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Yoga is an extraordinary spiritual science of self-development and self-realization that shows us how to develop our full potential in 

our many-sided lives. Yoga has become a way of life for many people all over the world in recent years. As a result, a scientific analysis 

of yoga postures is required. Recognizing posture is a difficult task due to the scarcity of datasets and the need to detect posture from 

a huge dataset. To address this issue, a large dataset containing five different types of yoga pose images was collected from the Kaggle 

online dataset. In the proposed work, the yoga pose is taken as input, the features were detected using, pre-trained models MobileNetV2 

and DenseNet201. The Classifiers namely Support Vector Machine (SVM) and Random Forest (RF) are used for classification. By 

comparing the experimental results the performance of MobileNetvV2 with Random Forest yields better results when compared to 

other models. 
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1. INTRODUCTION 
Yoga has become a well-known practise for maintaining people in good physical and mental health all around the world. 

[1] Asanas are just one part of an eight-part process that leads to enlightenment. They help the body to prepare for 

meditation [3]. A new Yoga Posture Classification (YPC) model using deep learning algorithms is proposed to classify 

the Yoga images using two different processes namely feature extraction and classification. In the proposed work, two 

Pre-Trained models MobileNetV2 and DenseNet201 are used as feature extractors to extract features from the input 

images. Then, the features are given to Support Vector Machine and Random Forest for classification of Yoga Posture. 

There are various yoga types some of them are used in this work; they are Downdog, Goddess, Tree, Plank and Warrior2. 

 
1.1 YOGA POSTURE 

Yoga may be intended as a way to calm the mind, but it also a great way to get in shape and drop some weight. Here are 

a few postures that can help lower your anxiety and the number on the scale. Hold each posture as long as you can, that 

may be 15-20 seconds at first, but each time you practice, hold the posture for a few seconds longer and make your way 

up to a minute if you can. Where appropriate do one side and repeat on the opposite side. There are various types of yoga 

posture. This work Downdog (Adho Mukha Svanasana), Goddess (Utkata Konasana), Plank (Phalakasana), Tree 

(Vrksasana) and Warrior2 (Virabhadrasana) are classified. Fig 1 shows the sample images of Yoga Posture. 

 
DOWNDOG 

Downward Facing Dog (Adho Mukha Svanasana) is the poster pose for yoga. The reason it has become the best-known 

asana is that it's so important in contemporary practice. It may be the first pose you learn as you begin a yoga practice. It 

is done many times during most yoga classes, particularly in Vinyasa yoga. It acts as a transitional pose and can be a 

resting position. Downward Dog is one of the poses in the Sun Salu Goddess Pose is considered a base pose as goddess 

pose variations can be derived from this pose. Goddess Pose helps boost energy in the body and hence can be included in 

flow yoga sequences. 

 
GODDESS 

Utkata Konasana (Goddess Pose), also referred to as the Fierce Angle Pose, is an empowering, intermediate standing 

level pose. The Goddess Pose (Utkata Konasana) can also be part of yoga sequences intended for hips, the chest as well 

as the groin. The practice of Goddess Pose, when part of a prenatal yoga sequence, helps to widen the uterus and prepare 

for delivery during pregnancy. 

 

Goddess Pose is considered a base pose as goddess pose variations can be derived from this pose. Goddess Pose helps 

boost energy in the body and hence can be included in flow yoga sequences. 

 

https://www.doyou.com/how-i-managed-anxiety-without-meds/
https://www.verywellfit.com/what-is-asana-3566793
https://www.verywellfit.com/yoga-beginner-4157112
https://www.verywellfit.com/introduction-to-vinyasa-flow-yoga-4143120
https://www.tummee.com/yoga-poses/goddess-pose/variations
https://www.tummee.com/yoga-poses/goddess-pose/variations
https://www.tummee.com/yoga-poses/goddess-pose/variations
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PLANK 

Plank (Phalakasana) is one of the most foundational poses in yoga for lots of good reasons. Each time you visit this 

grounding pose you’ll build abdominal strength and power in your arms and wrists. It also strengthen the muscles 

surrounding the spine, which improves posture. The increased strength and stamina you build in Plank will help you more 

challenging postures like Boat Pose, Dolphin Pose, and Side Plank Pose. The benefits of this posture aren’t just physical. 

