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Abstract: (1) Background: Previous studies have compared research into ski jumping in different
motor processes, but there is a lack of comparative analysis of the biomechanical research methods
used to investigate different ski jumping sports. (2) Content: Our study compared the advantages
and disadvantages of six research methods and proposes future research directions. Motion video
collection and analysis show that controlling angular momentum and achieving stable flight attitude
in the take-off process are the most critical factors in ski jumping performance. Most research on
force platforms focuses on dynamic performance at the time of take-off, but there are few training
sites with an embedded force platform, and so, more empirical research is required. Wearable
inertial measurement units, including gyroscopes and accelerometers, can be used to determine a
series of forces, calculate the joint angle, and speculate the position of the centroid during motion.
Surface EMG studies are primarily used to compare the activity characteristics of the lower limb
muscles in the actual field of the jump, the exercise simulation, and the lack of complete training
process data. Wind tunnel measurement can satisfy fluid mechanics simulation experiments and
provide theoretical support for optimizing special ski jumping technology. Based on the theory of
computational fluid dynamics, the optimal drag reduction posture data of ski jumpers can be derived
using computer simulations. (3) Conclusions: Due to the wide range of ski jumping sports, the present
research focused on the kinematics and dynamics of different movement stages, lacking the study
of the complete exercise training process. The range of wearable inertial measurement and sensor
equipment can cover the whole process of ski jumping, including kinematics and dynamics data,
and is a feasible and reliable test method for monitoring ski jump training in natural environments.
The simultaneous testing of surface electromyography, kinematics, and dynamics requires further
exploration. (4) Future direction of development: Under computational fluid dynamics, wearable
inertial measurement units and global navigation satellite systems (GNSSs), intelligent wind tunnel
experimental training areas will become essential tools for ski jumping research.

Keywords: ski jumping; attitude; aerodynamics; take-off forces; wind tunnel

1. Introduction

Ski jumping is a technical event, and the accuracy and fluency of technical movements
are crucial to performance in the sport [1]. The flight distance score determines the sports
performance of ski jumping, the attitude score given by the referee, the departure gate
score, and the wind compensation score [2,3]. The flight distance carries information about
the departure gate and wind speed. Athletes who fly farther tend to have higher attitude
scores. According to the kinematic characteristics, flight distance is usually divided into
four stages: in-run, take-off, flight, and landing [4,5]. The flying distance of ski jumping is
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underpinned by the weight of the athlete, aerodynamic forces during flight, and the initial
flight velocity after take-off [6].

The kinematics and dynamics data of the exercise process are essential to understand-
ing the final results of ski jumping. The present study aims to obtain the kinematic and
biomechanical expression characteristics of each stage of ski jumping. Ski jumping technol-
ogy has rapidly developed in terms of flight technology and training quality [5]. Since the
1920s, scholars from various countries, including Norway, Austria, Germany, and Japan,
have measured and studied sports performance [2]. The corresponding theoretical research
results have also increased. In particular, the long-term research on ski jumping by scholars
such as Muller of Austria [1,7–9], Virmavirta of Finland [10–17], and Seo of Japan has led
to rich theoretical achievements [18–22].

The body posture of ski jumpers significantly impacts their flight distance. Thus,
the kinematic characteristics of ski jumpers have been extensively studied in the field
of sports biomechanics [5,23,24]. Some studies have shown that vertical CoM take-off
velocity contributes to ski jumping distance [11,25]. Other studies have identified that
not only the vertical CoM take-off velocity but also other parameters, such as the knee
extension velocity and the angle between the body longitudinal axis and the ski after
20 m of the flight phase, are strongly correlated with the length of the jump [15,26,27].
The most significant correlation with flight distance in the flight phase was found in the
angle between the skis and the body [15]. Certain scholars have asserted that the angle
of attack of the ski dominates the optimal lift-to-drag ratio [28–30]. The research above
serves as the foundation for imitation jumps during daily training. Various imitation jumps
aiming to mimic the kinematic pattern of hill jumps appropriately are performed during
daily training [5,31]. Some studies have suggested considerable differences between the
take-off during hill jumps and imitation jumps [13,32]. However, Jakob Ketterer identified
an imitation jump type that is not statistically different from the hill jump [5].

