
Abstract- Acupuncture is a centuries-old
therapeutic technique. However, because of the
large number of complicating circumstances, it
has been difficult to clearly prove the treatment’s
therapeutic effectiveness.As a result, acupunc-
ture has failed to acquire acceptance in the main-
stream clinical sector. An electromyography
(EMG) sensor was built and used to test the effi-
cacy of acupuncture in alleviating muscular stiff-
ness in this study. Electrodes, differential and
inverting amplifiers, filters, and a full-wave rec-
tifier made up the EMG circuit. The output
of the circuit was sent to a microcontroller for
analog-to-digital transformation in order to per-
form data acquisition. Acupuncture was used to
treat four participants who had muscular dys-
function in various regions of their bodies in our
case study. Before and after the therapy, EMG
signals at the damaged regions were recorded.
The findings revealed that the therapy had no
immediate conceivable impact on the patients,
since the levels of muscular contraction before
and after the treatment were comparable. When
the EMG signals were measured 30 minutes after
the therapy, signs of muscular alleviation were
found. This shows that acupuncture does sup-
ply patients with beneficial medicine, although
slowly. The act of placing the highly conducting
needles into the acupuncture sites, we believe,
is similar to connecting a parallel wire to a cir-
cuit, resulting in a short-circuited route at the
meridian. It permits the meridian’s polarized in-
ner energy, or qi, to pass through. The equilib-
rium in qi regulation can therefore be restored
by unclogging the flow of qi.The repair process
is relatively slow, and the treatment impact may
not be immediately apparent, because the consti-
tutive qualities at the acupuncture points where
the needles are pricked may not alter quickly.
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I. Introduction

Acupuncture l isl anl ancientl therapeuticl modal-
ityl whichl hasl beenl practicedl inl China sincel

thousandsl ofl yearsl ago.l Accordingl tol traditionall
Chinesel medicinel (TCM),l a forml ofl interiorl bod-
ilyl energy,l whichl hasl beenl vaguelyl interpretedl asl
qil inl thel literature,l isl generatedl inl thel internall
organsl andl systemsl [1–3].l Thel qil isl carriedl byl
the breathl orl airl andl circulatesl throughoutl thel en-
tirel body,l formingl intricatel interwoven pathsl knownl
asl thel meridianl systeml orl ching-lol [1].l Physically,l
thel meridiansl are perceivedl tol bel madel upl ofl
groupsl ofl orderlyl arrangedl electricallyl polarizedl wa-
ter molecules,l whichl forml waterl clustersl withl per-
manentl electricl dipolel momentl [2]. Acupuncturel
treatmentl isl merelyl onel ofl thel possiblel therapiesl
whichl manipulatel the qil asl itl circulatesl thel merid-
iansl tol achievel curativel effectsl [1].l Thel otherl ex-
amplesl whichl arel basedl onl thisl methodl arel thel
cuppingl andl moxibustionl therapies,l andl thel tai-chil
andl qi-gongl exercisesl [4].
Despitel itsl popularl practicel overl millennia,l thel
acupuncturel treatmentl failsl to gainl worldwidel accep-
tancel withinl thel mainstreaml orthodoxl clinicall feldl
[2].l Due tol thel plethoral ofl confoundingl factorsl en-
shroudingl thisl treatment,l researchersl have foundl itl
extremelyl difficultl tol definitivelyl andl convincinglyl
verifyl thel curativel efficacyl ofl thel treatmentl [5].l Inl
otherl words,l al tangiblel andl descriptivel demonstra-
ble mechanisml isl yetl tol bel formulatedl tol provel
itsl scientificl realityl [1].l Inl fact,l many believel thatl
acupuncturel may,l atl best,l merelyl introducel psycho-
geneticl effectl tol the patients.l Inl [6],l Toughl exam-
inedl thel immediatel effectsl ofl acupuncturel onl thel
electromyographyl (EMG)l activityl ofl thel commonl
wristl extensorl muscles.l Threel experimentsl werel car-
riedl outl onl 35l subjectsl –l namely,l genuinel acupunc-
ture,l inappropriate acupuncture,l andl al nol conditionl
control.l Atl thel endl ofl thel study,l hel drewl thel con-
clusionl thatl thel acupuncturel interventionsl didl notl
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registerl anyl meaningfull changel on thel EMGl activity.l
Faridal etl al.l [7],l onl thel otherl hand,l showedl thatl
thel therapyl producedl positivel results.l Thel authorsl
examinedl thel effectl ofl acupuncturel onl thel EMG ac-
tivityl froml thel bicepl muscles.l Inl thel casel study,l
twol groups,l withl fourl subjectsl in eachl group,l re-
ceivedl stimulationl froml 5l kgl load.l Thel subjectsl inl
thel firstl groupl were administeredl acupuncturel whilel
thosel inl thel secondl werel not.l Thel authorsl concluded
thatl acupuncturel therapyl wasl capablel ofl improvingl
humanl stamina,l particularly,l on musclel exercises.l Al-
thoughl bothl [6,7]l attemptedl tol correlatel thel effectl
ofl acupuncturel withl thel EMGl activity,l itl isl appar-
entl thatl theirl outcomesl arel inl starkl contrast. Thel
actuall curativel efficacyl ofl acupuncturel thereforel re-
mainsl uncertain.
Inl orderl tol probel furtherl thel efficacyl ofl acupunc-
turel therapyl inl treatingl muscle spasticityl andl flac-
cidity,l wel conductedl anl in-depthl casel studyl basedl
onl patientsl sufferingl froml musclel impairmentl atl dif-
ferentl partsl ofl thel body.l Anl EMGl sensorl was con-
structedl froml off-the-shelfl components,l andl itl wasl
implementedl tol measurel contractionl ofl musclesl be-
forel andl afterl thel treatment.l Inl thisl paper,l thel
processl ofl constructingl thel EMGl circuitl isl firstl de-
scribedl inl detail.l Thisl isl thenl followedl byl the de-
scriptionl ofl thel casel study.l Analysisl onl thel resultsl
andl hypothesisl onl thel underlying operationall princi-
pall ofl acupuncturel arel discussedl atl thel laterl sec-
tionsl ofl thel paper.

