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Abstract- In this modern world, Human activity Recognition and Detection are gaining importance where it is and will be used 

in many upcoming innovations, not only in security and surveillance but also in understanding the behavioral patterns of 

humans. The purpose of this project is to develop a model that would take the video input from different sources like recorded 

videos and detect actions that are being performed by the people which is commonly referred to as Human Activity 

Recognition or Human Activity Detection. To emphasize its importance the project aim is to build a model which can 

intelligently classify the video clips related to human activities. The project is making use of keras library where video 

classification is involved and implementing the model by using CNN and LSTM algorithms. The expected result can be a wise 

application that could predict various human activities. The project has made use of the UCF50 - Action Recognition dataset to 

train the model. 
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I. INTRODUCTION 
 

Action recognition has been a widely researched topic in 

Computer Vision for over a couple of decades. Their 

application in real-time surveillance and security makes it 

more challenging and interesting. Various approaches 

have been taken to solve the problem of Action 
Recognition; however the majority of the current 

approaches failed to address the issue of a large number of 

action categories and highly unconstrained videos taken 

from dataset.  

 

The topic of Human Activity Recognition (HAR) is a 

prominent research area topic in the field of Computer 

Vision and Image Processing. It has empowered state-of-

the-art application in multiple sectors such as surveillance, 

digital entertainment, and medical healthcare domains. It 

is interesting to observe and intriguing to predict such kind 
of movements 

 

In this paper we study the effect of large datasets on 

performance, and propose a framework that can address 

issues with real life action recognition datasets (UCF50). 

The main contributions of this paper are as follows: 

Provide an insight into the challenges of large and 

complex datasets like UCF50. We propose the use of 

moving and stationary pixels information obtained from 

optical flow to obtain our scene context descriptor. We 

show that as the number of actions to be categorized 

increases, the scene context plays a more important role in 
action classification. We propose the idea of early fusion 

schema for descriptors obtained from moving and 

stationary pixels to understand the scene context, and 

finally perform a probabilistic fusion of scene context 

descriptor and motion descriptor. To the best of our 

knowledge, no one has attempted action/activity 

recognition on such a large scale dataset (50 action 

categories) consisting of videos taken from the web 

(unconstrained videos) using only visual information. 

 

II. PROBLEM DEFINITION 
 

It is a challenging task to classify video clips based on 

human activity using sensors and It is a fundamental 

problem in computer vision. Our goal is to 

detect/recognize human activity based on the input video 

clips provided by the user without any use of the sensors. 

 

Example: 

 Problem: Use of sensors to record human activity 

patterns is expensive and needs necessity of frequent 

recharging of batteries. 

 Solution: Include deep learning technology to classify 

human activity based on video sequences. 

  

III. LITERATURE SURVEY 
 

The Research paper on “Human Activity Recognition 

Using Deep Learning Networks with Enhanced Channel 
State Information”. 

 

Proposed by Zhenguo Shi [2], J. Andrew Zhang, 

Richard Xu, and Gengfa Fang. They explored an 

approach that included the study of recurrent neural 

networks (RNN) in which node-to-node links shape a 

directed graph along a timing chain. This type f neural 

network is usually used in examples including timing 
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series. A model is trained using this approach in order to 
obtain the temporary dynamic behaviour. It has a segment 

called a memory segment which mainly processes variable 

length of input sequence. In order to transform and extract 

the inherent features from the input data collected from 

CSI-HAS, Deep Learning networks are used.  

 

To further reduce and optimize the feature, a sparse auto-

encoder (SAE) network is utilised. One of the de-merit of 

using this is that the sensing performance of SAE is 

susceptible to input quality. To overcome this problem an 

approach of Recurrent Neural network based on the 

concept of long short term memory (LSTM) is used by 
taking a CSI packet as a raw input.  

 

Adding to it, LSTM-RNN based models can also be used 

to extract features at the later part of the entire process. 

The classifier here being used is the Softmax Regression 

Algorithm. The coefficients of the trained network are 

used as equipment for the further training process. 

 

Recognizing 50 Human Action Categories of Web 

Videos- UCF50 dataset. Machine Vision and 

Application Journal (MVAP), Sept-2012. 
UCF50 is an action recognition data set with 50 action 

categories, consisting of realistic videos taken from 

youtube. This data set is an extension of YouTube Action 

data set (UCF11) which has 11 action categories. 

