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Abstract. Analysis of the character structure characteristics can lay an infor-
mation foundation for the intelligent processing of square Hmong characters.
Combined with the analysis of character structure characteristics, this paper
presents a definition of the linearization of square Hmong characters, a definition
of equivalence class division of the structure of square Hmong characters, and
proposes a decision algorithm of structure equivalence class. According to the
above algorithm, the structure of square Hmong characters is divided into eight
equivalent classes. Analysis of the statistical properties, including the cumula-
tive probability distribution, complexity, and information entropy of square
Hmong characters appearing in practical documents, shows that, first, more than
90% of square Hmong characters appearing in practical documents are com-
posed of two components, and more than 80% of these characters possess a left-
right, top-bottom, or lower-left-enclosed structure, second, the number of mean
components in a square Hmong character is slightly greater than 2, third, the
information entropy of the structure of Hmong characters is within the interval
(1.19, 2.16). Results reveal that square Hmong characters appearing frequently
in practical documents follow the principle of simple structure orientation.
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1 Introduction

Analysis of character structure characteristics is the basis of character attributes anal-
ysis, and plays an important role in the intelligent generation and character recognition.
In the field of Chinese information processing, many methods for intelligent character
generation, recognition and other related processing methods based on the analysis of
character structure characteristics were proposed. Instituse put for-ward a refinement
method for smoothing Chinese character images using the nearest neighbor pixel
correlation function to filter out noise that affects the structure characteristics of Chi-
nese characters [1]. This method uses the nearest neighbor pixel correlation function to
filter out noise that affects the structure characteristics of Chinese characters. Moreover,
according to the structure characteristics of Chinese characters, Shin et al. proposed a
method for generating handwritten Chinese characters on the basis of stroke
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correspondence [2]. Liu et al. presented a method for acquiring knowledge related to
the basic elements required for intelligent generation of Chinese characters [3]. Tan
et al. analyzed the structure characteristics of Chinese characters and presented a
method of radical extraction using affine sparse matrix factorization for printed Chinese
character recognition [4]. Dobres et al. discussed the influence of factors, such as font
design difference, fine stroke difference, and color contrast polarity difference, on the
scanning time of readable subtitles by analyzing the structure characteristics of Chinese
characters [5].

In the past few decades, studies on the structure characteristics of Tibetan and
Korean characters had also explored. Ai et al. carried out a statistical analysis of the
glyph structure of Tibetan characters [6]. Cai et al. classified the structure of Tibetan
characters and developed a statistical system model of glyph characters by analyzing
the structure characteristics of Tibetan [7]. Kwon used the division of the Korean
character structure to achieve rough classification in the process of syllable matching to
preprocess alphabet division in the Korean character matching process [8]. Xu et al.
utilized the rules of character structure to implement post-processing of handwritten
Korean text [9]. Meanwhile, Cui et al. calculated the contribution of the information
provided by letters at different positions in the spatial structure to the structure clas-
sification of Korean characters, further explored the distribution structure of Korean
text information [10].

Square Hmong characters are ideograms with a fixed structure, and they are
commonly used in the daily life of Hmong people in the Wuling mountain area of
China. Information processing for square Hmong characters has not been extensively
studied. Mo et al. conducted a number of studies on computer coding, keyboard input,
glyph generation, and font creation of square Hmong characters [11-13]. However, the
structure characteristics of square Hmong characters have not been investigated so far.

To address this limitation, this paper presents a classification method for square
Hmong characters on the basis of structural distance. The method is implemented based
on a linear representation of square Hmong characters and provides a convenient means
to analyze the statistical characteristics of the structure of square Hmong characters in
practical documents.

The rest of this paper is organized as follows. Section 2 introduces square Hmong
characters and their linear representation. Section 3 introduces the proposed classifi-
cation method and decision algorithm for the structure of square Hmong characters.
Section 4 presents an analysis of the statistical characteristics of the structure of square
Hmong characters in practical documents. Section 5 provides the conclusions.

