsaj M, Koropanovski N, Markovi¢ S, Kos A, Umek A. Metrical
characteristics and the reliability of kinematic sensor devices applied in different modalities of
reverse punch in Kkarate athletes. Meas J Int Meas Confed. 2021;177.
https://doi.org/10.1016/j.measurement.2021.109315

This study addresses the problem of data acquisition under the realistic sports
settings. The study's objective is to assess the metrical properties and the accuracy of the
measurement tools used in particular karate assessment. The need to perform kinematic
measurements under the same or as close to conditions as training and competition is the main
motive for this research.

5.1 Introduction

Karate and boxing, as well as some other combat sports, have its own specifics,
but their common and most prominent characteristics are punches.* In addition, the karate
technique incorporates a martial art philosophy that is summarised in the idea of one lethal
strike. Obviously that cannot be the outcome of the sports fight, even though this intention has
to be recognised and controlled in the pointing technique. Only efficient technique is point
worth. Such a technique is supported by the appropriate stance with the centre of mass closer
to the ground, achieved on account of the length.® Fighter is at constant pressure to focuses all
their potentials and regrouping them in a limited time. As a result, technique is performed in a
time interval measured in milliseconds. Without kinematic analysis, it is impossible to
comprehend such a complex process. The researchers combined various measurement
tools®>*1%%%7¢ due to the intricacy of the human systems that interact with one another.® Such
an approach required that research be conducted in the laboratory with the equipment that
needs application expertise. The problem lies in the limited application of such a method.
Namely, it is impossible to obtain data in conditions that correspond to a realistic fighting
environment. Some researchers, nonetheless, underline the significance of the data acquisition
in training and/or competition settings.**** Technology utilising wearable sensing could be
the answer. Increased application of inertial measurement units (IMUs) has made them an
integral part of performance analysis in sport science.***® Although the sensor specifications
recommend these measuring instruments for valid and reliable data collection, combat sports
science has not yet fully embraced wireless kinematic technology.*®

IMUs are used to improve training method® and competition practice,®
performance analysis and technique evaluation,>***%7"* equipment,%” and technical
modelling® in a variety of combat sports studies. Various methods have been employed.
Depending on the aim of the study, mounting method differs. Wearable sensors are used on: i)
fighting equipment, ii) fighters, iii) or combining both. Fallowing kinetic and kinematic
quantities were recognised as important in combat sport studies: translational and rotational
accelerations, force and angular velocities.***®® Acceleration is identified as a primary factor
enhancing efficiency of karate punching technique. Additionally, dependence of acceleration
and upper- and lower-body strength and power is verified under various conditions.™
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Karate can be characterised as an open skill. Such a classification indicates the
nature of the sports fight (common use in Japanese language — kumite), which is reflected in
the constant changes in the conditions imposed by the competitors. Fighters must effectively
manage multiple concurrent pieces of information in order to progress against their opponent
and adjust their tactics as necessary.?’ The unpredictability of the fighting conditions is
reflected in constant shifting between the different types of actions performed from the
various distance. Nonetheless, the high frequency and speed of techniques remains the most
dominant feature of the karate fight."* Regardless of the modality of scoring, punches are the
most frequently used technique.”” One of the reasons might be that kicking techniques
demand more time to execution.’® That doesn’t necessarily mean that they are easier to
perform. Gradual integration of the bodily segments in the punch, as well as their
coordination pattern, suggests a potential range of performance variability.*** The punch
pattern consists of a sequence that is initiated with movement of the rear leg ankle and is
followed by the inclusion of the knee and hip. The final points of the kinetic chain are located
in the upper limb performing the punch, in this order: shoulder, elbow, and wrist. Human
system is complex structure that acts in synergy. Human locomotion depends on each and
every one of them, and their specifics affect the movement.® In terms of complexity and the
issue with degrees of freedom,®! punches demand caution in the analysis. Researches support
these assumptions in various ways. It is founded that technique execution is affected by
experience’’ or conditions of performance (such as being able to choose the time® of
execution, distance, or goal®).

Elite karate athletes most commonly use RP (in Japanese language gyako tsuki),
as a pointing technique. The rate of occurrence is more than 60% of the time. Also, RP aiming
the opponent’s torso in comparison to RP aiming the opponent’s head is more frequent at
world and European level competitions.?” On the base of the evidence it can be argued that RP
is punch with consistent acceleration. Also, in the first 160 ms of the punch execution, the
hand speeds up to 12.5 m/s.> A combat stance (fudo dachi) is used to deliver the reverse
punch. The leading arm takes the guard while the punch is executed with the back hand.
Through particular phases of RP, movement patterns can be established. Features that reveal a
general pattern of performance appear at each step enabling the analysis. In this process, it is
important not to forget the combined influence of different factors on RP. As a consequence,
kinematic parameters like acceleration may be impacted by changes in the movement pattern.

The study aimed to assess the metrical properties and reliability of Kinematic
Sensors (KS) in particularly designed karate tests. The goal was to evaluate the reliability of
KS in acquiring acceleration data during RP, the most frequent scoring karate technique. This
advanced technology is crucial for predicting biomechanical system trajectory and behaviour,
making it essential for training and competition.”"

5.2 Materials and Methods

In the current study, KS technology has been used to quantify segmental
acceleration in various modalities of the reverse punch executed by karate practitioners.

17



5.2.1 The Research Sample

A Serbian national karate team took part in the study. The fourteen male athletes,
senior and cadet, were selected. Such a choice was made on account of the rules of the karate
competition, which equalise them in terms of scoring. Practically, it means that the technical
standards are what determine whether or not a point is given, not the competitors' ages.?

The sample's basic features included age of 17.53 + 3.02 years, height of 1.78 +
0.10 m, and body mass of 70.31 + 15.67 kg. At the time of the research, all participants were
in good health, free from any injuries, and engaged in frequent practise.

All participants completed written informed consent forms following thorough
explanations of the study's risks and benefits. The study was carried out in accordance with
the ethical principles outlined in the Declaration of Helsinki, and it received approval from the
Faculty of Sport and Physical Education's Ethics Research Committee (Project 11147015,
Protocol No. 484).

5.2.2 Measurement Methods

Field testing was performed by the same qualified examiners. Before the testing,
participants went through a 15-minute standardised warm-up. Tests were performed from a
front-left stance without any additional movement apart from what was foreseen by the test.
RP was performed with the right hand, taking into account the fact that it was the dominant
hand.

To enhance test control and identify punch phases, two GoPro HERO 6 and
Logitech C920 HD PRO cameras were used to capture the execution of RP in all stages,
anteriorly and posteriorly. Participants were positioned two metres from the cameras, which
were mounted on a tripod and 1.3 metres off the ground.

The three WKF experienced referees oversaw and evaluated the technique
performance subjectively. Only punches that met strict technical requirements (i.e., were
executed in a way that was worth points) were considered and subjected to further analysis.

Participants underwent a test consisting of three consecutive punches performed
in three different ways:

(1) Participants in the gyako tsuki chudan test without hip rotation (GTCNH) stood in a
basic left stance. The zenkotsu dachi comprises back leg straight and hips at a 90-
degree angle. While the right arm was in flexion, the left arm was at rest alongside and
close to the torso. The right arm was at a 90-degree angle and resting on the body.
Participants maintained their starting position and executed three consecutive punches
5 s after hearing a signal.

(2) Participants in the gyako tsuki chudan test with hip rotation (GTCH) stood in a left
combat stance. The fudo dachi comprises back leg bended, and both hips positioned at
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the angle relative to the direction of stance orientation and movement path. The guard
was adopted. The athletes were able to execute a punch that included the whole kinetic
chain with the features mentioned above thanks to their stance and arm position. The
remainder of the testing procedure was identical to the first test.

(3) Participants in the gyako tsuki chudan test with motion (GTCIM) kept the same initial
position as in second test. Athletes were asked to conduct three successive punches in
motion. During the punch execution, athletes were sliding forward and back relative to
the starting position.

5.2.3 Devices

Two wireless devices were used in study and such reasoning was based on
biomechanical knowledge. They were positioned as follows: 1) on the trunk of an athlete,
corresponding with the centre of gravity (the exact location was within the second and third
lumbar vertebrae); 2) on a punching fist within the second and fourth osseous metacarpals
(Figure 5.1: (a) and (b), respectively). For a certain application, it was determined that the
combination of presented positions was the most advantageous and instructive. Fastening kit
was used for safe positioning and high output.”* In addition, it has to be stated that different
devices orientation was irrelevant due to 3D unit with equivalent axes responsiveness.

The signal coming from KS were timed with the ones coming from video
cameras. For that purpose the LabView application was used. Acquired data was saved in
files on a personal computer, waiting for analysis. The 6DoF IMU sensor LSM6DS33 had
buil-in absolute orientation sensor BNOO55, dynamic range of accelerometer +/- 16g and, DR
of gyroscope +/- 2000 dps. While the sampling frequency of KS attached to the hand was 200
Hz, the one attached to the back was lower, 100 Hz. The acquired data is read and transferred
by the microcontroller using an incorporated WiFi module. This was done by the UDP
protocol.

Downstream processing and examination was done by the MathCAD package.
The analysis included: (a) frontal movement's primary source of hand acceleration; (b) the
absolute hand acceleration, and (c) the absolute linear acceleration of the body. The signals
are filtered with a Butterworth 5th order low-pass filter. The cut-off frequency is 40Hz. When
the hand stops, there is a strong pulse of absolute acceleration that coincides with the hand
impact. The threshold triggering method determines impact time, with a hand acceleration
threshold value of 15 gy, as determined by studies. The impact detection technique employs
unfiltered absolute hand acceleration signals, incorporating filtering delay in analysing the
temporal properties of filtered signals.

The analysis of motion variables involves shifting signals to the arm impact
moment, with a defined time window of N = 50 samples. Kinematic variables analysis
focuses on local maximum acceleration and impact time, using the same algorithm for all
three pairs of variables.
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Figure 5.2. The orientation of the devices. (a) On the hand. (b) On the trunk

5.2.4 Variables

A number of acceleration-related variables for the torso and hands were measured.
The origin for precise time measurement is chosen to be the moment of impact. The hand's
measured absolute acceleration signal is used to determine the impact time. The following six
variables are derived:

— a maximal absolute acceleration of the hand movement (AbsAccH) expressed in
standard gravity (go),
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— amaximal acceleration of the hand movement in the horizontal axis (AccHXx)

— expressed in standard gravity (go),

— a maximal absolute acceleration of the body movement (AbsAccB), expressed in
standard gravity (go),

— the time of maximal absolute acceleration of the hand movement (AbsAccH) until
the impact expressed in seconds (5),

— the time of maximal acceleration of the hand movement in the horizontal axis

—  (AccHx) until the impact expressed in seconds (s), and

— the time of maximal absolute acceleration of the body movement (AbsAccB) until
the impact expressed in seconds (5).

Figure 5.3 shows the variables that were derived from the recorded acceleration
signals in one test measurement (GTCNH, second try). In all three different modalities
(GTCNH, GTCH, and GTCIM), the obtained variables were measured in the first stage of
GTC execution, before the impact.

AccHzx AbsAecH i AbsAccB

Figure 5.3. Time is assessed in relation to the impact using recorded acceleration signals and inferred
kinematic variables (red circles). Standard gravity [go] is used to represent acceleration, while time is
stated in seconds

5.2.5 Statistical Analysis

The study used descriptive statistical analysis to analyse raw data, checking for
normality using the nonparametric Kolmogorov-Smirnov. Using a test-retest methodology,
the sport-specific dependability of Kinematic sensors was assessed over the course of three
repeated punch trials. The intraclass correlation coefficient (ICC) was calculated. Internal
consistency was assessed using Cronbach's Alpha, with reliability levels ranging from 0.50 to
0.90.% To determine how closely two variables are related, the Pearson correlation coefficient
was utilised. To determine the general association strength, the average correlation in relation
to the inter-item correlation matrix was determined. ANOVA was used to analyse any
potential differences between the observed variables. With a 95% chance of statistical
significance,®" the statistical analyses were carried out using IBM SPSS Statistics and
Microsoft Office Excel 2007.
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5.3 Results

Table 5.1 shows basic descriptive analysis. The mean = SD of GTC considering
each of the three modalities ranges between 6.967 + 1.740 go and 8.245 + 2.071 g, for the
peak of acceleration and from —0.094 + 0.021 s to —0.128 + 0.055 s for the time of occurrence.
Acceleration values for dominant axis of hand motion ranges between 4.596 + 3.120 g, and
5.158 + 3.326 g, for the peak of acceleration and from —0.078 + 0.034 s to —0.104 + 0.030 s
for the time of occurrence. The mean + SD of GTC for absolute body acceleration ranges
from 1.141 £ 0.441 go to 2.706 £ 0.780 go for the peak of acceleration and from —0.045 +
0.055 s to —0.092 £ 0.060 s for the time of occurrence.

In respect to all technique modalities, Table 5.2 shows the accuracy of the KS in
measuring the acceleration of the hand and body along with the time of occurrence. Eight
kinematic variables, or 44.4% of the total variables evaluated, showed good reliability (ICC =
0.75-0.90) in regard to the qualitative criterion of ICC significance. But for 10 kinematic
variables, or 55.6%, excellent reliability (ICC > 0.90) was verified. It's interesting to note that
the reliability values are lowest for the time of occurrence and highest for the peak of
acceleration. As can be shown in Table 5.2, the F Test with True Value O reveals that all
kinematic variables have been accurately evaluated using KS with statistical significance p <
0.001.
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Figure 5.4. shows the motion consistency and individual characteristics of an athlete
according to the applied modalities of the GTC. The individual characteristics are reflected in

the acceleration and time parameters.

GTCNH:
AccHx AbsAccH AbsAccB
ad
=02
‘{I).J ‘-5'.1 [1]
GTCH:
AccHx AbsAccH AbsAccB
10T o
‘{I).J ‘{I).l [1]
-0 -+ }
] -0.1 ]
GTCIM:
AccHzx AbsAccH AbsAccB
- 0T
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Figure 5.4. For a single subject, motion consistency and individual signature according to the three
GTC modalities (GTCNH, GTCH, GTCIM). The blue line represents average value, and the red ones

average value + 1 SD
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The study calculates average correlations between variables in three modalities
(GTCNH, GTCH, and GTCIM) and analysed variables (AbsAccH, AccHx, and AbsAccB).
Results show a higher correlation of acceleration (0.804) in compare to time (0.698). The
highest homogeneity in acceleration was found with the AccHx variable (0.959), while the
highest homogeneity in time was detected in AbsAccB (0.770). The highest summary
correlation coefficient was found between 1 vs. 2 attempts for GTCNH (0.811) and GTCH
(0.791). When comparing 2 to 3 attempts, the GTCIM's greatest summary correlation
coefficient was 0.801.

5.4 Discussion

The current study's objective was to assess the metrical properties of KS in a
particular karate test consisting of gyako tsuki performed in three different ways. The
evaluation of kinematic sensors is crucial, as they offer an innovative strategy for
understanding the kinematic patterns of karate technique. However, before their use becomes
conventional, they must be subjected to testing. The study's key results indicate that
kinematic sensors are reliable instruments and can be applied to elite athletes. To be clear,
good reliability is determined in eight and excellent reliability in ten kinematic variables in
terms of the qualitative ICC criterion (Table 5.2). A deeper look into the results shows that
the majority of the data (namely 75%) confirming good reliability is on account of the time
component. As for the excellent reliability, a slightly smaller percentage is on account of the
acceleration. Focused testing of elite athletes implies comprehending the origins of technical
variations. Although analysing technique divergence was not the goal of this study, the
results do demonstrate that it is possible to identify technique discrepancy. Figure 5.4
illustrates this point: the more intricate the structure of the motion, the more pronounced the
consistency change. This indicates that the processes of the locomotor system's adaptive
behaviour are activated in a way that engages a number of systems at once. In order to
maintain balance, it is required to resist external pressures. However, at the same time, it is
important to place the body segments in relation to one another and the surroundings and
project the centre of mass appropriately.® The study shows that caution is needed in regard to
the variability of the time variables. In comparison to acceleration, the time parameter has
lower stability. Knowing that, it is expected that the ICC will be lower or more widely spread
(Table 5.2). This also suggests that, despite the punch structural complexity, the ideal value
of acceleration will probably be attained. Nevertheless, the best moment for the peak of
acceleration is still a controversial issue. The results support the use of wearable sensors as a
reliable instrument for measuring kinematical parameters. As such, they can be used in the
detection of small and barely noticeable technical differences. Such knowledge can help in
discovering the causal relationship globally.

