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ABSTRACT 
 

Recommendation systems are widely used for personalized movies, music and product 

suggestions using collaborative filtering methods. Currently, music recommender suggests 

music based on listening history and similar genres, which are not ambient and actor aware. 

This project proposes HitMe; a music recommendation system that suggests songs based on 

WKH�XVHUV¶�UHDO-time activities. For example, HitMe recommends high tempo songs to a user 

running on a treadmill while a slow pace song for a user who is relaxing on a couch. Firstly, 

we build a CNN-LSTM for indoor activity recognition using a custom activity dataset. The 

dataset contains pre-processed activity videos from ³+0'%��´�� ³8&)-���´�� ³67$,5�

$FWLRQV´�� DQG� ³NLQHWLFV-GRZQORDGHU´� GDWDVHWV�� :H train the CNN-LSTM for multiclass 

classifications to identify nine actions; that includes: ³%LNLQJ´��³&RPSXWHU:RUN´��³'ULYLQJ´��

³(DW	'ULQN´��³3OD\,QVWUXPHQW´��³6SRUW´� ³6WXG\LQJ´��³:DONLQJ´��³:ULWLQJ´��%HIRUH�WKDW��ZH�

use VGG16 to extract video features useful for the CNN-LSTM. The early results showed that 

HitMe model score 0.6507 in accuracy for indoor activity recognition. Besides activity 

recognition model, we also implement a content-based music recommender system by using 

the Spotify API, where this recommender is to recommend users a list of tracks based on the 

user preferences such as favourite artist, song, and activity predicted from the activity 

recognition model. In a nutshell, the final result showed that HitMe able to get user context 

information and make a recommended playlist in Spotify.  

 

 

Keywords: Music Recommendation System, Human Activity Recognition, Content-based 

Filtering, Spotify API, Contextual Awareness.  
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Chapter 1 Introduction 
1.1. Problem Statement and Motivation 

Music is a popular entertainment media element in this digital world, but it is not only 

for the entertainment purpose, it also has value on the many different field with the 

appropriate music. For example, we can play the music or a song in any kind of event 

like a wedding, a sport competition, etc. Moreover, the music can be categorized into 

few genres such as bass, pop, jazz, rock, folk, etc. Therefore, with the help  of the 

music recommender the users can get a better user experience when using the music 

streaming or any music player or playlist, this can be achieved when the music 

UHFRPPHQGHU�FROOHFWV�WKH�XVHUV¶�GDWD�DQG�WKHQ�analyse the taste of the user. Thus, users 

will easily get the song recommend and no need spend a lot of time to search for the 

music that meet their taste. But there is a problem that face by this music 

recommendation system. 

 

The problem statement of this music recommendation system as the below: 

(i) Lack of real time updates or multiple variable types in recommendation 

systems. 

Existing music recommendation is not contextual-aware, i.e. currently, the 

recommendation algorithm only recommend music based on listening history. 

Consider a case where user x is reading a book at leisure pace but his playlist 

is made up of electro music. In this case, the recommender would suggest 

electro-pop that might not be suitable for reading.  

 

8VXDOO\�� PRVW� RI� WRGD\V¶� UHFRPPHQGHU� V\VWHPV� DUH� EDVHG� RQ� WKH� XVHUV¶�

feedback history towards a specific group of items to make prediction. It is like 

a service that perform to the users with a number of the recommendations but 

actually they are giving the same recommendations to the users and without 

FRQVLGHUHG�XVHUV¶�FXUUHQW�PRRG��ORFDWLRQ��RU�DFWLYLWLHV��[1] 
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1.2. Project Scope 

This project aims to build a Music Recommendation System (MRS) that come out with 

the music recommendation based RQ� XVHUV¶� FXUUHQW� DFWLYLWLHV�� %\� KDYLQJ� WKHVH�

recommendation systems, the system would need the users to provide their contextual 

information, Human Activity Recognition (HAR) and XVHU¶V�PXVLF�SUHIHUHQFH, so that 

all these metadata and information can be process through the recommendation engine. 

+HQFH��LW�ZLOO�EH�JHQHUDWLQJ�WKH�UHFRPPHQGHG�SOD\OLVWV�EDVHG�RQ�XVHUV¶�LQIRUPDWLRQ�

given. Finally, the users can go thought the recommended playlists that the system 

recommend to the users. 
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1.3. Project Objectives 

Main Objective:  

The Project aims to provide a Music Recommendations System that can based on 

XVHUV¶�DFWLRQ�RU�DFWLYLWLHV�WR�UHFRPPHQG�WKHP�WKH�PRVW�VXLWDEOH�PXVLF� 

By propose this objective, it is mainly to solve the problem of the users faced which is 

the PXVLF� UHFRPPHQGHG� E\� WKH� SOD\OLVWV� LV� QRW� VR� VXLWDEOH� IRU� WKH� XVHUV¶� FXUUHQW�

activities. So in this project, it will build up a Music Recommender by improving the 

contextual aware of the recommend system towards users, so that it can provide the 

most suitable songs to the users.   

 

Sub-Objective 1:  

To design a Music Recommendation Architecture based on activity context using 

Content-Based filtering method.  

 Although there are plenty of the music streaming services are using the 

Collaborative Filtering as their main filtering approach while apply for their 

recommendation system. But content-based filtering approach is more suitable for this 

SURMHFW��WKLV�LV�GXH�WR�WKH�UHFRPPHQGDWLRQ�LV�EDVHG�RQ�XVHU¶V�DFWLYLW\�DQG�WKHQ�VWRUH�D�

list of recommended songs into the new playlist, at this time there will be a problem 

IRU�&ROODERUDWLYH�)LOWHULQJ�WR�DSSO\�LQ�WKLV�SURMHFW�ZKHUH�LW�ZLOO�KDYH�WKH�³&ROG�6WDUW´�

issue in the beginning. 

 

Sub-Objective 2: 

To deploy the Human Activities Recognition (HAR) system using Recurrent Neural 

Network (RNN). 

 In this recommender system the one of the inputs is using the Human Activities 

Recognition (HAR) that means the system will predict the movement of the users 

based on the sensor data and then make a prediction that which songs will be more suit 

WR�WKH�XVHUV¶�PXVLF�OLVWHQLQJ�WDVWH� 
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1.4. Impact, Significance and Contribution 

The outcome of this project is a music recommender system that provides users a list 

of recommend songs which may suitable for their current activity. By using this music 

recommender system, it may help the users to improve their motivation and also the 

productivity especially for those who like to listen to the music when they are studying, 

working, sporting, and other human activity. Moreover, this system also helps users to 

save time on searching for their favorite songs, for instance when the user who wish to 

listen some high tempo songs during sporting, by recognize their current activity the 

music recommender will recommend the songs based on the high tempo and also the 

VRQJ¶V�W\SH�WKDW�XVHUV�OLNH�� 

 

Furthermore, since this project is a combination of the human activity recognition and 

the hybrid filtering system, hence it can be a recommend system which much closer to 

the human and also understand us compared to the traditional recommender system.   

 

Besides that, as this project is to recommend the muVLF�EDVHG�RQ�XVHU¶V�FXUUHQW�DFWLYLW\��

but it also having many different possibilities to work with others application such as 

IoT, custom gaming BGM, and etc. Hence, this project could contribute as a 

foundation or base model for the future enhancement. 
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1.5. Background Information 

1.5.1. Contextual Aware 

Contextual Aware is an information which recognize from the human or computer 

system to provide the information relevant to the characteristic of a human or an 

object and also the current environment. The context information includes the 

information such as location, identity, location, activity, task and etc.  

 

Furthermore, this context information can be collected by using the current 

technology that we have, for instance the camera, GPS, microphone and the 

sensors from our smart devices, and also the resources from the web browser. By 

having this context information, we can use them to provide a more personalized 

DSSOLFDWLRQ�RU�VXJJHVWLRQ�UHFRPPHQGDWLRQV�IRU�GLIIHUHQW�W\SHV�RI�XVHU¶V�GHPDQG��

The usage for this context information has been applied in our daily life, for 

example, the news in Facebook, the recommended songs in Spotify, the 

suggestion of item in amazon, and etc. [2] 
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1.5.2. Human Activity Recognition (HAR) 

Human activity recognition is a kind of wide area of study that help us to identify 

D�SHUVRQ¶V�VSHFLILF�DFWLRQ�RU�WDVN�IURP�WKH�VHQVRU�GDWD��8VXDOO\��WKH�DFWLRQV�WKDW�

will be identify in this area such as walking, jumping, talking, standing, and also 

sitting. Moreover, there are other human activities will also be recognized, for 

example studying, cooking, driving and etc. [3] 

 

For the collection of the sensor data will be taking using the smart devices like 

video record the action in few seconds or minutes of frames or images, the 

alternative way is using the wearable sensors or accelerometer. By using this 

information that we could apply into many different areas such as medical, 

military, smart home environment (IoT), driving activities and etc. [4] 

 

In the past decade, this kind of sensor data or information is very difficult and 

expensive to be collect due to the immature technology. But in these few years, 

because of the rise of information era, we are able to get much more of the data 

from the web browser or library since some of them are free for commercial use.  

