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Rajshri Pawar
22126571

1 Introduction

As the technology is rapidly changing and understanding Human emotions is a very
difficult task and they changes in instance. A study to predict the emotions and to make
them better by recommending songs and movies through the front-end.

1.1 General information
1.1.1 System information

Operating System: Windows 11 x64.

Version: 10.0.19044 Build 19044.

Processor: Intel(R) Core (TM) i7-9750H CPU @ 2.60GHz, 2592 MHz, 6 Core(s), 12
Logical Processor(s).

Installed Physical Memory (RAM): 16.0 GB.

Hard Disk: 500GB.

1.1.2 Platforms

Python(3.9): The python version used in the project is 3.9.
Google Collaboratory: An environment for developing the python code, which support
GPU and TPU, gives faster execution.

1.2 Project Brief

DNN models were implemented to train the dataset for detecting the emotions through
facial expressions.The Custom CNN, CNN and transfer learning models like VGG16 were
used to get the desired accuracy for the system. For generating the dataset, OpenCV is
used and half of the data is taken from kaggle.

1. Generated the images with OpenCV and downloaded the data from Kaggle which
is an open site for accessing the Data without having any ethical issues.
Stored all the data in the specified emotions set, as we have 7 different emotions follows:
Angry, Happy, Sad, Neutral, Disgust, Surprise, Fear.

2. Mediapipe is installed, which is an open-source framework used for various vision
tasks. The built-in components allows to built a custom pipeline and intergrate the deep



learning models.

3. Integrating the google drive with the google collab for the data as the data is too
large, 35000 images. It will ask for permission to access the drive for data.

4. Importing all the required libraries

[2] import cv2
import matplotlib.pyplot as plt
import pandas as pd
import mediapipe as mp
import numpy as np
import itertools
import tensorflow as tf
from tensorflow.keras import activations
from fﬁ@ﬁgﬁf}?ﬁ;ﬁﬁtﬁf import losses
from tensorflow.keras.regularizers import 12, 11
from tensorflow.keras.callbacks import LearningRateScheduler
from tensorflow.keras.optimizers import RMSprop, SGD, Adagrad, Adam
from tensorflow.keras. layers import Dropout
from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense, BatchNormalization ,Activation
import keras
from tensorflow.keras.preprocessing.image import ImageDataGenerator
from tensorflow.keras.callbacks import EarlyStopping
from tensorflow.keras.callbacks import ModelCheckpoint
import tensorflow as tf
from tensorflow.keras.layers import Input, MaxPooling2D, Flatten, Dense,InputLayer‘
from tensorflow.keras import regularizers
#/content/drive/MyDrive/Emotion_detection_data

Figure 1: Libraries

5. After getting the data performing the facial expressions landmark detection using
the Face Mesh model. Facial Landmark defined like for example Left eye,right eye for
the visualizations.

6. After landmarking, transferring the images to the specified path and the resizing
it and again performing the landmarking with Gaussian blur for better image. After
getting the output, visualizations are done using openCV.

mp_face_mesh = mp.solutions.face_mesh
mp_drawing = mp.solutions.drauing_utils
mp_drawing_styles = mp.solutions.drawing_styles
LEFT_EVE = list(set(itertools.chain(*mp_face_mesh.FACEMESH_LEFT_EVE)))
RIGHT_EVE = list(set(itertools.chain(*mp_face_mesh.FACEMESH_RIGHT EVE)))
LEFT_EVEBROW = list(set(itertools.chain(*np_face_mesh. FACEMESH_LEFT_EVEBROW)))
RIGHT_EVEBROW = list(set(itertools.chain(*mp_face_mesh.FACEMESH_RIGHT_EYEBROW)))
LIPS = list(set(itertools.chain(*np_face_mesh.FACEMESH_LIPS)))
CONTOURS = list(set(itertools.chain(*mp_face_mesh.FACEMESH_CONTOURS)))
OTHER = [1]
face_mesh = mp_face_mesh. FaceMesh(
static_image_mode=True,
max_num_faces-1,
refine_landmarks=True,
min_detection_confidence=2.5)
img=cv2.imread("/content/drive/MyDrive/Enotion_detection_data-20231205T2223562-601/Emotion_detection data/Emotion_detection/test/fearful/im293.png")
#ing=cv2. imread(df['inage_path'][1])
#img = cv2.cvtColor(img, cv2.COLOR_BGR2RGB)
i img is None: #added by rajshri
print("Error: Could not load the image") #added by rajshri
else: #added by rajshri
img = cv2.resize(img, (560, 500)) # Any size, just for visualization
ing = cv2.GaussianBlur(img, (3, 3), cv2.BORDER_DEFAULT)
img_shape - img.shape[e]
print("sahpe of the image it should be 560", img_shape)
results = face_mesh.process(img)
print(“the results”,results)
annotated_inage = img.copy ()
shape = [(Ink.x, lmk.y, lmk.z) for i, lmk in enumerate(results.multi_face_landmarks[e].landmark)]

