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Abstract 
Sun salutation is well known for the diverse health benefits it provides by following few 
simple body postures with synchronized breathing. Each set consists of 10 different body 

postures and every posture has its own significance and unique impact on the body. 

Understanding the transition phase during motion is a challenging task and thus, new methods 
need to be employed. The paper discusses a methodology that can be used in everyday 

environment to analyze and evaluate the performance. Body orientations and accelerations at 

selected points on the body are acquired from the accelerometers developed by Shimmer
®
. 

Pitch angle in the sagittal plane is analyzed using Empirical Mode Decomposition (EMD). 
Relevant IMF’s are chosen using coefficient of correlation. Fast Fourier transform is then 

applied to the IMF to convert time domain data into frequency domain. The frequency 

response is an indicator of gracefulness for inter and intra subject exercise performance. From 
statistical analysis, the evaluated results are represented in a form that is comprehendible by 

both the instructor and the performer himself. The technique can be utilized to develop a 

wireless system that is used to evaluate exercises which involve repeatable performance with 

grace.  

 

Keywords: Empirical mode decomposition, Fast Fourier transform, Self-evaluation, 

Skewness and Kurtosis.  

 

Introduction 

In today’s scenario, the need for physical 

and mental fitness has been more than ever 

before. One of the solutions to this is 

believed to be coming from the practice of 

an ancient Indian technique known as 

Yoga. Yoga is a discipline designed to 

bring balance and health to physical, 

mental, emotional, and spiritual 

dimensions of the individual [1]. 

 

Today many forms of these techniques are 

being followed based on different scripts 

written. Yoga has many ambiguous things 

and its transmission is mainly based on 

Master-Prentice Pattern, with the result 

that the spreading effect of Yoga is not 

satisfactory [2]. This problem demands for 

a methodology to monitor the exercises 

and evaluate the performance. Many of the 

exercises in yoga need to be repeated for 

several cycles, and it is very important to 

take care that the postures are repeated in 

the same way during each cycle. Sun 

salutation is one such exercise that needs 

to be repeated for several cycles.  

 

Sun salutation is considered to be one of 

the most beneficial exercises in yoga. It 

comprises of 10 different body postures, 

each having its own significance. The 

sequence of postures is such that every 

posture is complimentary to the next. Due 

to the complimentary postures, muscles of 

the entire body experience stretch and 

pressure alternately and therefore it is said 

to give more benefits with less expenditure 

of time [3]. It has been called "Sarvang 

Sunder Vyayam" or the best all round 

exercise[4]. The above discussed benefits 

lead researchers to analyze more on Sun 

salutation.  
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Figure 1: Tri axial accelerometer Shimmer® module is shown above with the directions of three axes. 

 

 
Figure 2: 10 postures of sun salutation are pictorially represented above. 

 

To capture the experimental data, Inertial 

Measurement Units (IMU) were chosen 

over Motion capture systems. IMU’s prove 

to be very suitable to realize outdoor 

applications because of their immense 

portability, compactness and useful, 

accurate movement information they 

supply [5][6]. The data from these 

instruments are transferred in real time to a 

nearby computer for data analysis. Further 

only by using a tri-axial accelerometer it is 

possible to compute both linear 

acceleration and angular movements [7]. 

These advantages of tri-axial 

accelerometers have led us to eliminate the 

use of gyroscopes and magnetometers for 

this study. In this experiment, tri-axial 

accelerometers from Shimmer
® 

are 

utilized. Shimmer
®
 is a lightweight, low 

power, wirelessly enabled sensor platform 

which can be utilized for body worn 

application either by using Bluetooth or 

802.15.4 radio communications [4]. In this 

experiment two accelerometers are used. 

 

The signals from the accelerometers are 

non-stationary and non-linear. To analyze 

these signals conventional signal analysis 

tools like Fourier transforms fail, as they 

only represent the frequency of the signals 

with respect to their amplitudes and no 

information about when these frequencies 

occurred can be inferred. Short-time 

Fourier transforms has been developed to 

analyze non-stationary signals but their 

resolution is limited to their window size. 

