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Abstract: In the daily operation process of airlines, aviation machinery maintenance and inspection work play an important
role. At present, the quality of life of the people in our country is constantly improving. In daily travel, we have not only used
cars, trains and other means of transportation, but also started to choose airplanes as the first choice in a higher frequency. In
recent years, with the improvement of living standards, more and more people choose to travel during holidays. Therefore,
the traffic volume of aviation aircraft is increasing year by year, but it also increases the risk of aviation aircraft failure, so it
is particularly important to do a good job in the maintenance and inspection of aviation machinery. In this paper, according to
the current situation of aviation machinery maintenance and inspection, put forward targeted improvement measures to ensure

the safety and stability of China’s aviation aircraft operation.
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1. Introduction

The continuous development of science and technology has also promoted the development of aviation
enterprises. Aircraft is an important tool for people to travel, so it is necessary to guarantee the safety of
aircraft operation. Nevertheless, the aviation aircraft in the daily operation of the problem will also occur,
the need to carry out aviation machinery maintenance and inspection work. Therefore, aviation enterprises
need to strengthen the maintenance and inspection of aviation machinery, improve the safety of aircraft
flight, so as to ensure the safety of people’s travel, and promote the healthy development of China’s aviation
industry.

2. Aviation machinery maintenance inspection status

2.1. Maintenance personnel operating level is low

Social and economic development, also gradually innovative flying chess manufacturing technology. In the
actual manufacturing stage, mechanical equipment involves a wide range of knowledge, and in the process
of aviation machinery maintenance and inspection, staff need to constantly improve their professional skills
to meet the needs of aviation machinery maintenance and inspection. However, in view of the current status
of aviation machinery maintenance and inspection, the professionalism of talents needs to be improved.
The aviation enterprises do not clearly divide the responsibilities of maintenance work, which reduces the
overall level of maintenance work and fails to guarantee the quality of aviation machinery equipment. For
example, for the electrical equipment of aviation aircraft, professional operators need to be deployed in the
operation and maintenance stage. Low-level maintenance personnel are only engaged in simple
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maintenance work, and cannot repair mechanical and electrical equipment. Therefore, it will increase the
harm of mechanical and electrical equipment maintenance, and seriously threaten the safety of subsequent
flights.

2.2. The reserve of maintenance equipment is not sufficient

Maintenance equipment mainly includes aircraft maintenance tools and mechanical parts. In the process of
aviation mechanical maintenance inspection, faces the problem of insufficient maintenance equipment
reserves. The lack of certain maintenance tools, because of the space shuttle fault has diversified
characteristics, different fault needs to use different maintenance tools, but because of the lack of some
tools, it can’t meet the demand of maintenance. Therefore, to extend the time of maintenance and reduce
the maintenance quality, the mechanical parts were not enough, as the mechanical parts were used during
the shuttle maintenance phase, and the old parts had to be replaced with the new parts. However, in the
process of repairing the shuttle, mechanical parts are not sufficient enough to be replaced in time, which
affects the aircraft’s production flight and increases the working pressure of maintenance personnel.

2.3. The maintenance operation is not standardized

In the process of aviation machinery maintenance inspection, maintenance staff usually carry out
maintenance work according to work experience. However, some maintenance personnel bear the heavy
workload, because of the unreasonable arrangement of work content, resulting in the aviation machinery
maintenance and inspection work is too chaotic. In addition, in the maintenance and inspection stage of
aviation machinery, although the maintenance procedures were established in the early stage, they were not
updated in time in the follow-up work. As the number and type of aviation machinery equipment increased,
the initial construction workflow and system could not meet the requirements of maintenance work.

2.4. The maintenance system is not perfect

The guarantee of aviation machinery maintenance and inspection work is the maintenance system, but in
practical work, aviation enterprises do not have a reasonable arrangement of maintenance tasks, leading to
maintenance personnel to bear greater work pressure, not only need to clean up the space shuttle, but also
to deal with aircraft failure. In addition, the inspection time arranged by aviation enterprises is unreasonable,
which leads to the lack of reference for the actual work of maintenance personnel. Simultaneously, the
number of maintenance times will be reduced, thus increasing the safety risks in the flight process of aircraft.

3. Common methods for maintenance and inspection of aviation machinery

3.1. Direct inquiry method

If aircraft mechanical failure happened will not be able to continue running, maintenance and repair
personnel can use direct query method of the aviation machinery breakdown, keepers need and maintenance
personnel and communication. Furthermore, the aircraft mechanical equipment running status, integrated
all aspects of information, accurate judgment aircraft mechanical failure, and corresponding treatment
measures are put forward

3.2. Intuitive visual method

Intuitive visual method is mainly to use the intuitive experience of staff to check aircraft mechanical
equipment, staff need to fully understand the layout and connection of aircraft parts, through observation
to determine the location of failure. First of all, it is necessary to determine the equipment failure by
combining the mechanical state, etc. Secondly, it is necessary to determine the abnormal problem by
combining the movement speed of the equipment, and finally, it is necessary to determine whether the water
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and pollution inside the equipment occur by combining the mechanical seal. In addition, it is necessary to
comprehensively check the operating state of the switch device.

3.3. Touch judgment method

Maintenance personnel use body parts to contact the mechanical equipment to feel whether the temperature
of the equipment is normal. For example, in the normal working state, the temperature of the mechanical
power adjustment tube is not obvious, while the temperature of the motor and the temperature of the
transformer should be within 70°. The maintenance personnel use the touch judgment method to find the
overheating problem, which indicates that the mechanical circuit has a problem, and it is necessary to
arrange professional personnel to timely repair the problem.

4. Improvement countermeasures for the maintenance and inspection status of aviation machinery
4.1. Build a professional team

The continuous development of science and technology has gradually improved the technical level and
types of aviation aircraft, so it has also improved the professional level of aviation machinery maintenance
and inspection. Aviation enterprises need to establish a professional aviation machinery maintenance and
inspection team. Aviation enterprises need to comprehensively improve and assess the professional
knowledge and skills of the mechanical maintenance team, maintain and maintain the aviation machinery
normally, and comprehensively improve all work links to avoid secondary damage to the aircraft due to
human factors. At the same time, we need to arrange a professional maintenance team to update the
maintenance equipment, and use advanced equipment to complete the maintenance and inspection of
aviation machinery, so that the quality of aircraft maintenance can be improved.

Aviation machinery maintenance and inspection work is related to the safety of aircraft flight, so
maintenance personnel need to maintain a high sense of responsibility. Aviation enterprise need for
maintenance personnel to carry out ideological education, regularly carry out safety education, to make it
clear their work responsibilities, establish maintenance personnel post cultural awareness and
consciousness of safety work, reduce the incidence of human error, not only can improve the
professionalism of maintenance personnel, at the same time can enhance the level of aviation mechanical
maintenance inspection.

4.2. Increase the reserve of maintenance equipment

Aviation enterprises need to ensure maintenance equipment reserves. Therefore, aircraft maintenance needs
can be met to save maintenance time and improve overall work efficiency. On one hand, aviation enterprises
need to reasonably add maintenance tools to effectively maintain aviation aircraft. Aviation enterprises
need to purchase maintenance work according to work requirements, to comprehensively solve the
problems of failure, and improve the safety of aviation aircraft operation. On the other hand, need to add
reasonable mechanical parts as mechanical components are important parts of aircraft maintenance. Thus,
aviation enterprises need to purchase a variety of mechanical parts, in order for timely maintenance.
Additionally, they should pay attention to regular supplement mechanical parts at the same time, avoid
because components are not enough to affect the actual work progress, this allows to reduce the
maintenance personnel work pressure.

4.3. Enhancing technical support

Aeronautical aircraft have been constantly updated in recent years; thus, the aviation machinery
maintenance inspection team has to learn new knowledge and skills constantly. Aviation enterprises need
to organize regular training work to provide professional maintenance courses for mechanical maintenance
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personnel. At the same time, they can take foreign exchanges and study, or hire professional experts to
carry out knowledge lectures. Due to the particularity of aircraft equipment, some failures may be returned
to the factory for maintenance, thus increasing the maintenance time and expenses. In order to improve the
quality of aeronautical machinery maintenance and inspection work, maintenance personnel need to be
trained to repeatedly operate and train important and difficult problems, so that actual faults can be solved
efficiently.

4.4. Improve the maintenance system

Aviation enterprises need to improve the maintenance system of aviation machinery, improve the speed of
aircraft maintenance, and ensure the safety of aircraft operation. On one hand, maintenance tasks need to
be reasonably arranged, and maintenance time needs to be increased to reduce the work pressure of
maintenance personnel, so that they can complete the maintenance tasks in an orderly manner. In each
maintenance work, aviation enterprises should pay attention to the arrangement of more than two
maintenance personnel, thereby to improve the level of aviation machinery maintenance. At the same time,
it is necessary to formulate scientific operating standards, reduce the difficulty of maintenance work, and
successfully complete the maintenance and inspection tasks of aviation machinery. On the other hand, it is
necessary to stipulate the inspection time to prevent the failure of aviation machinery through inspection
work. Aviation enterprises need to establish different time levels and arrange maintenance personnel to
check the space shuttle regularly to reduce the incidence of failure and improve the stability of the operation
of the aircratft.

