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Abstract

Eating is a lifelong activity. It is important to be aware of nutrition educa-
tion from childhood. Nutrition education means acquiring knowledge about food
through a variety of experiences. This will help them develop the ability to prac-
tice healthy eating habits. In Japan, the inheritance of Japanese food culture, such
as the use of chopsticks, is considered important from the perspective of nutrition
education.

The traditional way of holding chopsticks is to manipulate the upper chopsticks
with the thumb, index finger, and middle finger, and support the lower chopsticks
with the thumb and ring finger. This way of holding chopsticks is functional
because it looks beautiful and the stress on each finger is even. The purpose of
this study is to motivate people to engage in practice to learn this traditional way
of holding chopsticks.

Specifically, we have developed an application that allows users to objectively
check the way they hold their chopsticks. This application is targeted mainly
at children in the lower grades of elementary school who are learning how to
hold chopsticks. The goal is to provide a fun environment for learning how to
hold chopsticks. The app provides users with visual feedback on their chopstick
handling and is used for regular practice and to check the level of mastery before
and after use of the corrective chopsticks. The usefulness of the app was tested by
having children use it at an event.

The following describes the method used to analyze the way chopsticks are held.
As a data set, 10-second videos of 165 elementary school students manipulating
chopsticks were filmed and collected with the cooperation of Associate Professor
Choji of Niigata University of Rehabilitation. The videos were shot in a room
with ceiling lighting, against a white cloth background, and the hand holding the
chopsticks was filmed from the palm side. The background of the hand being
filmed was white to facilitate detection of the chopsticks and fingers. The actual
videos used to create and test the classification model were those of 163 students,
with few missing landmarks.

Chopstick position detection and hand posture estimation were used to analyze
chopstick manipulation. The chopstick position is determined by object detection
using YOLOv8-obb. YOLOvS8-obb is a tilt-aware object detection model. The
straight line connecting the centers of the short sides of the tilt-aware bounding
box is used as the chopstick position. The upper and lower chopsticks are detected
separately. To create the object detection model, multiple videos of chopstick
manipulation captured by a webcam were used. Frames were selected from the
videos so that both open and closed states of the chopsticks were included as
unbiasedly as possible, and annotation data was created. In the pre-processing, the



image data was augmented by resizing to 640 x 640, rotating, enlarging, grayscale,
and brightness correction.

Additionally, MediaPipe is used for hand posture estimation. MediaPipe is
capable of acquiring a total of 21 landmarks, one for the wrist and four for each
finger. In this study, the number of hand detections was set to one in order to
focus only on the hand holding the chopsticks, which is the target of detection. In
addition, if the hand is shot from the side, it may be difficult to detect the fingers.
Therefore, by taking a picture slightly from the palm side, the fingers are easier to
detect. The coordinates of the landmarks of the fingers resulting from this process
are used.

The vertical distances between the index, middle, ring, and little fingers and the
top and bottom of the chopsticks are used. These vertical distances were time-
series analyzed to extract features for classification. catch22, a feature collection,
was used for time series analysis. 22 features were extracted with catch22. catch22
is an easy-to-handle time series feature collection because it extracts a huge number
of time series features into 22 features. In this study, eight features were selected
from the 22 features and used. This is the combination that provides the highest
decision accuracy.

Chopstick manipulation is classified into four classes depending on which finger
is used to manipulate the upper and lower chopsticks. These four classes are
based on the classification table proposed by Yokubo et al. They were classified
into Four Finger (four-finger operation), Three Finger (three-finger operation),
Palm (grasping), and others chopstick holding styles not included in this table.
The data for the 163 participants consisted of 64 Four Finger, 48 Three Finger, 20
Palm, and 31 others. These data were slightly scaled and transformed to expand
each class to 100 samples. Note that the coordinates for left-handers were flipped
left to right so that the orientation was aligned with that of right-handers.

Data from 100 samples of each class, 400 samples in total, were divided 7 to 3
between training and validation to obtain judgment accuracy. As a result, a high
judgment accuracy of 94 percent was obtained. Successful judgments included
those with large movements, such as those in which only the upper chopsticks
moved. On the other hand, those that failed were those with small movements and
those in which both the upper and lower chopsticks moved. Using this chopstick
holding classification model, we developed an application to visualize how users
hold their chopsticks.

