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Abstract

Writing assistance aims to improve the correct-
ness and quality of input texts, with character
checking being crucial in detecting and correct-
ing wrong characters. In the real world where
handwriting occupies the vast majority, char-
acters that humans get wrong include faked
characters (i.e., untrue characters created due
to writing errors) and misspelled characters
(i.e., true characters used incorrectly due to
spelling errors). However, existing datasets
and related studies only focus on misspelled
characters that can be represented by com-
puter text encoding systems, thereby ignor-
ing faked characters which are more common
and difficult. To break through this dilemma,
we present Visual-C3, a human-annotated Vi-
sual Chinese Character Checking dataset with
faked and misspelled Chinese characters. To
the best of our knowledge, Visual-C? is the
first real-world visual and the largest human-
crafted dataset for the Chinese character check-
ing scenario. Additionally, we also propose and
evaluate novel baseline methods on Visual-C3.
Extensive empirical results and analyses show
that Visual-C? is high-quality yet challenging.
As the first study focusing on Chinese faked
characters, the Visual-C> dataset and the base-
line methods are publicly available at https:
//github.com/THUKElab/Visual-C3.

1 Introduction

With texts on the Internet growing explosively ev-
ery day, writing assistance that is to improve the
correctness and quality of texts is becoming in-
creasingly important (Cheng et al., 2023; Jourdan
et al., 2023; Cheng et al., 2024), and has received
more and more attention from researchers. In the
field of writing assistance, the character checking
task aims to detect and correct wrong characters in
the given text and occupies a crucial position, as it
ensures the correctness of the minimum atom (i.e.,

* indicates equal contribution.
t Corresponding author: zheng haitao @sz.tsinghua.edu.cn

Original: A &£ 3t — XA
Correct : AT (like)— 33 77 2K,

Trans. : Life is like a game

Figure 1: Examples of Chinese faked (%) and
characters.

the characters) of texts (Du et al., 2022). Large
amounts of research are devoted to Chinese Char-
acter Checking, which is also well known as Chi-
nese Spell Checking or Chinese Spelling Correc-
tion (CSC) (Wu et al., 2013a; Yu and Li, 2014). In
this work, we also focus on the scene of Chinese
Character Checking.

Since Chinese Character Checking is a daily ap-
plication closely related to human life, to promote
its progress and development, we must consider
the real-world application needs of humans for it.
Therefore, a natural question arises: What are
the types of erroneous Chinese characters that
humans would produce during the writing pro-
cess? Based on the observation of human writing
habits, it is well known that there exist two main
types of Chinese characters that humans get wrong
in the real world, namely faked characters (B559)
and misspelled characters (5/]5) (Chen and Bai,
1998). As illustrated in Figure 1, the misspelled
character itself is a character that exists but is used
incorrectly, the faked character is a non-existent
character caused by incorrect writing (e.g., wrong
use of radicals or wrong number of strokes). Au-
thoritative Chinese linguistics studies (Wang and
Wau, 2023) have shown that faked characters appear
more frequently than misspelled characters in the
process of people’s daily use of Chinese characters,
and faked characters are often more difficult to de-
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tect than misspelled ones because faked characters
are often caused by some very slight stroke errors.

Although faked characters are more common
and challenging in the real world, researchers have
not paid enough attention to how to handle the
faked characters. The main reason for this dilemma
is that the existing CSC data resources are all text-
based. The main drawback of single text-modal
data is its inability to represent characters beyond
those encoded by computers. Fake characters are
non-existent in computer text encoding systems.
Hence, the traditional CSC datasets cannot repre-
sent faked characters, and the existing CSC models
proposed cannot hold onto more complex and real
scenarios. At this point, a pressing and signifi-
cant problem is how to expand and develop data
resources for Chinese Character Checking to
facilitate the automatic detection and correction
of faked characters by models.

Inspired by the enthusiasm to handle the faked
characters, we propose to extend Chinese Character
Checking to the visual modality, as images are the
most direct form to represent the faked characters.
We construct a large-scale human-annotated Visual
Chinese Character Checking dataset, Visual-C3,
which consists of 10,072 sentences represented by
images and 12,019 wrong characters (including
5,670 misspelled and 6,349 faked characters) man-
ually annotated by well-trained annotators. To the
best of our knowledge, Visual-C? is the first real
scene-oriented dataset that contains both faked and
misspelled characters. Furthermore, to give future
research on Visual-C® more possibilities, in addi-
tion to annotating sentence-level information (i.e.,
the golden sentence without error characters corre-
sponding to the original content of the input image),
we also annotate each image at the character level
and provide the position and type information of
each character on the image. Rich annotation infor-
mation makes Visual-C? suitable for various NLP,
CV, or multimodal studies.

