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Abstract

Robustness gains from self-supervision have only been recently discovered with
promising results. However, the work has been limited to classification tasks.
This project explores the use of self-supervision as a pretraining step in a target
supervised learning task of steering angle prediction (regression). We aim to make
model output invariant to changes brought by common input corruptions (naturally
occurring) and adversarial examples (generated by an attacker). In addition, the
task dataset poses unique challenges like high class imbalance and high correlation
among image sequences.

1 Introduction

Due to the inherent assumption of independent and identically distributed (i.i.d) data in machine
learning (including computer vision), it is implied that the data seen by models at training and test
times are drawn from the same distribution. However, that rarely occurs when models are deployed
in the wild; co-variate shift [[19] may occur under natural [[11} [17] or adversarial [20} 9] conditions
causing state-of-the-art deep learning models to perform poorly even when perturbations that are
imperceptible to humans are added to the input. However, in many applications, model robustness
under co-variate shift is equally desired as model performance in “regular” conditions [8, 21]]. This
desire is pronounced, especially in areas where the consequences of incorrect decisions taken by deep
learning models can be fatal, e.g., autonomous driving [6] and healthcare [[7].

In the past, robustness against naturally occurring (common) input corruptions has been achieved
at the cost of sample complexity (a large number of data augmentations) [16} [13| 23] whereas
robustness against adversarial corruptions incurs significant computational overhead (gradient-based,
iterative) [15]. Even then, there have been mixed results on their success; some works report accuracy
trade-off when robustness is increased [] whereas others report that increase in robustness to one
type of corruptions simultaneously leads to a decrease in robustness to the other []. More recently,
however, self-supervised pre-training has effectively established itself as an alternative to “robustify”
a model under, among other conditions, common input corruptions and adversarial examples [12].
In addition to robustness, it has also been shown to address the previously mentioned issues, i.e.,
achieve faster convergence and better accuracy [4].

In this work, we experiment with the idea of using self-supervised pre-training to () evaluate
robustness against common and adversarial input corruptions, and (2) denoise corrupted inputs in
steering angle prediction task. The supervised dataset consists of a sequence of (image, steering
angle) pairs obtained from real-world driving sequences and the corruption scheme is defined as
various benchmarking datasets by [[18]. We make use of the simCLR framework [3] to pre-train

*equal contribution
COMP 8118 Data Mining, Fall 2021. (LaTeX template borrowed from NeurIPS 2020.)



(during which we don’t use angle labels) and fine-tune a ResNet50 model [10]. We compare the
robustness results with various models such as a standard ResNet50 (with no pre-training) and a
state-of-the-art gradient-free approach [18]. Further, we use the pre-trained ResNet50 as an encoder
in an Autoencoder architecture to denoise the corrupted images.

2 Related Work

Hendrycks et al. [[12] found that self-supervision can benefit several aspects of model robustness. On
the CIFAR-10-C dataset [11]], they obtained a accuracy of 95.5% (higher than 94.7% via standard
training) on clean data and average accuracy of 76.9% (higher than 72.3% via standard training) on
data corrupted by common corruptions . Similarly, they outperformed adversarial training with PGD
(state-of-the-art adversarial defense technique) by 5.6% on ImageNet using rotation angle prediction
as a self-supervised task. More recently, Chen et al. [4] validated robustness to adversarial examples
from self-supervised pretraining in CIFAR-10 dataset. To make robust training computationally
efficient, the pretraining step included a combination of self-supervision and adversarial training.
Further, the simCLR framework has also been used in pretraining. Jiang et al. [14] use the SimCLR
framework to introduce Adversarial Contrastive Learning (ACL) that learns representations that are
consistent under both data augmentations and adversarial perturbations.

