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Abstract. Soft exosuit is widely researched to assist walking. Lacking
of physical compliance in hip exosuits restricts wearing comfort of the
system. This paper presents design and control of an underactuated hip
exosuit with soft series elastic actuator (SSEA) that exhibits customized
physical compliance. The actuation module is mounted on the backpack,
and each motor is responsible for hip flexion and extension of one side.
In high level control, a phase oscillator model was used for assistive force
generation. In low level control, PID controllers were applied for flexion
and extension forces tracking, respectively. Experimental results indicate
the proposed hip exosuit can assist walking with physical compaliance
and provide suitable force at the accurate timing. This work enables
studies of exosuits with underactuated mechanism and actuator with
physical compliance to pave the way for application of wearable robots
in real-world.

Keywords: Soft exosuit - Soft series elastic actuator - Under-actuated
mechanism - Physical compliance -+ Walking assistance

1 Introduction

Wearable exoskeletons have great potential in enhancing human locomotion and
walking efficiency by providing additional assistive forces required by the human
body [1]. For a healthy user, portable and lightweight hip joint assistive devices
are desirable and effective in reducing energy expenditure during human walk-
ing [2]. Current hip exoskeletons can be categorized into two main groups based
on their structural design: anthropomorphic rigid structures and soft struc-
tures [3], among them, rigid structures are often bulky and face challenges such as
mechanical joint limitations and misalignment with biological joints [4]. On the
other hand, soft exosuits provide a reliable and comfortable means to enhance
user mobility without restricting movement or introducing incompatible degrees
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