5. Conclusion

Aiming at the current situation of aviation machinery maintenance and inspection, this paper puts forward
targeted improvement countermeasures, whereby to enhance the level of aviation machinery maintenance
and inspection, ensure the stability of aviation aircraft, and improve the safety of people’s travel.
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Abstract: In recent years, self-supervised learning which does not require a large number of manual labels generate supervised
signals through the data itself to attain the characterization learning of samples. Self-supervised learning solves the problem
of learning semantic features from unlabeled data, and realizes pre-training of models in large data sets. Its significant
advantages have been extensively studied by scholars in recent years. There are usually three types of self-supervised learning:
“Generative, Contrastive, and Generative-Contrastive.” The model of the comparative learning method is relatively simple,
and the performance of the current downstream task is comparable to that of the supervised learning method. Therefore, we
propose a conceptual analysis framework: data augmentation pipeline, architectures, pretext tasks, comparison methods, semi-
supervised fine-tuning. Based on this conceptual framework, we qualitatively analyze the existing comparative self-supervised
learning methods for computer vision, and then further analyze its performance at different stages, and finally summarize the

research status of self-supervised comparative learning methods in other fields.
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1. Introduction

Deep neural networks have the ability to learn rich patterns from a large number of data, and are widely
used in most computer vision supervision tasks, such as image classification '}, semantic segmentation [*-
31 natural language Processing [6*), graph learning 'Y, etc. However, supervised learning relies on
millions of labeled data samples and is vulnerable to generalization errors, false associations, and
adversarial attacks. Self-supervised learning has received widespread attention due to its data efficiency
and generalization ability, and many advanced models are following this paradigm.

Self-supervised learning does not involve manual labeling. It uses an excuse task to mine the supervised
signals of the data from large-scale unlabeled data, and applies the learned representation information to
downstream tasks. It belongs to a branch of the field of unsupervised learning. At present, self-supervised
learning methods are mainly divided into three types: “Generative, Contrastive, and Generative-
Contrastive.” The details are shown in Figure 1. Their main difference lies in the discriminator, potential
distribution z, loss function and so on.

For computer vision, the comparative self-supervised learning method is a distinguishing method,
which realizes the learning of unlabeled data by grouping similar samples closer together and different
samples grouping further away. Comparative self-supervised learning has a simple structure, and its
performance is comparable to supervised learning. Therefore, we collect the self-supervised comparative
learning methods of visual representation in recent years, and analyze the current methods in detail based
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on the conceptual analysis framework we proposed. In short, the main contribution of this article is:
(1) Propose a conceptual analysis framework for the CSL method, realize the hierarchical analysis of
the existing technology, and intuitively understand the difference of the CSL method.

(2) Provide a detailed and up-to-date review of self-supervised comparative learning methods for
computer vision. People can easily grasp the cutting-edge ideas in this direction.

(3) On this basis, we analyze the comparative analysis of the quantitative performance of the existing
technology in the public data set.

(4) Discuss the current self-supervised comparative learning methods for natural language processing
and multi-modal learning related technologies, discuss and analyze future development directions,
etc.

i Loss Function
Generative:

= Reconstruction Loss

Encoder
130330

Contrastive :

L)
Contrastwe Loss

Projection

Generative-Contrastive :

Distributional Divergence

Figure 1. Architecture comparison of Generative, Contrastive, and Generative-Contrastive

2. Contrastive self-supervised learning methods

At present, the comparison of self-supervised learning pipelines is usually shown in Figure 2. The
augmentation processing of the original sample is a positive sample, while the remaining samples in the
batch and data set are considered as negative samples, and the difference learning between positive and
negative samples is learned by solving the pretext task. In the process of the pretext task, the model learns
the representations in the training set, and then transfers to other downstream tasks after fine-tuning.

This paper is based on the process of comparative learning method and the research of comparative
self-supervised learning methods in recent years, as shown in Table 1. At the same time, in order to
facilitate the qualitative analysis of the differences between different methods, a new conceptual analysis
framework is proposed, including five parts: Data augmentation pipeline, architectures, pretext tasks,
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comparison methods, semi-supervised fine-tuning.

Data
Augmentation

Contrastive

ConvNet —® Pretext Task [——P Learning
L »! Fne-tunin | .| Downstream

9 Task

Figure 2. Pipeline based on contrasting self-supervised learning methods

Table 1. Comparison of existing methods.

Method Architectures | Pretext tasks Comparison NS PS
Relative
RelativePosition [*] - postion - -
prediction
Jigsaw + Spatial relations
CDJR 12 End-to-end Inpainting (Context- X X
+ Colorization Instance)
PIRL [2!] Memory bank Jigsaw X J
Rotation
RotNet i Prediction i i
Deep InfoMax 1] End-to-end X X
AMDIM 24 End-to-end MI Belonging x J
CPC 23] End-to-end Maximization (Context- X X
Instance)
DeepCluster [2°] - - -
Local Aggregation 7] - - -
ClusterFit 18] - Cluster Similarity - -
SwAV %] Clustering discrimination (Instance- - J
SEER 30 End-to-end Instance) - ~
InstDisc B! Memory bank X x
CMC B2 End-to-end X J
MoCo 1] Momentum X X
MoCo v2 33 Momentum X J
SimCLR [ End-to-end x J
InfoMin 34 End-to-end Instance Identity x J
BYOL 135 End-to-end discrimination (Instance- o J
ReLIC B3¢ End-to-end Instance) x J
SimSiam P71 End-to-end no J
Note: For symbols in “NS” and “PS”: “-” means not applicable, “x” means not adopted, “ v ”” means adopted; “no” particularly

means not using negative samples in instance-instance contrast.
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2.1. Data augmentation pipeline

The purpose of the data augmentation pipeline is to generate anchor points, positive and negative samples,
which maintain the same underlying features as the original samples. In the field of computer vision, there
are two common data augmentation methods, one is the data augmentation of image processing technology,
and the second is the data augmentation algorithm based on deep learning. SimCLR 7} demonstrated the
positive impact of correct data augmentation pipeline on performance.

The augmentation pipeline in AMDIM [ uses random flipping, image jitter, normalization of mean
and standard deviation, etc. The augmentation pipeline is randomly applied twice to generate positive
samples, and applied once to negative samples. The author of InfoMin 4 first proposed an unsupervised
method of minimizing the mutual information between views to increase the number of positive samples,
and combing with a semi-supervised method to find views that only share label information to prevent the
loss of predicted label information. This method is about 2% higher than MoCov2. BYOL 3! only uses
positive examples, using a random image augmentation channel similar to SimCRL.

2.2. Architecture

The contrastive learning method relies on the calculation of the similarity of negative samples, which can
be regarded as a dictionary lookup process. The size of the dictionary is different for different architecture,
and it is usually divided into four structures: end-to-end, memory bank, momentum encoder, and clustering.
As shown in Figure 3.

CLUSTER

PREDICTION
contrastive loss contrastive loss contrastive loss P
q '

T T fcodes?

A
[

F { \ l (_' (prototypes)

q K

q k q k q k
4 A
| |

T t t 1 t i
Encoder (Q) Encoder (K) | Encoder (Q) Sam; " Encoder (Q) MS?CZZ‘;"' Encoder (Q) Encoder (K)
t t t 1 t t t
« Xk xa Memory Bank xa Xk «d Xk
(a) End-to-End (b) Memory Bank (c) Momentum Encoder (d) Clustering

Figure 3. Different architecture in contrastive learning method

The end-to-end is a complex learning system that uses gradient learning, and all modules are
differentiable. The original image and its augmentation image are positive samples, and other samples in
the same batch are negative samples. Its structure is simple, suitable for large-scale, large-epoch use. The
number of negative samples is related to the batch size. However, the batch size is limited by GPU memory,
[15] pointed out this structure needs to be optimized in small batches.

SimCLR [ uses 4096 batches to process 100 epochs. The structure is shown in Figure 4., including
image augmentation pipeline, encoder, projection, similarity calculation, and InfoNCE loss function. It
adopts the two-mapping structure of encoder and projection, the upper and lower branches are symmetrical,
and the two can share parameters. Oord et al. °! proposed another popular end-to-end architecture. They
used a powerful autoregressive model and contrast loss to predict the future of the latent space and learned
the feature representation of high-dimensional time series data [20-23:24.30:32.34-37]
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Augmentation
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Figure 4. End-to-end in SimCLR

It was proposed to use the repository to save all the features of the image and provide negative samples

during training '), This structure solves the problem of excessive batch processing, but it consumes a lot
of memory, its updates are slow and the complexity of update calculations is high.
The structure of PIRL [*'is shown in Figure 5. The storage library M contains the feature representation
of each sample, which is convenient to provide sufficient negative samples and provide an intermediate
benchmark between the original image and the changed image, and it is updated in a moving average
manner B!,

] | v f(vr)
¥—> 9 \ress >I | }--f——__ Dissimilar

t
I g(vye)

4\ Similay,’
!——m res5S ) _—r_
_:/ ) I Dissimilar

M Memory Bank

Figure 5. PIRL’s memory bank

The momentum encoder generates a dictionary as a queue of encoded keys, and adopts the momentum
update method to realize that the dictionary keys are dynamically defined by a batch of data samples during
training. This structure further solves the problem of the memory bank.