In general, GTCIM and AccHx (compared to the Acci.3) have the highest value
for reliability in respect to all applied modalities and examined kinematic variables, with a
difference between lower and upper bound true mean of just 0.021 g, (Table 5.2). Following
the GTCIM's excellent reliability in relation to AccHx and Acci3, GTCNH and GTCH
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likewise exhibit excellent reliability. Such findings suggest that the measurement
characteristics of wearable devices on the dominant axis of the punch are reliable. Further,
this means that athletes produce the least deviation when they execute the technique along the
prevailing axis of motion. Even the least technically proficient athlete can execute GTCIM in
a manner that results in more than 97.5% resemblance. It is logical to suppose that
techniques' variations and deviations will happen more frequently on a non-dominant plane.
This is supported by findings for the same modality in relation to vertical, lateral and
horizontal plane. Namely, reliability gets down to 75.9%. Exactly what such results suggest is
the sensitivity of the device and its’ capability to detect differences in athletes performance
with precision. It becomes more obvious that the development of a system able to accurately
measure relevant parameters of punch execution is of outmost importance. The final goal is
that the electronic system is able to precisely acquire data that differentiates athletes in regard
to technical quality. In the final stage, such findings lead to a more sophisticated training
method. Elite athletes, in order to reach and stay at the top, require an individual approach.
But above all, objective assessment is the basis for personal adaptations and training aimed at
improving a technique.”®2

As can be seen from Table 5.2, the results of the study confirmed the lowest
reliability when KS was applied in the GTCNH modality, including acceleration on the
dominant axis (relative to t;.3). A clear and precise arm movement was primarily responsible
for the reliability of 75.6%. GTC, excluding the lower body, evaluates upper limb motion
quality. An efficient punching technique is thought to primarily come from the lower body.*
Boxers and other throwing or striking athletes use their lower extremities to produce strong
punches; this is a principle seen in sports that feature obvious ballistic movements.® In terms
of GTC, movements of the hip and pelvis have an impact on a distal segment in a kinetic
chain. This influence is reflected in the change in angular velocity.” Kinematic indicators are
directly influenced by the reaction forces that the legs produce when they are conveyed from
the ground to the upper limbs.*® In this process, time plays an important role. Slower baseball
pitchers, for instance, were shown to exhibit a particular tendency as compared to those
attaining greater ball velocities. Namely, in the first case, the highest value of ground-reaction
forces is always registered sooner in the performance sequence.®® This is crucial when
considering how force and kinematic data relate to one another.

Taking into account this explanation, in the light of the GTCNH test, one can
draw the conclusion that the principal force generator is excluded from the punch, which is
documented by the results in Table 5.2. Specific test organisation and measurement settings
enable reliable inspection of the acceleration curve. Though the level of reliability varies, the
same applies to the time parameter. It can be concluded that, regarding the arm movement,
KS shows excellent reliability in relation to Acc and good reliability in relation to time.
Introducing punch modalities, which activate the whole kinetic chain, affects ICC values. As
can be seen in Table 5.2, ICC arises or becomes less widely spread. In a practical sense, this
is significant information. It is not important just to have a reliable measurement tool. It is
more important to know how to use and interpret data, especially knowing that punch
shortcomings can be covered to a certain degree. In that sense, data coming from down part
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of the kinetic chain could provide more valuable details for a wider inquiry. However,
because the kinematic devices applied in the study are sensitive to the athletes' personal
execution signatures, it can be claimed that the data gained using this method in general is
useful and instructive. These results are all the more noteworthy given the intricacy of
multimodal kinematical structures and the range of experience levels.®

It is possible to assess a number of trials in relation to modality using calculated
average correlations in relation to the ICC matrix. According to the findings, there is a
stronger association between variables related to acceleration than to time. These results
demonstrate once more that acceleration is a more trustworthy metric for identifying punch
differences. From this perspective, stability and reliability could be assigned to acceleration
as the main characteristics indicating divergence in technical performance. This can be
brought on by the athletes' experience or by unique aberrations in their Kinetic chain punch
structure. For instance, it is reported that novice fighters tend to become more rigid during the
entire motion (punch or kick).*? This type of performance slows down a punch, and the
acceleration profile shows it. The results of the current study imply that the timing of the
acceleration peak is important. However, compared to acceleration, it is a less sensitive
metric. The true meaning of this finding is that when analysing techniques, one should be
careful in the interpretation of data. Not taking into account the acceleration profile could be
misleading. Technique strategies are more likely to be masked by time, while acceleration
values more obviously show how a kinetic chain's inclusion or exclusion of segments affects
a technique. Additionally, AccHx was identified as the variable with the highest
homogeneity.

Moreover, differences are noted between the modalities. The correlations
demonstrate that finding the GTCNH's or GTCH’s ideal indicators requires two trials. In
GTCIM, 2 vs. 3 tries had the highest correlation when compared to the preceding two
modalities. The findings clearly suggest that a technique performed according to the GTCIM
requirements has to be executed three times. It is necessary in order to obtain information that
is reliable. But only the best among the three tries should be taken into account. According to
expectations, getting pertinent technique indicators for GTCNH and GTCH should require
fewer attempts; this study supports it. GTCIM is the most difficult modality to do from a
biomechanical standpoint since it has the most variables that might change how a task is
ultimately carried out, either because certain kinetic chain components are excluded or
included or because a technique is inconsistent. The last one describes circumstances in
which changes take place as a result of a different level of expertise, experience, or ability to
respond to body adjustments in a subsequent performance. Therefore, more attempts are
required to obtain more trustworthy data.

Limitation

It was not possible to stratify participants by age because of the small sample
size. Future research should consider a large number of participants, including individuals of
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various ages, levels of competitiveness, and athletes competing in both kata and kumite. In
order to comprehend the biomechanical base of the reverse punch, it would also be intriguing
to collect kinematical data from the lower part of the kinetic chain and undertake analysis that
takes into account various modalities of gyako tsuki. Future testing should incorporate other
technical modalities that closely resemble actual training and competitive settings in this
regard. To be specific, different forms of motion, a punching target of a different kind, and a
diversity of conditions may each have a varied impact on kinematic indicators.

55 Conclusion

It has to be emphasised that most research that has considered the same problem,
up to this point, has taken place in lab settings. In this aspect, there is a dearth of data based
on the actual kumite environment, as shown in the study. These findings are therefore
instructive in a number of ways. To the best of our knowledge, the existing karate practice
does not yet specifically and regularly utilise sensors. The results of this investigation suggest
that KS could be used to change such evidence. Data acquired in actual kumite environments
can be used as a basis for developing a training process. Coaches and karate competitors who
are focused on high-level performance may be interested in inexpensive, portable,
lightweight, and easy to use gadgets. In-filed collected data enables objective assessment,
aids in quantifying kinematics, and transforms data into knowledge-based and practically
useful recommendations.

The reliability of the tested kinematic sensors in this research has been proven for
the punch aimed at the body in three specific tests. The study found high statistical
significance in measurement reliability across all variables, with good reliability observed for
eight and excellent reliability for ten kinematic variables. It can be concluded that this study
helps to comprehend the patterns of technique execution, which advances professional
development and performance objectification. The KS used in this study can be seen as a
sophisticated measuring tool that successfully overcomes the limitations of combat sports.
Apart from that, these devices offer a trustworthy foundation of knowledge for effective
training planning for elite athletes. The presented wearable devices are highly reliable and
applicable, but above all, easy to use.
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6. Study #2 Vukovi¢ V, Koropanovski N, Markovi¢ S, Kos A, Dopsaj M, Umek A. Specific
Test Design for the In-Depth Technique Analysis of Elite Karate Competitors with the
Application of Kinematic Sensors. Appl Sci. 2022;12(16). https://d0i:10.3390/app12168048

Karate athletes face permanent pressure to improve scoring in changing fighting conditions.
To improve technique, a novel approach to data acquisition and in-depth analysis of punch
execution is proposed. This study focuses on the developmental phase of punch and key
parameters for execution in realistic conditions, represented through ten specific tests, i.e.,
modalities of execution.

6.1 Introduction

Elite athletes maintain high training standards as they strive to consistently
outperform their previous performances. Coaches' arbitrary assessments determine the
standard training procedures. A step forward toward an advanced approach leading to
standards that overcome this traditional practice® is in-depth technique analysis. It is hard to
analyse combat sports techniques for many reasons. Some of them involve numerous and
diverse methodological approaches.”*®” The same applies to the reverse punch (RP) which is
the most frequently used technique in karate combat.?’

Elite-level karate combat is distinguished by its tendency for a variety of fighting
circumstances.® It can be argued that direct attack accounts for the greatest number of
scores.?” Nevertheless, the variety of pointing actions is not limited to that.?®?"® Therefore,
finding and using appropriate solutions is permanent.?*?° The effectiveness of an athlete's
scoring hinges on his or her capacity to adjust.?® The aggravating circumstance is that all this
happens in limited time intervals. Apart from that, the level of intensity in combat actions is
very high.289% Therefore, investigating and analysing RP in actual combat and training
settings would be advantageous in order to address the problems that, due to their complexity,
were treated independently in earlier studies.*2*3°051.66.771

The Internet of Things (1oT) might offer a suitable answer for such a challenging
issue. The field of protocols and applications, which encompasses a wide range of
interconnected computer networks, is characterised by its extensive development and quick
evolution.”? These networks offer real-time information to users, thereby replacing
conventional testing methods that necessitate specialised expertise and substantial financial
investment.*®* Motion tracking, in conjunction with movement identification systems that
utilise wireless devices, has demonstrated significant utility in various domains, including
sports, rehabilitation, and health monitoring.**%** Studies have demonstrated a wide range
of methodologies employed in the field of human activity recognition, which pertains to the
automated identification of activities through the analysis of sequential observations.® It is
crucial to comprehend that sports, particularly those at an elite level, place significant
demands on individuals in comparison to the regular daily activities of common people in
recreation.'*** Hence, the instruction of sports techniques, particularly the modification of
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established movement patterns among elite athletes, necessitates a nuanced approach, with
feedback serving as a crucial component within this undertaking. Nevertheless, it is crucial to
comprehend that sports, particularly those at an elite level, entail significantly greater
demands as compared to routine daily activities.™

The motor skill under investigation may be influenced by various factors,
including equipment and environmental limitations, particularly within laboratory
settings.”®® Moreover, the utilisation of a marker-based optical system, which is a prevalent
technology employed for motion capture, necessitates a substantial investment of time and
labour, along with the expertise of skilled professionals for its operation.*® Nevertheless, the
primary concern lies in the limited capability to accurately determine parameters such as
velocity and acceleration during rapid movements,®® such as those involved in delivering
punches. The presence of such evidence raises further inquiries concerning the validity of the
findings and their relevance to both training and competitive contexts.

It is a demanding task to analyse joint kinematics under realistic conditions of
sports performance. The reason lies in the necessity to execute techniques at the highest level,
which affect data acquisition.***® Sports performance is a process that depends on numerous
factors causing permanent modifications and, as a result, affecting the precision of the
measurement.”® In conclusion, the system should be wireless, adaptable to any surface
irrespective of the surrounding environment, ergonomic, and have adequate power and
measurement characteristics.***%%

The utilisation of kinematic sensors (KS) in combat sports is subject to extra
limitations, which can be seen as a contributing factor to the limited number of research
studies that have employed KS in this domain. Only a small proportion, specifically 2.8%, of
the total 286 papers included in the review of the application of sensors in the assessment of
athletic performance in sports focused on combat sports.*® The presence of high levels of
acceleration, quick and ballistic motions, and repeated rotations of the segments of the kinetic
chain are frequently observed in combat sports. However, these characteristics pose
challenges for the majority of currently available sensors, rendering them ineffective in
accurately capturing and measuring such movements.**” When considering the impact of
unit attachment position and type, as well as motor task and subject, on soft tissue,™® the
intricate nature of the topic becomes increasingly apparent.

Prior studies in the field of combat sport have examined several performance
characteristics, revealing a wide range of device specifications. These include an
accelerometer with an operational range spanning from 3 g to 2000 g, and a gyroscope with a
range of 1000 deg to 4000 deg. As for the maximum sampling frequency, it goes up to 5000
Hz. Various research have utilised different models for the placement of sensors, employing
either a single measuring device or a comprehensive full-body model.” The aim of this study
was to suggest a specific reference frame that could offer the necessary explanatory
information. Furthermore, it is imperative to take into account the alignment of the sensor-to-
segment axis as a crucial aspect in the prediction of joint kinematics using wearable
devices.?® However, the acquisition of such data is feasible just under the condition that the
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location of the device does not exert any influence on its output.”® In other words, it is crucial
to ensure that the kinematic quantities at the designated point of attachment of the body do
not beyond the dynamic limitations of the device. Additionally, it is critical that the selected
place satisfy the requirements for establishing a secure attachment.

In their study, Wan Idris et al.®” conducted a comprehensive analysis of various

motion capture techniques employed in combat sports. The researchers reached the
conclusion that the marker-less estimation of motion, particularly for the upper and lower
limbs, presents a significant challenge. They specifically highlighted the difficulty of utilising
a single computing unit to effectively manage and process data from multiple sensors
simultaneously. Therefore, the current study introduces a fresh methodology as a potential
alternative to conventional optical motion capture techniques, as well as earlier sensor-based
methods. The methodology relies on the utilisation of sensors positioned strategically on
predetermined locations of an athlete's physique, assessing the kinematic and temporal
aspects through meticulously devised tests.*** This approach facilitates a comprehensive
examination of technique execution under situations that are either same or similar to those
encountered during training and competition, while remaining cost-effective and user-
friendly.

The aforementioned data holds significant value as feedback for elite practitioners
of karate, since it allows for the recognition of individualised nuances in technique execution
among fighters operating at the top level of the sport.*** The examination of outstanding
individuals might enhance comprehension regarding the underlying factors that contribute to
their achievements.!® Understanding that achieving high levels of mastery requires a
challenging and intricate process, the acquisition of trustworthy and valid critical data
throughout specific phases of execution holds significant importance. From an individual
perspective, it is imperative to conduct a comprehensive examination of elite karate athletes,
with a particular emphasis on the key moments during the execution of their techniques.
While the authors acknowledge the importance of impact, which has been identified as the
most crucial stage, there is a distinct need to examine the initial phase of punch execution.
The preliminary stages leading up to impact might be regarded as developmental in nature, as
they exhibit a gradual growth in kinematic variables.®® It is a legitimate expectation that
potential variations in each phase (i.e., beginning and developing) of performance have an
impact on the ultimate result and the overall quality of the executed technique. Ultimately, it
is this factor that defines the distinction between whether a punch will be awarded points or
not.

Based on the aforementioned information, there appears to be a deficiency in
understanding the following areas: (i) the examination of the developing stage of the reverse
punch; (ii) the personalised approach to performance by high-level karate athletes; and (iii)
suggestions pertaining to the utilisation of wearable kinematic sensors in the combat sport,
i.e., karate. Hence, the primary objective of the present study was to accomplish the
following: (i) acquire the pertinent parameters necessary for enhancing technique through the
utilisation of specifically designed assessments; (ii) conduct a comprehensive analysis of the
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developmental stage of the reverse punch as a fundamental basis for designing a personalised
training regimen; and (iii) suggest the specific implementation of wireless sensor devices
based on the biomechanics of the punch. Therefore, we formulated the hypothesis that (i)
there are differences in the kinematics during the developmental phase of the reverse punch
across different modalities; and (ii) the timing of kinematic events follows a discernible
pattern.

6.2. Materials and Methods

This case study involved the examination and analysis of a highly skilled karate
athlete who has achieved notable success at both the European and World Championship
levels. The subject, who was 24 years old, had a height of 1.85 metres, a body mass of 82
kilogrammes, and had 11 years of experience, provided written agreement. Additionally, the
participant was in good health and had no injuries. The research was carried out in
accordance with the ethical guidelines outlined in the Declaration of Helsinki and received
approval from the Ethics Research Committee of the Faculty of Sport and Physical Education
at the University of Belgrade (Project 11147015, Protocol No. 484-2).

6.2.1 Variables

The process of selecting variables is informed by the understanding that
emphasises the significance of acceleration and velocity as key factors in a punch,*3* as well
as the crucial impact of the timeline of kinematic quantities on the sequential structure of the
punch.®® The kinematic and temporal variables considered to be significant for the evaluation
of robotic perception were:

— HA —maximum hand acceleration, expressed in g0;

— tHAS — time for the onset of a hand acceleration;

— tHA —time for the maximum hand acceleration;

— HV —maximum hand velocity, expressed in m/s;

— tHV —time for the maximum hand velocity;

— BV —maximum body velocity, expressed in m/s;

— tBV —time for the maximum body velocity;

— tBAS —time for the onset of body acceleration;

— BRa - maximal body rotation angle, expressed in deg.

Among the kinematic variables, three were considered primary variables and one
was classified as a derivative variable. The relationship between the velocity of the hand and
its acceleration (ax) was determined by employing a one-dimensional model of motion. The
velocity samples were determined by calculating the acceleration (ax) using the given
equation:
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Vh[N] = vh [n—1] + Ts go ax[Nn]

where v}, represents hand velocity, n denotes the sample number, Ts is the sampling interval,
go represents the acceleration due to gravity (9.81 (m/s®) and ay represents hand acceleration
(m/s?).

Temporal variables can be defined as the temporal counterparts or equivalents of
kinematic events. The presence of these events aligns with the optimal temporal organisation
within the kinetic chain and occupies a distinct position within the interconnected series of
occurrences.

6.2.2 Procedure

Following the preliminary warm-up session, the participant was verbally
instructed and demonstrated how to perform the test. The participant received instructions to
execute a RP with their dominant hand, targeting the body, at a time interval of roughly 5
seconds following the auditory cue. In two separate trials, a series of three consecutive
punches were executed, allowing for sufficient intervals of rest between each punch. The
participant exhibited right-handedness, thereby adopting one of the two initial postures: the
basic stance known as zenkutsu-dachi or the combat stance, referred to as fudo dachi. In both
cases, the initial position was left. Both positions were identified as front stances due to the
redistribution of body weight towards the front leg, accompanied by a flexed knee squarely
aligned with the ankle of the front foot. The stances' length was roughly equivalent to two
shoulder widths, with fudo-dachi being somewhat shorter. Additionally, the stances had a
width of around one shoulder width. The efficacy of the punch was evaluated across a
comprehensive range of 10 performance modalities. In addition to the initial tests, namely
RPNH (hip rotation excluded from RP execution) and RPH (hip rotation included in RP), the
other four tests were carried out under two primary conditions: static (S) and dynamic (D)
beginning positions:

— RPSM: sliding motion preceding RP;

— RPSMO: sliding motion preceding RP, with opponent as a target;

— RPSMP: sliding motion preceding RP, with partner holding chest punch
pad;

— RPSMR: sliding motion preceding RP executed on a visual signal.

