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Abstract: In order to make prosthetic hands acting like human hands wshms possible and improve the biomimetics and
intelligence, it is necessary to add multi-sensor peroeptystem on electric prosthetic hand system. In this p#petheory of SEMG
and its signal analysis technology are introduced. SEMGisgriechniques for hand prostheses are surveyed. Thesagtthniques
include tactile and slip sensing, proximity sensing, caild &ot sensing, and multi-sensing fusion. Meanwhile thesstpetic hands
sensors and SEMG sensing techniques are compared. Soimer fiesearches and developing trend of SEMG sensing tetsigr
hand prostheses are indicated.
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1 Introduction development of medical industry and warfare business.
o ) ) ] Meanwhile the research of hand prostheses with
Bionic intelligence sensing techniques for - hand myjti-degree-of-freedom and intelligent sensing is a
prostheses is much improved since artificial limb centery,tigisciplinary ~ field:  multi-sensor  technology,
of the former Soviet Union developed first EMG jnformation fusion technology, biomedical engineering,
prosthetic handl]. The current focus is development of gjectronic information, and so on, which promotes mutual
hand prostheses with multi-degree-of-freedom (DoFs)penetration of each advanced technology. The function of
and intelligent sensing|-[9], the purpose is to improve hyman's limb system and its perceptional feedback are
flexibility of prosthetic hands, the inter-communication complex, while' commercial electric prosthetic hands
ability of environment information and autonomy of hand mainly use EMG control and don’t have information
prostheses. After entering the 21st century, theperceptional feedback at present. It is necessary to add
requirement of prosthetic hands’ multi-perceived myti_sensor perceived system to EMG prosthetic hand
information feedback is higher and higher in biomedical gystem for the function of hand imitation and the
field and ammunition industry. Meanwhile, in order 10 jmprovement of hand prostheses’ bionic intelligence.
imitate the function of human’s hands and improve bionic
intelligence of hand prostheses, multi-sensor system
added to EMG hand prostheses has become a hotspot Otto Bock, Motion Control, Liberating Technologies
research. and Touch Bionics Inc. are representative companies in
the world at present. According to the investigation of
The purpose of prosthetic hands’ research is toamputees](], an ocean of amputees are unwilling to be
improve self-care for amputees, narrow the functional gapequipped with hand prostheses on sale and most of
between the patient and healthy person, ensure amputeasnputees with prosthetic hands are unsatisfijld[The
mental health and enhance social morality and themain reasons are that the function of artificial hands is
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simple, its bionic performance is dreadful and there is adischarge frequency, synchronization and recruitment
large gap between prosthetic hands and real handgattern of different sport units, setting position of sada
Amputees dream of having a sound body. And amputeeglectrodes, thickness of subcutaneous fat, and body
with hand prostheses wish to control the prosthesesemperature changes. SEMG acquisition and processing
according to their own will and have function of are shown in Fig. 2. For years, the analysis of SEMG is
perceptional feedback. At present and after a long timgocus on time and frequency threshol?]. The purpose

the main goal of hand prostheses research is to providef signal analysis is to discuss the possible cause of
highly intelligent electric hand prostheses and bring thesEMG signal change and reflect activity and function of
probability of improvement or treatment to amputees. muscles effectively by change of SEMG signals. In recent
Human hand is a bio-mechanical system with multilevelyears, with people’s deepening cognition to nonlinear
control, stimulation, and input and output channel of characteristics of neuromuscular system, experts start
information reception, which can achieve various using nonlinear mathematical methods to analyze EMG
ingenious and complex action via coordinated control ofsignals [L3]-[ 14]. It means that this field steps into a new
nervous system. Whereas conventional prostheses usgage from then on.

vision as feedback to estimate whether object is clenched

and slipped, unlike human hand can work without vision

feedback. Consequently, to make hand prostheses as san| S el S L g m— :i;mm“‘“ >
as human hand with intelligent sensing ability is ) — -
becoming the front edge and hot spot of rehabilitation Figure 2. SEM G acquisition and processing
engineering.

