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QUESTION ANSWERING METHOD AND APPRATUS, ELECTRONIC DEVICE
AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATION

This application claims the priority to Chinese Patent Application No.
202310975117.0, filed on August 3, 2023 and entitled "QUESTION ANSWERING
METHOD AND APPRATUS, ELECTRONIC DEVICE AND STORAGE MEDIUM?”, the

content of which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to the technical field of information processing, and
in particular, to a question answering method and apparatus, an electronic device, and a

storage medium.

BACKGROUND

Document Question Answering (DocQA) is a very important technology that can
extract answers from unstructured document information. Currently, most DocQA
technologies rely on deep neural networks to carry out semantic matching on document
content to determine an answer, neglecting other modal information in the document content

and thereby leading to low answering accuracy.

It should be noted that the information disclosed in the above background art is
intended only to enhance understanding of the background of the present disclosure, and
thus may include information that does not constitute prior art known to those of ordinary

skill in the art.
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SUMMARY

According to a first aspect of the present disclosure, a question answering method is
provided, comprising: acquiring a first modal feature and a second modal feature
corresponding to each piece of first modal information among multi-modal information; for
one piece of first modal information, respectively carrying out semantic similarity matching
on the first modal feature and a user question feature and on the second modal feature and
the user question feature to correspondingly obtain a first similarity vector representation
and a second similarity vector representation; carrying out information fusion on the first
similarity vector representation and the second similarity vector representation to obtain a
multi-modal similarity score; and in response to one of the multi-modal similarity scores
being greater than or equal to a preset threshold, using corresponding first modal

information as an answer to answer the question.

Optionally, carrying out semantic similarity matching on the first modal feature and
the user question feature comprises: carrying out semantic similarity matching on the first
modal feature and the user question feature through a multi-layer attention layer; carrying
out nonlinear activation and linear transformation on an output of the multi-layer attention

layer through a feedforward network layer to obtain the first similarity vector representation.

Optionally, carrying out semantic similarity matching on the first modal feature and
the user question feature through the multi-layer attention layer comprises: for each attention
layer, carrying out first linear processing on the user question feature to obtain a first
intermediate vector; respectively carrying out second linear processing and third linear
processing on the first modal feature to obtain a second intermediate vector and a third
intermediate vector; determining a similarity between the first intermediate vector and the
second intermediate vector; carrying out weighted matching on the third intermediate vector

based on the similarity to obtain an output of the current attention layer; carrying out vector
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concatenation on the output of each attention layer, and carrying out full connection
processing on the concatenated vector through a first fully connected layer to obtain the

output of the multi-layer attention layer.

Optionally, carrying out semantic similarity matching on the second modal feature
and the user question feature comprises: concatenating the second modal feature and the
user question feature to obtain a concatenated vector; and mapping the concatenated vector
to a low-dimensional space through a second fully connected layer to obtain the second

similarity vector representation.

Optionally, carrying out information fusion on the first similarity vector
representation and the second similarity vector representation comprises: carrying out
information fusion on the first similarity vector representation and the second similarity
vector representation through a gated network; and carrying out full connection processing
and nonlinear activation processing on a fused vector to obtain a multi-modal similarity

Score€.

Optionally, the first modal information includes image information, and the second
modal feature includes a text feature. Acquiring the second modal feature corresponding to
each piece of the first modal information comprises: extracting title information of one piece
of the image information; identifying content and attribute information in the image
information through a pre-trained target detection model; extracting candidate text
information from the image information through optical character recognition; and carrying
out vectorization representation on the title information, the content and the content attribute
information, as well as the candidate text information to obtain the text feature

corresponding to the image information.

Optionally, acquiring the first modal feature corresponding to each piece of the first
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modal information comprises: extracting image vector information from each piece of first
modal information through a image pre-trained model to obtain the corresponding first

modal feature.

Optionally, the method further comprises: in response to receiving a user question
statement, encoding the user question statement through a pre-trained encoding model to

obtain the user question feature.

Optionally, the multi-modal information includes second modal information, and the
method further comprises: in response to each multi-modal similarity score being less than

a preset threshold, determining the answer based on the second modal information.

Optionally, determining the answer based on the second modal information
comprises: carrying out paragraph splitting on the second modal information, and
determining keywords for each paragraph obtained by splitting; aggregating semantically
similar paragraphs among the respective paragraphs based on the keywords; carrying out
statement condensation on the aggregated paragraphs through a pre-trained summary

generation model to obtain summary text; and using the summary text as the answer.

Optionally, the method further comprises: in response to a plurality of the multi-
modal similarity scores being greater than or equal to the preset threshold, determining the
first modal information corresponding to the highest multi-modal similarity score to be the

answer.

According to a second aspect of the present disclosure, a question answering
apparatus is provided. The apparatus comprises: an acquisition module, a semantic matching
module, a fusion module, and an answering module, wherein the acquisition module is

configured to acquire a first modal feature and a second modal feature corresponding to
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each piece of first modal information among multi-modal information; the semantic
matching module is configured to, for one piece of the first modal information, respectively
carry out semantic similarity matching on the first modal feature and the user question
feature and on the second modal feature and the user question feature to correspondingly
obtain a first similarity vector representation and a second similarity vector representation;
the fusion module is configured to carry out information fusion on the first similarity vector
representation and the second similarity vector representation to obtain a multi-modal
similarity score; the answering module is configured to, in response to a multi-modal
similarity score being greater than or equal to a preset threshold, use corresponding first

modal information as an answer to answer the question.

According to a third aspect of the present disclosure, a computer-readable storage
medium storing a computer program thereon is provided. When executed by a processor,
the computer program implements the method according to any one of the above-mentioned

embodiments.