Further tools like Wavelet analysis[8] and 

Wigner-Ville distribution [17] were 

developed for non-linear but not for non-

stationary data [9]. A comparative study 

on performance of Sun Salutation [10] 

using Fast Fourier transforms, Wavelet 

transforms and Hilbert Huang Transforms 

(HHT) has been done. From the study it 

was concluded that HHT gave the best 

results for the performance analysis of Sun 

Salutation.  

 

 

 

Fig. 1.  Ten different postures of Sun Salutation  
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The methodology in this paper makes use 

of the strengths of both Empirical Mode 

Decomposition (EMD) and fast Fourier 

Transform together to analyze and 

represent the performance of the exercise 

using statistically parameters. EMD is a 

part of Hilbert Huang Transform, EMD is 

an empirical method and has no 

mathematical proof but it has been tested 

extensively based on empirical methods. 

EMD is based on decomposing a signal 

into its constituent fundamental 

frequencies which when combined along 

with the residue results in the original 

complex frequency signal. The frequencies 

are decomposed in descending order of 

constituent frequencies i.e. the frequency 

components are decomposed from higher 

frequency to lower frequency. Every 

constituent decomposed signal is called as 

an Intrinsic Mode Function (IMF), so the 

first IMF represents the highest frequency 

component of the original signal and the 

successive IMF’s represent the lower order 

frequencies of the signal [11]. The relevant 

IMF is selected based on the correlation 

coefficients[12]; the methodology is 

discussed in the mathematical section.  

The relevant IMF is analyzed using Fast 

Fourier Transform to get the frequency 

response of the signal. Skewness and 

Kurtosis of the frequency response are 

computed for further inferences. 

 

Methodology 

Participants: For the experiment 9 healthy 

subjects who had prior experience in Yoga 

are considered for the performance 

analysis. The subjects selected fell into the 

following range of parameters, Mean±SD 

Age: 30±20 years, Height: 170±25cm & 

weight: 64±20kg. The experiment was 

conducted in a Yoga centre so that a safe 

and performable condition was provided to 

the test subjects. All the protocols to be 

followed while doing the exercise were 

briefed to the test subjects well before the 

start of the experiment. 
 

 
Figure3:Raw data from the accelerometer 

 
Figure 4: 6

th
 Intrinsic Mode Function after applying EMD to the raw data. 
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Figure 5: Frequency response obtained by applying FFT to 6

th
 IMF. 

 
Figure 6: Variation of angular position for each of the 12 cycles. 
 

 
Figure 7: Skewness factor on neck and CG. 
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Figure 8:  Kurtosis factor on neck and CG 

 

Measuring units and mounting 

For the data measurement two, tri-axial 

accelerometers from Shimmer
®
 are used. 

The accelerometers are calibrated for a 

range of ±12g acceleration values. The 

Shimmer
®
 module consists of an inbuilt 

microcontroller which converts the raw 

voltages into calibrated range of 

acceleration values and the output is in 

m/sec
2
 unit. Both the sensors are set at 

sampling frequency of 128Hz. The 

accelerometers are strapped on to the 

subject using a special velcro strap 

provided with an accelerometer holder, 

this ensures a firm placement of the sensor 

onto the body. One placed at the Centre of 

Gravity (COG) located at sacral 

promontory, anterior to S2 at 55% of body 

height, and the other at the apex of the 

spine (just below the neck). 

 

Data Acquisition 

For data acquisition LAB View
®
 program 

provided by Shimmer
®
 was utilized. The 

program was very flexible to vary the 

various parameters like sampling 

frequency, G-values, sensor board 

selection and also convenient to start and 

stop the data streaming whenever 

necessary. The data is transmitted to a 

nearby computer in real time via a 

Bluetooth link established between the 

computer and the sensor. The real time 

data from all the three axes with the 

respective time stamp is saved to an excel 

sheet for the data analysis. Accurate time 

synchronization between the two sensors is 

taken care by the software. 

