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Fetal and Neonatal MRI and the Application of Learning-based Tech-
niques

Magnetic resonance imaging (MRI) of fetal and infant brains is an important tool to study the early brain development and
neurological disorders during development. However, because of the uncontrolled movement of the fetuses and infants, the
imaging and image processing is extremely difficult, and therefore, research in this direction is still quite preliminary. This
presentation will focus on 1) fetal brain imaging and image analysis technologies, including high-resolution 3D image acqui-
sition and reconstruction, fetal brain atlas generation, deep learning based fetal brain motion correction and brain age esti-
mation method; and 2) infant brain imaging and image analysis techniques, including optimization of infant brain imaging
sequence, asymmetric analysis of infant brain development, statistical models of brain development, etc. | will introduce the
frontier development in the field and the recent research and development achievements of our team.
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Researches on biomedical imaging method based on artificial
intelligence

In recent years, artificial intelligence technology has been widely applied in the field of biomedical imaging, including ac-
quisition, reconstruction, post-processing, etc., which promotes the development of biomedical imaging technology. In this
report, the speaker will introduce the latest research progress of artificial intelligence technology in the field of image recon-
struction and post-processing. The details are as follows: (1) Fluorescence molecular tomography (FMT) faces the bottleneck
of strong ill-conditioness and slow reconstruction speed. Instead of the traditional numerical iteration theory, the speaker
proposed a high-precision and ultra-fast reconstruction method based on deep learning theory, and used the powerful
fitting ability of deep network to improve the imaging accuracy, the efficient end-to-end computing mode to improve the
imaging speed; (2) The subtype classification of cancer is very important for clinical treatment, but the “gold standard” biopsy
technology has some problems, e.g.,, it is invasive and vulnerable to spatial heterogeneity. The speaker carried out medical
image analysis based artificial intelligence, and realized the non-invasive and overall classification of lung cancer based on

CT images.
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VR in Healthcare

“The benefits of Virtual Reality to healthcare can be summarized in a single word: revolutionary” Virtual reality (VR) has often
made such grand claims but the ‘true’ reality is that the current state of activity is still primarily research based, extremely
localized and often remote from routine practice. This work provides an overview and taxonomy of existing VR health appli-
cations, indicating those that are in the research domain and those that are used in practice. And summarized the state of art
of applications of VR in healthcare from the perspective of both theory development and implementation in practice.
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weakly supervised and unsupervised learning for medical image
analysis

3D medical image registration is of great clinical importance. However, supervised learning methods require a large amount
of accurately annotated corresponding control points (or morphing), which are very difficult to obtain. Unsupervised learn-
ing methods ease the burden of manual annotation by exploiting unlabeled data without supervision. In this article, we pro-
pose a new unsupervised learning method using convolutional neural networks under an end-to-end framework, Volume
Tweening Network (VTN), for 3D medical image registration. We propose three innovative technical components: (1) An end-
to-end cascading scheme that resolves large displacement; (2) An efficient integration of affine registration network; and (3)
An additional invertibility loss that encourages backward consistency. Experiments demonstrate that our algorithm is 880x
faster (or 3.3x faster without GPU acceleration) than traditional optimization-based methods and achieves state-of-the-art

performance in medical image registration.
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A Nonlinear Diffusion Equation-Based model and A Deep Learning-
Based model in Ultrasound Speckle Noise Removal

In this talk, | will introduce a nonlinear diffusion equation model and a deep learning-based model in Ultrasound Speckle
Noise Removal.

Ultrasound images are contaminated by speckle noise, which brings difficulties in further image analysis and clinical diagno-
sis. In this paper, we address this problem in the view of nonlinear diffusion equation theories. We develop a nonlinear diffu-
sion equation-based model by taking into count not only the gradient information of the image, but also the information of
the gray levels of the image. By utilizing the region indicator as the variable exponent, we can adaptively control the diffu-
sion type which alternates between the Perona-Malik diffusion and the Charbonnier diffusion according to the image gray
levels. Furthermore, we analyze the proposed model with respect to the the oretical and numerical properties. Experiments
show that the proposed method achieves much better speckle suppression and edge preservation when compared with the
traditional despeckling methods, especially in the low gray level and low-contrast regions.

The other denoising model is a deep learning model, based on a novel architecture with heavy-tailed distributions. Ultrason-
ic speckle noise obeys gamma distribution, which is a heavy-tailed distribution. To address the challenge that both the input
and output could be heavy-tailed, we propose a new loss function with the truncated minimization. Different from previous
studies that use the squared loss to measure the performance, the new loss function assigns different coefficients according
to the advantages of absolute loss and square loss. On one hand, truncated function is used to absolute loss to deal with the
heavy tail part of the noise. On the other hand, the square loss is used to smooth the noise. In addition, we used the ResNet
network framework for training. Numerical examples are presented to demonstrate the effectiveness and efficiency of the
proposed method. Experimental results show that the proposed model can handle multiplicative noise removal quite well.
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Intelligent Medicine Helps Improve the Quality of Life for the Hearing
Impaired

Both congenital and acquired hearing impairment are irreversible processes. Hearing loss has a serious negative impact on
the quality of life for hearing-impaired, which is an important global health problem. Cochlear implants, hearing aids and
other devices can provide certain hearing compensation for people with different levels of hearing loss, but the auditory
perception ability in complex environment cannot meet the requirements. With the emergence of artificial intelligence, in-
telligent hearing aid technology has brought hope to further improvement. This talk will begin with an introduction to the
process of auditory perception and the causes of hearing loss. Then, from the perspective of “intelligence + medicine’, the
intelligent expert system, machine learning, physiological signal detection and other technologies involved in remote care,
acoustic signal processing and condition monitoring are discussed.
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Ultrasound-guided ablation planning and postoperative evaluation
solution for liver cancer