Plank Pose also builds mental endurance and deep focus. Holding the pose when your arms start to shake is a powerful 

reminder that you can tackle challenges both on and off the mat. 

 
TREE 

This posture replicates the graceful, steady stance of a tree. Unlike most yoga poses, the Tree Pose (Vrikshasana or 

Vrksasana) requires keeping our eyes open in order to maintain body balance. Avoid doing this posture if you are suffering 

from migraine, insomnia, low or high blood pressure (those with high blood pressure may do this pose but without raising 

their hands overhead, as this may further raise their blood pressure). 

 
WARRIOR2 

Warrior 2 or Virabhadrasana 2, is a grounding and lunging standing yoga pose. Derived from the root words Vira 

(warrior), Bhadra (friend) and Asana (pose), it increases mind and body awareness as it builds stamina, power and 

strength. Warrior2 pose is sometimes seen as anatomically difficult because you have to maintain balance and work on 

breathing as your legs go in different directions. Hence, a great deal of concentration is required to focus on your front 

leg being bent while the back leg is straight. You also have to direct your pelvis to ensure its pointing forward and level. 

 

  
                                      Downdog                                     Goddess                                          plank 

 

 
Tree                                    Warrior2 

Fig. 1 Sample images of Yoga Posture 

 

In the proposed work, the pre-trained models namely, MobileNetV2 and DenseNet201 are used for feature extraction and 

the classifiers namely Support Vector Machine (SVM) and Random Forest (RF) are used to classify the features into the 

respective classes. The block diagram of the proposed work is shown in Fig. 2. 

 

 
Fig. 2 Block Diagram of Proposed Work 

 

2. LITERATURE REVIEW 
The yoga participants conducted the research [1]. The data was gathered from yoga studios. In this study, 100 observations 

were collected from yoga participants in Ammapet, Salem. Any serious yoga practise necessitates the use of mindfulness. 

Yoga, when done correctly, clears the mind of all distracting ideas from the outer world, bringing one to a state of inner 

serenity [2]. In [5] six different types of yoga asanas named asPadmasana, Bhujangasana, Tadasana, Shavasana, 

Trikonasana, and Vrikshasana were recognized with the hybrid approach of convolutional neural network (CNN) and 

https://www.yogajournal.com/category/yoga-101/
https://www.yogajournal.com/category/poses/anatomy/abs/
https://www.yogajournal.com/article/yoga-101/learn-how-to-protect-your-wrists-in-your-practice/
https://www.yogajournal.com/poses/dolphin-pose-2/
https://www.yogajournal.com/poses/side-plank-pose/
https://www.artofliving.org/in-en/yoga/health-and-wellness/feeling-pain-balance-your-body-yoga
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long short-term memory (LSTM). The real-time video dataset is created with fifteen persons such as five femalesand ten 

males using a normal RGB webcam. 

 

The Support Vector Machine (SVM) approach seeks to find the optimal separating hyper plane between classes by 

focusing on the training cases that are placed at the edge of the class descriptors. These training cases are called support 

vectors. Training cases other than support vectors are discarded. In this way not only is an optimal hyperplane fitted but 

also less training samples are effectively used thus high classification accuracy is achieved with small training sets [3,4].  

 

Human interpretative process and gesture recognition techniques using support vector machine detected gestures 

independent of motion speed (SVM). Gesture recognition is achieved by measuring input keyframes to registered gesture 

keyframes. The experimental findings of this suggested study demonstrate that the strategy performs quite well and is 

useful in real-world settings [6-8]. 

 

[14] did research on Deep Learning (DL), Reinforcement Learning (RL), and their combination (Deep RL) promise to 

revolutionize Artificial Intelligence (AI). The growth in computational power accompanied by faster and increased data 

storage and declining computing costs have already allowed scientists in various fields to apply these techniques on 

datasets that were previously intractable for their size and complexity. This review article provides a comprehensive 

survey on the application of DL, RL, and Deep RL techniques in mining Biological data. In addition, they compare 

performances of DL techniques when applied to different datasets across various application domains. Finally, we outline 

open issues in this challenging research area and discuss future development perspectives. 

 

[15] developed a Yoga self-training system that uses a Kinect depth camera to aid in correcting postures while practising 

Yoga for 12 different asanas. It, on the other hand, employs manual feature extraction and creates unique models for each 

asana. Delegate features, like as a human skeleton, must be extracted in order to describe human postures. Various 

skeletonization strategies, such as thinning and distance transformation, have been documented in the literature. 