Based on Visual-C3, we design the benchmark
tasks in which the model inputs an image con-
taining sentences with wrong characters and out-
puts the correct sentence without wrong characters
corresponding to the input image in the form of
text. Through this task, Visual-C? effectively as-
sesses the detection and correction ability of Chi-
nese Character Checking methods, especially for
faked characters. To verify the quality and chal-
lenge of Visual-C3, we design and implement two

baseline methods with different paradigms and eval-
uate them on Visual-C3. Extensive experiments
and detailed analyses demonstrate that Visual-C>
is high-quality yet challenging. At the same time,
the baselines also provide insightful and promising
future directions. Hopefully, we believe that the
emergence of Visual-C> could promote the re-
search of writing assistance to better adapt to
the intelligence needed in the real world.

2 Related Works

2.1 Chinese Spell Checking

In recent years, several public CSC datasets have
been proposed, which can be divided into two cat-
egories based on data content distribution: open-
domain and specific-domain.

For open-domain, the most widely used are the
SIGHAN datasets, which include SIGHAN13 (Wu
et al., 2013b), SIGHAN14 (Yu et al., 2014), and
SIGHANI1S5 (Tseng et al., 2015). In particular,
SIGHAN datasets come from mistakes in essays
written by teenage students (SIGHAN13) or Chi-
nese as foreign language learners (SIGHAN14 and
SIGHANI1S). As for the specific-domain CSC
datasets, MCSCSet (Jiang et al., 2022) is a large-
scale specialist-annotated dataset containing about
200K samples from a real-world medical applica-
tion named Tencent Yidian. ECSpell (Lv et al.,
2023) is a CSC dataset with three domains, law,
medical, and official document. LEMON (Wu
et al., 2023) is a large-scale multi-domain dataset
with natural spelling errors.

However, the existing CSC datasets have one
major limitation that cannot be ignored, that is, the
modality of these datasets is limited to the single
text modality. The immediate dilemmas posed by
this limitation are twofold. First, all existing CSC
datasets do not cover text in images, while spelling
errors in the real world do not only exist in text but
also more widely in images. The second dilemma is
the inability to handle the faked characters, whereas
humans are more likely to make in daily life. The
existing CSC datasets are all constructed in text
form, so they cannot contain the faked characters
at all. Therefore, to overcome the limitations de-
scribed above, we construct Visual-C3, the first real-
world visual and the largest human-crafted dataset
for the Chinese Character Checking scenario.
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Figure 2: The annotation schema. “U” represents the unknown character and “X” represents the faked character.

2.2 OCR Error Correction

OCR error correction is somewhat related to Visual
Chinese Character Checking. Therefore, it is neces-
sary to introduce the related data resources of OCR
error correction. HANDS-VNOnDB3 (Nguyen
et al., 2018) has been presented to promote the
studies on Vietnamese handwritten text recognition.
It has handwritten images that contain 1,146 Viet-
namese paragraphs of handwritten text comprising
7,296 lines. Tanaka et al. (2022) constructed a
dataset based on the historical newspaper database
Trove (Cassidy, 2016; Sherratt, 2021) and public
meeting articles in Australian historical newspa-
pers (Fujikawa, 1990), which contains 719 public
meeting articles including 13,543 lines.

To the best of our knowledge, the existing OCR
error correction datasets noticeably lack Chinese
resources. More importantly, the OCR task is dif-
ferent from what we focus on. When there are
wrong characters in the image, OCR models try to
directly predict the original correct characters, but
we hope that Chinese character checking models
can point out which characters in the image are
wrong and further correct the wrong characters.

3 The Visual-C? Dataset

3.1 Dataset Construction

Data Collection We cooperate with a Chinese
language teaching and research group in a middle
school in China and take anonymized photos of
their students’ handwritten essays as the raw data !.
There are two main reasons why we chose the pho-
tos of middle school students’ handwritten essays

'We have signed a legal intellectual property agreement with
the school and paid a data purchase fee of $5 per essay.

as the raw data: (1) Photos of handwritten text are
most consistent with real scenes and they can dis-
play faked and misspelled characters at the same
time, while data in text format cannot represent
faked characters. (2) The average Chinese charac-
ter writing mastery level of middle school students
determines that they will neither make simple mis-
takes that are too low-level nor make no mistakes at
all, which ensures the challenge and usability of our
data set. The entire data collection process lasted
for 3 months, and we finally collected the photos
of 5,692 handwritten essays from 389 students.