According to a fourth aspect of the present disclosure, an electronic device is
provided, comprising: one or more processors; and a storage device for storing one or more
programs. When executed by the one or more processors, the one or more programs cause
the one or more processors to implement the method according to any one of the above-

mentioned embodiments.

It is to be understood that the foregoing general description and the following
detailed description are exemplary and explanatory only, and are not intended as a definition

of the limits of the present disclosure.
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DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and form part of the
specification, illustrate embodiments of the present invention and together with the
specification, serve to explain the principles of the present disclosure. Obviously, the
drawings described below are only some embodiments of the present disclosure, and those
of ordinary skill in the art can derive other drawings based on these drawings without taking

inventive efforts.

FIG. 1 schematically illustrates a flowchart of a question answering method

according to an embodiment of the present disclosure.

FIG. 2 schematically illustrates an entity diagram of a second modal feature
extraction process in first modal information according to an embodiment of the present

disclosure.

FIG. 3 schematically illustrates an image corresponding to first modal information

according to an embodiment of the present disclosure.

FIG. 4 schematically illustrates a diagram of the semantic similarity matching
process between the first modal feature and the user question feature according to an

embodiment of the present disclosure.

FIG. 5 schematically illustrates a flowchart of the determining process of a multi-

modal similarity score according to an embodiment of the present disclosure.

FIG. 6 schematically illustrates a flowchart of the processing steps of a question

answering method according to an embodiment of the present disclosure.
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FIG. 7 schematically illustrates a structural block diagram of a question answering

apparatus according to an embodiment of the present disclosure.

FIG. 8 schematically illustrates a block diagram of an electronic device suitable for

implementing embodiments of the present disclosure.

DETAILED DESCRIPTION

Exemplary embodiments will now be described more fully with reference to the
accompanying drawings. However, the exemplary embodiments can be implemented in
various forms and should not be construed as being limited to the examples set forth herein.
Instead, these embodiments are provided so that the present disclosure will be more
comprehensive and complete, and the concept of the exemplary embodiments will be fully
conveyed to those of ordinary skill in the art. The described features, structures, or
characteristics can be combined in any suitable manner in one or more embodiments. In the
following description, numerous specific details are provided to give a thorough
understanding of the embodiments of the present disclosure. However, those of ordinary
skill in the art will realize that the technical solutions of the present disclosure can be
practiced with one or more specific details omitted, or by employing alternative methods,
components, devices, steps, etc. In other cases, well-known technical solutions are not

shown or described in detail to avoid obscuring the aspects of the present disclosure.

In addition, the accompanying drawings are only schematic illustrations of the
present disclosure and are not necessarily drawn to scale. The same reference numerals in
the drawings denote the same or similar parts, and thus their repeated descriptions will be
omitted. Some of the block diagrams shown in the drawings are functional entities and do
not necessarily correspond to physically or logically independent entities. These functional
entities can be implemented in the form of software, or in one or more hardware modules

or integrated circuits, or in different networks and/or processor devices and/or
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microcontroller devices.

The example of the present disclosure provides an exemplary system diagram
illustrating application scenarios of a question answering method and apparatus, where the
system comprises terminals and servers. The method of this embodiment can be applied to
servers. It can be understood that the method may also be applied to terminals, or to a system
including the terminal and the server, and implemented through interaction between the
terminal and the server. The server can be an independent physical server, a server cluster
or a distributed system composed of multiple physical servers, or a cloud server that
provides basic cloud computing services such as cloud services, cloud databases, cloud
computing, cloud functions, cloud storage, network services, cloud communications,
middleware services, domain name services, security services, CDN (Content Delivery

Network), as well as big data and artificial intelligence platforms, or a node in a blockchain.

For example, in the process of customer service, when a user sends a user question
statement at a user client, the server can associate multi-modal information based on the
user question statement, and acquire first modal features and second modal features
corresponding to each piece of first modal information in the multi-modal information from
a knowledge base; for one piece of the first modal information, respectively carry out
semantic similarity matching on the first modal feature and a user question feature and on
the second modal feature and the user question feature to correspondingly obtain a first
similarity vector representation and a second similarity vector representation; carry out
information fusion on the first similarity vector representation and the second similarity
vector representation to obtain a multi-modal similarity score; in response to one of the
multi-modal similarity scores being greater than or equal to a preset threshold, determine
corresponding first modal information to be an answer, and send the answer to the user

terminal through the customer client.
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The terminal can be a smart phone, a tablet computer, a laptop computer, a desktop
computer, a smart speaker, a smart watch, a vehicle-mounted device, etc., but is not limited
thereto. When the question answering method provided in this embodiment is implemented
through interaction between the terminal and the server, the terminal and the server can be
connected directly or indirectly through a wired or wireless communication manner, which

is not limited in the present disclosure.

The question answering method provided in the embodiments of the present
disclosure may be executed on a server, and correspondingly, the question answering

apparatus is generally disposed in the server.

Hereinafter, the question answering method disclosed in the embodiments of this

specification will be introduced with reference to specific embodiments.

As illustrated in FIG. 1, a question answering method according to an exemplary
embodiment provided by the present disclosure can be applied to various question

answering systems and may include the following steps.

Step S110: Acquire a first modal feature and a second modal feature corresponding

to each piece of first modal information among multi-modal information.

Step S120: For one piece of the first modal information, respectively carry out
semantic similarity matching on the first modal feature and a user question feature and on
the second modal feature and the user question feature to correspondingly obtain a first

similarity vector representation and a second similarity vector representation.

Step S130: Carry out information fusion on the first similarity vector representation

and the second similarity vector representation to obtain a multi-modal similarity score.
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Step S140: In response to one multi-modal similarity score being greater than or

equal to a preset threshold, determine corresponding first modal information to be an answer.