Using computer simulations, Remizov developed an optimal flight control model
for H-style ski jumping, and presented the optimal time history for the angle of attack to
maximize flight distance [33]. Schwameder H. attempted to determine the most favorable
body attitude in flight using flight trajectory calculation and wind tunnel measurement [24].
Lin Zhang used computational fluid dynamics (CFD) methods to suggest that the optimal
ski attitude is an angle of attack, yaw angle, and roll angle equal to 30◦, 20◦, and 0◦,
respectively [6].

Compared to past studies, current research methods are more complex, precise, and
extensive. However, because of the wide range of movement involved in ski jumping—
the horizontal distance and horizontal drop of about 100 m, coupled with the different
environments of each ski jumping venue—it is difficult to conduct measurements in this
field, leading to there being relatively few research results on ski jumping. Methods of
measuring and providing feedback on the whole motion process in real time are urgently
needed in this area.

Previous studies mainly analyzed the progress of research into various aspects of
sports biomechanics in each ski jumping stage. This study took different research methods
as the starting point, comprehensively analyzed the pros and cons of six research methods,
and summarized the drawbacks of current ski jumping research and the direction of
future research.

2. Progress of Different Research Methods
2.1. Motion Video Capture and Analysis

Motion video capture and analysis is one of the most essential research methods
used to study ski jumping, which is mainly used for kinematic data analysis, including
analyzing and describing the attitude of athletes and the speed and component of the
centroid, and constructing the trajectory of the centroid. It can also push back the air
force on athletes [34,35]. This method has made significant contributions to descriptions
of attitude sequence diagrams of ski jumping and analyses of the critical parameters of
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flight posture. Some generally accepted conclusions have been obtained; for example,
controlling angular momentum during take-off and achieving a stable flight attitude as
soon as possible are the most critical factors in ski jumping performance. The angle between
the body and the snowboard and the angle of attack are two key parameters that affect
flight distance, and the attitude angle has a more significant influence on the flight distance
than the ballistics data of the centroid [33,36].

Motion video capture and analysis can be used in mountain training and competitions,
wind tunnels, simulation training, laboratory settings, and other settings. It will not affect
subjects’ sports performance. However, because ski jumping shows great variations in
both longitudinal and radial dimensions and the conditions of each mountain are different,
the attitude characteristics of different stages will also differ. A general video capture and
analysis scheme for each site still needs to be established. Although three-dimensional
cameras are often used, most studies’ research objects and result descriptions are frequently
provided in the form of two-dimensional image data.

In existing research, video capture schemes usually focus on a particular movement
stage, including the take-off stage, early flight stage, or stable flight stage, but there are few
studies on gliding and landing; there is only one example of image analysis covering the
whole process. Arndt [25] used a high-speed camera and image analysis to analyze the
K90 individual platform jumping technique in the 1994 Winter Olympics. The center-of-
mass velocity and position of the centroid during the take-off and early flight stages were
analyzed in order to study flight attitude (joint angle, relative horizontal position angle of
each part of the body, angle of attack, snowboard V angle), 10 other angle parameters, and
flight distance. Schmolzer used 11 cameras distributed along the flight slope from the start
of the take-off slope to the 97-meter position in field measurement research on the K120
jumping platform used in the 2002 Winter Olympics; the distance between each camera and
the athletes differed according to the terrain of the mountain, and the body attitude angle
and snowboard attack angle during the flight were also recorded. This research also used
a high-speed camera to study the take-off process [37]. In the same competition, another
team, Virmavirta et al., set up two frame-synchronized high-speed cameras (HSC-200) at a
frequency of 200 frames per second to capture the process of all jumpers from take-off to the
end of their early flight. The field of view covered approximately one-third of the longest
flight distance [15]. Virmavirta’s group conducted a series of studies on ski jumping in the
five Winter Olympics that occurred from 1988 to 2006. The primary method used was video
collection, combined with other methods according to the purpose, to successively study
take-off and early flight [10–13,16]. Januar et al. used a fixed camera to shoot video of the
first straight stage of 656 players in the 1992–2001 World Cup held in Austria and analyzed
the changes in the angles of knees, ankles, and torsos [38]. Nardello’s group suggested that
skiers focus on achieving a more considerable in-run speed to maximize performance in
this discipline; none of the angular parameters correlated with flight distance [39]. Elfmark
et al. used a differential global navigation satellite system (GNSS) to measure the difference
between elite ski jumpers on a normal (HS106) and large hill (HS140). They concluded
that the high lift–drag ratio had no significant effect on the flight distance of HS106 but
significantly impacted the flight distance of HS140 [40].