Data Preprocessing In order to ensure the qual-
ity of our dataset, we carefully check and filter the
5,692 original photos collected one by one. In par-
ticular, after observing the raw data, we identified
three main categories of situations that we think
may affect the dataset quality: (1) Students exces-
sively daube and modify some characters during
their writing process, seriously affecting the clarity
of the photos and their characters. (2) Some photos
contain the teacher’s red markings for faked and
misspelled characters, which we believe will cause
information leakage in the data sample. (3) Some
photos are affected by many factors such as loca-
tion and light during the shooting process, which af-
fects the clarity of the photos and the completeness
of the content of the essay. After our careful data
cleaning, we finally retained 1,611 high-quality
photos for the next step of annotation.

Annotation Schema To obtain sentence-level
data, we segmented the 1,611 original photos into
10,072 images containing only one semantically
complete sentence, as illustrated in Figure 2. For
the sentence level, we annotate both the original
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text and the correct text. Note that the original text
contains faked and misspelled characters. Partic-
ularly, for the faked characters, we marked them
using the symbol “X”. And for some characters
that are difficult to recognize, we will directly mark
them as “U”. At the character level, we annotate
the position information for each character on the
image. Specifically, we annotate the coordinate val-
ues (X, y) representing the top-left corner of each
character, along with the length and width dimen-
sions(w,h), as depicted in Figure 2.

Annotation Workflow Our workflow is divided
into two parts:

(1) For the sentence-level annotation, we arranged
30 annotators and 10 senior annotation experts
who are native Chinese speakers and are in-
structed in the guidelines of annotation in de-
tail. Specifically, each segmented image is
independently annotated by three annotators
and double-checked by one senior expert. The
annotator is responsible for transcribing the
content in the image into the original sentence
containing faked characters represented by the
symbol “X”” and misspelled characters, and is
responsible for modifying the original sentence
into a correct sentence. Then, one annotator
expert carefully checks the original/correct sen-
tences for possible wrong or omissive annota-
tions and makes the final decision in case three
annotators have inconsistent correction results.

(2) For the character-level annotation, we em-
ployed 10 annotators and 2 senior experts pro-
fessionally serving image segmentation. There-
fore, each image is annotated by an annotator
using the tool to achieve the specific coordi-
nate position information of each character on
it, and then a senior expert checks the accuracy
of the annotated coordinate information.

To ensure annotation quality, we paid annota-
tors according to their workload. In addition, we
divided the raw data into 10 batches. Then we
randomly select 20% of the data submitted by se-
nior annotation experts for sampling check. If the
check accuracy is lower than 98%, this batch will
be returned for re-annotation. Overall, the entire
annotation process lasted about 4 months.

3.2 Dataset Analysis

Dataset Statistics Visual-C3 consists of 10,072
sentences represented by images and 12,019 wrong

Dataset #Sent Avg.Length #Misspelled #Faked
SIGHAN2013 1,700 60.9 1,567
SIGHAN2014 4,499 49.7 5,893
SIGHAN2015 3,439 31.1 3,740 -

Visual-C3 10,072 40.4 5,670 6,349

Table 1: Statistics of CSC datasets. Column Sentence
represents the number of samples in this dataset.

characters. We randomly divided the training set,
validation set, and test set according to the ratio of
3:1:1. We counted three attributes, namely aver-
age length, number of misspellings, and number of
faked characters, respectively. As compared with
previous CSC datasets in Table 1, our Visual-C? is
not only the first dataset containing faked charac-
ters, but its data size is also very competitive.

Dataset Quality Considering that the batch an-
notation method we designed has guaranteed anno-
tation accuracy to a certain extent, we further mea-
sure the agreements between multiple annotators.
In particular, we calculate the Fleiss’ kappa (Moons
and Vandervieren, 2023) to verify the annotator
agreement of labeling the original/correct sentences
of images, the result is 85.20%, which indicates
that our annotation can be regarded as “almost per-
fect agreement” (Landis and Koch, 1977).

3.3 Benchmark Settings

Task Formulation Visual-C3 focuses on Visual
Chinese Character Checking. To fully exploit
Visual-C? so that it more comprehensively evalu-
ates the model’s Chinese Character Checking capa-
bilities, especially the processing capabilities of the
faked characters, we divide Visual Chinese Charac-
ter Checking into two subtasks based on Visual-C3.

(1) Detection Subtask: The inputs are images
from Visual-C?, and the ideal outputs are cor-
responding text marked with faked and mis-
spelled character positions. The core of the de-
tection subtask is to accurately identify which
characters in the image are faked and which
characters are misspelled. It does not require
the model to know the correct characters corre-
sponding to the faked or misspelled characters.