. Commonly used time domain characteristics of the
Amputees with EMG hand prostheses use SE'\/chaIculation method is as follows: Mean value:

signals as control signals of the prostheses to achieve
manipulation of natural hand movements. It involves 1N

acquisition and processing of SEMG, hand action A = Niflxi 1)
recognition, motion control of prosthetic hands, and so

on. Organic combination of multi-sensor and SEMG handStandard deviation:
prostheses will improve bionic and intelligence of

prosthetic hands. A comprehensive description of SEMG

sensing techniques for hand prostheses is provided below.

std = 2

2 SEMG signals whereX is sample mean. N is sampling points.
Integral mean value of absolute value (1AV):

SEMG is a kind of bioelectric signal recorded and 1N

induced by electrodes when neuromuscular system is A == 5 |X| (3)
active. There exist different levels relevance between =1

active state and functional state of SEMG and muscles
accordingly it can reflect the activities of neuromuscular
to some extent. It has a great practical significance in
evaluation of muscle function of rehabilitation medical RMS— 1 gxiz (4)
research field and fatigue recognition, sports technical N—1li=1

rationality analysis, muscle fiber type, anaerobic

threshold’s non-invasive prediction of sports sciencee Th Number of zero crossing (ZC):
control system for powered prostheses is shown in Figl.

N
‘ Motion instruction produced by cereral }—p‘ Spinal cord '—p‘ Motor nerve ’—‘ ZC = ZI %n ( - )(4 X| — 1) (5)
1=

v

‘ Electrical signal produced by muscles }—»{ Am""““:‘::;;‘;‘:’"““"y }—»{ Amplification, Filter, rectifier ’—‘

v
\ e — Decar s oo pomemonme_ | 1N
2
Figure 1. The control system for powered prostheses VAR = N_ 1i glxi (6)

Root mean square:

Variance (VAR):

SEMG signals are one-dimension time series, whichit mainly consists of iIEMG and RMS in time domain

electrical change caused by electrodes when multiple

sport units are active. And it involves the number of sport . t+T
units in different function state and active function, 'EMGZ/t |EMG (t)[dt )
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Calculation method of RMS is: sensing system for hand prostheses. When prosthetic
12 hand grasps object, tilt table with metal disk and rubber

RMS— (1/T /”T EMG2 (t)dt) (®) transforms contact force to the sensor. Inline force and

- A tangential force are obtained by sensor array with four

same sensors.
Variation characteristics of SEMG signals amplitude can
be reflected by iIEMG and RMS in time dimension, In addition, there still have various methods of
whereas the latter depends on internal connectiorsensory feedback. Yamada et all§] use three
between muscular overloaded factors and physiologicatimensions force sensors to detect tactile and slip sensory
and biochemical process, therefore, the above indexes dbavid et al. [L9 utilize gas pressure sensor assembled in
time domain analysis are used to reflect active state ofingers of prosthetic hand to acquire pressure signal, and
muscles real-timely without damage. it feeds back to control system. Another approach is the
The main analysis method is to obtain frequencystudy onthe measurements of the force by strain gauge on
spectrum and power spectrum of SEMG by FFT of SEMG prosthetic hand]0]. The connector is between thumb and
in frequency domain analysis respect. It can reflectother fingers. The relationship between the force on
change of seEMG in different frequency component, thumb and the stress on connector is approximately linear.
consequently it can reflect change of SEMG in frequencyin order to measure the force on thumb when object is
dimension. Mean Power Frequency (MPF) and Mediangrasped, strain gauges are pasted on connector to obtain
Frequency (MF) are used for quantitative characterizatiorthe value of voltage by bridge circuitlink, amplification,
of SEMG's frequency spectrum or power spectrum. Theand low-pass filter. Maeno et aR]] make elastic fingers

calculation methods are presented as follows: via silicone resin. And it is installed in artificial fingers t
acquire tactile feedback. The goal of these examines is to
MPE :/mfp(f)df//mp(f)df @) improve feedback and bionic performance. There also
0 Jo have a host of studies regarding sensing technology in

china P2, the work of EMG prosthetic hand with tactile

MF and slip sensors is conducted in Tsinghua Univer&ig}.|

00 1 00
P(f)df = P(f)df:—/ P(f)df  (10)
0 MF 2 Jo
where P(f) is EMG power spectrum. Because FFT
spectrum curve of SEMG is not typical normal
distribution,  spectrum characteristic of SEMG
characterized by '\r/I]F is better than MPF _frotr)n Stat'S;'C‘;fingerjoints. Mingxin Jia et al.g6] utilize tactile sensors

perspective. But the sensitivity of MPF is better than yageq on the principle of total internal reflection as