2 Square Hmong Characters and Their Linear
Representation

2.1 Word Information Principles of Square Hmong Characters

Square Hmong characters were created in the late Qing Dynasty for use by local
Hmong people to record Hmong songs. According to [14, 15], the word information
principles of square Hmong characters can be summarized from two aspects.
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(1) Several simple Chinese characters, Chinese radicals, and symbols without pro-
nunciation and meaning (such as ~ and X) are used to represent the component
of phonetic-symbol, meaning-symbol, or shape-symbol.

(2) The “one word and one syllable” method is utilized to mark a morpheme or word.

The structure of square Hmong characters can be divided into four types, namely,
left-right, top-bottom, part-enclosed, and internal-external structures. The part-enclosed
structure can be further classified into upper-left-enclosed, lower-left-enclosed, and
upper-right-enclosed types.

Several typical examples of square Hmong characters with different structures are
listed in Fig. 1.

Mark Structure Type Example Mcaning
W left-right structure T call names
W2 lefi-right structure ] poor
W3 left-right structure (3 components) # dog
Ws top-botiom structure 1% beggar
Ws top-bottom structure = snake
Wes  top-bottom structure (3 components) & nap
We upper-left-enclosed structure ] wound
W lower-leli-enclosed structure %t comb
Wo upper-right-enclosed structure # fly
Wi internal-external structure | go outside

Fig. 1. Examples of square Hmong characters in different structures.

According to the word information principle, if a square Hmong character consists
of three or more components, two or three of these components can be combined into a
simple Chinese character. This Chinese character is regarded as a component of the
square Hmong character. A statistical analysis of the 1,129 square Hmong characters
indicated that most Hmong characters are composed of two components, and only a

few Hmong characters with left-right and top-bottom structures are composed of three
components.

2.2 Linearization Representation of Square Hmong Characters

Definition 1 Linearization of square Hmong characters: The process of decom-
posing a square Hmong character into a uniquely identified component sequence
according to its spelling order is called linearization.

To unify the description, we decompose all square Hmong characters into com-
ponent sequences with a uniform length. When a component of a position in the
sequence does not exist, the symbol “e” is used to replace the missing component.
According to the 16 types of components shown in Table 1, the uniform length of a
component sequence can be 16 when a square Hmong character is linearized.
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Table 1. Components of square Hmong characters

Number | Name Mark
1 left component G
2 right component C:
3 top component C,
4 bottom component Gy
5 upper-left-external component | Cyy,
6 lower-right-internal component | Ciq
7 lower-left-external component | Cq
8 upper-right-internal component | C;
9 upper-right-external component | Cy,
10 lower-left-internal component | Cjq
11 external component Coa
12 internal component G
13 right-left component Cu
14 right-right component Cy
15 bottom-left component Cy
16 bottom-right component Cpr

Considering that a two-component square Hmong character can be regarded as a
three-component square Hmong character lacking a component, the right component
(C;) can be regarded as a right-left component (C,;) when the right-right component
(Cyy) is absent. The bottom component (C,) can also be regarded as a bottom-left
component (Cy) when the right-bottom-right component (Cy,) is absent. Therefore,
only 14 types of components are required. That is, any square Hmong character can be
decomposed into a 14-component combination sequence.

2.3 Linearization Function and Component Extraction Function

Definition 2 Linearization function of square Hmong characters: Assuming that >
is a finite set of square Hmong characters, w is a square Hmong character (w € %), and
C;(i=1,2,...,14)is a finite set of components, the mapping (f) in Eq. (1) is called the
linearization function of square Hmong characters.

fi12Z = CxCyxCqrxCxCh X Cr X Coly X Cirg X Cotg X Ciryg X Copy X Citg X Coq X Gy (1)

A component combination sequence is practically a regular expression. Thus, fis a
regular replacement from X to C; that converts a square Hmong character into a
uniquely identified component sequence. Assume that the components included in
w are marked as s; (i = 1, ..., 14) and arranged in the order of “C-Cyj-Cp-Cy-Chj-Chr-
Cotu-Cird-Co1d-Ciru-Coru-Cilg-Coa-Cia.” Then, filw) can be expressed by

f(W) = 815253545586575859510511512513514 (2)
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Considering that a square Hmong character contains only two or three components,
valid components can only be found in two or three positions. Other locations are
empty and marked as “€”. Figure 2 shows the linearization of the 10 characters in
Fig. 1.

