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Abstract

Since ISO 20471 regulations(2013) were enacted, high-visibility clothing made of fluorescent fabric and retro-
reflective materials has been standardized to distinguish the wearers from the surrounding background
in a dark place and to protect them. Accordingly, we made high-visibility safety clothing based on the
international standards, and examined the positions of the retro-reflective materials on the attached sites to
evaluate the suitability of the positions, by 3 types of safety clothing and the body regions when the wearers
work or move. Two retro-reflective films of 5cm-horizontal lines were attached to the front/back of the
upper-wear, and the lower-wear. Vertical lines were attached from the shoulder to the horizontal waistline.
To analyze the motion in 3-dimension, we took pictured infrared-reflective markers on the retro-reflective
film covered with yellow-tape on the front-side when 6 subjects wearing experimental garments performed
6 types of motions. According to the metronome tempo, the motions were performed for 30 seconds and
repeated 6 motions O~® by 3 experimental clothing. Among the 6 motions, significant differences in the
appearance rate of the markers by body region during the motions were found in 5 types except for motion
®. Significant differences by the post-hoc test were shown in motions @ and ® as well. Therefore, for high-
visibility safety clothing, it is necessary to anticipate the worker's motion and consider the attaching position
of the retro-reflective material. It is considered desirable to attach the retro-reflective materials to several
places where the clothing is hard to wrinkle.
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high-visibility safety clothing, retro-reflective materials, 3-dimension motion analysis, appearance rate of infrared-
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AR 1A 0] 2 R 2Rt Aalja o)A Uoks RAFES] A2 HA Y

A= Q1=517] 4374 A ojok ghch, 20134 ISO 20471 JF40] AAE olef AlelAdo] =0 &t
1m0t A AAE AR AR AR P e (high—vis clothing)S o152 oAl 71 218
g 529 w1} rHsto] ofg] Ztol|x] WERSH & 4= Qe SO 2 QA sl 4]

WA= AL 1S WS 9Eke: sli9th(International Organization for Standardization (ISO)
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20471, 2013; Japanese National Standard (JIS T) 8127,
2015; Korean Agency for Technology and Standard, 2018;
Korean Standard Service Network, 2016a). o]zt £4J9] o
AL A e TRAR AF SAF AAGAF B A E
SOl = 2Rk Qlofy, 1A A keIl KAy, of
mEopAeh, AAAL AEAM
FeAE 52 fIskol, AR <F
Ao ug 2Hgske s Wdshs WaFe® A=l Qlck(Japan
Safety Appliances Association, 2017; Japan Traffic Safety
Education Association, 2016). E3F 2| $-ojvfel= %?i:é— A
A5 oRE LEAF S7FSKAL Q)AL R AR F v
g ujskdolu; 7k AJu] 2RiAlEo] oftto|ut Al of kQfo]
L 5 palehe A o Ak o) Al sl Retst

= oFH o) (warning clothing, safety clothing) 28 5 7i21=}
HofAe] aFARAL o tRo] Bl AL LY,

QFolEa P o= AF o= FA) AA9 QP
O 2R81AS HAEslo] AR Sl QLemI(ISO 20471, 2013),
E0] QFolF ALt AlE = Aol = A7 1ol AR =57t
H, HieloHR @5tu= A ol Felshe 52 8kt
A5 Qs oItk (Park et al., 2020). Lyt A4 f-eluet
oM AR Feaoll siFshs dARt Qoo vt v
A o= ANBRIL QAR (AL b 7] RGNS ofFtststal ik
(Korean Agency for Technology and Standard, 2018),