MF's in specific work. feedback system. It is installed in multi-contact robot
hand to achieve the interaction of operating arm and
outside. Besides, distributed tactile sensors are used to

3 Tactileand dlip sensing provide feedback information and control grasping force
[27].

The research of hand prostheses’ tactile and slip sensing
began in the 1960’s, slip sensors are installed on the Shimojo M et al. develop a new type of tactile sensor
fingers of prosthetic hands to increase hand wrest strengthia  pressure  sensitive  conductive  rubber in
when object slips. University of Southampton in England Electro-Communications University. And the tactile
developed a prosthetic hand with thumb, forefinger andsensors are installed in four fingers of robot hand to
middle finger. The sensors installed on the latter twoconduct the research of grasping cylinder and sphere. The
fingers are force sensing resister (FSR) sensor ofesult shows that the tactile sensor have advantages of
Interlink. It can identify surface micro-vibration when flexibility, durability, and so on 28]. The sensor uses
object slips. FSR sensor has many applications inpressure conductive rubber as pressure sensitive
prosthetic hand sensing system. Andrea T eflgl.flso  materials. The rubber consists of non-uniformed
use these sensors and add sensing system to prosthedistributed carbon particle, which is used as electrode.
hands of OTTO BOCK. FSR piezoelectric sensor isWithout pressure, there is no contact between carbon
composed of two polymer thin sections. The thickness ofparticles, so the impedance is infinite; when pressure is
thin sections is 0.2mm. One section consists ofadded, thickness of carbon particles is thin, carbon
semiconductor materials, the other one is composed oparticles become a contact chain, and the value of
mesh electrode. When the pressure is increased, thipedance gradually decreased.

impedance of electrodes raisk§ The contact of

semiconductor materials and electrodes comprises a Toshiham MUKAI 29 develops a soft large area

circuit to decrease the impedance. Mingrint/][ also  tactile sensor which is applied to Symbiotic Robots, and

utilizes Interlink corporation’s sensors to design a slipits core component is semiconductor pressure sensor

Sensory feedback technology is also widely employed
in robot hand. Dario et al2/4] assemble tactile sensors on
robot handR5. Grasping force and displacement are
controlled via tactile feedback and potentiometer on
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array. Symbiotic Robots with the sensors is used inelectric field effectively and distinguish the difference
patient care, human-computer interaction, and so orbetween individual and object in occupation of s&H[
successfully. One of the main characteristics of theln the premise that the number of location target is limit
semiconductor pressure sensor array is its safety andnd the precision and effectiveness of location is not high,
dexterity of manipulation. Xiaolong Xu et al. develop a new type of proximity
sensor B4]. Sean Walker et al. design an optical fiber
proximity sensor for tactile detection of robot fingers
[35]. This sensor detects intensity of laser in surrounding
4 Proximity sensing two-dimensional section by emitting infrared light to
obtain surrounding environment information. It achieves
Unlike tactile and slip feedback, proximity sensing is much better result in tactile detection, pre-contact
mainly used to judge contact surface of prosthetic fingersvelocity reduction control, and non-contact contour based
and target object, external texture, shape feature, and son surface curvature.
on. It includes the research of surface detection via
method of image and memory alloy. Heng-Tze Cheng et al3p] develop a new type of
contactless gesture recognition system based on
Angelo et al. BO] employ the technique based on proximity sensor. It adopts unique infrared signal feature
stereo images and laser scanning, and use graphics systatraction. Three dimensional hand motion is recognized
with higher performance price ratio to perceive surfaceand classified by binary decision tree in real time with an
shape, which avoids using expensive sensors and compleaccuracy of 98 percent. This system overcomes the
signal processing system. This proximity sensor hasshortcoming of high computational complexity and high
advantages of simple structure and low cost, and itgpower consumption. The system has advantages of low
circuit of microprocessor is 8 bit. power consumption, high recognition accuracy and high
flexibility. And it has a good application foreground in
Wangtai L B1] detects contact surface by optical mobile terminals and contactless game machine. There is
method, which is based on optical total reflection. Thea development flow of contactless mobile terminal, as
system is composed of tactile sensor and interfaceshown in Fig. 3.
information display. The tactile sensor based on optical