 

Currently, there are many developers and also data analyzers which work with this 

kind of research and come out with the classification of these actions. The purpose 

of this research or work is to use the sensor data and then fit/train them into a 

model and come out with the model that able to classify the activity of new unseen 

subjects from the sensor data. 
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1.5.3. Content Based Filtering Approach 

A content-based filtering approach is defined as a recommend method that based 

RQ�WKH�XVHUV�RU�LWHPV¶�DGGLWLRQDO�LQIRUPDWLRQ��,Q�VSHFLILFDOO\�PHDQV�WKDW�LW�extracts 

WKH�XVHU�RU�LWHP¶V�IHDWXUHV�WR�UHFRPPHQG�WKH�XVHU�ZLWK�RWKHU�WKLQJV�ZKLFK�VOLJKWO\�

VLPLODU�ZLWK� WKH� XVHU¶V� SUHIHUHQFH� DQG� DOVR based on their previous actions or 

explicit feedback. [5] To have a better understanding of this approach, the better 

example instead of music recommender, the movie recommender system is 

considered as one of the most suitable examples for this approach. The movie 

recommender can be based RQ�WKH�XVHU¶V�SUHIHUHQFH�OLNH�ZKLFK�PRYLH�WKH\�OLNH�WR�

watch and then recommend then the almost similar movie to the user as the figure 

1-1. [6] 

 

In simple words, WKLV�DSSURDFK�XVLQJ�WKH�REMHFW¶V�FKDUDFWHULVWLF�WR�PDNH�SUHGLFWLRn 

for the similar or related items. While apply in this project is that it does not have 

WKH�³FROG-VWDUW´�LVVXH�DW�WKH�EHJLQQLQJ�ZKLOH�XVLQJ�WKLV�V\VWHP��PHDQV�WKDW�LW�MXVW�

has to base RQ�XVHUV¶�SUHIHUHQFH�DQG�WKHQ�PDNH�WKH�UHFRPPHQGDWLRQV�WR�WKH�XVHUV�� 

 

 
Figure 1-1 Content-Based Approach Example 
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1.5.4. Convolutional Neural Network (CNN) 

In the area of image recognition task, the most popular deep learning algorithm 

that we use is the convolution neural network. It is one of the neural networks that 

commonly used for processing image, classification, and also recognition. This is 

because of its structure to train the model by several layers of perceptron to filter 

over the input. The layers that consist in CNN which are input / output layers and 

also a hidden layer. For the hidden layer it includes the layers like convolutional 

layer, pooling layer, and also fully connected layer. Moreover, for the 

convolutional layer it is used to abstract the input data or images and then adjust 

them into a learnable weight from the learning process, after that the final output 

will based on the multiplication of the input data and the weight which adjusted 

from the learning process. By having these powerful layers, it is much simpler and 

also efficient to handle image processing task. [7] 

 

For better understanding of this CNN, the figure below shows an overview of the 

CNN architecture: 

 
Figure 1-2 &11¶V�DUFKLWHFWXUH 
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1.5.5. Recurrent Neural Network (RNN) 

 
Figure 1-3 511¶V�DUFKLWHFWXUH 

 

Recurrent neural network is also one of the popular deep learning algorithms that 

its main focus is to process the data in a sequence way. Which means that it will 

keep the previous learning output and then keep learning the new things or data 

so that the output will be much more accuracy than others algorithm. It is 

commonly used in the area such as text prediction and also text translation. We 

take the text translation as an example, usually the normal translator is just 

translating the words one by one and does not care about the previous words so 

this is the problem because in our human language it can have many different 

meanings of the sentences. Hence the machine should know the overall sentences 

meaning instead of splitting the sentences into words and translate it. [8] 

 

Furthermore, although this RNN is much more efficient in the processing images 

videos by keeping the memories of previous output, but it also has one major issue 

when the things getting lagger the output will be not that accurate. This is because 

of the memories of previous output that it keeps consist of some unnecessary data. 

In order to solve this issue, the researcher come out with a solution by using the 

Long Short-Term Memory (LSTM) method. 
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1.5.6. Long Short-Term Memory (LSTM) 

 
Figure 1-4 /670¶V�DUFKLWHFWXUH 

 
As the previous introduce the RNN which having a shortage of short-term memory. 

This long short-term memory (LSTM) is an improved version of RNN, which it added 

some layer so that the RNN could only keep those useful data or previous output to get 

a better accuracy. Moreover, the structure for this LSTM is added the forget gate, input 

gate, and also output gate.  

 

7R�KDYH�D�EHWWHU�XQGHUVWDQG�KRZ�WKH\�/670�ZRUNV��OHW¶V�VWDUW�IURP�WKH�IRUJHW�JDWH��7KH�

forget gate is the gate that filter out those useful information from the previous output, 

it can be done by marking the information between 0 and 1. For the value 0 means that 

the information may not useful to us and it will be forget or remove, while for the value 

1 it will get the permission to proceed to next stage. [9] 

 

The input gate, in this stage it will filter out the information based on its importance 

and then update to the cell state. While for the output gate, it is to come out with a new 

output result by combining with the previous useful information and then pass the new 

information to the next process. 
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1.6. Report Organization 

The details of this report will follow the sequences as the following chapters 

respectively. Firstly, chapter 2 will discuss about the literature review for few music 

streaming providers and the music genre for each activity. Secondly, the 

methodologies and the overall system design is discussing in chapter 3 while for the 

chapter 4 will go through the system implementation process which how the step of 

this system is implemented. Next the evaluation of this system will be discussed here 

the chapter 5. Finally, the conclusion will be covered in chapter 6 for this project.  
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Chapter 2 Literature Review 
 

In this section will discuss about the few similar music streaming applications where to find 

out their music filtering approach, and the next will be figure out the most suitable music genre 

types for each activity as proposed.  

 

2.1. Music Streaming Application 

2.1.1. Spotify  

Spotify is one of the popular music streaming applications in nowadays. In this 

application, users can find millions of songs from many different artists and genres, and 

LW�DOVR�KDYH�D�V\VWHP�WKDW�FRQWDLQ�ZLWK�WKH�FRPSOH[�DOJRULWKP�WKDW�EDVHG�RQ�WKH�XVHUV¶�

listening history data and then make recommendation to the users. [10] Currently, they 

are using 3 main approach which are the natural language processing (NLP), 

collaborative filtering, and audio analysis. Moreover, in-order to match the music to the 

XVHUV¶�SHUVRQDO�WHVWHV��WKHVH�PRGHOV�FDQ�EH�XVHG�E\�FRPSDUHG�WKH�XVHUV¶�SURILOH�ZLWK�WKH�

systems. [11] 
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Strength 

 
Figure 2-��6SRWLI\¶V�,QWHUIDFH 

 

As the figure 2-1 showed above is the interface of the Spotify, from there we can see 

that there are few recommended playlists provided for users to choose based on their 

preference of the recommended songs. 

 

Weakness  

There is one issue the faced by Spotify that it used the collaborative filtering which it 

is hard to be recommended the new and unpopular songs. Since this filtering is based 

on WKH�XVHUV¶�XVDJH�RI�WKH�DSSOLFDWLRQ��VR�WKDW�WKH�V\VWHP�ZLOO�UHFRPPHQG�PRUH�DERXW�

the popular songs. [12] 
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2.1.2. Apple Music  

 

 
Figure 2-��$SSOH�0XVLF�³6WDWLRQ�IRU�<RX´ 

 

Apple Music is an alternative music streaming application that have the potential to 

replace the Spotify. It provided streaming service to the users but also having the 

services as well as the music recommendation features in this application. As the figure 

2-2 showed above, it is the interface for the Apple music, and it is containing one 

VHVVLRQ� WKHUH�ZKLFK� LV� WKH�³6WDWLRQV� IRU�<RX´��7KLV� VHVVLRQ� LV� WKH�ZD\�$SSOH�0XVLF�

recommend the personalize selection of music to the users based on their listening 

habits. [13] 

 

Strength  

Apple Music applied the Human Curation filter to its recommendation system, so that 

the users can curate their playlists based on specific genres or moods. Moreover, it also 

DOORZV�WKH�XVHUV�WR�KDYH�WKHLU�IULHQGV¶�SOD\OLVW�RU�UHFHQW�OLVWHQLQJ�DUWLVW�RU�VRQg so that it 

makes it more suit for the users. [14] 
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Weakness 

 

 

 

 

 

 

 

 

 

             

 

 

 

 

     Figure 2-3 Music Playing                    Figure 2-4 Recommend Slow 

The weakness will be the recommend system is a little bit slow compared to other music 

streaming application as the figure 2-4 showed above. As we can see that from figure 

2-3 it is recommend only 2 songs while waiting next songs suggest. 
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2.1.3. YouTube Music 

 
Figure 2-��<RX7XEH�0XVLF�³/RFDWLRQ-%DVHG�5HFRPPHQGDWLRQ´ 

YouTube Music is also a music streaming player that it is to replace the Google Play 

Music and having some similarity features as the Spotify. Its recommendation system 

is slightly different from the others recommender system, meanwhile it is executed by 

using the Google Brain which contain a lot of the data and algorithm, and neural 

networks so that it can easily provide the recommendation to the users. (Kumar, 2020) 

It also provided a recommendations option for users which is the location-based 

recommendations, that this recommendation could provide users the music suggestion 

based on where their location is. [15] 

 

Strength  

Its location-based recommendation is a good way to perform as the contextual 

information data, so that the googOH�FDQ�NQRZ�ZKHUH�WKH�LV�WKH�XVHUV¶�ORFDWLRQ��7KLV�LV�

an advantage for the YouTube Music, since other music streaming application does not 

provide this kind of function to the users.  

