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Abstract23

To perform their acrobatics successfully, trampolinists make real-time corrections24

mainly based on visual feedback. Despite athletes’ heavy reliance on visual cues, visual25

criteria have not been introduced into predictive simulations yet. We aimed to intro-26

duce visual criteria into predictive simulations of the backward somersault with a twist27

and the double backward somersault with two twists in pike position to generate inno-28

vative and safe optimal acrobatic techniques. Different visual vs kinematics objective29

weightings were tested to find a good compromise. Four international coaches and two30

international judges assessed animations of the optimal techniques and of an elite ath-31

letes technique, providing insights into the acceptability of the optimal techniques. For32

the most complex acrobatics, coaches found the optimal techniques more efficient for33

aerial twist creation. However, they perceived them as less safe, less realistic, similarly34

aesthetic, and similarly appropriate for visual information intake compared with the35

athlete’s technique. The scores given by the judges were twice as high for the optimal36

technique compared to the athlete’s technique. This study highlights the importance37

of including visual criteria into the optimization of acrobatics to improve the relevance38

of the optimal techniques for the sporting community.39

Keywords – Gaze, Optimal control, Trampoline, Motor control, Visuo-motor40

strategies, Perception-action coupling41

1 Introduction42

Biomechanics researchers have used predictive simulations to assist coaches through anal-43

ysis and synthesis of sporting techniques [1, 2, 3]. However, previous optimal sporting tech-44

niques focused on the motor task, neglecting the crucial role of visual feedback during move-45

ment execution. Evidence from various sports, including table tennis [4], basketball [5],46

and running [6], suggests that athletes often prioritize visual information acquisition over47

biomechanically optimal movements when movement regulation is key to an increased per-48

formance. This is often presented in the form of eye/head stabilization. Some characteristics49

of the trampolinist kinematics point toward this prioritization, like spotting [7, 8], a strategy50

where the head is slowed down to increase sensory information acuity. It is expected that51
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athletes choose acrobatic techniques where their head is oriented such that they are able52

to see informative portions of the environment, as vision plays an important role in spatial53

orientation [9]. Indeed, using a portable eye-tracker and inertial measurement units (IMUs),54

it was observed that trampolinists exhibit a characteristic series of visual behaviors during55

the execution of acrobatics [8, 10, 11]. One of them is looking at the trampoline bed at key56

instants of the acrobatics. Some athletes are conscious of this behavior and report making57

visual contact with precise portions of the trampoline to guide their acrobatics. Due to the58

athlete’s rotation in the air, the head is not always positioned appropriately to see these59

visual contact points. As athletes are in free fall, the body orientation is dependant on the60

limb movements, thus the whole body kinematics might be modified to appropriately posi-61

tion the head. As athletes may prefer performing acrobatic techniques rich in visual contact62

points, facilitating the acrobatic execution control which is crucial to land safely, the motor63

and sensory aspects of acrobatic techniques cannot be considered independently. Thus, if64

we want to generate relevant acrobatic techniques, both the performance outcomes and the65

visual information intake should be maximized by optimizing simultaneously the gaze and66

body kinematics.67

The gaze and body kinematics have previously been optimized simultaneously in pre-68

dictive simulations of gaze shift [12]. It was established that the neck and eye movements69

follow the "principle of least effort", meaning that gaze orientation can be studied using the70

optimal control theory. However, the optimal gaze movements were only generated for sim-71

ple head-eye movements; hence, it would be useful to push it further by generating optimal72

body-head-eye movements during acrobatics.73

The primary aim of this study was to generate safer optimal acrobatic kinematics by74

including visual optimality criteria in the predictive simulations. The optimal kinematics75

generated with and without the visual criteria were compared in terms of twist creation,76

safety, realism, aesthetics, visual information intake, and execution. We hypothesized that77

integrating visual criteria into the predictive simulations would generate kinematics that78

are more similar to the technique used by athletes, thus increasing the acceptability of the79

proposed optimal techniques.80
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2 Methods81

