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AL $13E A e WS ks Aol ARk AE7F 109, vIE7E 1090] A7betaa, ARSSE 9
sto] At 12tH(Qualisys, Oqus), AHEHE7|(Kistler, 9286AA)2F ZAU=7|(Zebris Gmbh, Zebris
PDM-System)S ARSI a3k thaat Aot A, A s} 9P/ Holld mlaAl: 0.38, AR HETL 0.32
N'm/kgQl PA} Aldo] vid&lsitt. 4, FAHOA S2%0] £34}, 2.51 N'm/kgd Hl&#AL 2.86 N'm/kg?l NA
Aldho] 2t 202 YeRith AR, Bedd/ g HER0] Bt S| 10.11 KPa($-3), 10.05 KPa@ )1 CAH
Al $250] Wit Z2)9k2lo] 840 KPa($=), 8.36 KPaFHE)QI VAL Al Agsica et 22202 {258
I} QPSS PAL, FAES NARRE B8 49732 CARF VAR AFES] 120t AAE 233t AMES: 7dstofof gt

ZFHO| : ulzo], AGAML, SRS, AGEAE, FAF, Y

Abstract The purpose of this study is to find biomechanical parameters for optimal shoes production
through an ergonomic usability assessment of five existing types of shoes preferred by B-BOY. Ten experts
and ten non-experts participated in the experiment, and 12 infrared cameras (Qualis, Oqus), force plate
(Kistler, 9286AA) and foot pressure plate (Zebris Gmbh, Zebris PDM-System) were used to obtain the data.
The results of the study are as follows. First, P shoes with a friction coefficient of 0.38 and a free moment
of 032 N/m/kg are desirable in terms of traction capability and safety. Second, on the cushion , it was
found that the N shoes 2.51 N, sec/kg and non-expert, and 2.86 N and sec/kg were suitable. Third, it is
deemed appropriate for C shoes with a forefoot average pressure of 10.11 KPa (right), 10.05 KPa (left), and
V shoes with a rearfoot average pressure of 8.4 KPa (right) and 836 KPa (left). In conclusion, the
combination of the structure and material of V shoes should be developed for traction and stability, N
shoes for cushion, and walking balance for C and V shoes.
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1. M2

B-BOY9] AJRRZ 1970t 25t v 17-89] BFIA
(Bronx)A|Fol| A5 ofmej7HA| SR1ET s|ATYA
9] AlEthEelA A=l o, A ol Fo & A
flekal 715 Fol#ar 27 7153 524 JidsHA =9l
t}. ojzlo] Heo]ahA(Break dance)o|™ Eo]aA
9] tE o522+ H|HY(b-boying)eletal E¥IT}. B
olFdAE F= W2 H|EO|B-boy) o8 H[E
(B-girDolztar gk} 1990dH gholMm “olAzeld
(Expression)* o]gh= %9 v]Ho| JFo] 55100
H|Ho] Faprt EAMom ARRIESILH1]. SeuRlolA =
F|%9] H|Ho] H-g=F70] T2 A5 L S
oFA TOo=E W7 S M= E8) EflEE vt
SUTH2L

H|Ho| =20 mE] = HH(Frieze Move), T FH
(Power Move), 2EF FH(Style Move)Z Us 4= Ut
Iz FH(Frieze Move)= HIE IS 7F 7ot ¢
o] A=A qlom niFY] 5o & Wol Agstal, okl
B(Power Move)= €4EhE o83t 4150] 5 o2
o}, et AEd FEH(Style Move)= T F-E(Power
Move)2} ThEA| H5-20]R]= FARE Fotof 93] A
9] FAo|BE AR AB F 7ol Eolt FEE
A28t 4= Q1710 A0l Q47) T ZJZECE oA Y]
HJE Tt 52E0] 3l oj2fdt FAEE s
QoA A A57Ictol BRshH AlAlEEe] Y] &
ojof it}

H|Ho| LEo} ojl5o] 427 Yo R IE4A &

Fe AR 23 95.2%0 Sigshe 40780l Elola |
2 gHES)S ARRE & 2544 2 B9 A=

UERATH3). E3t Had Beo]adME 37 5% &4
T2, AT 5 Fol 24 AHe] FEE o] Al
4 5 QlrH4lL

HlEY SEE2 Tl Sfelal, dEEolH A
Sith HY 7P BT A% FA7A 5 Aol ==
o Slth.