We named this app “Kuchibashi App” . The name comes from the fact that
the action of opening and closing chopsticks resembles the opening and closing of
a bird’s beak (Kuchibashi). There are two concepts behind this app. One is that
anyone can use it easily. We will provide it as a web application so that it can be



used from a smartphone. Second, the app should be fun to use without getting
bored. The app incorporates a game style. It classifies the way chopsticks are held
and feeds back the results to the user. The application uses the Flask framework,
nginx as the web server, and uWSGI as the application server.

The application requires the user to manipulate chopsticks for 20 seconds. From
the video of the chopstick operation, the position of the chopsticks and the posture
of the fingers are determined using image recognition technology, and based on
this information, the chopstick operation is analyzed and feedback is provided.
This allows users to objectively understand their own chopstick manipulation and
practice effective chopstick manipulation.

The game is played within a 20-second time limit, opening and closing the
chopsticks in time for insects and acorns to roll from the tree on the screen toward
the red circle. Chopsticks are opened when an insect rolls down and closed when
an acorn rolls down. The timing of the operation is similar to grabbing an acorn
with chopsticks. An animation of the ideal operation is displayed in the upper
right corner of the screen. The player can enjoy operating the chopsticks in time
with the tempo of the music.

Chopstick handling during the game is evaluated on a 100-point scale. Points are
calculated based on the number of acorns obtained, the number of insects avoided,
and the way the chopsticks are held. When the scores are displayed, the results
of the classification of the way of holding the chopsticks and the corresponding
comments are shown. The user can check his/her current chopstick holding style
and the points needed to approach the traditional way of holding chopsticks. In
this study, the traditional way of holding chopsticks is considered the correct way
to hold chopsticks.

In order to evaluate the usefulness of this application, a questionnaire survey
was conducted on 14 participants from elementary to junior high school students.
As a result, it was confirmed that this application provided fun in the sense of a
game and was found to be effective to a certain extent in improving motivation to
practice chopsticks. However, because it is a game, the user cannot concentrate
on correcting how to hold chopsticks.

Currently, videos of first year elementary school students manipulating chop-
sticks are being used as training data for the classification model. Therefore, as a
future issue, hand size may affect the accuracy of classification. In the development
of the model, we plan to expand the data size and improve the feature extraction
method to be independent of hand size. In addition, more detailed information on
how users should modify the way they hold their chopsticks needs to be improved.
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DEZRBTE, ZORLHTD ML —= RIS D Z L R ENT-.

323 AVEASITATREL—ZVTE
FEBLEDERIEAXF VOB EEZHANE L, A V27774 7R L —=
VIEDNRFEINTWVWS., Chia bld, oV —rEMNfE0EEra ba—F—
L1200 =% G L1223 ZOF—LF, A VRV T 4TI L —=
¥ 7ETITo RS, HH KM ERIE RIS,
ZHUX, F—2RE LU TERECHLAZRD Z 2 IKILOD, REGTDER
FIRRHEZ XN TE ST, BHRIIREDORS TEFICIGEL ThRL.

3.3 ANAZDAEDT

AR TIE, T—FPEEFEAL TV EFELRET28EE AN LT, Z
DEOR B PMEMNBERL A EIpEHET S 7 TV r—ay (KK, 77
V) OBFETo7. ZO7 7V, PCRETLy b, AR—bT7 3 VRED—
FRI) 72 7 N4 ZATEET 5.

FOLEBMMED-DD, F—F VY —ZRAOBRBRERFEHEFEAETILTDH S
MediaPipe[24] Z FHHWTFDOZEHEEL L, YOLOvS THWTEZMINT 5. Zh
LEMAGHLESZ T, ERENAZOMCEVBORL 2T . 2—F0
FbAZIEMICHEL, RNR 7 4 —RKNv 7255,

INET, BHRNREDESL H OIEEIE—RINIIHE TR, LaL, 17
RFECTERMN RS 2TV, TOREERHMEIC L. Rl v oHHD
ErfbindTd, A= 73 VRETTFRICHHATE 3 HPRHHETHS. &
D7 TV EMHTZ T, #ETHIRBICEREOMEICE D HD. EHRIEYSE
WX BEFR— g VA EBIAFTE 3.
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7, 77VOEMEOO DL LT, FREMERIC, CHRNCAKY 7V %
EHL, BIEOFRB 2L, ZHEOMBIRITONS I HEZALNS.