(2) Correction Subtask: After the detection sub-
task has located which characters in the im-
age, the correction subtask further requires the
model to output a text with no wrong charac-
ters at all, that is, to correct the detected faked
and misspelled characters.
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Figure 3: Ilustration of our designed baselines, namely OCR-based method (top) and CLIP-based method (bottom).

Evaluation Metrics For evaluation granularity,
there are two levels, i.e., character and sentence
levels. The sentence-level metric requires that all
the wrong characters in a sentence are successfully
detected and corrected. So the sentence-level met-
ric is more difficult than the character-level metric,
because a sentence may have multiple wrong char-
acters. We calculate the Precision, Recall, and F1
score for the detection and correction subtasks. Be-
sides, to evaluate the model’s capabilities for differ-
ent characters, we also calculate metrics separately
for faked and misspelled characters.

4 Models and Baselines

To reflect the usability of Visual-C? and provide
reference ideas for future research on Visual-C3,
we design two baselines, namely OCR-based and
CLIP-based methods, as illustrated in Figure 3.

4.1 OCR-based Method

The OCR-based method consists of two modules,
namely the recognition module and the correction
module. The recognition module is responsible for
obtaining text content by identifying the characters
in the input images, while the correction module
corrects based on the output of the recognition mod-
ule and outputs text without incorrect characters.

Recognition Module To recognize the Chinese
characters on the images, we utilize an OCR model
which has the ability to convert images into texts.
Specifically, the input of this module is the im-
age I with n characters and the output is the text
X = (x1,x9,...,x,) with faked and unknown
characters. Consistent with the dataset annotation,

the faked character is marked as “X” and the un-
known character is marked as “U”.

In particular, for traditional OCR methods, a
great challenge with Visual-C3 is how to recognize
the faked characters. Therefore, we propose two
strategies to solve this dilemma. First, we heuristi-
cally treat any characters whose recognition mod-
ule output confidence score is below a reasonable
threshold thr as faked characters. Additionally, we
also employ our training datasets with customized
vocabulary to fine-tune the OCR model. After fine-
tuning, the OCR model in the recognition module
will have the ability to recognize faked characters
without any artificially set heuristic thresholds.

Correction Module The correction module is
a sequential multi-class labeling model based on
transformers such as BERT (Devlin et al., 2019).
The input is the sentence X = (z1,%2,...,Zn)
and the output is a character sequence ¥ =
(y1,Y2,---,Yn). For a character of the sequence,
its correction probability is defined as:

P(y; = j|X) = softmax(Wh; + b)[j] (1)

where P.(y; = j|X) is the conditional probability
that character x; is corrected as the character j in
the vocabulary, h; denotes the hidden state, W and
b are learnable parameters. It is worth noting that
the vocabulary of the correction module is extended
with the special tokens “U” and “X” to facilitate it
to receive the output of the recognition module.

4.2 CLIP-based Method

The CLIP-based method is divided into three mod-
ules, which are the segmentation module, retrieval
module, and correction module.
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Detection Correction Detection Correction
Methods (Character-Level) (Character-Level) (Sentence-Level) (Sentence-Level)

Prec. Rec. F1. Prec. Rec. F1. Prec. Rec. F1. Prec. Rec. FI1.

OCR-Based Method 36 422 6.6 20 235 37 0.8 2.8 1.3 0.3 09 04
+ Fine-tuned Recognition 16.0 563 250 141 493 219 11.6 234 155 94 190 126
+ Fine-tuned Recognition/Correction  16.2 558 25.1 142 493 22.0 124 247 166 10.0 20.0 134
CLIP-Based Method 9.8 557 16.8 85 483 145 54 135 7.7 43 106 6.0
+ Fine-tuned Correction 10.1 569 172 87 489 148 55 135 7.8 47 115 6.7

Table 2: Performance of different methods on the misspelled characters of Visual-C? test set.

Detection Correction Detection Correction
Methods (Character-Level) (Character-Level) (Sentence-Level) (Sentence-Level)

Prec. Rec. F1. Prec. Rec. F1. Prec. Rec. F1. Prec. Rec. FI1.

OCR-Based Method 36 360 6.5 0.3 29 05 0.3 0.8 04 0.0 0.0 0.0
+ Fine-tuned Recognition 13.1 209 16.1 5.9 93 72 8.6 9.1 88 4.7 50 49

+ Fine-tuned Recognition/Correction  13.1  20.9 16.1 7.1 114 8.8 8.6 9.1 88 6.1 64 6.2
CLIP-Based Method 143 155 149 6.7 72 69 7.6 85 8.0 44 49 46
+ Fine-tuned Correction 143 155 149 9.2 9.9 9.5 7.6 8.5 8.0 5.8 6.4 6.1

Table 3: Performance of different methods on the faked characters of Visual-C? test set.