 

Weakness 

The weakness of the location-based recommendation is that most of the users does not 

know about this function and some of them may not interesting about it.  
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2.1.4. Deezer 

 
Figure 2-��'HH]HU¶V�)ORZ�5HFRPPHQGDWLRQ 

 

Deezer music application has the function that can personalized the recommendations 

that are as individual as XVHUV¶� SUHIHUHQFH�� ,Q� WKLV� DSSOLFDWLRQ�� LW� LV� SURYLGHG� WKH�

UHFRPPHQGHG�VRQJV�LQ�D�VHVVLRQ�FDOOHG�³)/2:´�DV�WKH�ILJXUH��-6 showed above. In 

WKLV�VHVVLRQ�LWV�PXVLF�UHFRPPHQG�SURFHVV�LV�EDVHG�RQ�WKH�XVHUV¶�OLNHG�RU�EDQQHG�WR�WKH�

songs, playlists, and album to form a recommend personal playlists for the users. 

$OWKRXJK� LWV� ³)/2:´� UHFRPPHQG� LV� QRWKLQJ� VSHFLDO�� EXW� IRU� WKH� SHUIRUPDQFH� LW� LV�

considered as normal that can perform the task well. [16] 
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Strength  

 
     Figure 2-7 Recommend by mood              Figure 2-8 Example of mood 

As the figures 2-7 and 2-8 showed above, it has a special recommend playlist for users based 

on their mood and activities, which can be categorized in few types such as Moods, Moments, 

Flashback, Party, Romance, Chill, and Workout. 

 

Weakness 

 

 
Figure 2-9 Suggested Songs 

,Q�WKH�VXJJHVWHG�PRGH��VRPH�RI�WKH�VRQJ�GRHV�QRW�VXLWH�WR�WKH�XVHU¶V�WDVWH��$V�WKH�ILJXUH��-9 

VKRZHG�DERYH�WKDW�KDYLQJ�VRPH�RI�WKH�VRQJ�LV�QRW�UHDOO\�VXLWDEOH�IRU�$VLDQ�XVHUV¶�WDVWH� 
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2.1.5. Tidal 

 
Figure 2-10 Tidal Interface 

Although this Tidal is a music streaming application that focus on the value of the sound 

quality for its users, but similarly it also provides the personalized playlists for users. 

In its recommendation system the users will get the similar playlists and 

recommendations, and also they may more focus on the music culture. (PCMag Asia 

Nov, 2020) As the figure 2-10 showed above, it is the Tidal interface and it also contain 

WKH�³0L[HV�IRU�<RX´�VHVVLRQ�ZKLFK�LV�D�SHUVRQDOL]HG�SOD\OLVW� WKDW recommend to the 

XVHUV�EDVHG�RQ�WKHLU�OLVWHQLQJ�KDELWV�VXFK�DV�WKH�PXVLF�VDYHG�LQ�WKH�³0\�&ROOHFWLRQ´�DQG�

also the most recent listening patterns. [17]  
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Strength  

 

 
Figure 2-11 Radio Station 

The strength of this Tidal is that it takes an advantage on the discovery of new music that 

VXLW�WR�LWV�XVHUV��%\�GRLQJ�WKLV��LW�MXVW�QHHGV�D�IHZ�ZHHNV�WR�FROOHFW�WKH�XVHUV¶�OLVWHQLQJ�KDELWV��

Moreover, it also has its personalized playlists for recommend songs to the users through 

the Radio Stations as the figure 2-11 showed above. [18] 

 

Weakness 

Unlike the Spotify, they are having personalize features like Discovery Weekly, Daily Mix, 

etc. Tidal only have one personalized playlist to recommend the music to its users, so this 

may its weakness compared to other music streaming application. [19] 
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Table 2-1 Comparison Table for Proposed Solution of Reviewed Application 

Music Streaming\ 

Approach Used 

Collaborative 

Filtering 

Content-Based 

Recommendation 

Hybrid Recommender 

Engines 

Spotify [23] 9   

Apple Music [20] 9   

YouTube Music [22] 9   

Deezer [21]   9 

Tidal [17] 9   
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2.2. Custom Genre For Each Activity 

As for the music itself having many different kinds of component where all of this 

components combine as a one will produce a music, and this components are also 

considered as a characteristics of the music where it may consist of sound, melody, 

expression, genre, audio signal, and etc. [study.com] Since there are so many characteristic 

for the music, then when it comes to a person who listen to a songs will also have their 

requirements or preferences where what kinds of songs they like to listen to. So in this 

project, it is necessary to study and find out the most suitable music genre for each different 

activity. [24] 

 

Below is the analysis for what kind of music genre will be more appropriate to be listen for 

each activity:  

2.2.1. Biking 

Biking activity is considered as a sport activity but in specific action manner. In 

this activity the some of the cyclist may like to have a music while they are cycling 

in the road, and this actually could help them to have a better motivation that let 

them to continue this activity. But at the same time listen to music while cycling 

is also a risk for them where they may not be able to aware the environment 

surrounding them like a car suddenly pop up from any direction. [25] So while 

cycling and listening to the music is not totally a bad thing, as we just have to 

select those songs with motivated but in the type should be in a moderate tempo 

and not too loud then the issue will be solved. Based on the research, this activity 

mostly is based on the Pop, Rock, Hip-Hop. [26] 

 

2.2.2. Computer Work 

Nowadays, most of the people who mostly work with their computer will more 

prefer to listen to the music as their assistant whether to help them relax, getting 

new idea or even help them to motivate themselves to complete the assigned tasks. 

For example, the people who will often listen to the music while working mostly 

are universities student and also those workers who work in office or freelancer. 

These kinds of people they will face to the computer most of the time, so that they 

may need to listen to some music to get them relax and this also could help them to 

get motivated while working. But sometimes who work in the office may also need 
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to respond to others, so the music type should not be too loud so that they are still 

able to hear what is going on in the outside world. Hence the recommended genres 

are Classic Rock, Pop. [] 

 

2.2.3. Driving 

As the driving activity is consider as a critical activity where the driver have to 

maintain their emotion in a correct manner, and listening to music while driving 

is a benefits for the driver to relax themselves for a long drive, but there is also a 

limitation if the music genre, or tempo is not appropriate which may cause the 

driver unable to control their emotions and worst is happen the accident where 

they not able to concentrate to drive. So it is important to have an appropriate 

music genre for the driver to relax but not to make them high and forgot that they 

are driving at the moment. The most recommended music genres for driving 

activity such as the pop music, folk, classic, and country. [35] 

 

2.2.4. Eating and Drinking 

According to the study of the [27], that is when performing the eating activity, it is 

important to listen to the right music where it can help to enhance positive 

experience during a meal. Where the recommended music genre while doing the 

eating action is about listen to the Jazz, R&B, Pop type of genre. [28] 

 

2.2.5. Playing Instrument 

Mostly when we talk about the instrument the most popular instrument will be the 

piano, guitar. Actually playing instrument activity is consider as a sub-domain of 

the musical activity, where it is just part of the musical activity. [31] But when it 

comes to the activity like we are playing a piano and then what kind of the music 

genre should we refer to? And also the listen to the music while playing instrument 

can be become an assistant for the user that they may have more idea for creating 

their new song or any other activity. While for the most recommended genre for 

this activity such as Classic, and Jazz. [32] 
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2.2.6. Sport 

Listen to music while sporting is a very common behavior compared to others 

activity that most of the people would like to listen to the high tempo music when 

they perform sporting activity. Based on the research study shows that listen to 

music while sporting able to influence people to become more excited and having 

more energy to continue their activity, but the tempo should be in a high level 

instead of a low tempo song. [36] Hence the suggested music genre for this sporting 

activity is Hip-Hop, heavy metal, dance music. [37] 

 

2.2.7. Studying 

There are a lot of style for the user preference in terms of this studying activity, it 

is because some of the people may like to listen to their favourite songs while 

some may need a quiet space to study. However, based on the study for the 

benefits for listen to music while studying is that it able to help people to relax 

their mind, improve the concentration, also improve the performance during the 

peak moment like having test, and completing their assignments. [33] So for the 

recommended genre for this activity will be the pop, instrument, classical music, 

and jazz. [34] 

 

2.2.8. Walking 

Sometimes people will go out from their house and go to somewhere else which 

could let them relax or they go to work by walking, in this kind of situation some 

people will more prefer to bring up their earphone and listen to the songs they like 

while walking to the destination, because this could help them to keep relaxing and 

also to not feel bored while walking alone in the street. [29] But in this situation, it 

is also a consideration for them to choose what type of songs they should listen to 

is the best to help them to relax themselves while walking. As the research study 

shows that there most popular music genre for this activity such as folk, country, 

classic rock. [30] 
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2.2.9. Writing 

When it comes to the writing activity, the user group for this activity would be 

students, author. Where they may need to write article, report for their work, so 

some of the people may need to have a music environment to let them keep 

motivated to finish the writing. Hence, the recommended genre for this activity is 

jazz, classical. [38] 

 
Table 2-2 Table of Custom Music Genre for each Activity 

 
  The table above shows that the most suitable custom music genre type for each activity.  

