Feedback Mechanisms of Neuro-Biomechanical Systems: Body Adaptation to a Push-like Perturbation in a Tai-Chi Posture
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In this research work, we generated models for 8 different conditions of the human body in a Tai-Chi Posture and used the models to investigate the bodys adaptation to push-like perturbation applied on the arm. Our claim was that a proper Tai-Chi Peng posture minimizes the necessary ground reaction forces when subjected to external perturbation, therefore, the body is more stable in this posture. The models were generated from experimental data from the Biomechanics lab in GIPSA-Lab. Input data was collected from an inverted pendulum used to impact the perturbation while the Force plate was also used to measure the ground reaction forces which was processed and used as our output data. Then the ARX model structure from system identification was used to generate accurate models for the body in the 8 different conditions of the Peng posture for 5 different subjects. Our models were cross-validated with separate data from the experiments. The models were able to effectively reproduce the system dynamics when compare with the validation data. The highest best fit was 80.2% which is good for our investigation. Hence, the results from the cross-validation demonstrated that the ARX model structure can accurately generate models for the body in a Tai-Chi (Peng) posture. We then used the model transfer functions to investigate the stability of the body posture in all the 8 conditions for the 5 subjects. We also included the EMG analysis, nevertheless, the final results of the investigation could not suggest that the body is more stable in a proper Tai-Chi (Peng) posture as compared to the control postures. This conclusion goes further to open further questions about the results reported by some researchers that Tai-Chi practice can prevent fall in older people.
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Chapter 1 -Introduction 1.1 General Introduction

Research in the area of Biomechanical systems started in the times of Aristotle [START_REF] Martin | A genealogy of biomechanics[END_REF]. Biomechanics use the principles and the laws of mechanics to analyze and understand the structure and movement of living organisms. In the context of this thesis the focus is limited to the analysis and understanding of the movement of the human body. Research in the field of Biomechanics is vital for healthcare professionals, sports performance and rehabilitation scientists, physiotherapist and many others to analyze and better understand the human body motion dynamics. A better understanding of the motion dynamics of the human body will aid these professionals to optimize performance and fast track the rehabilitation process for athletes and sports men and women. It can equally help clinicians and medical practitioners to treat certain diseases related to the neuromuscular and skeletal system. There are other numerous advantages and applications of better understanding of the dynamics of the human body motion. One among many is the application of this knowledge to the development of mobile robots trying to mimic the human body motion and balance. The importance and applications of a good understanding of the human body motion dynamics stated above serves as a motivation for us to model and analyze the stability and feedback mechanisms of the human body in a Tai-Chi posture from a control theory perspective. The focus of this work is precisely on the body adaption to a push-like perturbation in a Tai-Chi posture (Peng) as shown in Figure 1.1. The experimental setup included a force plate to measure the ground reaction forces, an Electromyography (EMG) to measure muscle activities and inverted pendulum to impact the perturbation. For many decades researchers have been investigating the health benefits of practicing Tai-Chi. Tai-Chi practice can effectively intervene in low back pain, fibromyalgia and many other diseases [START_REF] Kong | Tai chi for chronic pain conditions: A systematic review and meta-analysis of randomized controlled trials[END_REF]. From the literature, it is also reported that Tai-Chi practice has the potential to reduce falls in older people [3] [4].However, there has been contradictory reports on the effectiveness of the Tai-Chi in preventing fall or maintaining balance [START_REF] Lee | Systematic reviews of t'ai chi: An overview[END_REF]. These supposed benefits and contradictions of the effectiveness of Tai-Chi inspired us to further investigate the stability and feedback mechanism of the body in a Tai-Chi (Peng) position. In general, a thorough literature review is conducted to find a suitable model that can be adapted for our system.Nevertheless, the existing full body [START_REF] Rajagopal | Full-body musculoskeletal model for muscle-driven simulation of human gait[END_REF] computational models and those generated by bond graph [START_REF] Ghafari | Modeling of human lower extremity musculo-skeletal structure using bond graph approach[END_REF] are either too complex and involving intricate details. Due to the absence of a suitable model,we generated our own data-based dynamical models through experimental data and system identification for the Peng position and use them to investigate the body's stability.We also investigated the muscle activity of the right arm and left leg.