In order to maintain a high level of performance in terms of scoring,
encompassing factors such as proper form, sportsmanship, intense effort, situational
awareness, precise timing, and accurate distance,? the testing procedure was overseen by
three referees of exceptional expertise and international standing. The investigation focused
exclusively on punches that adhered to the standards outlined in the competition rules.
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6.2.3 Experimental Set-Up

In this investigation, two Kinetic sensors were employed, with one attached to the
hand and the other linked to the torso (see Figure 6.1). The integration of WiFi
communication modules into the sensors of microcontrollers facilitated the acquisition of KS
data and their transmission to a distinct LabVIEW for Loops programme operating on a
laptop. The data collected from wearable devices were processed by the primary programme
loop. The experimental protocol was carefully regulated and executed in intervals of 5
milliseconds. Communication was established with the User Datagram Protocol (UDP)
across a heavily utilised Industrial, Scientific, and Medical (ISM) band. Due to the potential
for data loss associated with packet diversity, error correcting mechanisms were implemented
to replace any potentially lost samples with previously recorded values. Monitoring of the
channel's quality provided conclusive evidence regarding the validity of the results.
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Figure 6.1. The experimental equipment consisted of a pair of cameras and a laptop that were

wirelessly linked to two sensors affixed to the athlete

In order to record the tests, we used two cameras, as shown in Figure 6.1. The
cameras were situated at a distance of 2 metres from the participant and were positioned in a
lateral manner, both to the left and right of the athlete. These cameras were mounted on a
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tripod that was elevated 1.3 metres above the ground. Because of this, there was sufficient
room for the task to be carried out within the camera’s field of view, and every stage of its
execution could be photographed. The LabVIEW application took the signals it received
from a variety of sensors and synchronised them with the signal from the video camera. It
then logged all of this information into files for subsequent processing. This kind of method
provides advantages over sensor-only applications, such as the ability to combine images
from two cameras that are positioned at separate views; recognising human action in a more
complete manner; enabling the identification and differentiation of the many stages of a
movement; and recognising human action in real time.

The primary benefit of the employed methodology is in its ability to integrate
diverse sources and include heterogeneous information, including pictures and inertial data.
In order to enhance the accuracy of the information, a combination of four data modalities
was employed, all of which were synchronised temporally. The implemented approach
effectively mitigated uncertainty surrounding the acquired data, while also offering a
comprehensive examination of the methodology employed. The synchronisation of the
initiation and termination of a motion was accomplished by employing time stamps, as a
result of the disparity between the frame per second (FPS) of the cameras and the sampling
rate of the sensors. This form of synchronisation facilitated a precise evaluation of the
constant time delay between the camera and the sensor devices. The data for each technique
modality and trial were recorded and saved in two video files, one in .avi format and the other
in .MP4 format. The data from the inertial sensors were recorded and saved as .tdms files
using the LabVIEW software tool.

6.2.4 Sensor Positioning

To the best of our understanding, there is a lack of thorough research that
provides specific recommendations on the utilisation of wearable kinematic sensors for
testing purposes in the field of karate. Hence, various considerations were taken into
consideration with regards to the placement of the sensors prior to the determination of their
final positions: (i) the sequential pattern of bodily movement; (ii) the elimination of factors
that could interfere with sensor functionality and connectivity; (iii) the prevention of any
adverse impact on an athlete's performance; and (iv) the selection of a cost-effective and
budget-friendly solution. Naturally, the primary inquiry was posed: which position would
yield the most gratifying data? The choice was made by considering biomechanical facts and
empirical knowledge, which encompassed:

Kinetic chain — The Kkinetic chain is a conceptual framework that illustrates the
interconnectedness of many body parts during a punching motion. This includes the ankle of
the back leg, knee, hip, shoulder, elbow, and wrist of the punching fist (see Figure 6.2).**
The sequential movement of the lower limb is linked to the sequential movement of the upper
limb by the rotation of the pelvis, which encompasses the entire body. Hence, the centre of
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gravity point located on the torso serves as the last point of reference including all pertinent
kinetic and associated temporal occurrences inside the lowest segment of the kinetic chain.

The location with the highest level of optimality for obtaining the most
representative data — The primary objective of the proposed methodology is to obtain the
most precise data by employing a straightforward approach. This involves strategically
positioning a minimal number of sensors at the most informative locations, specifically
targeting the final optimal point in the kinetic chain for both the upper and lower extremities
of the body. The preferred choice for the upper limb, due to evident factors, is the fist.
Regarding the lower contributor to the punch, it represents the centre of gravity. The
aforementioned causes are elucidated.

A technique that is devoid of any external disturbance — In order to optimise
performance, it is imperative for the athlete to experience a state of uninterrupted focus and
freedom from any form of disturbance.'®* In essence, conducting field research under realistic
conditions is only meaningful if every aspect of its implementation aligns with the typical
training and/or performance context. To accomplish this objective, it was imperative to
scientifically ascertain the suitable placement of sensors and get input from the athletes. The
selected venue offered an environment where wearable technological devices did not impede

the athletes.

Figure 6.2. The kinetic chain involved in executing a reverse punch and the positioning of the sensors
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Sensor output — The positioning of sensors should not have any impact on the
output of the sensors.”” No issues were encountered during the test trials conducted at the
selected site. The kinematic quantities measured at the chosen attachment location of the
body did not surpass the dynamic ranges of the sensors.

Fixation - The position of the sensor has to be optimal for secure attachment and
should be able to guarantee fixation even while the explosive movement is taking place.
These requirements could be satisfied by utilising an appropriate fastening kit in conjunction
with the most advantageous sensor placement. Because of the use of a waist belt with a pouch
that fit snugly and a glove, it was possible to position the sensors securely and achieve a
higher level of output production from the sensors.”* The particular fastening kit was selected
not only for reasons of secure attachment, but also because it enabled the sensors to be kept
out of direct contact with the athlete's skin while the tests were being performed (i.e., they
were not subjected to the effects of an increased body temperature or sweat).

After a great deal of consideration, the exact locations of the sensors that were
used to measure the kinematic parameters of GTC were determined to be as follows: (a)
between the second and third lumbar vertebrae, on the back of the athlete; and (b) on a dorsal
side of the punching fist within the second and fourth osseous metacarpals. Both of these
locations can be found in Figure 6.2. Before conducting any tests, the conventional approach
to eliminating bias was implemented in the field with the intention of preserving the accuracy
of the devices. The typical interval between bias measurements was ten seconds. In the
laboratory, the sensors were given a proper calibration.

6.2.5 Data Processing and Analysis

Accelerometer signals coming from wearable sensors attached to the body and
hand were used to evaluate the athlete's performance in terms of their technical ability.
Additionally, the quality of the technique was assessed using gyroscope signals from the KS
attached to the body. In this sense, the analysis included: the principal aspect of hand
acceleration in frontal movement; the absolute hand acceleration; the linear acceleration of
the body; the absolute linear acceleration of the body; the rotation angle of the body in the
dominant axis of movement; the rotation angle of the hand in the dominant axis of
movement; the hand velocity originated from the principal aspect of hand acceleration; and
the body velocity originated from the principal aspect of body acceleration. In addition to
this, the time at which the parameters occurred was taken into consideration.

As was discussed before, the punch execution can be broken down into two
primary phases: before and after the impact. Within each of these phases, there are a number
of sub-phases that relate to acceleration, angular speed, rotation angle, and other such factors.
Through the use of the threshold-triggering approach, an abrupt change in acceleration in
relation to time was determined. The value of the hand acceleration threshold was determined
to be 15 go on the basis of the empirical data. Due to the fact that an unfiltered absolute hand
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acceleration signal was employed, the analysis of the events that matched in time must take
into account the delay caused by the filtering process.

The data underwent post-processing and analysis with the MathCAD 7 numerical
computation software. The signal analysis was conducted by applying a Butterworth filter of
5th order, namely a low-pass filter, with a cut-off frequency of 40 Hz. To mitigate the
occurrence of erroneous event detection, distinct thresholds were employed for both
acceleration and rotational velocity. The upper threshold value was 5%.%% The initial stage
in determining the factors that define technical performance involved the manipulation of
signals at the reference moment of analysis, which corresponds to an impact event. The
analysis of the signal was conducted within a time window consisting of 120 samples,
including a time period of 0.6 seconds.

6.2.6 Statistics

Descriptive statistics (MEAN = SD) is used to represent data. The data were
computed via Microsoft Excel software designed for the Windows .10 operating system.

6.3 Results and Discussion

The knowledge gap about the RP in the phase of arising kinematic and temporal
quantities was the focus of this case study. The individual technique in the investigation was
carried out by means of ten distinct tests in addition to the use of sensors. The most important
discovery made by the research was the change in the observed quantities. Proof of this
change can be observed in the findings of the test modality (Table 6.1, Figure 6.3). Even
though the emergence of the kinematic event occurred at a different point in time for each
modality, it is clear that the structure of the timeline remained essentially unchanged. The
highest hand velocity (HV) was recorded as the final event in the time sequence that was
seen. In addition, the shortest amount of time that transpired between the beginning of hand
acceleration (HA) and the maximum acceleration was observed in tests where the velocity
value of the reverse punch was the lowest.
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Hand and body velocity of RP
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Figure 6.3. Variation in the maximal velocity (m/s) of the body and hand between the ten different
reverse punch test modalities

The tests sSRPNH and sRPH, provide an explanation of the fundamental
requirements for technical performance and the capability of the karate fighter to apply them
effectively. A smooth hip rotation that allows for proper energy transfer and accurate
technique form is one of the primary needs for a good stance, in addition to stability being
one of the most important qualities.*® The study substantiated that the measured variables
exhibited an upward trend, ultimately exerting an impact on hand velocity. Testing particular
motor functions of karate athletes is done primarily with the intention of determining the
factors that contribute to variances in technique. The results of the two tests point to a distinct
shift in the athlete's performance consistency in relation to time. The investigation of the
amount to which the timeline remains inflexible is intriguing, as it is expected that an
athlete's adaptability will likely lead to the attainment of the optimal value of acceleration or
velocity. The utilisation of sensor devices revealed temporal discrepancies in the examination
procedures. The results align with prior research® and suggest that the sensors possess
sufficient sensitivity to detect alterations in movement patterns caused by variations in the
complexity of the tasks being performed. When a punch is performed in a manner that
deviates from the intended model, the outcomes indicate a shift in the positions of tHV and
tBV in the timeframe. The measurement of wearables' properties has significant importance
due to the potential detection of these differences, which are often measured in milliseconds.
This detection is made possible through the precise placement of sensors.

A similar trend is detected in the subsequent tests, albeit with varying degrees. To
gain a comprehensive understanding of the intricacy of the problem and appropriately
interpret the findings, it is imperative to collectively examine the set of static tests, namely
SRPSM, sRPSMO, sRPSMP, and sRPSMR. While these modalities demonstrate a logical
progression from earlier ones and illustrate the increasing complexity of combat scenarios in
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terms of training and competition, they suggest that HA and HV values do not have to
necessarily rise. This aligns with prior research.>***! When executing a punch in mid-air or
on a punching pad, the karate athlete achieves peak HA and HV of the highest values. In
contrast, it is evident that there is a noticeable decrease in hand acceleration and velocity
during the early stage of the punch when the athlete is performing the punch with the
intention of scoring a point on the opponent or when the execution is dependent on a visual
signal. The rationale behind these outcomes might be attributed to the test administration,
which entails a specific orientation towards achieving certain goals. The tests of SRPSM and
SRPSMP aim to imitate the training conditions in which the presence of a direct threat from
an opponent is effectively eliminated. However, the observable disparity in kinematic
parameters provides support for the execution of RP on the punching pad. The results of the
dynamic testing reveal a consistent repetition of the same pattern. This assertion is
substantiated by prior research that indicates that modifying the parameters of execution can
have an impact on an athlete's performance.’®%*1%1% previous studies have demonstrated
that altering the distance or targeting a higher impact has an impact on acceleration,**** and
our findings align with this existing body of research.

In contrast to the results obtained in prior tests, the kinematic values observed in
tests SRPSMO and sSRPSMR exhibit a decrease. This can be attributed to the fact that these
tests aim to replicate authentic combat scenarios and the act of engaging with an opponent to
a certain extent."® Indeed, it is accurate to assert that the adversary's behaviour lacks any
form of menace. However, it is reasonable to presume that such a context elicits the
activation of acquired patterns of performance. These patterns encompass the deliberate
application of force in a regulated manner towards an opponent, together with the cognitive
attributes of vigilance and foresight in anticipation of a possible response from that opponent.
Considering the previous research,’® it is prudent to approach these findings with caution.
However, it can be inferred that applied modalities prioritize speed at the expense of high
impact. The dynamic tests exhibited a consistent objective: the athlete attained greater HA
and HV in the conditions of dRPSM and dRPSMP compared to dRPSMO and dRPSMR. It is
noteworthy that body kinematics may not invariably adhere to this particular pattern.
Furthermore, it was anticipated that the outcomes of the dynamic test would demonstrate a
rise in HA and HV, however, this was not observed uniformly across all instances. In relation
to the HA, this particular purpose is evident across all tests, with the exception of dRPSMP,
wherein the attained value exhibited a reduction of 0.39 go and the velocity of the punch was
reported to be slower by 1.09 m/s. The likely reason for such a result can be attributed to a
confluence of factors, namely the interplay between training regimens and actual combat
circumstances. The identification of the lowest HA and HV in the RPSMR test, irrespective
of the starting position being static or dynamic, is to be expected. The examination possesses
a very intricate framework and necessitates the combatant to exhibit a heightened level of
focus on their adversary, while concurrently predicting and responding to their actions. The
test conducted under the given settings can be seen as a task amalgamation, encompassing
both the athlete's anticipation and reaction. Several research have raised questions regarding
the significance of reaction time in the context of karate.”®**%°1%1% However, it is worth
noting that no previous investigations have explored the kinematic and temporal dimensions
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of response preparation under the specific conditions described in this study. The findings
validate that the preferred temporal sequence of kinematic events is attained under situations
with lower variability, namely in the static test. This timeline indicates the temporal
proximity of the events to the impact, whether it is tHA, tBV, or tHV.**

Limitations of the Study

The primary objective of our study was to evaluate the developmental stage of RP
across various punch modalities conducted by a highly skilled athlete. However, examining
the kinematic and temporal characteristics of impact could offer further valuable insights and
contribute to a deeper understanding of RP. While examining exceptional individuals yields
useful insights into crucial technical aspects and enhances our comprehension of the
intricacies behind achieving achievement, future study should encompass a broader and more
diverse sample in order to draw more comprehensive conclusions. Conducting an
investigation into the disparities between male and female combatants, as well as variations
in age or competitive proficiency, would be of considerable significance. When examining
outstanding athletes, it is advisable to concentrate on a restricted set of variables and conduct
a greater number of repetitions in order to ensure that the sample is representative for a more
comprehensive statistical analysis. That kind of examination should primarily focus on the
most representative punches, specifically those with the greatest kinematic values. In
addition, a more discerning approach should also consider anthropometric measurements,
physical performance or physiological profiles, and other relevant factors. In order to conduct
a comprehensive analysis, it is advisable to exercise caution and discretion when determining
the quantity and nature of tests to be employed. It is advisable to conduct a comparative
analysis of athletes across various weight categories, while adhering to the aforementioned
parameters. Alternatively, a more extensive examination could centre on a broader range of
variables, placing emphasis on the investigation of the correlation between kinematic
quantities and their potential impact on the execution of the punch. Lastly, the impact should
also be examined.

6.4 Conclusion

The present case study offers a comprehensive analysis of a highly skilled karate
athlete, highlighting the importance of adopting a personalised strategy when addressing
training and competition matters within the realm of elite combat sports. The data that was
gathered has provided confirmation of the observed alterations in the kinematic parameters
during the conducted tests. The acceleration values and velocity of a punch exhibited
variations, indicating the athlete's adaptability to the precise parameters of the testing. The
RPSMP obtained the highest HA and HV results in both the static and dynamic tests.
Irrespective of the test employed, the temporal structure of the punch remained reasonably
consistent. This suggests that the consistent order of kinematic events can be used to predict
how well an athlete will do in the future. However, variations in HA and HV indicate distinct
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approaches to executing punches, likely influenced by the specific characteristics of the
target. The findings given in this study provide a rationale for the necessity of conducting
targeted testing and employing sensor technology in the process of data collecting. The
proposed methodology is grounded in the biomechanical and practical expertise pertaining to
karate combat. It takes into account various crucial aspects of executing a punch, including:
(1) the utilisation of the kinetic chain; (ii) the specific starting position employed,; (iii) the type
of stance adopted; (iv) the distance between the individuals involved; (v) the intended target;
(vi) the visual cues observed; and (vii) the level of complexity associated with the
performance. Moreover, the research showcased a cost-effective and user-friendly technique
that utilises merely two sensors in real-world scenarios, thereby addressing the constraints
associated with a conventional laboratory methodology. Consequently, this strategy
minimises the time and resources required for preparation, testing, and logistical
arrangements. The data acquired in this study provides a comprehensive description of the
performance of the technique, offering significant insights for enhancing practise in various
training and combat scenarios.