The structure of MoCo V2 33! is shown in Figure 6., similar to SimCLR. The parameters of the upper
branch model of MoCo V2 are updated by backpropagation gradient, and the parameters of the lower branch
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model is updated using Formula 1., and the upper and lower branches do not share parameters.

Formula 1. § — M § -+ (1 — N )‘9

Among them, # are the model parameters of the upper branch structure, $are the parameters of the
lower branch structure model, m and are the adjustment parameters of the weight. Usually m will take a
larger value. Compared with the upper branch parameter, the lower branch parameter changes slowly and
steadily, and iterates from the random value to the optimal value bit by bit 6],

Data
Augmentation

Data
Augmentation

Figure 6. Momentum encoder used by MoCo

The clustering follows an end-to-end approach, where two encoders share parameters and use a
clustering algorithm to group similar features together. This structure implicitly solves the problem that in
the Instance-based learning method, the comparison of different samples of the same class within the same
batch cannot be achieved. The typical method SWAYV of this structure, its structure is shown as in Figure
7.

h; z: q;
fe YGe
-~
<
Swapped
- - f Prediction
s

image x

|
Jopodu3
K

|
10}08(014
I ¢ [

fe ‘ ge
Figure 7. Clustering used by SWAV
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2.3. Pretext tasks

The pretext tasks a self-supervised task, which automatically generates pseudo-labels based on the attributes
found in the data to achieve characterization learning. Commonly used pretext tasks are mainly divided
into four categories: color transformation, geometric transformation, context-based and view prediction
(cross modal-based). Currently, cross modal-based commonly used the learning of video representations.
Research has shown that it is necessary to choose the appropriate pretext tasks according to the problem to
be solved. At the same time, different pretext tasks also affect the way of subsequent characterization
extraction and comparison.

Color transformation involves the basic adjustment of image color levels, such as blur, color distortion,
grayscale conversion and so on. Geometric transformation is a spatial transformation that modifies the
geometric shape of an image without changing its actual pixel information, such as zooming, random
cropping, flipping etc. The purpose of those transformation used as pretext tasks is usually to restore, such
as relative position prediction, rotation prediction and so on. RotNet 1?2 is the prediction of the rotation
angle based on the transformation of rotation.

For computer vision, context-based often include puzzles, future predictions and so on. PIRL ! yses
puzzle as a pretext task, the original image is the anchor point, the image after the position transformation
is the positive sample, and other images in the batch are considered as negative samples [*!, CPC [*]
research shows that high-dimensional data is compressed into a compact low-dimensional potential
embedding space. A powerful autoregressive model can summarize the information of the potential space
and generate a potential context representation. Based on the distributed vector of its composition, the
maximum Ground retains the mutual information of the original signal.

2.4. Comparison method

2.4.1. Characterization extraction method

At present, the comparative learning framework is divided into context-Instance comparison and Instance-
Instance comparison. Context-instance comparison focuses on the attribution relationship between the local
features of the modeling sample and the global context. The Instance-Instance comparison directly studies
the relationship between instance-level local representations of different samples.

Context-instance comparison methods can usually be divided into two types: comparison based on
spatial relations and comparison based on belonging. Three typical spatial relationship comparison methods:
predict relative position %), rotate 22! and solve puzzles 2!, The comparison method based on the
attribution relationship focuses on the relationship between the local view and the global view of the sample,
and solves it with the help of mutual information. Deep InfoMax [*¥lis the first method to explicitly model
mutual information through comparative learning tasks, which promotes the development of self-
supervised learning. AMDIM 24 enhances the positive correlation between a local feature and its context.
The comparison Instance-Instance method mainly includes two categories: comparison method by
clustering and comparison method by identity [26:4%-31],

DeepCluster ! first uses clustering to generate pseudo-labels. The training process is mainly two steps.
The first is to cluster through clustering algorithms. Class, each sample generates a pseudo-label, the second
is that the discriminator predicts whether two samples are from the same cluster and backpropagates to the
encoder. SWAV 2! introduced online clustering ideas and multi-view data augmentation strategies into
clustering discrimination methods. The prototype is InstDisc P!l with the comparison method by identity.
Later, the research of this method focuses on the selection of positive and negative samples. Based on
InstDisc, CMC ¥ proposed to take multiple different views of one image as positive samples, and the other
image as negative samples. MoCo !9 proposed a way through momentum encoder. SimCLR "7 proposes
to add a nonlinear Projection transformation between representation and comparison to achieve the
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extraction of lower-level information. InfoMin *# chooses views with less mutual information to achieve
better enhanced views and achieve an increase in positive samples. BYOL 33! abandons negative samples
and proposes a new architecture that uses an exponential moving average strategy to update the target
encoder.

2.4.2. Similarity measure and loss function

The measure of similarity is to measure the closeness of the embedding between two samples. The
commonly used similarity measure is the cosine similarity (as shown in Formula 2.), which serves as the
basis for different contrast loss functions.

AB
A B 1]

The loss function uses contrast positive-negative samples to express learning ability, and is defined as
a combination of positive and negative scores that reflect learning progress. Commonly used loss functions
are NCE '8 InfoNCE %%, triplet loss 21,

Formula 2. COS Sim(A, B) —

2.5. Semi-supervised fine-tuning processing

Improve the self-supervised learning model and improve the ability to extract data representations, but in
order to transfer to downstream tasks, we need more or less tags. In order to narrow the gap between self-
supervised upstream tasks and downstream tasks, semi-supervised learning is usually used.

Analysis based on the contrast self-supervised learning method is beneficial in many downstream vision
tasks, but it cannot improve the target detection task in COCO 2], Studies have found that the improvement
of pre-training and self-training contributes to performance from different perspectives [*!. It is found that
ResNet-50 uses 10% of the ImageNet label, which can surpass the supervised label of joint pre-training and
self-training 4], Therefore, for self-supervised comparative learning, a three-step framework is proposed:

(1) Do self-supervised pre-training as SImCLR v1, with some minor architecture modification and a

deeper ResNet.

(2) Fine-tune the last few layers with only 1% or 10% of original ImageNet labels.

(3) Use the fine-tuned network as teacher to yield labels on unlabeled data to train a smaller student
ResNet-50.

The success in combining self-supervised contrastive pre-training and semi-supervised self-training
opens up our eyes for a future data-efficient deep learning paradigm. More work is expected for
investigating their latent mechanisms.

3. Image representation learning performance analysis

In order to evaluate and compare the performance of self-supervised learning, it is usually analyzed from
two aspects: the effectiveness of the pretext task and the specific performance of the downstream task.
Assessing the effectiveness of the pretext task is usually analyzed by kernel visualization, feature map, and
nearest neighbor-based methods. For example, attention maps generated from different layers of the
encoder can be used to evaluate whether the excuse task is effective, as shown in Figure 8.

In the downstream task, image classification, most methods use two commonly data sets of ImageNet
and Places to evaluation. In terms of target detection, the Pascal VOC data set is often used to evaluation.
The performance of these methods is better than the best supervised models.

As shown in Table 2., without considering the proportion of batch size, epoch and the number of semi-
supervised fine-tuning labels, the current method's classification performance on ImageNet and the
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performance of target detection on Pascal VOC are roughly counted. At present, the top-1 classification
accuracy on the ImageNet dataset based on the comparative self-supervised learning method is comparable
to the supervised classification accuracy, and the current top-1 accuracy is stable at 65% on the basic ResNet
structure. At the same time, there is a small gap between performance and supervised learning in target
detection tasks, and the average detection accuracy is above 80%. However, whether it is in classification
tasks or target detection tasks, the gap between comparative learning methods and supervised learning
methods is based on a deeper and wider network structure and training with a large number of samples.

Input images on the models

-

Convl 27 x 27 Conv3 13 x 13 Conv5 6 x 6 Convl 27 x 27 Conv3 13 x 13 Conv5 6 x 6

(a) Attention maps of supervised model (b) Attention maps of our self-supervised model

Figure 8. Attention map applied on Conv1 27x27, Conv3 13x13 and Conv5 6x6 features

Table 2. (1) The linear classification accuracy based on frozen features is the highest (top-1); (2) VOC7+12
features based on Faster-CNN fine-tuned target detection

Method Encoder Parameter Top-1 Detection
Supervised ResNet50 25.6M 53.2 81.3
DeepCluster AlexNet 61M 37.5 554
PIRL ResNet50 25.6M 49.8 80.7
MoCo ResNet50 25.6M 60.6 81.4
MoCo V2 ResNet50 25.6M 67.5 -
SwAv ResNet50 25.6M 56.7 82.6
CPCv2 ResNet50 25.6M 63.8
CPC v2 ResNetl161 305M 71.5 -
SimCLR ResNet50 25.6M 65.6 84.1
SimCLR ResNet50(2%*) 94M 74.2 -
SimCLR ResNet50(4%*) 375M 76.5 -
BYOL ResNet50 25.6M 68.8 85.4
BYOL ResNet200(2*) 250M 77.7 -
SimSiam ResNet50 25.6M 74.3 82.4
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4. Contrastive learning in other areas of research
At present, comparative learning is widely studied in the fields of natural language processing, multi-
modality, graph neural network and other fields. And different fields influence each other.