Square Hmong Linearization Components sequence

character function S1 52 53 51 S5 S6 57 53 S9 510 Si1 Sp S13 Sia
wi Slwy) T H e e g e e &€ & €& & & €
w2 Sw2) § ke e e e e g8 e & & & & ¢
w3 flws) O BZec €6 ¢ € €6 €8 € & & & &
Wy Slwg) e ¢ ¢ M HMe e € € & & €& & ¢
ws SOws) e e et Ae e e8¢ ¢ e & & =
W fwe) e ¢t ¢t A BEH & g€ & & & & ¢
w7 flw?) e € € ¢ e e Ble & & & & ¢
wg fwg) e € € & £ e ¢ eB®H e & & ¢
wo SfOwg) € &€ & & € &g €€ & XK £ & ¢
wio fwio) e € ¢ € € ¢ € g ¢ & g ¢ |] WH

Fig. 2. Examples of linear representation of square Hmong characters.

Definition 3 Component extraction function of square Hmong characters: The
function of extracting the i-th component from linearization result f(w) is called the
extraction function of component s;. It is denoted as f;(w) and expressed as

filw) =si(i=1,2,...,14) (3)

With the component extraction function, the linearization result f{w) of w can also
be expressed by

Fw) = fw)a W) (w)fa(w)fs (w)fs (w)fs W) (w)fo (w)fio (w)fis (W)fi2 (w)fis (W)fia(w) — (4)

3 Equivalence Class of the Structure of Square Hmong
Characters and Its Judgment

3.1 Definition of Structural Distance

Structural distance is used to measure structural differences between different charac-
ters. The structural distance of square Hmong characters is defined as follows.

Definition 4 Structural distance of square Hmong characters: Given square
Hmong characters w; and w;, the structural distance between wy and w, is expressed as
Distance(wy, w,). The calculation formula of Distance(w;, w,) is shown in Eq. (5).
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14
Distance(wy, w;) = Zﬁ(m)@fi(wz) (5)

i=1

Where, operation 0 is defined as

0y — 1, for ¥(x,y) € {(x,y)|(x=¢ and y#¢€)or (x#candy=c¢)} 6
Y7o, for V(x,y) € {(x,y)|[(x#¢€ and y#¢) or x=¢eand y=¢)} (6)

Equations (5) and (6) show that the distance between two characters with the same
structure is 0, and the distance between two characters with a different structure is a
positive integer. For example, Distance(w,, w,) = 0, Distance(w;, ws) = 1, Distance
(w1, wy) =4, Distance(w,, we) =5, Distance(w,, w) = 4, Distance(ws, wg) = 6,
Distance(ws, w;) = 5, and Distance(w,, ws) = 0.

3.2 Structure Equivalence Class of Square Hmong Characters
and Its Division

Definition 5 Equivalent structure relation: Given square Hmong characters w; and
ws, when Distance(w;, w,) = 0, wy and w, have an equivalent structure relation.

Definition 6 Structure equivalence class of square Hmong characters: As shown in
Eq. (7), a given Hmong document (D) is divided into m disjoint subsets D; (i = 1, 2,
..., m) according to the equivalence structure relation.

D=D,UD,U...UD,, -
D;ND;=¢, for alli#j (i,j=1,2,...,m)

If it exists,

= 0, for Vwi,w, € D;
> 0, for Yw, € D;,Vw, € D; (i#j;i,j=1,2,...,m)

(8)

Then, D; i = 1, 2, ..., m) is the i-th structure equivalence class. Square Hmong
characters belonging to the same set D; have the same structure. Square Hmong
characters belonging to different D; have different structures.

Eight equivalence classes of the structure of square Hmong characters can be
calculated by using Eq. (8). The structure description of each equivalence class is
shown in Table 2.

