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In this paper, we examine the exoskeleton robot which can support the muscular strength of the soldiers handling the front
load and its applicability in the military field. In fact, in the questionnaire survey on the military applicability of exoskeleton
robots, many soldiers reported that they felt inmensely fatigued due to the heavy load on their back during the operation.
Most of the exoskeleton robots in the military have been developed to reduce fatigue during the mobility and movement of
soldiers. Research on the exoskeleton robots to support the waist has been carried out with emphasis on its role in
assisting performance of repetitive work in the industrial field or the medical field. To examine the studies on conventional
back support exoskeleton robots and to find out the functions required to apply a back-support exoskeleton robot to
soldiers, we have classified the existing back support exoskeleton robots into power type, supported body, waterproof
grades, and others based on weight, purpose, working time, etc. Apparently, the shape of the exoskeleton robot suitable for
application in the military field and the required performance is presented in the present work.
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Fig. 1 Survey results of the operation of the infantry units (a crew-served weapon manual handling and fire support) (a) maximum operating
load (19 people) (b) maximum operating loading item (19 people) (c) mission duration for maximum load operation (19 people) (d) the
most difficult type of motion (19 people) (e) the body parts under load (17 people) (f) the body parts that feel the most fatigue (17
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Fig. 2 Survey results of ammo loading/unloading, obstacle transport/installation, bridge construction mission (a crew-served weapon manual
handling and fire support) (a) maximum operating load (37 people) (b) maximum operating loading item (37 people) (c) mission
duration for maximum load operation (37 people) (d) the most difficult type of motion (37 people) (e) the body parts under load (35
people) (f) the body parts that feel the most fatigue (34 people)
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Table 1 List of retrieved back support exoskeleton robots

No Name References (Company) Power type Supported body P code Other
1  PLAD Whitfield,® Eramaki,’ Passive Back - Discomfort shoulder
(Personal augmentive Frost,® Godwin,’ Lotz,!®  (Elastic straps) (10%), knee (40%)
lifting device) Sadler,"" Graham'?
2 PAS Araie" Passive Full body - 8 kg, agricultural
Power assist suit (Spring and ratchet)
3 Wearable moment Wehner'* Passive Back -
restoring device (Spring)
3 BNDR Ulrey" Passive Hip joint - Chest pain
(Springs)
4 Happyback Barret' Passive Back - Crop harvest
(Bungee cords)
5 Bendezy Barret' Passive Full body -
(Springs)
6 SSL Imamura'’ Passive Back - Nursing care
Smart Suit Lite (Elastic belts)
7 SPEXOR Rijcke'® Passive Full body - Nursing
(Cam)
8 LAEVO V2.5 Bosch" Passive Hip joint - 2.8 kg, chest pad
(Cam)
9 Back X Suit X Passive Hip joint - 34kg
10  Strengthen Upper Limb Deng?! Active Upper -
Exoskeleton (Hydraulic actuator)
11 Power Assist Wear Li* Active Back and Hip -
(Pneumatic actuator) joint
12 Quasi-Active Exoskeleton ~ Kim* (Quasi)-Active Full body -
(Electric Motor, Knee)
13 PARM Kadota?* Active Back and arms -
Power-Assist Robot Arm (Pneumatic actuator)
14 Muscle Suit Kobayashi, Nakamura®  Active Back and arms - 6.5 kg
(McKibben)
15 Exoskeleton power assist ~ Naruse Active Full body - 11 kg
system (Electric Motor, Cables)
16 Human-robot integrated Ryu (Hyundai-Rotem)””  Active Full body -
exoskeleton (Electric motor)
17 WSAD Luo™ Active Back -
(Motor + band)
18 HAL Kawabata (Cyberdyne)®  Active Full body -
Hybrid assistive limb
19 HAL LBO03 Cyberdyne®® Active Hip Joint IPX4 3kg 3 hr
20 A Lower-Back Robotic Zhang®! Active Full body -
Exoskeleton (Electric motors)
21 Back-Support Exoskeleton  Toxiri* Active Hip joint -
(PEA + bungee cord)
22 Wearable Power Assist Hirotani*® Active Back Waterproof
Wear (Pneumatic artificial Actuator
muscle)
23 MODEL Y ATOUN™ Active Hip joint P55 44kg 4hr
24 H-WEX Hyundai Motors™ Active Hip Joint -
25 INNOPHY INNOPHY™ Active Back - 6.6 kg
Standard (McKibben)
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