6.5 Patents

The fundamental concept underlying the proposed testing approach is predicated
on the notion that variations in technical complexity will result in alterations to kinematic
parameters. In other words, the incorporation of a greater quantity of body segments will
have an impact on both acceleration and velocity, specifically in relation to the performance
of the RP. To date, studies have yielded sufficient empirical support to posit that the
engagement with a particular activity or objective®***** can really influence the relevant
parameters of interest. From a biomechanical perspective, there is an observed rise in
complexity from the RPNH to the RPSMR, which is subsequently followed by the
appropriate starting position. The proposed system demonstrates reliability, ergonomic
design, optimality, and ease of use in a practical setting, thanks to the thoughtful positioning
of sensors.

The tests were conducted in compliance with multiple conditions and two initial
stances. A static position denotes that the athlete maintained a stationary posture, with their
feet securely planted on the ground in one of the two basic stances. The athlete possessed the
autonomy to select the distance and assume the starting position at their discretion, once they
deemed themselves prepared. However, once established, the athlete should refrain from
making any further movements beyond those specified by the test conditions. The concept of
the dynamic position suggests that when an athlete assumes the fudo-dachi stance, they
possess the freedom to engage in movements that are typical of combat in a sporting context.
In a single trial, a sequence of three consecutive punches is executed. The rationale behind
this phenomenon can be attributed to the imperative of athletes to swiftly adjust and
acclimatise. Consequently, athletes frequently engage in a series of uninterrupted and
temporally constrained manoeuvres including single or multiple strikes.?” The trial is
considered valid if all three punches satisfy the scoring criteria. There is a likelihood that
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certain executed RP may not reach their optimal level of effectiveness. However, it is crucial
to consider these factors as they provide evidence supporting a fighter's capacity to make
informed decisions and effectively employ techniques within the limitations of a fight. The
tests that have been suggested are:

1.

RPNH (reverse punch, no hip included): The basic stance assumed during the first
test is known as zenkutsu-dachi. In order to achieve ZD, it is necessary to straighten
the rear leg and align both hips at a 90-degree angle with respect to the direction of
the stance. The anatomical alignment of the hips in question is commonly referred to
as a front position. This particular configuration effectively excludes the down part of
punch contributor from actively engaging in and exerting an impact on the execution
of the RP. The left arm is positioned in close proximity to the torso to minimise
extraneous motion that could potentially interfere with the coordinated movement of
the opposing arm, thereby impacting the punch's acceleration. The right arm's elbow
is flexed at a 90-degree angle and is positioned in contact with the torso. The punch is
performed in a non-contact manner.

RPH (reverse punch, hip included): In the test modalities 2-10, the beginning stance is
fudo-dachi. In the context of FD, it is observed that both lower limbs are flexed at the
knee joint, while the hips are oriented at an angle with respect to the direction of the
stance. In the realm of karate, this particular hip orientation is commonly denoted as
an open position. Both upper limbs are positioned in a state of preparedness for
combat, commonly referred to as the guard position. The specific configuration
enables the incorporation of the complete kinetic chain during the execution of the
punch. The concept behind RPH suggests that athletes engage in a performance
technique including rotational movement of the hips while maintaining a fixed stance.
The punch is performed in a non-contact manner.

RPSM (reverse punch in motion): During the third test, the RP is executed in motion.
The motion that has been adopted is a combination of the usual pattern motion and the
reverse punch.?’ The execution of the punch involves the leading leg advancing
during the initiation of the movement and subsequently retracting upon completion.
By employing this method, the trajectory of the punch execution is extended. The
punch is performed in a targetless environment, without any designated marker
indicating the distance.

RPSMO (reverse punch in motion against an opponent): This modality extends upon
the previously established experimental circumstances of static position and sliding
motion, by introducing an opponent as the target. The athlete is required to modify the
distance relative to the target and execute deliberate excessive contact with the
opponent's body. The opponent remains in static position within the fighting domain,
assuming a stance indicative of preparedness for combat. Following the execution of
the punch, the athlete proceeds to slip back to their original position.
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7-10

RPSMP (reverse punch in motion against the chest punching pad): One distinguishing
factor between the present test and RPSMO lies in the nature of the target being
assessed. During the experiment, the opponent remains stationary in a fixed defensive
position, maintaining a punching pad designed for chest punches. This particular form
of target facilitates an abundance of contact and a lack of control. The participant is
obligated to revert back to the initial position subsequent to executing the punch.

RPSMR (reverse punch in motion as a reaction to a visual signal): The final test using
a stationary posture and preceding the RP entails the inclusion of an opponent. In
contrast to prior modalities, wherein the athlete would initiate a punch at their own
discretion, the RPSMR protocol requires the athlete to execute a punch upon
perceiving a visual cue from their opponent. The opponent is positioned in a state of
preparedness for combat, standing in the frontal defensive stance. Upon reaching a
state of readiness, the opponent proceeds to elevate their frontal limb in a vertical
manner, serving as a visible indication. In response to the visual stimulus, the athlete
performs a reactive movement pattern prior to returning to their original posture.

Tests 3-6 are also conducted from a dynamic position. The rationale for this
proposition is that unrestricted mobility enables an athlete to determine the optimal
distance for an offensive punch execution through requisite adaptations. A crucial
need for achieving greater punch efficiency is the establishment of a dynamic
beginning position, which facilitates the development of elevated ground response
forces.™*'%" In the context of the dynamic test involving a target, it is defined that only
the athlete executing the punch is granted the freedom to move. The opponent,
regardless of their assigned position, consistently assumes a stationary posture with
their feet firmly planted on the surface.
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7. Study #3 Vukovi¢ V, Umek A, Dopsaj M, Kos A, Markovi¢ S, Koropanovski N.
Variability and the Correlation of Kinematic and Temporal Parameters in Different
Modalities of the Reverse Punch Measured by Sensors. Appl Sci. 2023; 13(18):10348.
https://doi.org/10.3390/app131810348

The current body of research on the role of joint mobility on punch efficiency remains limited
and warrants further investigation. The aforementioned principle also holds true for the
correlation between the kinematic and temporal variables of a reverse punch (RP) that
ultimately governs the scoring outcome. Hence, the primary objective of this research
endeavour was to assess the potential impact of excluding or including body segments on
various kinematic parameters, namely acceleration, velocity, rotation angle, and timing of
execution. Additionally, this study aimed at investigating the potential correlations that may
exist among these aforementioned numbers.

7.1 Introduction

The distinction between a punch that is considered worthy of earning points and
one that does not match the criteria might be attributed to a mere few milliseconds. In
addition to the enduring modifications mandated by the karate fight® and various adaptive
interactions between the bodily systems concerned,® the correlation between the kinematic
and temporal aspects of movement appears to be a significant factor in achieving a favourable
result. From a strictly theoretical standpoint, it is imperative to focus one's attention on the
fundamental aspects of acceleration, velocity, rotation angle, and temporal factors. The
temporal parameters refer to the kinematic event taking place during the typical period of the
punch execution within the ideal time sequence. It means that the punch is executed in the
most efficient manner possible. Research on joint kinematics has typically only been
conducted in a laboratory setting.”®® The detection systems that are currently available are
often costly, and call for experienced professionals who are familiar with how to operate
them.**1%® Apart from that, they are not mobile or usable outside the environment under
strictly controlled conditions. In these kinds of environments, athletes are subjected to
constraints that are not often encountered during competition or training.”* As a consequence
of this, the motor skill that is being analysed may be affected by the limitations coming from
the equipment and the surroundings.”® On the contrary, the capture of a vast amount of
different data in situ utilising kinematic sensors (KS) makes it possible to analyse common
sports behaviours that are happening in real time. An approach such as this one generates
objective assessments, in addition to improved motion estimation.’®®*¢1% A greater
understanding of the kinematic structure of a punch would lead to a base of fresh knowledge.
The new insights might lead to improvements in technique and the practices of elite athletes,
and striking and throwing sports,® such as karate would benefit from them.

The karate these days has evolved into a widely practiced sport with two
disciplines: kata (form of predetermined techniques) and kumite (sports combat). But it still
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maintains the core of a traditional martial arts approach that is focused on fighting.”* Karate
combat is distinguished by periods with different levels of intensity that alternate with one
another. Rapid actions consist of short attacks or defensive techniques, and all together, they
are characterised by a great deal of diversity.”?®? The ultimate goal of karate combat is to
surpass the opponent with a more effective action.”® A karate match typically lasts for three
minutes and can be either an individual or team competition.” Aerobic activity makes up the
majority of the period.?° A significant portion of karate fight time elapses in dynamic
movements such as preparatory motions for offence or alteration in order to be successful in
defence.?®?” Competitors will perform scoring actions during brief intervals of anaerobic and
lactate-producing exertion. In order to earn the point, the performed technique has to meet
defined criteria. The action has to be applied with a high degree of intensity, speed, and
appropriate timing — when it has the highest potential.?® Both kicking and punching
techniques are held to the same standard in this regard.

Techniques that include punching are fundamental to a variety of combat sports.*
Karate is no exception. Statistically speaking punches are substantially more common in top
karate competitions than kicks with overall frequency of 89.09%. In addition, 66.91% of the
points can be attributed to RP, and a little over the majority are earned by targeting the
body.?” Punching effectively is a difficult task that requires a lot of effort. In order to
accomplish this goal in the allotted time, it is necessary to utilise all of one's biological
capabilities to their fullest potential.> Previous studies have concentrated their attention
almost exclusively on the last stage of the RP, which is known as the impact. According to
the findings, the amount of energy and power that is passed through the punch is proportional
to the speed of the execution.*® Apart from that, it was revealed that the timely involvement
of body segments in a successive motion impacts punching speed.*>*® Yet, the association of
kinematic and temporal quantities in the punch structure has stayed understudied. On the
basis of the latest findings, it can be argued that certain temporal structures of the punch are
in accordance with a certain range of achieved speed execution. The study demonstrated that
within the overall chronology of movement, the punch with the highest speed consistently
exhibited earlier initiation of hand movement, and the maximum velocity of the hand was
attained in closer proximity to the point of impact.*® It is known that the execution of a punch
involves multiple phases, as well as that the opposite upper limbs move at different speeds
throughout the performance.”® Research has provided evidence that the kinematic and
neuromuscular activity involved in executing a punch takes place within a timeframe of 400
milliseconds, following a sequential pattern of activation from proximal to distal regions.” In
elite athletes, the maximum wrist linear velocity attains a value of 7.3 + 0.8 m/s.* Research
has indicated that the level of athletes' competitive experience has a significant impact on
various aspects, including perceptual and response skills, indications of neuromuscular
control, and overall performance. The wrist acceleration of top karate athletes is seen to be
significantly faster compared to that of sub-elite competitors. Furthermore, the ability to
decelerate rapidly enhances the subtlety of the punch, rendering it less conspicuous to the
adversary.>’ According to the study conducted by Saponara, it was observed that throughout
the initial stage of the movement, which spanned 160 milliseconds, there was a constant
increment in hand velocity from 0 to 12.5 m/s. The mean acceleration obtained in this study
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was approximately 78 m/s*.* It is important to consider the role of the lower body in the
execution of a punch.* In other words, the coordination of the lower limb joint sequence is
interconnected with the joint sequence of the upper limb through the rotational movement of
the pelvis, i.e., torso. Research has indicated that karate fighters tend to exhibit a higher
degree of shoulder extension. Additionally, they possess the capability to generate elevated
levels of preferred velocity in order to execute coordinated joint movements.” It was
determined that variations in task orientations and execution conditions have an impact on the
kinematics of punches. For instance, the values of acceleration vary based on the
predominant orientation towards force or speed at a predetermined or individually chosen
distance.” Altering the length of the distance have a substantial impact on the generation of
force and the acceleration of a punch.’* Due to that, the analysis of RP should be based on
situations that accurately simulate both training and combat environments. In contrast, a
laboratory-based approach is prevalent.

In recent times, scholars have presented a range of strategies aimed at enhancing
the efficacy of combat sports training. They rely on recent developments in technology such
as new non-conventional systems, computer vision posture estimation, convolutional neural
networks, vision and inertial sensing systems, wearable sensor devices, etc. The main
objective is to comprehend the execution of punches and create effective tools for monitoring
and improving combat technique across different dimensions.>***"'! Karate kinematics are
conventionally researched in controlled settings.®*® In the field of biomechanical
examination of punching techniques, researchers commonly utilise various methods,
including the force platform>® and electromyography.”*? Another frequently utilised
technique is motion capture, which involves marker-based optical technology. In certain
cases, motion capture is integrated with force platforms.>344+42971137116 |4 contrast to other
solutions, force platforms lack the capability to offer data pertaining to the pre-contact
movement, hence impeding the understanding of the developmental stage of the punch.
Electromyography (EMG) serves as a solution to address this issue; however, it is important
to note that its primary drawback is in the requirement of attaching the instrument to the
athlete's body, so imposing restrictions on their range of motion. In addition to this, executing
punches under dynamic circumstances is a distinct challenge due to the intricate nature of
movement within authentic environments and potential interference caused by velocity or
muscular dimensions. Physiological processes that exhibit greater prominence or only
manifest during periods of intense exercise can potentially influence the morphology or
magnitude of the related electromyographic signal. Furthermore, it is necessary to normalise
electromyograms (EMGSs) in order to enhance their interpretability, provide sufficient
reliability, and obtain a representative assessment of muscle activity.**” Marker-based optical
systems are known for their great reliability in giving spatial location data. However, they
have limitations in acquiring kinematic values.*® Primarily, the utilisation of these equipment
necessitates the implementation of regulated circumstances, a multitude of indicators, and
optical devices, in conjunction with the incorporation of intricate algorithms to facilitate
feedback.”” Conversely, the dynamic nature of sports necessitates the ability to adapt to
intricate motor tasks. Athletes are compelled to select their movement methods via a process
of self-organization, with the aim of identifying an appropriate response within the
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constraints imposed.”® The integrity of this condition is undermined within a controlled
setting.** The utilisation of KS technology in conventional combat scenarios may offer a
viable alternative, facilitating precise and non-invasive data collection.”*%1% \wearable
sensors possess a user-friendly setup that is devoid of complex configurations, hence
facilitating ease of use.®® The selection of a device with suitable measuring properties should
begin by considering the nature of punching, which is characterised by high kinematic
values.”

As previously discussed, traditional research methods impose restrictions
unfamiliar to the fighter in a competition or training environment. It is obvious that
restrictions originating from instrumentation and the accompanying settings may influence
the technique being studied.®® Bearing in mind that the most important issue in high-level
sport is detecting barely visible variations and finding adequate solutions, the consequences
are clear: The data obtained exhibit bias due to the specific measurement conditions
employed. There is an additional problem. Biomechanical study of the reverse punch has not
received much systematic investigation. Restricted numbers of researches were conducted
with different aims, applying diverse measurement instrumentations in specific experimental
setup. Consequently, fund of results represents diversity of answers given to the unique
research questions. In addition to what has already been stated, the main implications of the
studies in question are: (i) the variety of subjects and comparison combinations; (ii) the
different test conditions that affected the monitored kinematic parameters; (iii) the different
stage in reverse punch execution or kinematic founding’s; and (iv) the varying positions of
the research equipment, as well as indicating the reference locations. In addition to this, it is
widely recognised and understood the specific kinematic requirements that should be
observed during the pointing technique at the moment of impact. However, the mechanisms
by which key variables contribute to the successful execution of a punch at the very
beginning remain unclear. Hence, the objective of the present research is to conduct an
analysis of movement sequences, with the potential to enhance comprehension of RP
pertaining to the human body. Our hypothesis posits two main points. Firstly, we propose that
the kinematics of the reverse punch during the developing phase are influenced by the
conditions of execution. Secondly, we suggest that there exists a correlation between the
kinematic and temporal parameters of both the body and hand during the developmental
period of executing RP.

The study makes several significant scientific contributions. Firstly, it introduces
a new and user-friendly methodology that utilises specialised test and kinematic sensors to
accurately measure the temporal and kinematic variables associated with successful punch
execution. Secondly, it sheds light on the developmental phase of the punch in the context of
RP. Thirdly, it offers valuable insights into the relationships between various parameters that
are crucial for technique performance. Lastly, it establishes a solid foundation of knowledge
that can be utilised for the training of high level karate fighters.
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7.2 Materials and Methods

The researchers opted for a quasi-experimental methodology in this study to
investigate real-life sporting scenarios.

7.2.1 Participants

A group of seven highly skilled male athletes, who are also members of the
Serbian national team and have achieved notable success in senior European and World
Championships, took part in the in-field testing. These individuals have proper medical
certificates to ensure their physical well-being during the study. The investigation was carried
out promptly following the conclusion of the National Cup, which is one of the two
prominent events held during the season, suggesting that all participants were operating at a
significant level of performance. The descriptive features of the sample were determined and
are shown as the mean value + standard deviation (SD). The average age of the participants
was 20.63 £ 2.07 years. The average height was 1.86 + 0.04 m, while the average body mass
was 82.25 + 6.69 kg. The participants had an average experience of 10.50 + 1.60 years. The
study was carried out in accordance with the ethical guidelines outlined in the Declaration of
Helsinki and received approval from the Ethics Research Committee.