Comparative learning was first introduced into natural language processing, using co-occurring words
as semantic similarities, and using negative sampling to learn word embedding 3. Learn useful feature
representations from unlabeled data, and introduce latent classes to formalize semantically similar concepts.
This method is comparable to state-of-the-art supervision methods on the Wiki-3029 dataset ],
Researchers discuss the coherence and encodes the fine-grained sentence ordering in the text [*°!. Although
it has the same number of parameters as BERT-Base, it is better than the BERT-Large model. At the same
time, it shows significant improvement on multiple downstream tasks 41431,

Contrastive learning in the multi-modal field relies on the alignment of different modal information,
and is basically supervised comparative learning. CM-ACC * learns the joint representation of audio and
vision in video data, similar to MOCO, with an encoder and momentum encoder for each of the audio and
visual modalities.CM-ACC adopts a method of dynamically constructing a queue to ensure the amount of
information and diversity of negative cases. CLIP [**! and ALIGN ¢! focus on text and visual modalities,
and adopt a comparative learning mode in which there is only one encoder for each modal, and negative
examples are selected in the batch. There is also WenLan [47),

5. Conclusion

This article reviews the development status of comparative learning methods in self-supervised learning for
computer vision. The comparative model is lightweight and uses unlabeled data to self-learn to generate
supervised signals. At present, the performance on the basic data set is comparable to supervised learning.
However, there are still many problems to be solved. For example, based on the problem of sampling
efficiency, the theory of the role of negative samples in the method is not clear. SiImCLR proves that data
augmentation can improve the performance of the method, but the reasons and theories are not yet
demonstrated. Evaluation of migration capability based on other data sets, etc.
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increase in soldering temperature, as well as improved solder wettability.
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1. Introduction

The effects of intense ultrasound on liquid media include acoustic cavitation, which causes pulsations and
the collapse of cavitation bubbles; ultrasonic capillary effect; sonoluminescence; vortex effects in the form
of micro and macro flows; and acceleration of diffusion processes, among others [!l. The greatest number
of secondary physical effects is caused by cavitation, according to an analysis of intense ultrasonic impacts
in liquid media (Figure 1.). Due to conditions created for the formation of chemical bonds between oxides
at the interface, local thermal effects arising from the collapse of cavitation bubbles are used in ultrasound
metallization of nonmetallic materials such as ceramics, glass ceramics, ferrites, etc. [2! Dynamic effects
ensure the removal of grease and oxide films from the surfaces of materials, which is the physical basis for
ultrasonic cleaning in liquid media *! and ultrasonic brazing of hard-to-solder materials ). Some primary
effects, such as the electrokinetic, wetting, have not yet been widely used in technology due to the limited
possibilities of implementation.

It is critical to produce a cavitation area with adjustable erosive activity when ultrasonic (US)
processing in liquids and melts is used for pollution removal, metallization of non-metallic materials, and
scatter micro- and nano-dimensional powder materials. However, nonuniformity of distribution US
pressure and differences in intensity cavitation define US fields in baths with varied numbers of radiators
(3]

In liquids the quantity of cavitation germs does not give in to the exact account, as it depends on many
factors such as, gas maintenances in a liquid, quantities of firm particles, ambient temperatures, external
pressure, etc. Not all cavitation germs participate in cavitation process, but only those from them which
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under action US pressure have reached of the critical sizes. The cavitation threshold decreases, if the liquid
environment to influence an ionizing radiation or an electric current. Both of these influences are connected
with formation of new cavitation germs in the liquids. However, at these methods of activation cavitation
process remains non-stationary and difficultly operated ©'.

US wave parameters
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Figure 1. Ultrasound effects in liquid media and their application
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Innovative approaches in ultrasonic assistant soldering, consist of increasing the activity of
cavitation and accelerating diffusion processes at the interface between the solder and the soldering material.
Perspective direction in increase of cavitation processes efficiency is gas saturation of a liquid by cavities,
with the sizes not exceeding the resonant sizes of germs, i.e. (10-50)-10% m. Increase in the sizes of cavities
will lead their premature collapse, and very small sizes complicate cavitation growth of cavities in US field.
Another direction is the introduction into the solder melt of insoluble particles of diffusion-active metals,
on which nuclei of cavitation bubbles can form.

The replacement of traditional solders with lead-free alloys which has caused a number of
problems in the field of solder metal science. Eutectic alloys of the Sn Ag—Cu (SAC) type are widely used
despite the higher cost (3 times higher than cost of solders) due to ease of use and low creep ). However,
the reliability and mechanical properties of soldered joints very much depend on microstructure of solder,
the morphology, and thickness of intermetallic compounds at the interface. The formation of Ag3Sn and
CueSns intermetallides has main negative effect on fatigue processes and causes cracking at solder — metal
interface [%,

In some cases, to obtain high-strength aluminum butt joints with corrosion resistance, ultrasonic
soldering was conducted using quasi-melting Sn-Zn hypereutectic alloy. Ultrasonic vibrations were applied
at soldering temperatures ranging 220-300C through Al rods without a solder bath 1. To improve the
wettability of ceramic material with Zn—Al-Mg solder, soldering with the assistance of active ultrasound
was employed. The tensile strength of Zn—Al-Mg soldering alloys ranges from 82 to 169 MPa; the highest
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strength was observed in the solder with the lowest Mg content %/,

Ultrasonic energy activates the molten solder alloy and causes different structure of soldering joints.
Analysis of sample micro sections with copper soldering pads confirm the influence of ultrasound on the
structure of solder joints. The highest share strength, have been achieved for solder joints which were
prepared by ultrasonic soldering on pads with copper surface finish. It is possible to use this technology for
creating the electrode system for solar cells '/,

To modify lead-free solders used to form contacts in electronics, alloying adhesive active additives
in the form of antioxidants, such as Ce, Ti, as well as metals that reduce the growth of intermetallic
compounds like Ni, Ge, are most promising. So, in BALVER ZINN solder, due to introduction of number
of metal additives like Cu—0.6-0.7, Ag—0.05, Ge—0.005-0.007, Ni—0.04-0.06 !, the mechanical strength
is significantly improved, number of inclusions and solder bridges are reduced.

The use of ultrasonic vibrations during modification of solder allows to solve these problems. The
main effects of action of cavitation and micro-streams on liquid metals are acceleration of nuclei primary
formation, and the initiation of secondary nucleation of crystallization centers due to physical mixing and
acceleration of diffusion. Ultrasonic modification of alloys is characterized by such effects as grain
refinement, improved structure uniformity, wetting, and mechanical properties of soldered joints ['*,
However, to obtain the best properties of soldered joints with lead-free solders in electronics, optimization
of parameters of ultrasonic effect on solder melts is necessary.

Interest in flux-free US soldering processes is caused by transition to lead-free solders and
environmental problems of soldering in electronics. To form high-quality compounds, methods and devices
for local ultrasonic activation of solder melts are used. US soldering is preferable for electronic applications
because flux is a corrosive agent and it is necessary to remove flux resides as to ensure adequate service
reliability of electronic assemblies 4],

A new approach in melt processing technology involves using a high frequency electromagnetic
induction coil to induce ultrasonic pressure waves that cause cavitation in alloy melts. This presents an
alternative “contactless” approach to conventional US immersed probe techniques. The method can
potentially offer the same benefits of traditional ultrasonic treatment (UST) such as degassing,
microstructure refinement and dispersion of particles, but avoids melt contamination due to probe erosion
prevalent in immersed sonotrodes. An added benefit is that the induction heating and stirring produced by
Lorentz force, enables a larger melt treatment volume [/,

The main objective of this work is to develop methods to improve the efficiency of ultrasonic soldering
processes for the mounting of modern electronic devices.

2. Fundamentals
For estimation intensity cavitation processes in liquids use the index of a cavitation defined by the relation
of total volume of cavities ¥, to volume of a liquid ¥ 16l:

¥ =XVk/V.

(1

The total volume cavities XV is equal:

> V.=4/37-N-R°__
K mai - (2)

where N — number cavities, Rnu— radius of cavities in a stage of the greatest expansion.
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Experimental data testify, that cavitation area is, as a rule, in a near zone US radiator, therefore US activated
liquids volume it is possible to present as product of the area of radiator S, on height of cavitation area 4.
Taking into account these assumptions expression (1) will assume the following kind:

_4r-N-R_°
3S?,h (3)

X

Using the equation of ideal gas condition receive:
pV =m,NRT )

where p— gas pressure, V- gas volume, m,— weight of gas molecules, R—gas constant, 7— gas temperature.