Outline

The rest of this thesis report is structured as follows: Chapter 2 presents the problem statement and project objectives. In Chapter 3, the Peng position dynamics models for various conditions and five different subjects are presented. Chapter 4 analyzes the stability and disturbance rejection of the body. Finally, Chapter 5 concludes the report and gives an idea about the possible future works for this research.

Chapter 2 -Problem Statement and Project Objectives

As stated in Chapter 1, there are many potential benefits of Tai-Chi,especially the prevention of fall in elderly people. Many researchers presented the results of their studies supporting these claims while others presented contradictory results especially about how effective these contributions are.

Problem statement

In 2017, Huang et al published the results of the most comprehensive review of the effects of Tai-Chi in elder people, over 65 years of age [START_REF] Huang | Systematic review and meta-analysis: Tai chi for preventing falls in older adults[END_REF]. This systematic review covers work on this question from 1966 to 2016 and they concluded among other benefits, frequent practice of Tai-Chi is effective in preventing fall in elderly people. Nevertheless, they stated that some of the shortcomings of their work are that some of the original experimental trails may have been influenced by bias, and some of the conclusions of the effectiveness of Tai-Chi might have been influence by the desire to publish in certain regions. As a result, this question is still left to be further investigated by researchers from different perspectives.

Moreover, per our knowledge and literature review there is not any published model for the human body in Tai-Chi posture. In fact, in the area of Biomechanics in general, there are very few workable models for a full human body posture or motion. Most of the workable models are computational 3D models generated by simulation softwares such as OpenSim [START_REF] Delp | Opensim: Open-source software to create and analyze dynamic simulations of movement[END_REF]. In addition, there exist models of multi body systems developed by the Bond graph approach, some of such models are [START_REF] Mughal | Bond graph modelling and optimal controller design for physiological motor control system[END_REF] and [START_REF] Vaz | A bond graph approach to the analysis of prosthesis for a partially impaired hand[END_REF]. Also, very few models generated by the numerical algorithms for subspace state space system identification (N4SID) method [START_REF] Hensel | Development of a human body upper arm dynamic model for compensation and control of a body mounted robot[END_REF] are present. Moreover, these models are mostly limited to one body or segment such as the arm, lower body or the upper body. In our case, we need the full body model represent the effects of a perturbation on the right arm that impacts the lower body and the ground reaction forces as shown in 1.1.

A particular Tai-Chi posture (Peng) among many postures is selected for our studies to investigate if this posture can provide a better stability than a usual standing posture and how effective it is. There is also a need for a new model for our stability study objective, hence, system identification is used to model the posture of interest and subsequently used for analysis. Another point is that most of the work in Tai-Chi is by researchers from various fields including Biomechanics, sports and exercise medicine but very few are from the control engineering perspective. Hence, it is interesting to investigate the benefits of Tai-Chi with respect to stability from the control engineering point of view.

Project objectives

Now that the problem statement and our reasons for conducting this experimental research are clearly stated, we can present the aims and objectives of our work more specifically.

The aim of this Master thesis is in two folds:

1. Obtain a precise yet tractable model of the body joints and segments to capture how a disturbance on the upper body impacts the lower body and ground interaction;

2. Identify the feedback mechanisms (neuronal responses) triggered by this disturbance, and analyze how stable the Tai-Chi posture is, compared to other postures.

Objectives and expected results:

1. to revise the different models of body joints and segments, in order to obtain a parameterized state-space description relating a disturbance in the upper body (forearm) to joints displacement and ground footage;

2. to design and tune the experimental setup to monitor the body adaption to a push-like perturbation in a Tai-Chi posture (Peng);

3. to identify the model parameters from the experimental results and conclude (qualitatively) on the relative values of the stability of the models.

4. to measure and analyze the neuronal responses resulting from the body adaptation to the disturbance using Electromyography (EMG);

5. if time allows, to carry an experimental campaign to compare different morphologies and levels of expertise.

It is important to note that some of these objectives have been modified a little as the project progressed, for instance we had to develop our own models since we could to not find any suitable model to use for our work. This fundamentally added much work to be done during the project, which left us little time to analyze the joint-displacement and the neuronal response from the EMG.