 

Procedure 

The subjects are asked to go through their 

routine before doing the actual exercise. 

Once the subjects are ready the sensors are 

mounted on to the body and they are asked 

to take the initial stance. 

As said before the Sun salutation consists 

of 10 sets of postures for every cycle. This 

is pictorially represented in Figure 2. 

During the exercise, subjects are instructed 

to concentrate on their breathing 

technique. Every 5 seconds a signal is 

given to the subject to change to the next 

posture in the sequence. This timing gives 

an advantage during data analysis. The 

procedure is repeated for 12 continuous 

cycles.  
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Figure 9: Ratio of Skewness factor of neck to CG. 

 
Figure 10: Ratio of Kurtosis factor of neck to CG. 

 
Figure 11: Ratio of Cycle time of neck to CG. 
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Results and Discussions 

The raw data is filtered for noise and then 

using gravity vector resolution method the 

angles at each posture are obtained for all 

12 cycles. The boxplot representation for 

the variation of angle for one of the 

subject’s performance is shown in figure 5. 

From the plot it is seen that the person has 

a consistent repetition of cycles. But this 

does not give any insights into the 

transitions between the postures. 

 

The sensor data from the accelerometers 

mounted on the neck and lower back are 

decomposed using EMD. The raw data 

from the sensor and the decomposed 6
th 

IMF is shown in figure 3. The decomposed 

signal represents the complete 

performance, including the transitions 

between postures. To analyze the 

transition, the frequency response of the 

decomposed signal is obtained. Figure 4 

represents the frequency response of the 

IMF using fast Fourier transform. 

 

Figure 6 & 7 represents the skewness and 

kurtosis value of frequency response 

obtained from sensors placed on neck and 

the CoM of the body respectively. A larger 

skewness value indicates the lack of 

symmetry in the response curve and 

kurtosis indicates the sharpness or 

peakedness. Here the kurtosis factor here 

plays a major role in determining the 

gracefulness of the movements. If the 

frequency response has a sharper peak 

then the kurtosis factor would show a 

larger value indicating that all the cycles 

were done smoothly without any changes 

in between. 

For a better understanding of the 

performance the ratios of the statistical 

parameters for neck and CoM are obtained 

and plotted in Figure 8 & 9. Ideally both 

the neck and the CoM must have very 

close statistical values, which means that 

ratio must be close to one for a good 

performance. Values more than one 

indicate that the person is moving his/her 

neck more than the CoM and if it is less 

than one then it means that the person has 

performed the experiment with more 

bending of CoM than the neck. Figure 10 

shows the ratio of cycle time between neck 

and CG. While the experiment was 

performed, it was visually observed that 

few subjects moved their neck and hip and 

different speeds. This is clearly seen in 

few of the subjects in the plot. The 

majority have very good synchronization 

of speed between their head and trunk. 

 

Conclusion 

From Figure8 & 9 we can see that for a 

good graceful performance of sun 

salutation the ratio of statistical parameters 

must be closer to one. Many of the 

subjects have the Kurtosis ratio lesser than 

one indicating that their bending of hip/ 

CG position is not enough and it needs to 

improved. This paper has shown a very 

simple yet effective way to quantize sun 

salutation. It also shows that exercises like 

sun salutation and other repetitive 

exercises can be quantized using two low 

cost tri-axial accelerometers instead of 

high cost motion capture system. The use 

empirical mode decomposition in analysis 

of sensor data is very clearly explained in 

the paper. This method can serve as a 

handy tool for instructors and students to 

self-evaluate their performance. The 

experiment provides a platform for 

wireless monitoring of the exercises. In 

future the results from the wireless sensors 

can be sent to a mobile phone through 

Bluetooth® connection, and then the same 

can be transmitted to an expert for his 

opinion on the performance. Also the data 

can be logged for periodic assessment of 

the performance and this provides a 

chance for better performance, enjoying 

more health benefits and avoiding any 

injuries due to imperfect practice. 
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