This work uses a denoising autoencoder. Autoencoders [2]] are a type of neural network architecture,
comprised of an encoder, a bottleneck, and a decoder, that allows for the neural network to automati-
cally encode data and then reconstruct it back. The reconstruction is compared to the original input,
and the difference/error is backpropagated through the network. The bottleneck has less dimensions
than the original input in order to force the neural network to generalize to the data being fed forward,
rather than just copy the data through the encoder to the decoder. Due to the fact that no labels are
being used, just the data itself, autoencoders are an unsupervised learning model. In mathematical
notation, the encoder is a function gg(.), the bottleneck is z, and the decoder is a function fy(.)
where 0 parameterizes g(.) and ¢ parameterizes f(.). If there is some input z, then z = gp(z)
and the reconstruction " equals to f(ge(x)) In 2008, Vincent et al. [22] developed the denoising
autoencoder. A denoising autoencoder works the same way as a regular autoencoder except for the
fact that the original input to the network is first augmented in some way. Then, the augmented image
is passed through the autoencoder. The reconstruction is then compared to the original input without
augmentations in order to train the autoencoder to denoise the data. Vincent et al.’s work also found
that training an autoencoder to denoise images results in the trained autoencoder being more robust
to corruptions.

3 Preliminaries

In this section, we introduce the self-supervised learning algorithm used in the pretraining step along
with algorithms used to generate adversarial examples in the robustness task. In addition, we define
curriculum learning, which is used while training the Autoencoders for denoising task.

3.1 SimCLR Framework

The SimCLR framework was designed to make it simple to do effective self-supervised contrastive
learning. Because it is self-supervised, the data does not need to have any labels attached to it as they
are unnecessary for training. It being contrastive learning means that SimCLR will find what data is
similar to other data and what data is dissimilar to other data. That is the main idea behind contrastive
learning: maximizing the similarity between data that are indeed similar to each other and minimizing
the similarity between data that are not similar to each other. The pipeline of the SimCLR framework
starts with taking a batch of images, let’s say of size N. Then, two random transformations are
applied to each image, resulting in pairs of images, in the batch to get a new batch size of 2/N. Each
pair of images is passed through an encoder. The original SimCLR paper uses a ResNet50 model [10]
for the encoder, which is what this project uses as well. This results in representations h; and h; for
each of the images in the pair. The pair are then passed through a projection head that is made up of
several non-linear layers. This results in another pair of representations z; and z; from the original
image. The similarity between z; and z; are calculated using cosine similarity. The cosine similarities
are calculated for all possible pairs within the batch (that is the batch with size 2/N'), which are then



used in the loss function. The loss function is called NT-Xent loss. Describing NT-Xent begins with
the Noise Contrastive Estimation (NCE) loss, which is equation (1). This is where the calculation of
the similarities for all possible pairs can be seen as this occurs in the denominator.

exp(si ;)
Ziiﬁ l[k’!:i] exp(si,k)

The s; ; term represents the cosine similarity between the representations z; and z; while the s;
term represents the cosine similarity between z; and all other representations z; where ¢ cannot equal
k. NCE loss is used in NT-Xent loss, which is equation (2).

1 N
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Equation (2) calculates the loss over all pairs in the batch and takes an average over them. The main
steps of the algorithm that have just been described are summarized in Algorithm 1, which comes
from the SimCLR paper. This loss function is what is used for backpropagation in order to update the
network’s parameters.

After training the SimCLR model (which is the encoder and the projection head), the projection head
can be removed and just the encoder is used for downstream tasks or transfer learning or pre-training.
This is the process that was used in this project in order to get the pre-trained SImCLR ResNet50
encoder that is used in other architectures and neural networks.