7.2.2 Procedure

The participants engaged in a standardised warm-up session lasting 15 minutes,
which consisted of general exercises. This was followed by the practise of punching
techniques with different preferences. The techniques varied in technical complexity, with the
difficulty level increasing progressively from the first to the last technique. The technical
intricacy of the punch is evident in the incorporation of anatomical components that enhance
its effectiveness, leading to a progressive transition in the execution of the punch from a
stationary to a dynamic state. This methodology emulates the training regimen utilised in
karate. Typically, beginner training commences with the practise of choko-tsuki (ChT).
ChTis a variant of reverse punch that is utilised with the intention of directing the
practitioner's attention towards the process of executing a task, coordinating limb movements,
and timing muscle contractions. The subsequent objective within the karate curriculum
involves achieving proficiency in the regulation of hip movement, a skill frequently honed
through the practise of zenkotsu-dachi, a fundamental stance.™ Following this initial phase,
the training regimen incorporates more challenging exercises, including the execution of
punches while in motion, emulating fighting scenarios within the fudo-dachi — stance used in
combat.

Two beginning postures were employed for testing purposes, namely zenkutsu-
dachi (as depicted in Figure 7.1a and b) and fudo-dachi (as illustrated in Figure 7.1c and d).
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Once the participants were acquainted with the technique, they proceeded to do a test
comprising of three distinct modalities of RP.

Figure 7.1. This study examines the initial stances in three modalities: (a,b) zenkutsu-dachi (basic
stance) as observed from the front and side perspectives, and (c,d) fudo-dachi (fighting stance) as
observed from the front and side perspectives.

1. RPNH: The execution of a punch in a static position, with the feet firmly planted on
the ground and without any hip rotation, is being applied. The zenkutsu-dachi is the
starting position, characterised by the alignment of the hips at a 90-degree angle with
respect to the direction of the stance (namely, in the front position of the hips).

2. RPH: The execution of a punch in a static position, with the feet firmly planted on the
ground and with hip rotation, is being applied. The fudo-dachi is the starting position,
characterised by an angle relative to the direction of initial position (namely, open
position of hips).

3. RPSM: The execution of a punch in motion which involves hip rotation. The stance
and hip posture remained consistent with those seen in the second test. The motion
that was implemented consisted of the common pattern motion in conjunction with
the reverse punch. Hence, the test followed a specific sequence consisting of three
stages: static beginning posture, sliding movement (dynamic preparation stage), and
execution (dynamic execution stage). The execution step involved regaining stability
in the combat stance, albeit momentarily, in a brief transitional phase.

Participants executed three straight punches from a static left position
approximately five seconds after perceiving the auditory signal. Following the execution of
the punch with right hand, participants proceeded to revert back to the initial posture,
engaging in a repetitive sequence of three consecutive punches within the briefest possible
duration. The completion of the whole action was perceived as an attempt. The rationale for
this assertion is that karate fighting often encompasses temporally constrained engagements
characterised by the execution of several punches in a row.?” As a result, the athlete must
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quickly adapt, as seen in the test. The participants were provided with two opportunities and
were allocated sufficient intervals of rest between each attempt and modality. The success of
the attempt was determined based on whether all three punches satisfied the technical
standards. Under such circumstances, it is probable that certain punches may exhibit
diminished effectiveness or speed. However, it is imperative to consider these factors, since
they contribute to a fighter's capacity to execute an effective technique within the constraints
of a predetermined time frame. In order to uphold the competitors' performance at an
acceptable standard, the testing procedures were overseen by three referees of esteemed
status who possess extensive experience officiating at championships of the highest level.

7.2.3 Measurement and Data Processing

The movements of the trunk and limbs serve as the main source of power in
various sports, enabling the execution of techniques with speed, acceleration, and control
over their magnitudes.™® As a result, the kinematic properties of the RP were determined by
utilising two specially designed KS with proven reliability.* They were positioned as

3D HAND ACCELERATION 0] M ¥ 2 (d)

A

Body rotation angle [deg] (e)

Figure 7.2. The experimental setup (a) was designed for karate testing and involved the use of
multimodality data. This data included video files captured by two cameras, namely the GoPro HERO
6 (b) and Logitech C920 HD PRO (c), as well as internal data obtained from sensors placed on the
hand (d) and body (e).
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follows: 1) on the participant’s torso, on the spot corresponding with the centre of gravity (the
exact location was within the second and third lumbar vertebrae); 2) on a punching fist within
the second and fourth osseous metacarpals (Figure 7.2: (a) and (b), respectively). The
positioning was determined by considering the kinetic chain of technique and many elements,
with the aim of minimising any potential disruptions for the kinetic sensors (KS) or the
athlete, while also ensuring the collection of the data with the most explanatory potential.'’
The signal coming from KS were timed with the ones coming from video cameras. For that
purpose the LabView application was used. Acquired data was saved in files on a personal
computer, waiting for analysis. The 6DoF IMU sensor LSM6DS33 had buil-in absolute
orientation sensor BNOO055, dynamic range of accelerometer +/- 16g and, DR of gyroscope
+/- 2000 dps. While the sampling frequency of KS attached to the hand was 200 Hz, the one
attached to the back was lower, 100 Hz. The acquired data is read and transferred by the
microcontroller using an incorporated WiFi module. This was done by the UDP protocol. The
pre-impact phase of RP is distinguished by a gradual escalation in kinematic variables. In that
sense, the operating range of wireless devices was adequate.

To enhance the examination process after post-processing, two cameras were
employed for recording the tests: the GoPro HERO 6, manufactured by GoPro Inc. in San
Mateo, CA, USA, with a frequency of 100 frames per second and a resolution of 1920 x 1080
pixels, and the Logitech C920 HD PRO, manufactured by Logitech Inc. in Lausanne,
Switzerland, with a frequency of 15 frames per second and a resolution of 1280 x 820 pixels.
The cameras were positioned on a tripod with a height of 1.3 metres, placed 2 metres apart
from the athlete on both sides. The chosen location was deemed suitable as it satisfied two
criteria: (i) providing sufficient area inside the visual range for uninterrupted task execution,
and (i) capturing the entire sequence of punch performance from its initiation to its
conclusion. The possibility of conducting additional check-ups was facilitated by the
integration of images captured from more than one perspective and sensor data, enabling the
recognition and separation of movement phases.''**?° The acquisition of time synchronised
data from four heterogeneous devices (Figure 7.2) has been found to reduce uncertainty in the
evaluation of techniques. The information was kept as video files (.avi and.MP4) as well as
LabView (.tdms) files. The LabView programme received signals from two different wireless
sensors. The signals coming from the sensors as well as the two cameras were recorded after
they were synchronised. Post-processing and additional analysis were carried out with the
numerical calculation software MathCAD 7 to complete the tasks. In order to do an analysis
on the signal, a Butterworth 5th-order low-pass filter with a cut-off frequency of 40 Hz was
utilised. The first step in the process of calculating the variables of interest was shifting the
signals during the reference point of analysis, also known as an impact.*"*

7.2.4 Variables

The variables of interest in this study were selected based on their significance as
key kinematic components of a punch, namely acceleration, velocity, and body rotation. The
study involved measuring the highest values in the phase of punch development, while also
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considering the recorded time of movement beginning and the peak of the kinematic
quantities on the principal axis of motion.

The temporal parameters of interest were as follows:

— tHAS — time for the onset of hand acceleration;
— tHA — time for the maximum hand acceleration;
— tHV —time for the maximum hand velocity;

— tBAS —time for the onset of body acceleration;
— tBA —time for the onset of body acceleration;

— tBV —time for the maximum body velocity;

— tBRa - time for maximal body rotation angle.

The kinematic parameters of interest were as follows:

— HA —maximum hand acceleration, expressed in g0;

— HV - maximum hand velocity, expressed in m/s;

— BA —maximum body acceleration, expressed in g0;

— BV - maximum body velocity, expressed in m/s.

— BRa- maximal body rotation angle, expressed in deg.

The primary variables in this study were BRa, HA, and BA, whereas HV and BV
were calculated as integral components of hand and body acceleration. The computations
were conducted using a one-dimensional movement model.

7.2.5 Statistical Analysis

During the initial processing stage, the standard descriptors (mean and standard
deviation) were computed for the raw data. The assumption of normality was assessed
through the application of the Shapiro-Wilk Goodness of Fit test. The study utilised the
nonparametric Kruskal-Wallis test to analyse the overall variations. The subsequent stage of
the analysis involved conducting pairwise comparisons using the Mann-Whitney U test,
while also using the Bonferroni correction. Effect sizes (r) were computed for a specific
comparison as well.*?* The final phase was the utilisation of partial rank correlation'? with
execution type as a control variable to examine potential associations between the temporal
and kinematic aspects of RP. The concept of the power of correlations was established based
on a study conducted by Cohen.'”® The statistical significance level was established at a
probability of 95%, namely p < 0.050. The statistical analyses were conducted utilising
Microsoft Office Excel 2007 and IBM SPSS Statistics, version 20.0 for Windows.
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7.3 Results

Table 7.1 presents the descriptive statistics for the raw data of the kinematic and
temporal quantities across the three modalities of RP.

The results of the Kruskal-Wallis test indicated statistically significant differences
across all three tests for all variables, except for tBA (Table 7.2).

Subsequent examination revealed partial disparities. The analysis of Table 7.3
reveals a statistically significant variation (p < 0.050) in HV, BV, BA, and BRa among the
three execution modalities. Notably, the effect size between RPH and RPSM was found to be
the smallest. There was no evidence of significance for the HA when comparing RPH and
RPSM. Statistical significance was not established for five temporal variables when
comparing RPH and RPSM.

The application of partial rank correlation was conducted in the last phase, and
the outcomes of the analysis are displayed in Table 7.4. A large correlation was established
between tHV:tHA, BA:tBA, tBV:tBA, and BRa:BV, accounting for 57%, 36%, 34%, and
30% of the variation, respectively. The medium correlation coefficients for 17 pairs of
variables were calculated.

Table 7.1. Descriptive statistics for variables of interest acquired in three tests

Variable/ o RPNH RPH RPSM
tHAS (ms)  —155.89 + 28.98 —207.89 + 42.97 —242.38 + 39.37
tHA (ms) ~89.89 +23.44 ~79.44 + 27.88 -83.21+32.53
tHV (ms) ~40.56 + 15.71 -33.33+13.01 ~32.50 +12.01
tBAS (ms)  —138.11+48.21 -211.33 + 37.88 -228.21 +53.13
tBA (ms)  —309.89+201.28  -196.11+2596  —254.17 +125.06
tBV (ms) ~87.78 + 64.21 ~44.22 + 36.49 ~55.00 + 38.62
tBRa (ms) ~15.22 + 35.72 38.78 + 39.77 29.29 + 50.64
HA (g0) 5.92 + 1.64 6.73+1.22 6.48 + 1.05
HV (m/s) 3.89 +0.90 6.20 £ 0.70 6.58 + 0.64
BA (g0) 0.21 +0.34 0.51+0.25 0.31+0.21
BV (m/s) 0.10 +0.10 0.97 £ 0.41 1.18 +0.20
BRa (deg) 14.35 + 4.96 74.95 + 15.02 64.76 + 13.93

Abbreviations: RPNH — reverse punch no hip included; RPH — reverse punch hip included; RPSM —
reverse punch in motion; t — time of event; H — hand; B — body; A — acceleration in the dominant axis
of motion; V — velocity; Ra — rotation angle; S — start.
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Table 7.2. The general differences in the gquantities of interest in the RP examined across the three

tests

tHAS  tHA tHVY  BAS _ (BA BV
Chi-Square 73.64 9.44 6.51 57.60 5.78 20.04
of 2 2 2 2 2 2
Asymptotic o 500 0009 0039 0000 0056  0.000
Significance

tBRa HA HV BA BV BRa
Chi-Square 3891 1249 8721 3759 9502  9L12
of 2 2 2 2 2 2
Asymptotic o400 9002 0000 0000 0000  0.000
Significance

Abbreviations: t — time of an event; H — hand; B — body; A — acceleration in the dominant axis of
motion; V — velocity; Ra — rotation angle; S — start.
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7.4 Discussion

The main aim of this research was to analyse the variations in RP kinematic and
temporal parameters resulting from variances in the mode of performance, as well as to
explore their correlation. The primary results derived from the current investigation were as
follows:

Q) The modality of execution gives rise to notable disparities in the temporal and
kinematic aspects of RP.

(i) In contrast to kinematics, the temporal parameters exhibit a proclivity for
consistency in the more challenging modalities, namely RPH and RPSM.

(iii) Significant correlations were observed between the observed quantities of the
body and hand.

When evaluating the findings, it is important to consider a specific set of motor,
cognitive, and perceptual abilities that undergo gradual improvement through continuous
training. These abilities, particularly in terms of processing speed and execution timing, are
essential for achieving elite-level proficiency in karate.”**?* The administered assessment,
comprising three variations of RP, was devoid of specific tasks or objectives, instead
emulating common fighting scenarios with time constraints. This compelled athletes to
swiftly adjust their approach while executing a sequence of punches.

7.4.1 Differences in the Temporal and Kinematics Variables

The primary discovery in our research is that the execution modality induces
significant alterations in the observed parameters of RP. Nevertheless, it is important to
exercise caution and provide further information regarding the outcomes of the pairwise
comparison in relation to RPH and RPSM. Regarding the seven temporal variables, it was
observed that just two of them, namely tHAS and tBA, exhibited a statistically significant
difference between RPH and RPSM. In contrast, it was observed that the distinction in
kinematic variables was verified in all instances except for HA. The variables HV, BA, BV,
and BRa exhibit a statistically significant increase from RPNH to RPSM. However, it is
worth noting that the effect size is rather small for BRa, BV and HV when comparing the
RPH and RPSM modalities. Some researchers have suggested that the lower body is crucial
to the success of a punch®** and may even influence the speed of the hand just before
impact.* Quinzi et al.®® found that execution conditions affect punch speed. The gyako-tsuki,
which is the Japanese term for reverse punch, achieves a maximum velocity of 6.28 m/s when
executed from a stationary position. However, when performed dynamically, the velocity
climbs to 6.47 m/s. In the present investigation, the average value of the static modality RPH
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was determined to be 6.20 + 0.70 m/s. Conversely, the maximum velocity achieved in the
motion modality, RPSM, was found to be 6.58 + 0.64 m/s. In contrast, the values that were
found to be the lowest were those that were obtained in the static mode, with the lower
section of the body being excluded: 5.92 1.64 m/s. Therefore, the incorporation of the lower
extremities in RP, along with distinct testing criteria such as executing punches while
stationary versus executing punches while in motion, embodies the core principle of RP
execution. Consequently, the notable variations in kinematic variables observed across the
three modalities in this study can be accounted for.

Nevertheless, the current investigation presents compelling findings pertaining to
the acceleration of the hand along the dominant axis. There was no statistically significant
difference observed in HA between RPH and RPSM. This finding demands critical
examination. It's not uncommon practice in combat karate to exercise on one's own without a
partner.?? However, a significant emphasis is placed on engaging in practise sessions against
an adversary, whether with or without the aid of supplementary equipment, while assuming a
combat stance. Research has indicated that alterations in performance conditions or target
orientation have an impact on the kinematics of the executed technique.®**""** Various
kinematic patterns can be identified in relation to actions involving kicking with and without
impact.? Furthermore, it has been shown that athletes with greater experience employ distinct
performance tactics in contrast to their less proficient counterparts.>**”" In a study conducted
by Loturco et al.,” it was found that modifying the execution conditions of a punch leads to
variations in the acceleration values. Elite athletes have a tendency to generate greater impact
and select a longer distance, resulting in increased acceleration when compared to situations
involving a fixed distance or the desire to generate speed. Furthermore, the combination of
speed and self-selected distance yields a greater acceleration compared to the combination of
speed and a fixed distance. The researchers also observed that a punch executed from a
substantial distance exhibited a much higher magnitude of force compared to one executed
from a close proximity. The aforementioned principle can also be extended to the
acceleration of the arm.®* The unpredictable nature of the environment in which sports are
performed requires adaptation of complicated motor patterns. In order for athletes to find a
suitable response within these constraints, they are required to go through a process of self-
organization in which they determine the movement methods they will use.*® Aside from the
importance of focusing on the end result, it is also not unimportant for the athlete to maintain
a reasonable distance from either the opponent or the target. The most important thing to
remember is that the distance is always calculated in relation to the target, regardless of what
the target may be. In the current study, the athletes had the option of picking the distance
themselves; however, they were not provided with any sort of target or explicit goal
orientation, which may help to explain the findings. Also, RP was not tested while aiming a
target. As a result, providing direct evidence in this area is not something that can be done. In
spite of this, the absence of a statistically significant difference in HA between RPH and
RPSM may have a rational explanation in light of the knowledge that has been presented. On
the basis of this information, it is reasonable to believe that it is likely beneficial for the
highest quality karate competitors to incorporate a variety of targets into their routine
training, such as a live person, a punching bag, a wooden beam, or a pad.
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The fact that athletic training is what ultimately defines the kind of motor
response that an athlete has in response to a given sporting challenge raises yet another
essential question about the limits to which variability can be subjected in a real-world
context. Karate athletes, due to their consistent exposure to changes in the combat
environment,’*# acquire cognitive abilities and enhance attention processes, so enabling
them to allocate more time towards the organisation of motor behaviour.'®® Elite athletes
demonstrate a notable proficiency in intricate neurocognitive processes, as seen by their
aptitude in acquiring intricate motor skills.*?"**® Individuals that demonstrate successful
implicit learning*® may possess a heightened motor flexibility that enables them to
effectively manage their skills by engaging their biological resources optimally. As a result,
they are able to modify their performance in activities with rationale. It is imperative to
consistently modify the training environment by varying factors such as distance, task-goal
orientation, presence or absence of a partner or target, and other relevant variables.