ofo]| RIFARES- 53] ofgtolut Aol RS/l =
Sl ZIRE0] oA}l 2F9]0] F8AJL BE eulelo] A
2 QP fI5to] ot Haguf sz 2HES Sk H|e ALAIR1
o] qbHole a3k 4 Qs g tAolLl Jele Srjalo]
AGE sl ot AAEE AR ISO 20471 (2013) +F
ol Foteli= QPO o) Aol et A-H(Park & Choi,
Ak AR GRE) W Al HEAR AT
(Park et al., 2020) ofglo]g- FHopES] tixel 9l A8 Al &
AEA oL A A2 WHE(Jung, & Cho, 2006; Park & Jang,
2019; Park, Ko, & Jang, 2023), Aad9] #2225 95t ok4
OO FdkSE & 2R AT % AL Fo] Qtk(Park & Ko, 2021).
gt Qioj w0l AFHIAF A2 ol R o] 200(EA
71 B 35S RAEof sR= TRl FA71E Tkl 7}
ol=glolo] AA|E o] ek (Korean Standard Service Network,
2016b), LR o] HIedslo] 7)Aol I 25k n)A] 7}zh
2 Bojgh QbR B, € Lopr} 2ol 7910 9] glo]
= 55 go] 7sske s LED W (Ishihashi et al., 2015; Park &

o], Aellel, g4 5 = o]

A ERWE Ak, A2

Fl
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Kim, 2020) 34932 2-8(Park et al., 2021) ¥ LED®} ejoF
ARG F2gE AutE PARE 7hieE A (Lee, 2020) O] B

=31 Qlet, Yol ogtolu e gel e Afatofite] o gukE
RS 4= Q= Yk %—‘é— AA|3et AutE ok ol ol uhw

A7t o 4 o wm P PP
S QIAIE 4 QU= AR TAIRIY FAIIE TRkl Tole

2ol (Korean Standard Service Network (2016b) —2L7FAJA] <]
T CARIONA &g B AR A E 7Y BpAlo R o]8S
L Zo)Ao] i o @ s wistol| Ao kA, 27tshe B X
_,j}—o}ﬂ Zrje] Wkt AR SAR141E 53t 7A) A F2s-
Shal Qlek, 1EAE oot Fofol| A FAREA] =
Zrols 4= a1 ool A= el AR E glohily] oYk, it
ol dmAle: thEL QIrkEskA A1 e 7
HAae] 2RARA7E 2 s B A2t nAlE JEe ¢
o 2 HO| FaREA ol gt A7t A Holo)A|(Uno et

2019) %&k&—’ioﬂ w35t A7t jé}?ﬁ_ AAJolck
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a b c
a: {ADHZIHEX] 28fe| ofFols
b: BEADI+ZIHEX] Z8fe| QFH ol
D AE LEO| SF iAol 2 Al T ME+QFIA7+-ZIHIX] 28
Figure 1. Types of experimental safety clothing.
A2 2 e Cameral

e
camera?

L

Figure 2. Location of the two cameras and the subject.

RIS A ukan Dol ] AL DR S of 4, whlol 27 B 680] A4l Wit A (marker) S X
QPAZIE M) A e M2 9o I BB AR AFRS B3 5)HA 69o] 657 FH4L T v, up
FeR, vl W R/0lEG0R AR KR FAS o SALUS 33 BAEA A2Y Z, shleiet 13 E dole
A}, obriofo] 2Als FHA L ARM Belol w2 Ten/  FERA ZRIOR 4% AT Figure 1ol Aaat
v 22994 AFAE BEOE LA E0] Ik, obolEe] A A AL AASHAC,
AF S 3 A - o] Bl seme] kAl 2%, upols

FEollA bem A - SRRl BT Tl 284S FAlelRIt 2, MR

NAREE O] AZALE A A - el oA sle) waEo R
Uelet b2l 22 1% Zh=AIA olgstel RAS B 1) A1)
AR S, AR Avel AT DS Sl BE 581 A1 3349 HARA] A28 (Motion Anslysishb) A
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a b
Figure 3. Position of subject (mannequin) and 3D camera (a) and marker (b).