Segmentation Module In the segmentation mod-
ule, our objective is to identify and arrange each
character present in the image, following a tradi-
tional left-to-right and top-down ordering scheme.

Specifically, we employ an object detection ap-
proach capable of identifying all characters within
the image. This method enables us to extract the
individual characters present in the image. Specif-
ically, given the image I, we can obtain the coor-
dinates of the upper left corner (L x, Ly ), as well
as the width W and height H of each of the n
character-level sub-images segmented.

While the object detection model effectively
identifies the characters, arranging them in the cor-
rect order poses a challenge. Consequently, we
design a regularization sorting algorithm to estab-
lish the ordered character sequence. Due to page
limits, the details of this algorithm are presented
in Appendix A. Finally, the segmentation module
will get a sequence of character-level images sorted
according to the order of characters in the sentence.

Retrieval Module After obtaining the images of
each character sequentially, we carry out the image-
text retrieval task based on CLIP (Radford et al.,
2021). CLIP usually has a text encoder and an im-
age encoder to obtain representations of texts and
images, and then we can retrieve texts based on
images according to the similarity between their
representations. Particularly, we train the CLIP
model from scratch on Visual-C?, giving it the abil-
ity to retrieve Chinese characters based on images,

especially the ability to identify faked characters.
For training of CLIP, we instruct the text en-
coder to align itself with the image embedding by
maximizing the cosine similarity between paired
image/text embeddings, while simultaneously mini-
mizing the cosine similarity of unpaired image/text
within the batch. We optimize the CLIP model with
the similarity score utilizing the contrastive loss:

1 <& exp(sim(zt, 21)/7)
L=—>)1 L
w2

(@)

7 Xk eap(sim(z), 2F)/7)

where 2! = [21,25,...,2!] represents the latent
representations of texts, while 2% = [2%, 24, ..., 2}]
represents those of images within a mini-batch com-
prising n samples.

Through the retrieval module, we obtain the text
including misspelled and fake characters.

Correction Module The function and implemen-
tation of this part module are the same as the cor-
rection module of the OCR-based method.

S Experiments and Analyses

5.1

The implementation details and hyper-parameter
selection are shown in Appendix B. From Table 2
an Table 3, we have the following observations:

Main Results

1. When not fine-tuned, the pre-trained OCR
model performs poorly on Visual-C3, which
indicates that existing OCR methods cannot
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work well on our dataset and reflects the chal-
lenge of our dataset. In particular, for the
faked characters, the performance of our pro-
posed baselines is still unsatisfactory even af-
ter fine-tuning. Therefore, studying how to
handle faked characters is very urgent.

2. For the misspelled characters, we find that
the models’ recall is much higher than its
precision. This is because the model cor-
rects a large number of characters, thereby
incorrectly modifying many correct charac-
ters. Therefore, the poor performance of the
BERT-based correction module on the mis-
spelled characters indicates that the text con-
tent of Visual-C? is very difficult.

3. We are surprised to find that the CLIP-based
method’ performance is not very poor, which
shows that our idea of identifying the faked
characters through retrieval is feasible.

5.2 Performance Analysis

Character Correction Correction
Type (Character-Level) (Sentence-Level)

Prec. Rec. F1. Prec. Rec. F1.
Misspelled 5.9 184 9.0 41 73 52
Faked 00 00 00 00 00 00

Table 4: The performance of only OCR method.

Methods Misspelled Faked Correct Average
Fine-tuned OCR 0.694 0.209  0.944 0.929
Fine-tuned CLIP 0.732 0.155 0.929 0914

Table 5: The numbers of misspelled, faked, and correct
characters in the test set are 788, 1,223, and 79,141.

Only OCR Method: To investigate whether the
OCR alone method can do corrections, we report
the performance of only OCR method. From Ta-
ble 4, due to OCR only recognizing faked charac-
ters as “X”, faked characters will not be corrected
without the correction module. We can also ob-
serve a low rate of correction of misspelled charac-
ters. Therefore, the OCR module alone is basically
incapable of error correction.

The OCR and CLIP Performance: Table S re-
ports the performance of our fine-tuned OCR model
and CLIP model, i.e., their character recognition

Correction Correction
(Character-Level) (Sentence-Level)

Prec. Rec. F1. Prec. Rec. F1.

Misspelled 72.7 473 573 527 404 458
Faked 63.8 63.8 63.8 584 584 584

Character

Type

Table 6: The correction performance upper bounds.