Chapter 3 -Modeling of Human Body Dynamics

As stated in the previous chapters a suitable model was not available for us to use for this project and a new model was generated from our experimental data. This chapter presents how the experiments were conducted and which modeling techniques were used to generate our models. After many trials of different techniques including bond graph, computational simulation methods and obviously by first principles, we concluded that the human body was too complex to model accurately by any of the methods. All these methods are either too complex or involves intricate details of the dynamics of the body which will take prolonged periods of time to finish. However, our research question only requires a simplified and tractable model to be answered. Hence, we chose to use a data-driven approach to model our system. We generated our models with a well-known modeling technique known as System identification, specifically using the linear Autoregressive with exogenous input (ARX) [START_REF] Ljung | System identification[END_REF] polynomial algorithm in MATLAB. The next sections below details the modeling process starting from conducting the experiments to cross-validating the models.

Subjects

We conducted the experiment on 5 subjects (1 female and 4 males), 2 of them are Tai-Chi experts while the other 3 are not. All the 5 subjects volunteered to partake in this experiment. Table 3.1 shows their names and biological data. Dr. MARTINERIE's biological data was not collected. 

Experimental setup

All the experiments were conducted in the Biomechanics platform at GIPSA-lab. It is important to note that this platform is still under development and this project also aims at setting up the lab for future use. We spent a significant amount of time (more than a month) fixing bugs and correcting recording errors to get the initial setup to produce any meaningful results. Experiments were conducted on human body in a normal standing posture and various Tai-chi (Peng) postures with a total of eight different conditions. The experiment is set up in 8 different conditions for 5 different subjects in order to show the effects of the external perturbations applied on the upper body to the lower body and ground reaction forces. The proper Tai-Chi posture with eyes open and no additional load is our reference posture and rest of the 7 are control conditions to compare with the reference. These conditions are:

• Normal Posture with Eyes Opened (NPOP)

• Normal Posture with Eyes Closed (NPCL)

• Tai-Chi Posture with Eyes Opened (TPOP)

• Tai-Chi Posture with Eyes Closed (TPCL)

• Tai-Chi Posture with Eyes Opened and additional Weight (TPOPW)

• Tai-Chi Posture with Eyes Closed and additional Weight (TPCLW)

• Closed Feet in Tai-Chi Posture with Eyes Opened (CFTPOP)

• Closed Feet in Tai-Chi Posture with Eyes Closed (CFTPCL)

Marker data in the form of velocity and acceleration from an inverted pendulum was collected and used as the input data. The force plate measurement was used as output data. The trajectories of the markers on the body are used for angular displacements and positions recording. The set of data is then used as our input and output data for the ARX model structure to generate the models for further analysis.The EMG data from 4 muscles was also collected for muscle activity analysis. Figure 3.1a shows the experimental setup for our project. The setup consists of a Force plate (Kistler 9286A Switzerland) presented in Figure 3.1b with 4 sensors to measure the ground reaction forces, EMG batteries (Biopac MP150 equipped with interface UIM100C and amplifier module EMG100C, USA) as shown in Figure 3.2a for measuring the muscle activities of the right arm and the left leg. Figure 3.2b shows the inverted pendulum of 4.5Kg used as our source of input disturbance to the right arm. Five markers (sensors) were attached to the inverted pendulum for capturing the data. There are also 8 infra-red Qualisys cameras (cameras Oqus 600, Sweden) for recording the trajectories of the markers. Finally, all these equipment are connected to 2 desktop computers installed with Qualisys Track Manager (QTM), MOKKA and MATLAB software to collect and synchronize the data measured. Note that all data was collected at a frequency of 100Hz and sampling time of 0.01s. The sections below present the data collection and processing. 

Input data collection

The 5 markers P1 to P5 placed on the inverted pendulum in Figure 6 gave the acceleration and velocity which were computed using the QTM software. Together with the mass of the pendulum, which is 4.5kg, as shown in equation 3.1, we calculated the power in watts (W) exerted by the inverted pendulum using MATLAB as an input to our ARX algorithm. The input data is processed and represented as a single input data.

P = F.v (3.3.1)
P is power F is the Force and v is the velocity

Output data collection

We use the force plate to measure the ground reaction forces when the body is affected by external perturbations. This data is in X, Y and Z coordinates, and the resultant force in newtons (N) is taken into account to represent the output data which is fed into the ARX algorithm. The resultant force is represented by equation 3.2.

R = ((F x ) 2 + (F y ) 2 + (F z ) 2 ) ( 1/2) (3.4.2)
R is the Resultant Force and F x , F y , andF z are the forces along the x,y and z coordinates.