HIEOlE0] FARRISE IS T2 A, ATd
o] Bafsal -R714]1 Aokl 71905t ol2et o
A8 A3 fiste] ARgElE MU= FAHUYL A
HRAEATE, 2 A ASSTAW] Aolst,
A3}, LE2Pol mE HAY A AE, 5, T J90lA
58 9 P FEohLs), 3 AR HAE EAoto]

A ok2E 729} 7Ie S FAI e A=

ks

SAAAGEE)S QA WRe] 283 A 5L

o Ao A fAEY SA)E Siat

#ioloz ANt eleto] Helo] ujeh 41ua} vkl 1wy
S 81 A Wlo] A8 ST,

Raro] il 2018 Qs 27 9 A sl vf 3

A} AsRre 2ke] axje} AR B4t A18%]
glomi[g]. 12]1 BFRARNUCORS= =28 A] AN 2§

AR w2 BHe&T ek, AR8uRAIS(UCOF) 2
A, COP-COM--214 9] Alols FARHL, AME:
nHAUCORLLS] AERIAIE E45IATHI.

S FAY71e0] thE 35F 2 d4AIHGel, Air, and
ethylene-vinyl acetate)e Vo2 FAF} SAUY
< QFERE 71] AR RV Aol BrIsh] fisto] A
|ERI10], FAo] T 235 Alda} & FA39] wjA

E2 Yo FAY AlAEE Al -EE #klo] AR8ES]
tH11l.

et Hiet o] AAF7A] A B Aol ARSEE=
ZFQ AE2H HA5(Traction), P34 (Stability), T
#(Cushion)#+ £4%42 (Foot pressure) 52 HER=
HQlo] o] FR/E olFA itk
STAFENA B A8s3) HitAeEoA 2
& 8} 5 2 2555 HEwAs Y RS T
SlaAt LS, ZAH] ARt F5 S 11
T5H & Bael AgAldo] 7= Qick 1y
WA AAA o= H]Ho] 2G4 Zldes} glom
T mjueh Aol
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9l H|HolE5& EH”_E H]E‘” A EAFE0] H|Ho]9] V& Table 2. the traits of non-experts
;HEQ]' 7:]‘:":‘ S 7] ]’ E}‘ 815_ 0]*&«] 20~ ) body shoes
} name age height mass size career
30t @& 108 H]Eo] SRR, 749 74 olst gt (years) (cm) (ko) (m) | Oears)
108< vis@Az Aot 5 2082 ddo= it JsJ 20 170 70 260 5
ATgRL] AAE £ E L Table 13} Table 2 KMmS 20 170 60 260 5
21 KSH 20 170 61 260 5
o 2. KKK 20 176 64 260 5
KMH 20 178 81 260 6
o AKH 22 172 65 250 7
22 A7l SUH 21 176 88 260 7
221 A2 T} CHAF At SJH 22 157 63 260 2
e _ KHJ 16 172 63 260 3
YA Gt 7]”} AL8/3 ”37P94 Hl tiid AR Bt SMs 16 173 55 260 1
= 7 TA] A H|Ho]So0
FR2 71E ATl ik | A2 fisto] Hl= ]E ] Mean 19.7 1732 67 259 46
Xosk= 57 A /\]-_4 AdE 528 giilog slgon SD 2.1 2.9 +10.1 3.7 2.0

Table 33 Ztt.