Distance(wy, w;)
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Table 2. Equivalence classes of the structure of square Hmong characters and structure
description

Class Structure Linear Structure type

number description representation

Class 1 C-C, S1S2 left-right structure with two
components

Class 2 C-Cy-Cpy S1S583 left-right structure with three
components

Class 3 Cy-Cq4 $4S5 top-bottom structure with two
components

Class 4 Cy-Caq-Cyr $485S¢ top-bottom structure with three
components

Class 5 Con-Cira S78g part-enclosed structure with two
components

Class 6 Co1a-Ciru S9S10 part-enclosed structure with two
components

Class 7 Cor-Cila S11S12 part-enclosed structure with two
components

Class 8 Coa-Cia S13S14 part-enclosed structure with two
components

3.3 Judgment of Structure Equivalence Class of Square Hmong
Characters

The position of each component in the spatial structure of a square Hmong character
can be regarded as an attribute of the character. According to the linear representation
of a square Hmong character, if A(7) is used to represent the i-th attribute, each char-
acter has 14 attributes A(1), A(2), ..., A(14). This attribute value only indicates whether
a certain type of component exists in a character, and its range is {0, 1}. “1” means that
such a component exists, and “0” means that such component does not exist.

The process of determining the structure equivalence class of a square Hmong
character is divided into two stages. In the first stage, the value of each attribute A(7)
(i=1,2,...,14) is calculated. In the second stage, the structure equivalence class of
this character is determined according to the combination of attribute values. The
decision process is described in Algorithm 1.
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Algorithm 1. Structure equivalence class decision algorithm
Input: Given square Hmong character w
Output: Number of structure equivalence class Ty,
Steps:
Step 1: Linearize w to a uniquely identified component sequence f{w) using Equa-
tion (2).
Step 2: Extract the i-th component fi(w) (i=1,2,...,14) from f{w) according to Equa-
tion (3) and check whether fi(w) is “€”. If so, set A(i)=0; otherwise, set A(i)=1.
Step 3: Check the values of each attribute A(i) (i=1,2,...,14) of w and determine T,
according to the combination of 4(i) values.
(1) If A(i)=1 (i=1,2) and A(j)=0 (=3,5,...,14), then T,,=Class 1.
(2) If A()=1 (i=1,2, 3) and A(j)=0 (j=4,5,...,14), then T,,~Class 2.
(3) If A(i)=0 (i=1,2, 3), A(j)=1(j=4, 5), and A(k)=0 (k=6,7,...,14), then T,,~Class 3.
(4) If A(H)=0 (i=1,2,3), A(j)=1 (j=4,5,6), and A(k)=0 (k=8,9,...,14), then T,,=Class
4.
(5) If A()=0 (=1,2,...,6), A()=1 (7=7,8), and A(k)=0 (k=9,...,14), then T,,=Class
5.
6) If A(0)=0 (=1,2,...,8), A()=1 (=9,10), and A(k)=0 (k=11,...,14), then
T,~=Class 6.
(7) If A()=0 (i=1,2,...,10), A()=1 (j=11,12), and A(k)=0 (k=13,14), then T,,=Class
7.
8) If 4(i)=1 (i=1,2, ...,12) and A(j)=1 (j=13,14), then T,,=Class 8.
(9) In other cases, w is not a valid square Hmong character.

4 Analysis of the Statistical Characteristics of the Structure
of Square Hmong Characters

4.1 Cumulative Probability Distribution of the Structure of Square
Hmong Characters

The occurrence probability of the i-th equivalence class of the structure of square
Hmong characters in a given document D can be calculated by

IDi| .
P = D (i=12,...,m) 9)

Where, |D| and |Dj indicate the number of characters in documents D and D;,
respectively, and m is the number of equivalence classes.

Document D, consists of all square Hmong characters that have been collected, and
documents D,, D3, and D, are composed of square Hmong characters appearing in
[14], [15], and [16], respectively. The probability distribution of the equivalence class
of the structure of square Hmong characters in each of the four documents (D, D, D3,
and D,) is shown in Fig. 3.
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Fig. 3. Probability distribution of the equivalence class of the structure of square Hmong
characters

The following points are determined from Fig. 3.

