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This paper presents a novel friendly Kanji learnsygtem using Radical
Analysis to enable foreign people and elementahpasicstudents to learn
Kanji by an interesting and efficient way. This wasy for characters to

analyze for each radical, to divide into some pantsl to correct strokes for
each divided part. Here, the Radical Analysis Datab@AD) is used for

dividing characters. RAD is a database to analyzeadiers for each radical
and divide into some parts. On the other hand,aclers are corrected by
using a threshold. The threshold is a judgmentevatuthe correction and
learners can set it freely by handling thresholdshaut on the interface.
Then, the novel system is improved so that learoars set thresholds for
each divided part. Since each bar correspondscto @at, the system judges
whether each part is corrected or not accordingeiothresholds. Hence,

since learners can freely determine radicals asparwhich they want to be
instructed intensively, they can practice only thadicals not good or part of
the character and easily master difficult charactéoo. In addition, an

animation helps learners understand the orderokes virtually. Since each
stroke used in this animation is displayed witHeddnt colors, learners can
also understand virtually where the same strokesram and to at once.
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1. INTRODUCTION

Since a lot of Kanji are used in Japan, it is esakto master them in primary education. But as it
stands, it is difficult to have an enough educatiothe limited time, such as classes. On the dthed, it is
essential for foreign people in Japan to read arite \Wanji, too. However, it is not easy for themrhaster
Kanji in a short time. Hence, software that canle&ners in mastering them efficiently and in arsperiod
is needed.

For this, research and development of Kanji leagrrégstems was carried out by various styles.
Tatsuoka and Yoshimura have developed the Kangagéhn support system intended for foreigners &ed t
elementary school children [9]. Since it has a biregd interface, it is easy to use this system.eFEak
develops a system enabling teachers to designateation points [7]. This system has functions of anly
evaluating stroke orders and character shapeslsmteaabling teachers to designate evaluation p@int
replace the model of character patterns easilyfeealy. So it is considered in not only learners lso
teachers. Other, systems considered that enablelsao master via games have also been deve[3pgt.

The model of Kanji learning system | am studyingidscorrect strokes by comparing reference
characters with input characters using inter-stiokermation. Moreover, Radical Analysis is intradadl to
this system. This system analyzes characters fir ealical and divides them logically into sometparhe
Radical Analysis Database (RAD) is used for Raddgalysis. RAD is a database which analyzes charact
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for each radical and divides into some parts. Tishod enables learners not only to correct foh gueat
but also to practice only parts they want to, dngstflexible and wide learning is realized.

2. RELATED STUDIES

There are some programs using real-time searclelafion with correct stroke by Cube search,
modification of a letter-shape using inter-strokéoirmation, and instruction of the order of writinging
animation [8], and setting a threshold bar [5]. é¢jethe threshold means a judgment value in characte
correcting.

2.1 Stroke Correspondence Sear ch
An input character is expressed as an orderedssafrigtrokes as follows:

A=AAA A A,

where the k-th stroke As the time sequence representation of local feadu of a character, e.g.,
x-y coordinates or stroke direction are expressed a

A= aydy gy ey, 1 =1(K)
The reference pattern is similarly expressed as
B=B,B,B,--B,---B,
and
B, =byb, b, by, I =3(l)

where N is the number of strokes of a character.

One-to-one stroke correspondence is defined bygtimje I(k) to stroke number k of the input pattern.
The measure of dissimilarity between the input grattstroke A and the reference pattern stroke i
calculated using stroke information on the shape pwsition. The measure of dissimilarity is definesl
d(k,l) and called the stroke distance.

The sum of the distancé(k,l) between strokes is used as a valuation bakishe optimal
correspondence. The minimum value D(A,B) is cakadaby the following formula, and the stroke
correspondence I(k) is obtained as the followirgylte

N
D(A,B) = mln[z d(k, I(k))}
{10k} Lk=1
These processes for all stroke distances requisgranunt of calculation of the factorial order oé th
number of strokes and are unreal. Then, the 3rckddacube is used by the result that 3rd is enougnf
preliminary experiment [6]. Furthermore, the amooftalculation is decreased for the index ordemfithe
factorial order using a beam search. The strokeespondence search in real time is possible, anevtbng
order of a stroke can be pointed out precisely.

2.2 Inter-Stroke Infor mation
As a geometric feature of a character, a relativangement relation exists between strokes.
Moreover, the relative merits and demerits betwsteokes can become as important work for discerhmen
between some characters (Figure 1). Such informagidefined as inter-stroke information.
The vector connects the i-th representation poinstawke k-th of an input pattern and the j-th
representation point of stroke p-th as
d; (Ac A)

The vector connects the i-th representation pointstooke I-th of a reference pattern and the j-th
representation point of stroke g-th as

d, (B, B,)

The Inter-stroke informatiop is expressed following formula,

okl p.a) = Zm: i R(d; (AA,). d; (B ). Byg)))

i=1 j=1
where m is the number of the representation pamd,R ¢, -) are the weighted sums of the angle difference
(6) of vector and the difference (e) of the lengttaafector.
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The inter-stroke information is considered as asueaof dissimilarity of the position relation of
each stroke of the input pattern and the positidation of each stroke of the reference pattern.

