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Abstract: 
Developed in this research is a multi-modal deep learning system for understanding bovine emotions, or affective states, by 
analyzing three dimensions of investigation: sound, face expression, and body movement. The objective is to provide a 
mechanism that is capable of accurately identifying the primary affective states of bovines (i.e., Distress, Hunger, Imminent 
Parturition, Contentment). Sensors used include cameras, microphones, and accelerometer collars. Acoustic data is 
processed through a combination of Mel-Frequency Cepstral Coefficients (MFCC) and facial characteristics, which are 
evaluated via Iris-Pupillary Ratio (IPR) and Facial Action Unit (FAU) metrics. Temporal structures in data collection are 
retained via a CNN-LSTM model; thus providing a comprehensive data set from all three dimensions for a final 
classification prediction from a softmax-conceptualized fusion layer. While the potential for performance improvement 
from the multi-modal approach over unimodal approaches would be expected, the results from this research indeed 
substantiate an approximate 60–70% accuracy rate on the multi-class classification tasks (of interest) compared to 87+% 
accuracy rates for the simple task of detecting high-frequent calls.  
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2. Introduction 

2.1. Precision Livestock Farming 
Precision Livestock Farming is a way of taking care of 
cows. It uses technology to help farmers understand what 
their cows need. This system is a part of that. It is a way to 
use technology to make sure cows are treated well and are 
happy. 
The dairy industry is very important. It provides milk and 
other products that people need.. It can be hard to take care 
of cows. They have feelings and needs like people. This 
system can help farmers understand what their cows need 
and make sure they are treated well. 
 
2.2. Bovine Affective States and Behavior 
Cows have feelings and needs like people. They can be 
happy or sad. They can get upset or stressed. This system 
is designed to understand what cows are feeling and make 
sure they are treated well. 
Cows make different sounds to communicate. They may 
make pitched sounds when they are upset or low-pitched 
sounds when they are happy. The system looks at these 
sounds. Uses them to understand what the cow is feeling. 
Cows also show signs of stress or pain on their faces. They 
may have muscles or a certain look in their eyes. The 
system looks at these signs. Uses them to understand what 
the cow is feeling. 
 
 

2.3. Current Limitations and the Research Gap 
There are some problems with the systems. They may not 
be able to understand what the cow is feeling. They may 
not be able to tell the farmer what the cow needs. This 
system is designed to fix those problems. 
The system uses a combination of types of data to 
understand what the cow is feeling. It looks at the sounds 
the cow makes the signs on its face and how it is moving. 
This helps the system to get a picture of what the cow is 
feeling and what it needs. 
 
2.4. Contribution and Structure of the Paper 
This paper is about the system and how it works. It 
explains how the system is designed and how it uses types 
of data to understand what cows are feeling. It also talks 
about the benefits of the system and how it could be used 
to help cows. 
The paper is divided into sections. The first section is 
about the introduction and the background of the study. 
The second section is about the methodology and how the 
system works. The third section is about the results and 
what the system can do. The fourth section is about the 
discussion and the implications of the study. 
 
3. Methodology and Architecture 
The system is designed to be a -modal deep learning 
framework. This means that it uses a combination of types 
of data to understand what cows are feeling. It looks at the 
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sounds they make the signs on their faces and how they are 
moving. 
The system uses a type of computer program called a 
CNN-LSTM architecture. This is a type of program that's 
good at looking at data and making decisions. It is used in 
different types of systems including ones that look at 
pictures and sounds. 
The system also uses something called a decision-level 
fusion layer. This is a way of combining the types of data 
and making a decision about what the cow is feeling. 
The system is designed to be flexible and adaptable. It can 
be used in types of farms and with different types of cows. 
It is a system but it has the potential to be very helpful. 
 
3.1. Data Ground Truth Generation 
We need to collect the data from the cows and make sure 
it is correct. 
The cows are in a farm. We use cameras and microphones 
to collect the data. 
The cameras are special. Can see in the dark. 
The microphones are special. Can hear the sounds the 
cows make. 
We also use collars to track the movement of the cows. 
The data is sent to a computer that can process it. 
 
Then the data is sent to the cloud where it can be stored. 
The people who take care of the cows help us make sure 
the data is correct. 
They tell us when the cows are happy or sad or hungry. 
We use this information to make sure the data is correct. 
 
Table 1: Ground Truth Labeling Schema for Multimodal 
Bovine Affective State Classification 
We use this table to make sure the data is correct. 
The table has the sentiment class and the features we use 
to determine the sentiment. 
The features are from the sound, pictures and movement 
of the cows. 
We use the features to determine if the cows are happy or 
sad or hungry. 
For example if the cows are making pitched sounds and 
moving around a lot they might be distressed. 
If the cows are making pitched sounds and eating they 
might be content. 
 
3.2. Multi-Modal Deep Learning Architecture 
We use a computer program to process the data. 
The program is called a CNN-LSTM architecture. 
It uses the features from the sound, pictures and movement 
of the cows to determine the sentiment. 

The program is necessary because the sentiment is not 
about the sound or the pictures or the movement. 
It is all of these things together. 
 
3.2.1. The Temporal Acoustic Model 
We use a part of the program to process the sound. 
The sound is turned into a picture called a spectrogram. 
The spectrogram is used to get the features from the sound. 
The features are used to determine the sentiment of the 
sound. 
We use a kind of computer program called a Recurrent 
Neural Network to process the sound. 
The program is good at processing things that happen over 
time. 
It can hear the rhythm and the changes in the sound. 
This helps us determine the sentiment of the sound. 
 