F4E BEOHFLHDDEE

AETIE, BORBLAE0HET2-00REBEFELIHIHT 2. BEFIETIE,
YOLOVS Z W TEDNE Z5FE L, MediaPipe Z FIWTFEOZEHARHEL, &
NoEDBLIHLHEDHEIT 2 ETAEREELE. T2, MEEDBEESCHEE
BIZOWTHETT 5.

4.1 JEEFEO2MER

REFEOLEREGE LXK 4177 .

BEDRBHREDIDIZ, HAXTHEDOMURERNTL, DHEET NV EERET 3.
T3, BNEEZRET 2. EMNEORED-HIZ YOLOVS ZHWTE LK T 2
ETNUEER L7z, R, FHRROZBZHIET 5. MediaPipe Z HWTFED Z
VYRRV EBEERRIS L. BOMEBEE FHEOD T v M~ — 7 BEOM 7% H
WTC, BORLHE7HET 5.
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£ 4.1 BEFHEO2KEG

A SRR

\

YOLOvV8 MediaPipe

v N\

BEDZEBHTE FIEOAMERE
EDNIEE

FEDS Y IN—TBEZE LI
B3R5 D52 =

J

SIAANLTALRARCEKD
55L& 4 OS5 ANHE

11



4.2 PDHETETIBROLODEF %R
421 FT—H2tvh

DHEET VORI T 27Xty MX, HFEFEETH2HEY LY
T—a v KR TFHEBEROEBDD &, FriaBA EiEFED/INER 144 165
AT L TH S WINE LB HREEE 2 v 5.

EVEENE O ERRE, @FERHOENT/ITV, JLUCEMZBVWTEHERIEF
LELOODOEZDIIRHLRLTWVEIIICL, RRFOUOLMILSERE TS, I
BLE215H0T—2D5%, i LLFOMUIK 7 L — oKz Y, S
TEL7 Y R~ —27 DT =XV VEIEZRN: 163 %77 DT — X 2 W TH
HrzdT5. BiEIEEE D OFFb TEZHAT 2GRS Nz 10 WIEED
BET, FORMEX 12 EHZI/T> T3,

AL T, BT yokubo HIZ X DRI N9 &4 7 (K 4.1) 1I2HIY, Hii5,
NZELUTE, WHfs, s (RiE), MEDIHEC I » 6 VoRSZEID S TT, LELETR
B ZhETNEDIEZE> THIEL TV 2ICESWTHEHT 5.

2 DI U 7= MR (TESERE ) 1T & 2 HRO—EUE D & (Fleisskappa=0.966),
1634 D 55, Four Finger64 %4, Three Fingerd8 %, Palm20%, ZH LN DFiH
N3l EEND. FE R HELEMROKRD—EZR 42117

RN E DR S 17125 72 5 DI Four Finger DT, FER 1, I, I T, &
1 IVTHEETA2RBEATHS. TEEREZFIZACEZDODTHUT 2KE5HD
TidE e, BERSEREDI D 2R ER TR RED D 503, 9 XA T E LT
BRI R D FICBEIN 27 FDOTIEA L Y ORIZED DR LTV 5.

A2 BB HZRH LR (K4.1) DXE, Way of holding 238, 9 & 4 7
DFFBE T DD type THS. EORFICH HTREELRVEEIE, 99D FAS
NTW3B. %7, memo & LT, ZOENENIEERINIFFH ORI, 19T
H B EFTOFHHZ EDFEHEH I N TV S,

Way of holding Four Finger Three Finger Palm

Upper

Chopsticks 10, 1,001 1 1LV [ 1L LIV, V

—=
== 6 =

Bottom
Chopsticks

=
==

Y 1

Open

Finger Extension

Y
=Rt

Open
Finger Flexion

k44
A4 A
444

4.1: {5 )7 DA (Hil [25])