The relative position relation with the represeptatpoint of other strokes is the one of the
evaluation values by m = 5, i.e., five points tha¢ equally estimated from each stroke. Therefinis,
system cannot catch the local features, such amthing” and “bending”.

e

R

Figure 1. Inter-Stroke Information

2.3 Instruction of the Character Using Inter-Stroke I nformation

The inter-stroke information uses as a valuatiosidhaand the evaluation valgeis considered
which the stroke of a larger value than a threslohks down the character. Such a stroke is deddxy
the instruction. k' is the drawing to whiphbecomes larger than the threshold, and k'-1 istitedke in front
of k'. The number of a representation point ige&t, the vector

dll(Bk'—l’ Bk')! d22(Bk'—1’ Bk')!'"!dSS(Bk'—l’ Bk')

is displayed in piles on an input pattern as cdisadirections.

For example, the characters “right” and “stone”wghan Figure 2 instruct to correct the relational
position of the 1st stroke and the 2nd strokeigdthe vector which connects the 1st represemtgtnts of
the stroke andgdis the vector which connects the 1st represemtgtionts of the stroke.

d22

Figure 2. Instruction of the Character using k&&moke Information

2.4 Threshold
When characters are corrected, the number of d@nestrokes is various according to number of

strokes and Kanji. So the number of strokes whiiukl be corrected is changed and character irigtruis
performed using a threshold. Here, the threshaldegudgment value when character is corrected.

Learner-Friendly Kanji Learning System with Radi@adalysis (Jungpil Shin)
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Each characteristic point of reference and inputk&soare subtracted and calculated as abs
value, and threshold d is calculated using the¥dtg formula

g=Stmre
RECFEL O 155~ |
1m0 =m0, 1m0 ey
LR G NP
2

where s, m, and e is characteristic points of strdke (That is, starting point, middle point, aerdl point),
x and y is xy coordinates, ref and inp are reference and isfrakes

2.5 Radical Analsys Database (RAD)

According to the definition, Radicals are the pdrtharacters and all characters have not lessa
radical. On the other hand, parts except radidals lsave characteristics like radicals. So Radiaadlysis
can divide characters logically. All characters are analybg the Database of Features of Charac
Character Information Service Environment (CHISE)jgct [1] and composed in a new database ci
Radical Analysis Database (RALFigure 3 shows examples ofvidiion types by RAD. From (a) to (e) ¢
examples of dividing into two parts. (f) is an exdenof dividing into three parts. Finally, (g) is axample

# F f]
| A

Figure 3.Examples of Division Types by R/ (a) two parts dividegerpendicularly,(b) two parts divide
horizontally, (c) kama (d) tare, (e) nyo, () three parts, (g) no divis

b

3. KANJI LEARNING SYSTEM

The following functions are mentioned in this pa
1. Correction with Radical Analys
2. Animation Improvemet

3.1 Interface

The interface of this system ie@wvn in Ficure 4.

(@) The study range is chang

(b) The language of instruction to either Japaneserngligh is changed. Using English, it is easier
many foreigners to learn.

(c) This system is exited.

(d) Areference character is display

(e) Learners write the character here with pen anckt.

(H Another character is displayed on the referencaacher column using the “Back”, “Next’, ai
“Random" buttons. A stroke correspondence tabkxpmessd as a “Check” button, and animatior
expressed as the “Anime” butt

(g) Animation is displayed.
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(h) The incorrect writing order is displayed. Tdwor of wrong strokes in the character input catumrns

(i)
0
(k)
o

red.

A stroke correspondence relation is displayed.

By inputting the character with the keyboandoi this box, learners can quickly refer to anyrabter
they want to learn.

Within the range list, learners can quickl§ereto any character they want to learn.

By threshold bars, learners can change thelle¥ character instruction. When set to “STR”, the
judgment of character instruction becomes strict imost characters are corrected. When set to “LSE”,
the judgment of character instruction becomes l@gEonly the strokes which should be corrected are
done according to desired thresholds. There aemafd corrected strokes according to stroke numbers
and strokes.

(m) The meaning of learning character is displayElde Japanese and English definitions are prepared

[~ Gharacter Gade - 0286 BEx]

corresponding to both languages, respectively.

(a) (b) (c)

FiletE}

_Exit |

& | Wapanese] | REAGTIShY |

@) /

JI5]

ITme Learning Character . 1

7

(d) f)
i L | e B
fThe Wrong Stroke-order 0 el () pPope e
J A 50286 -l i e
EERNCRc R [P gy ()
m o | '
B Zobg - JlIDe meaning:
MFE 4 0210 U, Y0, migi:right
E 91024
T 30170
k4 0212
it 7 0557
(h) g 7 0562
¥ 80780
S 6 0429
I 7. 20156 (m)

Figure 4. Interface of Kanji Learning System
(a) Radical practice mode button, (b) Study ran¢gcten button, (c) Language change button, (d} Button,
(e) Reference pattern, (f) Character input columnQ(geration button, (h) Animation display column,
(i) Wrong stroke order display column, (j) Strol@mrespondence table, (k) Character list,
() Threshold bar, (m) The meaning display chamactéumn

3.2 Flow of Study

PwbdpP

o

Click the study range selection button.