II. ELECTROMYOGRAPHYl SENSOR

Electromyographyl (EMG)l sensorsl arel usedl tol de-
tectl andl examinel thel electricall signalsl generatedl byl
thel movementl ofl musclesl orl stimulationl ofl nervel tol
thel muscles.l The electricall signall detectedl byl thel
sensorl duringl thel neuromuscularl activitiesl isl known
asl thel electromyographicl (EMG)l signal.l Thel contrac-
tionl andl relaxationl ofl muscles arel stimulatedl byl im-
pulsesl inl thel neuronsl tol thel muscle.l Thel EMGl sig-
nall canl thereforel bel expressedl inl termsl ofl al trainl
ofl Motorl Actionl Unitl Potentialsl (MUAPs)l which
showsl thel musclel responsel tol neurall stimulationl [8].l
Mathematically,l thel EMGl signal canl bel writtenl asl
[8].

x(n) =
N−1∑
r=0

lh(r)le(n− r) + w(n) (1)

wherel x(n)l isl thel modeledl EMGl signal,l e(n)l thel
pointl processedl whichl representsl the fringl impulse,l
h(r)l thel MUAPs,l w(n)l thel zerol meanl additivel
whitel Gaussianl noise, andl Nl denotesl thel numberl
ofl motorl unitl fringes.l Thel electrodesl ofl anl EMGl
sensorl can bel usedl tol detectl thel ionicl flowl acrossl
thel musclel membranesl thatl propagatel through thel
tissuesl inl orderl tol generatel thel EMGl signall [9].l
Hence,l thel sensorl canl bel used tol measurel thel
anatomicall andl physiologicall statusl ofl thel mus-
cles.l Traditionally, EMGl signalsl arel usedl inl biomed-
icall sciencel forl identifyingl neuromuscularl disorders.l

Nowadays,l however,l thel applicationsl ofl EMGl signalsl
havel beenl expandedl into thel realml ofl biomedicall
engineeringl –l itl isl alsol usedl forl constructingl EMG-
based prosthetic,l roboticl andl otherl usefull systems.
Accordingl tol [8],l thel qualityl ofl thel signall detectedl
byl thel EMGl sensorl isl highly affectedl byl twol fac-
torsl –l thel firstl isl thel signal-to-noisel ratiol (SNR),l
whereasl the secondl isl thel distortionl ofl thel sig-
nal.l Thel SNRl isl usedl tol measurel thel magnitudel
of thel EMGl signalsl inl comparisonl tol thel thatl ofl
thel noise.l Whenl detectingl thel EMG signal,l electri-
call noisel isl veryl oftenl coupledl along.l Thel electricall
noisel includesl the inherentl noisel inl electronicl equip-
ment,l ambientl noise,l motionl artefact,l andl thel in-
herentl instabilityl ofl thel EMGl signall [8].l Thel EMGl
signall isl pickedl upl byl electrodes.l It thenl undergoesl
al seriesl ofl amplifications,l filtering,l andl rectification.l
Atl eachl process step,l thel signall mayl losel energyl
atl differentl rates.l Hence,l besidel noisel contamination,
thel signall mayl alsol facel thel riskl ofl beingl distorted.l
Tol putl itl simply,l thel following conditionsl havel tol
bel observedl inl orderl tol optimizel thel detectionl ofl
thel EMGl signal:

• l Thel magnitudel ofl thel EMGl signall itselfl hasl
tol bel optimal,l whilel noisel contaminationl hasl
tol bel suppressed.l Thisl isl tol say,l thel higherl isl
thel SNRl value, thel betterl isl thel EMGl signall
detection.

• l l Signall distortionl isl tol bel minimized.l Sincel
EMGl signall canl bel decomposed intol al seriesl ofl
frequency-dependentl components,l thel signall ex-
periences distortionl whenl eachl componentl atten-
uatesl differently.l Itl isl thereforel importantl tol en-
surel thatl thel wavel amplitudesl ofl alll frequencyl
componentsl sustain uniforml losses.l Thisl isl tol
say,l thel lossl shouldl bel frequency-independentl
(or atl least,l closel tol independent),l ifl notl com-
pletelyl eliminated.

A. MATERIALSl ANDl COMPONENTS

Thel EMGl sensorl usedl inl ourl casel studyl isl
basedl onl thel designl inl [10].l Thel componentsl
involvedl inl thel constructionl ofl thel EMGl circuitl
includel threel TL072l integratedl circuitsl (ICs),l anl
INA106l integratedl circuit,l threel surfacel EMGl
electrodes,l twol 9l Vl batteries,l twol 1lµlFl tan-
taluml capacitors,l al 0.01l andl al 1lµlFl ceramicl
capacitors,l al 100lklΩl trimmerl potentiometer,l twol
1l Nl4148l diodesl andl threel 150lklΩ,l twol 1lMlΩ,l
twol 80.6lklΩ, l six l10lklΩ andl onel 1lklΩl resistors.l Al
microcontrollerl isl usedl tol processl thel outputl signal,l
sol thatl itl couldl bel recordedl forl furtherl analysis.l
Inl thisl section,l thel functionsl ofl thel importantl
componentsl shalll bel brieflyl elaborated.

Accordingl tol Jamall [11],l thel contractionl ofl mus-
clel ofl humanl bodyl canl bel detectedl byl usingl dif-
ferentl typesl ofl EMGl electrodes.l EMGl electrodesl
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canl bel eitherl invasivel orl noninvasive.l Thel invasivel
typesl arel intramuscularl electrodesl andl canl bel fur-
therl dividedl intol needlel electrodesl andl finel wirel
electrodes.l Thel noninvasivel typesl arel surfacel elec-
trodes.l Inl general,l thel invasivel electrodesl providel
higherl accuracyl and sensitivity.l Thel signalsl detectedl
usingl thel invasivel electrodesl arel alsol morel sta-
ble. However,l sincel thel processl involvedl prickingl
thel electrodesl intol thel skin,l mostl volunteersl werel
againstl usingl them.l Hence,l wel resortl tol thel non-
invasivel surfacel electrodesl inl ourl workl here.l Thel
surfacel EMGl electrodesl arel electrodesl appliedl ontol
the surfacel ofl thel skin.l Hence,l theyl dol notl imposel
discomfortl tol thel patients.l Inl orderl to letl thel cur-
rentl tol flowl throughl thel surfacel EMGl electrodes,l al
chemicall equilibrium betweenl thel sensingl surfacel andl
thel skinl ofl thel bodyl willl bel formedl byl electrolytic
conductionl [11].l Surfacel electrodesl are,l nevertheless,l
relativelyl sensitivel tol electricall noise.l Onel hasl tol
bel extremelyl precautionsl whenl usingl thel electrodesl
forl EMG detection.
Thel INA106l ICl isl al differentiall amplifierl thatl con-
sistsl ofl al precisionl operationall mplifierl (op-amp)l
andl fourl on-chipl metall filml resistors,l i.e.,l twol
10lklΩl resistorsl bnnectedl tol thel inputl pinsl andl an-
otherl twol 100lklΩl resistorsl connectedl tol thel sensel
ndl referencel pins.l Thel internall configurationl ofl thel
chipl isl illustratedl inl Figurel l 1.l NA106l producesl
accuratel gainl andl relativelyl highl common-model re-
jectionl ratiol CMRR)l ofl 86l dBl whichl enablesl itl tol
rejectl thel noisel ofl inputl signall [12].l Hence,l itl em-
ployedl atl thel firstl stagel ofl thel EMGl circuitl wherel
thel electrodesl arel connectedl irectlyl tol thel inputs.l
Thel TL072l ICl consistsl ofl al lowl noisel junctionl
fieldl effectl transistor,l JFET-inputl perationall ampli-
fier.l Thel pinl layoutl ofl thel chipl isl depictedl inl pa-
perl Figurel 2l Asl canl bel eenl froml thel figure,l thel
chipl consistsl ofl fourl inputsl andl twol outputs,l whichl
meansl itl