   

No. Activity Music Genre Intensity 

1. Biking Pop, Rock, Hip-Hop Moderate  

2. Computer work Classic Rock, Pop Chill, Moderate 

3.  Driving Folk, Pop, Classic, Country Moderate 

4.  Eating & Drinking Jazz, R&B, Pop Chill 

5. Playing Instrument Classic, Jazz Chill, Moderate 

6. Sport/Work out Hip-Hop, Heavy Metal, Dance Music High Pace, Moderate 

7.  Studying Pop, Instrument, Classic, Jazz Chill, Moderate  

8.  Walking Folk, Country, Classic Rock Chill, Moderate 

9. Writing Jazz, Classical Chill, Moderate 
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Chapter 3 System Methodology 
3.1. Methodologies 

 

 
Figure 3-1 Overall Methodologies 

 

The above figure 3-1 shows that the proposed methodology of this music recommender by 

actions. Project 1 has covered until the end of human activity recognition model, where the 

work is complete all the work from collecting the dataset, data preprocessing, model 

training, parameter tuning and evaluate the model trained. While for Project 2 is continue 

from the previous progress where to finalize the HAR model and then start for the music 

recommender system implementation. 
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3.1.1. Human Activity Recognition Model Explanation: 
 

For the first stage of this proposed methodology, there are multiple human activity 

datasets are available to collect from different websites. After that, the next steps 

are to analyze the collected dataset, and only those datasets with the format of 

.mp4 and also .avi will be kept for the model training.  

 

Furthermore, the preprocessing steps is a much more important steps before going 

to the model training part. This is because preprocessing data is to clean up and 

also perform feature selection so that iW�ZRQ¶W�DIIHFW�WKH�DFFXUDF\�RI�WKH�RXWSXW��,Q�

this stage, first the dataset will be labelled and then proceed with the splitting task 

which split the whole dataset into training set and also testing set. The further steps 

are to extract the frame of the video from the dataset, after that proceed with the 

data formatting and also transforming.  

 

After that, the next stage is about the design of activity recognition model is to 

determine the model to be used for training. Once the model has been selected 

then will proceed with the model training phase. During the training phase it may 

face some issues such as overfitting and also underfitting, so in order to avoid or 

GHDO�ZLWK�WKLV�NLQG�RI�LVVXHV��XVXDOO\�LW�LV�QHHGHG�IRU�DGMXVWPHQW�RI�WKH�PRGHO¶V�

hyperparameter and also adjust the size of training dataset.  

 

After the hyperparameter tuning, the next step is to evaluate the activity 

recognition model performance. In can be done by using the testing dataset to test 

the performance and then compared with the training output. The reason we use 

this testing dataset to test again the model is to check how the trained model deal 

with the unseen data before we deploy it. Once the performance is the expected 

result then the model will be finalized. 
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3.1.2. Music Recommender System Explanation: 

 
After completing the HAR model, then the next step is to implement the music 

recommender system (MRS). This MRS is proposed to use the Spotify API where 

this API having a lot of the libraries and reference for us to build a custom 

recommender based on our design.  

 

Based on the second part of the proposed design in figure 3.1, the very first step 

before using the Spotify API, it may require the user to authenticate their Spotify 

account with the system. If the user accepts the scope agreement that may modify 

WKHLU�6SRWLI\�DFFRXQW¶V�SOD\OLVW��WKHQ�WKH�XVHU�ZLOO�JHW�DQ�DFFHVV�WRNHQ�WKDW�DOORZ�

them to request the services from Spotify API. There are a few steps after user get 

the access to the API is that the system will create a new playlist and then proceed 

ZLWK� WKH�6SRWLI\�&RQQHFWRU� WR�JHW� WKH� UHFRPPHQGHG�VRQJV�EDVHG�RQ� WKH�XVHU¶V�

current activity.  

 

$IWHU�WKDW��D�OLVW�RI�UHFRPPHQGHG�VRQJV�ZLOO�EH�UHWXUQ�DV�D�OLVW�RI�WUDFNV¶�,'��WKHQ�

those recommended songs will be added to the new added playlist by using the 

6SRWLI\�$3,�ZLWK�WKH�OLVW�RI�WUDFN¶V�,'��)LQDOO\��WKH�XVHU�ZLOO�JHW�DQ�85/�RI�WKH�

new created playlist in the Spotify, where the user can just copy and search for the 

URL link to direct access to the playlist. 
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3.2. Tools and Technologies Used 
 

The common language used in this project would be the Python language and the below 

list are the libraries that will be applied for both HAR model and MRS to build the project. 

While for the MRS libraries there is one extra technology used is the web framework. 

(Flask) 

Table 3-1 Libraries for HAR Model 

Libraries Version 

Python 3.8.5 

Numpy 1.19.2 

Pandas 1.2.3 

Keras 2.4.3 

Scikit-Learn 0.24.1 

TensorFlow 2.4.1 

OpenCV 4.5.1.48 

tqdm 4.50.2 

h5py 2.10.0 

 
Table 3-2 Libraries for MRS System 

Libraries Version 

flask  2.1.1 

Jinja2 3.1.1 

Werkzeug 2.1.1 

Spotipy 2.19.0 

requests 2.27.1 

requests-html 0.10.0 

requests-oauthlib 1.3.1 

pyngrok 5.1.0 

click 8.1.2 

itsdangerous 2.1.2 

  

Besides the libraries used, there is also the platforms and tools apply in this project such as the 

Jupyter Notebook using for the training of HAR model, Visual Studio Code and also 
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Windows Command Prompt Interface while implement the MRS where these platforms able 

to let us to have more flexibility while debugging the code. Finally, the Web Browsers where 

it able to let us to test out the presentation of the system result.  

 

 

3.3. HAR Model 

3.3.1. Overall Architecture Flow  

 
Figure 3-2 Overall CNN-/670¶V�architecture 

 

The figure 3-2 above shows that the overview of the selected architecture for this human 

activity recognition model by using the CNN-LSTM network. Firstly, it starting from 

the input images that has been split the frame of the video, then it will proceed with the 

CNN for the feature extraction by using the VGG 16. After the feature extraction from 

CNN, it will pass the data through the LSTM approach which use for sequential 

training. Finally, the output node will be classify based on the LSTM. [39] 

 

For more information about the VGG16, the VGG stands for Visual Geometry Group 

and the 16 means that it has 13 convolutional and 3 fully-connected layers. It is one of 

the commonly used vision model architecture in this trend. The difference between this 

architecture with others is that it having larger number of hyperparameter which consist 

about 138 million parameters. [40] 
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3.3.2. Standard Evaluation Metrics for Model Performance 

After building the model, the evaluation of the model is a must so that we can prove 

that the accuracy of the trained model. In this project, for the activity recognition model 

it is to come out with the classification output, so we will evaluate the performance of 

the model by using the evaluation metrics which cover few types of scores such as 

accuracy, precision, recall, confusion matrix, and also f1 scores. Although the accuracy 

score is to show us how accurate the model is but it is still the first consideration, this 

is because one of the limitations is the imbalanced class of output. The higher accuracy 

score does not mean it is the best result, so in this case the precision, recall, confusion 

matrix, and the f1 scores will be much promising scores to evaluate this project. 
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3.3.3. Dataset Collection 

Before starting the training process, the dataset is needed for the entire training process, 

so there are several datasets that can be found from the Internet. Below table are the 

datasets from different websites which will be used to build the Human activity 

recognition model: 

 

Table 3-3 Download Links for HAR model Dataset 

Websites Download Link 

UCF-101 https://www.crcv.ucf.edu/research/data-sets/ucf101/ 

HMDB51 https://serre-lab.clps.brown.edu/resource/hmdb-a-

large-human-motion-database/#Downloads 

STAIR Actions https://stair-lab-cit.github.io/STAIR-actions-web/ 

Kinetics-downloader 

(from GitHub) 

https://github.com/Showmax/kinetics-downloader 

 

For more information, the UCF-101 and HMDB51 can directly downloaded from the 

website given, while STAIR Actions and Kinetics-downloader need to use external 

method to download the video datasets. For the STAIR Actions, since we only need 

certain activity/action so we can modify the action lists file which in the format of csv, 

and then we can run the download.sh file to download the dataset that we want to avoid 

wasting time. Moreover, for the kinetics-downloader it is available from GitHub and 

we need to focus on 2 files which is the list_classes.py for us to check which classes 

that we want, and also download.py which allow us to download the video. In this case, 

we would only need certain classes so based on the documentation given in the GitHub, 

we may XVH� WKLV� IRUPDW�RI�FRGH�³S\WKRQ�GRZQORDG�S\� --classes 'pole vault' 'blowing 

JODVV
´�WR�GRZQORDG�WKH�YLGHRV�GDWDVHW�� 

 

Once the dataset has completely downloaded, then it is needed to label and split them 

into training and testing set before proceeding to the preprocessing steps. The below 

figure 3-3 shows that the training dataset which has been labelling. 

