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Abstract: In this report, a specialization plan for wearable robots by mission profile was investigated
and analyzed to derive an application plan. The final goal of this study was to derive the operating
requirements of wearable robots according to specialized plans, and to conduct a specialized study on
wearable robots by mission profile through investigation/analysis of specialized plans for each mission
profile. In the study, 1) Research on technology trends related to military wearable robots such as patents
and papers, 2) Research/analysis of mission profiles to characterize wearable robots, 3) Analysis of
wearable robot specialization plans according to mission profiles, and 4) Requirements for wearable
robot operation were derived. In the first time of the study, a survey on technology trends related to
wearable robots for soldiers such as patents and papers was completed, and a military consultative body
was conducted to derive measures to characterize wearable robots. In addition, a survey was conducted
on mission profiles, and the second time study derived Key Performance Parameters (KPP) for operational
performance, core performance, and system performance based on scenarios by mission profile. However,
it is revealed that the KPP derived from the research results was not covered in this paper because it
was judged that more in-depth research was needed prior to disclosure. In order to prepare for future
battlefield situations and increase the usability of wearable robots, this study was conducted to charac-
terize wearable robots by considering the characteristics of soldiers’ equipment according to mission

profiles and to characterize wearable robots by mission profile.

Keywords: Wearable Robot, Characterization by Mission, Tactical Task
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[Table 1] A study on the development of the auxiliary structure
using future science and technology!"!

cate | Future Development of Expectation
gory |  Additional Structures Effectiveness
A sub-structure based on Improved ability to
hyper-connected and perform simultaneous
super-intelligent networks integrated operations
Unit Structure with Optimal Combat
Manned-Unmanned Organization by
Collaborative Combat Discharge and Combat
System (MUM-CCS) } Performance Function
Unit sutructure for Multi Capability to perform Multi
Domain Operation (MDO) Domain Operation (MDO)
Organization of slim and Improved flexibility and
modular auxiliary resilience in
structures sub-organization
An elite military structure Development of professional
centered on professional and technology-intensive
personnel elite units
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[Table 2] Approach for mission profile analysis

* An analysis of diseases and diseases that can be linked to
specialized wearable robots in the army (combat/combat support)
* Selection based on the high effectiveness of the specialization and connection of

the wearing robot considering the disease and characteristics

* An analysis of specialized task types for wearing robots by
disease department
- Gathering opinions
- (1st) Collection of opinions from the relevant military school(interview / questionnaire)
* (2nd) Gathering opinions from field units (interview/questionnaire)

- Analysis of Specialized Wearable Robot Task Type and Priority
Selection
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[Table 3] A study on the military service and analysis of
wearable robots I
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[Table 4] A study on the military service and analysis of wearable

robots I1

School of MOS

The types of tasks that can be linked
to the specialized wearable robot

note

Infantry

- Combat: reconnaissance, attack,
offensive action, breach, denial

- Combat Support: movement /
maneuver, supplies / ammunition
load and transport

Artillery

+ Combat: reconnaissance, ambush, | There are few direct
security, movement combat actions by

+ Combat Support: Supply, combatants except for
Supplementation(ammunition, etc) | local provocation

Armor
/Mechanized

+ Combat : none

+ Combat Support : Supply and
Supplementation (ammunition,
oil, etc)

Due to charateristics
of MOS, combatants
rarely fight directly

Engr.

+ Combat: breach, denial, security

+ Combat Support: obstacles load
and transport, Supply and Supple-
mentation (ammunition, oil, etc)

Sig.

+ Combat : none

+ Combat Support : Opening of
wired communication network,
operation of relay station

[Table 5] Field unit survey results

School of MOS

The types of tasks that can be linked
to the specialized wearable robot

Conclusion

Infantry

- Combat: reconnaissance, attack, offensive|
action, breach, denial

- Combat Support: movement / maneuver,
supplies / ammunition load and transport

Armor /
Mechnized

+ Combat : none
- Combat Support : Supply and
Supplementation (ammunition, oil, etc

Specialization
in Combat

Artillery

+ Combat: reconnaissance, ambush,
security, movement

+ Combat Support: Supply,
Supplementation (ammunition, etc)

Engr.

