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Abstract

Badminton is a sport that requires precise and fluid full-body coordination, making it particularly
challenging for beginners to master proper swing techniques. Among all badminton strokes, the
forehand clear is a fundamental yet difficult skill for beginners to acquire. Traditional training
methods often rely on video-based imitation or in-person coaching, which either lack
personalization or are not always accessible. To address these limitations, this study proposes a
system for supporting the improvement of badminton shadow swing form, specifically focused
on the forehand clear motion. The system integrates pose estimation, motion comparison, and
multi-modal feedback to enhance the learning experience and performance of beginners.

The proposed system is built upon a two-perspective analysis framework that captures the
player’s shadow swing from both frontal and lateral views. Using YOLOvV11 for pose estimation,
the system extracts joint positions from keyframes in the video. Standard motion models were
constructed by averaging the key poses of expert players collected from multiple trials. For each
user swing, the system identifies corresponding keyframes and applies Procrustes analysis to
spatially align the learner’s pose with the standard model. By calculating joint-wise deviations
and mapping them into a normalized score, the system provides visual and quantitative feedback
on form correctness.

A key innovation of this study is the feedback generation mechanism. For each keyframe, a
three-column feedback image is created, showing the learner’s actual form, a skeleton-based
reference from the expert dataset, and a real image of an expert player with similar body type
performing the same motion. Arrows and annotations indicate joint deviations and provide textual
guidance. These visualizations help beginners identify and correct mistakes in an intuitive way.
Due to the high computational cost of virtual video generation, only three keyframes from each
perspective are used for comparison, while the frontal keyframe is excluded due to occlusion
errors in joint detection.

To further explore the potential of visual feedback, this research also incorporates a simulation-
based training method using the open-source UniAnimate model. By inputting a video of expert
swing motions and a front-view image of the learner, the system generates a personalized virtual
video in which the learner’s body performs the expert motion. This enables learners to visually
perceive how they would look with ideal form. To manage GPU memory constraints, the expert
motion is sub-sampled to approximately 85 frames before feeding into the UniAnimate model.

To evaluate the effectiveness of the proposed methods, a controlled experiment was conducted
involving 30 badminton beginners. Participants were randomly divided into three groups: (A) the
feedback system group, which used the proposed skeleton-based visual feedback system for
practice; (B) the simulation group, which practiced by watching their own virtual videos
generated by UniAnimate; and (C) the control group, which learned through conventional expert
video tutorials. Each participant performed two rounds of shadow swings before and after a 20-
minute practice session. Joint deviations were scored using the system, and improvement was
measured as the change in average score between the two rounds.

The experimental results showed that the feedback system group achieved the greatest
improvement in both frontal and lateral swing forms. Statistical analysis using the Wilcoxon
signed-rank test confirmed the significance of the improvement for "feedback system group”
“simulation group” and “control group”. Notably, while the simulation group provided a strong
sense of embodiment and engagement, its effectiveness in correcting specific motion errors was
slightly lower than that of the feedback system. The control group showed the least improvement,
suggesting that generic video-based learning is less effective for technical motion refinement.

In addition to objective evaluation, a post-experiment questionnaire was conducted to assess
user experience, perceived effectiveness, and motivation. The feedback system group reported the
highest levels of usefulness and satisfaction. Many participants commented that the arrows and
step-by-step guidance helped them understand their mistakes. The simulation group also received
positive feedback, particularly regarding its novelty and motivational effect. However, some users



noted that the visual realism was limited due to the lack of racket rendering and slight deformation
in generated avatars. The control group expressed difficulties in identifying their own mistakes
when watching expert videos.

This research highlights the importance of personalized, multi-perspective feedback in motor
skill acquisition. While virtual simulations offer enhanced engagement, precise and detailed
visual cues based on pose estimation proved to be more effective in guiding learners to correct
their swing forms. The combination of real-time skeleton feedback and visual self-comparison
enables learners to internalize target motions more efficiently.

In conclusion, this study presents a novel badminton training support system that combines pose
estimation, visual feedback, and personalized simulation. Through multi-angle analysis and
detailed comparison mechanisms, the system helps beginners better understand and improve their
swing technique. The experimental results and user feedback support the effectiveness of the
approach. By integrating technical rigor with user-centered design, this system offers a promising
direction for intelligent sports training systems aimed at novices.