Regulating pressure and speed of gas distribution it is possible to operate number of the gas molecules
N entered into a near zone of US radiator as potential cavitation germs.

At gas activation to liquid, from the compressor with the help of nozzle submitted air or inert gas argon
with pressure to 0,1-0,2 MPa. For uniformity of the size of gas cavities in a liquid on exit of nozzle is
established the filter-membrane with cells which were formed by laser radiation with high accuracy and
repeatability of the sizes. The nozzle includes two porous filters with the sizes of apertures 2—5 microns.
For creation of cavities of the micron sizes it is necessary to satisfy following conditions: pressure of air
should not exceed 0,2—0,3 MPa, and the distance between apertures in the filter in comparison with diameter
of cavities should be considerable. These conditions in certain degree prevent association of cavities of the
micron sizes in the big gas cavities.

The resonant frequency of cavitation cavities collapse depends both on its radius Rp, the surface tension
of the melt 6 and on density p according to Minert’s expression:

1 3w 2c

Jf‘p = : Pﬂ + R (5)

p

where y — isothermal coefficient, Po— external pressure.
The action of the US field energy on the melt increases the diffusion coefficient and activates the
nucleation process [”]

E—-AE

D'=]D ¢ & (6)
0

where Dy is the pre-exponential factor, E is the energy of the diffusion activation, A E is the change in the
energy of the diffusion activation in the US field, and R is the gas constant.
If the US energy introduced into the melt without taking into account losses activates the diffusion

process, then
AE=0.5 pc(A-w)?, ™

where pc is acoustic impedance, 4 — amplitude of fluctuations, ® — circular frequency.
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In the US field, the force F' acts on the diffusing particles, and, under its action, the substance particles
move with the average velocity overcoming the force of medium friction Fr

_Fd
ns,

where v is the particle mobility, d — medium layer thickness, | — dynamic viscosity, S ,— particle area.
The strength of the ultrasonic field, affecting the particle flow section S:

F=pc-aA-§ 9)
At the activation in the US field, a flux of particles, which move under the action of the force of US
vibrations F, is added to the diffusion flux; then, the entire flux amounts to ['*

V=0uvF ®)

. F.d
J=p%, VC,cosat =—D o« (Ue@AS——-)C, cosat (10)
ox ox S,

where C; is the concentration of mobile particles, and of is the angle between the vector of the force of the
US field and the diffusion flux vector. It follows from Equation (10) that activation by the US field energy
leads to an increase in the diffusion flux.

3. Experimental

At gas activation of melt submitted on the converter, 1 electric fluctuation by frequency 20-44 kHz and
amplitude 50-75 mkm from US generator. In a solder melt immersed US radiator 2 so that a backlash
between it and soldered element 5 made 0,25—1,5 mm. Through tube 3 and capillary-porous body 4 in a
direction to a soldered surface in a melt of solder 6 entered inert gas — argon (Figure 2.). The sizes of
capillaries in a porous body are chosen such that the sizes of formed gas cavities did not exceed the resonant
sizes of cavitation germs in a melt of Sn-Pb solder, example: 10-50 microns %!,

Quantification the spectral density of cavitation noise it is possible to determine the cavitation intensity
in liquid surrounding 12", The greatest spectral density of cavitation noise is in the frequency band from
10" up to 40™ harmonics of the base frequency of the ultrasonic converter at acoustic pressure 2-10° Pa
(Figure 3.) 2!, It is offered to quantification cavitation pressure in liquid media by measure the square of
anoise level over the range of the greatest spectral density of a cavitation noise The scheme of a cavitometer
(Figure 4.) consists of a piezoelectric sensor, an active filter creating a shear sternness of frequency
characteristic curve less than 24dB an octave, a square-law detector, and a recording device. The indications
of this device have linear dependence on active power in range of 0—2 kW. The cavitometer measures
cavitation pressure from 5 up to 5-10* Pa in the frequency band 18—-60 kHz with accuracy =10 %.

The pressure in cavitation area is perceived by measuring probe 1, attached to a piezoelectric transducer
3 with the elastic waveguide 2. The electrical signal from the transducer 3 comes to the amplifier 4, arranged
in a body of the sensor and serving for coordinating a high-ohms circuit of the transducer with the input of
the measuring device. The attenuator 5 serves for attenuation of input signal. The band-pass filter 6, made
on the “Chebushev scheme” (The Chebyshev filter is an analog filter with a steep slope in the frequency
response) of the third order with band of 200-800 kHz, selects a portion of the spectrum of a signal,
characteristic for cavitation impulses. After the amplification, the signal passes through circuits of the
mean-square detector 8 and the amplifier 9 and then moves to indicator. Unit 10 is a power supply of the
measuring device and sensor.
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Figure 2. Scheme gas activation in melts (1-US transducer. 2 - US radiator, 3 - tube, 4 - capillary-porous
body, 5 - solder, 6 - soldered element, 7 — heater)
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Figure 3. Cavitation noise spectrogram (spectral intensity in decibels of ultrasonic vibrations in solder)
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Figure 4. Cavitometer scheme (1 - measuring probe, 2 - waveguide, 3 - transducer, 4 - amplifier. 5 -
attenuator, 6 - band-pass filter, 7 - amplifier, 8 - mean-square detector, 9 - dc amplifier, 10 — unit)

Distributed under creative commons license 4.0 23 Volume 5; Issue 3



To the analysis of thermal fields, it is applied mobile thermal camera MobIRM4 with a sensitive
element - microbolometer UFPA (160x120 pixels, 35 mm), 8-14 microns working in a spectral range. The
size of a field of the analysis has made 25° x 19°, focus of 12,6 mm. Sensitivity of the thermal camera 0,1 <
Measurements were spent on distance of 50 sm from a liquid upper edge. Device adjustment has been made
on a reference source of boiling water. For stability of results the measurements were spent in the form of
several series after bath warming up in a current of 20 minutes, and then by means of program IR Analyzer
V1.7 the thermal fields of distribution of temperatures in the set sites of a bath is received.

The US metallization of glass-ceramic materials was performed in the chamber of the experimental
setup (Figure 5.) with a residual rarefaction of 1-10 Pa. For the metallization, a low-melt Sn—10Zn solder

and experimentally developed Pb-Sn-Zn-In solder on the basis Sn with the addition of Zn and in were used
[22]
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Figure 5. Schema of US and IR radiation activation soldering: 1 — chamber, 2 — IR heater,3—US transducer,
4 — IR valves, 5— compressor

US vibrations with an amplitude of 10—15 mkm and a frequency 22 kHz were introduced into the melt
using a radiator in the form of a concentrator of the Fourier type. The melt was heated by IR radiation from
two halogen lamps with a power of 1 kW located in parabolic reflectors. The voltage at the IR lamps was
supplied from a stabilized power source (SPS) controlled by a control block (CB). The rate of the IR heating
amounted to 10-15"/sec. The temperature of the melt was measured in the working zone using
thermocouple and digital measuring device-regulator TRM 201(OVEN).

4. Results and discussions

The analysis of thermal fields has shown, that the liquid temperature in US bath as a result of cavitation
process raises. The greatest increase (to 10°C) occurs in a zone of the developed cavitation that is connected
with warmth allocation at a collapse of cavitation cavities. At gas activation temperature of the liquids near
to a nozzle approximately on 0,7’ above in comparison with temperature on some distance from it.

Gas saturation of liquids and melts causes increase in cavitation pressure depending on speed of gas
and sizes of filter cells. Under the influence of elastic US fluctuations, the formed cavitation’s germs pulse
in a melt near to a surface of a soldered surface and slam at US pressure 2-10° Pa, created on a compression
half-cycle. Pressure at which inert gas moved in a melt, depended on viscosity of solder and amplitude US
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fluctuations.

By the help of cavitation indicator, it is established that gas cavities with the sizes 10—-50 microns
slammed, increasing level of cavitation pressure that activates US processing, including metallization by
fusible solders of nonmetallic materials. Local cavitation pressure in a melt at the expense of initiation of a
considerable quantity of cavitation germs increased on 20—-25%, and reached a maximum at speed of inert
gas of 4-6 m/min and the sizes of cells 10 microns (Figure 6.) The big sizes of cavities (over 100 microns)
result to formation of a gas cavity which does not slam at levels of US intensity of (2—5) -10° Pa.
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Figure 6. Cavitation pressure vs. speed of gas and sizes of cells

The results of modeling diffusion process showed that the US activation increased the concentration
of the diffusing elements of Zn and Al in the interface depth by 15-20% on average, and the combined
activation by the US and electric fields increased it by 30—45%. With increase amplitude and frequency of
US vibrations, the concentration growth was observed, since the energy quantity adsorbed by melt increased
(Figure 7.). The combined activation of melt—soldered material system by US vibrations energy and
powerful current pulses additionally increased the heat energy. This allows reaching the soldering
temperature at a greater rate, increasing wettability of the surface by solder.
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Figure 7. Effect of US activations on the diffusion concentration: a - amplitude ultrasonic oscillation 20
mkm, b — 10 mkm: 1 - current and US activation, 2 - US activation, 3 — non-activation
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The width of the diffusion zone measured using the scanning electron microscope, in this case,
amounted to 4-5 um for Sn-10Zn and Sn-39Pb (Figure 8). For the Sn-10Zn solder, the diffusion zone was
slightly wider because of the electro mobile Zn presence in the melt, which migrated to the interface and
then deeper in the aluminum alloy thus increasing the width of the diffusion zone. The width of the interface
increased to 6—8 um owing to the enhancement of the diffusion interaction and aluminum electro migration
into the solder if compared with its size of 1.5 pm at the US activation.

