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57) ABSTRACT

A sensor arrangement for detecting muscle activity for the
control of technical equipment. When in use the arrangement
covers a region of the skin surface of a user, to provide a signal
indicative of muscle activity in a limited region for subse-
quent processing. The arrangement has at least one double-
differential myoelectric sensor, together with at least one
near-infrared sensor. These are for simultaneous or time-
delayed derivation of (a) myoelectric activity and (b) the
value of a parameter of the blood (for example the blood
oxygen content or the relative quantity of haemoglobin)
respectively, in the muscle, the muscles or the tissue under the
arrangement.
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SENSOR ARRANGEMENT FOR DETECTING
MUSCLE ACTIVITY FOR THE CONTROL OF
TECHNICAL EQUIPMENT

[0001] The invention relates to a combined sensor system
for deriving muscle signals on the skin surface to control, for
example, hand or leg prostheses, or as an input for computers
or other devices.

Prior Art with Sources

[0002] It is known to arrange myoelectric sensors close to
muscles on the skin surface, the sensors detecting the depo-
larisation signal emitted to all sides and providing it for fur-
ther processing [LUCA, ALTER, HERRO9]. It is furthermore
known that the depolarisation signals are overlaid by simul-
taneously stimulated, innervated muscles. This effect
increases with a growing spacing of the derivation electrodes
and is more pronounced in myoelectric sensors with single-
differential electrodes than in sensors with double-differen-
tial electrodes [FARINA, DELSYS].

[0003] It is further indicated that near-infrared spectros-
copy (NIRS), an active measuring method for the relative
measurement of the blood oxygen content with at least one
light transmitter and one receiver [ASLIN, CHALM], is also
suitable for investigating muscle activity { AKIMA, QUARE,
MIURAO1 MIURAO3]. The combination of a single-differ-
ential myoelectric sensor with a simple near-infrared sensor,
consisting of a light source and a photo receiver to detect
muscle activities is also found in the literature [HERR10A,
HERR10B, HERR11A, HERR11 B]. In the same literature, it
is also shown how the derived signals of the two sensors can
be synchronously combined as a system by a suitable weight-
ing. A detailed section about the weighted combination of two
features in one time window was disclosed in [HERR10C].

Problem in the Prior Art

[0004] Using the previously known combinations of a myo-
electric and near-infrared sensor it is only possible to detect
one region under the sensor, which cannot be varied during
the measurement. The overlays of the myoelectric signals of
a plurality of muscles are recorded at a recording point and
allow the basic distinction between activity and the rest state
and the distinction between different contraction types. How-
ever, there is no information about the spatial origin of the
individual signal components. A near-infrared sensor, in con-
trast to this, only detects a spatially narrowly limited region
below the sensor. This sensor type only indirectly allows an
inference of muscle activity, as the blood quantity, and there-
fore the quantity of the haemoglobin, is influenced by a con-
traction.

[0005] The problem to be solved is therefore that a control
signal proportional to the muscle contraction has to be
derived, allowing a statement about a spatially narrowly lim-
ited, well definable region in the musculature with minimal
interferences and without signal artefacts. The near-infrared
signal with a high spatial resolution cannot be successfully
used on its own to control a technical arrangement or, for
example, a prosthesis. The proportionality between the
muscle force exerted and the measured signal amplitude is
lacking for this.

[0006] The problem disclosed is solved in that at least one
double-differential myoelectric sensor and at least one near-
infrared light transmitter and receiver are arranged on the skin
surface, in each case, in order to detect both the muscle
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activity and the blood oxygen content, or the relative change
in the quantity of haemoglobin, of the muscle being observed.
If the blood oxygen content or the quantity of haemoglobin in
the observation region changes, less light reaches the near-
infrared receiver from the near-infrared transmitter. The
blood oxygen content can be determined by means of the light
intensity, as explained in the prior art and the contraction
inferred. The penetration depth of the light into the tissue, and
therefore the observation depth, is determined by the spacing
apart of the NIR transmitter and NIR receiver. As different
movements have characteristic time-variant patterns in the
EMG and NIR signal, the movement can be inferred by mea-
suring the two signals and thus, for example, an arm prosthe-
sis can be controlled successfully and in a manner close to
reality.

[0007] The control signals for an arm, hand or leg prosthe-
sis, for example, are produced by fusing the sensor signals
and by combining the sensors. The myoelectric signal is used
here for the general recognition of the beginning of a contrac-
tion. Following this in terms of time, in a short time period,
the muscle contraction is classified within a spatially limited
region by means of an NIR signal. When using a plurality of
NIR sensors, the reliability of the classification and moreover
also muscle activities in different muscle regions are distin-
guished and classified. Following the classification phase,
which is short in terms of time, a movement or action of the
technical arrangement, for example a prosthesis, can be car-
ried out depending on the myoelectric signal(s).

