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Abstract:  Self-assisted yoga practice should ensure safety. 

Being in a wrong posture while doing practice may cause 

problems like fall or fractures in the bones. Practitioners of 

activities like yoga, sports etc. should maintain correct postures 

all through their practice. Maintaining a correct posture is 

influenced by Centre of Gravity whose location is based on 

distributing the entire body weight evenly for stability. In this 

paper, we propose a method to find the Centre of Gravity of any 

asana sequence. The location of Centre of Gravity will be used by 

the assistive system to instruct the practitioner how to alter their 

postures to avoid fall and enable to take-up perfect practice. 

Motion capture systems will give the details in the form of Bio- 

vision hierarchy format, from which the coordinate values of 

human joints can be accessed. Based on the segmentation 

method, whole body Centre of Gravity is calculated. We have 

used Vrikshasana for our experiment and yoga posture data for 

ten participants are used to find the Centre of Gravity variations. 

Data for two trails were acquired. CM Variations in segments 

like thigh, angle are calculated. From the results the instructors 

may find whether ankle or thigh’s position should be changed to 

maintain correct posture. 

Keywords : Assisted Living, Bio- Mechanics, Bio Vision 

Hierarchy ,Centre of Gravity,  Segmented Method, Yoga.  

I. INTRODUCTION 

Generally, caring of elderly and disabled people relies 

on members of their family. This dependency to do every 

activity on others makes them home ridden. Assistive 

technology comes in handy for these people to alleviate this 

dependency to some extent. This paper adds corrective 

mechanism based on Centre of Gravity for self-assisted yoga 

practice. The Centre of Gravity location in other words the 

location based on which the entire body weight should be 

distributed for stability. 

All living and non-living objects are affected by universal 

gravitation. Mechanical interactions with the environment 

and within the biological system influence the motion and 

function of all the objects in the universe. Biomechanics is 
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the study related to the study of influence of mechanics on 

the body’s movement, shape at all levels ranging from 

molecular level to system level [1]. 

Posture of a human body can be defined by the joints 

position. Coordinated interactions of the various parts of 

musculoskeletal system such as bones, muscles, and joints 

are essential to achieve human body movement [2]. As 

human posture changes, Centre of gravity will also change 

based on current posture. Balance is based on the position of 

centre of gravity of the human body. Factors that are 

contributing to the stability are in general, (i) the size of base 

of support, (ii) the horizontal distance from the edge of the 

support of the Centre of Gravity (COG), (iii) height of COG, 

(iv) weight of the body, (v) direction of the base in relation to 

the force. 

Yoga has been considered as a means to strengthen, align 

and balance the structure of body, also enhance the 

stabilization of the body during activities. Some of the yoga 

asana have been used as remedial activity for issues like 

lower-back pain [3]. Yoga improves hip and spinal flexibility 

which helps in reducing lowering back pain [4-5].In many a 

times, yoga has been practiced by individuals without 

trainers’ assistance. When people do self-assisted yoga asana 

practice, there may be a possibility of fall because of miss 

balancing; this may be due to wrong position of Centre of 

Gravity. And thus, it is useful and essential to understand 

and know the correct place of Centre of Gravity for every 

asana posture and this will be helpful for preventing injury, 

correcting abnormality, healing and rehabilitation. 

In this paper, segmental method of centre of gravity 

calculation is used as this method is flexible and useful in 

calculating centre of gravity even in the complex actions. 

Also, we can use segmental method when the subject is 

under external forces. 

The centre of gravity of Trigonansana postures are 

calculated for 10 participants with 5 male and 5 female of age 

ranging from 20 to 50. Their average weight is 58.3 kg, 

average height is 160cm, and average age is 35.2. Some 

participants at the age greater than 45 are not able to 

maintain this posture. To make this posture, some of the 

participant bent their body in the lateral directions. This is 

because to maintain their centre of gravity along the leg, 

some weight has been shifted in the lateral direction. 
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In this paper, section II discusses bio-mechanics and 

directional representations and section III describes the 

segments of human body and calculation of centre of gravity 

based on the segments. Section IV discusses the results and 

in section V, we provided conclusion about our findings. 