(1) Class 1 (C-C,), Class 3 (Cy-Cy), and Class 6 (Cyq-Cjry) have high probability
characteristics. In documents Dy, D,, D3, and D,, the cumulative probabilities of
these three classes are as high as 0.9672, 0.9405, 0.9028, and 0.8250, respec-
tively. The high probability of Class 1 (C-C;) is particularly significant.

(2) Class 2 (C-Cy-C,y), Class 4 (Cy-Cyi-Cqy), Class 5 (Copu-Cira), Class 7 (Cor-Cita)s
and Class 8 (Cy,-C;,) have a significantly low probability characteristic. In doc-
uments Dy, D,, D3, and D, the cumulative probabilities of these five classes are as
low as 0.0328, 0.0595, 0.0972, and 0.1750, respectively.

(3) In documents D;, D,, D5, and D4, the cumulative probabilities of the occurrence
of Class 2 (C-Cy-Cyy) and Class 4 (C,-Cq-Cy,) are extremely low at only 0.0053,
0.0119, 0.0278, and 0.050, respectively.

Eight equivalence classes of the structure of square Hmong characters in the
practical documents are not evenly distributed. More than 80% of the characters
appearing in the practical documents belong to Class 1, Class 3, and Class 6, and more
than 90% of them consist of two components.

4.2 Complexity of the Structure of Square Hmong Characters

The results on the cumulative probability distribution of the structure of square Hmong
characters reflect the simplicity of the structure. This simplicity can be verified by
calculating the complexity of the structure of square Hmong characters. Complexity
can be expressed by the average number of components in each square Hmong
character appearing in the practical documents. Length is calculated by

Length = Pi; (10)
i=1
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Where, P; is the probability of occurrence of various structures derived from Eq. (9)
and /; is the number of components in the i-th equivalence class.

In documents Dy, D,, D3, and D,, the Length values calculated with Eq. (10) are
2.0053, 2.0119, 2.0278, and 2.0500, respectively. This result fully confirms the sim-
plicity of the structure of square Hmong characters.

4.3 Information Entropy of the Structure of Square Hmong Characters

Information entropy is used to describe the distribution characteristics of square Hmong
characters with different structures in the same document. A large entropy value
equates to a large number of structure equivalence classes included in the document
and to a uniform distribution of square Hmong characters with different structures. On
the contrary, a small entropy value equates to a few structure equivalence classes
included in the document and to a concentrated distribution of square Hmong char-
acters in a few classes.

Given document D, the information entropy of the structure of square Hmong
characters is calculated as

Entropy(D) = — Z P;logyP; (11)
i=1

Where, P; and m are similar to those in Eq. (9).

Figure 4 presents the information entropy of the structure of square Hmong char-
acters in documents Dy, D,, D3, and D,4. As shown in Fig. 4, the structure of square
Hmong characters in the four documents reveals a first-order approximation of the
information. The entropy is small, falling in the interval (1.19, 2.16). The results also
show that the probability of occurrence of various structures appearing in the practical
documents is extremely uneven.

25
2.154015773

1.990855689
2 4 e —
1.5380691

3 15
g 1 1198098859
p .
=
g 1
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0 T T
0 1 2 3 4

Document number

Fig. 4. Information entropy of the structure of square Hmong characters in the practical
documents
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5 Conclusion and Future Work

In this work, we study the linear representation of square Hmong characters and the
classification method for the structure of square Hmong characters. We also analyze the
statistical properties of the structure of square Hmong characters appearing in practical
documents. The analysis results can be used as a basis for the design of a heuristic rule
in the post-processing of an intelligent input and recognition system for square Hmong
characters. The study provides a good foundation for the further investigation of the
application of the structure characteristics of such characters.

Notably, this study focuses on character structure and not on specific characters. To
comprehensively understand the application characteristics of square Hmong characters
in different areas, a variety of practical documents with different themes, styles, and
nature must be collected. An in-depth analysis of the differences in the use of specific
characters should be conducted, and the effectiveness of specific characters should be
evaluated.
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