Select a character that you want to study from list

Set thresholds freely with threshold bars.

Write the character checking the reference charatiteyou do not know its stroke order, click the
“Anime” button, and you can check it.

The stroke correspondence is examined by the “Chmatton of the operation button. If the number of
strokes is wrong, the message window is displaged. if the order of strokes is wrong, the colortiod
stroke turns red and the correct order is showenTpush the “clear” button, and the system rettons
step 3.

Learner-Friendly Kanji Learning System with Radi@adalysis (Jungpil Shin)
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6. Without any mistake at the number of strokes armkstorders, the character is corrected the system
returns to step 1.

3.3 Correction with Radical Analysis

This system has 2965 characters with total frono 25 strokes. Then, in order to examine t
many characters are dividable, the number of dbleland undividable characters was ex«ed. Here, this
paper defines characters which can be divided agd&ble characters” with RAD and characters wt
cannot be divided as “undividable characters”. Assult, totally 87% characters are dividable asaghin
Figure 5. On the other hand, 1 other 13% characters are undividable. These uralédcharacters a
corrected without Radical Analys

There are three thresholds, d1, d2, and d3, aeé threshold bars to set each threshold indivigu
Since RAD divides into at most three pz there are also three thresholds. Each threshdda the thresholc
of, a red part, a blue part, and green part inrofFigure6). Learners can set them by moving each thres
bar. The system judges whether each part is cedant not according to t thresholds. Here, d3 is not us
in two divisions and d2 and d3 are not used in viddble to the correction judgment. Thereforeg#rhers
set unused thresholds, there is no influence t@deection judgment. For this, learners can fresgiypais
they want to practice intensive

O dividable into |
two paris

W dividable into
three parts

K\ /’J o undividable
T 84%

Figure 5.The Number of Dividable and Undividable Charac

SR

Figure 6. Each threshold for Each Part

3.4 Animation I mprovement

Learners can understand the order of strokes \liytby animation. In the old system, only o
color is used for sti@ colors in animation. However, it is not explisihere the same strokes are from
to. Therefore, the novel version is improved thathestroke is displayed with different coloFigure 7).
HSV model is used for color change and the coldhek-th stroke is calculated by the following formt

H :% (N <12)

H _ 36

%360 (N >12)
S=10, V=085
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whereH is hue,Sis saturationy is value,N is the number of all strokes. By setting low valitesakes it
easier to see light colomch as yellow. And characters with more than t&kss are limited to 12 colo
because of the small difference in colors. For, tldarners can understand virtually not only theéeorof
strokes by animation but also where the same strakefrom an to.

\ \/

Figure 7. Stroke Colors in Animation

4. EXPERIMENTAL RESULT

Figure8 shows an experimental result when two threshal; and @, are changed. The number
the first part of corrected strokes is decreasimg; is loosing and gldoes not change. The number of
second part of corrected strokes is decreasing is loosing and ddoes not change vice versa. Therefor
is clear that the number of corrected strokes @gmg by changing thresholds when the same cleara

written.
Strict - ‘ Loose
d, X4
| s
Strict <& %
\ i
1 i
Loose
Figure 8.Corrected characters according to the instrudéwal
5. DISCUSSION

Though it is very important in Kanji learning toreict tightly the local features such as tome, h
harai, and bending, this system cannot catch 1 Therefore, when the character shape is corredpbat
features are wrong, this system sometimess not correct them. So a novel algorithm to abstesnd
instruct local features is necess

Learner-Friendly Kaniji Learning System with Radical Ana¢ (Jungpil Shin)
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Next, since the system evaluates written charaetith the number of corrected strokes, it is hard
to know how good the characters are. So it is waportant to improve more understandable evaludton
them. For this, it is very important to pilot tlegstem.

In addition, more characters can be dividablentydifying RAD, such as increasing division
patterns. Otherwise, there are some elements tifynekich confuse learners; some reference charscte
recorded with wrong stroke orders, others are dmmbwith clearly strange meaning.

6. CONCLUSION

This paper has presented a way of stroke correasaorg Radical Analysis. The system can correct
strokes for each part by dividing characters itmea parts with Radical Analysis. At the same tilearners
can set each threshold individually for each pBst.setting plural thresholds freely, learners ceaely
determine parts they want to practice intensivElpm now on, it is necessary to improve so thatsgstem
can abstract and instruct local features. In anlditit is necessary to modify some basic databasening
and stroke orders. The only antidote for this $semdy manual labor.
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