Fig. 1: Pinl layoutl ofl thel INA106l IC.

isl al two-channell op-amp.l Thel TL072l op-ampl
hasl thel advantagesl ofl lowl powerl consumption,l lowl
offsetl currents,l lowl noise,l highl slewl ratel whichl
isl 13l Vl/lµls,l andl relativelyl lowl totall harmonicl
distortionl whichl isl 0.003l%l [12]l .l Thesel advantagesl
makel itl al suitablel candidatel forl amplifyingl thel
weakl EMGl signals.

Fig. 2: Pinl layoutl ofl thel TL072l IC.

Thel microcontrollerl usedl forl processingl thel EMGl
signall isl Arduinol Uno.l Thel Arduinol microcontrollerl
isl al freel opensourcel platforml widelyl usedl forl devel-
opingl andl designingl electronicl basedl project.l Itl isl
compatiblel withl mostl ofl thel availablel electronicl de-
vicesl inl thel marketl andl isl capablel ofl transmittingl
andl receivingl datal tol andl froml thel devices.l Ac-
cordingl tol [13],l anl Arduinol canl receivel datal froml
inputl devicesl suchl asl sensors,l antennasl andl poten-
tiometersl andl transmitl thel datal tol outputl devicesl
suchl asl LEDs,l speakersl andl motors.l Therefore,l Ar-
duinol Unol isl usedl herel asl anl interfacel tol displayl
thel EMGl signalsl atl thel computer.l Figurel l 3l de-
pictsl thel layoutl ofl thel Arduinol Unol boardl [14].
Thel Arduinol Integratedl Developmentl Environmentl
(IDE)l isl usedl tol writel and uploadl programsl tol Ar-
duinol Uno.l Asl canl bel seenl inl Figurel 4,l thel userl
interface ofl Arduinol IDEl isl separatedl intol threel sec-
tions,l namely,l thel command,l coding,l and messagel
windowl areas.l Thel commandl areal comprisesl al listl
ofl functionl options. Here,l thel ‘verify’,l ‘upload’,l ‘se-
riall monitor’,l andl ‘seriall plotter’l functionsl arel usedl
to programl thel microcontroller.l Thel ‘verify’l andl ‘up-
load’l functionsl arel usedl tol compile andl uploadl thel
codel tol thel Arduinol Unol board,l whilel thel ‘seriall
monitor’l andl ‘serial plotter’l functionsl arel usedl tol
displayl thel outputl ofl thel EMGl signals.l Program-
ming isl writtenl atl thel codingl area.l Sincel al sim-
plifiedl versionl ofl thel C++l languagel isl used forl
programming,l usersl withl basicl knowledgel onl Cl orl
C++l programmingl language shouldl bel ablel tol pickl
upl thel skilll withl ease.l Therel arel twol compulsoryl
routinesl for everyl codingl –l namelyl thel setupl ‘voidl
setupl ()’l andl loopl ‘voidl loopl ()’l routines.l The setupl
routinel isl tol initializel thel programl oncel thel resetl
buttonl onl thel Arduinol Uno boardl isl triggered.l Thel
loopl routine,l onl thel otherl hand,l isl usedl tol notifyl
thel boardl to performl thel taskl iteratively.l Thel func-
tionl ofl thel messagel windowl areal isl tol displayl
thel compilationl process.l Warningl orl errorl messagesl
willl bel displayedl inl thatl area wheneverl thel compilerl
comesl acrossl inaccuratel syntaxes.