shape = np.array(shape)
print(shape[1])
print( )
print(len(shape)) #x,y,z #this after normalization
shape - shape[LEFT_EVE + RIGHT_EVE + LEFT_EVEBROW + RIGHT_EVEBROW + LIPS + OTHER]
print("the shape of the it ",shape.shape)
for lmk in shape

cv2.circle(annotated_image, (int(lmk[e] * img_shape), int(lmk[1] * img_shape)), 2, (8, 8, 255))
plt. imshou(annotated_image, interpolations'nearest')

Figure 2: Facial Landmark
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Figure 3: Facial Landmark

2 Preparation of Data set

1. Firstly setting the path for storing the specified data in the specified location. After
that defining the 2D and 3D spaces.

2. Preparing a CSV file which will be containing the facial expression landmark Data.
Storing all the images according to the specifically given directory for each emotion.

3. Loading the images again and then converting them into RGB formate to obtain
the landmark predictions. After that calculating the euclidean distance in 2d and 3d
from nose point.

4. Storing the dataFrame to a CSV file in the given mode as train or test set.

3 Model Creation

For the system, used models are Custom CNN, CNN and transfer learning model like

VGG16.
1. Firstly, for creation of the model, using TensorFlow and Keras for the detection of

the emotions.

2. After Importing the required libraries like: sequential, InputLayer, Conv2D Max-
Pooling2D, Flatten etc.

3. Set the parameters for image size and batch size and creating a generator for the



@
t e
[

5
w2 U aded by rajshei
umpy s np ¥ added by rajshri

inport pandas as pd § added by rajshrl
PTH = */content/drive/MyDrive/Enotion detection_data-28231285T2223562-881/Enotion_detection_data/Enotion_detection’
train_path - ¥ {PTH}, z
test_path = £ {PTH}/test"
def euc2d(a, b): ¥ in 24 dimension
return np.sgrt( (a[@]-be])*(a[e]-b[a]) + (a[1]-b[1])*(a[1]-b[1]} }
def eucdd(a, b):Min third dimension
return np.sqrt( (a[e]-b[e])*(a[8]-b[8]) + (a[1]-b[1])*(a[1]-b[1]) + (a[2]-b[2]}=(2[2]-b[2]) }
def prepare_csv(path, mode, Face mesh):
emotions = os.listdir(path) #all directores of the train or the test the emotion exactly
of = pd.DateFrane({
Mhe choose the 92 becouse the range(5) => 8-4 o It will be scually a 5 number

" *2

P

is to be x and y
olums = [£{i}" for & in range(32 * 2)] + ["y"])

for i, emotion in enumerate(emotions): Balso I we make it as labels
images - os.listdir(#{path}/{emotica}’)
for image in images:
Upre process of the image
ing = cv2.inread(f"{path}/{enction}/{inage}")
ing = cv2.cvtColor(img, cv2.COLOR_BGRRGE)
img = cv2.GaussianBlur(ing, (3, 3), cv2.BORDER_DEFAULT)
results = face_mesh.process(ing)
if results.nulti face landmarks:
shape = [(lmk.x, lmk.y, lak.z) for lsk in results.multi face_landmarks[8].landmark]
shape = np.array(shape) ¥all thing
nose = shape[1] Wthe nose of the shape
shape = shape[LEFT_EVE + RIGHT_EYE + LEFT_EYEBROW + RIGHT_EVEBROW + LIPS]
Uthe interested indexes from the landmark
distances2d = [round{euczd({nose, x), 6) for x in shape]
distances3d = [round({eucdd(nose, x), 6) for x in shape]
df loc[len(¢f)] = distances2d + distances3d + [1] #need more inveseitigation
df.to_csv(f' {mode}.csv', Endex=False)
prepare_csv(train_path, "train’, face_mesh)

prepare_csv(test_path, ‘test’, face_mesh)