Nonetheless, the study has several limitations. First, the UniAnimate model used in this research
cannot generate videos with rackets due to input limitations, and its rendering quality occasionally
causes avatar deformation. Second, the current system focuses only on discrete keyframes and
lacks dynamic trajectory analysis across frames. Third, although the experiment included a
moderate number of participants, longer-term studies are needed to evaluate retention and
sustained improvement.

For future work, the system can be enhanced in several ways. First, more advanced video
generation models that support high-quality, object-inclusive rendering should be explored to
improve the realism of the simulation. Second, dynamic motion trajectory analysis could be
incorporated by evaluating continuous pose sequences rather than isolated keyframes. This would
enable the system to capture rhythm and temporal coherence, which are important in fluid sports
motions like badminton. Third, integrating real-time feedback mechanisms and combining the
advantages of both the feedback system and virtual video simulation may provide a hybrid
training experience that enhances both immediate correction and motivational impact. Finally,
expanding the system to support other badminton techniques such as smashes, drop shots, or
footwork, and incorporating hitting practice, would increase the system's utility and training
diversity.

Keywords: badminton, shadow swing, pose estimation, motion feedback, virtual simulation,
UniAnimate, Procrustes analysis, beginner training system.
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HORBLZENG T TND, 61T, ZHORBUTIT, BEHOTHI/ NI NEDMNG
RENHDAE | FEDORSNOEDOENZ T HZ LT, f@RNICE— b~y T DLD
RN RAEFF- T, TORER, RIURBLTH > THEOIEWIC L > THEFADES VI
TANZXBI S L5,

N

l312% &74~kﬂ/74% Y (il sO 26 &4 5)

ZOXHIRABUCIZ L DT 4 — RNy 7 %08 UC, MR OE BB E L
TEIASNDTO, UILETAFOMEOR 45708 % B TIMET 5 Z L3 TE 5,
ZDT7 4 — RNy 7KL Procrustes 7 7 A AL MIXoTHEHHEINT-ERIZESH
TAEREINDITZD, MEOH LT R LV ORE LY EMIRNTZENARETH Y
WILE T L TR EO Tt ARt 5 b0 Th 5,
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3TEMERa TV o 7T )a Y XADKE
3.7.1 V7 A FRIEARZR 27 U o 7B

AREITIX, AR TERA L BEEOEIER a7 U o IOV THAT %, F1
B ClI Y VA RRIESS o WV CRIEIRE 2% 20-100 SSOWIHIA a 7ICE#H L, 5 2
B LI X MBI ORI GA% % 8 U CHR S0 AT OFERRYE L 1B 2 & 5,

IR CIEME LEBEIRGEZ r L 970, WA 2 7RIIRAUC LV EFRT D,

100 — FLOOR

R = FLOOR
+ 1+4+7rP

Z ZC, FLOOR =201t A a7 O FRZR L, p = 1.51XB8% D s Ik 4 43
HIHDINT A =2 ThDH, ZOBEIIRKIHIOENEZFREL, Zir =004, R =
20 + 80/(1+0) = 100& 72D | AU ET D, rdKRE < 72512240 T, RIFR A 1T
DF B0 1+ rES OB ITARE L VIR0, ROBDIZIREITESIICR Y, %=
FEMD TR EWEAITIZ FRRO 20 fICH#iTd 5,

Bl 72U LA A 27 02 L ik L C, 2 oM BONBEISIL, FHMlCs VT X
DmWEEMEE Ff AR, 77200, BEOERNRKEWVGETH, A7 NEMR
FICRIBITIR T2 2 &7 <, a2 20 SO FIRIZIESL 728, M/ 72eRc L5 A
a7 DESEEET, FHIOLREENMRT-ND, —F, ZRINNIWGEERIZIE, A7)
100 fLUCHTS3 LN, BRI AT BN, DR ER 2N 2 Aok S
AUy REATHEAE O ZHMERS R S D, DF 0 BESEEICIERITEVEATH, 2B
WEORMN DD Z ENRIND,

3.7T.2 KR Z L OMIEGRIC L ARk AT

WA a7 RIZFDFE F TIL 40-60 SENBE LUHBINEH L2, RAORIEGS
[38]DFE 2 FIZIHANWT, IROXDEARIT LD IFEA T S~EHS 5,

R, R < 40;

60 + 110
S = 50 — 40

X (90 — 60), 40 < R < 50;