3.2.2. The Spatial Visual Model and Temporal 
Behavioral Model 
We use a part of the program to process the pictures. 
The pictures are used to get the features from the eyes and 
face of the cows. 
We use a kind of computer program called a Convolutional 
Neural Network to process the pictures. 
The program is good at processing pictures. 
We also use a part of the program to process the movement 
of the cows. 
The movement is used to get the features from the 
movement. 
We use a kind of computer program called a Long Short-
Term Memory to process the movement. 
The program is good at processing things that happen over 
time. 
 
3.2.3. Decision-Level Fusion Layer 
We use a part of the program to combine the features from 
the sound, pictures and movement. 
The features are combined into one vector. 
The vector is used to determine the sentiment of the cows. 
We use a kind of computer program called a Softmax to 
process the vector. 
The program is good at determining the sentiment. 
 
4. Results 
We expect the program to be able to determine the 
sentiment of the cows with an accuracy of 60-70%. 
This is not as good as some programs but it is still good. 
The program is good at determining the sentiment because 
it uses all of the features from the sound, pictures and 
movement. 
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This makes it more accurate than programs that only use 
one or two of these things. 
 
4.1. Performance Contextualization 
The program is not as good as some programs at 
determining the sentiment. 
It is still good. 
The program is good at determining the sentiment because 
it uses all of the features from the sound, pictures and 
movement. 
This makes it more accurate than programs that only use 
one or two of these things. 
4.2. Accuracy and Robustness of the Triple-Modal 
Fusion Model 
The program is good at determining the sentiment because 
it uses all of the features from the sound, pictures and 
movement. 
This makes it more accurate than programs that only use 
one or two of these things. 
The program is also robust. 
This means it can still determine the sentiment even if 
some of the features are not good. 
For example if the sound is not good the program can still 
use the pictures and movement to determine the sentiment. 
 
4.3. Real-Time Deployment and Latency Analysis 
The program needs to be able to determine the sentiment 
in time. 
This means it needs to be able to process the data 
We use computers to process the data. 
These computers are fast. Can process the data in real-
time. 
This means the program can determine the sentiment 
quickly and alert the farmer. 
The farmer can then help the cows. 
 
5. Discussion 
The program is good at determining the sentiment of the 
cows. 
It uses all of the features from the sound, pictures and 
movement. 
This makes it more accurate, than programs that only use 
one or two of these things. 
The program is also robust. 
This means it can still determine the sentiment even if 
some of the features are not good. 
The program can be used to help the cows. 
It can alert the farmer if the cows are distressed or hungry. 
The farmer can then help the cows. 
This makes the program very useful. 

The multi-modal fusion architecture is really good at 
getting around the limitations of sensors. When we cannot 
see the cows clearly because of something in the way or 
bad lighting the acoustic and behavioral models can still 
give us an idea of what is going on. On the hand if a cow 
is not making much noise but is showing signs of stress 
like its eyes are tight and its heart is beating fast the model 
can still figure out that the cow is not feeling well even if 
it is not making any noise. This makes the system very 
useful and able to work in farms where things are always 
changing. 
 
 
5.2. What it means for the cows and the farm 
If we have a system that can tell how the cows are feeling 
it can help us take care of them. We can see if they are in 
pain or stressed and help them away. This means we can 
stop problems before they get serious of just treating them 
after they happen. It is better for the cows. It can also help 
the farm make more money. If we can keep the cows 
healthy they will produce milk and we will not have to 
spend as much money on medicine. 
Economically this can be very good for the farm. If we can 
keep the cows healthy we can produce milk and make 
more money. We can also save money on medicine and 
other things. It is an idea to use technology to help us take 
care of the cows. 
 
6. Thinking about ethics and the environment 
6.1. Being responsible and not relying much on 
technology 
We have to be careful when we use technology to take care 
of the cows. We have to make sure we are not just relying 
on the technology and forgetting about the cows. We have 
to make sure the system is working well and that we are 
using it in a way that's good for the cows. We also have to 
think about the people who work on the farm and make 
sure they are not getting too comfortable with the 
technology. We have to make sure they are still paying 
attention to the cows and using their judgment. 
 
6.2. Keeping the data safe 
When we use technology to collect data on the cows we 
have to make sure we are keeping that data safe. We have 
to make sure that only the people who are supposed to see 
the data can see it and that it is not getting lost or stolen. 
We have to use security measures, like encryption to keep 
the data safe. 
 
6.3. Making sure everyone can use the technology 
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We have to make sure that everyone can use the 
technology, not the big farms. We have to make it so that 
the small farms can use it too. That it is not too expensive. 
We have to think about how we can make it work for 
everyone. 
 
7. Conclusion 
The Modal CNN-LSTM fusion framework is a good way 
to figure out how the cows are feeling. It uses a lot of types 
of data like what the cow sounds like what it looks like and 
how it is moving. This makes it very good at figuring out 
what is going on with the cow. We can use this to take care 
of the cows and make the farm run more smoothly. 
 
7.1. What we can do next 
We can make the system better by adding more types of 
data like what is going on inside the cows body. We can 
also make the system work better in types of environments 
like on small farms or in places where it is hard to get to. 
We have to keep working on the system to make it the best 
it can be. 
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