https://www.crcv.ucf.edu/research/data-sets/ucf101/
https://serre-lab.clps.brown.edu/resource/hmdb-a-large-human-motion-database/#Downloads
https://serre-lab.clps.brown.edu/resource/hmdb-a-large-human-motion-database/#Downloads
https://stair-lab-cit.github.io/STAIR-actions-web/
https://github.com/Showmax/kinetics-downloader
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Figure 3-��7UDLQLQJ�'DWDVHW¶V�/DEHOLQJ 

 

 

3.3.4. Data Pre-processing 

First of all, the labelling the dataset the next step is to perform frame extraction for all 

the video clips by using the OpenCV. Moreover, the extracted frames are different from 

each other based on their video duration and also the video frame rate. To have a better 

XQGHUVWDQGLQJ��OHW¶V�VD\�FXUUHQWO\�RQH�RI�WKH�YLGHR�FOLSV�KDYLQJ�D�IUDPH rate of 30 and 

the duration is about 5 seconds, then the frame extraction for this video will be 150 

frames. The further steps are to resize the data into appropriate image resolution, and 

they need to be normalized between value of 0 and 1. In this case the image resolution 

we will keep in within 0 to 100 and in order to speed up the training time that is why 

the normalization of data is needed in this phase. 
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3.4. Music Recommender System 

3.4.1. Overall Architecture Flow 

 
Figure 3-4 User Flow for the MRS 

 
The figure above shows that the overall flow for the user who will be using this 

Music Recommender System is that they have to go thought this flow so that they 

will get the experience for this system.  

 

For the first stage is that the user will need to authenticate with the Spotify whether 

they are sign in or sign up, it means that they have to get authority from the from 

the user to access to the Spotify app with the developer. While in the second stage 

is that the user will prompt with a web page that require user to enter their personal 

preference which is their favourite artist and song, since this project is using the 

content-based fileting recommendation method then this information is to let the 

system to recommend the similar songs based on user preferences about the song, 

in specifically it can be said that the user can control whether they want to listen 

to Mandarin songs or English songs, and also what kind of artist style they like.  

 

Furthermore, after user enter their preference then the next stage is to about the 

V\VWHP�ZRUN� SHUIRUP� LQ� WKH� EDFNJURXQG� WKDW� LV� WKH� V\VWHP� FDSWXUH� WKH� XVHU¶V�

current activity by using their device camera, then pass the captured frames to the 

HAR model to forecast the current activity. While for the music recommender 

V\VWHP�ZLOO� WKHQ�FDOOHG� RXW� WKH�6SRWLI\�$3,� IRU� FUHDWH� D�QHZ�SOD\OLVW� LQ� XVHU¶V�
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6SRWLI\�OLEUDU\�DQG�WKHQ�SURFHVV�DQG�H[WUDFW�WKH�UHFRPPHQGHG�VRQJV¶�,'��1H[W�LV�

WR�XVH�WKH�OLVW�RI�WKH�UHFRPPHQGHG�VRQJV¶�,'�DQG�DGG�WKHP�LQWR�WKH�QHZ�FUHDWHG�

playlist, then the system will return the URL of the new created playlist to the 

user, and they can just direct copy and paste to any web browser and open the 

playlist.  

 
 

3.4.2. Spotify API 

The Spotify API is considered as a REST API, where their Web API endpoints 

will return the result of metadata by using the JSON format, and the information 

includes the tracks, albums, and artists from the Spotify Data Catalogue. Its 

application is not only for the web API but also for able to apply in many platforms 

such as Mobile App (iOS, Android), Embeds platforms, and Commercial 

Hardware, Web SDK. [41] 

 

Although Spotify provided plenty of the options for us to choose, but in this 

project, we only choose the Web API (figure 3-5) as the solution since we can use 

the Flask the python web framewoUN�WR�FRQQHFW�ZLWK�WKLV�VROXWLRQ��VR�WKDW�ZH�GRQ¶W�

have to implement an additional mobile application to use this system.  

 

 
Figure 3-5 Spotify API Connection with Application 
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3.4.3. A/B Testing 

For the evaluation of this music recommender may differ from the HAR model 

since this system is not trained by ourselves so it may not be suitable to use the 

same method in the section 3.3.2 the standard evaluation metrics for model 

performance. So, the A/B Testing is introduced to solve this issue, where it able 

to let us to test out the confidence of the null hypothesis compared to the new 

hypothesis and see whether which one having the higher hypothesis value we then 

decide to reject or accept the null hypothesis or new hypothesis.  
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3.5. Implement Issues and Challenges 

There are several difficulties during the implementation of this project. First of all, in the 

collection of the dataset stage it requires a lot of time due to the format of the dataset we 

needed is the video file like .mp4 or .avi but not the csv file which means that most of the 

dataset found would be the pre-processed data. Moreover, the classes of the video dataset 

is also an issue which means that it is hard to find that one dataset contain all the custom 

classes that we want to build in this human activity recognition model. 

 

Furthermore, is the training accuracy for this human activity recognition model is not in a 

good accuracy, which means that it may require more time to find tune the hyperparameters 

or make adjustment of the training dataset. Nevertheless, there is also a possibility that the 

size of the dataset since in this activity recognition model will be classify more than two 

classes so that it may require more sample data to avoid the imbalanced class issue. 

 

Furthermore, there is also having some of the challenges while implement the Music 

Recommender System. Since this music recommender system is implemented using the 

Spotify API, hence for those who implement this part may need to have strong knowledge 

about the REST API, so that it will be easier for understand how the Spotify API works 

and then design a better solution throughout the architecture diagram. Take this project as 

an example, the architecture design for this music recommender system still has a big 

improvement to be done in the future which in terms of the reliability and also flexibility 

of the system design.  
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3.6. Timeline 

 

 
Figure 3-6 Timeline for Entire Project 

 

The figure 3-6 above shows that the overall timeline for this project 1 and project 2. In 

overall, it takes 2 semesters to implement this project and in the middle of the period is 

because of the duration time in that semester has only 7 weeks so it may not enough time 

to complete the remaining part of the project so it will be started in the next semester. 

Moreover, in the project 2 there are several tasks which are not on the track which is the 

WDVN�RI�³)LQDOL]H�)<3��:RUN´�DQG�DOVR�WKH�WDVN�RI�³([SORUH�&XVWRP�0XVLF�*HQre for Each 

$FWLYLW\´��:KHUH�ERWK�RI�WKHVH�WDVNV�DUH�GXH�WR�WKH�OLPLWHG�WLPH�DQG�DOVR�GLIILFXOW�WR�H[SORUH�

the article of the study of custom music genre suitable for which activity respectively. 
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Chapter 4 System Implementation 
4.1. Steps to Setup and Build the Project  

4.1.1. Human Activity Model 

Step 1: Finding Datasets 

Since this human activity recognition model needed video datasets to train the model, 

so we have to find and collect the datasets that have the classes we need in this model 

training. First of all, there are few datasets have found but after the exploration of the 

data inside the dataset, there are only 4 datasets that suit for the model training which 

DUH�³8&'-���´��³+0'%��´��³67$,5�$FWLRQV´��DQG�³NLQHWLFV-GRZQORDGHU´��� 

 

To collect these datasets, as introduced in the chapter 3 XQGHU� WKH�³'DWDVHW´�VHFWLRQ 

WKHUH� DUH� �� GDWDVHWV� ZKLFK� DUH� WKH� ³8&'-���´� DQG� ³+0'%��´� DEOH� WR� GLUHFWO\�

GRZQORDG� IURP� WKH�ZHEVLWH�� ZKLOH� IRU� WKH� UHPDLQLQJ� �� GDWDVHWV� ZKLFK� DUH� ³67$,5�

$FWLRQV´��DQG�³NLnetics-GRZQORDGHU´�DUH�QHHGHG�WR�GRZQORDG�LQ�D�GLIIHUHQW�ZD\�� 

 

)RU�WKH�³67$,5�$FWLRQV´�ZKLFK�UHTXLUH�WR�XVH�WKH�FRPPDQG�SURPSW��IRU�ZLQGRZV�XVHU��

or terminal (for Linux user) to download the YouTube video datasets by typing this 

FRPPDQG�³��EDVK�GRZQORDG�VK´�WR�UXQ�WKH�GRZQORDG�VFULSW��0RUHRYHU��LW�LV�UHTXLUHG�WR�

install the ffmpeg and also jq before run the download script, but there is one thing need 

to be highlight is that the action classes from the provided actionlist.csv need to keep 

only those classeV�WKDW�ZH�ZDQW�ZKLFK�DUH�³6WXG\LQJ´��³XVLQJBFRPSXWHU´��RWKHUZLVH�WKH�

download script will download all the action in the file and it may take a long time to 

process.  