Table 3. Five kinds shoes

222 HI2Y HySE H OHIES} 2t

HlRY B4 FHE 7Ie 54§ Wk e 370 5 S 4 —
Zrog o)l A8 Folwe Hme} Bzt Fig 1, 2, 3 N Inc. Cortez "Vt
7 B5o] AFA(foot flan) oMES Hgsoct — | el
A )\ -~
2.3 S| e | swerstr | S A i

HES F219] 331 523 A el Wl E4S flot
o] QualisysAte] Ze)x7 ] ﬂ(Oqus SF: 100 frame/sec)
120, & ] AEREE =Ssl] el AwREY|

P Inc. Swede

(Kislter, Type 9286A, SF: 1000 Hz) 2tie} 4420 B
712 SJ5lo] e WIote] BLr=A7|(Zebris PDM-System, C e Al star .& S

Zebris Gmbh, Germany)& AF&SI3ITE. E -2 o/

Table 1. the traits of experts Vine. | Old school @ .
/

. body shoes
age height ) career
Name (years) m) mass size (years)
(kg) (mm)
CCB 28 180 69 260 13
LM 23 170 72 250 7
SCH 33 170 65 260 18
MJY 22 170 78 250 8
JSJ 27 170 72 250 8
KDH 22 179 68 260 9
ATJ 25 170 61 260 1
AH 23 176 65 250 8
CHW 25 170 63 250 12
Kyl 24 181 50 250 7
Mean 25.2 173.6 66.3 245 10.10

+SD 15.16 +4.81 7.3 +.16 +3.48

Fig. 1. Indian step
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Fig. 3. Turn movement

24 A7 Y

241 XMAX AIRM T}

ulie] Exto] HarAc 4

Bhe giste] AACiekY A

H oﬂul-g 7Hﬂ};<4 /\]-_QJH

Q1S Table 49} Zo] A

7 sloick
Table 4. Research Variables
Indicator Function Variables
. Resistance of Coefficient of
Traction ) . -~
translational sliding friction
Stability Resistance of rotation Free moment
(M2)
Cushion Absorbing impact Impulse
Pressure distribution
Balance Foot pressure
of feet
7} AR @A)

H|2 9 52 = F1E.Q HI(rainbow jump) S+ A] Al

2] Fef] M2

0 Fuo] NI AR WA

A, oA)E Ve BARE WoloR slg

o QPRREEE)

REDE

Z3jo] 92 W2 3 4] SAAY
2 woloz sgik

& "turn) 52 Al A1) SRl w2t H
A ARFEHIENm/kg)

o} FHGEED

H|H9] 52} & QIt)A AHl(indian step) B2t A] A4t
9 _%Eﬂoﬂ wta] SRR} vEGERe] FSAHN-sec/kg)
S HRlo= si9irt.

2 IRAEAYE)

H|Hol50] B BAoA AEEA(foot flat) OJHIES
A ofte] Bopd HEH(Forefoot), S5 Midfoot)2F &
ER(Rearfoon)?] BAEAY(KP2)E HQIOR 39t

242 X Agd Eot

olie) Sajo] 201 A8 WS spelo] A1
ol wiet 4 A7 o) ek AN sl Bt £
SRR Bolol ZARIOH HRAR: A8 N 38
S} HRET 199029 Y 58, 7 1129
og —7—*30]—9&9_111 7+ B35k 57 ZJE( uHO ix] o) -
23 24 g} wEold 23 0} ol F1} )= ek

o mlogm

c

2.5 Xizxfa)

SR, Biseia 2 10802 7R 209 thyrel
3550 HluY BT SAYES THA) e B 54
2} 38)(Trial) 2747 % 5929t 48] 2t 20749] do]
B2 b3 SPSS 2302 0l83to] TKEAR(EE, B
B, oA, M) Tt

3. 2}

3.1 I-IEF Ell JH)&'II_-I| A|-.ngO'I Jé17|-

3.1.1 I*II'_E(Traction)

|11 9A] 752 Table 59} Zo] HEY FJUHES-
Ax & Al Ae] Pefol] ThE 8 FHY nd Je
(AT SRR A, oA E Uehfi= nRAIES A
£ AEsilon, saxe] o npEAle=P ) C) N =
V) A HU HgaRe] 49=A=C) V) N=PE
Holok 2|3 npEAIS] Bafgh oV dE e Al
SRR 79 PAL, CAtolH, HIERRY] ¢ AAL CAER
ERT) A 5ol wet uhEe] HedS Vel |
oAl E A} HiEHAET A UeiTh
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Table 5. Coefficients of Frictions in five kinds of shoes