Algorithm 1 SimCLR’s Main Learning Algorithm

input: batch of size IV, encoder function f, project function g
for sampled mini-batch do
forall £ € 1,...,.N do
Select 2 random augmentations functions ¢ and ¢’
2= g(f(t(,)))
zj =g(f(t(z;)))
end for
foralliand j € 1,...,2N do
Calculate cosine similarity
end for
Calculate £ using Equations 1 and 2
Update f and g parameters to minimize £
end for
return f for downstream tasks

3.2 Adversarial Examples

An adversarial example x* for a deep learning model f is crafted by imposing minimal perturbation d,
to an original signal x, where x* is be obtained by solving the following optimization problem [20]:

minimize D(X,X+ 0)

st f(x) # flx

where D is a distance metric such as Lg, Ly or L.,. Multiple methods can be used to solve Eq.
Two of them are examined in this work; the Fast Gradient Sign Method (FGSM) [9] and Projected
Gradient Descent (PGD) [15]. FGSM is designed to produce an adversarial signal in a fast, non-
iterative manner. It computes the gradient of the cost function J w.r.t input x and scales the sign of
the gradient by a L., constraint for generating 9:

), 3)

x" =x+esign(VaJ (0,%,y)), @

where 6 represents the parameters of f; y is the target label; and ¢ is the L., constraint parameter
controlling the attack magnitude. Increasing the value of € will increase the attack effectiveness but



also make the adversarial example more distinguishable (i.e., having large d,). PGD is a stronger
attack based on iteratively performing FGSM on smaller steps. Formally, the iterative procedure
follows:
XZF+1 = H X? + OC'VIJ(G,X, y) (5)
x+S

where I denotes the projection operator, which clips the input at the positions around the predefined
perturbation range. means a gradient step size, and x + S represents the perturbation set. Usually,
L, and L, norms are currently used as the constraint that bound the perturbation to be small.

3.3 Curriculum Learning

Curriculum learning is an idea based on how humans typically learn things in school. In school,
humans first learn easy topics when they first start school and then gradually increase the difficulty
of topics that they learn as the progress through school. The researchers in [3]] found that this same
concept can be applied to machine learning. There is no specific way to apply curriculum learning as
it is merely a concept, but the idea is train a model by starting on easy inputs for the model to learn.
Then, gradually increase the difficulty of the inputs that the model sees as the training progresses.
When to increase the difficulty can be based on as the model’s loss decreases or based on the number
of epochs that have passed and so on. It was found that curriculum learning can significantly improve
generalization performance and lead to faster convergence.

4 Methodology

Robust Regressor: All three models used in robustness task have a ResNet-50 [10] as the backbone
model. The first is a ResNet-50 with no modifications to the original architecture trained using
Mean Squared Error (MSE) loss function, referred to as the “Standard” model. The second, also a
ResNet-50 architecture, however, trained using the robustness approach proposed in [18]], referred to
as the “Robust”. Finally, the third Resnet-50 model is pre-trained using simCLR learning algorithm
(Algorithm[T)) and NT-Xnet loss (Equation 2)) followed by fine tuning similarly to the Standard model.
The third model is referred to as “simCLR” in the rest of the text. The experiment results on Standard
and Robust models are averaged over two variations trained with different randomization of initial
weights. Although all the models were trained for equal number of total epochs (500), simCLR
model only used labels for the 100 epochs of fine tuning.

Denoising Autoencoder. The methodology behind the denoising autoencoder is to train the autoen-
coder to denoise images by feeding it batches of augmented images so that it can encode them and
decode them. This results in a batch of reconstructions. These reconstructions are compared against
the images that do not have any augmentations applied to them (so clean images) and then, that error
is backpropagated through the autoencoder. The way that this was done for this project will now be
described. During training, a group of clean images would be taken and a total of 15 augmentations
would be applied to each image. For example, if the group of clean images contained four clean
images, then there would be a total of 60 augmented images. Those 60 augmented images form
a batch of inputs that get passed through the autoencoder. This results in 60 reconstructions that
then get compared to the original four clean images (to make the sizes of the batches match, the
four images would be copied 15 times each to create a batch of 60 clean images). The goal of the
autoencoder is to minimize the Mean Squared Error (MSE) loss over a series of 50 epochs.