12



K 4.2: {5 ITRITFAL TR DN

- by EZoORbA
&3] | # | type | Upper | Bottom memo
0| 1-1| 99 | 99 1,2 1,34
1] 1-2|palm| 7 | 1,34 1
20 1-3| four| 1 1,2,3 14 |BEHINMEIV, FIEEREODEAT T2
3| 1-4|four| 1 | 1,23 1,4 | EZE:HEVHLS>TEHVTLES
4| 1-5|three| 3 | 12,3 1 |EZE-TELDHIIFHLTWNE
5/ 1-6| 99 | 99 1 1,2 |FIEORIEHLHZ W
6| 1-7|three| 4 1,2 1,3
7| 1-8|three| 3 | 1,2,3 1 EEAIFELCAREZAWVTWNS
8| 1-9|four| 1 | 1,2,3 1,4 |EBZEHL 2, HEITEICENATLE-TVLS
9| 1-10| four| 1 1,23 14 | EBAPINTEE, PHELREBEOSEENF+5
10/ 1-11] 99 | 99 | 123 | 1,34
11| 1-12|three| 3 | 1,2,3 1 |EZBREIPFLTWS
12| 1-13|three| 3 | 1,2,3 1 |EEBREUPFLNTWLS
13| 1-14]| four| 1 1,2,3 1,4 |BEHLCA2BICFEV AN ->TLE S HAFAHH
14 1-15| 99 | 99 1,2 1,4
15| 1-16|palm| 8 |1,2,34 1
16| 1-17|three| 3 | 1,2,3 1 |EEBRFUPFHLNTWLS
17| 1-18| 99 | 99 1,2 1,34
18] 1-19| 99 | 99 1,3 1,45
19| 1-20|three| 4 1,2 1,3
20| 1-21| four| 1 1,2,3 14 |BZELFLBETTVLAHNHFAREHA
21| 1-22|four| 1 | 1,2,3 1,4 |E

4.3 FELFHEOKRH

4.3.1 ZNEDHFTE

EOMHICIE, VIV RA LATETY =7 MEHDATEER YOLOvVS(You Only
Look Once) D7 L — LV =27 ZHW\W5. Aiff5ETIE, YOLOvS Oriented Bounding
Boxes(OBB)[26] Z W= E TV EER LA T 5.

HEHF— &2y MEBICHTZD, Web I X T THEE L7218 OERIETED
B L7V —4T, 7/ 7—>ay7—X2ER L7, 30fps DA X T TR
L7 BB O D S, 654 7L —24 (f9228) 2 L. 121 002G
HT&E2 K512, BB/ 7—> 3> L YOLOWKRTHYE R Y /) 7 —
arvr—=ZOFERIIE, AIBAFET T v 7 4 — L TdH 5 roboflow[27] Z W %

13



77— a YNGR OEBOFIEK 4212, BESET ) F— 2 ¥ LEEH&D
Bil% X 4.3 12RF.

X 4.2: 75— a YIROEEDH|

\/l

X 4.3: 7 57— a vy LzHEBOH

75— a vy ENE. REoBRTHEATWS., EROZBITH LT,

14



FNZENONEEZHRTHRL, v~V RATa—F—D 4 5OEERZIEE L TED
TYT7EFRELTVS.

P UREREREICHWEER, 7V —a@hs T RBETO, HEDR
755 ETH S (X4.4).

4.4: ZBRFHENIHWE

BHEDZDD % 5 FEOEZRET 28l ~Z 7T —&Xty MEHT 5 Z 2T, &
IETEREZEOFEEZHEC LTV, T2 7L -4, HER ARDE) DT L
BYPNHDT, BOWTVWEE X AL TVWAEE, O L —LBNTES7
THEHEICR B X DIGEE L. B L LT, YOLOVS DE T /LIiX 640 X 640 D
F{RZNRE T B0, 640 X 640 ¥ 27 2LICHGEZ VS A X L. ZOEBIC,
[l#s, $LK, 7V —RT—ft, BEOEHEEZMZ, T—XE%Z 1571297 v
WHEER L7z, b ==V 0T =R 13TTH TN, NV F =2 aryT7r—& 1299~
T, TANTFT—R66H Y IVICHEIL, EEEITS.

N T, BOMBEZRET 272012, M45I1TRFT K51, HEZER L &
TDOND YT 4 TRy 7 A%RD 5. HEOEADHLEREA TS ERE B
35, FOMIIIHLT, 22 n0BORELY, Lilich 2ER L&, Ml
HHELZTEL LTINS, BONBELRRIET I, 7—&ty MR LRE
BEBEE DD X TMNEDZERICLD, BOMMETOELERKENY YT 4 V7
Ry VATHEBIZHD Z DR TELRWEERD L. LrL, XUV T 4V TRy
J2ADA—F—D 4 HOPEEZDDHDTIERL, FMAOHLEMATZEREED
B LTHHAT 2729, 7HEBEICHELRVWEEZ 5.

