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Abstract— Image data augmentation is a way that makes it
possible to increase the diversity of available data without
actually collecting new data. In this study, researchers have
evaluated the application of image manipulation with the
Thatcher effect, double illusion, and inversion on the
performance of face detection for data augmentation needs
where the data obtained has a weakness that is the limited
amount of data to create a training model. The purpose of this
research is to increase the diversity of the data so that it can
make predictions correctly if given other similar datasets. To
perform face detection on images, it is done using YOLOV3 then
comparing the accuracy results from the dataset after and
before adding data augmentation.

Keywords— Thatcher Effect, Augmentation, YOLO, Object
Detection.

I. INTRODUCTION

In the field of computer vision, object detection has been
widely applied in various areas, such as the medical field,
activity recognition, security monitoring in companies, and
automatic control robots. Popular object detection methods, at
first, were known by using feature extraction methods such as
Histogram of Oriented Gradients (HOG), Speeded-Up Robust
Features (SURF), Local Binary Patterns (LBP), Haar
wavelets, and also Color histograms. The process of capturing
the characteristics of objects that can describe the
characteristics of objects is the primary technique in the
feature extraction method [1].

The object detection method using feature extraction has a
problem related to achieving the best performance. It also has
various other challenges, such as how to make feature
extraction scalable when dealing with large amounts of data

(2], 3].

Deep learning is part of the machine learning method in
which it implements the concept of learning done by
computers by mimicking the workings of the human brain.
This concept is known as Artificial Neural Networks. At this
time, deep learning is often used in object detection and can
solve problems and challenges in feature extraction methods.

Although in various studies, the detection of deep learning
objects can overcome obstacles that occur in the feature
extraction method, but in fact, deep learning also has its
challenges. First, to work well, deep learning is often carried
out on large numbers of interconnected neurons so that it will
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impact on the need for large resources too and usually requires
a long time for training [4]. Second, problems with overfitting
and underfitting are typical when creating learning models.
Third, there is a lack of training data [5], [6].

The main problem solved in this paper is to compare the
appropriate manipulation techniques in face detection to add
image data to the training model process so that it can identify
the most suitable technique to use in this problem. In addition,
a program function has been created to implement image
manipulation.

II. LITERATURE REVIEW

A. Related Work

Artificial intelligence, at this time, has been developed
specifically for object detection and object recognition by
using machine learning and even deep learning. In its
development, deep learning began from the development of
ANN to CNN. CNN contains a convolution layer consisting
of a non-linearity layer and a pooling layer. CNN architecture
also has a filter that is useful when training to estimate the
error value. The filter will be run using the update system,
where after the update process is complete, the CNN will be
issued. This CNN method has often been used in various
studies [4], [7]-[9]. After that, there were developments from
other CNN. Among these architectural developments are SPP-
Net, R-CNN, Fast CNN, Faster R-CNN, and YOLO[10].

Object detection algorithms generally use regions to
process objects in an image [11]. In other words, the working
network does not see the image as a whole, and the part of the
image that has the highest probability is considered to contain
the detected object. YOLO or You Only Look Once is an
object detection algorithm that is different from the region
based algorithm where it uses a convolutional network to
predict bounding boxes and their class probabilities [12].

YOLO v2 uses a custom deep architecture Darknet-19, the
19 layer networks that are originally equipped with 11 more
layers for object detection. With 30 layer architectures, YOLO
v2 often has difficulty with the detection of small objects.
YOLO v3 uses the Darknet variant, which originally had 53
network layers on ImageNet. For object detection, 53 other
layers are stacked on top of it, the architecture consisting of
106 layers makes it fully convolutional in YOLO v3. It is the
reason behind the slowness of YOLO v3 compared to another
YOLO version [10], [13].
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In general classification is the process of identifying labels
from the data being tested, whereas in YOLO, classification is
by localization. There is an additional assignment of object
locations in the form of bounding boxes (b, b,, bs, by), as in
Figure 1. b and b, are bounding annotation from the center of
the object detected, by and b,, are bounding box height and
weight annotations. YOLO algorithm stages can be seen in the
architecture in Figure 2.

X = (220-149) / 149 = 0.48
y = (190-149) / 149 = 0.28
w =224/448 = 0.50
h=143/448 = 0.32

(447, 4a7)

Figure 1. Coordinate x,y,w,h from detection box of the grid

Input image on the YOLO architecture is an image with a
size of 448 * 448. It created a grid on the image with size S *
S grids. If S = 7, then each grid cell will be 64 * 64 and have
49 grid cells.

Images also have confidence cf or class of objects.
Suppose nB = 1 is a human, nB = 2 is a car. Each grid cell
contains 5 values, which are the location of the x coordinate is
assumed based on rows (x br). y coordinates based on
columns (y_kol), size and confidence values (x, y, w, A, ¢) of
the existing bbox nB, which is B/ and B2 [13].

C(Object) = Pr(0Object) = IOU (Pred, Truth) (1)

In equation 1, confidence C represents the number of
bboxes. Pr indicates whether there are objects in the cell. /OU
is Intersection Over Union or overlapping rates. C will always
be 0 when the grid cell is background.

area(box ) Narea(boxyreq) (2)

I0U(Pred, Truth) =
(Pred, Truth) area(boxyy) U area(boxyyeq)

In equation 2, the box area is the prediction of each box, if
the value is low it will be deleted based on the threshold. If
there are 2 bboxes referring to different classes or because
there are overlapping objects, the tensor size results are (S * S
*MB*S5+2*nC)=(T*7T*Q2*5+2*2))=(7T*7*14)
tensors. Where, the 1st bbox and the 2nd bbox, refer to
different object classes.