Table 1. Marker Attachment Positions of Three Types of Experimental Safety Clothing

M=
0Fq oA X 0| 9l HXHHO
Point 1 HEX| 25 Of2 THHEAL ZEM 49| MH ZU(RE 2| 5em) 0 0 0
Point 2 HEX| 25 1] THHBAL EM Mo HH SU(REF Ot 5em) © © ©
Point 3 29| 9| XHAREAF TEM 40| of7H 22| (017H) © © €
Point 4 Point 3t Point 52| &7+ (01742} 715 B2t XIF) ° © ©
Point 5 Aolo] o7l M2 M RHEEAL ZE0IA Jt2M 7HEEHO| BIAFEE D 22to 2 B k= nAR(ESR) o 0 o
Point 6 0lo o 2] oF 3em £29| 7t24 BIAFEEO, Point 52| 2l ofeff £&(5{2) o o 0
Table 2. Photos of Marker Attachment Location on the Experimental Safety Clothing
A B (6
N
A9l 21 A THAKENRZ, JHEEAL A= 2R 4 29l 27| FEZ, TR ATli= £ 82
SR H2M 124, 32 of2f 7124 15, oSl & of =28 184, 85 2, 7124 12, ol oF
— HEDol| 724 15, Alfol= EEX| ot 1 4.5cm @IF0] 7t=M 18, 27| Qtofl= BIAATY
o B4 2Z BASIACL 5 Sl ZEM ElNZ X8
ofol: HIX|Z2 A, B, C 25 SS(RF0IAM 5em 4 otQl: HIXZ 25 B8 ofol: HiX|2 2% S5
aotof 2t 1EM 2& 231

496 | Vol.61, No.3, August 2023: 493-503 www.her.re.kr



ro
ra
1o
JT
Rl
1o
o
HI
1
2
10
ol
E-]
=
e
_>,:
1o
2
_°
|IOII
0z
OF!
N

HER

E9Jo)9} EVaRT (Motion AnalysisAl, 2&) 9 gjo]g] £3la) 4]
Z273 Kine Analyzer(ZAo|E| A, )& 2851t

(Figure 2, 3).

e

A Q)4 RIAF wlA = WA -2 wilof FARsIglet], WA A
TFREAL 5 M Eo] 22 o] e QP &l FAIjE vl
ApdEo] HixfelA] o glo|im 9]9] 742t Point 1~61 9
AJof] FAFSIQILE, Wi ME e} FAF Q1A= M AdlEo] Y
skl 7T~108e d\_UH7} Q= Alg]Hofi= Raks] ekofr)

Sato] e F R, Erae] Y 4ot vhi)
o O T2 AR U3zl o5t o)
7} e %ﬂ 5 Al 5% A s s

6‘} DP(Tab e 3). TADI FAH@= T 86, %&@%@t Eél:‘?
60°]) Gt Ysloict,

ZFOl A9 {=Al= Aoki -5(2020)9] AdYedtet U7t AR
Figure 49} 7t}
AEE T3l = | nA 9 98-S, 699 Hlo]

A
A o] W e, ol viAle]

S (one—way ANOVA)S &2 3-9]
A A ot AFARAE BEe] FARIA e A s &
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AR W DY

L2} A3 0] Al= Table 20| A|AISE 3%2] A3 Hof FAE
ulA7} 6714 B-2RS- A8)st uj] Point 19)|A] Point 62] $]*]of] £
250} Q)= nlF] o] HFE R HASIGL), HAo 350] Algk
o 523t 914 Point 1~Point 6 9|2 glojguko 2 BAELY
a1, el 2819 Point 7~10& P Z7|9}F o] W= o]
E] Ao sERFSIA] QFQhtt,

ALY HA2 IR AFES AL FEF A ThEkE &
gato] =53t 30% 11 dlofe] FollA] FAto] bgH 102712
ZZ3lo], 3% A8|Eo| TEO T BAS} Point 1~6 oo T
alo] Q)4 HIA} ulA 7} Fhd|ake] oJ8) Al 42 = upA o] &
AL alolch B4 DEA; 61Q] HtA R HAg Ay

cReat gk,

rr

1. SEO0 A0IM O17{2] E8i=

SO =5 A (right arm)E OPEHOHH dor 0= &3
U, offl2 el %ﬁoi BAE FHOoRE S0 eﬂL 5
Zhof| A= 671 vhA tiiato] 8 EdES KAtk ey g
of] 215} Point 5% TFE Pointel| Hgl 27 &&-&o] A3}k

CHFigure 52] Graph 1).