15



X 4.5: BEHTDONT T4 VIR 7 A

TAMT =X DRGEEL7MHREE L, R 4.3 10RT. MHEREEOFHMEIZIE,
IoU(Intersection over Union) ZHW2%. IoU X, FHIANY VT4 ¥ IRy 7R L
BN YT 4 YRy ZADERDDEIGTHS. oUW 0 1 DHEHBEDEE
D, EAREVZERBENGN L ERT.

TERR L 72T TLIE, ToU 28 0.5 DS IXHERICMETE, 0.75 DHEAET
HoTd, SEDLEDOIEMREZERL TV,

* 4.3: BHME TV OMHIEE
IoU=0.5 IoU=0.75

B 1.0 0.8182
BEEE 1.0 0.8182
HWEHFE 1.0 1.0
F fH 1.0 0.90

2I7FE, B SADAT, EROETHITITWARW. I XS THRE LB
2, FORBIHLTEH0ERY FE THOEEZTEL LTS,

4.3.2 FIEOZRMTE

FOLBHEEIZIX, Google 1T & D #REX AT W B MediaPipe[24] DF DX
HEETNVEFHAT 5. MediaPipe TiE, K 4.6 \IIRITMED, FHLEHE48T

16



DODEET21HED T Y R~— 2 HETX 3.

0. WRIST 11. MIDDLE_FINGER_DIP
1. THUMB_CMC 12. MIDDLE_FINGER_TIP
2. THUMB_MCP 13. RING_FINGER_MCP
3. THUMBL_IP 14. RING_FINGER_PIP
4. THUMB_TIP 15. RING_FINGER_DIP
5. INDEX_FINGER_MCP 16. RING_FINGER_TIP
6. INDEX_FINGER_PIP 17. PINKY_MCP
7. INDEX_FINGER_DIP 18. PINKY_PIP
8. INDEX_FINGER_TIP 19. PINKY_DIP
9. MIDDLE_FINGER_MCP  20. PINKY_TIP
10. MIDDLE_FINGER_PIP

X 4.6: MediaPipe D F > ¥~ — 7 FEFZ (H it [24])

IN6DT Y F=—r %I, HEIRNTOFOMNBESCEZ 2HET 5.
AWFETIE, BEFOFOAERNRL T2, FOMHEE 1 DIHEELTW
5. ZHICKD, HEOFImHENE Z L 2, HNOFOAICHEHT 22 L
MHEEY 725, FOXRBR EHICHE T 212X, EAENIEETHS. K471
RT LS, BEMPrSBRELEFR I Y Fx—2 ONESREICRE 22D 5.

X 4.7: BEfED oY LB 2 ROF () LMt L7281 ()

K2, BROMIRONEBDER D HIZIEMEICHERTE R\, 2D, 1504
EDEIRICR > TLEY, BN 1ODfH LTHREINTLE>ELEXRHS. £
T, PRTFOULAINGIRE T2 T, FOBREEHIHBHLLTL T5.
BIR L7 Y F~x—2 DFEEEZHWT, ZE0Rb A 20T 5.

X706 OHUSHEIBIC, FEHERTERYE, FEHSZ R, FiE
DI YRR =0 REORE ZNOZHBIREZME L2 DZX 4.8 1TR7.

17



X 4.8: ENOENMNEL FHED T ¥ K~ — 7 FEfE

4.4 DEETILOESE

DHEFNLOREYL FHMiiZ1TS. catch22 OREEDEER, FHLZoHEHT
LSS 5. EROZBONBEREIEY, FHED T ¥ F~— 27 DFEZE% catch22
WX D EERY o LEUS L7-RE R VW TS 5.

4.5 BRI

KRB HTICIE, FRERVIOFHEEaL 7> 2 > TH B catch22[29] Z WV 3.
catch22 [ IR RFN DB ED A Z S 2/ E L 7> 2 > TH 5. catch22
W hetsaFEZ A 75V 28] D7 4 VRN —T 2 > (4791 KR8 %= 22 HD
RERFIVRFE IS - TR E D v b TH D, KOt PRSFH LTV
ZEHRETH 3 [30].

FNZRDRICOWTHIAT % [31].

e SP_Summaries_welch_rect_centroid

N —=ZR7 ML E NS FHET, AR T 5.

e SP_Summaries_welch_rect_area_5_1

RAK 20 % DRI BT 2 MR D 2R S 5. EEREICZ < ot
N FiORERINCIEEWER G 51 5.