B. EMGl CIRCUIT

Thel blockl diagraml ofl thel EMGl circuitl isl shownl
inl Figurel 5.l Asl shownl inl thel figure,l thel EMGl sig-
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Fig. 3: Thel layoutl ofl thel Arduinol Unol boardl [14].

Fig. 4: Thel Arduinol IDE.

nall hasl tol undergol sixl stagesl ofl processesl withinl
thel circuit.l Firstly, thel signall detectedl byl thel elec-
trodesl havel tol bel comparedl andl amplifiedl byl
thel differentiall op-amp.l Itl hasl tol subsequentlyl gol
throughl twol stagesl ofl amplificationl and signall fal-
teringl tol optimizel thel SNR.l Thel signall alsol hasl tol
bel rectified,l sol thatl only positivel DCl voltagel isl de-
liveredl atl thel finall output.l Detailedl elucidationl ofl
eachl stage isl presentedl inl thisl section.
Asl describedl atl thel earlyl partl ofl thisl section,l EMGl
signalsl arel highlyl susceptible tol noise.l Sincel charg-
ingl andl dischargingl al capacitorl willl contributel con-
siderable electricall noise,l powerl suppliedl froml anl ICl
regulatorl orl al DC-to-DCl converterl isl not suitablel tol
bel usedl asl thel sourcel ofl thel circuit.l Instead,l twol 9l
Vl dryl celll batteriesl were usedl here.l Thel schematicl
inl Figurel 6l illustratesl thel connectionl ofl thel batter-
iesl to thel EMGl circuit.
Figurel 7l depictsl thel circuitl connectionl atl thel firstl
stagel ofl thel EMGl circuit.l As canl bel seenl froml thel
figure,l thel electrodesl arel tol bel connectedl tol thel
inputl pinsl of thel INA106l differentiall amplifier.l Thel

signall atl thel secondl electrodel isl subtracted withl
thatl atl thel firstl electrode.l Thisl isl tol getl ridl ofl
thel commonl signall atl bothl input signals,l sol thatl
onlyl cleanl signall isl amplifiedl atl thel outputl ofl thel
op-amp.l Thel commonl signall isl thel ambientl noisel
–l thel frequencyl ofl whichl resemblesl closelyl that ofl
thel nervel impulsel [12].l Thel outputl amplifierl gainl
A1l canl bel computedl basedl on (2)l below:

A1 =
Rl sensel +R1

Rl inputl
(2)

wherel Rl sensell andl Rl inputll are,l respectively,l thel
100l andl 10lklΩl internall resistorsl inl thel INA106l IC,l
andl R1l isl thel externall 1lMlΩl resistorl shownl inl Fig-
urel l 7l.l Byl substitutingl thel valuesl ofl thel resistorsl
intol (7.2),l gainl A1l isl foundl tol bel 110l .

Inl thel secondl stage,l thel signall goesl throughl anl
invertingl amplifierl sol asl tol producel al 180◦l phasel
shiftedl amplifiedl output.l Thel configurationl ofl thel
invertingl amplifierl isl constructedl usingl thel TL072l
op-amp.l Asl canl bel observedl inl Figurel l 8,l thel in-
vertingl amplifierl consistsl ofl al 150lklΩlRf l feedbackl
resistorl andl al 10lklΩlRinl inputl resistorl −l bothl ofl
whichl arel connectedl tol thel invertingl pin.l Thel out-
putl signall atl thel firstl stagel (i.e.l thel differentiall am-
plifier)l isl fedl tol thel invertingl pin.l Gainl A2l ofl thel
invertingl amplifierl isl 15l andl canl bel foundl byl sub-
stitutingl thel valuesl ofl thel Rf l andl Rinl intol (7.3)l
below:

A2 = −Rf

Ri
(3)

Thel thirdl stagel ofl thel EMGl circuitl constitutesl al
highl passl filter.l Thel outputl ofl the amplifiedl signall
inl thel secondl stagel isl connectedl tol thel capacitorl inl
Figurel 9.l Thel functionl ofl thel high-passl filterl isl tol
removel thel noisel createdl byl motionl artefactl suchl asl
thel movementl ofl joints.l Asl canl bel seenl froml thel
figure,l twol 150lklΩl resistorsl andl al 0.01lµlFl capaci-
torl arel usedl inl thel circuit.l Thel purposel ofl introduc-
ingl thel capacitorl atl thel inputl pinl isl tol blockl DCl
signall froml propagatingl intol thel circuitl [12].l Thel
cutl offl frequencyl fcl ofl thel filterl canl bel calculatedl
usingl (7.4)

fc =
1

2lπlRlC
(4)

wherel Rl andl Cl are,l respectively,l thel resistancel andl
capacitancel connectedl tol thel invertingl input.l Sincel
noisel createdl byl motionl artefactl isl typicallyl belowl
10l Hz,l thel cutl offl frequencyl fcl isl setl tol bel atl
106l Hz.l Thisl isl tol say,l onlyl signalsl withl frequen-
ciesl higherl thanl 106l Hzl arel allowedl tol propagatel
tol thel subsequentl stage.

