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ABSTRACT

Capturing aesthetically pleasing photographs can be challenging for amateur photographers due to the
complexity of factors such as lighting, composition, and contrast. To address this issue, we propose a
mobile application powered by deep learning models and regression analysis. This application analyzes
real-time image frames using a pre-trained MobileNet backbone and a custom classification layer [8]. By
leveraging the Aesthetics and Attributes database, the app calculates an aesthetic score for each
photograph, providing instant feedback to users. Challenges encountered during development, including
interfacing with machine learning models and implementing camera functionalities, are addressed.
Through experiments, we evaluate different training approaches and compare our methodology with
existing research. Our solution aims to empower users to capture high-quality photographs by assisting
them in understanding and applying fundamental principles of photography.
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1. INTRODUCTION

It can be difficult to find the right angle or scenery when taking pictures. The aesthetic quality of
an image is judged by commonly established photographic rules, affected by factors like lighting,
contrast, and image composition. It is very hard for the average person to take aesthetically
pleasing photographs when they are not professional photographers. If the average phone holder
were able to instantly know when their camera shots were satisfying or perfect, it would be
easier and quicker to take good photos when necessary and accumulate better photography
aesthetics.

We present a mobile application that utilizes image regression to assist users in capturing better
photos or analyzing scenery for acceptable artistic or photographic aesthetic. Flutter is used for
the frontend, whereas tensorflow and tensorflow lite are utilized for real-time image
classification and inference. The model was trained using the AADB dataset on the CUDA
platform provided by PyTorch. The model inference is done on a flask server written in Python
that hosts an ONNX representation of the model [7].

2. CHALLENGES

In order to build the project, a few challenges have been identified as follows.
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2.1. Which machine learning library to use

There was an issue choosing the right flutter library to interface with the trained machine
learning model. Google MLK:it is a good choice, but it proved difficult to adapt to the trained
image model from the teachable machine platform [1]. TFlite flutter was also a good choice to
use our model directly, but it was difficult to write the code to interface the model to flutter. A lot
of isolate programming was required to get the model running fast without halting the app.
Ultimately, it was decided that Pytorch would be used in a server. This meant that the solution
wouldn't run in real time, but any issues present with the tflite flutter library were no longer
considerable.

2.2. Picture-taking issues

There were some issues when implementing camera snapping capabilities. One of these issues
was that the camera would take a picture twice and halt the app because the camera was not
ready for the second shot. A fix to this could be to make sure that the camera is granted
permission and is not taking a picture currently before executing the camera shot process.

2.3. Sizing issues on the gallery screen

Lastly, the gallery screen proved to have some issues. Flutter’s semantic debugger would
halt when the screen was loaded due to sizing issues with the images and the cards used to
display the images in a list [9]. A fix to this could be to crop the images so that they are
the same size as the cards that contain them. There was also the requirement to fit all of
the images to the gallery screen at once, so some spacing and limitation to the cross axis
count was required.

3.SOLUTION

Take camera picture

pytorch model
inference

Display predictions

Figure 1. App Logic Flowchart

Our solution focuses on regressing an image to certain ratings like depth of field, lighting,
balance, etc. The app has a basic page that allows users to either choose photos from their gallery
or camera. The image is sent to the server the second it is selected. At the current iteration of the

solution, it is up to the user to decide when they think they have a good image to take a shot of.
The solution is a regression task and so the machine learning model is trained to rank an image
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based on 10 different quality factors: balancing elements, color harmony, content, depth of field,
light, motion blur, object, repetition, rule of thirds, symmetry, and vivid color. The final model
was trained using Pytorch.

Flutter is used for the app frontend to capture and save pictures. The app also features a gallery to
observe captures. The camera feature is basic and allows for capturing and changing camera
faces.

3.1. Camera Screen

The camera screen is the main component of the app that displays the model output as well as the
user’s camera feed [10]. It features two buttons to take shots and switch camera sides. After a
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picture is taken, it is saved to the device’s image storage location for the app.

Figure 2. Image saving
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Figure 3. ML inference
This piece of code is responsible for processing images and running them through the PyTorch

model [11]. Simply put, the engine outputs a dictionary of the class labels for the model output.
The scores for the image are sent to the client and displayed on the screen.

3.2. Gallery

This component focuses on the gallery screen which can be used to show pictures taken by the
camera app.

Figure 4. Screenshot of gallery
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In Figure 4, we present a basic interface for users to see their previously captured photos. Before
an image is loaded into the image grid, it is important to make sure that it is valid. We use a try-
catch clause in Figure 5 so that if loading the image from raw byte data fails, then it can be
inferred that the image is invalid. In Figure 5, we load all of the image paths from the app’s
storage directory and later use those path strings to render images locally to the scene tree.