18



SC_FluctAnal 2_rsrangefit_50_1_logi_prop_rl
F—=ROEHERET 2701, BRI —AGERVS. ZOHEEE. v
TRy —NVTT = ZDEPE D K5I DR 7 — MHRIES % h 2 HIE
L, 7T—XOEFNRZ— VRT3,

SC_FluctAnal 2_dfa_50_1_2_logi_prop_rl

FNWE A AR T — VTS 2RRINTRWEN S 2 Hh 5.

SB_TransitionMatrix_3ac_sumdiagcov

FERBIS — % OREBBORBIEE TR, /4 X507 — X TIHEE
AN

SB_MotifThree_quantile_hh

KR T — & % 3 DD THEIL, TRTD2NFOXTH D HBI#ERE
ARLTZY b —%2RY. FHILSLTWHEHIZIHEWVEZSZ 5.
SB_BinaryStats_mean_longstretchl

RFRH T — 2P L D KREWEE 1, FHUTOMEZ0 L, 158k
PREORSZAMT 3.

SB_BinaryStats_diff_longstretch0

RSN 7 — X DEIDEL D /NZ Ve 120, REVWEe X212 LT, 023
M omEDORIZHIT 5.

PD_PeriodicityWang_th0_01

RERAN T — RT3 RICA T T4 V2o T, RIRMEAZED BRE, Wang
5 [32] DFRICE D &, —H D23 B CHERBEBORIO Y — 7 %
B

MD _hrv_classic_pnn40

RERA T — X DIEHRERAZD 4 N2 A D EFORZ X DEIGZHET L. £
HAREVWT —XITEHWNMEDR G Z 5N 5.

IN_AutoMutuallnfoStats_40_gaussian_fmmi

KR T — ZI12B1F 2 HCHBE DR R 7 — A Z2R/IES 5. Zhud, HCEM
BB oR/MEZRD 5 Z L THRIEN 3.

FC_LocalSimple_mean3_stderr

KRS 7 — X DRETD 3 D DIED G2 HH L TROMEZ FHIS 2 BRORED
REZIRY.

19



e FC_LocalSimple_meanl_tauresrat

RERAN 7 — X DBMED R DI 7157 % R, FR7AED B CAHBIBR D HAI D
O2GER L, TLORRYIT — % D H BB ORI DX 0 2L R DR E
Bty 2.

e DN OutlierInclude_p_001_mdrmd
RRAN T — 2D EAL1 % DAAIUEZRII L, 20X A4 IV 7 %KY,

e DN _OutlierInclude_n_001_mdrmd
RERH T — X DL 1 DHNNEEZREL, Z2OXA I V7 2IKRT.

e DN _HistogramMode_10

KRN T =2 DR 7720 10 HOXMZHEHLT, 7—XNORME
NI

e DN _HistogramMode_5
RRIFT—ZDE A7 Z7 205 HOXEZMEHL T, ¥ —XANDORMEEE
Y.

e CO_trev_1_num
RERYN T — R DBEDETZ 3T LIS DDFIZHET 5.
e CO_HistogramAMI _even_2_5

FERIE DB MBI TH 5. HEROMIAHBITERR DD D1, FERAHRE X b
Vy 7 THLMEHREZEMNT 5.

e CO_FirstMin_ac
HOMHBEEEOHFH TRIIOR/IMEZFHHE T 5.

e CO_flecac

H CAHBIRERDS 1/e 2 RE 2 A DR EEN ZHIE S 5. KRIIT—XITHB
7% HOMHBEOREZRT.

e CO_Embed2_Dist_tau_d_expfit_meandiff

KR T — & % 2 KT DI EEIESE DA A ZEHTRIL L, Z2RIN D K DR
HEZETE L, MERDMZ DT 5. 2L TEOFHNREZ TS 5.

IS DRRIF— &2 EHWT, EOFb 20T 5.

20



4.5.1 BRZEHE NI

catch22 IC X DEUS L-FrE T HINER e L, b A2 7L L T4 5 R
78%17 5. Four Finger, Three Finger, Palm, ZHOLND, 4FEOFL %
FRLE L.

