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Posture Stabilization Control Framework for Lower Extremity
Exoskeletons Operation in Protective-mission-oriented Tasks
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Abstract: Protective-mission tasks involve heavy equipment handling, prolonged static postures, and unexpected disturbances, which
lead to biomechanical stress on the lower limbs. While most lower-limb exoskeletons focus on mobility assistance, few address postural
stability, and those that do often lack robustness under static or unpredictable conditions. To address this, we propose a variable
stiffness virtual spring system-based control framework that enhances postural stability in military-use exoskeletons. The framework
estimates the relationship between the CoM and the BOS to monitor balance status, and applies a virtual spring system to the torso
when the CoM approaches the BOS boundary. To handle external perturbations, a frequency domain disturbance classification method
is employed based on IMU data. A spectral norm derivative of disturbance magnitude, obtained via fast Fourier transform is subsequently
used to distinguish involuntary collisions from voluntary user actions. When a collision is detected, the gain of virtual spring system
is adjusted to reinforce stabilization. Experiments with an exoskeleton prototype demonstrated improved postural recovery, validating
the proposed method’s robustness in mission-oriented task scenarios.

Keywords: lower extremity exoskeleton, posture stability, disturbance classification, protective-mission operation
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Fig. 1. (a) Picture of wearing the lower-limb exoskeleton used in

this study. (b) Sensor placement and joint coordinate

configuration of the exoskeleton.
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Fig. 2. (a) System model for calculating the Base of Support
(BOS). (b) Estimation of total Center of Mass (CoM)
using CoM data from body models (a).
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Table 1. Body segment mass, length, and center of mass location

frame

indices, where j =1,2,3 correspond to the ankle, knee,

for each lower-limb joint frame. j denotes the

and hip, respectively. The row labeled f includes
supplementary data on foot length.

g | #4 9 m; [kg] 1; [m] "p], [m]

£ - 0.026 -

1 |3E/3HE 3.441 0.390 0.169

2 | FE/UE 7.400 0.460 0.169

3 | 1B-/ES 50.172 0.215 0.246
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Fig. 3. Procedure of the proposed collision detection algorithm.
IMU-based disturbance signals are transformed into the
frequency domain, and the spectral variation in the
selected band is quantified as Iy, which is then
compared against an experimentally defined threshold to

determine collision.
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