II.  BACKGROUND 

A. Selecting Representation of yoga postures 

 As yoga asana are based on sequence of postures 

performed on a time series, it is convenient to represent them 

in any one of the motion representation formats. The format 

used in this paper is BVH (Bio-Vision Hierarchy), which 

represents the human skeleton as hierarchy of joints. Any 

BVH file has two parts namely (i) initial posture’s of the 

asana (ii) motion part which have the transformation 

matrices. From that format, the coordinate values of every 

joint can be accessed. It is convenient to calculate the centre 

of mass of every segment as discussed in section III with 

these coordinate values for the particular posture. Fig.1 gives 

the sample representation of a human being at anatomical 

position, where we consider hips as root and chest as well as 

neck joints as its children. Every joint will have offset values 

of their position from their parent joint. Values given after 

the keyword OFFSET are displacement values along x, y, z 

axis respectively. From these values the joint coordinate 

values can be calculated using following coding. 

 

 

 

 

 

 

 

 

 

 

In motion part, the values of angle values for rotation, 

translation vector values will be given for every joint, and for 

every frame. Based on these values, it is possible to do 

transformations on the previous frames, and find the posture 

of the current frame. There is a possibility to mention the 

frame rate while capturing the motion, and thus the number 

of frames. If the same posture has to be maintained for a 

specific amount of time, that can also be represented in frame 

time. 

B.  Bio-mechanics of Human Body 

Centre of gravity is a point around which human body 

weight is evenly distributed. This is an imaginary point and 

does not belong to any part of the body. Sometimes this point 

may lay outside the body based on the posture. The force of 

gravity on human body is downward through our body’s 

centre of gravity. In anatomical position, centre of gravity 

lies below the waist i.e. in lower torso as shown in Fig 

1.Generally, Centre of gravity location depends upon the 

weight, height and distribution of the weight in the position 

concerned. 

 
Fig.1 Center of gravity location in anatomical position 

The area beneath the human body which touches the earth 

or the supporting surface is termed as base support. Usually 

the base support will be any one of these: (i) both the feets, (ii) 

one feet, (iii) both arms, (iv) single arm, (v) stomach or (vi) 

in combination of these. Figure 2, shows the base support 

parts. 

 
Fig 2: Base support points (a) feet and hands (b) both 

feet (c) lower body and hand (d) one foot 

Mid-point of these base support points is called as centre of 

support. Whenever line of gravity goes outside the Centre of 

Support (COS), human body will not be in a balanced/stable 

position. 

Centre of gravity is proportional to weight of the body. 

Usually this centre of gravity will be closer to the side that 

carries most weight. For example, though we stand in both 

feet support, if we put all our weight in one leg then the 

centre of support is that leg and centre of gravity passes 

through that leg. 

Common facts about centre of gravity are: 1. Larger the 

base support, there is a possibility of centre of gravity falling 

inside the base line, 2.Center of gravity moves to the side 

where there is heavy load or weight 3. If the height of centre 

of gravity is lower and near to the base support, it is more 

stable than compared to higher centre of gravity. 

There is a correlation between stride width and fall [13]. 

While doing asana, the placement of body weight or otherwise 

the centre of support has be in alignment with the centre of 

gravity. If not, the practitioner may fall. Thus, it is essential to 

know the location of centre of gravity while doing yoga and also 

other physical exercises. 

 

HIERARCHY 

ROOT Hips 

{ 

OFFSET 0.00 0.00 0.00 

CHANNELS 6 Xposition Yposition Zposition 

Zrotation Xrotation Yrotation 

JOINT Chest 

{ 

OFFSET 0.00 6.275751 

0.00 

CHANNELS 3 Zrotation Xrotation Yrotation JOINT 

Neck 

{ 

: 

: 

} 
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III. RELATED WORK 

Body Segmental parameters that influence the centre of 

gravity are (i) segmental length, (ii) segmental weight. By using 

these parameters, it is possible to find the centre of gravity of 

any posture in any complicated motion sequence such as 

walking, running, and exercise or training sequences. This is 

applicable to yoga asana too. Human segmental parameters can 

be obtained using mathematical methods [14] or using data of 

MRI [15] to find parameters of 14 body segments. 