It is a pity that the visual field of these images does not cover the stable flight stage
and that there is also a lack of synchronous data on the different motion stages to describe
overall motion performance. A new technology developed during the Beijing Winter
Olympics—the Intel 3DAT athlete tracking system that assists scientific training, using
video motion capture technology and an AI image processing system—can realize the three-
dimensional attitude reconstruction of athletes, perform accurate quantitative evaluation of
movements, and control measurement error below 5 mm [41]. Figure 1 inllstrated an “ultra-
high-speed 4K orbital camera system” which was used in the Beijing Winter Olympics. It
was developed by the China Central Television, called the Cheetah system, which uses
“time slice” technology to freeze multiple key gestures of the complete motion process in
the same picture and completes the key indicator analysis within 3 s [42].
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Figure 1. AI simulation diagram of Ailing Gu’s third and first jumps in the Beijing Winter Olympic
Games [42]. The red line is the trajectory of the third jump, with a maximum altitude of 7.51 m. The
blue line is the trajectory of the first jump, with a maximum altitude of 7.50 m.

Kaps and his colleagues used the kinematic data inversion method to calculate the
ground reaction force from the kinematic data collected during mountain platform jumps
and compared it with the take-off force measured by the Pedar insole simultaneously. The
results showed a reasonably high agreement between measured and calculated forces (less
than 5% difference when considering aerodynamic lift), justifying the estimation of ground
reaction forces from kinematic data [34]. Sasaki et al. used the inverse dynamics method to
calculate the kinematics data collected during the competition: the external force on the
centroid; the moment of the ankle joint, knee joint, and hip joint; and the torque on the
snowboard during the take-off and early flight stages [43].

Multi-disciplinary principles underpin ski jumping performance; different mountain
conditions, climate conditions, departure grids, and measurement tools will impact the
research results. However, a consensus can be reached in kinematic research that the final
velocity of each different motion stage becomes the initial velocity of the next stage and
significantly impacts the final flight distance.

The main problem faced by motion video capture and analysis is measurement ac-
curacy, such as errors in measuring the body attitude angle when wearing a ski suit, the
measurement error of the snowboard angle, and the resulting attitude when the mountain
background or protection fence interferes. Errors in angle measurement, centroid estima-
tion, and the position of the centroid and the resultant moment in the flight system are
essential reasons for determining flight. On the other hand, there needs to be more data
consistency between different hardware systems and video analysis (parsing) software. At
the same time, ski jumpers are limited by nerve fatigue, and the number of videos that
can be collected in daily ski jumping training and sports technology are also limited. Most
of the conclusions reached in the literature are qualitative descriptions and time series
diagrams of various parameters in the motion process based on experimental data [37],
and there are few clear conclusions regarding quantitative analysis.

2.2. Force Plate

The take-off is the technical stage that plays a decisive role in ski jumping performance.
The force plate is the preferred measurement tool for gaining insight into an athlete’s
take-off technique and obtaining the ground reaction force during the take-off and landing
stages. Using this measurement method in actual jumping venues is more complex than
video capture, and it is more common in laboratory-designed tests, such as in wind tunnels
or other simulated training environments. Installation of force plates in actual mountainous
areas is common in the experimental sites of some research institutions, and they were also
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installed on the take-off slopes of the ski jumping hills of the 1988 Calgary Winter Olympic
Games [10]. Although a series of force boards were installed under the Alps track at the
beginning of this century, studies using these systems have yet to be published [24]. The
primary focus of research when using force platforms is take-off, as well as a variety of
simulated real ski jumping environments, such as low-friction conditions and air force
conditions [5,10–12,14,17,32,43], to obtain the force–time and force–velocity curves at the
moment of take-off and propose special training methods. The existing research mainly
includes comparing simulated and actual jumps, identifying correlations between take-off
force and flight technique, sports performance diagnosis, and other primary research.

