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Abstract

This study obtains preliminary data through a multifaceted examination of work undertaken by soldiers and
factors that should be considered in the development of wearable robots; in addition, the study explores the
development direction for such robots in this segment. This study conducted a survey on males who had mili-
tary experience in order to analyze work practices. The results of the survey indicate that there has been an
existing need for wearable robots for soldiers and that soldiers prefer robots equipped with functions to sup-
port specific physical activities and those that offer comfort while being worn. In addition, it was found that
the method to wear robots should be developed according to the body part that considered movements perfor-
med by soldiers. It was also found that strengthening functionality over aesthetic factors is extremely impor-
tant. Soldiers desired wearable robots that could assist their main activities, protect their bodies, and incorpo-

rated an excellent system in terms of wearability.
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Fig. 1. Military exoskeleton robot. Fig. 2. Wearable robot for rehabilitation.
Reprinted from Cho (2014). http://www.irobotnews.com Reprinted from Song (2017). https://www.etnews.com

Fig. 3. Wearable robot like clothes.
Reprinted from Ko (2017). http://www.newsworks.co.kr
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Table 1. Sample characteristics

Item N (%)
20s 73 (32.2)
Age 30s 73 (32.2)
40s 81 (35.7)
Seoul 11( 5.0)
Incheon 7(3.2)
Gyeonggi-do 102 (46.4)
Gangwon-do 64 (29.1)
Chungcheongbuk-do 3(14
Chungcheongnam-do 7(3.2)
Military Sejong city 3( 14
service area Daejeon 1(0.5)
Daegu 4(1.8)
Gyeongsangbuk-do 5(23)
Gyeongsangnam-do 2(0.9)
Jeollabuk-do 3(14
Jeollanam-do 6(2.7
Busan 2(0.9)
. Soldier 214 (94.3)
M;alllrtlliry Noncommissioned officer 4(1.8)
Officer 9( 4.0
2 year or less 158 (69.6)
N Within 5 years 65 (28.6)
ser:/iléle]tsgio . Within 10 years 1 04)
Within 20 years 2(0.9)
More than 20 years 1(04)
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Table 2. Military-related characteristics

Ttem N (%)
Very loose 6( 2.6)
Loose 52 (22.9)
HO.W well did the military uniform fit your body in the military to Average 134 (59.0)
which you belonged?
Fitting 32(14.1)
Very well fitting 3(13)
Raising and lowering arms 49 (21.6)
' . o Bending and stretching elbows 45 (19.8)
i i e el dre s ks OSES png ndschivg v 69004
Bending and stretching knees 24 (10.6)
Squatting and standing up 40 (17.6)
Very weak 2(0.9)
) o ) - Weak 13(5.7)
S;)IIZ }ir;t(e)zs;e\lz;enr; ;31; tasks or activities performed in the military to Moderate 105 (46.3)
Intense 89 (39.2)
Very intense 18( 7.9)
Within 30 mins. 9( 4.0
) ) ) ) 30 mins.-1 hr. 37 (16.3)
it e e o et e g prmin ko o412
2 hrs.-3 hrs. 57 (25.1)
3 hrs. or more 60 (26.4)
Table 3. The necessity of wearable robot for soldiers according to age
Item 111122:;?; Unnecessary Normal Need n:sgz d Pa
20s N (%) 3(40) 14 (19.2) 21 (28.8) 20 (27.4) 15 (20.5)
30s N (%) 0( 0.0) 6(82) 20 (27.4) 32 (43.8) 15 (20.5) 13.067
40s N (%) 1(12) 7( 8.6) 21(25.9) 38(46.9) 14 (17.3)
Table 4. Reasons for the need for wearable robots
Item For(:(x;;a;zl;ti)l ity For ease of task 1;2;2;;2? balfl?crepillllylif)“tlilons For safety Others
20s N%) 2(57) 23 (65.7) 28 (80.0) 4(11.4) 14 (40.0) 2(5.7)
30s  N(%) 6(12.8) 34 (72.3) 35 (74.5) 4( 8.5) 16 (34.0) 1(2.1)
40s  N%) 3(58) 30 (57.7) 28 (53.8) 417 25 (48.1) 0( 0.0)
Zohe HES Holet, A deol e &9 A A 5= Gl IR 7EA LR Yot E 2R
e A YEhEth 20t = O E A9 R 2 Mol dede =713 Qe Ae o 5= Al
go] o= &3l (Shinetal,, 2012), 8 K= U o2 St oA flojela =5 280l 7}
of & &Aool AL, 40t & -0l = S A&l & dastra Azbehs T4 9 gdS AR A9
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Table 5. The action or role of the wearable robot required by the soldier

Item N (%)
Supporting strength in moving heavy shells or weapons 119 (52.4)
Assistance in long distance walking with heavy soldier's gear 48 (21.1)
Assistance in daily life movements (sitting-standing, walking on stairs, walking on flat ground) 8( 3.5)
Correct posture for correct movement 10( 4.4)
Posture assistance for long-term maintenance 12 ( 5.3)
Assists in the actions of the main tasks and activities 30(13.2)