 

)XUWKHUPRUH�� IRU� WKH� ³NLQHWLFV-GRZQORDGHU´� LW� FDQ� EH� IRXQG� D� ORW� RI� ILOHV� IURP� LWV�

websiWH��EXW�WKH�RQO\�WKLQJV�WKDW�ZH�QHHG�LV�WKH�³GRZQORDG�S\´�DQG�³OLVWBFDWHJRULHV�S\´��

DQG�WKH�UHTXLUHPHQW�IRU�WKLV�GDWDVHW�ZKLFK�DUH�³3\WKRQ�YHUVLRQ�DIWHU����´��³\RXWXEH-GO´��

³IIPSHJ´��DQG�³J]LS´��1H[W��WKH�VWHSV�WR�GRZQORDG�WKH�GDWDVHW�LV�YHU\�HDV\�MXVW�RSHn the 

command prompt (for windows user) or terminal (for Linux user) and then use this 

FRPPDQG�³S\WKRQ�GRZQORDG�S\�--FODVVHV�
SROH�YDXOW
�
EORZLQJ�JODVV
´��7KLV�FRPPDQG�

is to let us download the specific classes that we need, in this dataset we only download 

WKH�FODVVHV�RI�³GULYLQJ´��³MRJJLQJ´��DQG�³ZULWLQJ´�� 
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In summary of this section, in this project there are 9 classes that we used for the human 

DFWLYLW\� UHFRJQLWLRQ� PRGHO� ZKLFK� DUH� ³%LNLQJ´�� ³&RPSXWHU:RUN´�� ³'ULYLQJ´��

³(DW	'ULQN´��³3OD\,QVWUXPHQW´��³6SRUW´��³6WXG\LQJ´��³:DONLQJ´��³:ULWLQJ´� 
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Step 2: Labelling Datasets 

Before proceeding to the extraction frame, it is needed to be label the datasets so that 

they can be clearly stated the path of the video clips, and also which classes they belong 

WR�MXVW�OLNH�WKH�ILJXUH�VKRZV�EHORZ��WKH�³9LGHR´�FROXPQ�VKRZV�WKH�YLGHR�SDWK�ZKLOH�IRU�

WKH�³/DEHO´�UHSUHVHQW�WKHLU�EHORQJ�FODVVHV� 

 
Figure 4-1 Labelled Datasets 

After the labelling, there is one thing needed which is split them into training set, testing 

set and also a validation set.  

 

Step 3: Extract Frame from Datasets 

As followed the introduce from chapter 3 data pre-processing part, it is to extract the 

frame from the video clips which use to multiply their duration and also the frame rate, 

which means that if the video clip consists of 5 seconds of duration and 30 frame rates 

then the extracted frame will be 150 frames. After extract the frame then the images 

ZLOO�EH�VWRUH�LQWR�D�ILOH��IRU�WKH�WUDLQLQJ�VHW�ZLOO�VWRUH�LQ�D�ILOH�FDOOHG�³WUDLQ�´�ZKLOH�IRU�

WKH�YDOLGDWLRQ�VHW�ZLOO�VWRUH�LQWR�DQRWKHU�ILOH�FDOOHG�³YDOLGDWLRQ´. After that, the sorting 

of the frame will be performed and finally pass the sorted frame into a new csv named 

³VRUWHG7UDLQ)UDPHV�FVY´�DQG�³VRUWHG7HVWLQJ)UDPHV�FVY´� 

 

Step 4: Preprocessing 

There are few things need to process before proceeding to the model training phase 

which are load the images and then keep them into target size which is (100,100,3), and 

then the normalize the pixel value of the images by divided by 255 so that they can fit 

into the CNN model (VGG16). 
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Step 5: Training Human Activity Recognition Model 

As the proposed architecture for this human activity recognition model in chapter 3 is 

by using the CNN-LSTM network. In this architecture it has 2 parts for the training, for 

the first part which is belongs to the CNN also known as VGG16, it is used to extract 

the feature. Moreover, for the second part is the LSTM which is our main focus that it 

is used to train the model by keep the useful memory and help us get the higher 

accuracy. Besides that, there is a highlight that the training datasets only include 4 

DFWLRQV�ZKLFK�DUH�³%LNLQJ´��³(DWLQJ	'ULQNLQJ´��³3OD\LQJ,QVWUXPHQW´��DQG�³:DONLQJ´��

This is because the remaining datasets was found in the last period of the development 

so that it is not enough development time to proceed, and the full actions classes will 

be completely trained in the future work. 

 

The figures 4-2 and 4-3 below shows that the summary of the VGG 16 layer and also 

RNN which to be trained.  

CNN ± VGG16 

 
Figure 4.2 CNN-VGG16 Model Summary 
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Recurrent Neural Network (RNN) 

 
Figure 4-3 RNN Model Summary 
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Step 6: Result of Trained Human Activity Recognition Model 

After completed the training phase for this activity recognition model, here is to discuss 

about the result of the trained model. The figure 4-2 below shows that the result after 

the training process. As observed that its accuracy score and validation accuracy has 

getting a higher scoring from this training, but unfortunately the validation loss was a 

bit far from the loss score.  

 
Figure 4-4 Activity Recognition Model Accuracy 

 

In order to improve the accuracy of the model trained, it is needed to perform grid 

search for the optimization of the hyperparameter. After performing this grid search, 

we can get the best parameters which is the figure 4-3 show below, and the best 

accuracy for this model is 0.6507 which is still considered at a satisfied score, but it still 

needs to be improved.  

 

 
Figure 4-5 Fine Tuned Accuracy and Parameter 

 

After the fine-tuned of the model trained, in order to know how the model work well it 

is needed to perform some prediction based on unseen data. The unseen data which is 
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VWRUH�LQWR�D�ILOH�QDPHG�³$FWLRQ7HVW´��WKH�WHVW�LWHP�FDQ�EH�D�YLGHR�RU�LPDJHV�ZKLFK�KDV�

been extracted from the video, both ways can be get the result for the prediction. 

 

For example, the figure 4-4 below shows the video that will going to predict with the 

model.  

 
Figure 4-6 Sample Video for Prediction Test 

 
Figure 4-7 Conditions and Predicted Result 

 

The figure 4-5 above shows that the result and how the condition for the prediction. 

Since in this work only trained 4 actions so there were only 5 conditions for the 
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SUHGLFWLRQ� ZKLFK� DUH� WKH� ³%LNLQJ´�� ³(DWLQJ	'ULQNLQJ´�� ³3OD\LQJ,QVWUXPHQW´�� DQG�

³:DONLQJ´� ZKLOH�IRU�WKH�³1RWKLQJ´�PHDQV�WKDW�WKH�SUHGLFWLRQ�GRHV�QRW�EHORQJV�WR�WKH�

above 4 actions provided. Finally, the result is predicted correctly based on the video 

JLYHQ�ZKLFK�LV�EHORQJV�WR�WKH�³(DWLQJ	'ULQNLQJ´�FODVV�� 

 

 

  



Bachelor of Information Systems (Honours) Information Systems Engineering  
Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    47 
  

4.1.2. Music Recommendation System 

Step 1: Spotify Developer Account 

- At the beginning of implement the MRS, we need to have a Spotify Developer account 

and also an application as a minimum requirement so that we able to request to access 

for their services. As for reference, the figure below shows that the account for this 

SURMHFW�KDYH�EHHQ�FUHDWHG�DV�ZHOO�DV�WKH�DSSOLFDWLRQ�QDPHG�³+LW0H´��7KHUH�LV�DQRWKHU�

LPSRUWDQW�WKLQJ�ZKLFK�LV�WKH�³&OLHQW�,'´�DQG�³&OLHQW�6HFUHW´��/DEHO�$��ZKHUH�ERWK�RI�

these keys will be needed for the entire process of this MRS. But one thing needs to 

QRWLFH� LV� WKDW� WKH�³&OLHQW�6HFUHW´� LV�YHU\� LPSRUWDQW� LQ� WHUPV�RI� WKH�SHUVRQDO� VHFXULW\�

where it is not recommended to share with other. Moreover, the figure x is to control 

the users who will access and try your application. 

 
Figure 4-8 Spotify Developer Website 

 
Figure 4-9 HitMe Client Keys 

Label A 
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Figure 4-10 User Access Management 

 

Step 2: Spotify Authorization  

There are few options for us to choose for the authentication method whether we want 

to direct access for the services (Client Credentials) or authenticate before getting to 

use the services (Implicit Grant). The difference is that the Client Credentials will only 

JHW�WKH�VLPSOH�VHUYLFHV�ZKHUH�LW�XQDEOH�WR�PRGLI\�XVHUV¶�SODylist (e.g. Search Function), 

but Implicit Grant do. 

 

While in this project we will using the combination for both of this authentication, this 

is because we need to access the services for the recommendation service and also 

PRGLI\�WKH�XVHU¶V�SOD\OLVW��$V the figure x below shows that the Client Credentials Flow 

which the user direct request for the access token without authenticate with their Spotify 

account. For the figure x below shows that the Implicit Grant Flow that for the user will 

be prompted for authenticate in order to get access token permission to request for the 

Spotify services. 
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Figure 4-11 Spotify Client Credentials Flow 

 

 
Figure 4-12 Spotify Implicit Grant Flow 
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Step 3: Spotify Refences 

After getting access permission to request for the Spotify services, then it is time to play 

with its services. In this project the services that we will need include in this few 

categories:  

Table 4-1 Spotify Category with Services 

Category Services 

Artist - Get Artist [GET] 

Tracks 
- Get Recommendations [GET] 

- Get Track [GET] 

Search - Search for Item [GET] 

Users - Get Current User's Profile [GET] 

Playlists 
- Create Playlist [POST] 

- Add Item to Playlist [POST] 

Genres - Get Available Genre Seeds [GET] 

 

 
Figure 4-13 Sample Snippet for Spotify API  
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4.1.3. Fully Connected Both Module 

After successfully implement the HAR model and MRS, then the next thing to do will 

be combine both modules to make it into one single workable system.  