+ Combat: breach, denial, security

+ Combat Support: obstacles load and
transport, Supply and Supple- mentation
(ammunition, oil, etc)

Administration| Special
Combat MOS Tech MOS MOS MOS
Catego! Infantry, Artillery,
gory Armor, Engr. Sig. Cml. Ord. Administration, Med. JA.
i QM. - Chaplain.
Intelligence, Army Transportation Finance, TI&E MP
Aviation, Air defense POl R
urgency @) A A -
imperative of]
field fighting © A X X
physical N
display of @) A X
combat (MP)
power|
connectivity
for wearable A
A
robot O X MP)
specialization
Final N
A
evaluation O X MP)

Sig.

+ Combat : none
+ Combat Support : Opening of wired
communication network, operation of

relay station

Specialization
in Combat
Support
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[Table 6] Analysis of mission profile by combat common
military service- [

[Table 6] Analysis of mission profile by combat common
military service- [ (Continued)

Category Infatry |Artillery| Armor | Engr.

4]
=

Assault O X

Breach

Denial

Security

Guard

Adhesion

Attack

Breakthrough

Ambush

Defense

Movement

Sweep

Reconnaissance

Type of Raid

Mission | Combat Feint

Profil .
rolrie Demostration

Covering

Countblow

Counterattack

Link-up

Detour

Disengagement

Occupation

Delay

Relief in place

Screen

Withdrawal

Passage of line

O|O|O]O|O|O|0|0|0|O0]O|O|O|0|0|0|0|O0]0]O0|0l0|0|0|0]0]0]0
XIX|OXR|O[XR|O[O| X[ XXX X[ XXX |OX|O[X|O[X X=X |O]O|>X]|*
XIO|O|X|>®X|O|O|O|O0|0|0|0|O0|O[O|X|O|0|0|0|O0|O|O|X|0|0|0|0]|0
XKAIXNO[ XXX O[O R R XXX XXX |OIX|O[X [ X[ X[ X[ ®O|O|O|O]|*

XX N O XXX O PP DR R X X X X XX O XXX XX O[O | =] >

Infiltration

Category Infatry |Artillery| Armor | Engr. | Sig.
Escape O X O X | X
Seige O X X X | X
Control O X X X | X
Spoiling attack | O X O X | X
Siege O X O X | X
Attack by fire O O O | X |X
fire support O O O X | X
Secure O X O X | X
Follow-up O X O X | X
Follow-up and ) X ) x | x
support
Destroy O X O X | X
Defeat O X O X | X
Contain O X O X | X
Isolation O X O X | X
Fix O X O X | X
Disturb O X O X | X
Incapacitation | O X O | X |X
Gemon | O] X | O] x|x
Disrupt O X O X | X
Decoy O X O X | X
Block O X O X | X
Suppres O X O X | X
Delay O X O X | X
Interdict O X O X | X
Marching O O O | OO
Security O O O] OO
ghemi.cal ) o O x | x
etection
Combat .
Sup/port decgrllltzlnrlllif;ltion o O O XX
Activities| Mine detection | O X X O | X
en s?xfi ng Mine breach O X X O | X
combat |Open Egn rraTlintain o o ololo
Establish signal | O O X | OO
Operz;ttz?o':il relay o 0 X olo
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[Table 8] Analysis of mission profiles based on field unit survey results