In the question answering method provided in this exemplary embodiment, on the
one hand, semantic similarity matching can be performed respectively on the first modal
feature and the user question feature and on the second modal feature and the user question
feature. The results of these two semantic similarity matching are then fused to extract
multiple modal features from a single modal information, and the answer can be determined
by fusing the multiple modal features, thereby improving the accuracy of answering. On the
other hand, when the multi-modal similarity score is greater than or equal to the preset
threshold, the original first modal information can be used as the answer. This avoids the
process of deep semantic extraction of the document content, enabling rapid response of the
answering system and improving the answering efficiency. Additionally, the first modal
features and the second modal features of each piece of the first modal information can be

pre-extracted, further improving the answering response efficiency.

In Step S110, acquire a first modal feature and a second modal feature corresponding

to each piece of first modal information among multi-modal information.

In this exemplary embodiment, multi-modal information refers to document
information comprising at least two types of modal information. One type of modal refers
to a source or form of information; multi-modal information may include at least two of the
following: image information, audio information, text information, etc. The first modal
information refers to a type of modal information that contains at least two modal features
in the multi-modal information, such as image information or audio information. The first
modal feature and the second modal feature are two distinct features corresponding to

different modalities.

10
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lustratively, for a web page search scenario, all information corresponding to each
web page may be considered as multi-modal information, where the image information and
text information included in the web page are different modal information. One piece of the
image information may be used as one piece of the first modal information, the image
feature in the image information may be used as the first modal feature, and the text feature

in the image information may be used as the second modal feature.

In this exemplary embodiment, pre-processing can be performed on the multi-modal
information to extract a first modal feature and a second modal feature, and the first modal
feature and the second modal feature can be stored in a knowledge base, so that they can be
directly called during online answering, thereby reducing the response time. The first modal

feature and the second modal feature can be extracted through various pre-trained models.

[lustratively, image vector information in each piece of the first modal information
can be extracted through a image pre-trained model to obtain the first modal feature

corresponding to each piece of the first modal information.

In this exemplary embodiment, the image pre-trained model is used to identify each
piece of the first modal information (image information). The image pre-trained model may
be various pre-trained convolutional neural networks, such as CNN (Convolutional Neural
Network), VGG16 (Visual Geometry Group Network 16), VGG19 (Visual Geometry Group
Network 19), ResNet-50 (Residual Neural Network 50), etc., which is not limited in this
example. [llustratively, feature extraction may be performed through multiple convolutional
layers and pooling layers of VGG16, and then an output result, i.e., the first modal feature,

is obtained through multiple fully connected layers and a softmax activation function.

[lustratively, the first modal information includes image information, and the

11
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second modal feature includes a text feature. As illustrated in FIG. 2, the second modal
feature corresponding to each piece of the first modal information may be acquired through

the following steps:

Step 1: Extract the title information of one piece of the image information.

In this exemplary embodiment, when the image information contains a title, a label
of the image information may be directly extracted. If the image information does not
contain a title, an image title generation model may be used to convert image-level
information into title information. The image title generation model can be an existing image
title generation model or tool, such as the visual processing deep learning library LAVIS,
which is an open-source library used for training and evaluating state-of-the-art language-
vision models on a rich set of common tasks and datasets, and for performing out-of-the-
box inference on customized language-vision data. For instance, an image is input, and a

corresponding text description is output.

Step 2: Identify content of the image information and content attribute information

through a pre-trained target detection model.

In this exemplary embodiment, the target detection model is used to find all target
objects of interest in the image and determine the categories and locations of the objects.
The target detection model can be one of R-CNN (Region Convolutional Neural Network),
SPP-Net (Spatial Pyramid Pooling Net), Fast R-CNN, Faster R-CNN, R-FCN (Region-
based Fully Convolutional Network), etc., which is not limited in this example. The content
in the image information may include various objects (such as environment, people, items,
etc.), and the content attribute information may include basic attribute information such as
object name and gender, and may also include attribute information such as object

occupation, object color, and object height, which is not limited in this example.

12
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Step 3: Extract candidate text information from the image information through

optical character recognition.

In this exemplary embodiment, text in the image information, i.e., text information
inherently contained in the image (i.e., candidate text information), can be extracted through

Optical Character Recognition (OCR) technology.

Step 4: Carry out vectorization representation on the title information, the content
and the content attribute information, as well as the candidate text information to obtain the

text feature corresponding to the image information.

In this exemplary embodiment, the title information, the content and the attribute
information, as well as the candidate text information extracted in the above-mentioned
steps can be used as the text information extracted from the image information (i.e., the
second modal information extracted from the first modal information), and vectorization
representation can be performed on the text feature to obtain the corresponding second
modal feature. A pre-trained text vectorization model may be used for vectorization

representation, such as a pre-trained Bert model.

For example, as illustrated in Fig. 3, the title information extracted for this image is
“Convenient Parking Lot”, the extracted content and the content attribute information
include “white car”, “blue sign”, “woods”, “buildings”, etc., and the extracted candidate text
information is “Parking Lot Exit; Warm Reminder: This is a monitored area. Please park
your vehicle in order... ” The second modal feature of the image (i.e., the text feature of the

image) can be obtained by performing vectorization representation (using a pre-trained Bert

model) on the above extracted information.

13
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Ilustratively, the first modal feature and second modal feature extracted in the
above-mentioned embodiments may be stored in two knowledge bases, respectively. The
content parsing process of the above-mentioned first modal feature and second modal
feature may be obtained by preprocessing the image information in the target document and

stored in the knowledge bases, thereby improving the subsequent answering response speed.

The present disclosure is directed to a multi-modal document question-answering
system. In some embodiments, the method further comprises: in response to receiving a user
question statement, encoding the user question statement through a pre-trained encoding

model to obtain the user question feature.