Figure 4: Data preparation

training data. After that the data generator for validation and training used to train the

CNN model

[]

# Impert necessary libraries
fron tensorflow.keras.models inporl Sequential

ron tensorflow keras.layers inport Inputleyer, ConviD, MaxPooling2D, Flatten, Dense, Dropout
fron tensorflow.keras optinizers inport Adam

+rom tensorflow. keras.applications inport MobileNetVz
From tensorflow. keras.layers inport GlebaliveragePooling2D

from tensorflow. keras.preprocessing. image import InageDataGenerator
inport matplotlib.pyplot as plt

Ul Set parameters
bateh_size = 12

image size = (48, 48)

U Creste data generators
datagen = ImageDataGenerator(rescale=1./255, validation split=8.3)

datagen. flow_fron_directory(
etection_data-28231285T2223562-681/Enction_detection_data/Enotion_detection/train/”,

train_generator
* Jcontent/drive/MyDrive/Enotion_

targel_size-image_size,
batch_size=hatch_size,
color_mode="rgh”,
class_mode="categorical ',
subset="training’

validstion generator = datagen.flow from_directory(
Jcontent/drive/MyDrive/Enotion detection data-2823126572223562-981/Enction detection data/Emotion detection/train/®,
targel_size-lmage size,

batch_size=bateh_size,

color_mode="rgh”,

class_mode=categorical’,

subset="validation’

Found 28186 images belonging to 7 classes.

Found 8613 ineges belonging to 7 classes.

Figure 5: Data Generators

4. In the above image the results is showing that we have 7 classes
containing the data.

of emotions



Model 1 - CNN-1

¥ Build a CHN model
enn_model = Sequential()
enn_medel . add( Input Layer( Input_shape=({inage_size[8], image_size[1], 1)}

cnn_model .add({Conv2D({32, (3, 3), activation="relu)}}
enn_model  add(MaxPooling2D({pool_size=(2, 2

enn_nodel .add{ConvaD(64, (3, 3), activation="relu'})
enn_medel . add(MaxPooling2D(peol_size=(2, 2

cnn_model .add(Conv2D({128, (3, 1), activation='relu”))
enin_medel. add(MaxPooling2D(peal_size=(2, 2

can_nodel . add(Flatten( )}
enn_medel . add(Dense (512, activatisn="relu’))
cnn_nodel . add{Dropout(8.5))
cnn_nodel . add{Dense (256, activation="relu'}))
enn_medel . add(Drepout(8.5) )
enn_nodel . add(Dense (7, activations"softmax’))

enn_medel . conpile|loss="categorical_crossentropy’,
optimizer=Adan( learning_rate=8.88e1),
metrics=[ 'sccuracy’])

chn_model . summary( )

con_history = cnn_sodel.fit(train_generator, epochs=18,
steps_per_epoch=traln_generator.n /f batch_size,
validation_data=validation_generator,
validation_steps=validation_generator.n // batch_size)

Figure 6: Building CNN model

5. After training the CNN nodel using the TensorFlow and Keras for detection of 7
different emotion. we got the below results

Model: "sequential 8"

Layer (type) Dutpat Shape Faran &
conv2d_18 (ConvaD) (None, 46, 46, 32) 886
max_poaling2d 18 (MexPoolin (Neme, 23, 23, 32) 8

£20)

conu2d_18 (ConuaD) (None, 21, 21, 64) 18456
max_poaling2d 19 (MePoolin (Nene, 12, 38, 64) 8

&0)

conu2d_28 {ConvaD) (Nome, 8, 8, 128) 73856
max_poaling2d 28 (MexPeolin (Neme, 4, 4, 128) 8

€20}

flatten 7 (Flatten) (None, 2048) 8
dense 23 (Dense) (Home, 512) 10620088
dropout_14 (Dropout) (Hone, 512) 8
dense_24 (Dense) 131328
dropout 15 (Drogout) 8
dense 25 (Dense) 1709