 

Using deep learning techniques such as convolutional neural networks and transfer learning, the system detects the yoga 

posture from both images and videos. The model was trained and the prediction accuracy was evaluated using ten different 

yoga asana. One of the pre-trained models, VGG16, was utilised as a feature extractor, and a deep neural network classifier 

was employed to identify the output classes. In this study, a prediction accuracy of 85 percent yields [9-13]. 

 

3. FEATURE EXTRACTION 
3.1 MobileNetV2 

It is originally designed for mobile device by google. MobileNetv2 is a fine pre-trained model that delivers the high output 

accuracy.  MobileNetv2 is built upon the idea of MobileNetv1. It uses the depth wise separable convolution as efficient 

building blocks [6]. MobileNetv2 has two important features they are linear bottleneck between the layers and shortcut 

connections (residual block in the network) between the bottleneck. There are two types of blocks in MobileNetv2. They 

are residual block with stride of 1 and other block is stride of 2 with downsizing. Fig. 3 shows the mobileNetv2 

convolutional blocks. The Table 1 shows the bottleneck of mobilenetv2. 

 

Stride = 1 block            Stride = 2 block 

 
Fig. 3 MobileNetv2 Convolutional Block 

 

Both type of the block has three layers. 

 First layer has 1 x 1 convolution with Relu6 as the activation function.  

 Second layer has the depth wise convolution.  

 The third layer has another 1 x 1 convolution, but without any non-linearity. 

 

Table 1 Bottleneck of MobileNetv2 
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Where t is expansion factor, c is the number of output channels, n is the repeating number, s is the stride, for spatial 

convolution 3 x 3 kernels are used. 

 
3.2 DenseNet201 

In a DenseNet201 architecture, each layer is connected to every other layer, hence the name Densely Connected 

Convolutional Network. For L layers, there are L(L+1)/2 direct connections. For each layer, the feature maps of all the 

preceding layers are used as inputs, and its own feature maps are used as input for each subsequent layers. DenseNets 

essentially connect every layer to every other layer. This is the main idea that is extremely powerful. The input of a layer 

inside DenseNet is the concatenation of feature maps from previous layers. Fig. 4 shows the DenseNet201 architecture 

 

 
Fig. 4 DenseNet201 Architecture 

 

4. CLASSIFIERS 
In this proposed work SVM and RF are the machine learning techniques used to classify the features. 

 
4.1 Support Vector Machine 

SVM is a statistic machine learning technique that has been successfully applied in the pattern recognition area and, is 

based on the principle of structural risk minimization. SVM builds a straight model to assess the choice capacity utilizing 

non-direct class limits in light of help vectors. [12] SVM learns an optimal separating hyper plane from a given set of 

positive and negative.  

 

 
Fig. 5 SVM architecture 

 

Fig. 5 shows the architecture of the SVM. It maps the input patterns into a higher dimensional feature space through some 

nonlinear mapping chosen a priori. A linear decision surface is then constructed in this high dimensional feature space. 

Thus, SVM is a linear classifier in the parameter space, but it becomes a non-linear classifier as a result of the nonlinear 

mapping of the space of the input patterns into the high dimensional feature space. 
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4.2 Random Forest 

Random forest (RF) consists of a large number of individual decision trees that operate as an ensemble. Each distinct tree 

in the random forest spits out a class prediction and the class with the most votes becomes the model’s prediction. The 

fundamental concept behind random forest is a simple but powerful one, the wisdom of crowds. A large number of 

relatively uncorrelated trees that operating as a committee will outperform any of the individual constituent models. 

 

 
Fig. 6 Classification Process of Random Forest 

 

5 PROPOSED WORK 
5.1 Experimental Results 

By analyzing the effectiveness of the network and by utilizing the Pre-Trained model namely MobileNetV2 and 

DenseNet201 as a feature extractor, the weights are transferred to the proposed system. The optimal setup values vary 

while fine tuning the deep networks. In the Pre-Trained models the FC layer followed by an output layer was selected 

and was replaced by the SVM, RF and GNB classifier. 

