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Abstract — This paper presents a compact analogue
circuit for the controlling of prosthetic hands. The
circuit captures directly surface EMG signals as the
input by which the user will be able to select different
postures. The proposed circuit is able to work using only
one EMG source targeting patients with different levels
of amputation. It is also adaptable for different users
with different EMG amplitude signals and the motion of
each finger can be varied in the circuit even with the
single EMG. Real captured EMG signals are applied to
the design and simulation results demonstrate the
capability of the circuit in processing EMG signals and
controlling the prosthetic hand in an efficient way. The
circuit is designed and implemented with 0.12um CMOS
technology and consumes 4mW power for a set of sample
postures.

Index Terms—Analogue signal processing, EMG, Prosthetic
Hand

1. INTRODUCTION

ROSTHETIC hands are designed to help people

who have a partial upper limb amputation. The
artificial hands are supposed to mimic the activities of the
actual hand — e.g., user intended finger movements to
change grips and grip an object — as closely as possible. In a
real hand such activities are controlled by neuronal signals.
The number of achievable operations is limited by current
technology and the small number of electromyographic
(EMG) signals used to control the prosthetic hand. It is also
observed that in majority of the cases, the level of the upper
limb’s amputations may limit the number of available EMG
signals [1], and thereby limiting the number of possible
operations further.

Different approaches have been proposed to process the
available EMG signals for controlling the motion of the
fingers in a prosthetic hand [2-9]. In general, the processing
is done in digital domain [2, 6, 7] and using a neural
network [3-5, 8, 9]. These methods require access to
multiple EMG signals which are available for lower level of
amputation only. As the amputation level becomes higher,
fewer EMG sources are available, in the worst case leading
to a single EMG signal [1]. Additionally, in order to
increase the efficiency of a prosthetic hand in terms of
gripping and holding different objects, feedback signals
from the sensors embedded in the finger tips need to be
processed [10] in conjunction with the available EMG
signals.
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In principle, the EMG signals are wide spectrum analogue
in nature and depending on several factors. Its actual shape
and amplitude can vary considerably from time to time and
from person to person [1, 11]. Thus it appears to be more
pragmatic to process these signals in analogue domain rather
than in the digital domain. Additionally, recent research
shows that processing naturally occurring signals in the
analogue domain may result in a significant computational
advantage compared to processing them in digital domain
[12, 13].

Keeping these facts in mind, in this paper a novel
analogue circuit is proposed for efficient control of
prosthetic hands using EMG signal directly from its source.
Although the circuit can be used for processing multiple
EMG signals with minor modification; here the worst
scenario is considered where a single EMG signal is
available. Also a simple but effective methodology for
controlling the hand postures using the single EMG signal is
proposed. Additionally the circuit has the capability of
controlling the grips more efficiently by processing the
feedback signals from finger tip force and slippery sensors
in combination with the input EMG signal as suggested in
[10] and thereby providing precise controllability of
individual finger’s movement.

II. SYSTEM OVERVIEW

A general block diagram of the proposed system is shown
in Fig.1. It is composed of standard electrodes, an EMG
signal analyzer, an analogue state machine, a signal
processing unit and a prosthetic hand with embedded
sensors for the detection of slip and force activity. The
functionalities of each of these units are described in this

section.

EMG Analogue Signal
Signal State Processing
Analyser Machine Unit

Fig. 1 Block diagram of the proposed system.

Using a single EMG signal for controlling different
possible postures of a prosthetic hand leads to a “one to
many” mapping problem and is extremely difficult to
resolve. Even considering binary value of the EMG signal
(‘I” = presence of EMG signal, ‘0’ = no EMG signal) only



two postures can be controlled. Here it is proposed a simple
methodology to overcome this problem.

Each of the possible postures are associated with a
“state”. Transition from one “state” to another can be
achieved by counting the number of successive EMG bursts
if signal activity within a defined time window (T). As an
example, to make a transition from state 1 to state 3 two
EMG bursts have to be produced (physically, the user needs
to stimulate his/her muscle two times) within the time T.
Generically, this process is described in Fig. 2, where three
different hand postures are used as an example. The time
window T is defined by the value of the signal “load cap”.
As long as “load cap” = 1, we are within the specified time
window T. Thus, in principle, the entire control circuitry can
be viewed as a simple state machine. The analogue design
technique is used here for its implementation and thus in
Fig. 1 it is referred as an analogue state machine. It is to be
noted that the duration of the time window T may be
adjusted from person to person depending on the output
from their EMG amplifier. Table I describes the meaning of
each posture associated with individual states. However the
postures described in Table I are purely for example and any
type of postures may be used corresponding to each state.
The proposed methodology is scalable and can be adopted to
incorporate more and complicated postures in the system,
although here only three postures are considered.
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Fig. 2 State diagram of controlling different hand postures
using single EMG signal

Hand
Posture3
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TABLE I: Example hand postures and number of related

EMG signals.
State Posture No. of EMG Stimuli
Posture 1 | Open Hand 1
Posture 2 | Lateral Grip 2
Posture 3 | Spherical Grip 3

Unfortunately the shape of the EMG signal does not lend
itself as a suitable candidate for the above mentioned
methodology. Thus, each EMG signal is converted to a
square wave by a thresholding technique, as shown in Fig. 3
where a real life EMG signal has been used. This operation
is done using the EMG analyzer circuit. For successive
EMG signals the output of this circuit generates a pulse train
where the number of the pulses in each sequence within the
time window T is considered as an instruction to the

analogue state machine to choose a particular posture from
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different predefined postures (and therefore the states) as
described earlier.