100 — 50

(90 + X (100 —90), R > 50,
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TDXEIBRRE T EDERTNER NS Z & Tt RA a7 BHRRELL EOKEIZSH
LA, AT 5 E BTSN, 2 oTOERNEFHIND D \ﬂﬁ#%®%ﬁ
PERM ET 2, 20X o7 THREZIAT, RFsmEEfT 5] v BV 7RG
0. fFREANZ DORFRICHT A BRSNS LY —ET 551275, BRI

B OROWENEICK LTIk 20~40 8 & W O RGS# 24595 2 & T &%®%%ﬁ%
5 &MY, — 5T, PRE IR REIEICE 60 AU LEOBEEE XD
ZEITRY, TEK £ TRV kL LTHELLT L, S HICHINR
EWIZE > THAIZENE LD KHOEE L TWD, & LT, EHEMNREMEICIER 2T
EHLEEX, 90 AL EOEMSAFICH —MICOBEEND Z LT, TOREBL R
Z IR 2 & [FIRFIZ . 90~100 fEOFIPHIZ I3 1T 2 ki 72 Z28hiC L - T, ilim% B
BRI E25mEBELERTZENTED, U EDX T, v I7EA R E XHEES
o TEBEOME AR D Z LT, ARBFSEAER G L TZ B EREAG A 7 = X A%, 45l
FROWE B S & LEMZ RS DD FHliFE R D30 A B & S AT et 2 Ff7o ¥ 2 2

IR L TWD, Zhck Dy, Bl LV OBEICH L CHgETEIL SN 7 «
— R 7 BT 5 2 LR ATREE 7o T,
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AT FEER - T

AT, FFF LA RV P URRE Y #E OEERICE S & | ERERONH &
EREITH, 1T UOIC, EBRO B E TFIEICOW TR, BRE D 7 L—73 7B IO
EBROFNEBHAT 5, WIC, EBRT —Z OLEE X OO FEIC Wik 5, 0
%, 3 ODOWHRE I — BT D EBII2EETM A =27 O EZ e U, #Et
BREZITI, DT, BT 7 — MERESITT 5, Bk, EBRBERICONT
AN EZELE L T T 4 — RNy 7 VAT AOFE LA B OUEESIZHOWTH L S,
KERARTZZ A 7 A AFRBEIZ L > TR I GKREE S - A 07-016)

AREBRTIT 3D NI b FR Y #E A OW TR 21T > 72, 1 D H X
PR OSEIFIETH Y | FEGENE 25 L TP CHE T2 ETh D, 2 2HIX
ZDOUERI 2 0 B L, S %E%@W%ﬁﬁbt/\;v~v5/trﬁ%éﬁb
THEBEIZHWD HETH D, 3 2L, HEGRRET VATEH L, BifE4 i L7z T
TA— RNy 7R LR oME 2179 HIETH D, FERITIL, JAIST ICHTR T 2 4]
DEOLEFEEL, H>LEENIL, BEN214THoT2,

WHRELB IO N—T531F 0 30 L OBRE L, BIEAIZ3 DD I N—TTH%EIT Sy
J o, FIN—T TR HHEFIEIHIE LTS, (1) (R OfREE)E 7 1—
7 (RPRREE) - RBREIC X D RIRV BEOIEENE ZERE L TEE 2170, (2) v
2b—va AT N—7 (EBREEED 1) HBRE R & OREZ RN AR L 7o
HEMEBNE 2GR L TR 2179, () HiRT7 4 — KRy 7 AT AT NV—T (5B
BEZD2)  AEFFECRAR LIl 7 ¢ — RN ZBIORE v AT 5% AW Tl 217
Do 3ODDTN—T1E, NI L OVERI ORI D K o LTz,

KERTFIE : 9T OD%B‘ZEﬁ%!iﬁ*@%@T“G%%%ﬁb\ &7 N—T DFNEL L OHHE
BRI — ST b, ZhIZE Y, BoNDRERO LB ATREME A MR L T D, FE6R
DEKH 7R FNATLL T O@EY TH 5,

&

1. 8 a7 A B

WBRE 1L, RIS TR RI U h D7 7Ny RERY BEZTV, FERTENEL
L CRidk S iz, MF9eEIE. 2 :.@Xv*l\77r/73)< ZaEHWT, #BRE OFIRY &)
EZIEm R SO 2 S L7z, Al OWRZITIZ =MICEE L7z iPhone XS Max % fif
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L. =@ S I3HBRE OO B IS G, R EIL 1080p « 60fps & L7z, IE
75 OBEIT, BFFEBRSEE N FFFH D iPhone 15 Pro, #iREXEIT 1080p * 60fps T
o AT o1z, BHRE L, ZE LICAIENEMG 215 5 72, 15 Bl 20 [EIFEIRY
B0 LT,