Core Requirements|  Mano- - | Overcoming | Joints/ Reduction Muscular Dynamic| Tnjury
(weight) | euvrability Loa(gz;l;ﬂlty Weaggnhty eﬂi/eirs(l))rfrigit asl\éli];ts:;f:e in fatigue enﬁgﬁ?gﬁ ent stability |prevention Avr | Rank
Mission 5 5 (©)) 5 ®) (5) Ve | Ran
Profile ©) ) )
Total
Reconnaissance 91.66 3.67| 10
Search an Destroy 91.23 3.65| 11
Ambush 85.76 343 23
Breakthrough 122.98 492 1
Charge 93.45 374 2
Assault 92.66 371 4
Destroy 92.59 370 5
Defeat 91.11 3.64| 13
Sweep 91.16 3.65| 12
t
Comba Denial 88.29 353 19
Disengagement 92.27 3.69| 8
Withdrawal 92.22 3.69| 9
Escape 92.35 369 7
Delay 87.49 3.50 | 20
Passage of line 90.29 361 | 15
Detour 89.6 3.58| 16
Follow-up 87 348 | 21
Follow-up and Support 88.95 3.56 | 18
Breach Mine detection 93.09 372 3
Mine remove 92.45 3701 6
ActhltleS Chemical detection 89.22 357] 17
ens?lring Chemical decontamination 86.543 346 | 22
combat Security 85.51 342 24
/ Movement 90.45 362 14
Combat o
support Open and maintain Signal 83.99 3.36| 26
Establish Signal 85.23 341 25
Operation relay station 82.01 328 | 27
[Table 9] Analysis of infantry unit mission profiles
Core Requirements|  fano- o ... | Overcoming the Joints/ Reductionin|  Injury
Mission (weight) euvrability Load(laslt))lhty Weafg‘gnhty special environment | Muscle assistance | fatigue prevention | Avr | Rank
Profile (5 (5
Reconnaissance 3.27 2.73 3.20 3.27 3.27 3.27 3.13 316 | 12
Search an Destroy 3.27 3.27 3.20 3.13 3.13 3.13 3 316 | 13
Ambush 3.27 3.27 3.13 3.27 3.13 3.07 3.13 3.18 | 10
Breakthrough 3.40 3.27 3.27 3.13 3.27 3.07 3 3200 6
Charge 3.40 3.27 3.27 3.13 3.13 3.07 3 3.18 | 10
Assault 3.27 3.40 3.27 3.20 3.07 3.13 3 319 | 8
Destroy 3.27 3.27 3.27 3.13 3.13 3.13 3.13 319 | 9
Defeat 333 3.27 3.27 3.27 3.27 3.07 3 3.21 3
Sweep 3.40 3.27 3.27 3.27 3.27 3.07 3 322 2
Combat -
Denial 3.27 3.40 3.27 3.33 3.07 3.13 3 3.21 4
Disengagement 3.40 3.27 3.40 3.33 3.07 3.13 3 3.23 1
Withdrawal 3.40 3.13 3.27 3.27 3.13 3.13 3.07 320 7
Escape 3.27 3 3.13 3.13 3.13 3.13 3.07 3.2 | 21
Delay 3.27 3 3.13 3.13 3.13 3.13 3.07 3.2 | 21
Passage of line 3.27 3 3.13 3.13 3.20 3.13 3.07 3.13 | 16
Detour 3.27 3 3.13 3.13 3.20 3.13 3.07 3.13 | 16
Follow-up 3.27 3 3.13 3.13 3.20 3.13 3.07 3.13 | 16
Follow-up and Support 3.27 3.13 3.13 3.27 3.33 3.13 3.20 3.21 5
Breach Mine detection 3.13 3.13 3.13 3.27 3.13 3.13 3.07 3.14 | 14
Mine remove 3.13 3.13 3.13 3.27 3.13 3.13 3.07 3.14 | 14
AC“mees Chemical detection 3.20 3.07 3.13 3.27 3.13 3.13 3 3.13 | 16
ensﬁring Chemical decontamination 3.20 3.07 3.13 3.27 3.13 3.13 3 3.13 | 16
combat Security 3.07 3.07 2.87 3.13 3.20 3.13 3.07 3.08 | 25
Corilbat Movement 3.07 3.07 2.87 3.13 3.20 3.13 3.07 3.08 | 25
support Open and maintain Signal 2.93 3.07 3 3.13 3.27 3.13 3.07 3.09 | 23
Establish Signal 2.93 3.07 3 3.13 3.27 3.13 3.07 3.09 | 23
Operation relay station 227 3 3 3.13 3.27 3.13 3.07 298 | 27
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[Table 10] Analysis of mechanized infantry unit mission profiles
Core Requirements| Mano- |y 4.1 i | Wearability (zl\nlzrsc;emcil;g I{ESSQ Reduction hs/{?:ﬁziﬁr Dynamic | Injury
(weight)| euvrability f . in fatigue stability |prevention| Avr |Rank
Mission Profile ) 5) 5) environment| assistance ) enhancement ) )
(&) ()] ®)
Reconnaissance 4.93 3.29 421 4.71 421 4.36 3.93 4.57 4.64 432] 1
Search an Destroy 4.36 3.00 3.86 443 4.29 4.14 4.36 4.50 4.50 4.16| 7
Ambush 3.14 2.93 4.14 4.14 343 4.00 3.57 4.00 4.14 3.72] 23
Breakthrough 4.50 4.00 4.07 3.93 4.36 4.00 4.07 4.29 4.36 4.17| 4
Charge 4.57 3.64 421 4.36 443 421 421 443 4.29 426| 2