EMG data collection

The EMG data was collected from 4 muscles: 2 from the right arm and 2 from the left leg. The electrodes are attached to the triceps (connected to channel 9), biceps (connected to channel 10) to the tibialis (channel 11) and the last one to the gastrocnemius (channel 12). The EMG data was not used for the system identification, it is analyzed separately to investigate the neuronal responses in order to confirm the results from the stability analysis.

Data processing

After the data was collected, preliminary analysis showed that there was noise and unwanted parts of the data which required cleaning and filtering. The data was recoded at 100Hz for all the equipment. The data is first exported as MATLAB files from QTM to MATLAB for the processing. The acceleration and the velocity of the markers on the inverted pendulum are all averaged before being used to calculate the power. As all the raw data is in 3 dimensions, we need to convert all the final data to single dimensions for the input and output data. Finally, we smooth the data as shown in Figure 3.3 with a nearly equal ripple approximation (NER) low pass filter [START_REF] Kaiser | Data smoothing using low-pass digital filters[END_REF]. Each condition had 10 to 17 impacts during the experiment; we concatenated all of them to overlap each other as seen in Figure 3.4. We chose the peak amplitude of each impact for a total of 7 as our tie-points from the input data for the concatenation. After the concatenation, it was now possible to use a single impact at a time for the identification. The end objective is to process and manipulate the data into single input single output (SISO) form in order to get a simplified SISO model for further analysis. 

System Identification

A critical part of this work relies on getting an accurate model that can capture the important dynamics of the Tai-Chi posture with external perturbation on the upper part of the body. We needed to establish a transfer function between the impact disturbance and the ground reaction forces. After several trails with different linear model structures we selected the linear ARX model structure for the identification of our model. The objective here is to use a linear system model to capture the dynamics of our system. The ARX model is simple and most efficient among the polynomial estimation methods. Also, the solution satisfies the global minimum of the cost function. The next section presents an overview of the theory of the ARX model.

ARX model structure

Equation 3.7.1 represents the structure of the ARX model.

A(q -1 )y(k -n) = q -d B(q -1 )u(k -n) + e(k) (3.7.3)
where A(q -1 ) and B(q -1 ) are polynomials to be estimated. C(q -1 ) = 1. The global dynamics of the system are represented by these polynomials.

where A(q -1 ), B(q -1 ) and C(q -1 ) are defined by:

A(q -1 ) = 1 + a 1 q -1 + • • • + a na q -na B(q -1 ) = b 0 + • • • + b n b q -n b (3.7.4) C(q -1 ) = 1 + c 1 q -1 + • • • + c nc q -nc
where u(k) is the input and y(k) is the output of the system, e(k) is white noise disturbance, k is time unit while q -1 is the delay operator. Equation 3.7.3 represent the prediction error used for the parameter estimation .

(k, θ) = y(k) -ŷ(k|θ) (3.7.5)
where is the prediction error y(k) is the output observed ŷ(k|θ) is the predicted output and theta represents a vector of unknown parameters,it is shown in equation 3.7.4.

θ T = [a 1 , • • • , a na b 1 , • • • , b n b c 1 , • • • , c nc ] (3.7.6)
The least means squares(LMS) criterion was used to minimize the prediction error in equation 3.7.4. It is written as:

min θ V N (θ, Z N ) V N (θ, Z N ) = 1 N N k=1 (y(k) -ŷ(k|θ)) 2 (3.7.7)
where Z N is a set of input-output data recorded over time interval q ≤ t ≤ N and written as:

Z N = {u(1).y(1) • • • u(N ).y(N )} (3.7.8)
Details of the ARX model structure theory can be found in [START_REF] Ljung | System identification[END_REF].

Identification of the ARX models

We used MATLAB to implement the ARX model and included the input and output data as an iddata function. The models are limited to SISO systems, Figure 3.3 shows a time plot of the input vs output. Considering that the human body has hundreds of degrees of freedom it is important to have a simplified model that we can analyze. We chose to set both the poles and zeros of our model to 2 in order to have a simple model for the analysis. Higher number of poles and zeros yields better models, however, we avoided them due to the associated complexity. We also used the function delayest() to automatically find the time delay of our system. The models Fit to estimation data for TPCL is very good (97.21%), and a delay of 22 samples as seen in Figure 3.5. It is approximately the same for the rest of the models for all the conditions and subjects. However, for a model to be good and useful it has to be cross-validated with a separate data which was not used for the estimation. Hence, we cross-validated our models with separate data and the results is presented in the next section.