The 15 augmentations that were used to train the denoising autoencoder are: R, G, B, H, S, V altering
(these involved altering these channels to increase or decrease the values so there is actually 12
augmentations instead of just the six listed), distortion of the image, blurring the image, and adding
Gaussian noise to the image. Each augmentation has five associated levels attached to it such that one
can make the augmentation more or less intense. For example, Gaussian noise at level one does not
add as much Gaussian noise at level 5 to an image. Curriculum learning was employed throughout the
training of the autoencoder such that at the start of training, the autoencoder was only learning how
to denoise images with less intense augmentations, but as the autoencoder improved, more intense
augmentations were given to the autoencoder.

After training the autoencoder, the autoencoder would then be tested on 3 test datasets that are based
on the Honda Research Institute driving dataset. The goal is to evaluate how well the reconstructions



are (that is, how well denoised the images are); however, in order to do this, a different metric is
used. This metric is the Mean Accuracy metric that was used in the previous sets of experiments
from above. The pipeline for experiments is: the augmented images from the clean, combined, and
unseen test sets are passed through the autoencoder being tested on, then the reconstructions are
passed through the Standard model, which outputs a steering angle prediction. The steering angle
predictions are then compared across the different autoencoder models being tested to see which
autoencoder was able to denoise the best.

The reasoning behind feeding the reconstructions through the Standard model is because each
autoencoder is trained to reconstruct the image such that the image is closer to the original (or clean)
image. The Standard model was trained on only clean images so for the experiments involving the
autoencoders, it is essentially being used as a black box. The Robust model was not selected to be
used for the pipeline due to the fact that it was trained with more than just clean images. While this
could have improved the overall results of the autoencoders, the goal was to evaluate the robustness
of just the autoencoders. Since the Robust model is already robust, it would have thrown off the
evaluation of the autoencoders. Also, all of the autoencoder models used Mean Squared Error (MSE)
loss, which results in reconstructions that are blurry. This means that some of the difference in
Mean Acurracy results could be from the blurriness from the reconstructions; however, all of the
autoencoders (while they may not have the same level of blurriness) return blurry reconstructions.

For this project, three autoencoder models were experimented/tested on. They are referred to as the
Simple AE, Resnet50 AE, and the SimCLR AE. More detail is given about them in the Experiments
section.

S Experiments

This section details the various experiments performed in both the tasks (robustness and denoising).
Three models each (Standard, Robust, and simCLR) on robustness task and (Simple AE, ResNet50
AE and SimCLR AE) denoising task are evaluated across different validation sets. For all results,
benchmark validation sets and the evaluation metric (Mean Accuracy) are obtained from [18].

Setup: Two standard ResNet-50 models were trained on a Intel core 19 — 11900K with 32G RAM
and a Nvidia-RTX 3070 GPU for 500 epochs whereas, two robust ResNet-50 models were robust
pre-trained for 400 epochs and fine-tuned for 100 epochs on a Intel core i7 — 11700K with 32G RAM
and a Nvidia-RTX 3080 GPU. The simCLR ResNet-50 model was pre-trained for 200 epochs in
Lambdalabs [1] cloud server with a Nvidia-RTX A6000 GPU and 100G RAM, it was fine-tuned for
100 epochs in a RTX 3080 for both the robustness and denoising tasks. Both the Simple AE and the
ResNet-50 AE were trained on Intel core i7 — 11700K with 32G RAM and a Nvidia-RTX 3080 GPU.
The SimCLR AE was trained using Google Colab with a Nvidia-Tesla P100 GPU with 16G RAM.
All AEs were trained for 50 epochs.

Model Mean Accuracy
Standard 95.01%
Robust 93.91%
SimCLR (ours) 90.72%

Table 1: Robustness task; mean accuracy of various models on clean validation set. The standard trained model
has the highest mean accuracy on clean validation set whereas the simCLR trained model has the lowest.

