Blind-Spot Network for Self-supervsied InSAR phase filtering-Literature Review Zihao Wang * , Mingzhi Zhu † * University of Alberta. zihao17@ualberta.ca † University of Alberta. mingzhi4@ualberta.ca Abstract-Over the past few years, significant efforts have been made in-ground displacement detection domain using Interferometric Synthetic Aperture Radar (InSAR) technology. However, due to several factors, such as atmospheric change and undesirable material reflectance, the signals reflected by the ground and received by satellites are usually corrupted by noises. This paper will go through different serval existing solutions -Noise2Clean, Noise2Noise, Noise2Void and some relative existing methodologies. As a literature review paper, we will also review some papers that can potentially inspire our mind and improve our ongoing solution. In this way, we move one step further to optimize the InSAR project.

Index Terms-Convolutional Neural Networks , Image De-noising, Self-Surprised Learning, InSAR Image I. INTRODUCTION Image denoising is one of the most significant applications in the computer vision domain. In recent years, with deep neural networks flourish, several architectures have been proposed for image reconstruction and restoration tasks. Generally speaking, these models are based on supervised learning, which requires ground truth (target images) and noisy images (source images) for the purpose of model training.

In general, data acquisition could be complex and only corrupted data available. For InSAR images, This means we need to figure out some novel methodologies to let neural network learns only from the noisy data itself. This motivates the investigation of self-supervised training.

Our objective is to realize an InSAR image denoising end-to-end pip-line by only input noisy images and generate de-noised images as outputs.

We will firstly implement a blind-spot network on synthetic images to fine-tune and evaluate the model. Then we will use a simulator proposed by this paper [START_REF] Sun | Deepinsar-a deep learning framework for sar interferometric phase restoration and coherence estimation[END_REF] to generate InSAR data to train our model and optimize it using other algorithms like MDN if time permits.

Additionally, we are seeking the possibility of enhancement for our project result through literature review session. By going through the literature review, we will compare existing methods and conduct project enhancement. Our goal is to design a fast and reliable image denoising system at the end. Here is our summarized goal:

1) To develop an efficient image denoised model, A clear and denoised image can be generated with the trained model. 2) By doing literature review, any improvement would be acceptable. E.g. imagepreprocessing, model improvement, and more. 3) Compare with existing solutions, list our In-SAR project trained model advantages and possible future improvements.

II. MOTIVATION

The combination of computer vision and deep learning is the mainstream of our future work. As mentioned previously, image restoration and reconstruction tasks are widely applied in academic and industrial domains. As one of the critical branches, image denoising has a wide range of applications. This project has two creative points worth to be explored: Firstly, our project aimed at a particular and unique domain. In the last semester, we focused on the reconstruction of ultrasound images and generated promising results. The following articles each give our group plenty of tips on effectively developing high-definition, noise-reduced satellite images. And these articles are:

A. Image Noise2 Clean

Learning from PB-level noise InSAR by unsupervised learning. Increasingly, data acquired by SAR satellites and new interferograms can be generated.

B. Image Noise2 Noise

Based on the deep convolutional model, This points us to a path to eliminate noise from images and acquire clean data.

C. Image Noise2 Void

A new method that only requires a single nosy acquisition to train denoising CNNS, this powerful technique allows us to denoise InSAR images.

These projects are trying to figure out methodologies to fit in unique data sets and expand different fields' skill sets. Secondly and most importantly, this self-supervised denoising algorithm only requires noisy data and can be applied to a wide variety of research fields.

III. ITERATURE REVIEW

A. Noise2Noise Learning Image Restoration without Clean Data

Our thoughts mainly come from the following papers: Lehtinen, Jaakko, et al." Noise2noise: Learning image restoration without clean data." [START_REF] Lehtinen | Noise2noise: Learning image restoration without clean data[END_REF]. In this paper, they In this article -Noise2Noise Learning Image Restoration without Clean Data, the authors only used noisy data as input to train their model. While removing the need for clear images, they still need a pair of training images with different noise types, which helped them reconstruct the original signal. It is important to note that the authors do not use truth ground images to restore images but only corrupted images. At the beginning of the paper, the authors first illustrate that their method is feasible with the following formula.

argmin θ i L (f θ (x i ) , y i ) (1)
Once executability is proven. The authors start performing various image recovery and denoise tests. In the experimental stage, The authors apply Gaussian Noise and different Synthetic Noise to images. Later, the authors use Monte Carlo Rendering and Magnetic Resonance Imaging to perform further noise reduction tests. Through these experimental, the authors demonstrated that their Noise2Noise approach is feasible and that the authors can repair the complex corruption without clean data. This also gives us an extraordinary hint that we can reproduce the Noise2Noise method to restore InSAR images.

