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Introduction:  Manual dexterity, compensatory 

mechanisms and controlled movements are all essen-
tial for all motor-related tasks and effected in space. In 
particular, the microgravity conditions in orbit and the 
lunar surface can be physiologically compromising for 
humans accustomed to 1-G environments on Earth. Of 
these, motor and fine-dexterity tasks involving the ex-
tremities, particularly in locomotion, grasp and release, 
are influenced becoming delayed and placing greater 
force demands. With the accelerating pace of prosthe-
sis developments, research has reached frontiers in the 
development of biomechanical systems providing both 
sensory and motor feedback platforms to the user. A 
recent study has suggested the use of accelerometers in 
the control of prosthetic arms. The authors hereby pro-
pose incorporating this same technological innovation 
into loading suits designed for use in orbit or celestial 
environment. 

Prosthetic accelerometer model: Conventionally, 
accelerometers have been designed to utilize input of 
electromyography (EMG) signals to quantify the neu-
romuscular signaling patterns of the innervating motor 
units. Kyberd and Poulton (2017) have previously sug-
gested the use of a tri-axial system whereby sensors 
and controllers are employed to detect and correct for 
key motor control elements consisting of 1) segment 
orientation, 2) motion compensation, and 3) inertial 
platform. Segment orientation is a compensatory 
mechanism for the accelerometer that takes into con-
sideration the gravitational forces and tri-dimensional, 
spatial alignments in order to accommodate the motor 
demand accordingly. Alternatively, motion compensa-
tion adapts for the positioning using the surrounding 
prosthetic limb segment kinematics. In addition, the 
inertial platform controller uses holistic, mathematical 
analysis of prosthesis in interaction with an object of 
interest. 

Loading suit incorporating prosthetic accel-
erometers: Here the authors suggest the adoption of 
this accelerometer design within prosthetic elements 
within loading suits, which use EMGs for input signal 
detection, quantification, and predictive output model-
ing. This will be used as a means to effectively repro-
duce the same tri-axial system utilized by the prosthet-
ic accelerometer model. One of the strengths of this 
design is that gravitation is not expected to have an 
effect, as this system exploits the Equivalence Princi-
ple, which states that forces due to gravity and acceler-
ation are indistinct. In other words, the gravitational 

acceleration or otherwise lack of gravity would not 
affect this feedback system.  

This additionally suggests technology can feasibly 
be designed to accommodate prosthetic users and non-
prosthetic users in space. This design offers an inclu-
sive design for prosthetic users. Furthermore, for non-
prosthetic users, it may be possible to use surface 
EMGs which use fully non-invasive dry surface elec-
trodes, as opposed to needle electrodes or fine-wire 
electrodes. As EMGs are the sole input in this model, 
complex multi-input variable modeling, which are 
quite common in biosensor feedback systems, can be 
avoided. It is anticipated that this technology can en-
hance tasks such as repairs or construction or perhaps 
in recreational design when considering commercial 
and private human access to space. 

Limitations. While this design is conceivable, criti-
cal consideration about feasibility and a proof-of-
concept is required before its implementation in space. 
Foreseeable limitations with this design include estab-
lishing a differential feedback transduction system 
design for non-prosthetic users and ergonomic consid-
erations for loading suits. Unlike prosthetic users, non-
prosthetic users require a biosensor and feedback sys-
tem, which accounts for an intact limbs and surface 
EMG detection from different motor units in contrast 
to prosthesis designs which consider the most distal 
EMG signal as input. Moreover, surface EMGs are 
limited by signal noise, when compared to needle elec-
trode and fine-wire EMGs, which are often classified 
as gold standards for signal detection for diagnostic 
purposes. There additionally exists the need to design 
accelerometers and prosthetics tailored to individuals, 
which may not be economical in the context of re-
sources and costs, especially for large-scale space 
flights or missions. 

Conclusion: The conceived use of prosthetic ac-
celerometers for restoring controlled and normal limb 
movements under microgravity conditions in space is 
feasible; however, there is a need to develop an inclu-
sive design for prosthetic and non-prosthetic users, as 
well as demonstrate a proof-of-concept for this model 
before its implementation. 
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