7.4.2 The Temporal Variables’ Consistency in Demanding Modalities

As was already said, the big difference in the time parameters seen between the
RPNH and the two tests is due to the inclusion of the distal part of the kinetic chain during
execution and the dynamic nature of the RP. The absence of a significant difference between
RPH and RPSM is deserving of attention. The high level of consistency observed in the
timeline alignment of these modalities may be attributed to an optimal coordination
pattern.>**?" To clarify, aside from the sliding motion, the second and third tests were
executed using identical foundations. To clarify, the arm and torso exhibit exact inter-joint
coordination in accordance with the defined structure'?” immediately following the athlete's
adoption of the fudo dachiduring the dynamic execution phase. This finding holds
significance as it suggests that achieving the dynamic execution stage in punch performance
allows for the reproduction of a consistent coordination pattern, irrespective of the preceding
preparatory phase. Furthermore, this finding elucidates the lack of a substantial disparity
among temporal variables examined in the research.

Karate demands precise manipulation of technique in both stationary and active
scenarios, alongside a notable proficiency in swiftly executing techniques. The enhancement
of these abilities is shown to occur gradually via continuous training.>>*?* Research findings
have indicated that with the acquisition of expertise, there is an observed increase in the level
of stability and control in motor performance.**'® Furthermore, it has been seen that
coordinative sequences demonstrate a lower degree of variability.* As for the RP, this
observation can be supported by the concept of timeline consistency. The significance of
experience is well acknowledged when it comes to motions that rely on the involvement of
multiple joints.”” This kind of persistence is also demonstrated in coordinative motor
structures.® Given the high level of achievements of the study's participants, it is plausible to
argue that the consistency in adhering to the designated schedule serves as a legitimate
indicator of the effectiveness of techniques within the broader context of a dynamic combat
situation as replicated in the utilised modalities. In different terms, it can be stated that
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quantities such as kinematics are prone to exhibiting predictable variations, whereas their
temporal occurrence tends to remain relatively constant. This supports recent studies that
showed the technique's time structure differed by RP velocity.*

From a practical standpoint, these results indicate that effectively managing a
time structure necessitates thoughtful training planning. This implies that introducing a higher
degree of variability in punch execution merely through the kinetic chain may not necessarily
result in any significant changes. The practise of techniques under basic settings, with an
emphasis on various areas of execution, when paired with training that incorporates
improvements to the overall environment, can lead to appropriate modifications. The
utilisation of such a methodology could potentially lead to the preservation of the consistency
of the temporal structure and the enhancement of the study of motion. Nevertheless, it is
advisable to use caution.

7.4.3 Correlations between the Temporal and Kinematic Variables

The results of the research revealed that the execution of punches is mostly
influenced by a positive correlation observed between the following pairs of variables:
BRa:BV, tBA:tBV, tBA:BA, and tHA:tHV. This correlation accounts for around 30% to 57%
of the observed variance. According to the findings of Loturco et al.,** a significant
proportion (56-65%) of the variance in punch acceleration may be attributed to the levels of
power and strength in both the upper and lower limbs. This suggests that the remaining
variance is likely to be influenced by technical aspects. The main attribute of the most
successful movement structures in sports that involve ballistic throwing or striking motions is
a significant level of synchronisation across all body segments.*****! The maximisation of
energy transfer efficiency via the kinetic chain is achieved through optimal timing, which
involves the peak angular velocity of various body segments such as the pelvis, torso, arm,
forearm, and hand, as well as precise activation of the proximal to distal segment.®
Therefore, it can be stated that the execution of a punch is contingent upon the ideal ratio of
kinematic parameters and their timely integration within the motion sequence.

The study of observed pairs of variables with large and medium levels of
correlation led to the discovery of this particular line of execution. Specifically, it was shown
that earlier initiation of body acceleration corresponded to an earlier attainment of maximal
velocity in the punch. Furthermore, it is worth noting that the period at which the body
experiences its highest acceleration will have a beneficial impact on the greatest acceleration
of the hand. Moreover, the best timeframe will also coincide with the occurrence of the
maximum velocity of the hand. It should also be noted that an increase in body acceleration
would manifest itself at an earlier point in a chronological sequence, thereby influencing the
acceleration of the hand to a greater extent. The aforementioned principle is also applicable to
tHA and tHV: If the maximum hand acceleration is reached earlier in a given timeframe, the
HV will be recorded earlier as well. It can be stated that the observed association between
BRa:BV and BRa:tBR serves as a mechanism for lumbopelvic control, which in turn
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influences the execution of rotational power. According to a report, the torso plays a
significant role in baseball, accounting for approximately 50% of the kinetic energy and force
generated during a throwing motion.™*? It was also stated that rotational movement of the
pelvis in punch execution influences arm angular velocity.” In order to optimise the
transmission of kinetic energy during a punch, it is insufficient to only achieve a specific
angle; it is important to halt the rotation of the hip with force at the precise moment.* Our
findings substantiated this assertion.

The aforementioned results underscore the imperative need of consistently
reinforcing the fundamental principles of karate in the training regimens of elite athletes, a
practise that is also prevalent among beginners. The inclusion of technique execution control,
appropriate muscle engagement in contraction, and timed coordination should be seen as
integral components within the fundamental training regimen. This concept establishes a
crucial basis for enhancing the efficacy of the procedure through a more sophisticated
approach.

In conclusion, it may be argued that the correlation coefficients observed in our
study are not a perfect fit for the theory that has been provided. The likely factors
contributing to this evidence were the lack of goal- or task-oriented approaches and the
absence of direct guidance on the execution of a punch. In essence, during the repeated
performance of RP, athletes were primarily concerned with ongoing adaptation within a
limited timeframe. Additionally, they were actively selecting individualised tactics to
optimise their scoring capabilities.

7.4.4 Contribution of the Study

The research presented has made both theoretical and practical contributions to
the current body of knowledge. The outcomes of this study can be categorised into two
primary categories. The first domain encompasses the multidimensional field that combines
engineering and sports-related challenges. The second domain focuses on enhancing combat
sports training practices for punching techniques.

The utilisation of real-time data synchronisation, which involves the integration
of multimodal sensors and camera fusion, is not widely adopted due to many limitations
associated with data gathering. However, a limited perspective focused solely on the
advancements in measuring devices does not necessarily result in tangible advancements in
practical applications. Nevertheless, the integration of non-traditional engineering methods
alongside input from sports professionals, obtained through implementation in a controlled
setting, yields numerous benefits including advancements in measurement, instrumentation,
and estimate techniques within the realm of sports. The reliability, usability, and affordability
of innovative solutions are crucial in providing real-time input for the measurement, control,
and assessment of athlete performance.
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The study examines the principle of punch performance, which is applicable
across several combat sports. The findings of the study extend beyond the realm of karate,
specifically in relation to the developmental stage of the strike. The importance of the impact
stage in the execution process is undeniable. However, the commencement of the punch,
including the alteration in the curve of kinematic and temporal characteristics, elucidates the
genesis of the RP. In essence, during the developmental phase of the RP, several potential
deviations or desirable patterns of execution emerge and subsequently influence the
effectiveness of the technique. The attainment of exceptional athletic accomplishments is
contingent upon surmounting minute differentiations that are challenging to discern.
Therefore, it is crucial to ensure the accuracy and precision of measurement devices that are
carefully utilised within an appropriate experimental arrangement. The alteration of the
punch's form across several modalities elucidates the potential impact of instructors on the
enhancement of technique. The achievement of this objective is solely attained by meticulous
strategic formulation of distinct training exercises that align with various objectives.

7.4.5 Limitations of the Study and Future Research

It is fair to acknowledge that the current study possesses certain limitations.
Notwithstanding that the participants were highly skilled national team members and had
achieved recognition at both the European and world levels, it is important to acknowledge
that the sample size and gender representation can be deemed restricted. The lack of goal
orientation and a specific target may have had an impact on the measured quantities.
However, given the suggested modalities, it is important to see these requirements as the
subsequent stage of variability, and it is recommended that the proposed test not be dismissed
in further studies. In order to examine the correlations, it is advisable to do an analysis on the
dataset stratified by the maximum velocity or consider solely the optimal execution from
each trial. Furthermore, the omission of the last phase of the punch in the analysis hinders a
thorough comprehension of the technique's efficacy. The knowledge gap pertaining to the
utilisation of sensors in combat sports remains unresolved in several aspects. These include
the need to compare the positioning of sensors in various locations to enhance data collection,
the application of sensors with an extended operational range, the integration of force and
kinematic sensors, and the simultaneous use of sensors on athletes and equipment, etc.

75 Conclusion

The findings of the study have substantiated that the manipulation of body
segments, along with the variability in performance dynamics, have a significant impact on
kinematic parameters. Significant correlations are determined between the measured
quantities, both large and medium. Practically, in-situ data acquisition shows the punch'’s
variations in key efficiency parameters. Furthermore, the use of precise assessments in
conjunction with strategic placement of measuring instruments facilitates impartial
evaluation, serving as a foundation for enhancements in both instructional and competitive
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settings. This strategy redirects the training emphasis of high-level athletes towards the
specific intricacies that are common among combat sports. This phenomenon gives rise to the
analysis of enhancement techniques that extend beyond the boundaries of karate as a sport.
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8. Additional Considerations
8.1  Enhancing Punch Efficiency through an Individual Approach to the Technique Study

Studying exceptional individuals in sports allows researchers to address key
issues as a valuable and rare sample,****** giving the opportunity for in-depth and multi-
faceted investigations of complex problems in the context of their everyday occurrences.'*®
Of course, such an approach has its own limitations. But it also has advantages and serves to
lay the groundwork and point out potential problems*®**** so that future studies can provide
more substantive findings.

The published studies discussed above do not show the totality of possibilities
covered by the proposed methodology. They represent just a part of the research. Multiple
case analyses of just the basic descriptive results of the participants in the study show the
richness of the data and the level of personal differences captured with the KS. Of course,
these kinds of results have to be discussed in an explanatory way, avoiding generalisations
and suggesting possible implications in theory and practice in combat sports research
methodology and training practice.

In that sense, static and dynamic test modalities are presented and analysed
separately, offering a base of knowledge focused on (i) the fundamentals of karate technique
and (ii) the technique's combat application, respectively.

8.2 The Static Test Modalities

The analysis of the three team fighters shows the similarities, differences, and
personal patterns in the punch execution.

The basic descriptive characteristics for the karate athletes (KA) were as follows:
KA;: age, 22 years; height, 1.82 m; body mass, 76 kg; experience 11 years; KA;: age, 24 years;
height, 1.85 m; body mass, 82 kg; experience 11 years; KAs: age, 20 years; height, 1.91 m;
body mass, 92 kg; experience 8 years.

8.2.1 Results

Table 8.2.1 shows the personal signatures in the temporal parameters of the three
athletes obtained in six tests. Although some similarities can be noticed in the order of the
time parameters in the overall timeline structure, it seems that a certain time of appearance is
what makes the difference. Such results suggest variations in kinematic structure (Figure
8.2.1) regarding HV, HA, BV, and BRa and indicate possible performance outcomes.
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8.2.2 Basic Foundation of RP

The first two tests (RPNH and RPH) can be considered as the core of the RP
showing the pattern of performance when the RP is isolated from the lower part of the kinetic
chain and, in opposite, when it is supported by it. Based on the results, it can be concluded
that the lower part of the body affects the punch velocity and such argumentation is supported
by the BV and BRa data (Table 8.2.1, Figure 8.2.1). Back to the hand velocity, it is worth to
note that KA; reaches the highest HV as well as HA in the time point closest to the impact
which is consistent with previous findings.®® Interestingly, time elapsed between tHAS and
tHA differs between athletes and achieved HA implies different tendencies in the execution.
KA; and KAj3 in average need less time to attain HA. But, as KA; and KA, show increasing
in HA in RPH, the same test conditions lead KA3; to drop down HA. Despite that, KA3
manages to increase the hand velocity (Figure 8.2.1). Such evidence may result in conclusion
that KA;3 is the competitor with the reduced control over the ability to engage its own
biological capacities in the most productive manner and make proper transfer through
engaged segments. Even dough this information is a valuable starting point it can’t be
regarded as enough. In the final analysis body kinematics has to be taken into account. It is
important to think of it not just as a supporting link in the kinetic chain,'® but also in relation
to temporal and kinematic scope for adaptation strategies in order to achieve maximum
efficiency.® In that context, further analysis of KAz may provide enlighten explanation.

The main information coming from these two tests is answer to the question:
whether HA and HV are increasing with inclusion of the lower part of the kinetic chain? It is
usually expected to be s0.*° In practical terms, any type of aberration from the proposed
pattern suggests correction training. Such training is typically founded on the practice of
ChT. The main difference between performance conditions of RPNH test and basic practice
of ChT lies in the fact that natural stance allows greater pelvic displacement than the basic
stance in the applied test. Also, our test excluded the opposite arm from the punch execution,
thus preventing the effect of upper limbs coordination to influence the punch kinematics.*
The next level of comparison, i.e. RPH, brought in the scene these factors enabling clearer
understanding of true importance of hip movement in punch execution.

The time parameters of the punches have not been studied extensively as
kinematics. However, they are as useful. It has been confirmed that the peak angular speed
during the internal arm rotation in ChT occurs later than the arm flexion and forearm
extension.” The same study confirmed that group of novices tended to achieve peak angular
speed of the forearm movements significantly earlier than karate experts. According to
Latash (1998) the motor skill is more directly related to the trajectory of the punch focus
point then to the individual trajectories of joints.*®* In the light of application of specific
testing, analysing small and informative number of data and keeping the process as simple as
possible, these results imply some guidelines for the interpretation of selected variables in the
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study. Basic testing of HA and HV can indicate if the punch is executed mainly on the
dominant axis, or the athlete tends to lose the focus. Lower achieved values in the earlier
point of the overall punch timeline may indicate aberrations which are less tolerable on the
high competition level. This also means that the diminishing performance irregularity in the
technique as well as decreasing inconsistencies in performance requires pure basic training
with as less variability as possible. Athlete’s individual capacity to learn implicitly*?® will
determine the extent of such approach as an involvement (the time and the amount) of
inconsistency conditions in training process.

8.2.3 Kumite Foundation of RP

Interesting findings regarding time parameters (Table 8.2.1) should be pointed
out. Foremost, the tendency observed in the first two tests (the time that elapses between the
beginning and the peak of acceleration) is maintained regardless of the test modality under
the static execution condition. This finding indicates that an even deeper analysis can be
applied and that the subject of such an analysis may be the temporal structure of the time
parameters, suggesting its potential importance in the athlete’s personal signature during the
punch execution. KA, shows the least variability, as much as 6.53 %, with respect to time
required to achieve maximum hand acceleration. Yet, KA3 reaches variability of 30%. KA;
and KA, achieve the highest HA and HV in the test RPSMP (Figure 8.2.1). In that particular
test, time elapsing to HA was the shortest. Similar happens with the KAs, and a comparison
of the tests results of this athlete emphasise the fact that when he manages to shorten the time
between tHAS and tHA, achieves the highest HA and HV.

Static tests reveal certain similar tendencies in regard to HA and HV. The lowest
hand acceleration and velocity are achieved in the test requiring athletes’ reaction to the
opponent, and the highest when they were aiming at the punching pad. On the contrary, body
kinematics shows differences in BV and BRa between athletes, indicating that some parts of
the Kkinetic chain are less adaptive then others (Figure 8.2.1). It seems that, concerning RP,
upper part of the Kinetic chain is rigid to adaptive strategies, leaving the lower limbs and the
body to deal with the necessary adjustments and making the personal signature more
distinctive. For example, assumption about reduced control over biological capacities
engagement concerning KA3 can be supported by BV and BRa (Figure 8.2.1). It is expected
that body kinematics reaches maximum values before the impact.***° It is, though, hard to
govern this demand in the dynamic conditions while static test design minimizes disruptive
factors allowing fighters better body control. It’s not enough just to push the ipsiolateral hip
forward to ensure RP efficiency,'® it is also necessary to stop hip motion sharply and tense
the muscles powerfully to form the appropriate support for the transfer of energy and
movement of the upper body.”***" KA, in more than a half of the number of tests (excluding
the RPNH) fails to reach the maximum body velocity before the impact. Also, it is supposed
that BV should arise after the sliding movement. Surprisingly, that is not the case with KA.
Quite opposite, from RPSM to RPSMR, BV is obviously dropping down, reaching the lower
point in compare to RPH. Aforementioned indicate the necessity for the training focusing on
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lumbopelvic control as a foothold for optimal biological capacities engagement, hence higher
punch efficiency.

As already stated, there are differences in achieved HA and HV in regard to test
modality, however regularity is also observed. When performing RP in the air or in a
punching pad, athletes reach higher HA and HV. On the contrary, aiming the opponents
body, regardless of whether they chose the moment to start or reacted to the opponent’s
visual signal, HA and HV values evidently decrease (Figure 8.2.1). It should be pointed out
that no matter what was the condition — static or dynamic starting test position — main task
was always the same: to perform the most efficient punch. The interpretation of efficiency
may appear to depend on the performance conditions.”® Also, significant correlations were
found between RP accelerations performed in different conditions and upper and lower body
power and maximal strength. Aiming to achieve given velocity, punch execution entails the
acceleration of the actual mass to the impact velocity. Although the actual mass cannot be
modified, different muscle groups and actions can be utilized to a greater or lesser extent to
achieve the aimed acceleration.’®” Since participants in this research were not instructed to
perform RP as fast, or as strong as possible, nor they were guided in relation to distance (i.e.
they were not given the guidance what should be regarded as efficient), they made choice for
themselves in accordance to the regular practice. Thus, different task orientations may be the
reason for differences between tests and similar execution tendencies among participants.