2. R Beb

BRI, FURT %/ M — TG U, T ENR R ME SEORE A2 AR
920 SYTIOBE &AT o 72, FERTLOIREIIG 7 L — 7 OWBRHE 12, WHRFITL 57
Ty RFRRR Y HifofEmGg (Efms XOMIEO 2 SOMEEETe 2 othg) &8
FEL, ZNERH L CHE Le, (K41 28)

3l SkE, E@X
%, GFRHAE, B
IR . =Tl
, BATH, BHER
IR,

4.1 FREBGOR 7 ) —2 a3 v b

VIalb—ya BT AN —TOMEBRE L, BHRRNZER LB OERDET VN
FIRVEIMEAZEET HMEGEEZHETEL . ZTHICESWTEE L=, (X 4.2 28)
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Backswing:
The body rotates to face forward.
The nEht elbow lifts, and the
etnaturaHyrnoves

rac

X 4.2 I2l—arEFF0R7)—r3 9y

7 4 — RNy 7 AT NI N—T OWERFIT, AR CTRE S N7 4 — KXy
7 VAT WERACTHE AT o2, HFEE T, HREOREV BELZ 5 ERE L, 0
FNOHEBRE H S Db BWEE LT 1 BOEEZ S AT A~D A& LTRR LT,
HOMAR (K30 B) 2HATRER, YATAE 74— Ry 7 KEHA L, #BREITE
NaEZEIZLTHENIHE Z1To72, 74— Ry 7 BT, #EE OBV
BRE OB ZENTIY | #ERF ST 2R RE OFIR Y Bl % 2 A2 2 &
T, \HERT L— AMOBEERBICET 2 HME A RS-, 1 BOMER R IXHRK 10 4
&L, 10 DRICITHERIREY BfEL 5 g L, RO FIECTHEE 24 v R Lz, #
B, K7 N —TOWRFILHHICERY BIEELMR D IR Z LR Tx, FEFILEXIM
BRI EITOT, FNENOME T7IEBIRONRZ R LTz,

3. MHE%T A

TRE 2 R 2 T, PR IR AT & RIRRIC . BEYER R FIR D BIEO T R b & FE
L7z, WFZEE IS ONEREB L OMIE» S FRE D SE2 R L, FHREEZTMET 57290
DERE LT,
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4. BT o — Ml

BRI, BRI IARERICET 27 v — MIEIZE L, AEO#BE IR 5 E872
JEARPTHl A FLek L7, 77— MU, #E AR OEMIT 3 2 B Ok, 87
PR R P ORI, R LS HED T 4 — Ry 735 W, &~

OHESEZAK 2 & BEOMIEIZOW TS, EEOT v — N EfHEc#Et 5,

PLEDFNAIZ L0 | S48 2B DR AR OF BRI 2EET — 2 B LOTBI 2
Al 7 — 2 2 BF L, AR OSHTISHW,

4.2 538 51k
4. 2.1 EEWRENERAR 7%

AWFFETIX, Procrustes 43#T 21D < BEREN S 2 7 A& W T, #BRE D FEIR D )
E% EEWNZFHMET %, BRM7235E L Uik, fHiH = — R2 1T L, #BE OBE
DRI CHEEEE L PORERLLNERE L CERT S, E@h S O T
H—DEEHEY BEEZ A E L, HHE LT s0~s3 D4 DDF—7 L—AIxi
THERAaTNELND, NSO T, H—0MmERY B4 AN E L, 1~
f3D3OOF—T L —AIxINT HAAT RIS D (f0 DR ZIT > TR e
B, AAT R, FHERFEICH LT, BEAIROFRE BiEoREICBE N T, &
ALEI 15 FIOFERRFR D BEZ I L, §Hli=— FIZ LV | #ERIE O 15 [BIFER
VDORaT7 ZEET5 (KENTIE s0~s3, fFI~f3DFTHODORaT7TNEEND) .