Cross Validation of the models with experimental data

All the models were cross validated with separate data and in Figure 3.7 we have all the 8 plots comparing the models to the validation data. This represent the 8 conditions for a selected subject (Emmanuel Witrant). The rest are approximately the same as the ones shown on Figure 3.7. By observing the data carefully we cut 50 samples from the tie-point to the left and 200 to the right. We then replaced all the rest of the samples of the concatenated data by zeros, because there was still noise that, the smoothing filter could not filter. We can see from Figure 3.7 that generally the ARX models effectively reproduced the system dynamics from both the training data and independent validation data. The highest best fit is 80.2% (model TPCL) which is a good fit for the model. The cross-validation shows that our models are good enough to be used for the stability analysis. In addition to the main purpose of these models, it is demonstrated that the linear ARX method can be used to generate useful models from biomechanical systems. The models were converted to continuous time domain transfer functions and used for analysis in the next chapter.

Chapter 4 -Stability, EMG and Feedback Mechanism Analysis

The model transfer functions from Chapter 3 represent the quantitative measure of the effects of the perturbation on the ground reaction forces. In this chapter we generated the pole-zero maps of the model transfer functions for each of the 8 conditions of the 5 subjects and used them for the stability analysis.

Pole-Zero map for Subject Emmanuel Witrant

The pole-zero map for the above stated subject is presented in Figure 4.1 From Figure 4.1 it can be observed that all the poles of the models of the 8 conditions are on the Left-Half Plane (LHP) which proved stability of all the conditions. However, since our objective is to find which condition is more stable with respect to the other, we went ahead and conducted further analysis on the real part of the rightmost pole of each condition. We also observed that there is a presence of a Right-Half Plane (RHP) zeros in each of the cases. This means the systems have their phases increasing from 0 to -90 degrees instead of 0 to 90 degrees. These phenomenon causes a delay in our system responses, nevertheless our systems are still stable. From Table 4.1 ,close feet eyes closed is the most stable(-9.89) and the least stable was Tai-Chi eyes closed (-3.6) with load. We noticed that it does not support our claim that Tai-Chi posture will be the most stable among all the conditions. We also noticed that none of the result was consistent individually and compared to the other subjects this can be seen in the appendix.

Relative stability analysis

Muscle activity analysis

Before analyzing the EMG signals we first did full wave rectification to convert all the signal values to positive by taking the absolute value it. A low pass butter-worth filter was used to filter the signal with a cut-off frequency of 20 and order 4. The root mean squre (RMS) for the signal was calculate and normalized. Emmanuel Witrant. We could not finish processing for the rest of the subjects that is why the results are not included in this report. From Figure 4 

Discussion of Results

In this study, we investigated the stability of a proper Tai-Chi posture as compared to other control conditions when the body is subjected to external perturbation on the right arm of the subject. For all the subjects there was no clear pattern that, a proper Tai-Chi posture with eyes closed was more stable than any of the control conditions. We also analyzed the muscle activity from the EMG signals yet could not find any pattern that suggest that any of the position is more stable. This may be due to the difference in body weight, height, age and other experimental factors since the platform is still under development. These results will be further investigated in the Biomechanics platform, however, due to time constraints we are submitting only this result for the moment. With the help of the researchers in the Biomechanics lab we will continue to analyze the EMG and the marker trajectories data up until the end of the internship in July 14.

Chapter 5 -Conclusion and Future Work

Conclusion

The global objective of this thesis was to investigate the effects of external perturbation on the human body in a Tai-Chi posture with respect to stability. To this aim,we modeled the body and the perturbation in this posture from experimental data using the ARX model structure, then simplified model transfer functions were generated and used for the stability analysis of our systems in all 8 conditions for all the 5 subjects. Before using the models, we cross-validated all of them with experimental validation data. Comparisons between the models and the validation data shows that our models were reasonably good to capture significant dynamics of the human body in Tai-Chi posture. Stability and EMG analysis was then conducted to find out which posture is more stable as compared with the other conditions. To conclude, the results from stability and EMG analysis could not suggest that a proper Tai-Chi posture significantly increases the stability of the human body when subjected to external perturbation.