Force plate tests simulating take-offs in wind tunnels have shown that wind conditions
significantly shorten take-off times while compensating for final take-off speeds, thus
emphasizing the importance of explosive power. The study of take-off force in the actual
field shows that different players show very different strength characteristics during the
take-off stage, suggesting that individual optimization should be carried out in take-off
training; elite athletes show stronger strength growth ability when they are close to the
take-off edge.

Although force plates can directly measure the ground force, actual sites with buried
force plates are very rare, and no scientific papers using existing equipment on the track
have been published. Snow surface conditions will affect the accuracy of mechanical
measurements during the landing stage. In actual training or competitions, it is almost
impossible to calibrate a force plate buried under the snow surface after each landing.
Therefore, the possibility of obtaining accurate mechanical data from the landing stage is
almost zero. However, the measurements carried out in simulated take-offs show great
differences between the simulated means and the actual take-off environment, making
interpreting and applying the results difficult.

2.3. Wearable Inertial Measurement and Sensor Equipment

Dynamic changes in athletes’ bodies are the fundamental reason for changes in kine-
matics. Observing the dynamic changes throughout the ski jumping process is very im-
portant for studying the factors affecting the distance of movement. Wearable inertial
measurement units (IMUs), including gyroscopes and accelerometers, are a powerful op-
tion for measuring human motion in natural environments, and a measurement system
consisting of an IMU attached to the sacrum can be used to determine a variety of forces
and work in the form of motion. With the development of inertial sensor technology, IMUs
can also be used to calculate the joint angle and speculate the position of the centroid
during motion. In ski jumping, Ohgi, Hirai, Murakami, and Seo [20] used seven IMU
units affixed to the sacrum, thigh, calf, and snowboard and set up a camera to estimate
the aerodynamics of the contestants during flight. Chardonnens J. et al. used a system
based on wearable inertial sensors to calculate the kinematics and dynamic parameters of
all stages of ski jumping, such as the force on the centroid during the take-off stage, the
angular velocity of the roll, and the air force during the flight stage [44,45]. Grega used
10 IMU units, combined with force plates and morphometric methods, to analyze the forces
and moments of the ankle, knee, and hip joints during the slide and take-off phases [46]. In
recent years, wearable inertial measurement units have achieved promising results when
measuring the kinematics and dynamics of ski jumping [44–47]. However, some studies
have shown the possibilities GNSSs provide for collecting data efficiently from the start
of the inrun to the landing [48,49]. Using this measurement, a trajectory with ±0.05 m of
global position accuracy can be achieved [50].

These measurement methods can achieve data monitoring in the moving process,
which is very suitable for data recording in actual field training. The primary disadvan-
tage of wearable equipment is that it cannot be used in competitions. The background
technology for this measurement technology is the use of extrapolation methods, so the
reliability of the data needs to be verified. The consistency of data generated by different
measurement units and systems must be considered.
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2.4. Surface EMG Measurement

There are few reports on electromyography (EMG) of muscle activity during actual
mountain training, and most reports concern the study of muscle activity through sim-
ulating jumps in the laboratory. At present, the contribution of surface EMG research is
limited to the basic description of the time sequence and coordination mode of muscle
activity in the jump process, as well as the comparison between mountain platforms and
simulated jumps. Virmavirta and Komi have conducted continuous research on take-offs in
ski jumping from the late 1980s to the present. In a study in 1991, surface electromyography
was used to measure several muscle groups of athletes, such as the gluteus maximus,
medial vastus, lateral vastus, tibialis anterior, and gastrocnemius, from the preparation
stage of take-off to landing, combined with a foot pressure insole, force platform, and
another strength measurement. These papers provide a more comprehensive biomechan-
ical description of ski jumping using the parameters of strength, pressure distribution,
and muscle activity [11–13,51]. This kind of measurement method cannot be used in a
competitive environment. In addition, research on the relationship between surface EMG
data and mechanical and kinematic parameters still needs to be conducted.