Trajectory of centre of gravity may also be estimated using 

a human body modeled as four-link object [16]. Identifying 

the centre of gravity position while the body is in motion is 

essential for the areas such as space motion, rehabilitation, 

finding ways to improve work efficiency. 

Reference data of percentage distribution of segment 

lengths to human total height has been measured by 

Zatsiorsky and de Leva [18] by using segmentation methods. 

Data collection method used by them may not be suitable for 

complicated postures and for all body types. Methods 

mentioned in the above papers are using high-technology 

equipments. So it may not be suitable for all conditions. 

In this paper, we are trying to use mathematical 

calculations to estimate complicated posture sequences 

available in the form of motion captured data. These data will 

have coordinate values of every joint. By applying the 

formulae, we can calculate the centre of gravity. 

IV. PROPOSED SYSTEM 

A. Finding Centre of Gravity of a posture 

Factors that are contributing to the stability are in general, 

(i) the size of base support, (ii) the horizontal distance from 

the edge of the support of the centre of gravity (COG), (iii) 

height of centre of gravity, (iv) weight of the body, (v) 

direction of the base in relation to the force. 

Location of centre of gravity changes based on the posture 

of human body [8, 9].It combines the mass and centre of 

gravity location of every segment of the body. Human body 

has been represented as collection of connected rigid 

segments [10, 11]. Every segment will have varying weight 

based on the posture. Every segment’s length can be 

represented in terms of percentage of whole body height 

B. Segment length 

Over all body mass distribution is considered as a function 

of mass distribution within every segment of a particular 

posture. To find mass distribution of a segment, it is essential 

to find the location of centre of the mass of every segment. 

The distance of body parts such as shoulder, elbow, wrist, 

hand etc. from the centre of the body can be represented by 

proximal and distal. Proximal is the point or joint of any 

segment which is the one closer to (i) midline or another 

reference point (may be base support, or hand, shoulder etc.). 

Distal is the point or joint which is further away from (i) 

midline or (ii) another reference point. For example, with 

reference to the (midline) centre of our body – the torso, the 

attachment point shoulder is proximal than elbow, whereas 

hand is distal from torso compared to wrist, elbow and 

shoulder. 

Using Table.1, every segment’s proximal and distal joints 

can be used to find the Centre of Mass of that segment. 

Because of symmetric nature of human body, upper arm 

values are applicable to both right and left upper arm. The 

same applies to forearm, hand, thigh, lower leg and foot. 

Formula for calculating segment centre of mass is given in 

Eqn. (1) and Eqn. (2). 

 

By applying the values of this centre of mass of every 

segment in Eqn. (3) and (4), one can find centre of mass of 

the whole body. 

 

Where i ranges from 1 to 14(from head to foot, all body 

segments will be considered). The segments and their 

proximal and distal end points are given in table 1. 

Segment Center of Gravity (%Length) Joints 

Males Females 

Head & Neck 50.02 48.41 Head and neck 

Trunk 43.1 37.82 Center of 

shoulder joints 

– 

Center of Hip 

joints 

Upper Arm(s) 57.72 57.54 Shoulder joint – 

Elbow joint 

Fore Arm(s) 5.74 5.59 Elbow joint – 

Wrist joint 

Hand 8 74.74 Wrist Joint - 

Finger Tip 

Thigh 40.95 36.12 Hip joint – knee 

joint 

Shank 3.95 43.52 Knee joint – 

Ankle joint 

Foot 4.15 40.14 Ankle – 

Toe 

Assume that the Proximal and Distal coordinate values of 

thigh segment is represented as Xw, Yw (waist) and Xk, YK 

(Knee). %centimeter is the ratio value of the centimetre of 

particular segment in the total height can be accessed from 

table (1). From Equ.(4) and (5), the centre of mass for the 

segment thigh can be calculated using Equ. (5) and Equ. (6). 
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C.  Centre of Gravity in YOGA posture 

Centre of support is the midpoint of base support. In 

normal standing posture, it will be in the centre point 

between our feet. If the centre of gravity and centre of base 

support of the human body lies in one point or if both are 

aligned vertically in same line, then balance is assured. 