In this exemplary embodiment, the user question statement may be a question
statement sent by a user in the question-answering system, such as a user statement received
by a customer service system. Carry out vectorization representation on the received user
question statement. The pre-trained encoding model may be the same vectorization
representation model as that used for the second modal feature, such as a pre-trained Bert

model.

In Step S120, for one piece of the first modal information, respectively carry out
semantic similarity matching on the first modal feature and the user question feature and on
the second modal feature and the user question feature to correspondingly obtain the first

similarity vector representation and the second similarity vector representation.

In this exemplary embodiment, the first modal information may be an image, and
semantic similarity matching can be performed between each image of the target document
and the user question feature respectively. The first modal feature may correspond to an
image feature vector, and the second feature vector may correspond to a text feature vector

extracted from the image. Semantic similarity matching is performed between the two

14
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modal features and the user question feature, respectively. For example, a feature vector of
the matching relationship between the image and the user question feature can be modeled
based on the two feature vectors to be matched, and then another model (such as a multi-

layer perceptron MLP) can be used to learn universal text relationship function mapping.

[ustratively, semantic similarity matching can be performed on the first modal
feature vector and the user question feature through a multi-modal transformer model. The
transformer model may include an encoder and a decoder. The encoder adopts a structure
of a self-attention mechanism and a feed-forward neural network, and the decoder adopts
the same structure as the encoder. The difference is that the decoder further has an attention
structure between the two structures, which is used to make the decoder focus on the relevant
part of the input feature, that is, the output of the self-attention mechanism of the decoder
and the output of the encoder are used to calculate the attention score, and then enter the
feed-forward neural network of the decoder. The encoder may include multiple encoding
modules of the aforesaid structure, and the decoder may also include multiple decoding

modules of the same structure. Specifically, the following steps may be included.

Semantic similarity matching is performed on the first modal feature and the user
question feature through a multi-layer attention layer. Non-linear activation and linear
transformation are performed on the output of the multi-layer attention layer through a feed-

forward network layer to obtain the first similarity vector representation.

In this exemplary embodiment, the multi-layer attention layer is used for matching
based on the self-attention mechanism. The user question feature can be mapped to Q, and
the first modal feature (image vector) can be used as K and V vectors for processing based
on the self-attention mechanism. The feed-forward network layer is used for performing
non-linear activation and linear transformation on the output of the multi-layer attention

layer, such as performing multiple linear transformations and ReLU activation function

15
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processing. The input of the encoder and the decoder also includes location information of
the vectors. The output of the feed-forward neural network layer may be a context vector
based on the self-attention mechanism, and the first similarity vector representation (a
similarity representation vector of the two input vectors) can be obtained by performing full

connection processing on said vector.

[lustratively, as illustrated in FIG. 4, semantic similarity matching can be performed
on the first modal feature and the user question feature through the multi-layer attention

layer.

For each attention layer, first linear processing is performed on the user question
feature through a first linear layer to obtain a first intermediate vector; second linear
processing and third linear processing are performed on the first modal feature through a
second linear layer and a third linear layer respectively to obtain a second intermediate
vector and a third intermediate vector; the similarity between the first intermediate vector
and the second intermediate vector is determined; weighted matching is performed on the
third intermediate vector according to the similarity to obtain the output of the current
attention layer; vector concatenation is performed on the outputs of the respective attention
layers, and full connection processing is performed on the concatenated vector through a

first fully connected layer to obtain the output of the multi-layer attention layer.

In this exemplary embodiment, the first intermediate vector may correspond to Q
(Query), the second intermediate vector may correspond to K (Key), and the third
intermediate vector may correspond to V (Value). The similarity between Q and K can be
determined by calculating the dot product between Q and K; a scaling attention layer can
also be used to perform scaling processing on the similarity. Then, a softmax operation is
used to normalize the result into probability distribution, and the probability distribution is

multiplied by V as a weighting weight to perform weighted summation, so as to obtain the

16
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output of the current attention layer. The same processing is performed on each attention
layer, and the model parameters of different layers may be different, so as to obtain multiple
vector representations of the self-attention mechanism. Vector concatenation is performed
on the outputs of the multiple attention layers, and then full connection processing is
performed by using a fully connected layer (the first fully connected layer) to obtain the

output of the multi-layer attention layer.

For example, the processing process of one attention layer can be expressed by the

following formulas:

Attention(Q, K, V) ft (QKT) \Y%
ention ) = sormtmax { ——
Vd

Q =W,Q; + by
K - WkIn + bk
V=W, +b,

wherein, Attention(Q,K,V) represents the output of the attention layer, sofimax
represents the softmax function, and O, K, V represent the first intermediate vector, the

second intermediate vector, and the third intermediate vector, respectively; d represents the

dimension of the vector K, and vd is used for scaling here to prevent the result from being
too large; W, and b, represent the model parameters of the first linear processing, Wi and b
represent the model parameters of the second linear processing, W,, and b, represent the
model parameters of the third linear processing, O represents the user question feature, 7,
represents the first modal feature, and the superscript T represents the matrix transposition

operation.
In some embodiments, various existing semantic similarity matching models can be

used to perform semantic similarity matching on the second modal feature and the user

question feature.

17
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lustratively, the second modal feature and the user question feature can be
concatenated to obtain a concatenated vector; the concatenated vector is mapped to a low-
dimensional space through a second fully connected layer to obtain a second similarity

vector representation.

In this exemplary embodiment, the second modal feature may be a text feature
extracted from the image information, and the vector can be mapped to the low-dimensional

space through a fully connected layer.

In Step S130, carry out information fusion on the first similarity vector
representation and the second similarity vector representation to obtain a multi-modal

similarity score.

In this exemplary embodiment, information fusion can be performed on the first
similarity vector representation and the second similarity vector representation through a

gating mechanism.