2.1 Experimental procedure82

The kinematics and gaze orientation of one elite female trampolinist in the top 10 world-83

wide (Tier 5 according to the Participant Classification Framework [13]) were measured using84

17 inertial measurement units (MTw, Xsens Technologies B. V., Netherlands) and a wearable85

eye tracking device (Pupil Invisible, Pupil Labs, Germany). The protocol (No. CERC-19-86

002-D) was approved by the Université de Montréal Research Ethics Committee, and the87

participant provided verbal and written informed consent to participate. The acrobatics in88

this study are the backward somersault in straight position with one twist (acrobatic code:89

42/) and the double backward somersault in pike position including 11/2 twists in the first90

somersault and 1/2 twist in the second somersault (acrobatic code: 831<). The athlete per-91

formed the acrobatics within one hour of trampoline practice including recovery breaks to92

avoid fatigue. Five repetition of the backward somersault in straight position with one twist93

and four repetitions of the double backward somersault in pike position including two twists94

were retained in this study for further analysis. The data were acquired and processed as95

described in [8] to generate body and eye animations of the athlete’s technique.96

2.2 Predictive simulation97

A model composed of 20 degrees of freedom (Fig. 1a) was personalized using the athlete’s98

segment inertial parameters in line with the Yeadon anthropometric model [14]. The visual99

field was modeled using a 45◦ vision cone (Fig. 1b) discretized into 100 vectors. The vector100

distribution densifies as we approach the center of the cone. The model was controlled by101

joint accelerations (q̈j) using the free-fall multibody dynamics [15].102
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Figure 1. Front (a) and side (b) views of the model composed of 20 degrees of freedom (six
at the trunk, which acts as the root segment, two at each shoulder, two at each elbow, two
at the hips, two at the neck, and two at the eyes), four markers for the pike constraint (one

on each lower leg (Pleg) and each hand (Phand)), and a vision cone.

Optimal kinematics for both acrobatics were generated by solving an optimal control103

problem (OCP) in Bioptim [16] using a multiple shooting transcription with a 4th order104

Runge-Kuta integrator and the solver IPOPT [17]. The backward somersault with one twist105

was composed of two phases of free duration: i) twisting phase and ii) preparation for land-106

ing. The double backward somersault with two twists in pike position was composed of six107

phases of free duration: i) twisting phase, ii) reaching the pike position, iii) somersaulting in108

pike position, iv) hip extension (kick-out), v) half twist, and vi) preparation for landing. The109

constraints were to join the hands (Phand) and legs (Pleg) during the pike position (Fig. 1) and110

to complete the acrobatic within the same duration as the athlete’s performance. The model111

took off from the trampoline center in a straight position with only vertical and somersault112

velocities (without tilt and twist velocities), meaning only aerial twisting was possible. The113

cost function comprised kinematic objectives to ensure conformity with the sports regulations114

[18] and visual objectives to ensure the accessibility of visual information (Tab. 1). The kine-115

matic objectives consisted of minimizing the joint angles, joint accelerations, joint jerks, and116
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the duration of some phases. The visual objectives were chosen based on our previous exper-117

imental work [8], where we observed that athletes used a predefined sequence of visuomotor118

strategies during their acrobatics: spotting (i.e., slowing down the head angular velocity in119

the gymnasium reference frame), blinking, self-motion detection (i.e., keeping the eyes still120

in the head reference frame during fast rotations of the head), anticipatory movements (i.e.,121

eye-head synergistic movements either aiming to reposition the gaze or to compensate for the122

body’s rotation in space), looking at the trampoline bed, and fixation on the trampoline bed123

before landing. Here, we introduce the following objective terms (see Appendix A for more124

details) to reflect these visual behaviors:125

Spotting: Minimization of the angular velocity of the head in the global reference126

frame (V2
head).127

Self-motion detection: Minimization of the angular velocity of the eyes in the head128

reference frame (q̇2
eyes).129

Anticipatory movements: Minimisation of the extreme eye and head angles to130

encourage synergies (q2
eyes + q2

head)131

Looking at the trampoline: Maximizing the intersection area between the vision132