2.5. Wind Tunnel Measurement

Aerodynamics is one of the determinants of flight distance in ski jumping. However,
because human skiing systems are not rigid, with a complex and changeable attitude in
the process of movement, any attitude adjustment of athletes will change aerodynamic
parameters such as windward area, lift, and resistance, making them difficult to express
by function. Therefore, scholars have conducted detailed studies on the acquisition of air
force through wind tunnel measurements and calculations. In a large wind tunnel with a
5 × 5 m cross-section, Muller aimed to conduct mechanical measurements of all possible
flight attitudes [9]. Their research combined the flight attitude data of all rounds of the
top ten athletes in the Winter Olympic Games and took the mean value of each time in
the flight stage as the flight attitude angle data. The lift and resistance data of the flight
process were measured in the wind tunnel. In a follow-up computer simulation study,
these data results were used as the input for solving the equation of motion to speculate
on the flight trajectory and calculate the flight distance. A measuring device built by Seo
et al. in a 3 × 3 m low-speed wind tunnel measures the air force of the full-size model
under different attitudes during the flight phase; establishes the polynomial models of
attack angle, forward inclination angle, V angle, and air force; and analyzes the stability
of radial flip [19]. Maryniak et al. measured the attitude’s airlift, drag, and overturning
momentum under several critical angles in the flight phase [52]. Park M.J. et al. measured
hydrodynamics in a wind tunnel, established the Navier–Stokes equation of the airflow
field, and studied the optimization of the lift–drag ratio at four critical angles of flight
attitude using computational fluid dynamics [53]. Meile et al. calculated the CFD of the
models with various angles of attack under the condition of the full-scale Reynolds number,
and the results were in good agreement with the experimental results of athletes in a large
wind tunnel. This CFD code, AVL SWIFT, is used for simulations. The code employs
the finite volume discretization method, which rests on the integral form of the general
conservation law applied to the polyhedral control volumes (cells) [28].

In the 1980s, many sports competitions, such as ball games, throwing, and swimming,
used various parameters related to improving equipment performance and improving
sports performance through aerodynamic wind tunnel tests, numerical simulation cal-
culations, and field measurements, providing technical support for enhancing training
methods [54].

The main factors affecting aerodynamics include the attitude of the human ski system,
ski jumping suits, and ski boards. During sliding, the athlete’s aerodynamic resistance
should be as low as possible to maximize acceleration [30]. Virmavirta et al. conducted
wind tunnel tests of different athletes’ skating postures. They found that a higher height
of the athletes does not necessarily mean more significant air resistance. The results show
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remarkable differences in the aerodynamic characteristics of the two types of athletes, and
the difference in aerodynamic lift is more significant [14]. Some scholars suggest that when
the lift-to-drag ratio reaches its peak, the athlete should maintain a flatter body attitude,
leading to a relatively low lift area and drag area [55].

Applying wind tunnel measurements can provide a good simulation environment for
ski jumpers’ diagnosis, evaluation, and optimization technology.

2.6. Computer Simulation Calculation

Computer simulation is mainly related to the attitude optimization of ski jumping
flight; the human body–ski system is simplified to a centroid or segmented model. Hubbard
et al. simplified the human ski system into four segments in the plane: the skis, legs, torso
(including head), and arms [36]. The simulation system takes the joint torque when
changing the body attitude as one of the input parameters, combined with the aerodynamic
data, such as lift, resistance, and pitch torque measured in the wind tunnel, to construct the
motion equation of the flight system. The simulation results are qualitatively consistent
with the excellent flight trajectory, which provides a basis for future optimization analysis.
Many types of research have been simplified to the centroid, including simulating flight
trajectory [37], constructing ski-jumping mountains [1], analyzing the influence of flight
attitude on motion performance (mainly flight distance), and the optimal solution for flight
attitude. Under specific mountain parameters, the functional relationship between flight
distance and landing impulse can be calculated, and the take-off force can be pushed
back in the take-off stage. The theoretical basis of kinematic and biomechanic computer
simulation comes from the Newtonian force–kinematics equation and aerohydrodynamics
theory, such as the kinematics equation in the in-flight stage and motion equation in the
sliding stage. Computational simulation systems developed by Muller et al. [8,9,56,57],
using lift and drag areas as inputs, can calculate flight paths; conversely, flight path data,
as a function of flight time, can also be used to calculate lift and drag or area [7]. Sasaki
et al. [58] collected kinematic competition data of 10 world-class ski-jumpers as input for a
mathematical model to elucidate the influence of aerodynamics during stable flight. They
concluded that the mathematical approach was well suited for approximating empirically
observed airlift and drag during stable flight.