 

Step 1: Export HAR model into Python File 

In order for us to use the methods that we have created and trained in the previous steps; 

we then need to convert it into a python file so that we able to use it in an efficient way 

instead of calling those methods from the Jupyter Notebook. We just need to export 

those important methods and libraries into a single python file and then we are able to 

proceed by using the Visual Studio Code.  

 

 
Figure 4-14 Sample Snippet for Export HAR model 
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Step 2: Import and Connect HAR model and MRS  

The figure 4-13 below shows that the MRS have been import and apply to the main 

system. Where this will be easy for us to run the entire flow start from the HAR model 

until the user get a list of recommended songs. 

 
Figure 4-15 Sample Snippet for Import MRS 

  

Step 3: Flask App 

As previously we only using the command line to display the result and it not able to 

let the user to clearly know what is going on. Hence, we will need to apply a web 

framework to have a better presentation and also let the user easier to use the system. 

But before applying this Flask as the web framework it is having few requirements for 

us to perform before use it. It is we need to have libraries installed in our PC or also in 

an alternative way is to create a virtual environment to install all the package and 

libraries needed before start. But in this project, it just used the laptop to perform all the 

setup and able to run in a smooth way.  

 

After the installation of the required libraries, then we can proceed to setup the routing 

direction where the flow is based on the user flow in the Chapter 3, figure 3-4. Finally, 

we able to test the result for this project, it can be done by go to the directory of the 

S\WKRQ� ILOHV�E\�XVLQJ� WKH�FRPPDQG�SURPSW�DQG� WKHQ� W\SH� WKH�FRPPDQG�³IODVN� UXQ´ 

(figure 4-14) so that the system will be run. Next, the system will provide us the URL 

to access the system by using our PC localhost IP address (as the figure 4-15).  
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After search and access to the URL link provided in any web browser, then the user 

will get into the Spotify Authentication Page as the figure 4-16 below shows, only the 

users who have authenticate will get to the next page which is the main page to get 

XVHU¶V� IDYRXULWH� DUWLVW� DQG� IDYRXULWH� VRQJ� �DV� WKH� ILJXUH� 4-17). When the user press 

submit button then WKH�V\VWHP�ZLOO�XVLQJ�WKH�FDPHUD�WR�FDSWXUH�XVHU¶V�FXUUHQW�DFWLYLW\�

around 5 seconds (which takes about 50 frame in the backend) and the system will 

return the result as the URL link to the new created playlist (figure 4-18) which based 

RQ�WKH�XVHU¶V�LQSXt (Favourite Artist, Song, and Current Activity) and user can directly 

copy and paste the URL link to any web browser to open the playlist then result will 

display like the figure 4-19, while get a confirmation may refer to the figure 4-20 to 

check that thH�³1HZ�5HFRPPHQGHG�6RQJV´�LV�LQ�WKH�XVHU¶V�OLEUDU\�� 

 

 
Figure 4-16 Run Python File on Command Prompt 

 
Figure 4-17 LocalHost IP Address 

 
Figure 4-18 Spotify Authentication Page 
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Figure 4-19 (QWHU�8VHU¶V�)DYRXULWH�$UWLVW�	�6RQJ 

 

 
Figure 4-20 System Return New Playlist URL 

 

 
Figure 4-21 New Created Playlist 
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Figure 4-22 New Playlist Added in Spotify Library 

 

Table 4-2 Different Input with Different Recommend Songs 

Test Input Result 

1 

 
 

2 
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3 

  

4 

 
 

 

As the table above shows that if the user enter different combination of their favourite 

artist and song, then they will get a totally different recommended playlist based on 

their preference. User¶s input will influence them music recommend result whether 

their favourite songs is more towards the English songs or the Mandarin songs and 

etc. 
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Chapter 5 System Evaluation And Discussion 
5.  

5.1. Simple Prediction for each Activity Class 

As the human activity recognition have been successfully build with a moderate 

accuracy, but it also able to detect the object where to make a prediction for the each 

of the classes. The predict classes include %LNLQJ´�� ³&RPSXWHU:RUN´�� ³'ULYLQJ´��

³(DW	'ULQN´�� ³3OD\,QVWUXPHQW´�� ³6SRUW´� ³6WXG\LQJ´�� ³:DONLQJ´� and ³:ULWLQJ´, 

where the below are the images of sample detection for each of the classes.  

 

5.1.1. Biking Activity  

 
Figure 5-1 Sample Detection 1 of Biking Class 

 
Figure 5-2 Sample Detection 2 of Biking Class 
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5.1.2. Computer Work 

 
Figure 5-3 Sample Detection 1 of Computer Work Class 

 

 
Figure 5-4 Sample Detection 2 of Computer Work Class 
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5.1.3. Driving  

 
Figure 5-5 Sample Detection 1 of Driving Class 

 

 
Figure 5-6 Sample Detection 2 of Driving Class 
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5.1.4. Eating and Drinking 

 
Figure 5-7 Sample Detection 1 of Eating and Drinking Class 

 

 
Figure 5-8 Sample Detection 2 of Eating and Drinking Class 
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5.1.5. Playing Instrument 

 
Figure 5-9 Sample Detection 1 of Playing Instrument Class 

 

 
Figure 5-10 Sample Detection 2 of Playing Instrument Class 
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5.1.6. Sport 

 
Figure 5-11 Sample Detection 1 of Sport Class 

 

 
Figure 5-11 Sample Detection 1 of Sport Class 
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5.1.7. Studying 

 
Figure 5-13 Sample Detection 1 of Studying Class 

 

 
Figure 5-14 Sample Detection 2 of Studying Class 
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5.1.8. Walking 

 
Figure 5-15 Sample Detection 1 of Walking Class 

 

 
Figure 5-16 Sample Detection 2 of Walking Class 
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5.1.9. Writing 

 
Figure 5-17 Sample Detection 1 of Writing Class 

 

 
Figure 5-18 Sample Detection 2 of Writing Class 
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5.2. HitMe vs Original Spotify Recommended Songs 

Table 5-1 Comparison Table of HitMe & Original Spotify Recommended Songs 
No. HitMe + Spotify API Original Spotify 
1. "Look What You Made Me Do"  

by Taylor Swift 
"Shallow" 
By Lady Gaga, Bradley Cooper 

2. "The Dreamer"  
by The Tallest Man On Earth 

"She Will Be Loved" 
By Maroon 5 

3. "psychofreak (feat. WILLOW)"  
by Camila Cabello 

"It Will Rain" 
By Bruno Mars 

4. "Don't Say You Love Me"  
by M2M 

"Love You Like A Love Song" 
By Selena Gomez & The Scene 

5. "august"  
by Taylor Swift 

"Unconditionally" 
By Katy Perry 

6. "The Dreamer"  
by The Tallest Man On Earth 

"Dynamite" 
By Taio Cruz 

7. "If Tomorrow Never Comes" 
 by Ronan Keating 

"Levitating" 
By Dua Lipa 

8. "All My Life"  
by K-Ci & JoJo 

"Bad Romance" 
By Lady Gaga 

9. "Marry Me"  
by Train 

"As Long As You Love Me" 
By Justin Bieber, Big Sean 

10. "The First Time I Ran Away"  
by M. Ward 

"10,000 Hours (with Justin Bieber)" 
By Dan + Shay, Justin Bieber 

 

The table above shows that the comparison for both recommenders, where the HitMe 

UHFRPPHQGHG�VRQJV�LV�WRWDOO\�GLIIHUHQW�IURP�WKH�6SRWLI\¶V�UHFRPPHQGHG�VRQJV��ZKHUH�WKH�

GLIIHUHQFHV� LV� EDVHG� RQ� WKH� PXVLF� JHQUH� DQG� XVHU¶V� SUHIHUHQFH� ZKLFK� FRQVLVWV� RI� WKHLU�

favourite artist and song. 
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5.3. Diversity Rate 

Table 5-2 Table of Diversity Rate for Both Music Recommender 

Activity HitMe + Spotify API Original Spotify 

Biking 

  
Eating & 

Drinking 
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Playing 

Instrument 

 
 

Walking 
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The table above shows that the ten sample tracks for both recommended tracks, where 

the purpose of this test is to count the number of the unique tracks from the proposed 

music recommend compared to the original Spotify recommended tracks. But due to 

WKH�WUDFNV�IURP�WKH�³HitMe + Spotify API´��WKH�SURSRVHG�VROXWLRQ��LV�WRWDOO\�GLIIHUHQW�

from the Original Spotify recommended tracks, and in each of the activity HitMe able 

to recommend different genres of songs. Meanwhile, for the original Spotify 

recommended playlist is that it not always change, RU�XSGDWH�EDVHG�RQ�XVHU¶V�UHDO�WLPH�

context. As the figures below shows that the proof / references of the recommended 

songs for each class.  