While practicing every yoga postures, one has to maintain 

his/her centre of support and centre of gravity be aligned on 

the same line. 

Two or more motor mechanisms contribute to 

maintaining human body balance. Central nervous system 

of human is responsible for balancing human body, which 

gives feedback actions to control the change in centre of 

gravity of human body. Usually these feedback actions will 

be given to hip, knee and ankle joints. Their movements 

will counteract the changes in centre of gravity [6]. 

    Counter actions or postural changes because of sudden 

external disturbances can be of two categories namely (i) 

ankle strategy, which is in antero-posterior (A/P) direction, 

and changes the ankle but little variations in hip or knee 

and (ii) hip strategy, in which changes will be in hip 

position than in ankle and knee, also it is in the 

mediolateral (M/L sometimes in antero-posterior direction) 

[7]. In general, changes in mediolateral direction is 

controlled by hip joint and antero-posterior direction is 

controlled by  ankle joints. 

  Information related to the centre of gravity and the 

amount of movement required by every joint in order to 

maintain balance is essential, to correct the misaligned 

postures. For example in case of trigonasana, practitioner 

has to lift one leg from the floor and place it on the knee of 

the other leg. It will be useful if the trainer knows whether 

adjustments to hip joints, knee joints or ankle joints are 

needed during this movement. 

  To maintain this balance one may spread the weight from 

one weight bearing point to the other. The fact is that lower 

centre of gravity height will ensure balance. And thus 

whenever possible, it is advisable to bring the centre of 

gravity closer to the ground. In case of tree pose, one has to 

bring the centre of gravity back to the standing foot. 

  According the  standard  tree  pose  described  in[3], the 

participant lift one foot off the ground, eventually working 

their foot up to their calves, and then above their knees. The 

pressure of the foot exerted on the inner thigh causes the body 

reaction force to swing in the M/L direction. In such case, the 

body slightly moves to the side of the standing leg. 

   Yoga poses rejuvenate every human body part. The posture 

we considered here is Vrikshasana, also known as the Tree 

Pose. While doing this asana practitioner will stretches the 

legs, arms, and the back which help them to get better 

balance [19]. 

 For the posture shown in Fig.3 , we marked the joint 

points, and extracted the coordinate values for those 

proximal and distal joint points of every segment is provided 

in the Table.2 .Using formulae [1,2,3,4 ] we can find the 

centre of   Gravity of the whole body. In the reverse inference, 

we can find the joint values changes in the hip, knee, ankle 

joints so that whether Mediolateral or antero-posterior 

directional move is required to maintain balance. 

 Image will be normalized to 500X500 pixel sizes, the points 

extracted from the image are shown in fig.3. 

Fig.3: Vrikshasana 

 

Table II. Coordinate Values of the Joints for the Example 

Figure 

1. Left wrist, 231,31 

2. Right wrist 259,31 

3. Left elbow 126,76 

4. Right elbow 357,76 

5. Left shoulder 192,76 

6. Right shoulder 293,138 

7. Left hip 203,243 

8. Right hip 198,241(proximal) 

9. Left knee 293,138 

10. Right knee 112,308 (distal) 

11. Left ankle 224,465 

12. Right ankle 222.355 

13. Left heel 216,479 

14. Right heel 240,354 

15. Left toe 290,487 

16. Right toe 234,397 

17. Right finger tip 246,4 

18. Left finger tip 241,4 

19. Base of neck 248,124 

20. Head top 244,58 

 

Segment’s mass is given as percentage of total mass of the 

body which is represented by Mi.Similarly a segment’s 

length is given as percentage length of the total height. 