As shown, the obtained results confirmed that different modality of kinetic chain
inclusion influences RP quantities. In addition, personal signature of RP is confirmed for
each analysed competitor over six modalities regardless of condition applied. Also, some
similar tendencies were registered depending on the modality of performance.

8.3  The Dynamic Test Modalities

The analysis of the same competitors chosen as representative sample shows how
changes the test modalities from a static to a dynamic affects punch execution in terms of
application in kumite surroundings.

8.3.1 Results and Practical Application

Temporal parameters obtained in dynamic tests show that athletes perform RP in
specific manner making them distinguished in comparison with each other (Table 8.3.1).
Data also suggest certain level of similarity with respect to overall timeline structure. Despite
to that, each athlete’s timeline structure is different. Analysis revealed that the athletes
achieved different maximum kinematic values (Figure 8.3.1). It is, also, worth to notice that
level of variability changes individually and in relation to the modality of testing. It was
found that each punch modality reflects in distinguished manner in relation to kinematic
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variables. Despite having some similar tendencies in performance, athletes execute RP in way
that can be regarded as personal signature.
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Persistence in the timeline structure observed through test modalities is actually
rather interesting. Irrespective of the test type adopted, timeline of kinematic events stays
similar. This is in accordance with previous findings*® highlighting that the specific timeline
corresponds to certain velocity. Apart of the general similarity, the tendency to persist in the
same pattern is neither present nor expressed equally in all athletes. Executing sequence
where linear velocity reaches maximum implies that each part of the kinetic chain is included
at the greatest velocity of the preceding one.®’ In such sequence tHV is expected to be at the
end of the timeline, which is not the case with the time pattern observed in the results of KA;
and KAg; (Table 8.3.1). Both of the athletes reach highest HV before BV (Figure 8.3.1) which
follows after the impact. Conversely, KA, predominantly maintains the time pattern in which
tBV precedes tHV. Referred findings, highlighted assumed regularity of upper part of the
body and more diverse execution pattern strategies (implying possible adaptive potential) of
proximal part of the kinetic chain.

Tendency to reach higher hand acceleration and hand velocity in RPSM and
RPSMP in compare to other two tests is evident, but only for KA; and KA, (Figure 8.3.1).
The participant KAz demonstrates completely opposite routine. It may seem that the more
complex task is the performance of KAz becomes less efficient. In practical sense, this type
of fighter will probably do well with similar athletes fighting with lower range of techniques,
thus less variability. It should be pointed out that different approaches to the problem, but
above all, targeting diverse quantities in various performance conditions make it hard to
compare results of the studies.®'® It can be speculated that feeling no threat when
performing punch in the air, and possible aiming higher force when executing RP in a
punching pad, participants reach higher HA and HV. But, when being under pressure to
comply the competition rules or to react to the opponent behaviour, athletes co-adapt™® and
execute punch with more caution, thus affecting kinematics. One more issue should be
addressed. When an attacker strikes with a constant arm weight, the higher velocity generates
the larger energy involved in the impact.'®® The highest velocity in our study was reached in
the test employing punching pad.

Lastly, RPSMR (the most demanding modality of execution) test results need to
be discussed. When challenged to execute a scoring technique on the opponent's reaction,
athletes achieve the lowest HV values in comparison to other test modalities. Studies have
mainly been dealing with the reaction time of karate athletes under the different conditions
and types of stimuli.>***'%1% Wwhile some authors underline the need to test the RT as an
important ability affecting success in karate athletes,”®1%1% gpposite argumentation is also
present.”® Nevertheless, it cannot be denied that interception accounts for scores in karate
matches®’ and that it is a part of a fighter’s training. In that regard the test RPSMR is sort of
task amalgam combining athletes’ ability to anticipate and react as fast as possible. However,
to the author’s knowledge, differences in kinematics and temporal quantities during the
performance of a reaction-type task under different conditions have never been investigated.
A comparative analysis of the three athletes reveals some other significant data and display
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potential adaptation strategies and individual differences between competitors. For example,
KA; in RPSMR reaches almost twice the body velocity of a KA in addition to larger body
rotation, and it would be reasonable to expect that he will also outperform KA, in HV.
Instead, it is vice versa. The explanation may lie in the fact that KA, reaches the BV in the
time before impact unlike the KA; who makes it happen after the central event of RP
execution and 62.22 ms later than KA.

8.4  Use of Sensor Technology in the Analysis of Punch Kinematics in Karate

Although this work has been conducted focusing on just one technique and
particular phase, some general guidelines can be drown:

— Technique phase under analysis determines the devices properties

— It is possible to combine devices with different operating features, where data
acquisition in developmental phase requires lower, but in the impact phase higher
OR’s

— Restricted number of sensors is advisable for the reasons of avoiding athlete
performance interruption and maintaining affordability

— Number and positioning of the sensors is depended on the research goal,
biomechanical and common knowledge

— Positioning and attaching of the devices has to secure data acquisition free from
interruption and save device from changing position

— The use of additional fasting kit ensures security positioning and increases sensor
output generation.

More specific guidelines derive from the fact that most dominant pointing
techniques in karate combat have similar biomechanical principles. In addition to this,
punches are ballistic motions whose quantities in the moment of impact reach the highest
values. Having that in mind, understanding punching biomechanics as a whole (implying all
the phases from the beginning to the end of punch execution) requires devices with higher
OR properties. Application of wearable devices is particularly useful in the technique
analysis of the elite athletes. As already addressed it allows in-depth study and gathering data
for individual approach in training design which is of outmost importance on the highest level
of preparation for competition.

Since the focus is to point out the richness of diverse kinematic data acquired by
sensors and possible application of wearable devices in specific combat measurement, this
section presents the most illustrative cases that emphasise the informative potential of such
data in technique evaluation without deeper examination of the results. Obtained signals
came from hand and body sensors and represent personal kinematic signatures of each
participant’s RP.
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8.4.1 The Hand Kinematics

Since the aim hire is to point out the richness of diverse kinematic data acquired
by sensors and possible application of wearable devices in specific combat measurement, this
section presents the most illustrative cases that emphasise the informative potential of such
data in technique evaluation without deeper examination of the results. Obtained signals
came from hand and body sensors and represent personal kinematic signatures of each
participant’s RP performed in RPSM modality.

The characteristics of the sample are presented in Table 8.4.1. Table 8.4.2
presents descriptive statistics: the mean £ SD of kinematics events obtained on the hand
sensor. Table 8.4.3 displays the descriptive statistics for the mean £ SD of the temporal
equivalents of kinematic events measured using a hand sensor, as well as the total time of the
punch till impact.

Table 8.4.1. Anthropometric and experience data for each participant

. Age Experience
Participant (years) BH (m) BW (kg) (years)
KA; 22 1.82 76 11
KA, 22 1.88 86 11
KA; 20 1.85 82 12
KA, 24 1.85 82 11
KAs 18 1.82 75 11
KAg 21 1.89 75 12
KA, 20 1.91 92 8

Mean+SD 21.00+1.91 1.86 £0.03 81.14 +6.39 10.86 + 1.35
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The dynamism of karate combat is reflected in quick actions.’® Thus it is critical
to understand the structure of the fast punch. Comparing the signals of hand velocity
achieved by KA,, KAz, and KAs in our study, it is clear that the maximum value occurs when
the hand acceleration (following the dominant axis of execution) changes polarity. KAz
achieved the highest average hand velocity of 7.06 £ 0.67 m/s of all participants, while the
average results for KA, and KAs were 6.54 £ 0.58 m/s and 6.13 £ 0.27 m/s, respectively
(Figure 8.4.1.1-a). It is worth noting that TPt for the punch execution differs between KA,
KAz, and KAs: —423.33 + 186.67 ms, —257.50 + 25.64 ms, and —255.83 + 21.54 ms,
respectively. Also, the tHV of the fastest punch is recorded at the closest time to the impact —
16.67 £ 6.06 ms, in contrast to the slowest —45.00 + 6.32 ms achieved by KAz and KA,
respectively. These time parameters raise another perspective and the necessity of observing
the movement in a more comprehensive manner. It is determined that RP’s velocity depends
on an appropriate time structure.*

a HAND VELOCITY [m/s] . b HAND ACCELERATION [g0]

-500 - 300 - -200 -100 0

Figure 8.4.1. Hand quantities: a) hand velocity of KA; (red line) and KAs (blue line) and b) hand
acceleration on the dominant axes of punch KA; (red line) and KAs (blue line)

For the above reasons, acceleration should also be taken into account. Data
acquisition in this research aimed to measure hand acceleration on the dominant axis (HA)
(Figure 8.4.1b) and absolute hand acceleration HAb (Figure 8.4.1a). HA is important for the
obvious reasons. But valuable information also comes from HADb. For example, the group
mean for HA in the present study was 6.48 £ 1.05 gy, and for HAb, it was 8.07 + 1.31 go. The
fastest KAz achieved average HA above the group 8.33 £ 0.17 go value and HAb = 8.83 +
0.30 go in the near-group range. KAg results show a near-group mean for HA = 6.90 + 0.57
Jo, but the same tendency as KA in HAb = 9.35 + 0.32 go. A closer look at the related time
parameters reveals details potentially interesting for training planning. The difference
between HA and HAb in KAj3 speaks in favour of the highest HV, meaning that a particular
athlete makes the fewest deviations on the path of the punch execution. In that matter, these
parameters may be used as reliable technique quality indicators. Even so, they may not be
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enough. Additional and important data is minimal time deviation for the achieved values. On
the contrary, there is discrepancy in results of KAg between HA and HAb implying that the
athlete performs redundant movements on the lateral and vertical axis of the punch execution.
Even though the final result is velocity near its highest, it questions the worth of such
knowledge.

Understanding combat tactics answers the dilemma. Whether applying offensive
or defensive tactics, there is constant pressure to make a score before the opponent. The
point-worth punch is characterised by a great amount of energy production in the shortest
time and a high level of control with regard to the opponent.” Since the transfer of energy
and power depends on the velocity of the execution, athletes constantly aim to maximise their
speed’® but also hide the moment of the attack. Any movement that may reveal it is
considered material for long-term correction training. A typical example is movement
redundancy on the lateral and vertical axes, commonly adopted in the period of novice
training and in the developmental phase of RP execution.

3D HAND ACCELERATION (g0) M ¥ 2

ABS. HAND ACCELERATION [g0]

3D HAND ACCELERATION (g0] M ¥ 2

+ n + ; =500 - a0 =300
=400 =300 =200 =100 0 \\

Figure 8.4.2. Hand quantities: a) abssolute hand acceleration comparing KAz (red line) and KAg (blue
line), b) hand acceleration of KA, along x, y, and z axis and c¢) hand acceleration of KA; along x, v,
and z axis (each colour representing one axis)

Aiming to comprehend the problem thoroughly, answers should be sought in the
analysis of the hand movement along each axis individually (Figure 8.4.2b-c). HA and HAD,
along with the accompanied temporal parameters for KA3, have different structures compared
to KA,. While the personal signature of KA3 speaks in favour of a proper movement pattern,
this is not the case with the KA,. On average, this athlete’s time difference between the peak
HA and HAD is around 50 ms (in contrast to ~1 ms for KA3), and the execution pattern is
characterised by aberrations at the start of the movement with the intention to accelerate on
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the horizontal plane in the second phase. It is expected that such motions will be more
pronounced in less experienced and skilled competitors.” It is, therefore, reasonable to expect
the kinematic and temporal signature of such an athlete to be characterised by a larger
amount of deviation from the dominant axis and greater variation in performance.

The usual interest in the rotation of the hand during the impact was focused on
the production of energy. In that regard, the significance of angular quantities is considered
negligible.*® Previous reflections on acceleration, though, provide a basis for the significance
of angular kinematics to be viewed from a different perspective. As a matter of fact, the last
phase in the punch execution is characterised by a sharp rotational movement and abruptly
stopping the fist in contact with the target. Timely rotation of the hand brings the striking
surface of the fist to the appropriate position where the back of the fist and forearm are in the
same plane. This, when in contact with the impact surface, ensures the transmission of large
reaction forces through the long bones of the arm.*¥’ From this viewpoint, angular kinematics
and its timeline should have a distinct place in the analysis since a time-inconsistent rotation
in the overall punch’s timeline could affect performance or be a cause of injury. Also, the
soon-to-start rotation of the fist in the developmental phase of the punch changes the path of
the execution and affects the final outcome. It is clear that HRa and HRV (Figure 8.4.3a-b)
differ between the participants in our study, but the significance of the difference would be
valuable to research, as would be a correlation with other quantities and its potential effect on
an impact, especially taking into account the occurrence in the overall timeline.

a HAND ROTATION ANGLE [deg] ) b HAND ROTATION VELOCITY [deg/s]
150 +

~1000 -

Figure 8.4.3. Hand quantities: a) hand rotation angle for KA; (red line) and KA; (blue line), b) hand
rotation velocity for KAs (red line) and KA (blue line)

8.4.2 The Body Kinematics

Tables 8.4.4 and 8.4.5 present descriptive statistics: the mean £ SD of kinematics
and temporal parameters obtained on the body sensor.
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Unlike the hand acceleration, where the sample difference is about 1.2 times
between HAb and HA, the discrepancy between BAb and BA was evidently greater, as much
as 5.3 times on average. While it is very important for the movement of the hand that the
dominant path is in the horizontal plane, the path of the body motion is somewhat different.
When it comes to the body, the necessary stance stability as a ground for effective execution
is achieved by moving the body in all three axes. Also, the time of occurrence of these
parameters shows that the tested athletes have a different timeline structure. KA3 acceleration
onset is recorded as —188.33 + 16.33 ms before impact and BA on the horizontal plane as of
0.54 + 0.22 go (Figure 8.4.4-a). In contrast, KAs and KA; accelerate from close by —230 ms
to the impact and achieve similar BA of ~0.35 go.

a FRONTAL BODY ACCELERATION [20] b BODY VELOCITY [m's)

C BODY ROTATION ANGLE [deg] d BODY ROTATION VELOCITY [deg's]

Figure 8.4.4. Body kinematics: a) frontal body acceleration for KA; (red line) and KA; (blue line), b)
body velocity for KA; (red line) and KA, (blue line), c) body rotation angle for KA; (red line) and
KA; (blue line), and d) body rotation velocity for KA, (red line) and KA; (blue line)

The absolute body acceleration values for P3, Ps, and P; were as follows: 1.90 £
0.26 go, 1.55 + 0.19 go, and 2.42 = 0.50 go, respectively, and BAb can be regarded as a
reliable indicator of body movement. But a comprehensive understanding of these parameters
and conceivable differences in athletes’ performance is possible only with regard to BV and
HV, as well as their components. Studying the effect of BV on HA and HV would be
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intriguing. Comparing KA; and KA., it is noticeable that achieved values differ, and this is
revealed in the personal signature of an athlete recorded by the body sensor (Figure 8.4.4Db).
For example, KA; reaches an average low punch velocity of 5.83 + 0.40 m/s, supported by a
BV of 0.97 £ 0.07 m/s. In contrast, KA, achieves HV 6.09 = 0.64 m/s on average and a
higher BV of 1.28 £ 0.15 m/s.

Kinematic studies of RP so far suggest that a deeper insight into the relationship
between the angular quantities of the body and key hand parameters might clarify punch
execution outcomes. For better understanding, lumbopelvic control is arguably an important
contributor to the kinetic energy and force output™? affecting punch velocity.” Suppose that it
is not just enough to reach the expected angle to ensure efficient transmission of energy. As it
is suggested, the right timing,® along with the sharp interruption of the pelvis angular
motion, could be the answer. The values of angular kinematics in our study (Figures 8.4.4c-
d) show differences in personal performance signatures. Just note that the body rotation angle
is measured about the vertical axis from the beginning of the movement, and it reaches its
maximum value slightly after the impact. KA; and KA; start the BRa in a close time window
of —235.83 + 16.86 ms and —217.50 + 32.83 ms and achieve a high BRa of 66.70 + 6.63 deg
and 65.62 + 8.61 deg for KA; and KAg, respectively. But the interesting part is that for KA,
that happens after the impact, and in the case of KAg it is evidenced 15 ms before impact. The
angular velocity data for these participants also differs: 398.82 + 19.19 deg/s and 548.74 +
30.87 rad/s for KA; and KAgs, respectively. The same is true for the accompanied timeline.
Theoretical knowledge as well as the presented findings indicate the potential effect of BRa
and BRV on BV and HV and associated parameters.

9. General Conclusion

The primary objective of this study was to investigate the RP execution of
individuals with exceptional qualities. In order for the internal validity of the study to be
higher, the methodological approach was focused on the collection of multiple sources of
evidence. Taking that into account, the suggested model of investigation, employing specific
tests and easy-to-use equipment, can be regarded as suitable, especially in the case analysis of
elite athletes.