Results on robustness: From Table I} we observe that the Standard model (95.01%MA) outper-
forms Robust model (93.91% MA) and SimCLR model(90.72%) on clean validation set (no input
corruptions present). From Table 2l however, the Standard model performs the worst among the
three models in all possible combinations (six combinations of common input corruptions applied at
various levels), i.e., robustness achieved by Robust and simCLR models in combined perturbation set
comes at the cost of clean accuracy. The simCLR model outperforms others in combinations two,
three, and four, whereas the Robust model outperforms others in combinations one, five, and six.
In combinations one and six, the Robust model severely outperforms (> 30%) the simCLR model
whereas in combination five, it marginally outperforms by 5%.



Model Comb.1 Comb.2 Comb.3 Comb.4 Comb.5 Comb.6

Standard 86.84% 88.70% 90.82% 89.20% 88.76%  80.65%
Robust 94.91% 95.12% 90.65% 88.05% 94.86% 94.52%
SimCLR (ours) 58.17% 95.67% 91.64% 93.86% 89.82% 47.21%

Table 2: Robustness task; mean accuracy of various models on data with combined (seen) perturbations in
six different levels. SImCLR trained model performs the best in combinations 2,3, and 4 whereas, the Robust
trained model performs best in all other combinations.

From Table 3| on ImageNet-C based corruptions (seven naturally occurring corruptions applied at
five levels), simCLR model does not outperform Standard and Robust models in any combination of
corruptions. Except for Pixelate and JPEG Compression compression at levels one, two, and three
under all corruption schemes, the Robust model outperforms others. This result implies that the

Sn. Perturbation Levell Level2 Level3 Leveld Level5
Standard Motion Blur 92.85% 91.22% 89.04% 86.6% 85.12%
Zoom Blur 90.58% 89.35% 88.29%  87.7% 87.3%
Pixelate 94.22% 94.22% 93.84% 93.50% 93.22%
JPEG Compression  94.20% 93.74% 93.57% 92.80% 92.12%
Snow 78.48% 63.75% 62.67% 59.94% 67.08%
Frost 72.97% 76.55% 79.64% 79.54% 81.28%
Fog 75.35% 7427% 73.47% 73.39% 73.19%
Robust Motion Blur 9291% 91.63% 89.72% 87.56% 86.36%
Zoom Blur 92.28% 91.61% 91.07% 90.68% 90.41%
Pixelate 93.86% 9391% 93.76% 93.87% 93.91%
JPEG Compression  93.74% 93.58% 93.55% 93.27% 92.94%
Snow 88.95% 88.99% 89.90% 91.18% 90.24%
Frost 88.14% 89.71% 90.12% 90.64% 90.87%
Fog 86.88% 86.97% 86.64% 86.13% 85.78%
SimCLR (ours) Motion Blur 89.97% 89.08% 87.94% 86.23% 85.28%
Zoom Blur 88.53% 87.65% 87.01% 86.81% 86.66%
Pixelate 90.49% 90.49% 90.36% 90.30% 90.19%
JPEG Compression  90.58% 90.38% 90.42% 90.46% 90.33%
Snow 80.15% 82.72% 80.05% 76.40% 77.64%
Frost 81.64% 80.17% 78.710% 77.75% 75.87%
Fog 62.67% 56.49% 53.96% 55.22% 54.17%

Table 3: Robustness task; mean accuracy of various models on unseen perturbations at five levels. Out of the 35
total tests, Robust trained models perform the best in 29 and Standard trained models perform the best in 6.

Method Model e=001 €=002 e€=005 e€=0075 €e=0.1
FGSM  Standard 93.57% 91.11% 88.92% 85.58%  81.42%
Robust 92.39% 92.67% 92.78% 92.84%  92.82%
SimCLR (ours)  90.65% 90.26% 89.57% 88.35%  87.48%
PGD Standard 93.55% 91.05% 88.89% 85.96%  80.59%
Robust 92.52% 92.83% 93.07% 93.09%  93.28%

SimCLR (ours)  90.59% 90.26% 89.49% 88.36%  87.53%

Table 4: Robustness task; mean accuracy of various models on validation set with Adversarial Exam-
ples from FGSM and PGD in five levels. On both algorithms, Robust model performs the best at ¢ =
0.025,0.05,0.075, 0.1 whereas, Standard model performs best at e = 0.01.



simCLR pre-training approach did not significantly affect out-of-distribution performance at test time.
In addition, the simCLR model performed worse than the standard model at all levels in cases under
Fog.