L7z 7 —XI2E& EN 5 Four Finger D% X 4.9 12, Three Finger D% X
4.1012, Palm OfIZX 41112, £hLIANOFH T OHIZK 4.1212RT.

revery

4.9: Four Finger D3]

4.10: Three Finger D3l

21



X 4.11: Palm O34

Ll o

X 4.12: ZF DB J5 D FEH|

477 ADFHH DT —RBEHEFECT 2720, ZhoDT —XIZHEBOBRGE
D 1 %R (e 7 e ARREE) OYEKFDN & HATREIO I Z A, %2 2 & 100
P TNCT = RYPLR U7z, JEKME/D e AT E IO K = X0k, HEMENMEL &2
BRVIEEICHRE L. IO o DEZRRIIGHT LIREETHWT4 7 7 25
HE1T5.

T—xty Ve EHT— & WEEHT =2 D 7:3127%| L, Four Finger, Three
Finger, Palm, ZOMOFFEHD 47 7 A5FET-7-. B, EMZ0HEE
GRlErmErfiiso ko5, BEELEGRIELTWS.

4.5.2 DIENE DKL

WY EFIEEED 2012, RD5OD0EEEITS. B2ORbHFODHEHIZ L
TOEZ DI THRIETZ20ICEDHET 2720, L—IAX—=XD3FICHEHL 7=
RERDHT, BOFH T OMENZITKIITHINTE 20 5EE»H % SVM £ T V&
L7 LVAMD3IOD7 AT L% HOCTHIEL 7.

o FEEgu1l
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— RS 2EE  FROETOI Y Fx—J gL, L TOFELFHRDE
[=RiEE

— {HHT AEEE  catch22 THUET X 2 22 [HORHE
— ZAIY XL SVM

o RE2
— HHT2EE  FEOERTOI Y Py — 2R, L TOFEL FHHEDE
[=RiEL

— {HHET AEEE  catch22 THUET X 2 22 A0 HE
— 7Y XL PERDHT

L] %‘%3
— [FHT2EE . FHEOLTOI Y Fv—JFBEr, L FOE L FHoE
B PR

— {HH9 AEME ; catch22 THUYE T % % 22 RO &=
— ZILITVXL TR ALT LA D

o HiEi4q

— AT 2EE . F N0 FieomEREE
— {HHT AR E © catch22 THUYE T % 3 22 RO H=
— ZNLVITVXL TV RLATHF LA D

L4 %1%5

— S 2 HE  ENOE L PO EERAE

— {HT 35 E : catch22 TEUS T X 2 22 HORHED &EE L 7= 81
DR E

— ZNLVIAVIXL TV RLATF LA b

FH1, 2, 3TiE, SVM(FR—tRT7X—<> V), BREARDH, BLUZHROD
RERZED THAEDLETTHZITIZ VR LT A LA ND 3 DDHFEHD TV
TV RXLZHIRT S, EE3LERAT, FROZLFREOFEERRICMNZ, F4E
DTV K=V FBEZOLDEHERHT 255, ETNOE L FoBmEERD A
2ESGAE TS 5.

FHT 2 FErRfsomEREZX4.13, FE L BIBEOREFHZ X 4.14 1277,

23



X 4.13: F& r ZfsomERRE

4.14: NE L B0 EE

EER 4 Y EER 5T, catch22 DRFEEESTEHWEGE YL, BEL S DDRHY
BEHHLEGEZIET 5.

24



4.5.3 ZEBx1

FHROETOI Y F~Y—JFEYy  Er FEOEEFRMZHEH L TERZ2ITS.
F8EI121E, catch22 THUSTE 2 2 TOREEE AW/, ZHx SVMIZ X
DL RE2R 44, DHEBELZER45ITRT.

F 4.4 T AT —RODFEER

THIE
Four Finger Three Finger Palm % DAftll
Four Finger 13 17 1 6
Three Finger 3 16 0 6
AE
EFE b 0 1 25 1
Z DAt 1 6 2 19

3 4.5 G E
FfER HEER @EEE FE
0.61 0.68 0.61 0.61

SVM ZHW7e455, IEMRIZ 61 %, BHEIL68%, HEHRIX61 %, FIHEIEZ
61 % THo7z. FHI, Four Finger DL, LA Three Finger & L THIE S 7.
Four Finger & Three Finger 13 F NOE%Z E DI THET 20084500, F
FEDEBTI W=, IEL L HEX LW,

4.5.4 HE2

EBrFfeoEERR Y 2L TEREZITS. FEEICE, catch22 THHTZ
% 2D ETOREEY AW, ZHNERERDINEHTHEEZITS. 7ED
MERERAGIC, TEHEEYRATIORT.