B. Noise2Void -Learning Denoising from Single Noisy Images Krull, Alexander, Tim-Oliver Buchholz, and Florian Jug. "Noise2void-learning denoising from single noisy images." [START_REF] Krull | Noise2void-learning denoising from single noisy images[END_REF]. The authors of this paper were inspired by the previous noise2noise method. The paper -Noise2Void inherits the Noise2Noise concept and goes a step further by eliminating the noise from images without clean target images. The principle of Noise2void is to train directly on the body of data that needs be denoised. Compare with Noise2Noise, Noise2Void does not require a pair of noised image or clear image, which was mainly up to the concept of "blind-spot". More specifically, when we use a single noisy image as input and target in normal convolution neural networks, the network will degenerate and learn as identity. Whereas in the blind-spot network, each pixel's receptive field excludes the pixel itself and predicts the pixel value from its surrounding values, preventing it from learning the identity, details can be seen in Fig. ??. It is a pity that they applied this method while training instead of realizing the blind-spot neural network. In this InSAR project, we are impossible to acquire a clear target image. Consequently, Noise2Void would be our one of the best option to denoise InSAR images.

C. Blind-Spot -High-Quality Self-Supervised Deep Image Denoising

The paper "High-Quality Self-Supervised Deep Image Denoising" proposed by Laine et al [START_REF] Laine | Highquality self-supervised deep image denoising[END_REF] raised a novel self-surprised methodologies to achieve image de-noising, similar to the noise2void algorithm, it did not require pairs of clean and noisy images and moreover, even did not require pairs of noisy data while training. This presented great advantages in the situation while lacking of data or pairs of images are unacceptable expensive. The authors were inspired by Noise2Void, which assumed that the noise was zero-mean and independent between pixels and thus predicted noise pixel value using surrounding context. What worth mentioning was that compared with masking scheme used by Noise2Void, the algorithm raised by this article truly implemented blind-spot network structure.

In their initial design, the blind-spot network structure combined four branches. Each has half of the input image(central pixels were excluded) and finally combined these branches with a 1x1 convolutional layer to obtain a receptive field in for direction while excluding the central pixel. While in practice, to save the computational resources, they rotated input images in 0, 90, 180, 270 degrees respectively, proposing a simpler architecture that generates similar result than the un-optimized version while avoiding the four-fold increase in training weight, which shown in Fig. 1 D. DnCNN -Beyond a gaussian denoiser: Residual learning of deep CNN for image denoising This paper, "Beyond a gaussian denoiser: Residual learning of deep CNN for image denoising" proposed by Zhang et al [START_REF] Zhang | Beyond a gaussian denoiser: Residual learning of deep cnn for image denoising[END_REF], took one step forward by raising a feed-forward denoising convolutional neural networks (DnCNNs) for image de-noising based on the concept of discriminative model learning. What worth mentioning was that they implemented residual learning and batch normalization to speed up training process also improved performance. Comparing with other end-to-end de-noising pip-line which outputs the de-noised image, their proposed network architecture was designed to predict the residual images, more precisely, the noisy observation and the latent clean image, and the latent images was eliminated by the operations in hidden layers. What was more, batch normalization was applied to improve the performance of model.

E. An Unsupervised Generative Neural Approach for InSAR Phase Filtering and Coherence Estimation

In this paper "An Unsupervised Generative Neural Approach for InSAR Phase Filtering and Coherence Estimatio" [START_REF] Mukherjee | An unsupervised generative neural approach for insar phase filtering and coherence estimation[END_REF], the authors propose an InSAR phase filter and coherence estimator. Learning from PB-level noise InSAR by unsupervised learning, the authors manage to generate new interferograms to improve the InSAR machine's performance. This highly scalable GPUbased filter can help users monitor a wide area of the Earth's surface to detect any potential disasters, such as forest fires, tsunamis, etc.