4. EXPERIMENT

In Figure 1a, we present a basic interface for users to see their previously captured photos. Before
an image is loaded into the image grid, it is important to make sure that it is valid. We use a try-
catch clause in Figure 5 so that if loading the image from raw byte data fails, then it can be
inferred that the image is invalid. In Figure 1c, we load all of the image paths from the app’s
storage directory and later use those path strings to render images locally to the scene tree.

4.1. Design

The first step involves create a backbone for the regression model. The backbone is any
pretrained model or convolutional neural network that can process image data. The backbone is
responsible for feature extraction for each image sample. Each sample is a 256x256 colored
image with 3 channels, and as a result, the input shape of the backbone is (256, 256, 3). In the
second step, the regression neural network is created by first setting the input layer, a (256, 256,
3) shape layer that takes an arbitrary batch size of samples. The backbone is then added as a
second layer on top of the input and a regression block is added. The regression block consists of
a Global AvergagePooling2D layer and a Linear layer for regressive tasks [12].

The final model is then trained on the input data over about 20-30 epochs.
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Figure 6. Figure of experiment 1

4.2. Analysis

None of the model losses decreased during the training of the model. There were several
fluctuations in the loss, but on average, there was no significant change or improvement in the
model performance. The training loss for the regression and ranking loss functions remained
relatively constant throughout the training loop. One plausible reason for this is that the model is
unable to pick out the correct features to train on when an image is passed though it.
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The goal of the second training loop was to determine how well the model could learn if given
pretrained weights using a MobileNetV2 backbone. In this scenario, the number of training
epochs was reduced to 15.

In both cases, the model was adapted from a kaggle notebook that used PyTorch [6]. In this case,
Tensorflow was used to streamline the process of running the model on mobile and reduce
memory utilization.
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Figure 7. Figure of experiment 2

The fluctuation of the losses could be a sign of overfitting in the model, so
hyperparameters were adjusted to get better results [13].

The results of the experiment show that the losses converge from 500 to 1,500 iterations.
With this in mind, the number of epochs required to train the model can be dropped
significantly to reduce training time.

Eventually, PyTorch was favored as the better machine learning library, and yielded
similar, but more stable results in less time [14].
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Figure 8. Figure of experiment 3
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5. RELATED WORK

We analyzed the research by Lu, et al, and compared their implementation to our own [2]. Their
approach trains an image classifier specialized for image aesthetics. They use a double column
deep convolutional neural network (DCNN) to learn multiple image features. Their model is also
trained on 1.5 million images, making it efficient for aesthetic classification in almost all kinds of
images.

Secondly, we looked at an implementation by Alzayer, et al [3]. Their implementation serves to
automate the process of taking good pictures by utilizing robots and deep learning. Their
approach uses reinforcement learning to train their model on the AV A dataset to correctly classify
and rate images with desirable aesthetics. The output of their model determines what direction the
robot will move in and what kind of picture its camera will take.

Thirdly, we examined the paper Towards Artistic Image Aesthetics Assessment: a Large-scale
Dataset and a New Method by Ran Yi et al [4]. The paper described the process of developing a
deep neural network for determining image aesthetic. Our solution utilizes the AADB dataset
which initially comes with around 10,000 images. Their dataset has around 60,000 images for
training. Their solution aims to extract the style specific aesthetic feature of an image, whereas
ours extracts the generic aesthetic score of an image sample. They use Resnet50 as the backbone
for the feature extractor, while our older model used MobileNetV2 for feature extraction. After
switching to a server-oriented approach, we made use of resnet for its accuracy.

6. CONCLUSIONS

Summary of machine learning experiments

Throughout the initial design of the image aesthetic model, we determined that using a pre-
trained image model to extract features would be best since we are dealing with light, image
orientation, and smaller details in images that would be more difficult to detect with a custom
model. We used the MobileNetV2 architecture from Keras and used a custom output layer for the
regression task. Initially, we used a pre-trained model with no weights, resulting in a model that
had to learn features from scratch. In this scenario, model accuracy was poor, and loss dropped
slowly.

With pre-trained weights, the loss dropped significantly after the first few epochs, and the
accuracy of the model increased [5]. It was found that the model reached convergence in under 6
epochs with the current hyperparameters. Further tuning could see improved performance in the
model.

Figure 9. Figure of layer and output
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PyTorch’s ONNX platform proved to be better in the end for model inference, despite having to
rely on a server [15]. Hopefully, in the future, there will be better on-device ONNX runtimes for
Flutter.
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