The main aim of this work was to determine if the different modalities of punch
execution, consisting of different levels of kinetic chain involvement, affect punch efficiency.
Velocity of RP and acceleration of the body and hand were selected as parameters of
efficiency. In addition to that, temporal parameter data were analysed. The results of the three
stages of research were published in three separate studies. The initial necessary step was
finding an appropriate methodological solution for investigation in real surroundings and, in
accordance with that, choosing a proper measurement device. Therefore, the first study aimed
to investigate the issue of data collection within the context of realistic sports environments
by applying custom-made wearable kinematic measurement tools. The metrical qualities and
accuracy of the KS were submitted for evaluation. The second study addressed the
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methodology problem and presented a novel approach to the investigation of elite karate
fighters through ten specific tests utilising KS. The third study focused on the variability and
correlation of chosen kinematic and accompanied time parameters of RP performed in chosen
test modalities.

In relation to research hypotheses, the following can be concluded:

HG: The hypothesis in relation to IMU sensors’ technology reliability and
discriminatory potential with respect to the specific indicators of the reverse punch within
different modalities of performance (Study #1) is that the measurement device will provide a
valid base of data; it can be concluded that the hypothesis has been accepted.

Regarding the qualitative criterion of ICC significance, it was noted that eight
kinematic variables exhibited good reliability, with an ICC range of 0.75-0.90. Additionally,
10 kinematic variables showed excellent reliability, with an ICC value exceeding 0.90. The
moment of occurrence has the lowest reliability values, whilst the peak of acceleration
demonstrates the highest levels of reliability. KS can be regarded as an advanced measuring
instrument that offers a dependable foundation of information for the purpose of objectifying
assessment, particularly in relation to elite athletes.

H1: The hypothesis in relation to the kinematic parameters in the developmental
phase of the reverse punch between the tests (Study #2) is that there is difference a between
observed parameters in regard to the modalities; it can be concluded that the hypothesis has
been accepted.

The results revealed that the exclusion or inclusion of the body segments affects
kinematic parameters. The sliding action preceding rapid punches yielded the highest
acceleration values, both in static (7.35 + 0.47 go) and dynamic (6.99 + 1.23 go) tests, while a
partner held a chest punch pad. The aforementioned principles also hold true for the
measurements of velocity, which are recorded as 8.39 + 0.14 m/s and 7.30 = 1.28 m/s,
respectively.

H2: The hypothesis in relation to the appearance time of the kinematic events
(Study #2) is that they are structured in a recognisable pattern; it can be concluded that the
hypothesis has been accepted.

While the specific timing of the kinematic event varied among modalities, it is
apparent that the timeline structure remained reasonably consistent, with the highest hand
velocity consistently recorded as the final event in the observed temporal sequence. The
achievement of a suitable time pattern of kinematic events is observed under situations that
exhibit lower variability, specifically in the context of a static test. This timeline denotes the
temporal proximity to the impact event, whether it corresponds to tHA, tBV, or tHV.
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H3: The hypothesis about the kinematic and temporal parameters of the body and
hand during the developmental phase of punch (Study 3) is that there is a correlation between
parameters; the hypothesis has been accepted.

A significant association was seen between the tHV:tHA, BA:tBA, tBV:tBA, and
BRa:BV, accounting for 57%, 36%, 34%, and 30% of the variation, respectively. The
correlation coefficients for 17 pairs of variables were calculated and found to be of medium
strength.

It can be concluded that the capture of in situ data in realistic performance
settings allows for a practical application that facilitates the comprehension of the genuine
magnitude of the relationship between the segments of the kinetic chain and the kinematic
disparities observed in the examined approach. The multiple-case analysis showed that,
except for some general similarities, personal signatures in execution can be recognised in
specific kinematic and temporal patterns affecting the final outcome. Such evidence is the
groundwork of appropriate instruction in technique improvement at the highest sports level
and justifies the individual approach in the performance analysis and training design.

Proposed strategy redirects the training emphasis of high-level athletes towards
the specific nuances that are common among combat sports. This phenomenon gives rise to
the analysis of enhancement techniques that extend beyond the boundaries of karate as a
discipline. In addition, the utilisation of targeted assessments in conjunction with strategically
placed measurement instruments yields significant data, facilitating impartial evaluation that
serves as a foundation for enhancing both training and competitive performance.

In short, the contribution of the study is in the field of:

— Improving the training and competitive practice of elite-level karate athletes through
indication of the potentially weak points in the RP execution

— Understanding the kinematic and temporal punch patterns in the developmental phase
of RP in different modalities of execution as a foundation for individual approaches to
enhancing punch efficiency

— Improvement of the testing procedures and study methodology with the employment
of sensors and specific tests in the most researched karate technique

— Enhancing punch control and performance through the application of novel
approaches leads to a higher level of efficiency due to the reduction of poor
movement structure.
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ABSTRACT
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Gyake teuid

In order to understand the complexity of punches, measurement wnder realistic conditions in a training envi

ronment is necessary. A crucial element to achieving valid results is a reliable instrument. The aim of the study
was b evaluate the metrical characteristics and reliability of kinematic sensors (K8) in specific karate testing as a
novel method in the raining process. Foarteen male competitors, members of a Serbian national senior and cadet
karate team, participated in the stody. Segmental acceleration in the different modalities of reverse punch
(Gyako rsuki) were meamred nsing K5 placed on the hand and body, In relation o the qgoalitative criterion of the
intrackass cormelation fcient (100 sgnifi ce, good reliability (0T = 0.75-0090) was obeerved for eight
kinematic variables, while excellent reliability (I0C = U500 was confirmed for ten kinematic variables. K3 can be
congidered sophisticated measuring tools providing a reliable base of information for the abjectification of

assessment as the primary approach o top-level athletes,

1. Introdustion

Punches are the most recognicable arm technique in various combat
zporm [1], karate being one of them, While thers are some similaritiss
with other combat sports, the bazic idea of karate az a martial art makes
it specific. In choot, ita essence iz inflicting lethal damage to an opponent
with one gtrike. The zame principle — albeit with an alteration that in-
volves control over the opponent — iz demonstrated in cports combat A
scoring advantage iz the outcome of a highly sfficient technique that iz
supported by stance stability [2]. It i accomplished by taking longer
stances with a lower centre of gravity, as well 2z sxplogive and balliztic
technigue execution. Purthermore, it means it iz necescary to uge all
biological capacitiez in order to achieve maximal efficient technique.
Thiz in turn implies 2 rapid movement in zpace with the inoduction of
as much body mam az possible in the final segment delivering the
impact. In order to undermtand such complexity, kinematical analysiz
would provide useful feedback. Thiz inoue hac mainly been explored
under laboratory conditions, using either a force platform or electro-
myography in combination with reflective markers and cameraz [2-6].

* Corresponding author,
E-mail address; vivukovioi gmail.com (V. Yukowic).

hitpes:/ Adolorg 101006/ measurement 3021109315

Diue to the complexity of the human neuromuscular and cheletal oyotems
[7], thiz approach requirez the usage of expensive and extencive
equipment, az well a2 axperts who will uoe it correctly, thus reducing the
scope of applications. Some authorz, however, amphasize the impor-
tance of meamurement under realistic conditions in a training environ-
ment [£,%]. Thic might be achiewable through the application of
wearable senzors, which are rapidly becoming integrased in the broad
fi=ld of human movement and sport research, providing monitoring out
of laboratory settings [10-12]. Even g0, it appears that new technology
in combat sportz has not bean qubjected to extensive application [13].
In combat sportz studies (incduding boxing, judo, ekwondo and
karate), inertial senzors are wed in mors than one domain: improvement
of the competition [14] and training process [15], technical n:m-ell:u.l.ng
[16], az well az equipment [17], performance and technique analyziz
[5,9,15-22]. Different approaches have bean appliad, such az placing
zensorz on the squipment used in the cport, on the athlete, or on both.
Regardles: of the positoning, angular velocitiez, force or wanclational
and rotational accelerations that are identified az key parametesz in
sports For karate techmique,

combat [9.19.1] were uqu:'u':d.
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Abstrack Karate fighters are under constant pressure to find adequate scoring solutions in ever-
changing combat conditions. Thios, technique improvement at high levels of mastery demands a
nowvel approach to key data acquisition and in-depth analysis of more than just the impact phase
in punch execution. With the aim of describing the kinematic and temporal structure of a reverse
punch in the developmental phase, bwo wineless sensors wene used for the acquisition of selected
quantities in ten modalities performed by a continental and world medallist. The results show
that the timeline of Kinematic parameters may be a reliable factor negarding the efficiency of the
reverse punch. The obtained hand results show a endency tow ards maintaining greater levels of
stability in comparison to the body. Additionally, the differences betw een parameters in relation to
applied tests that replicated training and combat conditions were noted. The highest acceleration
values were obtained in sliding motion preceding RF, with a partner holding chest punch pad, both
static (7.35 £ (0,47 go) and dynamic (.99 + 1.23 gp) tests. The same applies for velocity (839 = 014
and 7.30 + 1.28 m/ s). The obtained results indicate the need for specific testing and an individual
approach in the analysis of the techniques of elite competitors, along with the use of sensors in
data acquisition. Such an approach may help improve the training and competition practice of
karate fighters.

Keywords: reverse punch; standardised testing; elile athletes; wineless lechnology

1 Introduction

In constant pursuit of surpassing achieved results, elite athletes uphold high training
standards. Such standards can be met by overcoming conventional training methods [1]
based on the subjective evaluation of an individual athlete’s coaches, and focused technique
analysis may help the process. Semming from the diversity of a methodological approach,
in the broadest sense [2,3], the limiting factors in technique analysis of combat sports are
numerous. Analysis of the reverse punch (EP), the most prominent karate technique, is
no exception.

The distinguishing characteristic of karate combat at an elite level is the preference
for variability in fighting conditions [4]. Despite the fact that direct attack accounts for
the majority of points [3], it is not the only scoring modality [5-7]. Consequently, fighters
are under constant pressure to find and apply adequate solutions [4,5]. Scoring efficiency
depends on a fighter's ability to adapt accordingly [5] in restricted periods of fighting
activity under high intensity [6,7,9]. Thus, it would be beneficial to research and analyse
RF in realistic combat and training environments, addressing the issues which, due to their
complexity, were considered separately in previous research [10-16].

Appl Sci 2022, 12, 848, https:/ / doi ong /10,3390 app12168048
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Abstrack The influence of joint motion on punch efficiency before impact is still understudied The
same applies to the nelationship bebween the kinematic and temporal paramelers of a reverse punch
(RF) that determines a scone. Thenefore, the aim of this study was to investigate if the exclusion or
inclusion of body segments affects the scoeleration, velocity, rotation angle, and timeline of execution,
and to examine the cormelation between these quantities. Seven elite male competitors—senior
European and World Champicnship medalists—participated in the in-field testing. Chaantities were
acquired in the developmental phase of RP through three modalities of execution. Synchronized
real-time data wene obtained using combined multimodal sensors and camera fusion. The main
findings of the study have highlighted the significant differences in the temporal and kinematic
wariables of RF that arise from the modality of execution. Large and medium cormelation coefficients
wele obtained between the examined variables of body and hand. In conclusion, the results show that
measured parameters ane affected by segmental body activation. Moreowver, their interdependence
influences punch execution. The presented interdisciplinary approach provides insightful feedback
for: (i) development of reliable and easy-to-use technical solutions in combat sports menitoring; and
(i) imnprovements in karate raining,

Keywords: karate; ecdhmique analysis; acceleration; velocity; rotation angle; imeline; wearable deviees

1 Introduction

The difference between a punch that is point-worthy and one that is not can be a few
milliseconds. Besides the permanent adjustment imposed by the karate combat environ-
ment [1] and a number of adaptive interactions between the nervous and musculoskeletal
systems [2], the relationship between the kinematic and temporal parameters of the motion
may be one of the main determinants of a successful outcome. Strictly speaking, atten-
tion should be directed to acceleration, velocity, rotation angle, and temporal parameters.
The temporal parameters are defined as the equivalent of the kinematic event occurring
during the coresponding characteristic phase of the punch execution in the optimal time
sequence. Joint kinematics are traditionally restricied to laboratory research [3,4). Available
detection systems ame typically robust, expensive, and demand trained experts who know
how to operate them [5,6]. In such settings, athletes face limitations that are not common in
competition and training [6]. Consequently, constraints imposed by the equipment and
environment may affect the motor skill under analysis [3]. In contrast, the acquisition of a
wide range of diverse data in situ using kinematic sensors (K5) enables measuring during

Appl Sci 2023, 13, 10548, hetpse/ fdoiorg/ 103390 /app131610048
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11.7 The Form5

obpa3zay usjase o aymopcmay

U3jaBa 0 ayTOpCTBY

Wme u npe3uMe aytopa BecHa B. BykoBuh
bpoj unaekca 5006/2017

H3zjaB/byjem
Ja je LOKTOpCKa AucepTaliyja o HacJI0BOM

KUHEMATHUYKHW U BPEMEHCKH ITOKA3ATEJIJbU Y IAPIIA
I'MAKO 3YKH YV PASJIMYUTHUM MOJAJIMTETUMA
N3BOBEHA MEPEHU UMY CEH30PUMA

* pe3yJITaT CONCTBEHOT UCTPAXKUBAYKOT pPajia;
e /1a AUCepTalyja y IeJIMHU HU y [leJIOBMMa HUje 6Ujia mpeJJioKeHa 3a CTULambe Jipyre
JUIIJIOME TIpeMa CTYyAWjCKUM MpoTrpaMuUMa APYTUX BUCOKOUIKOJICKUX YCTAHOBA;

* 1a Cy pe3y/ITaTU KOPEKTHO HaBeJeHU U

e /la HMCAM KpIIHO/J1a ayTOPCKa MpaBa U KOPUCTUO/J1a UHTEJIEKTYaIHY CBOjUHY APYTHUX
JIULA.

IloTniuc ayTopa

Y Beorpany,
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11.8 The Form 6

obpasay uzjage o UCMOBEMHOCMU WMAMNAHE U eIeKMPOHCKe 8ep3uje 00KMOPCKo2 padd

H3jaBa 0 HCTOBETHOCTHU IITAMIIAHE U €JIEKTPOHCKE Bep3Uje TOKTOPCKOT

paxa

Nwme n npezume ayropa: Becna Bykosuh
bpoj unnekca: 5006/2017
Crynujcku nporpam: ExcriepuMeHTAaIHE MeTO/le HCTPAKHBaKHa XyMaHe JIOKOMoLHje

Hacnos pazga: Kinematic and temporal parameters in different modalities of the reverse
punch measured by IMU sensors

KuHemMaTuKku M BpeMEHCKH MOKa3aTe/bH YAApUA IjaKy 3yKH Y Pa3JIH4uTHM
Moaaauteruma ussohemwa mepenn IMU censzopuma

MenTtop: npo¢. ap Muiusoj lomncaj

U3jaBibyjeM na je mrammnana Bep3uja MOT JOKTOPCKOT pajia HCTOBETHA EJIEKTPOHCKO] BEP3UjH
KOJy caM TIpesiao/jia pajay moxpamuBama y JIMTHTAITHOM Peno3uTOpujymy YHUBEpP3UTETA
y beorpany.

Jlo3BosbaBaM jJa ce o0jaBe MOjU JMYHHU TOJAIM BE3aHH 3a JI0OMjame aKaJIeMCKOT Ha3HuBa
JOKTOpa HayKa, Kao MITO Cy UMe U TMpe3uMe, TOANHA U MECTO polerma U AaTyM of0paHe paja.
OBu TMYHU MOJAIM MOTY c€ 00jaBUTH Ha MPEKHUM CTpaHUIlaMa JUTUTAIHE OUOINoTeKe, y
€JIEKTPOHCKOM KaTajory U y nmybnukanujama YHuBep3utera y beorpany.

[Tornuc ayropa

VY Bbeorpany,
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11.9 The Form7

obpazay usjase o Kopuwherby

N3jaBa o0 kopumhemwy

Osnamthyjem YHupep3uteTcky Oubmmoreky ,,CBerozap MapkoBuh® na y Jururtannu
perno3uToprjyM YHuUBep3uTeTa y beorpany yHece MOjy JOKTOPCKY IUCEpPTAIH]y IO
HACJIOBOM:

KINEMATIC AND TEMPORAL PARAMETERS IN DIFFERENT MODALITIES OF THE
REVERSE PUNCH MEASURED BY IMU SENSORS

KOja je MOje ayTOPCKO JEeo.

Jucepraiyjy ca CBUM MPUIIO3MMA MIPEIao/iia caM y eIeKTPOHCKOM (opmary moroHOM 3a
TPajHO apXUBUPAE.

Mojy TOKTOPCKY IucepTaly]jy MoXpameHy y JJurutainom perno3uTopujymy Y HUBEp3UTETa y
beorpany u 10ocTynHy y OTBOPEHOM HPUCTYIY MOTY Ja KOPUCTE CBU KOjH MOILITY]y ofipenoe
caJipkaHe y ofgabpanom tumy nunenne Kpearusne 3ajeqnune (Creative Commons) 3a Kojy
caM ce OJUIy4Ho/na.

1. Ayropcteo (CC BY)
2. AyropcrBo — HekomepuujaiaHo (CC BY-NC)
3. AyropctBo — HekoMeprujanHo — 6e3 npepaaa (CC BY-NC-ND)
4. AytopcTBO — HEKOMepIHjaaHO — AenuTh o uctuM ycimopuma (CC BY-NC-SA)
5. Aytopceto — 6e3 mipepana (CC BY-ND)
6. AyropctBo — nenutr noj uctuM yciosuma (CC BY-SA)
(Monumo 1a 3a0KpyKHUTE caMo jeJHY OJ] IIECT MOHYh)eHHUX JIUIEHIIH.
Kparak onuc nuiieHIH je cacTaBHH JIEO OBE U3jaBe).
[Tornuc ayropa

VY Bbeorpany,
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