(or retrieval) accuracy. After fine-tuning on Visual-
C3, both the OCR model and the CLIP model have
a certain ability to distinguish the faked characters.
Of course, we have to admit that compared with the
misspelled and correct characters, our fine-tuned
models’ processing ability for the faked characters
is still much inferior. We encourage subsequent re-
searchers to make greater innovations in the model
structure to obtain better performance of the faked
characters on the Visual-C? dataset.

8000 Undetected Wrong Characters
Uncorrected Wrong Characters
Detected Correct Characters
Corrected Correct Characters

7200 6963
6400 4

»

@ 5600 5346

8

T 4800

2

S

5 4000 3606

o

€ 32004

2 2400 ] 2417

1600
850 886
80071 389 350

OCR-Based Method CLIP-Based Method

Figure 4: The numbers of wrong and correct characters
in the test set are 2,011 and 79,141.

Correction Upper Bound: To further measure
the difficulty of the text content of Visual-C3, we
study the performance upper bound of our correc-
tion module. Specifically, we input the annotated
original text into the correction module. Note that
we only report the performance of the fine-tuned
correction module. From Table 6, we know that
BERTs performance on Visual-C? is not very high,
and BERT achieves at least a score of 63.4 or more
on sentence-level correction F1 on widely used
SIGHANS (Tseng et al., 2015). This performance
gap indicates that the text content of our dataset is
more complex than the previous CSC datasets and
we think this difficulty stems from the fact that our
dataset is collected from completely real scenes.

5.3 Error Analysis

As shown in Figure 4, we count the cases where
different methods mishandle wrong characters (in-
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Figure 5: Some cases from our designed baselines. Other cases from multimodal LLMs are presented in Appendix C.
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(a) The ink is not clear.

(b) The photo angel is inappropriate.

;|

e

(c) The light and shadow is uneven.

Figure 6: Representatives of hard samples from the Visual-C? dataset.

cluding misspelled and faked characters) and cor-
rect characters. We notice that whether it is the
OCR-based or CLIP-baed method, they tend to de-
tect or correct a large number of correct characters
wrongly (it should be emphasized that the propor-
tion of correct characters that are mishandled is not
high). Based on our observations, we think that
this kind of error mainly comes from the recogni-
tion module of the OCR-based method or the seg-
mentation and retrieval modules of the CLIP-based
method. Especially for the CLIP-based method,
although we innovatively propose the method of
image and text retrieval to identify the faked char-
acters in images, the pipeline paradigm of first
segmenting the sentence-level image into small
character-level images and then retrieving will re-
sult in a certain degree of error accumulation. For
the OCR-based method, the accuracy of the recog-
nition module also determines the performance ceil-
ing of the entire method to a certain extent.

5.4 Case Study

Model Cases: From Figure 5, we know that after
fine-tuning on Visual-C3, both the OCR model and
our proposed CLIP-based model can recognize the

faked characters in images. We also run advanced
multimodal LLMs on Visual-C?, as shown in Ap-
pendix C. For future studies on Visual-C3, we think
there are two ideas that can improve model perfor-
mance. First, how can we make the model better
handle complex characters with many strokes, such
as “%%” in the second case and “E” in the third
case? Second, it is crucial to improve the model
to distinguish between the faked characters and
misspelled characters with similar strokes. For ex-
ample, in the fourth case, the model should detect
the character in the image as a faked character,
but it instead gives a “fifi”” with similar strokes as
the output, which would lead to a decrease in the
model’s faked character detection performance.

Dataset Challenges: During constructing the
Visual-C? dataset, some hard samples are observed
by our annotators, as shown in Figure 6. For the
part of hard samples, we do not exclude them from
our dataset because we think that the situations
represented by these samples are exactly what the
model would encounter when deployed in real sce-
narios. Therefore, compared with previous related
datasets, the fact that the data comes entirely from
the real world is a major advantage of Visual-C3.
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6 Conclusion

In this paper, we pay attention to the faked charac-
ters, which have never been focused on in previous
works. To empower machines to automatically pro-
cess the faked characters, we construct Visual-C3,
a large-scale visual Chinese Character Checking
dataset with faked and misspelled characters. Fur-
thermore, we design two baseline methods with
different ideas. In particular, we first propose the
idea of using image-text retrieval to detect the faked
characters in the images. Experimental results and
detailed analyses indicate that our proposed base-
lines are effective and Visual-C? is challenging and
of great research value.

