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Since wearable robots are directly related to the safety
of users, systematic safety management is required
from the early stages of development. Military wearable
robots are developed based on a basic mission plan
that includes mission conditions and mission behavior.
Therefore, risk analysis and management should be
conducted according to the characteristics of the
mission. This study reviewed risk management processes
from international standards and developed a risk
management process that can be applied to military
wearable robots. The process is in the following order:
(1) Determination of the limits of wearable robots

(2) Hazard Identification (3) Risk Estimation and
Evaluation (4) Risk Control Strategy. The process in this
study is expected to be useful in analyzing mission-
specific risk factors for military wearable robots and can
be used for risk management of various wearable
robots.

Q22| (Risk Management),

Q22| Ea}Risk Management Process),
QP EH|(Risk Control),

AR 2t83 28 (Military Wearable Robot),
2|&8Al¥ (Hazard Identification)
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MIL-STD-882E 1SO-12100

Documentation of Determination of
the system safety approach the limits of the machinery

Identification of hazards +—+

Hazard identification

v v
v

Reduction of

mishap risk to an acceptable level Risk reduction

Verification of
mishap risk reduction

| Assessment of mishap risk Risk estimation ‘
Identification of . .
| mishap risk mitigation measures Risk evaluation ‘

Fig. 1. Risk management process of MIL-STD-882E and
ISO-12100
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S1. Determination of the limits of wearable robots
(1) Determination of Operating Conditions
(2) Analysis of mission scenarios

v

S2. Hazard identification

(1) Walking test based on mission scenarios
(2) Collecting VOCs (voice of customer)

(3) Analysis of hazardous situations

!

S3. Riskestimation & evaluation
(1) Severity of harm
(2) Probability of occurrence

g

S4. Riskcontrol

Fig. 2. Risk Management Process for Military Wearable
Robots
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Fig. 3. Operating scenario
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Table 1. Analysis of mission scenarios

Mission phases

Operating scenarios (example)

Required motions

1. Preparation = Wear the robot.

= Press the button to supply power to the equipment.

= Standing
= Single leg stand

= Proceed to the vehicle at a normal walking pace.

= Use the stairs to get on the vehicle.
= Get seated/up in the vehicle.
= Use the stairs to get off the vehicle.

2. Moving on the vehicle

= Walking, Up/down stairs
= Sit down/stand up

3. Running = Run on OO meters flat ground at a maximum speed of OO km/h. = Running
= Bend the knees to pick up an object.
= Stand up holding the object. = Sit down / Stand up

4. Carrying items

= Move 00 meters distance holding the object.

= Walking with an object

= Bend the knees to place the object down at a designated location.

5. End of operation = Turn off the robot system.

= Remove the robot hanging on the stand.

= Standing
= Single leg stand
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Table 2. Identification of hazardous situations based on walking test

Hazard type

Hazardous situation (example)

Related component

* (Hwi) Pressure on the lateral side of the pelvis joint in a seated position = (Hwy) Pelvic link cover
1. Mechanical = (Hw) Friction between the knee joint and equipment components during walking = (Hwz) Femoral link lateral housing
= (Hws) Clothing getting caught between the hip joint and knee joint components = (Hus) Multi-link over knee

> Electrical (He1) Physical contact between hip joint cables and the user’s body « (Her) Hip joint link
' * (He2) Malfunction and electric shock due to water ingress on the foot assembly * (Hez) Foot assembly cover
3.Thermal = (Hr) Possibility of battery overheating * (Hn) Battery, power board
* (Hen) Fatigue due to foot pressure during high-speed walking * (Her) Foot assembly footrest
4. Ergonomic = (Hgr) Impact on the knee joint during high-speed walking * (Her) Femoral link
* (Hes) Discomfort in wearing due to mismatched body shape * (Hes) Skeletal frame, strap

* (Hct) Imbalance of weight distribution descending stair
* (Hcz) Imbalance of weight distribution and overloading at the foot support

5. Combination ascending/descending stair

* (Hcs) Muscle fatigue/discomfort due to mismatched joint range of motion

* (Hc1) Processing board, muscle
tension sensor

= (Heo) Pressure sensor, motor drive
= (Hcs) Pelvic link, femoral link
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Table 3. Risk assessment matrix

Severity

Probability

Catastrophic ~ Critical ~ Marginal  Negligible
(1) (2) ©) (4)

Frequent (A)  Veryhigh  Very high High Moderate

Probable (B)  Very High High High Moderate

Occasional (C) High High Moderate Moderate

Remote (D) High Moderate Moderate Low

Improbable (E) Moderate  Moderate Low Very low
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Hazard type Hazards Related Component Severity Probability Risk Level
(Hwr) = Pelvic link cover 4 A Moderate
1. Mechanical (Hwz) = Femoral link lateral housing 4 A Moderate
(Hws) = Multi-link 3 C Moderate

(Her) * Hip joint link 2 C High

2. Electrical

(Hez) = Foot assembly cover 2 C High
3. Thermal (Hr1) = Battery, Power board 2 D Moderate
(Her) = Foot assembly footrest 4 A Moderate

4. Ergonomic (Her2) = Femoral link 3 A High
(Hers) = Frame, strap 4 A Moderate

(Her) * Processing board 3 B High

5. Combination (Hea) * Pressure sensor 3 B High

(Hes) = Pelvic link, Femoral link 3 B High

Risk reduction

‘ Very high }——ﬂ Re-design + Guards or protective device + Preventive maintenance }——P‘ Moderate/Low ‘

‘ High }—ﬂ Guards or protective device + Preventive maintenance }—»‘ Moderate/Low ‘

‘ Moderate }——4 Guards or protective device (optional) + Preventive maintenance }**‘ (Very) Low ‘

‘ Low }*% Preventive maintenance (optional) }—*‘ Very Low ‘

Fig. 4. Risk Control Strategy
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Table 5. Risk assessment on identified hazards

O[3|H 2, ZALE X8 2

22| T2 HA NS 3 EiZuot

Hazard type Hazards Level (before) Risk Reduction Level (after)
(Hwr) Moderate = PD (partial redesign), PM Low
1. Mechanical (Huo) Moderate = PD (added cushion), PM Very low
(Hus) Moderate = PD (partial redesign), PM Low
(Her) High = PD (added frame cover), PM Moderate
2. Electrical
(He2) High = PD (added gasket), PM Moderate
3. Thermal (Hr1) Moderate = PD (added pad, device), PM Low
(Her) Moderate = PD (added cushion & spring), PM Very low
4. Ergonomic (Her) High = PD (partial redesign), PM Moderate
(Hers) Moderate = PD (added straps), PM Low
(Hct) High = PD (signal monitoring), PM Moderate
5. Combination (Heo) High = PD (signal monitoring), PM Moderate
(Hes) High = PD(added stopper & cushion), PM Moderate
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