[lustratively, information fusion can be performed on the first similarity vector
representation and the second similarity vector representation through a gating network; full
connection processing and non-linear activation processing are performed on the fused

vector to obtain the multi-modal similarity score.
In this exemplary embodiment, the gating network may be a simple gating
mechanism (for example, a threshold hyperparameter g of 0.3) or a learned gating network

model, which is not limited in this example.

For example, the information fusion process can be expressed as:

18
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g= S(Wiviq + thtq + b)
Vo = Vi 4 (L ) Ve
y = softmax(FNN(V,,))

wherein, © represents the dot product operation, ¥, represents the output of the

gating network, Vi, represents the first similarity vector representation, V, represents the
second similarity vector representation, Wi, W;, and b represent the model parameters of the
gating network, 0 represents a normalization activation function, FNN represents full

connection processing, and y represents the output multi-modal similarity score.

In the above-mentioned embodiment, as illustrated in FIG. 5, the process of
determining the multi-modal similarity score may use a multi-modal matching model. The
multi-modal matching model can be trained by using training samples in the application
field based on different application fields, such as the customer service field, the web search
field, etc. The model may include a first similarity matching module, a second similarity
matching module, a gating network, a fully connected layer, and an output layer. The first
similarity matching module is a transformer-based matching model, and the second
similarity matching module may include a linear mapping layer. The user question feature
and the first modal feature are input into the first similarity matching model, the user
question feature and the second modal feature are input into the second similarity matching
model, and the output layer outputs the multi-modal similarity score between the question

and the image.
In Step S140, in response to one of the multi-modal similarity scores being greater
than or equal to a preset threshold, the corresponding first modal information is used as the

answer to answer the question.

In this exemplary embodiment, the preset threshold is a judgment condition for the

first modal answering. This threshold can be set according to experience and actual

19
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conditions (for example, it can be set to 0.9), and can also be adjusted according to different
conditions, which is not limited in this example. When the multi-modal similarity score
between an image and the user question is greater than or equal to the threshold, the first
modal information (i.e., the image) can be preferentially used as the answer to increase the
information richness and diversity of the answer. For example, when the user question
statement is “the appearance of the object xx” or the like, answering with the first modal
information (information containing images) can provide the user with a more intuitive

answer and improve user satisfaction.

lustratively, when there are multiple multi-modal similarity scores greater than or
equal to the preset threshold, the first modal information corresponding to the highest multi-
modal similarity score is determined to be the answer. For example, if the multi-modal
similarity scores of multiple images and the user question meet the matching condition
(greater than or equal to the preset threshold), the image with the highest similarity score

can be used as the answer to answer the question.

In some embodiments, the multi-modal information includes the second modal
information, and the method further includes: in response to each of the multi-modal
similarity scores being less than the preset threshold, determining the answer based on the

second modal information.

In this exemplary embodiment, the second modal information may be text-type
information. When the image matching threshold is not reached, matching and answering

can be performed based on the text-type information.

[lustratively, paragraph splitting can be performed on the second modal information,

and keywords of each paragraph obtained by splitting can be determined; semantically

similar paragraphs among the respective paragraphs can be aggregated based on the

20
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keywords; statement condensation can be performed on the aggregated paragraphs through
the pre-trained summary generation model to obtain summary text; and the summary text

can be used as the answer.

In this exemplary embodiment, the second modal information refers to document
information in the multi-modal information except the first modal information. For example,
for a document containing text and images, the second modal information may be text
information except the images. A paragraph splitting tool may be used for paragraph
splitting, and an existing keyword extraction algorithm can be used for keyword extraction,
such as TF-IDF (Term-Frequency Inverse Document Frequency) algorithm, TextRank
algorithm, or a combination algorithm thereof. The keywords may also be the titles of the
respective paragraphs. When consecutive paragraphs/titles share a specified number of
keywords, the corresponding paragraphs are aggregated into a large paragraph, so that the
same paragraph describes the same content. A pre-trained summary generation model (such
as a CNN-based Sequence-to-Sequence model, a Long Short-Term Memory (LSTM)-based
Sequence-to-Sequence model, or an attention mechanism-based Sequence-to-Sequence
model) can be used to condense the text of each aggregated long paragraph into a
semantically condensed short sentence. For example, a long paragraph of 100 sentences can
be condensed into 10 sentences, and the sentences can also be paraphrased, which is not

limited in this example.

In the method of the present disclosure, the process of extracting the first modal
feature and the second modal feature of the first modal information of the multi-modal
information and the process of processing the second modal information may be completed
in advance, and the extracted/processed results can be stored in the corresponding
knowledge bases. The online question-answering system can obtain the corresponding

information from the knowledge bases for answer response.
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For example, the implementation process of the question answering method of the
present disclosure is as illustrated in FIG. 6, which can be specifically implemented through

the following steps:

Step S601: A user sends a user question statement to the question-answering system.

Step S602: The question-answering system encodes the user question statement

through the pre-trained encoding model to obtain the user question feature.

Step S603: The question-answering system determines multi-modal information

corresponding to the target document based on the received user question statement.

In this example, relevant document content can be associated with the user question
statement as the target document. If the target document has multi-modal information, the
process proceeds to S604. If the target document has multi-modal information, statement

condensation can be performed on the target document and an answer can be given.

Step S604: The question-answering system respectively acquires the first modal
feature and the second modal feature corresponding to each of the first modal information

in the multi-modal information from the knowledge base.

Step S605: Carry out statement condensation on the second modal information in
the multi-modal information through the pre-trained summary generation model to obtain

summary text.

Step S606: The question-answering system performs semantic similarity matching

on the first modal feature and the user question feature through the first similarity matching

model for one piece of the first modal information.
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In this example, the first similarity matching model is a transformer model. In the
transformer model, the user question feature is mapped to Q, and the first modal feature is

used as K and V information.

