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Prosthetic hands are becoming more and more popular
among people without a hand and it is able to perform certain
manual operations in function. In biology, action potentials
trigger muscle contractions, and surface electromyography
(sEMG) signals are the sum of action potentials under the
skin exposed by the electrodes (via sebum and solution
conduction). Myoelectric control is a technique that relies on
extracting information contained in SEMG signals to deter-
mine muscle contractions and then control peripheral devices
[1-3]. However, how to collect SEMG signals effectively is
the first difficult problem for scholars [4] because of weak-
ness, randomness and low signal-to-noise ratio of the SEMG
signals. Multi DOF prosthetic hands have high flexibility
and then more control parameters are needed. Therefore,
the key techniques of EMG control of anthropomorphic
prosthetic hand are extracting appropriate control parameters
and studying real-time and reliable control algorithms.

At present, single-degree-of-freedom prosthetic hands are
one of the mainstream of commercial prosthesis markets.
With mature EMG signal processing and control system,
the performance of them is stable, but the flexibility is not
enough. There are also some multi DOF prosthetic hands
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that have been commercialized, such as the I-limb prosthesis
introduced by Touch Bionics (Scotland) with 5 independent
fingers, 24 degrees of freedom. But it’s so expensive that
ordinary people can’t afford it. researchers have proposed a
variety of myoelectric control schemes, including threshold
based decision, amplitude-based coding method, hierarchical
control decision, etc. [5,6]. The thresholding method is
that an EMG signal caused by muscle contraction is firstly
corrected, filtered and modulated, that then its peak value
is compared with the threshold(s), and that finally two or
three states of output correspond to the prosthetic hand to
relax, bending or stretching, respectively. The scheme is
so simple and reliable that it is the control method for a
single-degree-of-freedom prosthetic hand. However, due to
less information given by each electrode, it is not suitable for
the control of a multi DOF prosthetic hand.

Like the thresholding decision, in the amplitude-based cod-
ing scheme [7], the amplitudes of SEMG collected by dif-
ferential electrodes are divided into three states, and the ar-
tificial hand motion commands are determined by encoding
outputs according to time sequence. This decision is sim-
ple, whereas requires a lot of training, with low real-time and
inflexible control. About the hierarchical control decision,
the hand grasp modes of muscle stump are recognized by us-
ing advanced signal modulation and pattern recognition al-
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gorithms. The underlying controllers implement the stable
grasp of the object by the artificial hand. This kind of struc-
ture makes it possible to control the multi-degree-of-freedom
hands with fewer electrodes. However, the prosthetic grasp-
ing mode based on the sensor information can sometimes not
accurately reflect the control intention.

Pattern recognition technology is a new method for my-
oelectric control. The sEMG signals are captured by elec-
trodes attached to the body surface and they must be filtered,
enlarged and modulated in order to correctly monitor action
potential caused by muscle contraction [8,9]. Next work is
extracting proper features from effective SEMG signals and
input the features into the classifier to make judgments about
all kinds of movement patterns. Finally, the results are in-
putted into the bottom controllers, which help artificial hands
to complete similar actions.

The features used to calculate the original EMG signals can
be divided into three categories [10]: the first is the time-do-
main characteristics, including the EMG integral, Root Mean
Square (RMS), zero crossing points, etc., and the time-do-
main features have good classification characteristics. The
second one is frequency domain characteristics, containing
average frequency, median frequency, peak frequency, aver-
age power, and so on. Frequency domain characteristics are
mainly used to study muscle fatigue and movement unit re-
cruitment. The third is time-frequency domain characteris-
tics, such as wavelet transform, short-time Fourier transform,
etc., which can simultaneously analyze the signals in the time
domain and frequency domain, but the calculation is more
troublesome. The classifier [11] for EMG signals requires
strong generalization ability and fast training and recognition
ability. At present, BP neural network has become a mature
pattern classifier in the field of EMG pattern recognition [12].
Besides, support vector machine (SVM) is also used in this
field [13]. They all got an ideal correct rate of recognition.

Myoelectric control based on pattern recognition has a
more than 90% recognition rate of multiple motion modes
(flexion, extension, rotation, etc.). Therefore, the control of
multi-degree of freedom hands is more intuitive and flexible.
In a word, myoelectric control based on pattern recognition
is the future development direction of the control of multi-
variant prosthetic hands, because with the rapid development
of pattern recognition algorithms, the recognition accuracy
of myoelectric control system becomes higher, the control
effect is more intuitive, real-time is also better. The study can
be referred to the development of diagnosis and rehabilitation
technologies of respiratory [14—-19].
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