4. 2.2 AR DOFE

BN 2T 572, ABFFE T TEmERE] & MUmESE o 2 >0
P& TE ﬁby%ﬂ%MEﬁﬁﬁ%iU@ﬁﬁﬁu FHEERIN O EEEART L0 L
T %, ARFIEFLLTOEY Thd, £T. FHEBREICOWT, MERTOER 3 2D*
— 7 L —LAOBEOEERE L, TN E T OWEBRE OME NI T 5 B EHES L
T %, FRRIC, BMEEBOIER 3 >OEROYEEZENT 5, Zb D% EmER
@J&L\MT@ﬁfﬁﬁo

IEHEERE = #0E %R OIEmE 5 R — #08 AT O 1IE w15 R

M EE I SV T HREREIC, IO 4 DD —7 L— A DOE RS O 5= 2 P &
L TR S, B & MHEER TEEMECHT 27 4 — B3y 7 ORE SRR D7
O, WA R OEWEZ Z N ENFHET 2 2 &Ik MEGEPSIEOMEIZE 2 2
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%@%ﬁ%:“ﬁ?é*eﬁﬂ%&&é X5, EHEB XOMIEO SR EHRE L
BHREMESSZEET 52 LT, SR REIRNZFMMT 2 2 &b TX 508,
Kafiﬁﬁﬁ@ E T2 R ER LT 5,

4. 2. 3 WEHENT 1A

BHERE O AT 1%, K7 N —T OF7 — 23t U RGN g 21T - 72,
IV ZPPEN (BT =T n=10) T &, BROEWIT —F BERSMINED &
IR S 22N 2 & 03D ARFZECld Kruskal -Wallis BiiE & Bonferroni fii IE 2 fHA G o
72 Mann-Whitney @ U AREZ AW T, FIBAIZ OXIGT — 2 13T 28 BIERE & FERH
DL EEE FEfET 5, BARMIZIE, £ 3 DOREC Kruskal -Wallis fREZ1T-> T,
WEAZOEBOFEEE AT 5, AEAMEL o =0.05 IZFHE L7z, pfEA0.05 K
fiti T AT, Bonferroni #1E & #4572 Mann-Whitney @ U R E Z HV CTHEM D%
EI 2TV, K7 N—TROERIRIOZDFENE S a5,

BRI S S BB T — 2 OFTICEB W T, SEMPFFERETHDL Z &0 b,
%a‘ﬂyfc?r%i(}“ﬁ‘zv~7"ﬁ'§@tb$§%EP»m:ﬁo7‘:0 WL UL BRI & TR O ET
EFRDOFEZR T 5 72012 Mann-Whitney D URRERED ) T A W) v 7 FiEx
HAwnwasZ & %ﬁfﬁnf%%ﬂbx AETEECHEZZHDNTHROBRE G ZITH 2L &
T,
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4.3 FEBRHR & oot
1.3. 1 BIEQEBINFEIC 3517 2 BB O RER

F9., K41 IRT LT, JFEaTICBIT 5 3SHEOYLE DR SIZBIT 53T
DX —T L —LDOFHEARA 27 #B&E L=, KEIZ a B3 b oiEEF. b 3 <o
TR R AR,

K A-1 BYBREHRE B LOMEZOF—T L —bDR a7 LKA aT

In—7"1 sOa sla s2a s3a s0b slb s2b s3b fla f2a f3a flb £2b £3b

A01 i HR 51.57 1 40.19 | 73.93 | 56. 02 | 68. 15 | 50. 33 | 56. 30 | 65. 35 | 73.57 | 47.61 | 47.32 | 67. 04 | 64. 10 | 59. 84

A02 xR 53.74 | 55.81 | 63.77 | 66.25 | 69.74 | 55.05 | 64.66 | 75.02 | 71.71 | 36.57 | 58.41 | 75. 18 | 47. 46 | 60. 56

A03 i HR 54.95 | 61.25 | 67.01 | 59.46 | 59. 38 | 55. 76 | 56.46 | 77.89 | 73.33 | 44.92 | 66.84 | 75.91 | 46.66 | 77.03

A04 xR 55.44 | 48.33 | 71.17 | 67.92 | 61.41 | 65.11 | 55.89 | 73.04 | 74.52 | 61.86 | 62.45 | 75.84 | 62.68 | 76. 99

A0S xR 36.43 | 55.34 | 63.08 | 58.19 | 55.94 | 54.41 | 55.43 | 59.24 | 74.32 | 36.11 | 75.30 | 76. 13 | 47.30 | 74.93