2. SE0il AN Of712] S

FAOE 5 AAE FoR 90%e &9 the 180k 50 &
2 & 90 Bolels Bxlo|t}t AX|E o g &8 tfe
& o] Sef= sl o7l Feloll F213) Point 3 &3]
oFk Astelgl om HRME A o= S| deblth(Figure 59
Graph 2).

3. %ﬁ@oﬂ U0IM Or71e| ESHE

=2 L= AR E o2 Y vk 180% 9= &3 &
1) ol Uil R Eofo F41o] Hhselc), 5 oKas)
A o912 Point 3 &) oE Askeh= B¥E et

Akt St} TN = $ds] AR E o2 Welr] e E3E
o] Frk@xRt A5} Gt v UEbdthFigure 52] Graph 3).
. A3 NS sA2H ol ats
TR Al iRl et ey 9x| £51 IITES 8718 SN e, CIE SRol ous
o »| ciszsol o |- AP TSR ol 5| ot ape S5 || zom a4l sx
CRE S5t 4] s E PE] uis

Figure 4. The schedule of wearing test.
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Table 3. Six Motions and Postures

SIS SETH S

20 2| Af oo 22| &
=210 QELE o2 U2l HEj0lN Ho= =2 82l & "
Ol Ljals SRS vi=st
cnp  2EWE €92 00= 2l Mol 19052 S0f £
- S =2 S0IE SXE ui=g 86
=20t 2| Ah o = 22]
=x10 QELES o= LR HEHOIA P2 180=2 S0f 22 0
Chs Of2iz U2l= S22 =g
OfAR LS =N otoz 5 22
=xi@ Y& LS otz L2l el 180k Yoz 50 28 -
Chs otz W2l S&2 t=e
=) HIXIRE S Q2Z0|M YLOR M SIS BH2E 60
E2A0 HIXIZ QA MHEEY|IE Xt Mpqdt M
=zt S I—ln—;731|-;:7|e A M ET(of & 5
d7IE 20 HE M U=Y
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AB,C : Types of safety clothing AB.C : Types of safety clothing
Point 1~6 : Body regions Point 1~6 : Body regions
120 120
¢ 100 I I I = I 100 T gz I = I =
o o
w 80 @ 80
— _
[f] 1]
O 40 o &0
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e L
m 40 @ 40
@ @
a a
g 20 g 20
0 0
ABCABCABCABCABT CABTC ABC/ABCABC/ABC/ABCABTC
Point1 Point2 Point3 = Pointd  Point5 Pointé Point1 Point2 | Point3 | Pointd = Point5 | Pointé
Graph 1 Graph 2
AB,C : Types of safety clothing AB,C : Types of safety clothing
Point 1~6 : Body regions Point 1~6 : Body regions
120 120
O [ e e e e I FEiRE | €10 L FTE Y R B
I o
@ 80 @ 80
| - .
[af] @
o A0 o &0
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L e
m 40 m A0
@ @
Q o
g g
0 0
ABCABCABTCABTCABCABTC ABCABCABCABTCABTCABTC
Point1 Point2 Point3 Pointd Point5 Pointé Point1 Point2 Point3 Pointd Point5 Pointé
Graph 3 Graph 4
AB,C : Types of safety clothing AB,C : Types of safety clothing
Point 1~6 : Body regions Point 1~6 : Body regions
120 120
e 10 — 11 T 1m0 - =
T T 1 @ T
% 80 I 7 80
—_ —
Q @
B 60 g 60
P o
@ 40 @ 40
& @
=1 o
g 20 g 20
0 0
ABCABCABTCABTCABTCABTC ABCABCABTCABTCABT CABTC
Point1 Point2 = Point3 Pointd Points Pointé Pointl Point2 Point3 Pointd Points Pointé

Graph 5 Graph 6

Figure 5. Difference in the appearance rate of points 1 to 6 during (D~ motions.
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Table 4. Significant Difference in Appearance Rate by Body Regions during Motion (D