 

Most of the available action recognition data sets are not 

realistic and are staged by actors. In our data set, the 

primary focus is to provide the computer vision 

community with an action recognition data set consisting 

of realistic videos which are taken from youtube. Our data 

set is very challenging due to large variations in camera 

motion, object appearance and pose, object scale, 
viewpoint, cluttered background, illumination conditions, 

etc. For all the 50 categories, the videos are grouped into 

25 groups, where each group consists of more than 4 

action clips. The video clips in the same group may share 

some common features, such as the same person, similar 

background, similar viewpoint, and so on. 

 

Data Preprocessing and Network Building in CNN 

Article by Tanya Dayanand, Aug2020. 

In this article, we will go through the end-to-end pipeline 

of training convolutional neural networks, i.e. organizing 
the data into directories, preprocessing, data augmentation, 

model building, etc. 

 

We will spend a good amount of time on data 

preprocessing techniques commonly used with image 

processing. This is because preprocessing takes about 50–

80% of your time in most deep learning projects, and 

knowing some useful tricks will help you a lot in your 

projects. We will be using the flowers dataset from Kaggle 

to demonstrate the key concepts. To get into the codes 

directly, an accompanying notebook is published on 

Kaggle (Please use a CPU for running the initial parts of 
the code and GPU for model training). 

 

Normalization and standardization of video frames- A set 

of frames converted to a similar sequence of resolution 

where Preprocessing takes about 50– 70% of your time in 

most deep learning projects, and knowing some useful 

tricks will help in our project. 

 

A CNN+LSTM Approach to Human Activity 

Recognition (IEEE) Machine Vision and Application 

Journal (MVAP), Sept-2012 Technolog  Used is Deep 

bidirectional LSTM (DB-LSTM) networks. 
There is high probability where RNN may act unusual due 

to short term memory hence LSTM provides an upper 

hand Since Sequence of image frames are involved CNN-

LSTM is inferred. 

 

To understand human behavior and intrinsically anticipate 

human intentions, research into human activity recognition 

HAR) using sensors in wearable and handheld devices has 

intensified. The ability for a system to use as few 

resources as possible to recognize a user's activity from 

raw data is what many researchers are striving for. In this 
paper, we propose a holistic deep learning-based activity 

recognition architecture, a convolutional neural network-

long short-term memory network (CNN-LSTM).  

 

This CNN-LSTM approach not only improves the 

predictive accuracy of human activities from raw data but 

also reduces the complexity of the model while 

eliminating the need for advanced feature engineering.  

 

The CNN-LSTM network is both spatially and temporally 

deep. Our proposed model achieves 99% accuracy on the 

iSPL dataset, an internal dataset, and 92 % accuracy on the 
UCI HAR public dataset. We also compared its 

performance against other approaches. It competes 

favorably against other deep neural network (DNN) 

architectures that have been proposed in the past and 

against machine learning models that rely on manually 

engineered feature datasets. 

 

A CNNLSTM based Model for Video Classification- 

ConvLSTM (IEEE) 

International Conference on Electronics, Information, and 

Communication (ICEIC), 2020 Technology Used is Deep 
bidirectional LSTM (DB-LSTM) networks. A class of 

models that is both spatially and temporally deep, and has 

the flexibility to be applied to a variety of vision tasks 

involving sequential inputs and outputs. Model that 

classifies video clips based on sequence of frames. 

  

IV. SYSTEM ARCHITECTURE 
 

The system architecture design shows us the relationship 

between the different components being used. They are 

usually created for gaining a deep understanding of how 
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the different components work with each other in order to 
achieve the goals that were set to be achieved by the 

project. 

 

 
Fig 1. System Architecture. 

 

V. PROPOSED DESIGN 
 

 
Fig 2. Workflow Diagram of Human Activity Recognition 

Using Deep Learning. 

 

 Data collection from UCF50 - Action Recognition 

Data Set 

 Download and Extract the frames from video clips. 

Visualize the Data with its Labels 

 Read and Pre-process the Dataset Extract frames from 
video clips 

Resize & Normalize Frames 

Split the Data into Train and Test Set Construct the 

Model. 

 Compile and Train the Model 

 Plot Model’s Loss and Accuracy Curves Make 

Predictions with the Model 

 Using Single-Frame CNN Method Train and save the 

model. 

 Perform incremental training on more inputs. 

 Deploy the best model considered for GUI or a 
window popup screen to the users. 

VI. FIGURES AND TABLES 
 

1. Workflow Diagram of video classification method: 

 

 
Fig 3. Proposed Design (Figure shows Workflow of video 

classification end to end) 
 

2. Classification of videos into several images under 

CNN: 

 

 
Fig 4. Figure taken to describe ConvLSTM approach is 

carried out further. 