Inl thel fourthl stage,l thel filteredl signall goesl
throughl fulll wavel rectification.l Asl shownl inl Figurel
10,l thel componentsl involvedl inl buildingl thel recti-
fierl includel fourl 10lklΩl resistors,l twol pn-junctionl
diodes,l andl twol op-amps.l Thel rectifierl convertsl sig-
nalsl inl thel negativel phasel tol thel positivel phase,l
i.e.,l thel ACl inputl signall isl changedl tol DCl signall
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Fig. 5: Blockl diagraml ofl thel EMGl sensor.

Fig. 6: (a)l Thel voltagel supplyl circuitl andl (b)l thel
connectionl ofl thel voltagel supplyl to al breadboard.

atl thel output. Inl thel fifthl processl step,l thel rectifiedl
signall isl fedl tol al lowl passl filter.l Thel functionl ofl
thel low-passl filterl isl tol removel thel effectl ofl alias-
ingl highl frequencyl componentsl [12].l Thel filterl atl
thisl stagel isl developedl byl connectingl twol passivel
componentsl -l al 1lµlFl capacitorl andl anl 80.6lklΩl re-
sistorl −l atl thel feedbackl loopl andl anotherl 80.6lklΩl
resistorl tol thel invertingl input.l Thel schematicl ofl thel
lowl passl filterl isl illustratedl inl Figurel 11.

Atl thel finall stage,l thel EMGl signall isl amplifiedl
tol al desirablel detectablel value.l Mostl oftenl thanl
not,l thel EMGl signall generatedl byl thel contractionl
ofl musclesl isl extremelyl weak.l Hence,l anl amplifierl
withl highl gainl isl necessaryl tol increasel thel out-
putl voltagel tol al reasonablel magnitude.l Here,l thel
TL072l op-ampl isl againl employedl forl thisl purpose.l

Fig. 7: (a)l Thel circuitl schematicl ofl thel INA106l
differentiall amplifierl andl (b)l itsl connectionl onl al
virtuall breadboard.

Asl canl bel seenl inl Figurel 12,l al 1lklΩl resistorl andl
al 100lklΩl trimmerl potentiometerl arel connectedl tol
thel invertingl input.l Thel trimmerl potentiometerl isl
usedl tol varyl gainl A3l ofl thel amplifierl [12].l Thel
gainl isl inl directl proportionl withl thel resistancel ofl
thel potentiometer.l Sincel thel circuitl configurationl ofl
thisl amplifierl isl similarl tol thatl inl thel secondl stage,l
gainl A3l canl bel computedl byl dividingl thel valuel ofl
thel feedbackl resistorl withl thel 1lklΩl inputl resistor.

Inl al nutshell,l thel completel EMGl circuitl isl con-
structedl byl combiningl thel circuitl networksl froml
thel firstl stagel tol thel finall stage,l i.e.,l froml Figuresl
7.6 − 7.12.l Figurel l 13l illustratesl thel schematicl ofl

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2021.15.169 Volume 15, 2021

E-ISSN: 1998-4464 1575



Fig. 8: Thel circuitl schematicl ofl thel invertingl ampli-
fier.

thel overalll EMGl circuitl andl itsl components’l con-
nectionsl onl al virtuall breadboard.

C. SIGNALl ANDl DATAl ACQUISITION
Inl orderl tol analyzel thel efficacyl ofl acupuncture,l

thel datal measuredl beforel andl afterl thel treatmentl
isl tol bel storedl andl analyzed.l Thel Arduinol Unol mi-
crocontrollerl actsl likel a circuitl interfacel betweenl thel
EMGl sensorl andl thel displayl (whichl isl al computerl
inl this case).l Thel microcontrollerl recordsl thel EMGl
signall inl digitall forml andl displayl them ontol thel
screen.l Sincel Arduinol Unol canl onlyl supportl analogl
inputl signall rangingl from 0l tol 5V,l carel mustl bel
takenl tol ensurel thatl thel outputl signall amplifiedl atl
thel finall stagel ofl thel EMGl circuitl isl belowl 5V.l Tol
performl datal acquisition,l thel outputl signall froml the
EMGl sensorl isl tol bel connectedl tol thel analogl in-
putl pinl ofl thel Arduinol Unol boardl and thel groundl
wiresl ofl bothl devicesl arel tol bel connectedl together,l
asl shownl inl Figurel 14.