cone and the trampoline bed (xOy plane). This was done by gradually penalizing each133

vector from the discretized vision cone falling outside of the trampoline bed134

(tanh(( gazex
trampoline width

6
+

gazey
trampoline length

6
)− 1) + 1)135

Fixation on the trampoline: Minimizing the difference between the gaze vector and136

the vector jointing the eyes to the fixation target positioned 1.07 m forward from the137

center, which corresponds to the horizontal red line on the front part of the trampoline138

bed139

(arctan(∥−−−→gaze×
−−−−−→
fixation∥/−−−→gaze ·

−−−−−→
fixation))140

Blinking was not modeled as it should not have an impact on the optimal kinematics.141
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Table 1. Weights of the objective terms added to the cost function for the backward
somersault with one twist (42/: top) and the double backward somersault with two twists

in pike position (831<: bottom) at each phase
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Both acrobatics were generated with and without the inclusion of visual objectives. A142

global visual weighting was used to multiply the weightings of the visual criteria; eight equally143

distributed values ranging between 0 (no visual consideration) and 2 (heavy reliance on vision)144

were tested. The global visual weight was introduced to test various combinations of visual145

and performance considerations, to find the most realistic compromise. For the condition146

without visual criteria, the head and eyes were fixed. Since the backward somersault with147

one twist is executed in straight position, the elbows and hips were fixed as a straight posture148

is prescribed by the code of points. Animations of the 16 optimal techniques (one per149

global visual weight per acrobatic) were generated for visual assessment (videos available in150

supplementary material https://osf.io/eu9tf/).151

2.3 Comparison of the optimal kinematics152

As acrobatics are complex movements at the edge of human motor control capacities,153

the execution of these motions cannot be assumed optimal. Thus, it is not possible to154

confirm the optimal techniques generated through predictive simulation by comparing them155

with experimental data as commonly suggested [19]. Instead, the relevance of the optimal156

techniques was assessed by expert coaches and judges through qualitative comparison with157

human movement using animations. Animations of the elite athlete and optimal kinematics158

were presented in a randomized order to two international judges (FIG certified). Judges159

were asked to attribute an execution deduction to each kinematics according to the code160

of points [18]. The optimal and elite athlete kinematics animations were also presented161

to four international coaches (NCCP level 4). The coaches were provided with side-by-side162

animations of the techniques with and without a representation of the vision cone representing163

the gaze orientation. Coaches were asked to consider both animations as the version without164

the vision cone is more similar to what they are used to see during their coaching practice,165

and the version with the vision cone would help them better assess the visual strategy at166

hand. The coaches were asked to rate the techniques using a Likert scale (strongly disagree=1,167

disagree=2, neutral=3, agree=4, strongly agree=5) regarding the following statements:168
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Criteria 5 4 3 2 1

This technique is efficient for aerial twist creation.
This technique is safe for an athlete to try.

Overall, this technique seems realistic.
This technique is aesthetic.

This technique allows the athlete to get appropriate visual information.
I would recommend my athletes to use this technique.

169

170

Coaches were also asked two open ended questions to provide insights into possible avenue171

for improving predictive simulations in the future:172

"Do you have any recommendations to improve the simulations?"173

"Do you have any other comments or suggestions?"174

Due to their brief answers, coaches were asked to verbally elaborate their responses in an175

informal semi-structured interview. Their answers were analysed to identify strengths and176

weaknesses in the predictive simulation formulation (thematic analysis) and assess their gen-177

eral acceptability of the techniques (discourse analysis).178

2.4 Analysis179

The optimal kinematics were graphically compared between each other to observe the180

impact of the global visual weights. The scores attributed by judge’s and coaches’ to the181

optimal techniques with and without vision and the athlete’s technique were compared. The182

visuomotor strategies present in the optimal techniques and in the athlete’s technique were183