total reflection can provide high resolution and high i Sy -
quality tactile image. And it is installed in five fingers of > T
manipulator to conduct experiment. The system consists e
of elastic film, transparent soft rubber light wave guide i s

way, PMMA matrix, lens, optical fiber, and slim light
source. The light source is located in specific tube to
avoid divergent light. And it can be imported into light ]
wave guide way. Normally air contacts the guide way, [ttt | o it || Tz |
whereas refractive index of air is smaller than the guide
way’s. According to optical total reflection, the light in
guide way won't refract, but when the fingers touch
object, the guide way contacts the matrix. Because
refractive index of matrix is small, the light in guide way
will refract and be received by charge couple device
(CCD), thus it can express surface features. Transmutable
materials are used in this method, consequently the sensor
have high resolution. It have 1600 contact points in every5 Cold and hot sensing
square centimeter, which can detect the force that is
smaller than 2g. This sensor has advantages of highn addition to tactile and slip sensing, cold and hot
resolution, fast response, low cost, simple structure, angensing also is quite important for hand prostheses. Cold
S0 on. and hot sensory is one of the fundamental sensory. It will
hurt human hand if the temperature is too low or too high.
Because vision sensor can’t solve the problem thatMeanwhile it will destroy the surface materials of
mobile robot cannot avoid obstacle all-weather, Guanjiaogprosthetic hand. Thus cold and hot sensory feedback is an
Ren et al. B2] design position sensitive detector (PSD) as integral part of prosthetic hand’s research. Currentlg, th
detecting element of vibrissa bottom. And each bottom ofPeltier materials are applied to most thermal sensing
vibrissa is installed laser proximity sensor to determinefeedback. The feedback system studied by Ino is
the displacement of obstacle. Boby George et al. use&omposed of Peltier module and proportional integration
inductance-capacitance proximity sensor to detectifferential (PID) B7]-[39. It is mainly used for the
occupation of vehicle seat. It can shield environmentalidentification of objects contacted by the fingers and the

1 (Infrared Receiver)
B

Cross Correlation Linear Regression Signal Statistics
Module Module

; i 1

Figure 3. Gesture recognition system diagram of mobile
terminal based on proximity sensor
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identification of objects’ surface by perceiving its change materials.

of temperature. The identification of thermal sensory is

made by changing the temperature of aluminum, glass,

rubber, polymer, timber, and so on. The experiment shows

that recognition rate of aluminum and timber is 91% and6 M ulti-sensi ng fusion

82%, respectively; recognition rate of glass, rubber, and

polymer is between 40% and 50%. On the basis of various sensory feedback, multi-sensing

fusion is developed. Various sensory feedback sensors are

Leoni et al. B0 develop an integrated sensor. Its installed on prosthetic hand to receive sensing signals and

thermal sensor consists of two micro resistance that igeed back to control system.
embedded in heat conduction rubber. One of the micro ] ) )
resistances is used for heating, another is used for the Dario etal. B5] develop a multi-sensor system which
detection of temperature’s change, accordingly, the sensg@n detect various information including proximity
needs heating and measure phase. When it is in energiz&§nsing, joint torque, tactile sensing, and so on. Tree
value by thermal resistance. When thermal resistance ha@@mely, strain gauge, semiconductor polymer, and
no electricity, temperature change relative to time isPiezoelectric polymedg]. The bottom is force torque
detected. And this function is related to the heatSensor, and the applied tactile array is 256 array which is
conduction between the sensor and object. based on FSR. The upper layer is a sensor used to detect
dynamic sensory. And it needs the support of
Seung-Il Yoon and Yong-Jun Kim 4[] embed p:?zoelgctric polyrr;](j:‘rh materialts. (fnother [IJtart i%"
. . S e ultrasonic sensor, which can emit and receive ultrasonic,
thermoelectric materials and thermopile in high moleculeand can detect geometry of target object within a certain

polymerization films, which can detect contact g . y
temperature and contact pressure. By Seebeck effect, thende: Aiter receiving signals .Of ml.“t' sensor, contrpl
ystem processes signals and issue instructions. Dario et

temperature of the sensors §urface aﬂd its mternagL develop another type of multi-sensor, and its dynamic
temperature are transformed into electrical signal for