A, um
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Figure 8. Dependence of the interface width vs. the direction and magnitude of the current pulses in solders:
(1) Sn-10Zn, (2) Sn-39Pb.

5. Conclusions

Gas saturation of liquids and melts raises level of cavitation pressure upon 20-25 % that allows to intensify
US processing, for example, clearings in liquid environments, to increase durability of coupling of
metallization with ceramic and glass-ceramic materials, to reduce time of soldering processes, a tinning,
metallization, to raise reliability of electronic devices at the expense of reduction of thermal influence.
Practical verification of the combined effect of concentrated energy flows of ultrasonic and electrical
current on the processes of contact joints formation of Al alloys using Sn-Pb and Sn-Zn solders showed
that strength of joints of materials with different chemical composition increases by 1.5—-1.8 times due to
the intensification of diffusion processes.

Flux—free ultrasonic soldering is non-polluting process and is more economic, as such operations as
fluxing and clearing, demanding expenses of time and materials, are excluded. US soldering in some cases
is a necessary condition of internal installation and hermetic sealing of the microelectronic equipment. US
soldering connect to the help difficult soldering materials: nickel, aluminum, magnesium and titanic alloys,
and also nonmetallic materials: ceramics, glass, ferrite. It creates an opportunity of economy of the precious
metals rendered on dielectric surfaces of electronic components as metallization.
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1. Introduction

In 2020, the Ministry of Industry and Information Technology will issue the relevant guidance on the
development of big data, making a comprehensive deployment to promote the deep integration of big data
and enterprise development, and proposing to strengthen data convergence, sharing, application,
governance and security to promote industrial development. In this context, major enterprises have carried
out digital transformation and upgrading, breaking the original business model, we will comprehensively
develop information technology and big data. Big data is the general trend of the development of
informatization. With the development of the comprehensive informatization of the auditee, the demand
for audit data analysis and processing is on the rise greatly. As a comprehensive economic supervision
department, audit will certainly face great challenges under the background of big data.

Big data refers to the storage and calculation of a large number of changeable terminal data through
information storage and analysis based on cloud computing, which is characterized by large quantity,
variety and speed. With the combination of big data and audit, continuous audit will become a reality.
Auditors can use cloud data to grasp the changes of company operations and risks, timely analyze and warn
internal risks, control and eliminate risks and hidden dangers, which can produce good social utility. Under
the background of big data, audit data analysis should actively adapt to and comprehensively serve the
needs of current economic development. However, in the use and analysis of data, it is bound to face a
series of problems. How to solve these problems has become an urgent problem to be solved at present. On
the basis of the challenges to traditional auditing in the context of big data, this paper intends to explore the
ways and methods of auditing in the mode of big data, mainly analyzing the problems and solutions in the
analysis and use of audit data, so as to deal with the opportunities and challenges brought by the
development of The Times, which has a certain realistic research value.
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2. What is Big Data and Audit Data Analysis

Big data refers to a data set whose size exceeds the acquisition, storage, management and analysis
capabilities of conventional database tools, but it does not mean that a data set with a specific TB value
must be considered as big data (McKinsey, 2011). Big data has 4V characteristics, such as Volume of data,
rapid data flow, Velocity of dynamic data system, Variety of data types and huge data Value.

At present, the production and business activities of enterprises are more active, forming a large number
of data and information covering a large number of contents. Big data technology can provide cross-field,
cross-time and cross-space quantifiable massive data for audit work, so that a large number of relevant audit
information can be recorded and analyzed. Big data audit based on the analysis of more complex large
unstructured data analysis, such as association rule mining, clustering analysis, genetic algorithms, machine
learning, and according to different data types of cross analysis, semantic analysis, graphic transformation,
speech recognition, completely broke the traditional descriptive analysis and reporting, has strong
flexibility is more suitable for the comprehensive analysis, The adoption of big data analysis mode can
obtain deep information and improve the utilization rate and value of data information.

3. The impact of big data on audit analysis

3.1. Change the thinking mode of audit analysis

The arrival of big data has led to changes in audit thinking mode. Compared with traditional audit thinking
mode, it relies more on audit sampling mode and lacks the ability to obtain, process and analyze all data.
At the same time, traditional audit is limited by time and place. For example: the uncertainty of confirmation
time; The inquiry is limited to the employee's working hours; Due to the limited time and economic cost of
the audit work to and from different cities on the site, a variety of constraints lead to the inability to carry
out the audit work flexibly. Big data allows audit work to be free from time and place restrictions. Auditors
obtain all required data through cloud records, view the relevant data of the audited entity and the
transaction records of the corresponding entity through authority, and judge the authenticity and accuracy
of data information.

Big data can make full use of computers to obtain huge data through auditing software. Computer
software can be used for screening and selection, and useful information can be found in a short time
according to different auditing purposes. The combination of manual and machine can make the control
range of auditing wider, and the time span can be effectively improved. With the application of information
technology, the information obtained by auditors has changed from the original manual vouchers to the big
data with high generality. Auditors are required to transform the audit mode into a model combining big
data analysis and spot check based on the data.

3.2. Improve the accuracy of data analysis

With the support of big data, audit data is based on data transmission, which greatly improves the accuracy
of data, ensures the overall and orderly transmission of follow-up data, and improves the value and
communication of data itself. When obtaining audit evidence, the causal logic relationship is based on the
traditional way of thinking. However, big data will make more use of correlation analysis, reduce the
dependence of traditional auditors on the causal logic relationship, better discover suspicious points and
help to accurately expose illegal acts, so as to make the audit conclusion more accurate. Big data records
and stores the transaction behavior data generated by enterprise operation in different subsystems, leaving
“footprints,” and reproduces and simulates the transaction operation scene of enterprises through central
data integration and classification, so that there is no hiding place for all kinds of transactions of enterprises.
These "footprints" not only provide legal protection to enterprises, but also provide a strong deterrent to
illegal and criminal activities, which can ensure the accuracy of audit.
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3.3. Reduce analysis cost and improve analysis efficiency

With the continuous progress of information technology, the data quantity changes from terabyte level to
zettabyte level, which promotes the stream processing mode to replace the batch processing mode gradually.
Through the use of models and software, it can help auditors to obtain and capture valuable information,
realize real-time analysis, help auditors to find and solve problems in the audit in the first time, and improve
the efficiency of audit work. Through the full use of data mining, it can carry out classified mining on the
scattered mass data, effectively evaluate the operation situation of enterprises and make targeted
comparison, improve the timeliness of audit and the authority of audit analysis. In the context of big data,
auditors can better audit based on the actual situation of big data, reduce audit costs, and at the same time
make full and effective use of data mining, cloud database, distributed structure, network audit and other
innovative and diversified technical means to constantly improve audit efficiency.

3.4. Improve the convenience of data acquisition

Scrutiny under the background of big data, can use computer as an audit tool, increase the accuracy, time,
scope and transaction records from the bank, the enterprise transaction business trading records, etc. These
actions by the government authorized, screening the effective information from a single site audit
innovation as the on-site audit and remote audit, improve the work quality, convenient data acquisition.

4. Problems faced by audit analysis in the context of big data

4.1. The reliability of audit data is low

In the computer auditing environment, the data is stored in magnetic medium, and the information needed
for analysis can only be called out from the computer system through man-machine dialogue. In the process
of data generation, there are many artificial manipulation links, and different units will generate different
data formats due to the use of different software. In the process of data collection, auditors cannot determine
the authenticity of the data and the conversion of different data formats produces unforeseeable errors,
which leads to the increase of audit risks.

4.2. The analysis method of audit data is backward

Although computers have infiltrated into all areas of audit work, most of them are still in the statistical
analysis of data or online inquiry of laws and regulations, information, etc., and the application degree of
computer analysis is still low. Data analysis technology is difficult to master, and the effective integration
of big data analysis method and audit limits the development of big data audit.

4.3. Network security is difficult to guarantee

The era of big data not only brings explosive growth of information, but also puts forward higher standard
requirements for information security. Audit data often involves confidential or internal information of the
auditee. How to ensure data security and prevent data leakage are also the key issues to be solved in big
data audit. The security of audit data is likely to lead to the following problems. First, the software system
is not safe, and it cannot ensure the stability and fluency of the core information software and the accuracy
and uniformity of the files. Second, the environment of the computer room is not safe, and the related
hardware facilities of the data room are the basis to ensure the construction of audit information, so the
security and network security of the computer room must be guaranteed. Third, the database is not safe, did
not do a good job of database system firewall and authority configuration work.