Assault 443 3.64 4.29 4.14 4.57 371 4.00 4.57 4.29 4.18] 3
Destroy 443 3.14 4.00 4.14 429 4.07 4.57 4.50 4.29 4.16| 8
Defeat 421 3.36 3.93 4.07 421 4.14 4.64 421 4.36 4131 10
Sweep 4.36 3.50 4.00 443 421 4.07 4.36 421 443 4.17| 4
Combat Denial 3.64 329 407 3.86 393 | 357 4.07 429 | 443 [390] 20
Disengagement 443 3.50 421 4.00 4.36 3.93 421 4.50 421 4.15| 9
Withdrawal 4.36 3.29 421 3.79 4.14 4.07 421 4.57 4.36 4.111] 11
Escape 4.36 3.14 4.14 443 4.14 4.07 4.29 4.50 443 4.17| 6
Delay 3.79 3.07 3.86 3.50 4.14 421 4.07 443 4.36 3941 18
Passage of line 421 3.29 3.86 3.86 4.29 371 3.79 4.36 4.00 393 19
Detour 4.36 3.29 3.86 4.14 4.50 4.00 4.07 4.07 4.07 4041 13
Follow-up 3.86 3.21 4.00 3.64 4.14 421 4.29 4.36 421 399 17
Follow-up and Support| 3.79 3.21 4.00 3.43 4.29 4.07 4.64 443 4.29 4.02] 15
Breach Mine detection 3.36 3.93 3.86 443 4.00 4.00 3.64 443 4.64 403 14
. Mine remove 3.29 4.00 3.71 4.50 421 3.71 3.57 4.50 4.64 4.02| 15
ACIGES|” Chemical detection | 3.57 357 3.93 443 343 | 4.00 336 429 | 421 |387] 21
ensuring |Chemical decontamination| 3.9 336 4.14 443 329 421 3.07 421 407 [3.79] 22
combat Security 3.00 2.86 4.50 3.36 343 4.29 3.79 3.93 4.14 370 | 24
/ Movement 3.93 3.43 4.21 3.93 4.29 4.50 3.86 4.14 4.29 4.06| 12
Sf;g'(’;t Open and maintain Signal| ~ 3.36 321 321 3.71 357 3.07 336 329 393|341 27
Establish Signal 3.50 3.57 3.43 3.79 3.79 3.36 3.79 3.50 4.07 3.64| 25
Operation relay station 3.43 3.43 3.29 3.86 321 3.29 3.57 3.43 3.64 3.46| 26
[Table 11] Analysis of engineering unit mission profiles
Core Requirements|  Mano- |y o 4 uiies | Wearability ?ﬁ?ﬁﬁéﬁﬁg 1{/(1):12::812 Reduction hs{?:ggﬁr Dynamic | Injury
(weight)| euvrability . . in fatigue stability |prevention| Avr |Rank
Mission Profile ) 5) 5) environment] assistance ) enhancement ) )
®) ) ®)
Reconnaissance 5 2 3.33 4.17 4 4.17 2.83. 4 4 3721 3
Search an Destroy 4.67 1.83 3.33 3.50 3.83 4 2.67 4 3.83 352| 14
Ambush 3.67 233 3.17 2.83 3.67 4.83 2.67 3.50 3.33 333| 24
Breakthrough 5 2 4.17 2.83 33.50 3.83 3 433 433 3.67| 4
Charge 5 2 4.17 2.83 3.50 3.83 3 433 4.17 365 7
Assault 5 1.67 3.67 3.17 3.67 3.67 3.17 433 433 3.63| 10
Destroy 4.17 2.17 3.50 3.33 3.83 3.67 3.33 433 4.50 365| 7
Defeat 4.17 1.67 3.50 3.33 3.83 3.67 3.33 3.83 4.17 350 16
Combat Sweep 4.17 1.83 3.33 2.37 4 3.67 3.33 4.17 417 348 17
Denial 3.83 2.50 3.17 3.17 3.33 3.33 3.17 4 417 341 19
Disengagement 4.83 2 2.50 3.83 3.83 3.17 3.83 4 433 359 12
Withdrawal 4.67 2 3 3.83 3.83 333 3.83 4 433 3.65| 7
Escape 4.83 2 2.83 4 4 3.33 3.83 4 4.17 3.67| 4
Delay 333 3.17 3.33 3.17 3.37 3.33 3.17 3.50 3.83 339 21
Passage of line 4.50 1.83 3.50 3.83 4.33 3.50 3 433 4.17 3.67| 4
Detour 4 1.83 3.50 3.83 3.83 2.83 2.83 433 4.33 348 17
Follow-up 3.50 2 3.33 3.17 333 3.33 2.83 3.83 3.83 324 27
Follow-up and Support| 3.17 2.67 3.33 3.17 3.83 333 3.17 4 3.67 337| 23
Breach Mine detection 3.33 2.83 4 433 4.33 4.50 3.33 3.83 433 387 1
L Mine remove 3.17 3 4 433 4 4.50 3.17 3.83 433 381 2
ACUES| ™ Chemical detection | 3.17 3.7 3.50 5 350 | 3.67 2.83 383 | 383|361 11
ensuring |Chemical decontamination|  2.17 3.17 3.50 4.67 3.17 3.33 2.83 3.873 3.83 [3.39] 21
combat Security 3 3 4 3.33 3.67 4.67 2.50 3.17 3.33 341 19
/ Movement 3.17 2.33 3.83 3.33 3.67 4 4 433 3.67 359 12
Slf;g'(’;t Open and maintain Signal| ~ 2.67 3.17 3.17 3.50 3.67 417 333 4 4 [352] 14
Establish Signal 2.50 3.17 3.33 3.50 3.67 3.33 3.50 4 3.83 333] 24
Operation relay station 2.67 3.33 333 3.33 3.67 333 3 3.50 3.83 333] 24
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[Table 12] Deriving and classifying mission profiles for wearable robots