 

3. Preprocessing the dataset: 

 

Fig 5. 20 random videos with its first frame and its 

corresponding labels (For better understanding) 
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Fig 6. Before frame resizing (320 X 240). 

 

 
Fig 7. After frame resizing (64 X 64). 

  

V. SOME HELPFUL HINTS 
 

1. Equations: 

Components of Convolutional Neural Networks 

 Convolutional Layer 

 Pooling 
 

LP pooling is a biologically inspired process [1] from 

complex cells of visual cortex.It is represented by 

 

 
 

It can be noted that when p=1, Lp corresponds to average 

pooling. When p=, LP corresponds to max pooling. 

 

 Fully Connected Layer 

 Softmax Layer 

 

 
 

Where z is a vector of input units, j is an index for output 

values while k is an index to input values with the total 
number of elements in j being K. 

 

2. Activation functions: 

2.1 Logistic Function (Sigmoid Curve): 

 

 

It has non-zero values and an activation range of [0, 1].  
This function updates at every point and hence is very 

smooth. 

 

2.2 Hyperbolic tangent function: 

 

 
 

Its activation range is from [-1,1]. 

One of the major advantages of tanh is that it gives faster 

convergence during backpropagation. 

 

3. Abbreviations and Acronyms: 

HAD- Human Activity Detection HAR- Human Activity 

Recognition CNN- Convolutional Neural Network LSTM- 

Long Short Term Memory DL- Deep Learning 

GPU- Graphics Processing Unit OpenCV- Open Source 

Computer Vision ANN- Artificial Neural Network 

  

4. Links and Bookmarks: 

Recognizing 50 Human Action Categories of Web Videos 

Kishore K. Reddy, Mubarak Shah crcv.ucf.edu/ data/ 

UCF50_files/MVAP_UCF50.pdf A CNN-LSTM 

Approach to Human Activity Recognition (IEEE) 
International Conference on Artificial Intelligence in 

Information and Communication, 2020. https://iee 

explore.ieee.org/document/9065078 

 

VII. CONCLUSION 
 
Human Activity Detection systems are a large field of 

research and development, currently with a focus on 

advanced deep learning algorithms, innovations in the 

field of hardware architecture, and on decreasing the costs 

of monitoring while increasing safety. We learnt a lot 

about this developing field of study while researching and 

developing this project. During the development of this 

project to detect human activities from video feeds we 

came across multiple approaches to help detect a subset of 

activities. We had limited system hardware resources like 

GPU for training models and we had only a conservative 

amount of data for the given set of activities. 
 

In future we can do this implementation with greater 

processing resources and with greater amounts of data to 

increase the accuracy further than what has already been 

obtained. We made it a point to select activities for which 

the models had not been trained prior to our 

implementation and we can propose to add multiple new 

activities for detection to our currently developed model 

and obtain a greater result. 

 

As we all know that the accuracy of the models can never 
be 100% so the results that are generated will always have 

a possibility of providing improper output as is the case 
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with all deep learning classifications so if we can increase 
the data to improve the overall efficiency of detection of 

human activity we can do so in future models where a 

huge data set is used to train the developed models. 

 

VIII. APPENDIX 
 

1. Opencv: 
OpenCV is the huge open-source library for computer 

vision. By using it, one can process images and videos to 

identify objects, faces, or even handwriting of a human. 

When integrated with various libraries, such as NumPy, 

python is capable of processing the OpenCV array 

structure for analysis. To identify image pattern and its 

various features we use vector space and perform 

mathematical operations on these features. 

 

2. UCF50: 

UCF50 is an action recognition data set with 50 action 
categories, consisting of realistic videos. Our data set is 

very challenging due to large variations in camera motion, 

object appearance and pose, object scale, viewpoint, 

cluttered background, illumination conditions, etc. For all 

the 50 categories, the videos are grouped into 25 groups, 

where each group consists of more than 4 action clips. The 

video clips in the same group may share some common 

features, such as the same person, similar background, 

similar viewpoint, and so on. 

 

3. CNN 

In deep learning, a convolutional neural network 
(CNN/ConvNet) is a class of deep neural networks, most 

commonly applied to analyze visual imagery. Now when 

we think of a neural network, we think about matrix 

multiplications but that is not the case with ConvNet. It 

uses a special technique called Convolution. Now in 

mathematics convolution is a mathematical operation on 

two functions that produces a third function that expresses 

how the shape of one is modified by the other. 
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