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Study on the Characteristics of Human Gait Frequency Under
Load Fore-Aft Disturbance

LIU Yige, LIU Kai, TANG Biwei, LUO Jing, PANG Muye
(School of Automation, Wuhan University of Technology, Wuhan 430070, China)

Abstract: To investigate the mechanism of humans’ adapting to the load fore-aft dynamic
interference during walking and design a reliable wearable assistive robot strategy, a human-load
coupling system is modeled as a two-degree-of freedom forced vibration system in this study.
Firstly, based on the principles of mechanical vibration, the characteristics of the human-load
coupling system is analyzed to examine the influence of different walking frequencies on human
and load displacement. A hypothesis is proposed that humans adapt to the influence of load fore-
aft disturbance by adjusting their walking frequency. Then, an experimental platform of load
fore-aft dynamic disturbance is built to examine the muscle synergy characteristics and leg
excitation frequencies of subjects walking without any added load and under load fore-aft disturbance.

Compared with simulation results, the experimental results show that human walking under load
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fore-aft disturbance is a process of adaptive adjustment that eventually reaches dynamic stability.

Specifically, under loaded conditions, the amplitude of upper limb and trunk swing is amplified by

more than 60% compared to unloaded conditions. The influence of load fore-aft dynamic

disturbance on upper limb and trunk swing is reduced by adjusting the walking frequency and

muscle synergies. Under loaded conditions, the walking {requencies at different walking speeds

tend to converge towards the natural frequency of the human-load coupling system. When the

walking frequency is set to be equal to the natural frequency, the leg excitation frequency

increases by 4. 30% during slow walking and decreases by 2. 71% during fast walking when

reaching a steady state. The walking control strategy is changed compared to unloaded conditions

to adapt to the influence of load fore-aft disturbance.

Keywords: load traverse; adaptive adjustment; human-weight-bearing coupling;

walking with weights
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Fig. 3 Vibrational displacement response at different leg

excitation frequency
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