 

Table 5-3 Table of Reference for Each Activity Class 
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5.4. Average Duration 

Table 5-4 Activities Average Duration with Different Playlist   

Activity 
Average Duration (minutes) 

Ground Truth Existing Playlist Proposed Playlist 

Biking 38 minutes 36 minutes 50 minutes 

Eating 8 minutes 10 minutes 12 minutes 

Walking 60 minutes 64 minutes 68 minutes 

Playing Instrument 60 minutes 62 minutes 70 minutes 

Ground Truth is measured using 20 participants data. 

 

When using the proposed music recommender system, it is necessary to test out the 

GLIIHUHQFH�EHWZHHQ�WKH�H[LVWLQJ�SOD\OLVW�LQ�WHUPV�RI�WKH�XVHU¶V�DYHUDJH�GXUDWLRQ�ZKHQ�WKH\�

listen to the playlist. The table above shows that the comparison between the existing 

playlist and the proposed playlist, which the purpose of this testing is to compare which 

SOD\OLVW� ZLOO� EH� LQIOXHQFH� WKH� XVHUV¶� DFWLYLW\� GXUDWLRQV�� 7DNH� WKH� ELNLQJ� DFWLYLW\� DV� DQ�

example, if a user X is using the existing playlist and he/she bike for around 36 minutes, 

but when they are using the proposed playlist and he/she able to bike around 50 minutes 

which the duration is longer than the existing playlist. In addition, the ground truth column 

is to represent the common duration that normal people take to perform the activity and it 

is measured using 20 participants data.  

 

 
Figure 5-19 Average Duration for Each Classes 

As observed the bar chart above it shows that the Proposed Playlist always let user stay for 

the activity longer than other activity, that means it able to let the users to have more 
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concentration, relaxing, and energetic to conduct the activity. Since nothing is better than 

doing the right thing, same goes to this music recommendation if the user listen to the most 

suitable music genres type then they may have more motivation to continue the activity.  
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5.5. A/B Testing 

7KH�$�%�7HVWLQJ� LV� DOVR�NQRZQ�DV� ³6SOLW�7HVWLQJ´�ZKHUH� LW� LV� XVHG� WR� FRPSDUH� WKH�

performance for both versions of the object or content and observe that which object 

will have more votes or prefer by others. [42] Before conducting this evaluation, it 

VKRXOG�VSOLW�WKH�XVHU�JURXS�LQWR�WZR�JURXS�WKDW�LV�³&RQWURO�*URXS´�DQG�³7HVW�*URXS´��

ZKHUH�WKH�³&RQWURO�*URXS´�LV�UHSUHVHQW�DV�WKH�RULJLQDO�YHUVLRQ�RI�WKe test object, while 

IRU�WKH�³7HVW�*URXS´�LV�WKH�XVHU�JURXS�WKDW�UHSUHVHQW�WKRVH�XVHUV�ZKR�PRUH�OLNH�WKH�QHZ�

version of the object in a controlled environment. There are few steps where we need 

to follow to get the result for this testing, that is the to collect and study the sample 

data, review, and compare the statistical results. [43] 

 

Step1: Form Hypothesis 

Null Hypothesis (H0): Original Spotify Recommended Playlist is more suitable for 

WKH�XVHU¶V�FXUUHQW�DFWLYLW\�� 

Alternative Hypothesis (H1): New playlist with user activity is more suitable for the 

XVHU¶V�FXUUHQW�DFWLYLW\� 

 

Step2: Create Control Group and Test Group 

Control Group : Old design (Original Spotify)  

Test Group  : New design (New playlist) 

 

In this testing, the total number of the participants is 30 participants, and we will 

randomly select from these 30 participants as our sample data to perform statistical 

analysis. For the control group will be assign to the user prefer using the original 

Spotify recommended playlist, while for the test group will be the user who prefer to 

use the new generated playlist which recommend based on their current activity with 

music preference. 
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Step3: Data Collection and Perform A/B Testing 

The table below shows that the 10 random selected sample data from the 30 sample data: 

 

Table 5-5 Ten Sample Participant Data of Rating on New Playlist with User Activity 

Participants 
New playlist with user 

activity (Rate out of 5) 

Original Spotify Recommended 

Playlist (Rate out of 5) 

Participant 1 3 5 

Participant 2 4 3 

Participant 3 5 2 

Participant 4 3 4 

Participant 5 3 2 

Participant 6 4 5 

Participant 7 5 2 

Participant 8 2 5 

Participant 9 5 2 

Participant 10 4 3 

 

 
Figure 5-20 Mean Value for Control and Test Group 

 

Mean rating of Control Group :  3.20 over 5 

Mean rating of Test Group  :  3.83 over 5 
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Step4: Statistical Significance of the A/B Test 

While test the data FROOHFWHG�� LW� KDV� EHHQ� VHSDUDWHG� LQ� WR� �� JURXS� ZKLFK� LV� WKH� ³New 

Playlist_A´� DQG� ³Original Playlist_B´�� 7KH� ³New Playlist_A´� LV� UHSUHVHQW� WKH� QHZ�

JHQHUDWHG� SOD\OLVW� ZKLFK� EDVHG� RQ� WKH� XVHU¶V� FXUUHQW� DFWLYLW\�� ZKLOH� IRU� WKH� ³Original 

Playlist_B´�LV�UHSUHVHQt the original playlist recommend by Spotify itself.  

 
Figure 5-2 7HVW�*URXS¶V�'LVWULEXWLRQ��1HZ�3OD\OLVWB$� 

 
Figure 5-3 &RQWURO�*URXS¶V�'LVWULEXWLRQ��2ULJLQDO�3OD\OLVWB%� 

 

Figure 5-4 Values of t-score and p-value 
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As observed from the above figure 5-2 and figure 5-3, it shows that the result of distribution 

for the statistical testing for this A/B Testing. First of all, the mean rating in step 3 shows 

that the control having mean rate of 3.20 over 5 while the test group mean rate is 3.83 over 

5. Moreover, the figure 5-4 above shows the t-score value is 2.2828 and also the p-value is 

0.0261. To conclude this testing result, we can be said that the alternative hypothesis (H1) 

is accepted while the null hypothesis will be rejected due to the p-value is less than the 

significant level which is 0.05. In a nutshell, the new created playlist with user context will 

be more VXLWDEOH�IRU�WKH�XVHU¶V�FXUUHQW�DFWLYLW\�� 

 

Summary of the Evaluation and Discussion:  

Poor performance on the HAR model where the accuracy is not at the higher accuracy level.  

Possible reasons to cause the poor performance of the model trained: 

- Lack of proper processing the quality of the datasets (video), since the datasets is 

come from different sources, so it might be different from each other, and also the 

video/image resolution is also a bigger issue need to be handled in a proper way.  

- Parameters of current CRNN model is not suitable for the current training datasets, 

need to be adjust and select the most suitable parameters before trained the model, 

so that the model able to train in an efficient way.  
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Chapter 6 Conclusion 
6.1. Project Review  

As nowadays, music streaming is considered as one of the popular trends, and also due 

to the enhancement of the internet most of the people would more prefer to listen music 

in real time instead of offline mode. But the problems come in that there are lesser 

music recommender system or application which provides the recommendation based 

on the context aware. Although it is still considered difficult to get the user's context 

with the current technology, but it is also a motivation to have this kind of project to 

contribute the work in terms of the context awareness. 

 

Based on this issue, this project has proposed a solution which to build a music 

recommender system that able to recommend a list of songs based on user's current 

activity that also suit to their favourite taste of the music genre type. The solutions 

which consist of two parts, the first part is to build a Human Activity Recognition 

model to capture user's current activity by using the CRNN architecture to train the 

model, while the second part is to build a content-based music recommender system 

by using the Spotify API. 

 

As a result, after implementing this project, although the human activity recognition 

model is not considering a good model at the moment, but at least it can be a "Proof of 

Concept" that shows us the feasibility by apply this kind of contextual awareness 

concept into the traditional music recommendation system. 

 
6.2. Future Work  

Throughout this project, it can be said that this project having a high potential to be 

extended and apply into many different fields of study which may require the concept 

of the contextual awareness with the recommendation. Take an example, by applying 

this recommendation system to any other IoT solution where the IoT is one of the best 

VROXWLRQV�WR�FDSWXUH�XVHU¶V�FRQWH[W�LQ�RUGHU�WR�DFKLHYH�WKH�FRQWH[WXDO�DZDUHQHVV� 

 

Apart from the other possibilities to be extended, there is also having some 

improvement need to apply in this project so that it could be more reliable and robust 
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for the long run. First is to enhance the HAR model accuracy, whereas discussed in the 

previous section the model trained in this project is not good and accurate enough to 

achieve the industrial level. Moreover, the extension of the HAR model activity 

recognition, where it can be further extending the activities with many other activities 

LQVWHDG�RI� WKH�SURSRVHG� DFWLYLWLHV��)LQDOO\�� WKH�056�GHVLJQ¶V� FRGH� VWUXFWXUH� FDQ�EH�

enhanced to make it more consistent where only use one of the authentication methods 

LQVWHDG�RI�FRPELQDWLRQ�IRU�ERWK�WKH�³&OLHQW�&UHGHQWLDOV´�DQG�³,PSOLFLW *UDQW´�PHWKRGV�� 
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