During flight, athletes are subject to the combined effects of their gravity and aerody-
namic force. The aerodynamic force can be decomposed into the lift Fl perpendicular to the
speed direction and the resistance Fd along the opposite direction of the athlete’s speed.
The calculation formula is as follows:

Fl = 1/2ρClAv2 (1)

Fd = 1/2ρCdAv2 (2)

where ρ is the air density, which is related to the altitude of the platform; v is the athlete’s
speed; A is the upwind area of the athlete; Cl is the lift coefficient; and Cd is the resistance
coefficient. Lift and drag coefficients are related to athlete’s flying attitude and the ski
clothing material [59]. According to this calculation formula, we can deduce that the
lift–drag ratio is determined by the ratio of the lift coefficient and the drag coefficient.

In the flight stage, athletes must find a suitable attitude to be subjected to greater lift
and less resistance to fly farther. The “V” flight attitude can increase the lift–drag ratio
of the man–plate system in a certain range to obtain a longer flight time and maximum
flight distance. With changes in the angle between the skis and the human body between 0
and 45◦, the value of the spring dynamometer decreases gradually with the increase in the
angle; that is, the lift increases slowly, which indicates that the flying distance of the athlete
will also increase gradually.

Hu regards ski jumpers and snowboards as a multi-body system. The fluid mechanics
calculation method was used to study the upper body bending angle (10◦, 14◦, 18◦, 22◦,
and 26◦) and the body and snowboard angle (8◦, 12◦, 16◦, 20◦, and 24◦)—the aerodynamic
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changes in the board system. The results show that the optimal range of the bending angle
of the upper body is 14~18◦, and the optimal range of the angle between the body and
the snowboard is 16~20◦ [29,60]. Chen’s simulation calculation of the flight stage shows
that to obtain the best competitive performance in the initial flight stage, athletes should
pass through this period with minimum head-on resistance and prolong the duration of
this period as much as possible. During a stable flight period, it is necessary to maintain
the balance and stability of the “man–board” system and adjust its posture to obtain the
maximum lift–drag ratio.

When discussing the effect of flight attitude parameters on flight distance, the com-
puter simulation method has higher credibility than the results of other experimental
methods, such as video analysis and empirical data. However, the premise of using this
method is that the theory is correct, and the proper expression of the simplified theoretical
model to the actual process of the jumping platform must first be verified.

3. Discussion

Kinematic research shows that the initial speed of the take-off stage is provided by the
in-run stage. The take-off attitude can only form a stable flight attitude after the adjustment
in the early flight stage. The quality of the stable flight attitude also affects the landing
attitude [23]. Therefore, each different stage of movement will impact the next stage
of movement.

Take-off is the most critical stage of ski jumping [5], in which the initial speed and
forward angular momentum determine the final flight distance in ballistics. In contrast, the
squatting position in the in-run stage provides the initial conditions for take-off. The com-
petitor must compromise between a low centroid and their individual muscle ability [31,32].
Going back to the take-off parameters, the optimal values of the initial velocity and angular
momentum of the contestant do not have a fixed result, which must be considered together
with the contestant’s other parameters. In the flight stage, neither the optimal lift–drag ratio
nor the maximum lift coefficient can be proven to be necessary and sufficient conditions
for obtaining the farthest flight distance. Therefore, analyzing ski jumping performance in
an independent comparative study is complex. However, association analysis should be
considered, which puts forward some primary data collection and recording requirements.