Thel outputl ofl thel Arduinol Unol boardl isl tol bel
connectedl tol thel USBl portl ofl al computer. Oncel
thel hardwarel hasl beenl setl up,l thel Arduinol IDEl isl
launched,l andl thel code forl displayingl thel resultl ofl
thel EMGl signall isl compiledl andl uploadedl tol thel
Arduino Unol board.l Al snapshotl ofl thel codel usedl inl
thisl projectl isl depictedl inl Figurel 15(thel completel
Arduinol codel isl listedl inl thel Appendix).l Inl thel
Arduinol code,l thel analogl inputl pinl Al0l isl usedl tol
receivel thel outputl generatedl byl thel EMGl sensor.

Analog-to-digitall conversionl (ADC)l isl thenl per-
formedl sol thatl thel outputl valuel canl bel expressedl
inl digitall forml Vd.l Arduinol Unol isl equippedl withl al
10l -bitl analogl tol digitall converter.l Thisl meansl thatl
al 0l andl 5l Vl operatingl voltagel returnl thel valuel ofl
0l andl 1023,l respectively.l Inl orderl tol expressl thel
digitall valuel Vdl inl termsl ofl voltagel Vs,l Vdl whichl
accountsl al fractionl ofl thel totall 1023l isl multipliedl
byl 5l V,l i.e.

Vs =
Vd

1023
l × l5l V (5)

Thel voltagel Vsl isl thenl comparedl withl al thresh-
oldl value,l whichl isl setl atl al valuel close tol halfl ofl

Fig. 9: (a)l Thel circuitl schematicl ofl al high-passl
filterl andl (b)l itsl connectionl tol thel differentiall andl
invertingl amplifersl onl al virtuall breadboard.

itsl amplitude,l i.e.,l 2l V.l Ifl thel voltagel valuel ex-
ceedsl thel thresholdl value,l the on-boardl LEDl willl bel
switchedl on,l andl thel ‘CONTRACT!’l messagel willl
appear onl thel seriall monitorl tooll ofl thel Arduinol
IDE.l Onl thel contrary,l ifl valuel Vsl isl equal orl lowerl
thanl thel thresholdl value,l thel on-boardl LEDl willl
bel switchedl offl andl the ‘RELAX!’l messagel willl bel
displayed.l Oncel thel codel isl uploadedl tol thel board,l
the completel systeml isl inl immaculatel readiness.
Beforel startingl thel measurementl process,l itl isl essen-
tiall tol ensurel thatl thel surface electrodesl arel appro-
priatelyl placed.l Oncel thel targetl musclel hasl beenl
identified,l one surfacel electrodel isl tol bel adheredl tol
thel middlel partl ofl thel muscle,l whilel another elec-
trodel isl tol bel adheredl tol thel endl ofl it.l Al thirdl
surfacel electrodel whichl serves asl thel referencel isl tol
bel adheredl tol thel bonyl partl whichl isl inl closel prox-
imityl tol the targetl muscle.l Itl isl tol bel notedl that,l
thel thirdl referencel electrodel mustl bel avoided froml
adheringl tol anyl partsl withl musclesl sincel thisl willl
resultl inl inaccuracyl inl the datal acquiringl process.l

Anl examplel ofl howl thel electrodesl arel adheredl
tol measure thel EMGl signall froml thel bicepl musclel
isl shownl inl Figurel 16.l Figuresl 7.17l andl 7.18l illus-
tratel thel displayl onl thel seriall monitorl andl seriall
plotterl whenl thel bicepl musclel is fixedl andl released.l
Asl canl bel seenl froml thel figures,l thel seriall moni-
torl isl capablel of displayingl thel statusl ofl thel musclel
(i.e.l eitherl contractingl orl relaxing)l andl thel voltagel
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Fig. 10: (a)l Thel circuitl schematicl ofl al fulll wavel
rectiferl andl (b)l itsl connectionl tol the highl passl filterl
andl amplifiersl onl al virtuall breadboard.

valuel ofl thel EMGl signal.l Apartl froml thel displayl
onl thel seriall monitorl andl serial plotter,l thel statusl
ofl thel musclel canl alsol bel observedl froml thel Ar-
duinol Unol board. Asl shownl respectivelyl inl Figuresl
7.19l andl 7.20,l thel on-boardl LEDl willl bel switched
onl whenl thel musclel isl inl contractl conditionl and,l
itl willl bel switchedl offl otherwise.