qualitatively compared.184

3 Results185
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3.1 Optimal kinematics comparison186

In line with our primary objective, optimal techniques for both acrobatics were success-187

fully generated with the inclusion of visual criteria. The optimal kinematics were modified188

by the global visual weightings (Fig. 2 and Fig. 3). Notably, the first left-arm movement189

happened quicker as the global visual weight increased to speed up the twist. It is especially190

noticeable in the middle of the backward somersault with a twist where the twist angle differs191

by up to 75◦ between the condition without visual criteria and the condition with the highest192

visual weight. The global visual weightings also modified the kinematics by increasing the193

use of the visual strategies (Fig. 7 in Appendix B), sometimes at the price of aestheticism194

reduction (Fig. 4). The coaches’ and judges’ detailed appreciation of the optimal techniques195

expressed during the semi-structures interviews will not be formally presented; they will196

instead be used to add nuance and refine the discussion section.197
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Figure 2. Optimal techniques for the backward somersault with a twist. The global visual
weighting factors are presented with color lines; the kinematics presented in black was

generated without visual criteria, and the kinematics presented in light peach was
generated with the largest global visual weight.
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Figure 3. Optimal techniques for the double backward somersault with two twists in pike
position. The global visual weighting factors are presented with color lines; the kinematics
presented in black was generated without visual criteria, and the kinematics presented in

light peach was generated with the largest global visual weight.

3.2 Comparison with the athlete’s technique198

The athlete’s technique had a significant contact twist contribution (angular momentum199

on the twist axis ranging between 18.31 and 73.73 kg.m2/s). Only the aerial twist contribu-200

tions will hereafter be compared between the athlete’s and optimal techniques.201
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Figure 4. The sum of scores attributed by four coaches (top) and two judges (bottom) to
each optimal technique (color bars), the global visual weight is presented on the x-axis. The

mean (square) and range (error bar) of the sum of scores attributed to the real athlete’s
technique. The results for the backward somersault with a twist (left) and the double
backward somersault with two twists in pike position (right) are presented. Each color

represents the ratings (coaches) or deductions (judges) attributed by the same person. High
scores and deductions close to zero indicate a good technique.
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3.2.1 Backward somersault with a twist202

In the optimal and athlete’s techniques, the aerial twist was generated using asymmetrical203

3D arm lowering. The twist timing and the optimal limb kinematics were modified by the204

inclusion of visual criteria, with this arm lowering happening noticeably and progressively205

earlier as the global visual weighting increased. The untilting was performed using a small206

movement of the right arm before an asymmetrical 3D rising of both arms. Whereas the207

athlete raised her arms in front of the body, the optimal technique raised the arms on the208

side of the body. The visual strategies were similar between the optimal and the athlete209

techniques, where the gaze was oriented towards the center of the trampoline bed after the210

first 1/4 twist rotation. It was kept there until the last portion of the acrobatics when the211

gaze was then oriented toward the forward portion of the trampoline bed. However, the212

onset timing of these fixations differed; the athlete avoided extreme eye angles by fixating213

the center of the trampoline bed later and had a more gradual and earlier transition between214

the fixation of the center of the trampoline and the fixation on the forward part of the215

trampoline.216

3.2.2 Double backward somersault with two twists in pike position217

Aerial twist creation was similar between the optimal and the athlete’s technique, using a218

3D lowering of the left arm to the side of the body, followed by a 3D lowering of the right arm219

in front of the body. The techniques differed from then on. While optimal techniques were220

accelerating the twist by raising both arms, the athlete waited for the twist to be completed by221

keeping her arms to the side of her body. The last half twist was performed similarly for the222

athlete, and the optimal techniques by extending the hips in a circular motion. Similarly to223

what we observed in the simpler acrobatic, the untilting was performed using an asymmetrical224

3D rising of both arms. However, the athlete raised her arms in front of the body, whereas225

the optimal techniques raised the arms on the side of the body. The visual strategies were226

also similar between the optimal and the athlete techniques; the trampoline was fixated after227

the first 1/4 twist until the beginning of the piking where the trampoline bed got shortly228

outside of the field of view until the trampoline bed was fixated again after 11/4 somersault229