Maximum coefficient of friction

Type
Expert Non-expert
N 0.34 0.28
A 0.31 0.32
P 0.38 0.28
C 0.37 0.32
\ 0.34 0.29
MeanzSD 0.35+0.03 0.30£0.02
CV.(%) 7.97 6.88

Table 6T} Zo] AEZA} AFj= ‘o] 0= 2t 4]
&4 2 PARS] Algo] 20%2 7Fg 9k1 T thgog
VAL 19% AAL 14% CAIRF NAPE 5%9] =02 LTt
PAR] AlZo] wiEHol #stoe] vlHEolEo] 7MY Ass)
= AME UEigeH, 7FY 2 SEHIES NAR] HE
ojtt7} 52%= AA| 5 7FE w2 -SHHIE] UEth

3.1.2 oryy
QP8/d(Stability) Table 77} Zo] HF5ol| gt 314
Ao ulEY | 52 A AT F5o] weba W] A
OUHES A% F19lon LERle] AORHEL V) C
> P =N) A0 el HiGAA0] A{ET:= P
»N) CHA) Vo= Yepyth 23 AfEHES)
Beat oV Uehiie AE S0 A9 VAL His™
A2 74%- PAL NALR Lpebgdth Al S5l ot P
o] MEde Uehlle HolAl: HisdA} S3iAES
A LR

Table 89] A22A} 2= IS Holert o S5 H|
851 59 AXL PARE VAR] AT 19%2 71 #3431 N
APE14%, CAF 5% 9T 7P 2 SHHeS PAL
o] ‘HEoltt7t 48%= A F 7M=& SH HESE Y
ERACt AMFEHIE Batgth obdel g 2 Al =1
A2 74 CAF VAIaL, Bt ofete] #he 2 Al
N, A, PA} ot

Table 6. Results of traction questionnaire

very hard medi- very soft No
Type (Below 20%) hard um soft (Above 80%) answer
# of 1 3 1n 5 1 0
answer
% 5 14 52 24 5 0
# of 0 170 3 0
p _answer
% 0 5 33 48 14 0
# of 0 0 8 6 6 1
p _answer
% 0 0 38 29 29 5
# of 0 3 57 4 2
y _answer
% 0 14 24 33 19 10
# of 3 6 7 3 1 1
¢ _answer
% 14 29 33 14 5 5

Table 7. Free moments of right ankles joint during
turn— movement

Free moment (N'm/kg)

Type Expert Non-expert
N 0.32 0.31
A 0.30 0.26
P 0.32 0.32
C 0.34 0.29
\ 0.35 0.25
Mean+SD 0.33+0.02 0.29+0.03
C.V.(%) 5.98 10.66

Table 8. Results of stability questionnaire

very hard medi- very soft No
Type (Below 20%) hard um soft (Above 80%) answer
# of 1 5 3 9 3 0
answer
% 5 24 14 43 14 0
# of 0 6 6 5 4 0
answer
A
% 0 29 29 24 19 0
# of 0 110 s 4 1
answer
P
% 0 5 48 24 19 5
# of 1 1 8 6 4 1
answer
\
% 5 5 38 29 19 5
# of 3 6 7 3 1 1
I answer

% 14 29 33 14 5 5
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3.1.3 FM(Cushioning)

F4(Cushioning)> 3485 58 2& HEY It
25 B2 A AlO] o]l wbA A Impulse) AF
Z51%0tHTable 9). 71 A3 =N ) A) P ) V)
C 0= Ve, Blsaiat 22 49oli=N) C) A
> P )V & olglth s9Ixfe} HiGHA; BE NAF Algo]
7H 22 TS Btk 190 SAFe Bt ol
< Uels AR SRR19] 39 NAL AXlolH, vl
9] A NAL CAER veldt) A S50l w2t 5288
9] Hede Ueis BlolAles viEHAT SR E
oF A VRt