Step S607: The question-answering system performs semantic similarity matching
on the second modal feature and the user question feature through the second similarity

matching model.

In this example, the second similarity matching model is a fully connected network.

Step S608: The question-answering system performs information fusion on the first
similarity vector representation and the second similarity vector representation through the

gating network to obtain the multi-modal similarity score.

Step S609: The question-answering system judges whether there is at least one
multi-modal similarity score greater than or equal to a preset threshold. If yes, the process

proceeds to S610; otherwise, the process proceeds to Step S611.

Step S610: The question-answering system sends the first modal information with

the highest multi-modal similarity score to the user as the answer.

Step S611: The question-answering system sends the summary text in Step S605 to

the user as the answer.

In the question-answering process of the above embodiments, models related to

semantic similarity matching, such as the first similarity matching model, the second

similarity matching model, and the gating network, need to be trained, and other models
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may be directly used using pre-trained models.

In view of the fact that most documents in practical applications contain multi-modal
information expressions of coexistence of text content, image content, audio content, etc.,
the present disclosure on the one hand proposes a document content parsing method based
on multimodality, which extracts multi-faceted text information from the first modal
information containing image content, fuses the visual information and text information in
the image to improve the image matching accuracy. At the same time, based on the current
situation that document content is uploaded in advance, pre-parsing can be performed on
the multi-modal information in the document to improve the system response speed during
the question-answering process. On the other hand, through semantic matching of the image
content in two dimensions, i.e., semantic similarity matching between the first modal feature
and the user question feature and between the second modal feature and the user question
feature, the matching accuracy is improved, thereby improving the accuracy of answering.
In addition, when the similarity score of the image content is relatively high, the image is
directly used for answering, which can improve answering efficiency and answering effect,

and enhance user experience.

Further, in this exemplary embodiment, a question answering apparatus 700 is also
provided. The question answering apparatus 700 can be applied to a server. With reference
to FIG. 7, the question answering apparatus 700 may include: an acquisition module 710, a
semantic matching module 720, a fusion module 730, and a determination module 740. The
acquisition module 710 is configured to acquire a first modal feature and a second modal
feature corresponding to each of first modal information in the multi-modal information;
the semantic matching module 720 is configured to, for one piece of the first modal
information, respectively carry out semantic similarity matching on the first modal feature
and the user question feature and on the second modal feature and the user question feature

to correspondingly obtain the first similarity vector representation and the second similarity
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vector representation; the fusion module 730 is configured to perform information fusion
on the first similarity vector representation and the second similarity vector representation
to obtain the multi-modal similarity score; the determination module 740 is configured to,
in response to one of the multi-modal similarity scores being greater than or equal to a preset

threshold, use corresponding first modal information as the answer to answer the question.

In an exemplary embodiment of the present disclosure, the semantic matching
module 720 includes a first matching sub-module configured to: carry out semantic
similarity matching on the first modal feature and the user question feature through the
multi-layer attention layer; carry out non-linear activation and linear transformation on the
output of the multi-layer attention layer through the feed-forward network layer to obtain

the first similarity vector representation.

In an exemplary embodiment of the present disclosure, the first matching sub-
module is further configured to: for each attention layer, carry out first linear processing on
the user question feature to obtain the first intermediate vector; carry out second linear
processing and third linear processing on the first modal feature respectively to obtain the
second intermediate vector and the third intermediate vector; determine the similarity
between the first intermediate vector and the second intermediate vector; carry out weighted
matching on the third intermediate vector according to the similarity to obtain the output of
the current attention layer; carry out vector concatenation on the output of the respective
attention layers, and carry out full connection processing on a concatenated vector through

the first fully connected layer to obtain the output of the multi-layer attention layer.

In an exemplary embodiment of the present disclosure, the semantic matching
module 720 further includes a second matching sub-module configured to: concatenate the
second modal feature and the user question feature to obtain the concatenated vector; map

the concatenated vector to the low-dimensional space through the second fully connected
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layer to obtain the second similarity vector representation.

In an exemplary embodiment of the present disclosure, the fusion module 730 is
further configured to: carry out information fusion on the first similarity vector
representation and the second similarity vector representation through the gating network;
carry out full connection processing and non-linear activation processing on a fused vector

to obtain the multi-modal similarity score.

In an exemplary embodiment of the present disclosure, the first modal information
includes image information and the second modal feature includes a text feature. The
acquisition module 710 includes a first extraction sub-module configured to: extract title
information of one piece of image information; identify content and content attribute
information of the image information through the pre-trained target detection model; extract
candidate text information from the image information through optical character recognition;
carry out vectorization representation on the title information, the content and the content
attribute information, as well as the candidate text information to obtain the text feature

corresponding to the image information.

In an exemplary embodiment of the present disclosure, the acquisition module 710
further includes a second extraction sub-module configured to: extract image vector
information from each of the first modal information through the image pre-trained model

to obtain the corresponding first modal feature.

In an exemplary embodiment of the present disclosure, the apparatus 700 further
includes an encoding module configured to, in response to receiving a user question
statement, encode the user question statement through the pre-trained encoding model to

obtain the user question feature.
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In an exemplary embodiment of the present disclosure, the multi-modal information
includes second modal information, and the answering module 740 is further configured to:
in response to each of the multi-modal similarity scores being less than the preset threshold,

determine the answer based on the second modal information.

In an exemplary embodiment of the present disclosure, the answering module 740
is further configured to: carry out paragraph splitting on the second modal information, and
determine keywords of each paragraph obtained by splitting; aggregate semantically similar
paragraphs among the respective paragraphs based on the keywords; carry out statement
condensation on the aggregated paragraphs through the pre-trained summary generation

model to obtain summary text; and use the summary text as the answer.