Too long of a sports distance poses a significant challenge for biomechanical research,
especially in collecting data on hill jumps in ski jumping [61]. To date, under the condi-
tions of real ski jumping, only the kinematic data of the stage motion sequence can be
obtained [15]. Under the condition of competitions, we can consider synchronous video
capture by multiple cameras covering the whole course and recording the wind data of
the flight path. When building a new ski jump site, burying a force-measuring platform
at the take-off platform and landing slope should be considered in order to observe the
take-off and landing forces. Wearable inertial measurement units and global navigation
satellite system (GNSS) receivers can be used under the training conditions of real ski
jumping [48,62].

Outdoor field environmental factors mainly include the wind environment and the
air pressure environment. Computational fluid dynamics can simulate the process of ski
jumping under different meteorological conditions and is considered an important tool for
improving the cognition of the ski jumping process in the future [63]. The ultimate goal of
any research is to enhance athletic performance, and the study of the effect of wind and air
pressure on aerodynamic characteristics and stability may become a future research focus
in the field of ski jumping aerodynamics. As an essential venue for ski jumping simulation
training, intelligent wind tunnel experimental training halls can provide a large amount
of monitoring data for outdoor field environment simulation, aerodynamic measurement,
athlete technical action assistance training, sports equipment optimization design, and
other experimental research. It will become an essential tool for ski jumping research in
the future.
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Therefore, based on the existing biomechanical research, considering the critical techni-
cal problems affecting ski jumping, to construct a feasible collection and real-time feedback
scheme for kinematics and dynamics in an actual platform environment, different measure-
ment techniques are synchronously combined in each link and targeted index parameters.
At the same time, the industry standards for different measurement methods of ski jumping
are constructed to standardize the expression of the sport. Improving the evidence from
various research conclusions, helping coaches and athletes enhance their understanding of
mechanical and biomechanical problems, improving the level of competitive performance,
and improving daily training methods are some of the main problems to be solved in future
research into ski jumping.

4. Conclusions

Based on the literature research and the analysis of research methods such as motion
video capture analysis, force plates, wearable inertial measurements, sensor equipment,
surface EMG measurements, wind tunnel measurements, and computer simulation calcu-
lations, the technical requirements and research progress of ski jumping are summarized
as follows:

1. A high level of sports performance is attributed to the ski jumper’s tuning of their
overall flight system at each stage of the exercise sequence, and a change in one
parameter will affect other parameters. Under computational fluid dynamics, research
methods using wearable inertial measurement units and global navigation satellite
system (GNSS) receivers will become essential for future ski jumping research.

2. Ski jumping requires solid technical stability, and the timing of the center-of-gravity
movement when the athlete takes off is crucial. In theory, the factors that affect the
flight distance of athletes are the ratio of lift and the resistance of the “man–board”
system during the flight process; air density, windward area, and flight speed jointly
affect the lift and resistance during the flight process; and the factors that determine
the lift–drag ratio coefficient are the body attitude and the material of the ski suit.
In the flight stage, the angle between the ankle and cervical vertebra connects to the
horizontal line, and the flight angle of attack can lead to an excellent aerodynamic
drag reduction effect.

3. Ski jumping research, influenced by long distances, is mostly conducted in labora-
tory settings, including take-off force tests and computer simulations of air flight
drag reduction technology. Motion video capture analysis can be applied to training
and competition analysis, but a motion video capture analysis system covering the
complete motion process needs to be developed. AI image processing systems can
realize the three-dimensional posture reconstruction of athletes, which can be used as
a supplement to sports technology analysis. Wind tunnels can be used to carry out
drag reduction technology optimization training and strength and technical testing,
the most widely used training research methods for athletes. The development of
wind tunnel venues with comprehensive performance and intelligence has broad
application prospects for athletes to correct technical posture and adapt to the envi-
ronment. Wearable inertial measurement units have a wide test range and can cover
the complete motion process. Their test content covers kinematics and dynamics
data, making them a test method with high feasibility and reliability for training and
monitoring ski jumping. With higher accuracy and a more stable transmission speed,
compact and portable wearable inertial measurement and sensor equipment will be
the primary methods for future research on ski jumping.
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