 
5.2 Datasets 

The dataset was collected from Kaggle online database. The dataset consists of RGB images. 75 percent of the dataset 

was used for training and 25 were used for testing. 

 
5.3 Pre-Trained MobileNetV2 as a Feature Extractor 

The input layer adopts an image in the size of 224 x 224 x 3 and the output layer is the softmax prediction on 1000 classes. 

From the input layer to the end is the max pooling layer by 7x7x 1280 which is regarded as the feature extraction of the 

model, while the rest of the network is presented as the classification of the model. In this work, MobileNetV2 is applied 

to extract the features and we conclude at 1280 features for a single image. 

 
5.4 Pre-Trained DenseNet201 as a Feature Extractor 

DenseNet201 takes the input image of size 112 x 112 and the output layer is the SoftMax prediction for 1000 classes. 

From the input layer to the last is the Avg pooling layer by 7 x 7 dimensions which is considered as the feature extraction 

part of the model, while the rest of the network is considered as the classification part of the model. In this work, DenseNet 

is used to extract the features and we arrived at 1024 features for a single image. 

 

6. PERFORMANCE MEASURES 
The overall performance of F-Score, precision and recall of Yoga Posture classification is shown in Fig. 7 and 8. The 

overall accuracy of SVM is shown in Table 2 and the overall accuracy of RF is shown in Table 3. The Yoga Posture 

classification is calculated using the confusion matrix. The data can be trained and tested effectively; precision, recall, F-

Score and accuracy of the proposed work are  

Precision =
TP

TP + FP
 

Recall =
TP

TP + FN
 

Accuracy =
(TP + TN)

TP + TN + FP + FN
 

 

The performance of MobileNetV2 with RF gives better performance when compared to other models.  
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6.1 Classification using SVM 

SVM is trained to identify the features. For training 1080 images were trained with the feature vectors, each of 1280 

dimension for MobileNetV2 and 1024 dimension for DenseNet, are extracted from the images. The training process 

analyses the YPC training data to find an optimal way to classify Yoga images into its respective classes namely, 

Downdog (category 0), Godess (category 1), Plank (category 2), Tree (category 3) and Warrior2 (category 4). The derived 

support vector is used to categorize the Yoga input images.  For testing 470 feature vectors are given as input to the SVM 

model and the distance between each of the feature vector and the SVM hyperplane is calculated. The average distance 

is calculated for each model. The sssstages of YPC are decided based on the maximum distance. The classification results 

are analyzed based on four measures namely Precision, Recall, F-score and Accuracy. Table 2 shows the accuracy of 

SVM with MobileNetV2 and DenseNet201. 

 

Table 2 Accuracy of SVM 

 
 

 
Fig. 7 Performance of MobileNetV2 with SVM 

 

 
Fig. 8 Performance of DenseNet201 with SVM 

 
6.2 Classification using Random Forest 

The training process analyses the training data to find the decision tree to classify the images into five categories. Random 

forest is structured for a complete learning procedure for categorizing with a set of decision trees that grow randomly by 

selecting the sample data. A nonlinear decision tree is applied to discriminate the various stages. Random Forest is trained 

to ascertain image features. The bootstrap procedure is followed for each training set; the samples are selected randomly. 

For training 1080 images were trained, 1280 dimension for MobileNetV2 1024 dimension for DenseNet201 are extracted 

from the images. At each point, a new subset is generated; current tree is drawn by replacement of vectors. This is called 

as out-of-bag.  For testing 470 feature vectors are given as input to the Random Forest model. While testing, predictions 

are arrived by finding the average of the study of each decision tree. Table 3 shows the accuracy of RF with MobileNetV2 

and DenseNet201. 

Table 3 Accuracy of RF 
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Fig. 9 Performance of MobileNetV2 with RF 

 

 
Fig. 10 Performance of DenseNet201 with RF 

 

7. CONCLUSION 
In the proposed work, yoga postures are classified using SVM and RF model using the MobileNetV2 and DenseNet201 

features. In this paper, machine learning techniques such as Support Vector Machine (SVM) and Random Forest (RF) are 

proposed. The performance were extracted from the Yoga Posture images using the two feature extraction techniques 

namely MobileNetV2 and DenseNet201 models which is the pre-trained convolutional neural networks. The result for 

the proposed work gives satisfactory results, that MobileNetV2 with RF model gives good results when compared to the 

other model. 
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