Limitations

We conduct experiments on Visual-C? employing
two proposed baselines. Due to hardware resource
limitations, we only use the base-level pre-trained
weights to initialize each module in our baseline
methods. In addition, because the collection and
annotation of the dataset cost a lot of money, we do
not have enough financial budget to fully test the
performance of multimodal LLMs such as GPT-4v
on our dataset. Of course, the main contribution
of our work is to provide new research directions
and data resources. Our designed baselines are also
mainly to verify the usability of the dataset itself
and to provide model design ideas for subsequent
researchers to refer to. Therefore, We believe that
using larger scale models to obtain better perfor-
mance can be left as future work.

Ethics Statement

In this paper, we present the human-annotated
Visual-C3, which focuses on real-world writing
assistance scenes. We have described the details
of the collection, preprocessing, and annotation of
our dataset in the main text of our paper. It is worth
noting that all data in our dataset has obtained au-
thorization from its providers and is desensitized
before annotation to ensure that the privacy of the
data providers would not be leaked. Besides, the
Chinese Character Checking task itself comes from
very common and important application require-
ments in daily life and is designed to be convenient
for human daily life. Therefore, neither the task on
which our work focuses nor the dataset presented
poses potential harm to human society.
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A Regularization Sorting Algorithm

The pseudo-code is shown in Algorithm 1.

Algorithm 1 Regularization Sorting
Input LX, Ly, W H

Output: Sorted Lx, Ly, W, H
1. Ly 0, Ly < 0,W « 0, H<+ 0
2: repeat
Calculate the average value M within the

range of « for the minimum values of Ly

4: Treat the index ¢ of characters that are
within a distance of 3 from the mean M

5: Sort ¢ according to horizontal coordinate
from small to large, it is put into X

6: Take sorted coordinates according to ¢ into
Lx,Ly, W, H

7 Remove the coordinates already taken from
Lx, Ly, W, H

8 until [Lx| <0

9: return L x, Ly, W H

B Implementation Details

All our models are implemented using Python (Ver-
sion 3.7.15) and the PyTorch framework (Version
1.12.1). For the OCR-based method, we select the
PaddleOCRV3 of handwriting (Li et al., 2022) to be
the recognition module. If the recognition module
is not fine-tuned, the faked characters will be classi-
fied by the thr of 0.2. We utilize the advanced and
widely used YOLOVS model ? to segment sentence-
level images into character-level images. For the
implementation of our CLIP model in the retrieval
module, we initialize the image encoder and text
encoder with the ResNet-50 (He et al., 2016) and
RoBERTa-base (Liu et al., 2019). As for the correc-
tion module, we utilize the BERT g5 (Devlin
et al., 2019) which has 12 transformer layers with
12 attention heads.

Regarding the fine-tuning details, the recogni-
tion module of the OCR-based baseline is trained
over 500 epochs, with a learning rate of 4e-5 and
a batch size of 50. For the CLIP-based baseline,
the detection module is trained for 2,000 epochs,
employing a learning rate of 5e-5 and a batch size
of 256. Additionally, the correction module is fine-
tuned for 10 epochs, using a learning rate of 5e-5
and a batch size of 4.

The details of the informed consent signed in our
data construction process are shown in Figure 8.

2h’ctps: //github.com/ultralytics/ultralytics

C Running Cases of Multimodal LLMs

To further reflect the challenge of Visual-C3, we
also select advanced and popular multimodal LLMs
to run on Visual-C? to observe the performance of
multimodal LLMs. Specifically, we choose the
most widely studied GPT-4V (Achiam et al., 2023)
and the Qwen-VL-Max 3 (Bai et al., 2023) model
newly released in the Chinese community for exper-
iments. Limited by the price of GPT-4V services
and the access method of Qwen-VL-Max, we only
test and observe them using a small number of sam-
ples in Visual-C3. Our input text prompt for these

two models is “BE AT A E LT EHH
— LB S5 E R B EER T AR A — %?—Eﬂqﬂﬁﬁ
ERF; AT .ﬁaﬁjﬁﬂwﬁiﬁﬁﬁﬁﬁ
WAFERNF . BAEFER J?*/C AR FEE
Jr, 18 mﬁﬁi@ﬁpﬂﬂﬁﬂzh%’:%% , B R )

7% (First, we define the faked characters: some
characters that do not exist in the dictionary due to
incorrect strokes of some radicals; misspelled char-
acters: some characters that exist in the dictionary
due to similar sounds or similar shapes. Now please
identify the handwritten image I give you. Please
tell me which characters in the image are faked and
which characters are misspelled characters?)”