Generated Signal
for each EMG
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Fig. 3 Amplified EMG signal and generated square wave

After choosing a posture by the user, corresponding
signals are sent to a signal processing unit, Fig. 4, to
produce the required signals for controlling the motion of

each finger.

c D

A
out

B
Fig. 4 Signal processing block diagram.

From a system level point of view, the signal processing
unit is a general purpose analogue arithmetic unit, which is
able to perform the first order multi-input polynomial
operation as described in Eq. (1).

out =(AxB)+C—-D )

Where, A is an input coming from the analogue state
machine to control the motion of the prosthetic fingers; B is
used as tuning input to vary the output voltage response.
Input C and D are used for the control of slip and pressure
feedback signals as they are summed and subtracted
respectively to the input signals (AxB).

III. CIRCUIT IMPLEMENTATION

To design the target system a 0.12 pm technology and
dual ended supply with value £ 0.6 V is used. A detailed
explanation of the system sub-circuits, see Fig. 1, are
presented in the following sub-sections.

A. EMG signal analyzer: Fig. 5 shows a block diagram and
shape of the signal under processing at different nodes. The
captured EMG signal shows amplitude of 200 uV (peak to
peak). The signal is amplified 1000x for ease of processing.
The amplified signal has a low value (= 0 V) when a muscle
is relaxed and a maximum of 100mV when contracted.
Therefore, a comparator (C1 in Fig. 5) with a reference
voltage of 50 mV is used to determine when the muscle is
contracted (thresholding operation as mentioned in the
previous Section) or not. The output of the comparator C1 is
clamped by using a transistor configured as diode and a 50
pF capacitor. The clamped signal is compared to a reference
voltage of 100mV using the comparator C2 for creating the
desired square pulse which is used by the analogue state
machine. Since small glitches can be generated by C1 each
time the amplified EMG signal is near the reference voltage



(50 mV) of CI, comparator C2 uses a higher reference
voltage (100 mV) to avoid further glitches at its output.

Fig. 5 EMG signal Analyzer block diagram.

B. The analogue state machine: Once the EMG signal is
analyzed as shown in Fig. 5, the output of the comparator
C2 is sent to the analogue state machine, of Fig. 6, to
process the number of incoming EMG signals. Flip flops
FF1 and FF2 are used as a 2-bit counter to keep track of the
number of stimulated EMG signals; while the operational
amplifier OP1 with the transistor M1 (set as a diode) and the
capacitor Capl1 are configured as a peak detector.

This peak detector configuration can hold the output
voltage for an amount of time equal to 1s (the time window
T mentioned in Section II). The user can send a successive
EMG signals within this time window in order to change the
desired posture of the prosthetic hand.z

6, is used by the signals stored in FF3 and FF4 to control
five analogue switches through which the actual operations
of the hand is controlled.

C. The signal processing unit: Fig. 7 shows the transistor
level diagram of a single signal processing unit, shown in
Fig. 4. For controlling five fingers, five such units are
employed in our design. The transistor dimensions used in
this design are given in Table II. A standard multiplier core
[14] with a first order RC component is used here. The
circuit module shown in section (b) in Fig. 7 represents the
current subtracting circuit used to process the output of the
multiplier core in conjunction with the output currents of
section (c¢) and (d). Section (c) and (d) rescale the amplitude
of the slip and pressure feedback signals given at the nodes
C and D respectively. Indeed, the current generated from
section (c), in Fig. 7, is supplied to the positive input of the
current subtracting section; whilst, the current generated
from section (d), in Fig. 7, is connected to the negative input
of the current subtracting circuit.

TABLE II: Transistor dimensions.
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Fig. 7 Signal processing circuit schematic.

The Final stage of the signal processing unit is an
adjustable gain current to voltage converter and the generated

&3

voltage is used for controlling the motors associated with

each finger



I. SIMULATION RESULTS

In order to demonstrate the system performance, a
simulation has been carried out using Cadence Spectre. Real
life EMG signals are used for simulation purpose. However
the repetition time of EMG pulses are varied in order to
ensure the correct functionality of the entire system. After
inputting the EMG signal into the system, the nature of
processed signals are checked at the output of each units, as
shown in Fig. 8-10 It is attainable from these graphs that the
designed circuit has a correct functionality. Fig. 8 shows the
captured EMG signal; the clamped signal with a discharging
time of up to 1 second and the corresponding square pulse
generated in the EMG analyzer circuit.
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Fig. 8 Simulated internal signals of the EMG signal analyzer.

Fig 9 shows the circuit response of the analogue state
machine when a set of EMG signals is applied to the system.
Fig. 9a shows the square pulse generated by the EMG signal
analyzer which is used as the inputs to the analogue state
machine. Fig. 9b illustrates how the analogue state machine
can hold the count and store the number of EMG pulses each
time the interval between the successive EMG pulses exceed
a predefined time (556 ms in this case).
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Fig. 9 Set of EMG signals and analogue state machine output
response.

The most important of these is the result shown in Fig. 10
where the motions of the individual figures are depicted and
response time of these figures can be varied. Current drawn
from power supply is also measured for the postures, which
shows 4 mW power consumption for the circuit overall.
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Fig. 10 Simulated responses for different fingers varying
the RC constant (signal “E” of Fig. 7).

II. DISCUSSION AND CONCLUSION

In this work an analogue approach to the controlling of
prosthetic hands with single EMG signals in combination
with the feedback signals from slip and pressure sensors,
which are embedded in the prosthetic hand, is presented.
Using real surface EMG signals, the ability of the circuit to
perform a configurable number of postures is demonstrated.
It is also shown that time response of individual fingers can
be varied using only single EMG in this circuit.
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