A06 xR 29.54 | 51.51 | 53.80 | 55.63 | 28.43 | 48.37 | 61.12 | 52. 14 | 75.53 | 53.47 | 34.84 | 74. 17 | 51.63 | 58. 07

AO7 xR 53.48 | 66.50 | 66.54 | 76.75 | 61.89 | 66.45 | 65.76 | 78.35 | 75.34 | 53.40 | 62. 14 | 74. 39 | 64. 77 | 75. 00

AO8 xR 55.58 | 67.16 | 76.63 | 66.27 | 65.66 | 71.94 | 73.88 | 56.81 | 68.88 | 53.00 | 36. 19 | 73.49 | 64.86 | 35.42

A09 xR 49.90 | 68.24 | 73.56 | 65.53 | 65.22 | 60.93 | 56.49 | 73.86 | 75.93 | 49.65 | 69.33 | 74.87 | 47.61 | 74. 37

A10 i HR 51.22 | 49.72 | 74.26 | 55.81 | 44.77 | 65.78 | 69.52 | 65.29 | 74.35 | 48.91 | 34.48 | 74.81 | 49. 31 | 34. 17

)1
[$2]
(S
o~

RS 49.19 | 56.41 | 68.38 | 62. 78 | 58.06 | 59.41 | 61.55 | 67.70 | 73.75 | 48. .73 | 74.18 | 54.64 | 62. 64

BO1 FEER 1 | 40.37 | 55.44 | 37.82 | 64.89 | 66.48 | 27.42 | 60. 17 | 56.82 | 76.16 | 37.07 | 75.80 | 75.87 | 50. 87 | 74.24

B02 FEER 1 | 56.53 | 63.73 | 60.54 | 72.85 | 56.32 | 62.70 | 56.54 | 81.62 | 76.32 | 66. 14 | 45.86 | 75.54 | 71.83 | 63.83

B03 FEER 1 | 50.01 | 42.10 | 64.65 | 57.54 | 66.56 | 49.50 | 56.39 | 75.99 | 76.63 | 54.23 | 50.51 | 76.55 | 64.29 | 61.07

B04 FEER 1 | 51.05 | 53.98 | 53.51 | 60.25 | 42.75 | 49. 86 | 59.58 | 64.86 | 65.35 | 35.25 | 75.82 | 69. 97 | 34.84 | 76. 37

BO5 FEER 1 | 54.18 | 67.85 | 74.10 | 58.38 | 55.65 | 65.38 | 62.58 | 79.02 | 75.99 | 61.35 | 48.02 | 75.59 | 64. 88 | 55. 08

B06 FEER 1 | 42.39 | 48.23 | 70.67 | 55.72 | 55.39 | 65.97 | 69.86 | 64.22 | 74.72 | 62.27 | 37.12 | 76.39 | 61. 61 | 46.97

BO7 FEER 1 | 36.27 | 52.12 | 73.08 | 75.87 | 53.46 | 65. 19 | 56.47 | 74.73 | 76.41 | 52.06 | 37.38 | 76.20 | 50. 02 | 70. 80

BO8 FER 1 | 51.20 | 71.78 | 73.15 | 57.14 | 55.10 | 72.04 | 73.32 | 73.81 | 75.26 | 49.49 | 70.27 | 76. 17 | 65. 83 | 70. 02

B09 FEER 1 | 55.19 | 64.90 | 65.89 | 57.13 | 54.91 | 66.69 | 72.27 | 60.09 | 75.62 | 51.85 | 35.95 | 76.56 | 50. 03 | 57. 47

B10 FEER 1 | 30.95 | 50.74 | 60.10 | 56.92 | 57.68 | 54.65 | 56.39 | 65.81 | 72.83 | 35.85 | 48.55 | 75.74 | 46.68 | 63.75

R55) 46.81 | 57.09 | 63.35 | 61.67 | 56.43 | 57.94 | 62.36 | 69.70 | 74.53 | 50. 56 | 52. 53 | 75.46 | 56. 09 | 63. 96

€01 FhR2 | 36.55|46.24 | 61.86 | 67.52 | 31.64 | 75.28 | 76.03 | 77.65 | 64.41 | 69.37 | 60.95 | 74.35 | 70.43 | 71.16

€02 FhR2 | 28.99 | 70.26 | 63.07 | 67.07 | 67.14 | 64.80 | 56.76 | 74.51 | 74.54 | 64.78 | 37.09 | 74. 05 | 63.40 | 70. 06