Ultrasound-guided ablation therapy for tumors has become one of the principal means for the minimally invasive treatment
of liver cancer. However, due to the limitations of relatively low resolution and small field of view, the application of the ultra-
sound-guided ablation therapy is facing many challenges. Mindray has developed multi-modality fusion imaging technol-
ogy and mono-modal ablation planning and evaluation technology for clinical pain points. Multi-modality fusion imaging
can effectively fuse preoperative CT/MR images and intraoperative 2D ultrasound in real-time. The function of respiratory
compensation is able to correct the position change of liver caused by respiratory movement. Moreover, considering the
inconvenient acquisition of preoperative CT/MR images, the complexity of needle arrangement for large tumors and unsatis-
factory evaluation of postoperative ablation effect, the mono-modal ablation planning and evaluation can realize rapid and
accurate fusion of intraoperative 2D real-time ultrasound and 3D ultrasound volume data. The 3D virtual needle placement
planning and the auto-registration of preoperative and postoperative 3D contrast-enhanced ultrasound data can provide a

complete solution including intraoperative planning and postoperative evaluation for liver cancer.
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National open innovation platform of new generation Al in Medical
image
Tencent AIMIS is responsible for the construction of the National Open Innovation Platform of new generation artificial in-
telligence in medical imaging. At present, it has completed the development of data management, project management,
annotation tools and artificial intelligence development modules. Based on the power of Tencent cloud, the platform is now
online and open to the industry. Tencent AIMIS providing platform tools for the close collaboration of innovation companies,

hospitals and researchers, empower the medical imaging artificial intelligence ecosystem.
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Evidence-based Al empowers primary healthcare

Baidu Intelligent Healthcare came up with the concept of "evidence-based Artificial Intelligence (Al)" as its inception to in-
creasingly integrate Al technologies and medical science. Both "what" and "why" need to be elaborated, representing results
and explanations, respectively. On this basis, Baidu Intelligent Healthcare developed two product lines. The Clinical Decision
Support System (CDSS) products, which combine Al technology (e.g., natural language processing, medical knowledge
computing, and knowledge graph) with evidence-based medicine, build up the abilities to produce reliable and explainable
clinical decision recommendations. The intelligent medical image analysis products, which combine evidence-based archi-
tecture with interpretable deep learning algorithms, further strengthen the classification and grading of diseases. Today,
"evidence-based Al" has been widely recognized by the industry and has become a hot topic and driving force in the field.
This report takes these two products as examples to introduce the technical frameworks and practical experience behind the

vision of Baidu Intelligent Healthcare —— "evidence-based Al empowers primary healthcare.
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Medical data refers to the data generated during the patient's medical treatment. Electronic medical data facilitates the
storage and transmission of data, but when it is applied to specific fields such as real-world research, artificial intelligence
development, clinical decision support, etc., due to inconsistent data standards, poor data quality, and missing key data
items, etc. The application effect is often poor. Solving the above problems through technical ways, overthrowing or admin-
istrative intervention is often costly and ineffective. This Report will combine the speaker's practice in the actual construction
of high-quality medical data sets, and propose a construction idea of a high-quality data set driven by application scenarios
and clinical guidelines, aiming to build a low-cost, high-quality and sustainable application that meets the requirements of
professional fields Medical data set.
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Chinese expect consensus on pneumoconiosis data labeling
specifications and quality control (2020 edition)

Pneumoconiosis refers to occupational pulmonary disease with diffuse pulmonary interstitial fibrosis as the basic patholog-
ical change caused by workers' exposure to productive mineral dust during professional activities. It is the most important
and most harmful occupational disease in China. It is also the country with the largest number of pneumoconiosis patients
and the largest number of new cases reported annually. The consensus pointed out that China's artificial intelligence
industry is developing rapidly. The use of artificial intelligence technology to develop artificial intelligence products for
pneumoconiosis screening and development to pneumoconiosis diagnosis meets the requirements of scientific and tech-
nological innovation. Applying artificial intelligence to screening and diagnosis of pneumoconiosis can effectively improve
the reading efficiency of occupational disease diagnosis and grass-roots occupational health checkers, reduce manual read-
ing errors, and effectively perform quality control. The key to the development of a high-performance artificial intelligence
pneumoconiosis DR imaging system (three types of medical devices of the State Drug Administration) is to establish clear
artificial intelligence diagnostic standards for pneumoconiosis. Among them, the basic technical framework of Guan Jian is
the management of data sets and the quality control of annotation. Through research, practice, summary, discussion, and
improvement of data collection, screening, processing of DR chest radiographs and related information of pneumoconiosis,
and ideas, methods, and quality control processes for labeling the data, the standards for pneumoconiosis artificial intelli-
gence products (models) are set Good foundation, with a view to forming strict, reasonable, medical laws and technically
reachable product technical standards and specifications. To this end, the Chinese Society of Biomedical Engineering Medi-
cal Artificial Intelligence Branch of the Chest Imaging and Occupational Diseases Standards Group organized domestic pub-
lic health, occupational medicine and occupational diseases, respiratory diseases, medical imaging, artificial intelligence and
other experts on how to carry out pneumoconiosis chest DR data annotation and Special research and in-depth discussions
were conducted on quality control. Experts from all parties reached consensus on the collection, screening, quality control,
labeling content, standard methods, labeling rules, labeling process, and quality judgment of DR chest radiograph data for
pneumoconiosis.