Total params: 1,275,463
Trainsble params: 1,275,463
Mon-trainsble parans: @

Epach 1/18
6287628 [

] =] - 1525 288ms/step - loss: 1.8346 - accuracy: ©.2387 - val_loss: 1.7878 - val_accuracy: ©.2548
Epoch 2/18

- 1745 2Tas/step - loss: 17545 - accuracy: 8.2678 - val_loss: 1.6362 - val_sccurscy: 8.3742
- 1815 289ms/step - loss: 1.6187 - accuracy: £.3718 - val_loss: 15324 - val_sccurscy: €.4058
- 1785 283ms/step - loss: 1.5268 - accuracy: ©.4B68 - val loss: 1.4659 - val_accurscy: €.8421
- 1735 275ms/step - loss: 1.4648 - accuracy: 8.4385 - val loss: 1.4154 - vel_accuracy: 8.4626
- 1525 23ms/step - loss: 1.4182 - accuracy: 8.4687 - val_loss: L3777 - val_sccuracy: 8.4757
- 1585 2Sas/step - loss: 1.3693 - accuracy: 8.4828 - val loss: 13378 - val_sccuracy: 8.4865
- 1675 267ms/step - loss: 1.3201 - accuracy: 8.4849 - val loss: 1.3681 - val_accuracy: 8.4977

- 1535 243ms/step - loss: 1.2880 - accuracy: 8.5112 - val_loss: 1.3188 - vel_accuracy: 8.4952

- 1885 229ms/step - loss: 1.2567 - accuracy: 8.5273 - val_less: L2733 - vel_accuracy: @.5189

Figure 7: Output

6. The results showing the layers used in the CNN model.



Sequential : Linear stack of layers. Common way to create the models where the layer
can be added on at a time.

Input layer: this layer will tell about the input shape for the model.

Conv2D: (Convolutional Layer) which performs the convolution operation on input
images.

MaxPooling2D: It reduces the spatial dimensions, which helps in concentrating on the
important features.

Flatten: It transfers the results from previous layer to one dimensional array, which
is required for the densely connected layer.

Dense: this layer is fully connected layer. where each neuron is connected to every
other neuron. It will mostly be used in the final layer.

Dropout: it helps to prevent from overfitting.

Output layer: The output will be having the 7 neurons.The softmax function is used
for activation.

Model 2 - CNN-2

Bulding the CNN -2 model with more layers added.

inport BatchMormalization

W Build a CNN model wit

cnn_model = Sequentiall)

additional changes

enn_nodel . add( Input Layer( input_shape={image_size(@], image size[1], 3)))
enn_nodel Ladd(Conw2D(32, (3, 3), activation='relu'})
cnn_nodel . addiBatchNormalizationd ) )
con_nodel . add(MaxPooling2Di pool_size=(2, Z))}

cnn_model _add(Comv2D{64, (3, 3), activation="relu'}}
enn_nodel  add(BatchNormalization ) )
enn_model . add(MaxPooling2D( pool_size=(2, 2)))

con_model  add (Conv2D{128, (3, 3), activation="relu”})
cnn_nodel _add(BatchNormalization] ) )
cnn_nodel  add(MaxPooling2Dipool_size=(2, Z})}
enn_model Ladd(Flatten() )

cnn_mnodel  addiDense (512, activation="relu"}}
cnn_nodel  add(BatchNormalization]})
can_model Ladd(Dropout{@.5))

cnn_model  add(Dense (256, activation="relu"})
cnn_nodel . addiBatchNormalizationd ) )

cnn_model .add (Dropout(@.5))
cnn_model _add(Dense(7, activation="softmax’))

enn_nodel . corplle loss="categorical_crossentropy’,
optimizer=Adan{ learning_rate=6.8081),
metrics=| accuracy” |}

B Train the modified CHM model

ean_history_2 = can_sedel Fit(train_generator, epochs=18,
steps_per_epoch=train_generator.n f/ batch size,
validation data=train_generator,
validation steps=train_generater.n // bateh_size)

Figure 8: CNN- 2 Model Build



The results of CNN-2

Epoch 1/18
o ) ] - 286s 322as/step - loss: 2.6754 - accuracy: 8.2244 - val_loss: 1.7485 - val_sccuracy: 8.3454
Epoch 2/18