€03 FHr2 |52.01 | 55.26(53.83|77.31|59.79 | 67.38 | 72.04 | 71.19 | 71.74 | 34.00 | 76.91 | 76.38 | 64. 15 | 76. 14

€04 FHh2 |68.76 | 64.39 | 58.21 | 50.70 | 68.06 | 63.52 | 48.78 | 77.45 | 77.01 | 70.74 | 38.74 | 76.09 | 67. 11 | 75.38




€05 FER2 | 51.08|73.67|73.57 |56.68|73.63|67.18 | 67.94 | 72.06 | 76.39 | 54.26 | 65.47 | 77. 12 | 66. 46 | 74. 70

€06 FEER2 | 40.41 | 66.74 | 72.65 | 58.44 | 61.19 | 66.91 | 56.93 | 74.96 | 75.16 | 49.93 | 62. 13 | 75.69 | 65. 65 | 69. 35

co7 FEER 2 | 465.91(53.07 | 59.91 | 58.29 | 54.65 | 59.83 | 55.91 | 73.66 | 73.32 | 50.33 | 39.25 | 75.77 | 64. 14 | 69. 24

€08 FER 2 | 54.89 | 26.73 | 75.92 | 55.31 | 64.09 | 65.42 | 56.96 | 59.31 | 74.59 | 54.84 | 34.07 | 67.71 | 64.43 | 74.78

€09 FER 2 | 31.60 | 54.61 | 55.35 | 76.77 | 58.34 | 59.53 | 55.88 | 77.73 | 73.34 | 60.62 | 48.69 | 74. 16 | 64.47 | 74.70

C10 FEER 2 | 60.62 | 47.50 | 60.12 | 56.49 | 61.37 | 61.74 | 62.52 | 69.52 | 73.83 | 44.17 | 34.69 | 76.61 | 44.70 | 77.81

R55) 47.08 | 55.85 | 63.45 [ 62.46 | 59.99 | 65.16 | 60. 98 [ 72.80 | 73.43 | 55. 30 | 49.80 [ 74.79 | 63.49 | 73. 33

BRI 2 IEE R L OMIE D & O G A a7 & siE % TEh T A
L. SHEOVHHaEEZESH Lz, R4-212TORRERT,

K A2 PR OB TR BRI KON BHEOERE

=7 | BEATAE R | SRR | MimEE | SRR E R | SRR A | B e
AO1 xR 55.43 60. 03 4.61 56. 17 63. 66 7.49
A02 | XfHE 59. 89 66. 12 6. 22 55. 56 61.07 5.50
A03 | XfHE 60. 67 62. 37 1.71 61.70 66. 53 4.84
A04 | xR 60. 72 63. 86 3.15 66. 28 71.84 5.56
A05 | XfHE 53. 26 56. 26 3.00 61.91 66. 12 4.21
A06 | xfHE 47.62 47.52 -0. 10 54.61 61.29 6. 68
AOT | XHE 65. 82 68. 11 2. 30 63. 63 71.39 7.76
A08 | xtHR 66. 41 67.07 0. 66 52. 69 57.92 5.23
A09 | XtHR 64. 31 64. 13 -0.18 64. 97 65. 62 0. 65
ALO | XxtHR 57.75 61.34 3.59 52. 58 52.76 0.18
BO1 FEBR 1 49. 63 52.72 3.09 63.01 66. 99 3.98
B02 FEBR 1 63. 41 64. 30 0.88 62.77 70. 40 7.63
B03 FEBR 1 53. 58 62. 11 8. 54 60. 46 67. 30 6. 85
BO4 | FEHr1 54.70 54. 26 -0.43 58.81 60. 39 1. 59
B05 FEhR 1 63. 63 65. 66 2.03 61.79 65. 18 3.40
BO6 | FEhR 1 54. 25 63. 86 9.61 58. 04 61. 66 3.62
BO7 FEhR 1 59. 34 62. 46 3.13 55. 28 65. 67 10. 39
BO8 | FEhR 1 63. 32 68. 57 5.25 65. 01 70. 67 5.67
B09 | FEhr 1 60. 78 63. 49 2.71 54. 47 61.35 6. 88
B10 | FEHr1 49. 68 58. 63 8. 96 52.41 62. 06 9. 65
Co1 FhR 2 53. 04 65. 15 12.11 64.91 71.98 7.07