Table 9. Impulses of five kinds of shoes

Impulse(V » sec/kg)

Type

Expert Non-expert
N 2.51 2.86
A 2.48 2.69
P 2.45 2.68
C 2.39 2.75
Vv 244 2.60
Mean+SD 2.45%0.05 2.72£0.10
C.V.(%) 1.84 3.56

Table 109] H2=AF A¥f= Mg FAlSKY o 85
B &9 B NARRE AAL PAR Aldo] 14%2 YERdoH,
TI0HE VAR 5% CAF 0% =010t A4 718 52 35 ¥
& NAF HBoltf 71 43%= A FollA 7P =3kt

3.1.4 23l A

Hhapete] £A19FS B Table 11, Table 129} o]
UEAE W7IE o= Qe BRI R WS - 9 HLopE(H
R FFHE, ISHE FEs] B EAYEL & &
2lolE A&t

H|Hol59] Byl ZAUH L AAFoE AZH) 35
B FEF £02 A 9= AR Yehith

F&uko] AR Forefoot)= PARR] Aldlo] Htix], C

ALl Aldo] HAAIE HAY, S5 (Midfoot)i= VAL 4l
Ho] %], NAR] Aldo] JAAE HGow, S5
(Rearfoot)ollA] &2 VAR A, 932 NAL ATo] o
A5 Hom, AAL Aldo] HAAE HIrh £ 99 A
FHE= TF PARR] Aldo] SAYE] F3kS AlY ol ¥
Rom, T3k CAKY AREo] A 7MY AA & Aow
e

A9 FAAS B SN S2T Hagle - 25
U A A 27 AEIA Axe} OAF Aol
Aol7} 74 A VA A1) Aot 74 27 e,
S804 NAL Aldo] Ho]7} 714 2k P} A1) Hjo
7} 7V 27 epton], $E5014 VAL Alo] Ko7}
7V 231 NAY Alo] Sjol7} 71 217 vebteh, 5%
£ NAKE Alelslin BE S} Mol 9-2o] 2
o 2] e, FEE BE A0 H3do] 92
W} 27 UeRd vkl ROl R Ue

J

Table 10. Results of cushion questionnaire

) very hard . very soft ~ No
Cushion (20%015h hard  medi- um soft (80%O1) answer
f# of 0 2 9 7 3 0
N answer
% 0 10 43 33 14 0
f of 2 4 5 7 3 0
A answer
% 10 19 24 33 14 0
# of 1 2 5 9 3 1
p answer
% 5 10 24 43 14 5
# of 3 7 7 2 1 1
v answer
% 14 3 33 10 5 5
# of 4 8 8 0 0 1
C answer
% 19 38 38 0 0 5

Table 11. Mean foot pressures for five kinds
shoes

Left (KPa) Right (KPa)

Fore Mid )

foot foot Rearfoot ~ Forefoot ~ Midfoot  Rearfoot
N 10.69+ 403 8.35 10.55¢ 3.95 9.23

0.98 +0.96 +0.98 0.80 +0.61 +1.13
A 10.68+ 5.82 7.33 10.74+ 5.20 8.17

0.99 +1.89 +1.46 0.80 +1.39 +1.22
P 10.70£ 5.69 7.98 10.81 47 857

1.19 +1.12 +1.22 1.04 +0.83 +0.98
c 10.05+ 5.00 774 1011+ 4.12 8.37

1.53 +1.06 +0.90 1.38 +0.89 +1.12
v 10.26% 5.85 8.36 10.53+ 5.35 840

1.10 +1.42 .11 0.73 +0.62 +1.21




Table 12. Differences of foot pressures for five

kinds shoes
Type Right- Left (KPa)
Fore foot Mid foot Rear foot
N -0.14 -0.08 0.88
A 0.06 -0.62 0.84
P 0.11 -0.98 0.59
C 0.06 -0.88 0.63
\ 0.27 -0.50 0.04
4. =0