14



and until landing. As the twist happened sooner in the optimal technique, more extreme eye230

and head angles were needed to orient the gaze toward the trampoline bed.231

4 Discussion232

Our main objective was to increase the sporting relevance of techniques generated through233

predictive simulation of twisting somersaults by including visual criteria. This study stands234

out by asking experts (i.e., coaches and judges) to assess the optimal techniques, allowing235

to compare the simulated optimal techniques with and without vision with an elite athlete’s236

technique. We found that considering vision in the OCP modified the optimal kinematics;237

notably, the first arm movement happened quicker to speed up the completion of the first238

1/4 twist as the global visual weight increased. Kinematics were more similar to the athlete’s239

technique, confirming the relevance of adding visual objectives. Coaches appreciated the240

optimal kinematics for the most complex acrobatic, qualifying the optimal techniques as241

more efficient for aerial twist creation, comparably aesthetic, and allowing similar appropriate242

visual information intake than the athlete’s technique. However, they expressed concerns243

regarding the safety and realism of the optimal techniques, preventing their direct adoption.244

Conversely, judges preferred the optimal techniques to the real athlete’s technique.245

4.1 Inclusion of visual criteria246

Including visual criteria into the OCP allowed the reproduction of trampolinists’ visuo-247

motor behaviors previously observed [8, 10, 11] where the athletes dynamically oriented their248

gaze towards the trampoline bed earlier, compared with the non-vision optimal technique.249

In a backward twisting somersault, it is possible to see the trampoline bed after 1/8 twist.250

Thus, twisting faster is more effortful but allows the trampolinist to see the bed earlier and251

for a larger proportion of the acrobatics. More subtly, during the double backward somer-252

sault with two twists in pike position, we observed the same strategy: the first 1/4 twist was253

performed faster when the global visual weights increased. Then, the trend got inverted as254

the remaining 11/4 twist before picking was performed later to see the trampoline bed longer.255

This behavior is similar to the athlete’s technique; in both cases, the twist in the first som-256
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ersault was performed slower, leading to delayed picking. The increased similarity between257

the athlete technique and optimal techniques with larger global visual weights for the double258

backward somersault with two twists in pike position qualitatively confirms our hypothesis.259

It highlights the importance of considering the visual needs of athletes when generating ac-260

robatics through predictive simulations. However, the athlete twisted even slower than the261

optimal technique with the largest global visual weight as she kept her arm on the side of262

her body during the twist instead of accelerating the twist by bringing the arms up. This263

delayed twist caused delayed piking, preventing reaching the hip flexion prescribed by the264

code of points for a perfect pike position, resulting in execution deductions (see "position of265

the body" on Fig. 9 in Appendix D). Moreover, as explained in [20], the supplementary arm266

movements bringing the arms up in the optimal techniques also increased the somersault267

stability, facilitating reaching this deeper pike position. This strategy might be interesting268

for athletes as a perfect pike position is rarely reached by athletes during this acrobatics, as269

observed in competitions.270

4.2 Optimal vs real kinematics271

The differences and similarities between the optimal and the athlete’s techniques result272

from the OCP formulation. The optimal techniques were more efficient for twist creation273

as the twist could be performed faster and without any contact twist contribution. Thus,274

coaches acknowledged that athletes could learn from the optimal kinematics to improve275

their performance. However, they thought the optimal techniques were not realistic enough.276

Among other things, the optimal techniques showed drastic behavioral changes during phase277

transitions, which might be undesirable from a motor learning perspective. These behavior278

changes are due to the instantaneous changes of objective terms weighting at the phase279

transition. We could use gradual weighting changes instead to match the athlete’s smoother280

behavior. Moreover, some phase transition constraints were chosen to strictly match the281

code of points. One example is the obligation to show a straight body alignment with all282

twists completed 1/4 somersault before landing. This constraint was imposed with a 1◦ error283

margin; however, in real-time, judges might not notice larger errors. Leaving larger error284

margins might give more natural-looking optimal kinematics. In summary, although the285