Table [d] shows the mean accuracy when adversarial examples are crafted to the input images (from
the clean set) using the FGSM and PGD algorithms at five levels. Attack strength increases as we
move from the left column to the right; under both attack algorithms, the Standard model performs
the best under least attack strength (e = 0.01), whereas, for all other attack strengths Robust model
consistently maintains the highest performance within +1%. Further, the Standard model suffers
from the highest performance drop under a strong attack (accuracy drops to 81.42% under FGSM and
drops to 80.59% under PGD). In contrast, for the simCLR model, the performance drops to 87.48%
under FGSM and 87.53% under PGD at the same attack strength.

Results on denoising: For some context for the proceeding results, the Simple AE model is an
autoencoder that is comprised of a total of 10 layers: five layers for the encoder and five layers for
the decoder. It is labeled as Simple AE because of this simple architecture. It uses ReLU activation
for every layer except for the last layer where Sigmoid activation is used in order to get the values of
the output to be in the range [0,1]. The ResNet50 AE model is comprised of a ResNet50 encoder
and then a five layer decoder (the same five layers from the Simple AE). The SimCLR AE model is
composed of a pre-trained SImCLR ResNet50 encoder model and then the same five layer decoder
from the previous autoencoder models. The reasoning behind just switching the encoder models
is because SimCLR specifically results in a pre-trained ResNet50 encoder model. We wanted to
evaluate the impact of using this encoder model when it comes to the task of denoising, so in order to
make sure the experiments were fair, we just changed the encoder model being used and used the
same decoder for every autoencoder model.

The three autoencoder models were first evaluated on their ability to reconstruct the clean test dataset,
which can be seen in Table[5] This was to evaluate their ability to denoise and reconstruct images
that did not have any noise or augmentations to begin with. The Simple AE is able to denoise the
clean images the best. The SimCLR AE was able to do better than the ResNet50 AE meaning that
the pre-training could have helped with the autoencoder’s ability to denoise the image.

Model Mean Accuracy
Simple AE (ours) 88.89%
ResNet50 AE (ours) 86.32%
SimCLR AE (ours) 86.87%

Table 5: Denoising task; mean accuracy of various autoencoder models on clean validation set. The Simple AE
results in the best reconstructions of the images.

Model Comb.1 Comb.2 Comb.3 Comb.4 Comb.5 Comb.6

Simple AE (ours) 88.89% 77.30% 88.31% 86.29% 80.23% 84.61%
ResNet50 AE (ours) 83.16% 76.75% 84.38% 84.35% 83.92% 82.67%
SimCLR AE (ours)  84.40% 72.93% 86.41% 84.25% 70.53% 76.35%

Table 6: Denoising task; mean accuracy of various autoencoder models on data with combined (seen) per-
turbations in six different levels. The Simple AE performs the best on five of the combined datasets with the
ResNet50 AE performing the best on the remaining one combined dataset. The SimCLR AE is never the best on
any of them, but stays close to the other two models on a couple of the combined sets (for example, Comb.4 and
Comb.3).

On the combined datasets, the Simple AE is, once again, the overall best performing model. The
SimCLR AE model is able to perform better than the ResNet50 model on a couple of the datasets
(Comb.1 and Comb.3), but is never better than the Simple AE model. So overall, the SimCLR AE
model is not able to do as well as originally thought.