: . ensor is composed of polyvinylidene fluride (PVDF).

accurate detection. When force is added to the sensoﬁ; . . . . L

deformation of the sensor will change the resistance o I_npped object sltl)ps(,jwhlché:auses V|brat|qn of PdVDF' SO h

thermopile. And applied force can be detected by the>' P SENSory can be etected. FSR Sensor is used as switc
sensor, and threshold of contact force is set to judge

resistance. whether object are gripped.

Y.-J.Yang et al. 42] design an 88 sensitive array with The multi-sensor developed by Taddeucci et4il] [s
tactile and thermal sensory in flexible polyimide copper composed of tactile, thermal, and dynamic sensors. It can
University. The copper film is composed of positive and conductivity and micro-vibration in slip sensing. Aligned
negative sensitive unit array. The positive surface isarray sensor is used in tactile sensing, which can detect
semiconductor temperature sensor, and the negativgontact situation in each unit area. Dynamic sensor
surface is conducting polymer tactile sensor. Its speciakonsists of piezoelectric crystal elements. The elements

manufacturing method eliminates current coupling with the Peltier effect are used in thermal sensor.
crosstalk of each sensing unit. And there is no

degradation in sensing function when its radius bends to 4 parwin develops a multi-sensor, which can detect

mm. hardness, surface characteristics, temperature, slip,
surface profile, and heat conductivigd. It is composed
The research of thermal attributes sensor done byf polymer fiber, electromagnetic field system,
Jianfeng Wu et al. 43] shows that the adopted thermocouple, elements with the Peltier effect. Among
temperature tactile method can distinguish differentwhich: 1 plastic fiber array (infrared diode source, plastic
thermal attribute objects. Lyneae AJones and Michalfiber, infrared sensitometer) based on principle of total
Berris [44] develop a sensor that can distinguish thermalreflection is used in stress, hardness, and shape sensors. 2
attribute by temperature and its change. Five differentmeasurement of temperature is acquired by a simple
thermal attribute objects are picked and distinguished bythermocouple, data of heat conduction is produced by the
two ways. One of ways depends on temperature, the othePeltier effect. Peltier device acquires change of
counts on heat conductivity. The result shows thattemperature and outputs voltage which can be measured
different thermal attribute objects can be distinguishedquickly and accurately. This Peltier strain gauge is pasted
only when temperature change gradient is high. Whernin tip of finger. 3 high sensitive device with
hand touches surface of copper, brass, nickel, stainlesslectromagnetic field is used in texture and sliding.
steel, or nylon, only nylon can be distinguished. BecauséVibration between fingers and object is transported by
thermal conductivity of nylon is smaller than other sensing probe tied on rubber membrane. When object
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slips on the surface of fingers, movement of probe drivessensor system for displacement measurement. Proximity

armature movement and changes magnetic field tosensing is mainly used to judge the surface situation of

acquire sliding induction. The result shows that hand prostheses and aim object, texture and shape

identification accuracy of texture is above 90%, resolutioncharacteristics including surface shape detection rekear

of iron and aluminum has reached 90% in thermalofimage method and memory alloy method. Cold and hot

sensory feedback experiment, and foam has reached 84%ensing is an integral part of hand prostheses research.
Currently, Peltier materials are used in most thermal

Multi-sensing fusion can detect various signals, whichfeedback system. The research of hand prostheses with

is very benefit for grasping object in control systefS|[ multi-sensory, multi-degree-of-freedom, high integati

But it is complicated in structure installation, there is and miniaturization is a trend. Not only the research and

other receiving system, and algorithm and velocity of efforts of this field has great theoretical value, but als® ha

control system need to be consider&@|[ This complex great market value. In the end, several challenges and

feedback system can be applied to robot hands with hightlirections are concluded.

requirement. It is favorable if the system can be applied to

intelligent prosthetic hand, but it needs further study for

hand prostheses. The best way is to find a kind of materiaAcknowledgement
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