16



optimal techniques could not be directly transferred to athletes, some acrobatic strategies286

emerging from our predictive simulations, like a quicker lowering of the arm, circular motion287

of the hips to twist faster, and additional arm movements to gain more stability during the288

pike somersault could help athletes in their daily practice.289

4.3 Aesthetics of the optimal kinematics290

For the backward somersault with one twist, coaches found optimal techniques less aes-291

thetic than the athlete’s technique: arm movements were more noticeable due to a difference292

in timing of the asymmetrical arm lowering-rising. As the code of points prescribes the293

arms to be held close to the body, coaches usually hide arm movements behind the body294

when they are biomechanically necessary. Modifying their athletes’ technique makes arm295

movements less obvious from the judges’ point of view (i.e., perpendicular to the trampoline,296

above trampoline height). Moreover, the aestheticism of the backward somersault with one297

twist decreased as the weight of the visual criteria increased due to more obvious neck move-298

ments used to see the trampoline bed earlier, compromising the body’s postural alignment.299

Including these subtleties in the predictive simulations might improve the aestheticism of the300

optimal techniques.301

For the double backward somersault with two twists in pike position, coaches found the302

optimal techniques as aesthetic as the athlete’s technique. Their main concern was that the303

optimal technique involved keeping arms overhead to minimize twisting inertia and twist304

faster. This posture might be in contradiction with the code of points stipulating that "the305

arms should be held close to the body [...] whenever possible" [18]. As the expression "when-306

ever possible" is subjective, coaches apprehended the judges’ reaction to the arms overhead307

twisting technique. Although judges gave larger arm deduction to the optimal techniques,308

they gave smaller overall deductions, compare with the athlete’s technique. This is an en-309

couraging sign of judges’ acceptability of the optimal techniques. However, the animations310

of the optimal techniques represent a perfect case scenario where the technique is executed311

perfectly, whereas, although the athlete is an expert, she might not have perfectly executed312

the acrobatic technique her coach wanted her to use. The judges’ positive assessment of313

the optimal techniques means that using the optimal technique might improve the execution314
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score of trampolinists.315

4.4 Efficiency of the twisting strategies316

The code of points does not proscribe contact twist (i.e., creating twisting angular mo-317

mentum while in contact with the trampoline [21, 22]). However, coaches usually associate318

it with an excessively arched position and a loss in height in backward acrobatics, both pe-319

nalized. This arched position lengthens the trajectory to reach the pike position, generally320

resulting also in an insufficiently piked position, which is also penalized. Coaches found the321

optimal techniques more efficient for aerial twist creation than the real athlete’s technique322

for the most complex acrobatics. Indeed, the athlete’s technique had a large contact twist323

contribution. Thus, optimal techniques might help athletes trade contact for aerial twist324

strategies, potentially increasing their execution scoring.325

4.5 Link between vision and safety326

Athletes use visual information to increase landing balance, as shown by comparative327

studies with vision and non-vision conditions [23, 24]. As landing balance is essential for328

athlete safety, coaches expressed during the semi-structured interviews that "visual cues are329

an essential part of trampolining" and that they "teach visual strategies" to their athletes.330

However, we did not find any difference in ratings among the optimal techniques with and331

without visual criteria regarding appropriate visual information intake during the acrobatics.332

Surprisingly, there was neither a difference with the athlete’s technique. Despite the depiction333

of the visual cone in the animations, the assessment of visual information intake seems334

challenging. Here are four possible explanations for this phenomenon:335

i. Misunderstanding of what is "appropriate visual information" during acro-336

batics. Coaches usually instruct their athletes in terms of visual contact points, which337

correspond to gaze fixation targets. This strategy would imply that athletes stabilize338

their gaze for prolonged periods on specific targets and hop from fixation to fixation.339

