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To solve the limitation of motion synchronization measurement method applied to medical rehabilitation in most laboratories,
a new method to measure the change of metabolic costs with or without a military exoskeleton on an external field
environment has been proposed. The relationship between oxygen consumption and heart rate in male subjects aged 20-
30 years is analyzed and an equation that estimates oxygen consumption by heart rate was derived using a multiple
regression analysis. An evaluation model which verifies the effectiveness of military exoskeleton was established for specific
military scenarios utilizing exoskeleton. As a result, the proposed method is simple and effective for quantitative evaluation
of exoskeleton system and can be a substitute of the evaluation methods for the metabolic costs or movement
synchronization between human and exoskeleton.
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Table 1 Level for determination of the metabolic rate

Level Method

Accuracy Inspection of the work place

. 1A: Classification according to occupation
1 Screening

1B: Classification according to activity

Rough information
Very great risk of error

Not necessary, but information needed on
technical equipment, work organization

2A: Group assessment tables

2 Observation
2B: Tables for specific activities

High error risk
Accuracy: £20%

Time and motion study necessary

Heart rate measurement under defined

Medium error risk

Study required to determine a

Analysi .. . .
3 Analysis conditions Accuracy: +10% representative period
4A: Measurement of oxygen consumption Errors within the limits of the Time and motion Study necessary
4 Expertise 4B: Doubly labeled water method accuracy of the measurement or  Inspection of work place not necessary, but

4C: Direct calorimetry

of the time and motion study
Accuracy: £5%

leisure activities must be evaluated.

Inspection or work place not necessary
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Table 2 The physical characteristics of the subject

Sex (N) Age  Height (cm) Weight (kg BMI
Male Mean 28.6 176.5 79.9 25.6
(10) SD 4.86 4.86 13.10 3.34
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Fig. 2 Comparison of heart rate change versus oxygen consumption
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+ 750m Mountain Zone, Slope 15~60°, Near the Top Rocky Area
+ Enemy : Hiding 1 squad,
+ Friendly Force : 1 platoon with wearable robots

* Enemy Area

7 Ridge Line(Slope 45 “ .
Sope 30" 21 Creeping
v Motion

Slope Shifting

Gentle Slopc['li”‘}

Rocky zone Jump

Fig. 6 Scenario where military exoskeleton operation is expected

Table 3 Assessment method application example

Without Exo. With Exo.
Avg. HR (bpm) 135 132
Weight (kg) 75
Estimated avg. VO, (mL/min) 1743.107 1663.582
Time (min) 45 40
Total VO, (mL) 78439.82 66543.3
Metabolic rate 100 84.83
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