Table 6. Significant Difference in Appearance Rate by Body Regions during Motion ()

SX0 Al 054e] £38

SO Al 079] E3iE

29 N M SD F value 22 N M SD F value
Point 1 18 98.18 353 8.645" Point 1 18 98.36 2.74 0.057
Point 2 18 96.04 7.20 Point 2 18 96.56 7.78
Point 3 18 99.50 1.49 Point 3 18 92,61 16.25
Point 4 18 99.24 1.03 Point 4 18 99.42 0.94
Point 5 18 87.70 12.40 Point 5 18 99.48 2.00
Point 6 18 95.18 460 Point 6 18 97.54 0.65

“p<.01

Table 5. Significant Difference in Appearance Rate by Body Regions during Motion @)

Table 7. Significant Difference in Appearance Rate by Body Regions during Motion (4)

S Al Ot7e| EE

22 N M SD F value
Point 1 18 96.83 6.31 4974"
Point 2 18 97.00 504
Point 3 18 86.12 2253
Point 4 18 99.57 0.71
Point 5 18 99.10 1.54
Point 6 18 99.43 0.70

“p<.01

4. SEH@0| U0IM DI7ie| B3iE

SO IS ol W' A
o, fIAIQL of & thA] Fokets FAoIoh AAE row &
Zlo]iz EAK oA o17zHTj44 Point 3 Ed&°] ABCES
2 Astelgletl, Al Fo] Wil 445 AAE S gl of
7S] w7 7F A7) AD}—E— a5 olkFigure 59
Graph 4).

ofA Qko = 180% & ot

5. SEG0| AN Of7{e] S

SO AR 930014 450; BRI R S 1= e
ANES FAof= S AHD~@L} v s A] F2KE0)| A= SlA|of] -
23 Point 1, 2 59&0] Asloh= Aoks & 4= l%laL, E3h
ARE & & 0] 1=olol| Q= Point 5, 6] EE A5t %]
AR HolFqlom oS e 1k Ao tiA|® 2ls] =
S 2 4= @It (Figure 52] Graph 5).

n

6. SZIO0 U0IM Op7ie] B3
B 9 Eol YA, Qo] 2d|E ST me 2

715 2o o] Hiz sAkelth FAEe] oA, A =
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SE@ Al 07e| £

22 N M SD F value
Point 1 18 97.25 7.06 21.262
Point 2 18 97.39 372 Schef
Point 3 18 74,01 1857 1.2 3 4 5 6
Point 4 18 95.99 430
Point 5 18 96.17 2.75
Point 6 18 9752 311
<05, p<.01
= 7R3l A S efitoll FAReE Point 4, 5, 60] 3Z2}=|G)
Ho

Ot AE R Sollis 1L F97E €S| ZheRl At E
o] Point 4, 5, 62] &d-E-0] AR #5}5F9aL, T3k HIAEQ)
22U o & 23] Point 1, 29] EFEE F4 O~@ 2} v|ws}o]
Astoti= e e SckFigure 58] Graph 6),
ojife] 2 Hst vlolE o] 3xkYl FAEA ATks QoF
s O~®52r2 52t FollAl, RS 180% &= 53t
oA of7fe] ulr o] o) Aalgto] ghels| Eeytal, Eel
S $loll 221 vA= AR W2 AAje A A E Hlo
= 52 T o AAE wel AU, 2R Aol oJal] EEEol
Aslatglon, Ea] 2717 Aol upA 7} o A=A
ook

QESVS
6714 52 4] 555 A
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Z35}17] 9] ANOVA 1 I AvE Table 4~90] AA|5}
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Table 8. Significant Difference in Appearance Rate by Body Regions during Motion &)

SHO Al 0179l 3

24 N M SD F value
Point 1 18 80.08 8.54 5.242"
Point 2 18 85.87 7.51
Point 3 18 97.10 598
Point 4 18 87.28 20.67
Paint 5 18 68.84 30.39
Point 6 18 733 24.43

“p<.01

Table 9. Significant Difference in Appearance Rate by Body Regions during Motion &)