From Figure 7, we can see that multimodal
LLMs such as GPT-4V and Qwen-VL-Max en-
counter great difficulties on Visual-C3. For GPT-
4V, we find that it has almost no ability to correctly
recognize Chinese characters from images, and in-
stead gives responses that have nothing to do with
the content of the images. Nevertheless, GPT-4V
is not without its merits. We see that it still under-
stands our definitions of the faked and misspelled
characters in the text prompt, and tries to detect
the faked characters at a more fine-grained level of
strokes and radicals. We guess that the reason for
the poor performance of GPT-4V is mainly due to
its lack of OCR capabilities for Chinese characters.
On the other hand, for Qwen-VL-Max, we know
that it does have excellent Chinese OCR capabili-
ties, but unfortunately, it believes that there are no
faked characters in all images because of its lack of
processing capabilities for the faked characters. In
addition, even if Qwen-VL-Max recognizes most
of the content in the image, it cannot correctly de-
tect the misspelled characters in the image due to
its lack of Chinese semantic understanding.

In summary, even in the era of LLMs, our pro-

3The Qwen-VL-Max model was just introduced and available
onJan 18,2024 at https://github.com/QwenLM/Qwen-VL.
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Image & Original Text

Output

L AR A L e

&o BIRE YA KA T X AT T o

GPT-4V: X1 B F &4 — N FAh— AT, BFL 92" F, B
HC W F AR B BEER, EAGRFIRERIZL I mAE
“I7o BIFR CE” F, BANFAFAEAETFEY, AKX L
TP, EHGFRIZA A7 F, BHENTL,
Qwen-VI-Max: B ¥ X XN Raysks, HFH "&" & ",

[ Bwohpeas B wg ], [Fliea IF]
ARz [, e [ ARl 2. R

KBS THRE —F, FREA—A
RRFo BB =AMy bttt R, KXA

GPTAV: A F5F P AT “B” BRT “%7, Zx—4
BE, AEFEFPLA—AAF, KR BAT kK,
“R” R—AHF

Qwen-VI-Max: B %8 KA R ay5F, AlFH "B g
R fe "8,

Kl g2 R - B E . |

KA CXZ R — AP LXIE A,

GPT-4V: X a) &b 8 “m” FRAF, EHGRIZR “&7 F,
Aeh “m” FREML. REERHE

Qwen-VI-Max: B ¥ XH LN Ray5EF, HFH "&" F "F",

& [Zlalehd, B 11T Dalplo
- Ir AR 1 al EREs R 7

KRG EIE, KA LT IFXEA,
BE—ANMFEORTE, XEKRAFRRKT!

GPT-4V: %5 :
TR K o AF:
“—F” i%—’—%‘ﬁk(‘ ugﬂ o

KT ERT, BEA KT, R ERT, B
“IRLT B “L” 17%—’5)3& wg, , “—TF7pg

Qwen-VI-Max: B K ¥ Fr A 69 FH R L0, KA HEREMRT,

Figure 7: Cases from GPT-4V and Qwen-VL-Max.

posed Visual-C3 is still a very challenging dataset
worthy of further research, because Visual-C® com-
prehensively requires multimodal LLMs to have ex-
cellent image OCR capabilities, fine-grained stroke
perception capabilities, and text semantic under-
standing ability.
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Informed Consent

Research Project: Name Research on Multimodal Chinese Spelling Error

Correction Techniques for Real Scenarios

Research Purpose

This study aims to construct a high-quality large-scale multi-modal Chinese spelling
correction dataset for real scenarios, and to propose a Chinese spelling correction dataset with
the ability to describe “faked” character, in order to provide the community with better training
annotation resources. Through this study, we hope to improve the accuracy and effectiveness of
Chinese spelling correction techniques in practical applications.

Research Process

Participants will be asked to provide photographs of their compositions, which will be used
to construct a spelling correction dataset. The specific process is as follows:

1. participants will take and upload photos of their handwritten compositions.

2. the research team will process and label these photos to identify and correct spelling
errors.

3. the data will be used to train and evaluate spelling correction models.

Benefits

1. technological advances: your participation will help improve Chinese spelling correction
technology and advance the field.

2. Personal Feedback: Participants may receive feedback on the spelling errors in their
essays, which will help improve their writing skills.

Risks and discomforts

Participation in this study may entail the following risks and discomforts:

As the data is used for public research, there is a risk of information exposure, and we will
erase personal information as much as possible. We hope to be informed of the above.
Voluntary participation

Your participation is completely voluntary. You have the right to withdraw from the study at
any time without providing any reason and without penalty or loss. Upon withdrawal from the
study, your data will no longer be used and will be deleted from our database.

Statement of Consent

| have read and understand the above information. | understand that my participation is
voluntary and that | have the right to withdraw from the study at any time. | agree to participate
in this study.

Participant Signature :
Date :
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Figure 8: The Chinese and English versions of the data collection informed consent.