Armor

Category Infantry /Mechanized Infantry Engr. Attillery Sig.
Local + (P-1) reconnaissance, . * (P-1) reconnaissance,
. |* (P-2) ambush + (P-1) reconnaissance | search and destroy |+ (P-2) ambush
Provocation search and destroy
* (P-2) ambush

’ gz;tlrz)degigj‘twep ’ * (A-1) charge, assault, |- (A-1) charge, destroy,
" Attack bre. akt{l,rou oh > breakthrough, sweep, | breakthrough, assault |+ (S-4) movement -
all- (A i
oot - (A-3) follow-up and support destroy, defeat (A-3) passage of line
war + (D-1) disengagement, - (D-1) + (D-1) escape.
Defense | withdrawal disengagement, with drawa{) ? * (S-4) movement + (D-1) escape, withdrawal
+ (D-2) denial escape
R, * (§-2) security
AZE;I;.? of |, (S-1) mine detection, mine ) * (S-1) mine detection, | * (S-5) establish signal,
comba;g remove mine remove open and maintain signal,

operation relay station

Infantry Defeat, sweep, disengagement

Inactive

Denial, follow-up and support

Reconnaissance, charge, assault,
weep

Armor breakthrough, si

Engr.

passage of line, escape ~

mine detection and remove

Artillery Reconnaissance, search and destroy

Disengagement, withdrawal

Movement, ambush

S ranan

mb.ush1 establish signal, o
in signal, operation Telay station
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[Table 13] A methodology for analyzing mission profiles that can
be specialized in connection with wearable robots and portable
equipment