Future Works

In the future, the joint angles can be taken into consideration in order to study the stability with regards to the kinematics of the body. In addition, a workable Bond graph approach could give a more reliable model of the Tai-Chi posture. A large number of subjects with different levels of expertise can also be investigated. Finally, a more precise experimental design could be considered. 
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 4 2 shows the raw EMG data from the bicep before processing and Figure 4.3 and 4.4 shows the results for the biceps and triceps of Dr.
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Table 3 .

 3 1: Biological data of subjects.

	Name		Weight(kg) Height(m) Age(years)
	Patricia	MAR-	-	-	-
	TINERIE	(Tai-Chi			
	expert)				
	Emmanuel		85	1.8	42
	WITRANT	(Tai-			
	Chi expert)				
	Olivier MARTIN	73	1.7	58
	Boutrous KHOURY	105	1.9	31
	Sufiyan N-YO	77	1.68	30

Table 4 .

 4 [START_REF] Martin | A genealogy of biomechanics[END_REF] shows the results of the relative stability analysis of subject Emmanuel Witrant.

	Table 4.1: Poles and zeros for relative stability
	Conditions	Pole	Zero
	Close feet/open	-7.05	356
	eyes		
	Close feet/eyes	-9.89	576
	closed		
	Normal/open	-4.64	17.2
	eyes		
	Normal/eyes	-5.63	289
	closed		
	Tai-chi/open	-7.01	19
	eyes		
	Tai-chi/eyes	-6.51	23
	closed		
	Tai-chi/eyes	-3.6	19.6
	closed 6.5kg		
	Tai-chi/open	-5.14	18.4
	eyes 6.5kg		

  .3 and 4.4 we created a table of results of the sub-maximal value to compare the muscle activities of the 8 conditions as shown in Table4.2. From Table4.2 it can be seen that the bicep muscle during the normal posture with eyes opened was having the most activity at 97.87% and the Tai-Chi with eyes closed with load is having less muscle activity. From Figure4.4 we can also observe that the normal posture with eyes opened is the tricep muscle with most muscle activity at 100% however, for this muscle closed

Table 4 .

 4 

		2: Biceps
	Conditions		Normalized
			RMS (%)
	Close feet/open eyes	93.78
	Close feet/eyes closed 93.99
	Normal/open eyes	97.87
	Normal/eyes closed	96.12
	Tai-chi/open eyes	95.75
	Tai-chi/eyes closed	89.25
	Tai-chi/eyes	closed	76.81
	6.5kg		
	Tai-chi/open	eyes	79.93
	6.5kg		

Table A .

 A 2: Poles and zeros for relative stability for Patricia Martinerie

	Conditions	Pole	Zero
	Close feet/open	-7.24	-23.3
	eyes		
	Close feet/eyes	-3.27	-0.95
	closed		
	Normal/open	-1.77	7.06
	eyes		
	Normal/eyes	-10.3	-6.99
	closed		
	Tai-chi/open	-7.68	9.84
	eyes		
	Tai-chi/eyes	-6.19	1.51
	closed		
	Tai-chi/eyes	-7.35	-16.5
	closed 6.5kg		
	Tai-chi/open	-6.13	5.14
	eyes 6.5kg		

Table A .

 A 3: Poles and zeros for relative stability for Olivier Martin Table A.4: Poles and zeros for relative stability for Boutrous Khoury

	Conditions	Pole	Zero
	Close feet/open	-14.9	166
	eyes		
	Close feet/eyes	-3.62	8.91
	closed		
	Normal/open	-9.03	520
	eyes		
	Normal/eyes	-2.72	27.5
	closed		
	Tai-chi/open	-4.82	13.1
	eyes		
	Conditions Tai-chi/eyes Close feet/open closed Tai-chi/eyes eyes Close feet/eyes Normal/open eyes 6.5kg closed closed 6.5kg Tai-chi/open	Pole -6.53 -6.06 -4.49 -8.19 -2.14 -4.15	9.2 Zero 9.18 16.3 16.8 -8.48 9.29
	eyes		
	Normal/eyes	-5.91	11.2
	closed		
	Tai-chi/open	-7.68	9.84
	eyes		
	Tai-chi/eyes	-6.22	8.16
	closed		
	Tai-chi/eyes	-6.62	17.1
	closed 6.5kg		
	Tai-chi/open	-9.4	16.1
	eyes 6.5kg		
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