Finally, when it comes to the unseen datasets in Table[/] the Simple AE performed the best overall
and was able to outperform the other two autoencoder models on 25 of the unseen datasets. The



Sn. Perturbation Level1l Level2 Level3 Level4 Level5

Simple AE (ours) Motion Blur 88.53% 88.05% 87.18% 85.99% 85.10%
Zoom Blur 88.62% 88.30% 88.06% 87.86% 87.53%
Pixelate 86.82% 86.83% 86.76% 86.81% 86.78%
JPEG Compression 88.82% 88.81% 88.80% 88.91% 88.86%
Snow 86.53% 85.44% 85.46% 85.51% 85.54%
Frost 84.97% 84.70% 84.72% 84.45% 84.28%
Fog 79.76% 17.99% 76.84% 7631% 76.13%
ResNet50 AE (ours) Motion Blur 86.05% 85.78% 85.43% 84.79% 84.22%
Zoom Blur 86.25% 86.17% 86.05% 85.90% 85.78%
Pixelate 86.30% 86.28% 86.20% 86.30% 86.28%
JPEG Compression 86.29% 86.22% 86.30% 86.44% 86.38%
Snow 84.47% 81.50% 82.44% 80.01% 77.68%
Frost 81.98% 79.55% 7833% 78.66% 17.50%
Fog 85.14% 85.61% 83.06% 80.76% 78.88%
SimCLR AE (ours)  Motion Blur 86.52% 86.23% 85.82% 85.26% 84.69%
Zoom Blur 86.70% 86.62% 86.49% 86.39% 86.27%
Pixelate 88.82% 88.80% 88.80% 88.80% 88.77%
JPEG Compression 86.85% 86.83% 86.86% 86.91% 86.88%
Snow 82.61% 78.33% 78.75% 11.78% 77.84%
Frost 79.53% 82.59% 83.26% 8391% 84.13%
Fog 82.83% 82.11% 80.27% 78.72% 77.47%

Table 7: Denoising task; mean accuracy of various autoencoder models on unseen perturbations at five levels.
Out of the 35 total tests, the Simple AE model performed the best in 25, the ResNet50 AE model performed the
best in five, and the SImCLR AE model performed the best in five.

experiments on unseen augmentations is different from testing on the clean or combined datasets
because the autoencoder has never seen the augmentations being looked at. This means that the
autoencoders are having to denoise augmentations that it does not know anything about. The Simple
AE performed the best meaning that it was more robust to unseen augmentations compared to the
other two autoencoder models. When comparing the ResNet50 AE to the SimCLR AE, the SimCLR
AE performs better than the standard ResNet50 AE. It is able to outperform the ResNet50 AE in 25
datasets out of 35 datasets showing that the SImCLR pre-training can help improve performance;
however, that is only in the context of comparing a pre-trained SimCLR ResNet50 encoder to a
ResNet50 encoder with random initialization of weights. The fact that the SImCLR AE (and the
ResNet50 AE for that matter) were not able to overall outperform the Simple AE is disappointing.
There may be a need for further testing such as pre-training the Simple AE’s encoder using SimCLR
and comparing those results.

6 Conclusion

Following the promising results seen in other domains, in this project, we investigated the use of self-
supervised learning using the simCLR framework as a pre-training step on steering angle prediction.
Specifically, we examined whether pre-training would make both a Regressor and a denoising
Autoencoder (consists of Regressor as encoder) models robust against common and adversarial
corruptions. Unfortunately, the approach did not work as expected in this project; except for three
combined perturbation sets on the robustness task, we did not see any benefits of using the simCLR
pre-training approach. However, these results should only be considered preliminary because we
experimented with a small set of possible learning strategies and parameter settings. In the future,
we would like to broaden our investigations by implementing learning strategies such as longer
pre-training, using task-specific data augmentations, and widening the model architecture.
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7 Appendix

Adversarial Examples on Standard Trained model

Adversarial Examples from FGSM

£=0.025 £=0.05

Adversarial Examples from PGD

Clean Images £=0.01 £=0.025 £=0.05 £=0.075 £=0.1

Adversarial Examples on Robustness Trained model

Adversarial Examples from FGSM

Adversarial Examples from PGD
Clean Images e=0.01 e=10.025 £=0.05 £=0.075 =01

Figure 1: Clean images and their adversarial counterparts at various levels from FGSM and PGD.
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