The loss function used in the YOLO V3 architecture is
Mean Square Error (MSE), where it will contain 3 main
things. 3 The main thing is classification error, coordinate
error, and /OU error.
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B. The detection principle of YOLO
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From equation 3, there is a Localization Loss where it is
the size of the error of the predicted bbox location and size. In
the detection, only what is detected is taken into account.
1?]-1” = 1 when j from bbox in cell i detect objects in the grid.
If it does not exist, then the value is set to 0. A.pprg Will
increase when the burden of the loss in the coordinates of the
bbox also increases.
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When an object in the cell grid is detected then its
Confidence Loss is measured in equation 4. C; is the socre

confidence box of bbox j in cell grid i. 1?]-“ = 1 when j from
bbox in cell i detects an object in the grid. If there isn't, then
the value is set to 0.

If the object is not detected, then according to equation 5,
the value is Anop; Xiconreo ~ Where Ci is the box
Confidence socre of box j in cell grid i and A,,,p; is the

weight down and loss when detecting the background of the
image [10], [13].

III. IMPLEMENTATION
A. Face Detection Using YOLOv3

Cloning framework
:> Alexey-Darknet :>

Compiling
framework

Download

Ekstract images.zip K Darknet’s weight K Cfg configuration
arknet’s weig

I

Training

Connect to drive

Saving new
weights

-

Figure 2. YOLOV3 Training Architecture Using Google
Colab

In this study, Figure 2 explain the deep learning
architecture used is YOLOv3. YOLOvV3 uses the Darknet
variant, which initially has 53 network layers on Imagenet. For
object detection, another 53 layers are stacked on top of it. An
architecture consisting of 106 layers makes YOLOvV3 fully
convolutional. Insert image in YOLO architecture is an image
with size 416x416. After the image is inserted, a grid will be
created on the image with SxS size [12]. The grid of each cell
consists of x, y, w, h and has the confidence of the object. If
there is confidence, it is defined in equation (1).
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B. Augmentation Data

Original Images

Image Manipulation J\ ’~
Efect-1 Efect-2 Efect-n
L
Manipulated Image i L
YOLO Model
Detection

Figure 3. Process Block Diagram

Effect-1 is image manipulation using the Tatcher effect,
effect-2 is Color Shifting (RGB), effect-3 is mixing images,
while effect-5 is a combination of several manipulation
effects. The experiment was designed to obtain a large number
of samples from a face image with a small amount of data
without compromising the integrity of the original image.

The implementation according to Figure 3, The image
effect application has been implemented using libraries in
Python. The results from the Image Data Generator have been
used by inserting the original image into the generator with the
aim of increasing the amount of data. The result of the
implementation of this technique, the number of images with
manipulated objects, is gradually increased, from 500 training
data to 1000 images. For mixing images the effect is
implemented by detecting the eyes, nose and mouth on the
face using Haar Cascade then pasting cropped images such as
facial accessories using the library from OpenCV.

C. Dataset

The experiment in this study was to use the Celeb dataset
from the Kaggle repository. The dataset consists of more than
200000 human face data where only 500 data will be taken.
The dataset is divided into 70% for training, 15% for
validation, and 15% for testing. After that, for the data
manipulation process, 70% of the 500 training data will be
implemented with some image effects. In training conducted,
the image data manipulation algorithm was implemented. The
iteration is carried out as many as 3000 for the training
process. The learning rate is 0.001, and the learning level is
reduced at 5000 and 20000 times.

D. Experimental Environment

This research has been conducted in an Experimental
environment using an Intel Core 15-8250U, CPU is 1.60GHz,
GPU is MX250, 8GM RAM. The operating system running
on a computer is Windows 10 Professional, 63-bit. While the
architecture used is YOLO v3 with the framework is Darknet
and the syntax is made using Python 3.

E. Image Manipulitaion For Data Augmentation

Based on experiment 1 where a dataset of 500 images
without manipulating the image, it can detect several facial
images in the form of paintings or comics but often it is also
wrong in detecting facial objects. While experiment 2 with
500 images of data and image manipulation to 1000 images,
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has an increase in the detection rate of facial objects that is
not too significant. Based on this experiment, according to
Figure 4 to Figure 6, to detect facial objects, whether original
images, comics, or writing, more than 1000 training data is
needed and the data must be varied and at least reflect what
kind of facial object you want to get.

Figure 4. Original Image Experiment Result, Non
Augmentation — Augmentation — WIscDER pre-trained

Figure 5. Comic Experiment Result, Non Augmentation —
Augmentation — WIDER pre-trained

Figure 6. (a) Art Painting Experiment Result, Non
Augmentation — Augmentation — WIDER pre-trained

IV. CONCLUSION AND EVALUATION

The conclusions obtained are based on the confidence
value of the testing results. The experimental results resulted
in the fact that with data augmentation, the value of its
confidence increased, although not significantly. Experiments
using the Wider dataset tend to be able to detect real faces
more accurately than using the Celeb dataset. This might
happen because Wider has more variations in shooting angles
than Celeb. Experiments using the Wider dataset can detect
small objects, while using the Celeb dataset cannot detect
small face objects.
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