X value of Centre of gravity of Segment Thigh = 

Xhip(proimal) + (length %) * (Xknee(distal) – proximal) 

As per the measurement of Fig.3 given in Table.2, 

X value of Centre of gravity of Segment Thigh = 198 + 

(112-198) * .433 = 160.762 

 

http://www.ijoy.org.in/article.asp?issn=0973-6131%3Byear%3D2016%3Bvolume%3D9%3Bissue%3D1%3Bspage%3D4%3Bepage%3D11%3Baulast%3DYelluru&amp;ref3
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Y value of Centre of gravity of Segment Thigh = 

Yhip(proximal) + (length %) * (Yknee(distal) – 

Yhip(proximal)) 

Y value of center of gravity of segment thigh = 241 + 

(112- 198)*.433 = 224.87 

  Similarly, every segment’s centre of gravity can be found 

for a particular posture. From BVH file, we can find the 

coordinate values of every proximal and distal joint values 

of every segment. The motion part of the BVH file will 

give the values of transformations to be applied on the 

previous frame coordinate values. And thus, it is possible 

to find the centre of gravity of every posture of yoga. 

V. IMPLEMENTATION 

  The BVH file for Trigonasan has been passed as input to 

the function, centre of gravity Calculator. Anatomical 

position is the first portion of the file. Motion part of the file 

will be processed and coordinate values of each segment’s 

distal and proximal values can be calculated. 

 

Input: BVH files of trigonansana 

Output: Array –Segment_COM [1..14 ] 

,FrameCOG[1..30] 

1. Extract coordinate information of every 

segment from input BVH file 

2. Store the distal and proximal end values 

of every segment in the variable 

3. Calculate COG of the segment using the 

formula given in Equ.1 and Equ.2 

4. Store it in array Segment_COM, iterate 

steps 2 and 3 for all segments 

5. Find the COG of the posture using Equ.3 

and Equ.4,and store it in array FrameCOG 

6. Iterate steps from 1 to 5 for all the frames 
 

In the BVH file, hip has been considered as centre and its 

coordinate value is (0, 0, 0). For the purpose of calculation, 

we have treated the foot at (0, 0, 0). All the coordinates are 

changed accordingly. The distal and proximal values of 

every segment will be stored in the array. Values of 14 

segments, as mentioned earlier, are stored in the array. By 

applying Equ.1 and Equ.2 individual segments centre of 

gravity are calculated and stored. Finally, the centre of 

gravity location of the posture will be calculated using this 

array. Similarly for every frame, the cog will be calculated. 

VI. RESULTS 

Participants height and cog measurement during Anatomical 

position is shown in Fig. 4, the height of cog as percentage of 

total body height is shown in Fig.5. Based on this centre of 

gravity for 10 participants in Vrikshasana are calculated . 

 
Fig.4: Height and cog height at anatomical position 

 

 
Fig 5: height and cog height in percentage of total 

height (at anatomical position) 

 

In Vrikshasana, depending upon the leg which is footed 

on the floor, the foot will have different value than the other 

leg. This is because in the leg which is placed near the knee 

of the other, the distance between proximal and distal value 

is lesser compared to the footed leg. 

 
Fig. 6: Average variance of cog of 2 trails 

 

As seen from Fig.6, the correlations between cogs on the 

two trails shows that subject 3 maintains the cog at the same 

location regardless of the leg in which the asana was 

performed 
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Fig.7: Average variance of cog in segment thigh of 2 trails 

 

  From Fig.7, we can infer that subject 3 and 5 balanced both 

thighs properly, in both the case regardless of the leg which 

is used for doing asana. In the case of subject 10, it is 

convenient for subject 10 while doing asana in left leg than 

in right leg. They find it difficult to balance, they could not 

place the leg near to the knee of the standing leg, and this 

leads to very large variance. 

VII. CONCLUSION 

For human body stability, it is important to know the 

centre of gravity location. Every postural change will have 

its effect on centre of gravity. In the case of yoga asana, it is 

essential to know the change of cog location in order to 

maintain balance. It is also essential to prevent fall or 

fracture too. In this paper, we proposed a method to find cog 

for Vrikshasana postures. This method can be used for all the 

asana. 10 participants with two trails were made. Based on 

the motion captured data for these trails, the average 

variance of cog locations of ankle, thigh and the whole body 

cog location of the participants were calculated and shown. 

In future, the effect and the weight bearing points for the 

positional changes during asana postures will be calculated 

so that the practitioners may be guided to shift their weight 

to those weight bearing points in order to avoid fall. 
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