However, we recently observed that elite athletes had a more fluid visual search strat-340

egy [8]. They sometimes stabilize their gaze in the environment, but they also fixate341
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their gaze in the head reference frame probably to monitor their own rotation using342

their peripheral vision (i.e., self-motion detection). Thus, there might be a mismatch343

between the coaches’ instructions and the actual visual strategies used by athletes.344

ii. Unfit modeling of the visual behavior of athletes. To introduce vision in our345

OCP, we translated the athletes’ visual strategies previously observed [8] into mathe-346

matical objectives. Despite our efforts, the formulation might still not fully reflect the347

athletes’ visual behavior. Future studies should generate first-person view videos and348

present them to athletes in a virtual reality headset to get their opinion on the visual349

strategies.350

iii. Inability to see the eye angles. During training, coaches can observe head but not351

eye orientation. Here, we introduced a vision cone in the animations, which might have352

influenced the coaches ratings.353

iv. Under-representativeness of the animations. The optimal and athlete’s tech-354

niques were presented to coaches using animations. However, coaches are not used to355

evaluating animations.356

4.6 Realism of the optimal techniques357

The realism score of the optimal techniques was about 1 point lower on the Likert scale358

than the real athlete’s technique. Contrary to our expectations, adding visual criteria did not359

improve perceived realism. Four potential avenues for improving the realism of the optimal360

techniques emerged from notes taken by the first author during the semi-structured interviews361

with coaches: the addition of i) spine bending, ii) a physiological hip torque constraint, iii)362

a small contact twist contribution, and iv) physiological arm range of motion. However,363

it is worth noticing that coaches gave a realism score of 87% and 76% to the real athlete364

techniques.365

Overall, coaches reported being "interested" in the optimal techniques. They were more366

inclined to recommend the optimal techniques for the most complex acrobatics, probably367

because its execution in accordance with regulations poses a biomechanical challenge. The368
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complexity of this acrobatics is demonstrated by the broader range of techniques observed369

on the international stage. This leaves room for technique improvements, and biomechanists’370

input might be welcomed to help make better technical choices. On the contrary, the back-371

ward somersault with one twist is simpler. Thus, athletes have converged toward a unique372

technique, causing judges to expect this technique. Hence, coaches would not recommend us-373

ing any other technique, including the optimal techniques generated in this study. Therefore,374

efforts should be focussed on the predictive simulation of complex acrobatics, as innovation375

might be more welcomed and more beneficial for the sporting community.376

4.7 Limitations and perspectives377

Apart from the animation representation challenges, this study presents three limitations:378

i) Only four coaches and two judges were interrogated, all Canadians. Further investigations379

with a larger and more diverse sample might help generalize the results. ii) To limit the380

coaches’ and judges’ participation to one hour each, the optimal techniques were compared381

to one athlete’s technique. Comparison with more athletes would increase the robustness of382

the results. iii) Like most optimal control studies with an objective composed of multiple383

terms, the relative weightings of the visual objective terms were fine-tuned manually to find384

an optimal solution that is visually plausible. Using an inverse approach could help find the385

weightings that best match athlete techniques.386

The optimal acrobatic techniques generated through predictive simulations have gained387

realism and relevance for the sporting communities [2, 1, 25]. By including visual objectives,388

this study constitutes one more step toward synthesizing realistic acrobatic techniques. We389

included visual objectives in the OCP to mimic the athletes’ visual behavior. However, to390

stand out from what athletes already do and generate innovative visuomotor techniques,391

we should instead model the athletes’ internal perception-action coupling mechanisms, as392

introduced in [26] in a backward tuck somersault.393
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5 Conclusion394

This study highlights that the visual needs of athletes should be considered when synthe-395

sizing acrobatic techniques as they improve the optimal techniques’ relevance for the sporting396

community. Indeed, some acrobatic strategies emerging from the optimal techniques gener-397

ated in this study could help athletes improve their execution scores. As experts’ assessments398

of our optimal techniques highlighted the strengths and weaknesses of our problem formula-399

tion, we recommend using expert opinion to cocreate predictive simulations.400
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