4.1 Frs™
Aaro] RS o] 83l0] S Hg AIsis FolHe
RS upEASES S45194e 1) PA] Ahdo] u}
ARG} FA ek, HEolEe] Aosks viEY =
o] A pAe] AR gk HAH At 2 ekt
ot IeHE PAF A vpEAR7} BlEolE oA v
oMl AE3t 0% wEch 2B PAR AMTO] npE
A7} 038 AL FES 7B Al At A] o}2 ol
AR EFT 1#5lo] o] L5k Ao| vk
Ak}, Teja AREAelN Axe] % Erht 48y,
o] BESlek 7} 525 2 A% B2 o Al A
Edlse} NA] Al EF|=S 3 128 2 Bavt 9
o A7k

4.2 oFgd

AREHlEL Seixjo] FajolA shAe] o 2 vt

EfLfs £/d0] Itk PAF Aldo] ARgRHIES <3750
ARl SLHA0.32) Helsten, F g7} oAM=

Y- FokEry el ‘HEoley EgolA a9 SHHES
Hojx] ES|Holl= PAF Alo] 71 Higtalsital A=
o} YRSk H]EolEo| WEZRA] 7= Stoldl(High
neck style) A8 Aos6HA] Y= A2 W= 344
T S7MI717] wiolgtal Azt T2 vl
Ho A7} 10% oPdo® Ueht Big3Ak= Al F50
wEbA] ARG Zjol7} tha ATt oZ.‘%E‘r.

3
S vl SeAnT 7 Uepton] ol

vsRIAe] S 0] B4 B4 5 ol swrEe)

=81 QP S Ex)
| 3led ob7lsl A ofekaL Az
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A F ARKY 89

SAN] 27N vievin PelE Qs old
of A, S, EE meF 5% 45 AuE it
OJAL SRS} MR WE NAF AlIo] 1 RS B
Zeke Ho|1, Whe: EAISITY £} o] Gl AL
F4elo] £ A} Hle 77 SRS el A

Aol E%om 0] -
i B/} Vs AR, T vl

2 CAle] AEL ABFeY] BEolel ‘2 wesy
2% 918, 30} ol Wk Aoz et

48A>HI°° EERIEE

4.4 B ZXYUE

7t} wuleto] et 2eY shlo] Holaly] wo]
slEA] g A tlavt Aoz Foiut ¢ 5
Qrt FHF 2AUH Y] HARE ARE CAL Z2H VAL
20 AR}y, B S iR dER P
AL FER VAL S VAR NAE U, 3 g
T ZA0 2+ 9 HJo|2 Uk BFFol H=
Bl ANR} CAL SEHE NA, SERL VAP st
oy Az}

5 74 QIS Sl Baekd 4
o] HaAR 2+ 9 Hol7] 2L CAF AN,
Aol glov, F59E B SRkl Az
Aol7] 2 VA Altlo] B FRAIME Fesicka A
Zhgity, Jue 7 ARAL ol A, Eds w,
Skl gt B4 45 2ASle] HolE Tt s
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A <G8t 24 A7MEsE B-BOY %8 AlEe] &
_L]__g_o}: 1 AZo q_o_;gr 1—1:]_ z%zzﬁ ;Sx]l:e:]—y ?l'dé
ol uEAI: 038, AEHEZ 0.32 N-m/kgel PAF
o] vigksit}, &4, FAHOA S2%o] 3, 2.
N-m/kg} IR}, 2.86 Nm/kgql NA} Aldto] Adgh
Aoz Yepsith AR, Reddde ASo B SARE
2o] 10.11 KPa($), 10.05 KPaF2)9l CA} At 5.2

A rEL i)
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9] B 2] 8.40 KPa(92), 8.36 KPaE2)l
VA Al Agslehn HeEic AEAoR Haselt of
AL AL TR NARE 2o FHHL CAFE VAR AL
WSo| o} A X AN FpEsiolof dick

W5 AAZZR e vluo] HgAM) tiel 9
84 WS B9 AL TSl stolof dct
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