co2 | FEr2 57.35 65. 80 8. 46 58. 80 69.17 10. 37
C03 | FEr2 59. 60 67. 60 8.00 60. 88 72.22 11.34
04 | FEEr2 60. 52 64. 45 3.94 62. 16 72. 86 10. 70
C05 | FEr2 63. 75 70. 20 6. 45 65. 37 72.76 7.39
C06 | FEr2 59. 56 65. 00 5. 44 62. 41 70.23 7.82
C07 | FEr2 54. 30 61.01 6. 72 54. 30 69. 72 15. 42
Co8 | FEhr2 53.21 61. 45 8.23 54. 50 68. 97 14. 47
09 | FEHr2 54. 58 62. 87 8.29 60. 88 7111 10. 23
C10 | %Br2 56.18 63.79 7. 60 50. 90 66. 37 15.48

R A-2 ORI & EROGHT 21T D 4

FP. ZFE EROHAMBERE, I al—2arEFARE, BT r— Ry s
AT LHE) OIEREHEICOWT, SMOELZRET 5729 Kruskal -Wallis #E 21T
o7 (R 43, R A3 ICHHOEESHEO PR Median) | FHME, FEHERE
(SD) B L UMRERE R Z "7, F 72, Kruskal -Wallis MUEDHF & H X 14. 751 720 |
p fi=0. 0006 & HEKAESURH CThH o7 (FK4-35H) . ZIUI =B CEmESEIC
BEERENRDDHZLERLTWVD,

# 4-3 =B IEmEE O HEE & Kruskal -Wallis & 7E G5

T N—" o | oY) | ARYERZE | HRCER R p fiE
fiE i (KW #2E)
TR D b By iR 5.37 | 4.81 |2.44
Val—va e TRt 6.26 |5.96 |2.70
7 4 — Ry 7 257 AFE | 10.53 | 11. 03 | 3. 02
Kruskal-Wallis #8%€ (df=2) H=14. 751 p=0. 0006
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“HEOENFEE ThH o720, B O ik & LT Mann-Whitney UMEIZ X
L B OFEBZIE AT 72 (R 44 20, ZOMETIE, S LICEHINL U
L p EIZE > TEHDORMDOEZFTHNT 5, £ 4-4 OFRER KD | 1RO AR B EFE
vs 7 4 — R Ry 7 VAT AHBLOY I 2L —2a VBT AR vs BT 40— F
R 7 VAT DREO T p HAZIZE L 0. 0006 35 LTV 0. 0028 & A B KN 5%% |
ST, b OO, Bonferroni fiE% DA EAKAE (0.05/3 ~ 0.0167) (2B
THHETHY, 74— RNy 7 VA7 AEOIEmEBEN RS L OV I 2 b—v
ULV ABIZENWI LA RLTWS, —F., RO ENERE vs > I2l—T 3
VETARETII p A 0.4727 L7720 . FEBRETREO R o, TRbG, B
SEICBEAL TEY R ab—a VET AR EIERBEICRERETR NV, 70— F
Ny VAT AR O LD b ONIEWREEA R LT EF X D,

44 FEREBHEIZET 2 Mann-Whitney U KiiE O RER] Brlg s 5

g UfE | pfE

PERDHBMEEEE vs VI 2L —a BT AR 40 | 0.4727
TEROEMBNEFE vs BT 4 — RNy 7 A7 A 4 0. 0006
V3alb—varbeT AR vs T 40— KRy 72T ARE| 10 | 0.0028

WRIZ, = HEOMmEREIZ O\ TRRONT 21T > 72, £7 Kruskal-Wallis FREIZ
L0 EZHEEORE LB L. H=10. 893, p fE=0.0043 L 720 FEENRD LI
7- (G2 4-5 &),

# 4-5 ZREOMIEEPEOFCIRHE & Kruskal -Wallis M &k 5
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F9°. KFHMNC Kruskal-Wallis BREZ 1T o7~ (R 4-8 M) , Hplc., FIE EKfho
R BRI ORIE A OE L ERT D,

%% 4-8 £IEH @ Kruskal-Wallis s 5

HH H#tekE | pfE
B AR ORI EAhoO AR (WE% - #EAD | 12. 44 0. 002
R % O B R 4. 99 0. 082
T £ DY 55 FE 4. 95 0. 084
74— RNy 7 OFHf 19. 31 <0. 001
SRR EE D i & L 15. 18 <0. 001
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