In an exemplary embodiment of the present disclosure, the answering module 740
is further configured to: in response to a plurality of multi-modal similarity scores being
greater than or equal to the preset threshold, determine the first modal information

corresponding to the highest multi-modal similarity score as the answer.

The specific details of each module or unit in the above-mentioned question
answering apparatus have been described in detail in the corresponding question answering

method, so they will not be repeated here.

As another aspect, the present application also provides a computer-readable
medium, which may be included in the electronic device described in the aforesaid
embodiments; or may exist independently without being assembled into the electronic
device. The above computer-readable medium carries one or more programs, and when the
one or more programs are executed by one of said electronic device, this electronic device
implements the method as described in the following embodiments. For example, the

electronic device may implement the respective steps as illustrated in FIGs. 1 and 2, and
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FIGs. 4-6.

It should be noted that the computer-readable medium shown in the present
disclosure may be a computer-readable signal medium or a computer-readable storage
medium, or any combination of the two. The computer-readable storage medium may be,
for example, but not limited to, an electrical, magnetic, optical, electromagnetic, infrared,
or semiconductor system, apparatus, or device, or any combination thereof. More specific
examples of the computer-readable storage medium may include, but are not limited to: an
electrical connection with one or more wires, a portable computer disk, a hard disk, a
Random Access Memory (RAM), a Read-Only Memory (ROM), an Erasable
Programmable Read-Only Memory (EPROM or Flash memory), an optical fiber, a portable
Compact Disc Read-Only Memory (CD-ROM), an optical storage device, a magnetic
storage device, or any suitable combination thereof. In the present disclosure, the computer-
readable storage medium may be any tangible medium that contains or stores a program,
and the program may be used by or in combination with an instruction execution system,
apparatus, or device. In the present disclosure, the computer-readable signal medium may
include a data signal propagated in a baseband or as part of a carrier wave, and computer-
readable program code is carried therein. Such a propagated data signal may take various
forms, including but not limited to an electromagnetic signal, an optical signal, or any
suitable combination thereof. The computer-readable signal medium may also be any
computer-readable medium other than the computer-readable storage medium, and the
computer-readable medium may send, propagate, or transmit a program for use by or in
combination with an instruction execution system, apparatus, or device. The program code
contained on the computer-readable medium may be transmitted by any suitable medium,
including but not limited to: wireless, wire, optical cable, Radio Frequency (RF), etc., or

any suitable combination thereof.

Hereinafter, an electronic device 800 according to such an embodiment of the
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present disclosure will be described with reference to FIG. 8. The electronic device 800
illustrated in FIG. 8 is only an example and should not impose any limitation on the function

and scope of use of the embodiments of the present disclosure.

As illustrated in FIG. 8, the electronic device 800 is implemented as a general-
purpose computing device. The components of the electronic device 800 may include but
are not limited to: the above-mentioned at least one processing unit 810, the above-
mentioned at least one storage unit 820, a bus 830 connecting different system components

(including the storage unit 820 and the processing unit 810), and a display unit 840.

Wherein, the storage unit stores program codes, and the program codes can be
executed by the processing unit 810, so that the processing unit 810 executes the steps
described in the above “Exemplary Method” of this specification according to various

exemplary embodiments of the present disclosure.

The storage unit 820 may include a readable medium in the form of a volatile storage
unit, such as a RAM 8201 and/or a cache storage unit 8202, and may further include a ROM
8203.

The storage unit 820 may also include a program/utility tool 8204 having a set (at
least one) of program modules 8205. Such program modules 8205 include but are not
limited to: an operating system, one or more applications, other program modules, and
program data. Each or some combination of these examples may include implementation of

network environment.

The bus 830 may represent one or more of several types of bus structures, including

a storage unit bus or a storage unit controller, a peripheral bus, an accelerated graphics port,

a processing unit, or a local bus using any of a variety of bus structures.
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The electronic device 800 may also communicate with one or more external devices
870 (such as a keyboard, a pointing device, a Bluetooth device, etc.), and may also
communicate with one or more devices that enable a user to interact with the electronic
device 800, and/or communicate with any device (such as a router, a modem, etc.) that
enables the electronic device 800 to communicate with one or more other computing devices.
Such communication may be performed through an Input/Output (I/O) interface 850.
Moreover, the electronic device 800 may also communicate with one or more networks
(such as a Local Area Network (LAN), a Wide Area Network (WAN), and/or a public
network such as the Internet) through a network adapter 860. As shown in the figures, the
network adapter 860 communicates with other modules of the electronic device 800 through
the bus 830. It should be understood that although not shown in the figure, other hardware
and/or software modules may be used in combination with the electronic device 800,
including but not limited to: microcode, device drivers, redundant processing units, external

disk drive arrays, RAID systems, tape drives, and data backup storage systems.

Through the description of the above-mentioned embodiments, those of ordinary
skill in the art can easily understand that the exemplary embodiments described here can be
implemented by software, or by software in combination with necessary hardware.
Therefore, according to the technical solutions of the embodiments of the present disclosure,
it can be embodied in the form of a software product, which can be stored in a non-volatile
storage medium (which can be a CD-ROM, a USB flash drive, a mobile hard disk, etc.) or
on a network, and includes several instructions to make a computing device (which can be
a personal computer, a server, a terminal device, a network device, etc.) execute the method

according to the embodiments of the present disclosure.

In addition, the accompanying drawings are only schematic illustrations of the

processes involved in the methods according to the exemplary embodiments of the present
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shown in the accompanying drawings do not indicate or constrain the temporal order of
these processes. Furthermore, it is also readily understood that these processes may be

executed, for example, synchronously or asynchronously in multiple modules.