= <Table 5>9} 29k} R A S Leko|L} 7] §7]
Zol A T2 B ekan SR o] HA o 52.4%
2 7Mg ol AA stk T AR RE RAL A
S FoiA L gA R Aol A AY] Baoeta Seat
H] 0] 21.1% 5 LeRE L, A WA 2 52 Shs 2
2} 25 Alo] e B4 BA e SETE 1)
2ol 132%z2 Uepidth ol 2910) 78 W 43
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b
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BHA|(18.9%), A A1(15.4%) O & LVFEFEI1, TH(4.8%), 2
(1.8%), £(0.4%) F-9]ol| 2H-8-3t= ol & 2ol
et e g = Uehzl ot vla2 Wghh ohAl,
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E oaiE(R et 240 £E Fe) Sue
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Table 6. Types of wearable robots required by the soldier

Item

Hard exosuits Soft exosuits Neural interface activation

Image
Fig. 4. Types of wearable robots.
Reprinted from Koo (2009). http://www.hani.co.kr
N (%) 49 (21.6) 149 (65.6) 29 (12.8)
3.2 SN0 BE Y0 E 2R 275 e e CEL R RN
Ao A= g4l of whe} ol 7 = Ao 1)
S oA dast g floldE 2EE N E} it AL<Table 8>, 2] 7k 2}0] 7 31 L HH(p=.000). * %
W ol doks 85 Aol disko] 9 7HA] & A9 de FH 2 ol s 2Rs A Aol Al
ol A 2AFSEGA T A AA S A 2 /S A= 2GS,
WA, 22 Yole s 2R I 44T 4 BEA 5 E WEO| A 22 212} 47.8%, 44.6%
o 87 5H G AS ZAG AB<Table 7>, 8 H]SEH AESh HE T} e SR AY Fep
2ol wheh o2 2R84 LS ATk (p=.006). - ZAAE A fole dde e 72 E AT
Aoz #2 &9 e sFolAs ‘A4 AL 71 gol S H(67.4%) 5 A
Y= S F2 sk o] o &, 8] 2], + floielE 25 AT Al ofE A = A 2s}= 2l o]
F2 wolil e sANAE Hate 22 ER 2 gtA] ARG A o A I<Table 9>, 2H-8-1 4] of]
ol Y2 A Uk A0R Uehdth L wef SR A1E sk 02 efittip-00)
Hub 2w ghobeh dofub B AL WSt F 2AY Qe AU A9 R PR AU oA
a4 of ah2 2 o]l gk A= A2 = Ao] a%omﬂ(éz.O%) R7retel
OSo 2 fofjs 25 A Al o A 79 Ok B2 oo} 22 F A FE A Ao H
Table 7. How to soldiers want to wear the wearable robot
Item Type of clothes Typzi(;i :::rc;)able ba
Raising and lowering arms N (%) 30 (61.2) 19 (38.8)
Bending and stretching elbows N (%) 11 (24.4) 34 (75.6)
Bending and stretching waist N (%) 26 (37.7) 43 (62.3) 14.350**
Bending and stretching knees N (%) 8(33.3) 16 (66.7)
Squatting and standing up N (%) 17 (42.5) 23 (57.5)
**p<.01
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Table 8. Body parts for wearable robot desired by soldiers

Joints Parts other than joints
ftem WL Sy (knees, elbows, etc.) (thighs, calves, etc.) z
Type of clothes N (%) 44 (47.8) 41 (44.6) 7( 7.6)
Type of detachable o 23.789%**
(like guard) N (%) 24 (17.8) 91 (67.4) 20 (14.8)
*rkp<001
Table 9. Material of wearable robot desired by soldiers
. . Solid yet lightweight Bendable or flexible Textiles
Solid materials > . .
Item el i) materials materials (fabric, woven, 7
T (plastic, etc.) (rubbery material, etc.) knit, etc.)
Type of clothes N (%) 4( 43) 22(23.9) 57 (62.0) 9(9.8)
Type of detachable o 13.723%%
(ke guard) N(%)  14(104) 52(38.5) 66 (48.9) 3(22)
B2 7 §ola A2 Bk of Ut <A e A weh A Al A RS AR A ks <Table 10>
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Table 10. Important points in soldier wearable robot development

Item Mean (S.D.) Flt
Convenience of changing 41(.7
Activity/motion 44(.7
Wearability Pressure 3.7( .8 60.421***
Protection/safety 44(.7)
Comfort 40( .9
Texture 3.5(.8)
Durability 44(.7)
Material Air permeability 43(.7 63.770%%*
Sweat absorption/permeability 43(.7
Weight 43(.7
Ease of maintenance/storage 41(.7)
Maintenance Contamination 4.1(.7 1.768
Washability 41( .8)
Harmony with military uniform 33(1.0)
Aesthetics 1.694
Design (color, shape, etc.) 3.2(1.0)
*rkp<001
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