4.4. Auditors lack IT technology and big data thinking
The use of the new audit methods also has new constraints on the requirements of auditors, which requires
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a compound high-quality audit team. It is emphasized that auditors should not only master relevant
knowledge of accounting and audit, but also have a certain comprehensive ability of information technology
(IT), big data and cloud computing. The audit industry relies more on “experience-driven business” and
lacks the research and development of analysis models based on its own characteristics. It also lacks the
mastery of "data-driven" analysis technologies such as association rule classification, crowdsourcing, data
fusion, data mining and analysis technologies, cloud computing, data warechouse and other visualization
technologies. Currently, auditors have solid professional skills in auditing, but lack systematic learning of
computing information technology knowledge, big data auditing thinking, and data processing and analysis
ability. Traditional auditors still rely more on audit experience. Without changing the thinking of big data
analysis, audit work cannot keep up with the pace of the era of big data.

5. Countermeasures and Suggestions

5.1. Accelerate the implementation and implementation of relevant audit systems

Under the background of new era requires new counter measures, in combination with the characteristics
of the era of big data design reasonable auditing theory, establish and improve the response to new
information technology environment audit laws and regulations, the audit staff put forward new career
requires that the power and responsibility in the process of auditing and data confidentiality work put
forward the corresponding rules and regulations and laws, ensure the authenticity of the data collection. For
the government, while encouraging enterprise informatization, it should also guide the development of audit
under the background of big data from the legal level. For the audit department, it is necessary to make a
data reserve plan to eliminate the “information island” and establish a perfect audit data center. For the IT
industry, IT is necessary to understand the audit department's demand points for big data and solve the
integration of software services.

5.2. Ensure data security

Data explosion era, data security problems will follow, a large number of data leakage is bound to cause
unfair phenomenon to the social economy. To solve the problem of data security, to prevent data loss,
hacker attacks, systems and data tampering brings new audit risk, audit personnel should strengthen the
sense of confidentiality, take corresponding safety precautions, such as audit electronic data to apply
computer technology to identify the authenticity of electronic data, check whether there is a computer data
system vulnerability, set up an inspection team to regularly evaluate the safety factor of the internal system.
Auditors also need to improve IT security governance and compliance at the same time, do a good job in
the construction of firewall and audit authority, privilege prevention, leak prevention, attack prevention,
from the inner network to the outer network identity authentication and authorization to prevent abuse of
authority control, ensure information security and infrastructure security.

5.3. Establish database and audit data analysis platform

Audit institutions need to comprehensively enhance the construction of information engineering, improve
the processing ability of audit data, attach importance to information collection, and establish a unified and
standardized industrial database. Big data is the beginning of the progress of IT industry, IT become the
new engine for social economic growth, is a new integration and restructuring the traditional organization
structure, and the big data only after information gathering, classification and correlation can realize its
value, at present because the auditees financial behavior is not standard auditors from more than one way
to get the audit data, content is not the real problem, In order to hinder the matching and association of data,
we should establish a database, strengthen the related research on audit practice and audit theory, and
construct a big data linkage audit mechanism with aggregation effect, which is led by the government,
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promoted by audit and participated by IT industry.

Our country enterprise itself hard to meet the large data storage and operation, need the government
out of the relevant support policy for the enterprise equipped with large storage performance excellent
multi-function software and hardware equipment, the establishment of national government level cross-
industry audit data platform, establish good audit software selection mechanism, the audit innovation
technology with outstanding contribution award rewards, to encourage technological innovation,
Accelerate the application and implementation of audit technology.

5.4. Cultivate versatile talents and establish a professional analysis team

China’s big data audit started late, accounting staff knowledge structure is not comprehensive, the lack of
understanding and use of big data and the habit of traditional audit mode will hinder the recognition of new
audit methods, only experience and a single verification of data will inevitably increase the risk of audit.
At the same time, under the current background of big data, it is difficult to reduce audit risks without big
data and the direction of social progress. On the premise of paying close attention to hardware facilities,
accounting firms also need to strengthen staff training and improve CPA’s ability of big data audit analysis
in many aspects. Auditors need to cultivate the vision of big data, improve the data index system, accelerate
knowledge innovation, enhance the practical ability of audit staff to cope with the development, improve
the construction of audit team and cultivate compound audit talents, so as to provide guarantee for the
development and utilization of data.

In the future, the data faced by auditors will grow exponentially, which puts forward new requirements
for the data processing and data analysis ability of auditors. Traditional auditors should gradually change
from relying on audit experience to relying on data analysis, so that the audit work can keep up with the
pace of the era of big data. Auditing departments should train auditors to study computers and data
information as part of their daily training. The firm can also build a professional analysis team, establish a
simple and visual data analysis system, visually and conveniently present the audit analysis method, process
and results, copy the successful test, and quickly improve the audit data analysis ability. Firms should pay
attention to the cultivation of corporate data culture, the formation of auditors' data literacy, and the
cultivation of data as a “second language.”

6. the conclusion

Under the background of big data, many innovative and diversified data technologies will continue to
emerge. Audit work will continue to change and innovation, from the traditional means to cloud database,
network data mining, distributed structure, the use of these various methods make the amount of data, data
types, data processing methods have undergone significant changes. Under the background of such changes,
auditors are faced with the challenge of changing from audit mode to audit method and method to adapt to
the future. In the era of big data, auditors should set up the consciousness of “data first,” establish the idea
of data core, make full use of data analysis function to identify risks and improve efficiency, and combine
data analysis with on-site investigation to better implement audit work. Big data will become the new power
of human economic construction, and it is undeniable that the audit work has also ushered in new
opportunities and challenges. On this basis, we should analyze the current situation, continue to innovate
practices, and promote the healthy and rapid development of social economy.
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1. Introduction

Over the last decades, sustainable building technologies have been well investigated. A large amount of
energy use in buildings makes it sense that energy-saving approaches are desired. The chromogenic smart
window (e.g., electrochromic, thermochromic, gasochromic, and photochromic) is a type of innovative
approaches to regulating indoor thermal and luminous conditions !!!. That can reduce the undesired solar
heat gain dynamically transmitted into the building, diminishing the possibility of overheating by solar
radiation and achieving energy conservation simultaneously. Various studies have been undertaken to
explore their energy performance, and electrochromic windows have commercial products, other types of
chromogenic windows are still on the lab stage. Since the chromogenic windows have features of tinting
with their solar transmittance changing during the work, such as blue, brown, etc., the indoor luminous
environment is affected by the chromatic glazing as well. Human response to the daylighting conditions
affected by the chromogenic windows is significant to be figured out before these innovative smart
windows being applied in practice.

However, the features of ‘dynamic’ and ‘tinting’ improve the difficulties of experimental methods on
human response to chromogenic windows, and statistical analysis influences the results as well. This study
aims to explore the appropriate research methods specified for this type of dynamic chromatic glazing
applied in working space, by using a self-designed experiment and literature review. It is proposed to give
more particular suggestions to improve and accelerate the development of these energy-efficient smart
windows.
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2. Literature review of research methods

This section demonstrated the research methods from three aspects, including experimental design for
windows’ application, statistical analysis tools, and innovative virtual reality (VR) technologies.

2.1. Experimental design

According to the size, the experiments for human response can be classified into two types:

() Small-scale, where participants can look into the test chamber and observe the given targets and

complete questionnaires >3,

@ Fyll-scale, where participants are invited to walk into the test room and undertake some visual or

non-visual tasks [/,

Both methods are valid to obtain desired results, however, the subjective assessment about the whole
indoor luminous environment by using a small-scale test room cannot restore the perception overall. the
test of colour shifts affected by different window glazing (Figure 1. (a)) ), the observers are hard to receive
all information indoors from the top view. While if a full-scale experiment was applied to test different
types of windows, the change of window conditions will not be convenient as the small-scale one, as is
shown in Figure 2. (b) ],
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Figure 1. Two sizes of test room (a) small scale; (b) full scale * 7!

2.2. Statistical analysis

Most of the evaluations on the luminous environment are based on the subjective response and objective
performance from samples of occupants drawn from the building users. Therefore, statistical analysis has
to be applied to deal with these results, in the perspective of analysis methods, most of the studies chose to
use the classical frequentist approach, such as null hypothesis significance testing (NHST) depending on
the sample size and magnitude of effect, to detect the results performance [©31,

Bayesian inference is proposed to be an alternative method to implement the analysis 1. Different from
frequentist approaches, Bayesian estimation can incorporate prior knowledge (i.e., based on existing
knowledge), and combine the likelihood from the new data, resulting in a posterior distribution. In other
words, Bayesian analysis is used to re-allocate the degree of belief across possibilities ). Additionally, the
Bayesian hypothesis test can quantify evidence that the data provide for the null hypothesis (HO) and the
alternative hypothesis (H1). Lee et al [!! developed a Bayesian approach for providing accurate predictions
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for personalized thermal preference profiles. Another study conducted by Wang and Hong "' used the
Bayesian inference approach to define new occupants comfort temperature range in office buildings of the
USA. Xiong et al I? also use the Bayesian approach to infer the visual satisfaction profile in daylit office
based on previously collected data from experiments. Therefore, it is believed that the Bayesian approach
can be applied to validate experimental models and achieve more accurate inference based on known
information.