F. Potential Improvement Images Pre-process

In order to capture large area of images, pictures are taken with the fish lens which caused barrel distortion [START_REF] Basu | Modeling fish-eye lenses[END_REF]. Since InSAR images are susceptible with input image quality, a lousy calibration camera output could cause terrible quality and noise images. The low resolution and distortion images seriously affect the final image output. In 1995, A. Basu presented a way to actively calibrate cameras to improve overall image quality [START_REF] Basu | Active calibration of cameras: theory and implementation[END_REF]. To achieve this goal, the camera can be mounted on an active platform. Only a scene with strong and stable edges is needed. The outcome is excellent with an active calibration camera. This technique cannot be applied in this InSAR project since the proposer already provides the noise images. However, it would be nice to have a similar approach when images were taken. After the photo is taken and needs to be transmitted back to the headquarter, image compression is required for image data transmission. In the papers, Enhancing Videoconferencing [START_REF] Shen | Qoe-based multi-exposure fusion in hierarchical multivariate gaussian crf[END_REF] and Variable Resolution Teleconferencing [START_REF] Basu | Variable resolution teleconferencing[END_REF] present a way to transmit data with a high compression ratio (98.56%) while keeping SNR only to 47.23 [START_REF] Basu | Enhancing videoconferencing using spatially varying sensing[END_REF]. With the Variable resolution technique, users can receive high-quality images while they have limited computing resource [START_REF] Basu | Videoconferencing using spatially varying sensing with multiple and moving foveae[END_REF]. Once the photos are received, the image's quality becomes substantial. Quality of Experience(QOE) Based MAP-HMGCRF fusion method can apply to the images to improve the overall image quality. As Satellite images, the images are captured by the Fig. 1: Blind-spot architecture and optimized version [START_REF] Laine | Highquality self-supervised deep image denoising[END_REF] devices for displaying large areas. Although the fish lens can increase the Coverage of the site, that is far from enough. Panoramic image can be applied and reassemble image into Panoramic photo. In computer vision, Panoramic images are generally Capturing a panoramic (360°) field-of-view with optical systems [START_REF] Fiala | Hough transform for feature detection in panoramic images[END_REF]. InSAR images can use this panoramic technique to merge multiple images as one.

G. Review Of Image Processing Method In Industrial Application

In this section, I will introduce some traditional image processing-based methods for de-noising in industrial applications. This paper, "NOSE SHAPE ESTIMATION AND TRACKING FOR MODEL-BASED CODING" [START_REF] Yin | Nose shape estimation and tracking for model-based coding[END_REF], to made facial feature detection less influenced by noise, they proposed a two-stage region-growing algorithm, more precisely, global region growing, which was used to localize the most significant features while ignoring the size information. And local region growing, where the region information was estimated. Similar to our project, tackling noise issue for soecial images, more precisely, ultrasound images in this paper "Segmentation of Arterial Walls in Intravascular Ultrasound Cross-Sectional Images Using Extremal Region Selection" [START_REF] Faraji | Segmentation of arterial walls in intravascular ultrasound cross-sectional images using extremal region selection[END_REF], normally, those IVUS images were corrupted by speckle noise, before features being extracted, non-linear median operator was applied to filter the IVUS images, and similarly, paper "Stereo Matching Using Random Walks" [START_REF] Shen | Stereo matching using random walks[END_REF] also applied this algorithm to smooth images. In this paper, "Enhancement of low visibility aerial images using histogram truncation and an explicit Retinex representation for balancing contrast and color consistency" [START_REF] Liu | Enhancement of low visibility aerial images using histogram truncation and an explicit retinex representation for balancing contrast and color consistency[END_REF] for foggy images enhancement and recovery, to get rid of the degeneration caused by noise, the authors invert and convert the two parameters into MSRCR domain. In this paper, "Generalized Random Walks for Fusion of Multi-Exposure Images" [START_REF] Shen | Generalized random walks for fusion of multi-exposure images[END_REF], experimental images were corrupted by white Gaussian, they firstly using the steerable pyramid transform to decompose into subbands and then employed Bayesian least square estimation and Gaussian scale mixture model to denoised each subband to get better performance. Instead of using a filter, this paper [START_REF] Shen | Qoe-based multi-exposure fusion in hierarchical multivariate gaussian crf[END_REF], weight pixels' contrast by the background luminance to suppress noise. There are also several image evaluation function summarized and mentioned by this paper [START_REF] Guo | Subjective and objective visual quality assessment of textured 3d meshes[END_REF].

IV. CONCLUSION In the current stage, our team managed to reproduce Self-Supervised Deep Image Denoising, and the result output is obvious and fabulous. As discussed above, there are many methodologies and improvement could be made to our ongoing project. The majority challenge is to improve the PSNR of images and results. In this paper, a number of literature are reviewed and discussed. However, an industrial-strength InSAR image denoise system is complicated to achieve. We are greedy to look for better methodologies to improve our InSAR project. With more literature review and research, our team thinks some improvements can be made. We will continuously investigate in our future research to continue to fulfill project expectations and goals.