It should be noted that although the steps of the methods in the present disclosure
are described in a specific order in the accompanying drawings, this does not require or
imply that these steps must be executed in this specific order, or that all steps shown must
be executed to achieve the desired results. Additionally or alternatively, some steps may be
omitted, multiple steps may be combined into one step for execution, and/or one step may
be decomposed into multiple steps for execution, etc., all of which should be considered as

part of the present disclosure.

It should be understood that the disclosure as claimed and defined in this
specification extends to all alternative combinations of two or more distinct features
mentioned and/or evident from the text and/or drawings. All these different combinations
constitute multiple alternative aspects of the present disclosure. The embodiments described
in the present specification illustrate the best mode known for carrying out the present

disclosure and will enable those of ordinary skill in the art to utilize the present disclosure.
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CLAIMS

1. A question answering method, comprising:

acquiring a first modal feature and a second modal feature corresponding to each piece
of first modal information among multi-modal information;

for one piece of the first modal information, respectively carrying out semantic
similarity matching on the first modal feature and a user question feature and on
the second modal feature and the user question feature to correspondingly obtain a
first similarity vector representation and a second similarity vector representation;

carrying out information fusion on the first similarity vector representation and the
second similarity vector representation to obtain a multi-modal similarity score;
and

in response to one of the multi-modal similarity scores being greater than or equal to
a preset threshold, determining corresponding first modal information to be an

answer to answer the question.

2. The question answering method according to claim 1, wherein the carrying out semantic
similarity matching on the first modal feature and the user question feature comprises:
carrying out semantic similarity matching on the first modal feature and the user
question feature through a multi-layer attention layer; and
carrying out non-linear activation and linear transformation on an output of the multi-
layer attention layer through a feed-forward network layer to obtain the first

similarity vector representation.

3. The question answering method according to claim 2, wherein the carrying out semantic
similarity matching on the first modal feature and the user question feature through the
multi-layer attention layer comprises:

for each attention layer, carrying out first linear processing on the user question feature

to obtain a first intermediate vector;
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carrying out second linear processing and third linear processing on the first modal
feature respectively to obtain a second intermediate vector and a third intermediate
vector;

determining a similarity between the first intermediate vector and the second
intermediate vector;

carrying out weighted matching on the third intermediate vector according to the
similarity to obtain an output of a current attention layer;

carrying out vector concatenation on outputs of respective attention layers, and

carrying out full connection processing on a concatenated vector through a first fully

connected layer to obtain the output of the multi-layer attention layer.

4. The question answering method according to claim 1, wherein the carrying out semantic
similarity matching on the second modal feature and the user question feature comprises:
concatenating the second modal feature and the user question feature to obtain a
concatenated vector; and
mapping the concatenated vector to a low-dimensional space through a second fully

connected layer to obtain the second similarity vector representation.

5. The question answering method according to claim 1, wherein the carrying out
information fusion on the first similarity vector representation and the second similarity
vector representation comprises:
carrying out information fusion on the first similarity vector representation and the
second similarity vector representation through a gating network; and
carrying out full connection processing and non-linear activation processing on a fused

vector to obtain the multi-modal similarity score.

6. The question answering method according to claim 1, wherein the first modal information

comprises image information, the second modal feature comprises a text feature, and the
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acquiring the second modal feature corresponding to each piece of the first modal
information comprises:
extracting title information of one piece of the image information;
identifying content in the image information and content attribute information through
a pre-trained target detection model;
extracting candidate text information in the image information through optical
character recognition; and
carrying out vectorization representation on the title information, the content and the
content attribute information, as well as the candidate text information to obtain the

text feature corresponding to the image information.

7. The question answering method according to claim 1, wherein the acquiring the first
modal feature corresponding to each of the first modal information comprises:
extracting image vector information in each of the first modal information through a

image pre-trained model to obtain the corresponding first modal feature.

8. The question answering method according to claim 6, further comprising:
in response to receiving a user question statement, encoding the user question

statement through a pre-trained encoding model to obtain the user question feature.

9. The question answering method according to any one of claims 1 to 8, wherein the multi-
modal information comprises second modal information, and the method further comprises:
in response to each of the multi-modal similarity scores being less than a preset

threshold, determining the answer based on the second modal information.

10. The question answering method according to claim 9, wherein the determining the

answer based on the second modal information comprises:

carrying out paragraph splitting on the second modal information, and determining
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keywords of each paragraph obtained by splitting;

aggregating semantically similar paragraphs among the respective paragraphs based
on the keywords;

carrying out statement condensation on the aggregated paragraphs through a pre-
trained summary generation model to obtain summary text; and

using the summary text as the answer.

11. The question answering method according to claim 1, further comprising:
in response to a plurality of the multi-modal similarity scores being greater than or
equal to the preset threshold, determining the first modal information

corresponding to a highest multi-modal similarity score to be the answer.

12. A question answering apparatus, comprising:

an acquisition module configured to acquire a first modal feature and a second modal
feature corresponding to each piece of first modal information among multi-modal
information;

a semantic matching module configured to, for one piece of the first modal information,
respectively carry out semantic similarity matching on the first modal feature and
a user question feature and on the second modal feature and the user question
feature to correspondingly obtain a first similarity vector representation and a
second similarity vector representation;

a fusion module configured to carry out information fusion on the first similarity
vector representation and the second similarity vector representation to obtain a
multi-modal similarity score; and

an answering module configured to, in response to one of the multi-modal similarity
scores being greater than or equal to a preset threshold, use corresponding first

modal information as an answer to answer the question.
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13. An electronic device, comprising:
one or more processors; and
a storage device, on which one or more programs are stored,
the one or more programs, when executed by the one or more processors, cause the
5 one or more processors to implement the method according to any one of claims 1

to 11.

14. A computer-readable storage medium storing a computer program thereon, wherein the
computer program, when executed by a processor, implements the method according to any

10 one of claims 1 to 11.
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