2.3. VR technologies

Since the chromogenic windows have the features of dynamic changing of solar transmittance, which
increase the difficulty of setting up and control the experiments. In the past decades, the combined use of
advanced VR technology and building design have realized the test of user behaviour and achieve energy-
saving [1>14. Shahinmoghadam et al. integrated the Internet of Things (IoT) and VR in the development of
immersive VR applications for real-time monitoring of thermal comfort conditions. The prototype of the
system has been implemented and used to support the consistency between the system output and the actual
thermal sensation observed under various conditions %), Vittori et al. redesigned an office through VR and
recorded the sense of presence, with a satisfaction rate of 76%. The VR design environment is used to
reproduce key variables of design, involving artificial lighting colour temperatures. VR evaluation
significantly reduces the cost and achieves human-centred energy efficiency "'%l. Yeom et al. used VR to
determine the best window-to-wall ratio of buildings that can achieve energy efficiency and a healthy
working environment 7], It can be seen that VR is helpful for the building environment evaluation with
multiple variables.

3. An experiment of thermochromic windows

The thermochromic (TC) window is one of the most promising smart windows that tints with temperature
difference automatically, a series of experiments were designed to test the human response to the luminous
environment with thermochromic window applied, exploring the specific experimental and analysis
methods.

3.1. Experiment setting up
To achieve both Immersive experience of participants and convenient change of window conditions, a test
cubicle with the dimension of 1.5m (length)*1.2m (width)*2.1m (height) was built, and the indoor luminous
affected by TC window were simulated by a virtual window so that the illuminance levels could be
controlled manually. Three window conditions with two horizontal illuminance levels (100lux and
350lux):1) TC Bronze, standing for VO nanoparticle film; 2) clear glazing as a reference; 3) TC Blue,
representing the iron-liquid based TC material, which can tint from clear to blue during the working.
Detailed parameters of experimental conditions were shown in Table 1.

During the experiment I and II, 31 participants were invited to attend the test, respectively, they were
required to complete objective tasks (Landolt rings visual test) and subjective assessment (questionnaires)
under each window condition, the sequence of window conditions was randomized.

3.2. Data analysis using Bayesian approaches

The collected data were analysed by firstly using the classical frequentist approach for the experiment I and
II separately, and the results show that TC Bronze is relatively more acceptable in general. Since different
participants were used for these two experiments, the both classical Mann-Whitney U test and Bayesian
approaches were tried to do the independent paired comparisons between I and II, to do exploration on
analysis methods. For Bayesian approaches, BF10 present the evidence for supporting HO (i.e., no
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difference) and H1 (i.e., difference significant).

Table 1. illuminance and colour temperatures (CCT) under three window conditions.

Experiment I Experiment II
Window conditions
Iluminance(lux) CCT(K) Iluminance(lux) CCT(K)
1. TC_Bronze 4053 4056
2. Clear 100lux (£5%) 4903 350lux (£5%) 4911
3. TC_Blue 6934 7054

Table 2. Mann-Whitney U test and Bayesian Mann-Whitney U test of questions with significant difference
between Experiment I and 1II.

Mdn1-Mdn2 Mann-Whitney U test Bayesian one
Window
diti .
CONCIONS ~ 10olux 350lux Statistic  p Efff:t)f'ze BF.® W
B

TC Bronze 2 3 271.5  0.002* -0.435 4.625*% 689.5
Brightness  Clear 3 4 266.0  0.002* -0.446 8.175* 695.0

TC Blue 2 3 3285  0.024* -0.316 1.682*  632.5

TC Bronze 3 4 315.0  0.017* -0.344 2.869*%  646.0
Uniformity —

TC Blue 2 4 335.0  0.035* -0.303 1.268*  626.0

TC_ Bronze 3 3 310.5  0.007* -0.354 1.658*  650.5
Alertness

TC Blue 3 3 330.0  0.027* -0.313 1.106* 631.0

TC Bronze 2 3 2325  <.001* -0.516 8.982*  728.5
Pleasantness —

TC Blue 2 3 328.0  0.023* -0.317 1.005* 633.0
Naturalness TC Bronze 2 3 338.0  0.038* -0.297 1.285*% 623.0

TC Bronze 2 4 237.5 <.001* -0.506 13.269* 723.5
Comfort

Clear 2 3 288.5  0.004* -0.400 4.767*  672.5

TC Bronze 2 4 2440 <.001* -0.492 10.282* 717.0
Acceptance  Clear 2 3 262.5 0.001* -0.454 7.468*  698.5

TC Blue 2 3 336.5  0.037* -0.300 1.549*%  624.5

* significant

a Effect size (rg): rz<0.3 small effect, 0.3<rg<0.5 moderate effect, rg>0.5 large effect.;

b Bayes Factor (BF19) : 0.33<BF o<1 is anecdotal evidence for Ho; BFio =1 is no evidence; 1<BF0<3 is anecdotal evidence for
H;; 3<BF¢<10 is moderate evidence for H;; 10<BF (<30 is strong evidence for H;; 30<BF¢<100 is very strong evidence for

Hi; BF10>100 is decisive evidence for Hj.
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It can be seen from the data in Table 2. that, brightness, uniformity, alertness, pleasantness, naturalness,
comfort, and acceptance, the classical and Bayesian results are shown almost the same. However, classical
results required both p and effect size (r8) to show the degree of the difference caused by illuminance levels,
while BF 1o shows the difference straightforward with the finer classifications. A 5-level Likert scale was
applied to all answers to the questions, and 1 is for the most negative answer, and 5 for the most positive
one. In terms of medians, especially for Brightness and Acceptance, participants gave more positive
answers during experiment II than that of experiment I under all of the three window conditions. Moreover,
the results show that the uniformity, alertness, pleasantness and comfort are all increased in experiment I1
with higher illuminance levels under the TC window conditions. That means that under the chromatic
luminous environment, higher illuminance can lead to a more positive response. In Table 2., the cases with
the effect size falling into the moderate range and BF o falling into the anecdotal range indicate that the
Bayesian method is more detailed to show the degree of illuminance effect.

4. Conclusions

This study explored the experimental methods and innovative analysis approaches by literature review and
an experiment about the human response to the TC windows application, the experiment used a test cubicle,
which is smaller than a full-scale room but it is accessible for participants. The proper size of the test cubicle
enables the quick change of the window conditions as well. A review of VR technologies applied to
optimize the building environment indicated that VR technologies have the potential to simulate daylighting
conditions filtered by different window types, and creating various illuminance, CCT and other lighting
conditions. Additionally, Bayesian approaches are suggested to be applied for getting more accurate
inference, especially for these phased and batched experiments.
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Integrated Services Platform of International Scientific
Cooperation

Innoscience Research (Malaysia), which is global market oriented, was founded in 2016.Innoscience Research
focuses on services based on scientific research. By cooperating with universities and scientific institutes all
over the world, it performs medical researches to benefit human beings and promotes the interdisciplinary and
international exchanges among researchers.

Innoscience Research covers biology, chemistry, physics and many other disciplines. It mainly focuses on the
improvement of human health. It aims to promote the cooperation, exploration and exchange among researchers
from different countries. By establishing platforms, Innoscience integrates the demands from different fields to
realize the combination of clinical research and basic research and to accelerate and deepen the international
scientific cooperation.
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— The Journal of Architectural Research and Development is an international
Journal of i - peer-reviewed and open access journal which is devoted to establish a bridge
between theory and practice in the fields of architectural and design research,
urban planning and built environment research.

Topics covered but not limited to:

®  Architectural design

®  Architectural technology, including new technologies and energy saving
technologies

Architectural practice
Urban planning
®  Impacts of architecture on environment
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Journal of Clinical and Nursing Research (JCNR) is an international, peer
reviewed and open access journal that seeks to promote the development

and exchange of knowledge which is directly relevant to all clinical and C I_I N I C A I_
nursing research and practice. Articles which explore the meaning,

and Nursing Research

Journal Of

prevention, treatment, outcome and impact of a high standard clinical and
nursing practice and discipline are encouraged to be submitted as original
article, review, case report, short communication and letters.

Topics covered by not limited to:

e  Development of clinical and nursing research, evaluation, evidence-
based practice and scientific enquiry

Patients and family experiences of health care

Clinical and nursing research to enhance patient safety and reduce
harm to patients

e  Ethics
Clinical and Nursing history
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Medicine

Journal of Electronic Research and Applicationis an international, peer-
reviewed and open access journal which publishes original articles, reviews,
short communications, case studies and letters in the field of electronic research
Journal of and application.

ELECTRONIC

Research and Application Topics covered but not limited to:
—

F e  Automation
e  Circuit Analysis and Application
e Electric and Electronic Measurement Systems
e  Electrical Engineering
e  Electronic Materials
e  Electronics and Communications Engineering
e  Power Systems and Power Electronics
e  Signal Processing

e  Telecommunications Engineering

. Wireless and Mobile Communication
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