Category Contents

Phase 1 | An analysis of the current status and portability of
specialized portable equipment

Phase2 | Analysis of the degree of specialization of portable
equipment and materials by mission profile

Phase 3 | Questionnaire / Comprehensive analysis of Delphi results

[Table 14] Criteria for deriving specialized portable equipment

Category Contents

Criteria 1| Isit f:asy to (.:arry/operate portable equipment that was
previously difficult to carry

Criteria 2| Is it possible 'to carry/operate mounted equipment that
was not previously portable




[Table 15] Result of analysis of portability of specialized
portable equipment

[Table 16] Actual load analysis based on individual combat
load analysis

Category weight (kg) ]?Eit)h Psgz?sle
K-5 0.75kg 19.1 cm o
MI911A1 1.1 kg 21 cm (0]
K-1/K-2 3.5/42kg |83/97cm| O
K-3 6.8kg 100 cm (0}
M60 10.5kg 110 cm A
K-201 5.8kg 97 cm o
K-11 6.5kg 86 cm (0}
Portable LS (38%3;%20) 165em | 4
equip- MGS50 37.2kg 165 cm A
ment K-14 Tkg 115em | O
PZF-IIl (12_53111‘?) 9%5em | A
M-72LAW 4kg 98 cm 0O
90 mm recoilless rifle 17kg 135 cm A
60 mm Mortar 20.5 kg 82 cm A
81 mm Mortar 56 kg 126 cm A
K-4 95 kg 107 cm X
106 mm recoilless rifle] 210 kg 340 cm X

322 €A) 7IQAF 4 315 24

AT Fian] 2 24 53 A5 opd ol i
Awzatel datol S A geto] WA Fld] Stk
Frogn Ssk AF-RF 100 90 S =ESSIh 24
A} o2l [Fig. 317} ol A FAA = A #HHA = F5A4¢

4.17
I 4.00 4.00 3.83 3.83 3.67 3.67

Mine  Follow-up Mine  Follow-up Passage  search delay disengage establish
remove & support detection of line and ment signal
destroy

3.67 3.67

3.67 3.67 3.67 3.67 3.50 3.50 3.50 3.50 3.50
detour  reconnai movement  open chemical chemical escape withdrawal opesaton

ssance /maintain  detection decontami relay
signal nation station

3.50 3.33 3.33 3.33 3.33 317 317
I I I I I I I [

charge defea break security  destroy  assault sweep denial ambush
through

[Fig. 3] 10 priorities for handheld specialized mission profiles

Category Weight (kg) note
bombproof helmet 1.5
combat vest 0.5
water bottle 1 784
Personal | ooazine(5) | 1.2 (0.24X5) ’
combat
equipment K2 3.26
PVS-04K 0.38
full combat gear 38 45.84 (38+7.84)
attack combat gear 22 29.84 (22+7.84)

2ANE A = P B = 0 5 e sk
A AT E 7|22 S AR R Thes S BE
= FroPda] A RIS B stdg
[Table 16]1 4] Hi= 73] 8 duk A=A (1w H 7]
)°l %Z% 0] 735-29.84 kg, 2] 739-45.84 ke©l
AFslsoe] 71 A o & HabE S & ol £, ZiRle] Azt
sl MFale2 Fodn o] sl vk olu el 71 Feke
S Hgh o B Ao efdsitial & o qirh

o
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[Table 17] Portable equipment specialization analysis by mission
profile

Category Contents

+ Combat use: M60/K3, 60/8mm mortar, 90/106mm
recoilless rifle, K4, MG50, 4.2”mortar

* K4, MG50, 4.2" mortar and 106mm recoilless rifle are considered for use in

areas that are not allowed to enter the vehicle
+ Combat support use: mine detector, chemical detector

Infantry

+ Combat use : none

Artill
e ). Combeat support use : ammunition and supplies loading focus

+ Combat use : none

Arm¢
or . Combeat support use : ammunition and supplies loading focus

+ Combat use : none

Engr.
ner- . Combat support use : POMINS, KM-180, PRS-17K

+ Combat use : none
Sig. |- Combat support use : line of communication, broadband
antenna, ancillary equipment
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