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Gait Pattern Generation for Lower Extremity Exoskeleton Robot and Verification of

Energy Efficiency
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The purpose of this study is to verify the energy efficiency of the integrated system combining
human and a lower extremity exoskeleton robot when it is applied to the proposed gait pattern.
Energy efficient gait pattern of the lower limb was proposed through leg function distribution
during stance phase and the dynamic-manipulability ellipsoid (DME). To verify the feasibility and
effect of the redefined gait trajectory, simulations and experiments were conducted under the
conditions of walking on level ground and ascending and descending from a staircase.
Experiments to calculate the metabolic cost of the human body with or without the assistance of
the exoskeleton were conducted. The energy consumption of the lower extremity exoskeleton
was assessed, with the aim of improving the efficiency of the integrated system.
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Fig. 1 Human-gait cycle analysis based on leg function distribution in the cases of level-ground walking and stair ascent

and descent ambulation
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Fig. 2 Attack angle based on DME analysis
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Table 1 Link parameter of the exoskeleton

Issue Unit Quantity
Length 0 (/) 0.4
Length 1 (1) m 0.4
Length 2 (/,) 0.29
ml 3.26
m2 kg 3.26
m3 4.2
Moment of Inertia 1 0.005
Moment of Inertia 2 kg'm? 0.005
Moment of Inertia 3 0.021
Weight kg 20
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(c) DME of the stair descent condition
Fig. 3 DME parameter was simulated on MATLAB of the various ground conditions
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Table 2 Simulation result of optimal joint angle based on

DME analysis
Level ground | Stair ascent | Stair descent
HS TO | HS TO | TS TO
Hip joint | 15° | -35° | 32° | -4° 8° 10°
Knee joint | -9° | -20° | -70° | -25° | -9° | -87°
Ankle joint | - -15° - -16° | -23° | 16°

Heel strike = HS, Toe off = TO, Toe strike =TS
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Fig. 4 Sum of the electrical current at every joint before
the adaptation of DME process and after the
adaptation of process at various walking condition
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