+ 4.6: 7 A M T — RO AR

THME
Four Finger Three Finger Palm % DAl
Four Finger 22 6 3 6
Three Finger 5 17 2 1
AE
EFE 0 0 26 4
Z Dfth 2 4 1 21

25



® AT IEREE
IR HER % FE
072 072 072 071

DUERIHTE W56, EMRIE 2%, HEERIE 2%, BEEIZT2%, F
fEZ 71 % T®H - 7z. Four Finger 2% Three Finger & L THIESI L5 b DT, Lk
EEANELIBEEHRET LD EEEIDTVARVH DR, FIZR/NIWNnDHD, B
H%. F£7z, Four Finger 32 DfhDFH /7 e HES NS D DITIE, EZH/hEL
HE L BIEBEODHED R T2 b DR EEN 2. LEEAELIEEHETL-o2D
LIREIDTVRVWE B, TR EIFEOTEER A 07 b Tk, BRERIC LE
DE = L HIEOE) X 2EEH L 2wz, IEL HIEZ UL W,

4.5.5 EE&3

FHORTOS Y Fo— Y, B FHOREIEMELEM L TRBETS.
RRICIZ, catch22 THUSTE 2 2O TOREEEZ W, 20X L7
VA REMVCTAERTS. DRLIRRERAS, PRMELR L9 ORT.

K48 TA LT —ROHERR

THIfE
Four Finger Three Finger Palm % D1l
Four Finger 23 9 2 3
Three Finger 3 19 2 1
(el
EFE b 0 1 26 3
Z OAth 2 1 1 24

& 4.9 NEREE
FfER HEER @EE¥X FE
0.77 0.78 0.77 0.77

FZVRLT A LVRAMEHWEGE, ERRIETT %, BERIE T8 %, HERIE
77 %, FAHEIX 77 % TH - 7. Four Finger % Three Finger ¥ L THEXN 2 DD
WX, BIEVNSSHIRE BRIBOTHED A TR b D, AELIBEHROE) =
HNZ Wb D, FEZAT 2FRICHITE, FRPHRoTn2dDhH 5. REAKRD
WM CTOREDLE L AT, FRERFIC EEOH = 508 2 EE L 720D
DI, ELLHEZIUT V. T2, BoMERICEERERES A D, F2K
DEINTLEIDDDIEL CHEZ TS WHADLD 5.

26



4.5.6 3EEx4

FTROEL FEoBmEFEHOAZHH L CEREITS. FHEIZIZ, catch22 T
HIETZ 2 2oL TORMERHW:. VX L7+ LA NEHWTHEERLT
5. DHELEERZE 410, DEEEZEL411ITRT.

# 4.10: 7 A b T — XD FELEE

THIE
Four Finger Three Finger Palm % DAftll
Four Finger 25 ) 3 4
Three Finger 2 22 0 1
AE
EFE b 0 0 30 0
Z DAt 2 1 0 25

A1 DHERE
EfgR HEX @EEXR FHE
0.85 0.85 0.85 0.85

EroEE NE LTS, Fi5, ¥s, MEOEEFHOAZHWT, X474
VA MITHBELLGS, ER, BEE HER, FEIEZEDHIZH LR,
Four Finger 23 Three Finger & U CTHIE XN 2 b DITiE, BiZx2/hx {Hfge 3
FEDRBED T 772 DR, NELIBEHENIZEA LTV RVWHDNDH 5.
% 7z, Four Finger %2 DMDFHE 72 LTHREZI NS D DITIX, Bhxh/hxH
B HIBO LT TR b D, LEEXAEZLIBEHETEEIHTELT, B
OB ERDENRZATA4 FL, Z2BRAT3L5CEbD0DH 3.

XNV DIFIEL L HEZ TS WEADH D, AZELIBLHfENZY
A BN WIGETIX, FOLREANT W Four Finger £ Three Finger TRRHE S
5ZehHb. FEEANEZELBLHRTRIDTORWEEIIE, F0FEBX
&, TR 2E L FHROBERHILE LRV, ZoMMoFb e L
THESND Z DD 5.

4.5.7 ZEE5
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