EMBODIMENTS OF THE INVENTION

[0008] The invention consists of a plurality of electrodes
and one or more near-infrared light sources and one or more
optical receivers, which are arranged in a spatial relationship
to one another. FIG. 1 to FIG. 5 show, by way of example, a
plurality of different arrangements. In general, the electrodes
are connected to one or to more double-differential EMG
sensors. The spatial arrangement of the EMG sensors with
respect to NIR sensors and of the NIR transmitters with
respect to the NIR receivers means that precisely defined
regions in the tissue are observed. The figures in each case
show the support face of the sensor from the skin side.
[0009] FIG. 1 shows a centrally arranged double-differen-
tial EMG sensor, consisting of the electrode pairs (1) and (2)
and (2) and (3) with which the myoelectric activity of the
muscles located therebelow is detected. The EMG sensor
consists of three conductive areas (1), (2) and (3), in our
assemblies these are bare metal contacts with downstream
instrument amplifiers of the INA 121 type from the company
Texas Instruments. The near-infrared transmitter, for example
an ultra-bright source (4), such as, for example, a light-emit-
ting diode or light-emitting diode arrangement in an encap-
sulated housing, in our assemblies of the type [.4*730/4*805/
4*850-40Q96-1 of the producer Epitex Incorporation, and a
sensitive near-infrared receiver (5), for example a photodiode
or a photo transistor with an amplifier connected downstream
or integrated in a housing, in our assemblies of the OPT101
type from the producer Texas Instruments, surround, singly or
in a multiple configuration, the central sensor arrangement
here.

[0010] FIG. 2 shows, similarly to FIG. 1, an embodiment
with a centrally arranged double-differential EMG sensor,
consisting of the electrode pairs (6) and (7) and (7) and (8),
with which the myoelelectrical activity of the muscles located
therebelow is detected. The EMG sensor consists here of a
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plurality of near-infrared transmitters (9) and a plurality of
near-infrared receivers (10). In this embodiment, the trans-
mitters and receivers are arranged next to the EMG sensor
such that the muscle and the tissue and the blood vessels at a
depth along the muscle and slightly obliquely along the
muscle can register the blood oxygen content, for example the
relative quantity of the haemoglobin.

[0011] The embodiment in FIG. 3 allows the detection of
the blood oxygen content, or the quantity of the haemoglobin,
atdifferent depths along or in the muscle. For this purpose, the
region with an NIR transmitter (11) is illuminated and the
non-absorbed remaining light is detected by the sensors (12),
controlled in a clocked manner, simultaneously or consecu-
tively, in order to measure directly under the EMG sensor at
different depths.

[0012] Two or more centrally arranged EMG sensors (13)
and (14) allow the myoelectric signals of a large muscle, for
example on the leg, or a plurality of muscles located next to
one another, for example the chest region, to be detected
simultaneously. The signals of the sensors (13) and (14) are
used here either individually or as correlated signals, for
example to reduce the noise or remove interferences or arte-
facts. One embodiment is shown in FIG. 4. As in FIG. 2, a
plurality of near-infrared transmitters (15) and a plurality of
near-infrared receivers (16) are also positioned next to the
EMG sensors in this example.

[0013] FIG. 5 shows the embodiment ofa combined sensor,
consisting of a plurality of EMG sensors (17) and (18) and a
plurality of near-infrared transmitters (19) and (21) and a
plurality of near-infrared receivers (20). This array arrange-
ment allows the blood oxygen content, or the relative haemo-
globin quantity, to be measured at different depths and
regions either simultaneously or consecutively.

[0014] In all the arrangements, the myoelectric and the
near-infrared signal are not evaluated simultaneously, but
consecutively. The reason for this is the different signal prop-
erties and the information contained therein, which are based
on various underlying physical effects. The mean value of
myoelectric signal is approximately proportional to the
muscle force exerted. However, inferences about the type of
contraction exerted can hardly be drawn from a single myo-
electric signal, as an overlay of signals of a plurality of
muscles occurs, it not being possible to determine the origin.
If, as, for example, in the forearm, a plurality of muscles are
located in the surroundings of the EMG sensor, a distinction
cannot be made as to which one has carried out a contraction.
Owing to the fixed and spatially delimited observation region
of the near-infrared sensor, different contractions can be
inferred with the aid of a sensor. However, the resulting signal
is not proportional to the force developed and also only sup-
plies meaningful information at the beginning of a contrac-
tion. For this reason, the myoelectric signal is firstly used for
recognition as to whether a muscle contraction is present at
all. The NIR signal cannot be used for this, as it is subject to
interferences due to pressure changes or changes in the sur-
rounding light. Once a contraction has been recognised, a
short time period can be used in the NIR signal to classify the
type of contraction. As no inferences as to the strength of the
contraction are possible by this, however, the myoelectric
signal is used again following the classification in order to
control a movement proportionally, in other words depending
on the muscle force exerted. FIG. 6 shows a derived EMG and
NIR signal for a hand movement over the same time axis.
Once a predefined threshold value (22) has been exceeded,
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the movement is determined in the time window for the clas-
sification (23) and the intensity of the movement is deter-
mined by the course of the EMG signal amplitude in the time
window (24). The movement and force control, for example
of a hand prosthesis, is determined therefrom by calculation
and by known control engineering algorithms.
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Captions
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FIG. 6:

[0033] Spannung=voltage

[0034] Mittelwert=mean value

[0035] Offset bereinigt=offset adjusted
[0036] Zeit=time

1. A sensor arrangement for detecting muscle activity for
the control of technical equipment, which arrangement when
in use covers a region of the skin surface of a user, to provide
a signal indicative of muscle activity in a limited region for
subsequent processing, wherein the arrangement comprises
at least one double-differential myoelectric sensor together
with at least one near-infrared sensor for simultaneous or
time-delayed derivation of (a) myoelectric activity and (b) the
value of a parameter of the blood (for example the blood
oxygen content or the relative quantity of haemoglobin)
respectively, in the muscle, the muscles or the tissue under the
arrangement.

2. A sensor arrangement according to claim 1, wherein the
said at least one near-infrared sensor comprises a near-infra-
red transmitter and a plurality of near-infrared receivers, and
in that an electrode of the said at least one double-differential
myoelectric sensor, the near-infrared transmitter and the plu-
rality of near-infrared receivers, are arranged linearly, in an
array, in an arcuate configuration or in a circular configura-
tion, to enable measurement of a parameter of the blood, such
as the blood oxygen content or the relative quantity of hae-
moglobin, in different depths, layers or regions from which
myoelectric signals are detected by the said electrode.

3. A sensor arrangement according to claim 1, wherein the
said at least one near-infrared sensor comprises a plurality of
near-infrared transmitters and a near-infrared receiver, and
wherein an electrode of the said at least one double-differen-
tial myoelectric sensor the plurality of near-infrared transmit-
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ters and the near infrared receiver, are arranged linearly, in an
array, in an arcuate configuration or in a circular configura-
tion, to enable a measurement of a parameter of the blood,
such as the blood oxygen content or the relative quantity of
haemoglobin, in different depths, layers or regions from
which myoelectric signals are detected by the said electrode.

4. A sensor arrangement according to claim 1, wherein the
said at least one near-infrared sensor comprises one or more
near-infrared transmitters and one or more near-infrared
receivers, and wherein an electrode of the said at least one
double-differential myoelectric sensor, the said one or more
near-infrared transmitters and the said one or more near-
infrared receivers, are arranged linearly, in an array, in an
arcuate configuration or in a circular configuration, to enable
a measurement of a parameter of the blood, such as the blood
oxygen content or the relative quantity of haemoglobin, in
different depths, layers or regions from which myoelectric
signals are detected by the said electrode.

5. A sensor arrangement according to claim 1, wherein one
or more electrodes of a myoelectric sensor of the arrange-
ment, or one or more near-infrared transmitters or one or more
near-infrared receivers of the near-infrared sensor are oper-
ated in pulsed mode, the pulses of which operation overlap or
to not overlap as a function of time, in order to decouple
signals, or to couple them, or to keep the mutual influencing
of the signals low, or to exclude it, or to save energy.

6. A sensor arrangement according to claim 1, wherein
signals indicative of the derived myoelectric activity and the
value of parameter of the blood are not evaluated simulta-
neously, but consecutively, wherein

in the rest state, in which no muscle activity is present, the

beginning of a contraction, as indicated by a threshold
value of the signal indicative of myoelectric activity
being exceeded, is awaited, and thereupon

in the movement state, in which muscle activity is present,

the signal from the at least one near-infrared sensor
indicative ofthe value of a parameter of the blood is used
to classify the movement, the contraction or the body
part position.

7. A sensor arrangement according to claim 6, wherein
following the classification, a signal from the said at least one
double-differential myoelectric sensor is used to calculate or
obtain for the subsequent processing, a control signal, which
is generally proportional to the muscle force exerted.

8. A method of detecting muscle activity for the control of
technical equipment using a sensor arrangement as claimed in
claim 1.
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