&: - 1365 31Ias/ - loss: 2.2823 - accuracy: 8.3879 - val loss: 1.5947 - val accuracy: 8.4117

- 183s 29Zms/step - loss: 1.9634 - accuracy: 8.3572 - val_loss: 1.5376 - val_sccuracy: 2.4226
- 2005 319as/step - loss: 1.8268 - accuracy: 8.3833 - val loss: 1.4433 - val_accuracy: 2.4686
E2B/628 [m==m===mmc=w—cmmeeceeeama ] - 1995 316ms/step - loss: 1.6748 - accuracy: 2.4143 - val_loss: 1.4348 - val_accuracy: 8.4758

Epoch 6/18
6. - 1975 314

- loss: 1.5917 - accuracy: @.4335 - val loss: 1.3669 - val accuracy: 8.4882

- 1925 38Sms/step - loss: 1.4958 - accuracy: 8.4568 - val_less: 1.3538 - val_accuracy: 9.4928

- 2855 127ms/step - loss: 1.4176 - accuracy: 8.4B13 - val loss: 1.4763 - val_accuracy: @.4375
- 2145 34ims/step - loss: 1.3514 - accuracy: 8.4861 - val less: 1.336E - val_accuracy: 2.5816
Epoch 18/
6287628 |

- 2085 331ms/step - loss: 1.2895 - accuracy: @.5211 - val less: 1.2817 - val_accuracy: 2.5189

Figure 9: CNN-1 results

Model 3 - VGG16

1. Bulding the VGG16 model for the emotion detection.

2. Image size and batch size parameters is set.

3. Data generators are build for training and validation data and the the data is
divided into training and validation subset.

4. VGG16 model will be loading with the data weights which are pre-trained on the
ImageNet dataset.

5. The custom layers are added with the VGG16.then the model will be compiled.

t Sequential
t Ingutlayer, Dense, Dropout, GlobalfweragePosling2d

t InageDataGenerator

inport TatplotTib. pyplet a5 pif

U Set parameters
batch_size = 32
image size = (4B, 28)

U Create data generators
datagen = ImageDataGenerator(rescale=l. /2
train_generator = datagen. 1,

Lidation_split=8.3)

dr-ive Myl

ticn_detection_data-28231265T222156Z-681/Enotion_detection_data/Emotion_detection/train/”,

target_size-inage_size,
batch_sizeshatch_size,

notion_detection_data-2823126572223562-81/ Enot ion_detection_data/EvoLion_detection/traing®,

target_size-lnage_size,
batch_sizeshatch_slze,

subset="va
)

U Build a VGGEIS transfer
base_model = VGELS(input_sh
base_model. trainable = False

&), image size[1], 3), include_t

g=False, weights="Imagenet’)

(Dense(512, act
(Dropout(8.5))
( Dense( activation="relu"])
I Drog
(Dense(7, activation=

@.5))

transfer_nodel. conpile(loss='categorical_cre
optimizer=Adan{ learning_rate=e.eae1),
metrics=]'accuracy’])

transfer_nodel. summary( )

Figure 10: VGG16 model



Layer (type) Output Shape Param #

vggl® (Functional) (None, 1, 1, 512) 20024384

global _average pooling2d (G (None, 512) 2]
lobalAveragePooling2D)

dense 20 (Dense) (None, 512) 262656
dropout_12 (Dropout) (None, 512) 2]
dense 21 (Dense) (None, 256) 131328
dropout_13 (Dropout) (None, 256) (2
dense 22 (Dense) (None, 7) 1799

Total params: 20,420,167
Trainable params: 395,783
Non-trainable params: 20,824,384

Figure 11: VGG16 structure

Front end of the prototype

def preprocess_image(img path, target size)
img = image.load img(img path, target size-target size)
img array = image.img to array(img)
img array = np.expand dims(img array, axis=e
img_array /= 255.0
img_array

@app.route( "/
def index(
render template('index.html

dapp.route('/predict’, methods=[ 'POST']
def predict(
file' not in request.files
= jsonify({ 'error No file part

Figure 12: Code snippet for fron-end execution



> B 127.001:5000/predic

d  DockerHub  rinubronic/python d.
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1. The Pursuit of Happyness
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10. The Grand Budapest Hotel
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Figure 13: Front-end of the prototype
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