S Al Ot7e| E¥E

22 N M SD F value
Point 1 18 7868 1011 32.085"
Point 2 18 80.55 11.20 Scheffe
Point 3 18 81.73 33.05 1 2 3 4 5 6
1 * * *
Point 4 18 40.19 24.40
) * * *
3 * * *
Point 5 18 1879 20.52
4 * * *
5 * * *
Point 6 18 24.59 24.73
6 * * *
‘<05, p<.01

o)A} 452 B17] §J8ke] Scheffe A4S Akt 1 2
o S folbt Lhebee stetal 4 919, o= Aol
32 HE 272 7|20 Aul HOlS Aot BE Hou) B
AFE AR B QoA o Rjo|2 HAHE A1 BT
o] glo] o] Qioll A WFsof o AFom Abrgit), Ten

2 FA vl Y ZHES S AR FADES A
& o 2918 folakg BArHp<.01). @ FX Aol P

EHE] Foak= B o p<.01), @, @ 2 Al ARFAA
o] Aol A= Folx7t YERRA] 9kcHTable 4, 5).

O B2t Aloi= 19 Edg0] f-ox 7t Uk YER
2] OkkcHTable 6). @H E2F Alo]m Hopy Qo212 1 eli-t|
(p<.01), Scheffe AFEAAS- §F A7} Point 3%} Point 1, 2, 4,
5, 6 7kl 9-2)2= Hol(Table 7) 2, o] 7|2} the 55-¢]9fo] Ab
T yHAOA oAbt v oF 4= A3l

OW 2 Al o & Foxts HYou
(p<.01), AFEH7E9] Aifol|A= F227F ehA] ¢kek

O:

O

www.her.re.kr
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(Table 8), ®W F2F Alofli= F91¥ FoxkE Hlal(p<.01),
Scheffe A&7 gt A3} Point 1, 2, 3%} Point 4, 5, 67F =
ShAef o7l Bl G A, %@r sle] 7ko] Ao ARgoll A Folxt
5 Bt 52 FollA @ FEF Aol AAIF o2 HANSD) 7k
71 Avk= A o 5= % EP(Table 9).
2ko] A FAREAle] wet sruje] AR ISO 20471
(2013) QPO o] AA|=]7] o] def ZHHNAl A E 2§
Qt ofsE AR, AN S flsl AHANEAL AAj9] AR
HAF 912] wpetol] TRt F-AU7t A7 QlekJung & Cho, 2006).
o] A= S %X—i O 7 AARE ofgE0] 7hAgo] Foldt
P A, FAPER 7IA o] FHold
5 TAZE A7 o] 9591, 8ke 5
Helof] RARAlE F-2tsted] Zﬂ&’@i AHE 2GS 589 of
Fol A=, 271, §71 37HA w2 Al YAES] 53 AR VA
& BUIRE Aot T Axy, Aste] it HAPE R [ofRt b

Olt

ol HAL, AR T W7 Ayt ehEA| g7k glom,

AHal T gAlet ARks B} o] AT A EZE A4
o]xe] ¢ ofglo] QRO A Ak A] HhAkAAY F2L H91E o
TARZE ez Agstar, A e HrpgE 2 deteks
glo]al o to|L) EAh HopHE Qo2 Kotk Aujo]|A]
= LA, AARA = =UlQ] olFst oke] FAREAe]
T AATE A9 2k = glol, olF B W At Ko
Hop gk 7919] Ao s ARk Ak 9121 Hieles
e}, A Sl o] dasiet

QPO o] High = Ak 7
3} Ak} B=o g ;LHEl 37%]* Fe 7
Shdu]ahelo|Lt mR M ARG FARRE, e o] F& 28t
A QAR o QMRS S AR 35 o= Al
ARk &, QP ol A-gAE A1 o uf) ool Ak A7t

A 4Aj9) 91105 HEShL, Aolt Bt Al ojme] FRe} A}
1

F

20
=
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3 SAREA ALTI R BASIGN. 37HA] 2ol oA 6
7HA] 52t Al oFFEl 102 S0t Z9)A WAl njA o] L A
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