III. TESTl PROCEDURES

Fourl volunteersl hadl beenl involvedl inl thel
acupuncturel casel study,l withl eachl ofl them sufferingl
froml musclel impairmentl atl differentl partsl ofl thel
bodies.l Thel firstl volunteer sufferedl froml neckl pain,l
thel secondl sufferedl froml calfl musclel crampl duel tol
excessive exercisesl andl thel thirdl andl fourthl sufferedl
froml thighl musclel pain.l Thel patientsl were treatedl
byl anl acupuncturistl whol hasl hadl morel thanl 10l
yearsl ofl clinicall experience. Thel patientsl werel
restedl onl al treatmentl couchl beforel thel acupunctur-
istl startedl carefullyl locatingl thel areasl ofl thel in-
juredl musclesl byl palpation.l Accordingl tol Tsueil [1],
eachl meridianl isl relatedl tol al specificl organ.l Hence,l
oncel thel injuredl areasl werel identified,l thel merid-
iansl thatl wentl throughl thosel areasl werel traced.l
Acupuncturel needles werel subsequentlyl insertedl intol
thel distall acupoints.l Veryl often,l whenl al needlel
was pricked,l thel acupuncturistl wouldl consultl thel pa-
tientsl ifl thel needlingl sensationl could bel felt.l Accord-
ingl tol thel acupuncturist,l oncel thel needlel reachesl itsl
intendedl depth andl dependingl onl thel meridiansl be-

Fig. 11: Thel circuitl schematicl ofl thel lowl passl am-
plifier.

Fig. 12: Thel circuitl schematicl ofl thel invertingl am-
pliferl connectedl tol thel lastl stagel of thel EMGl cir-
cuit.

ingl triggered,l thel patientl shouldl feell eitherl al mild
tinglingl sensationl orl al glitchl ofl electricl sensation.l Ifl
thel sensationl isl notl feltl immediately,l itl isl elicitedl
vial needlel rotation.
Sincel changesl inl thel musclel lengthl andl movementl
mayl easilyl inducel motionl artefact,l thel EMGl activ-
ityl wasl measuredl duringl al 10-second,l sub-maximal,l
isometric contraction.l Thel readingl atl eachl secondl be-
forel andl afterl thel treatmentl wasl recorded. Inl orderl
tol minimizel measurementl errors,l thel EMGl activityl
atl eachl secondl was measuredl twicel andl thel averagel
wasl taken.l Oncel thel entirel therapeuticl processl had
fnished,l thel EMGl signalsl ofl thel firstl threel patientsl
werel measuredl immediately, whilel thel fourthl werel
measuredl 30l minutesl afterward.l Again,l thel EMGl
signall after thel therapyl wasl measuredl atl eachl sec-
ondl forl al consecutivel durationl ofl 10l seconds. Fig-
uresl 21l andl 24l illustratel thel acupuncturel thera-
piesl administeredl onl thel four patients,l whereasl Fig-
uresl 7.25l showsl thel EMGl measurementl processl per-
formedl after thel therapy.l Althoughl thel EMGl activ-
ityl wasl observedl throughoutl thel processl (i.e. before,l
during,l andl afterl thel therapy),l onlyl thel resultsl be-
forel andl afterl thel treatment werel saved,l compiled,l
andl analyzedl (Figuresl 22l andl 23.).
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Fig. 13: (a)l Thel completel circuitl schematicl ofl thel
EMGl sensorl andl (b)l thel connections ofl thel compo-
nentsl onl al virtuall breadboard.

Fig. 14: Connectionl ofl thel EMGl circuitl tol Arduinol
Unol onl al virtuall breadboard.

IV. RESULTSl ANDl DISCUSSION

Figuresl 26−29l andl 30−33l show,l respectively,l thel
EMGl signalsl ofl thel fourl volunteersl beforel andl afterl
thel acupuncturel treatments.l Clearly,l thel signalsl arel
constantlyl fluctuatingl sincel theyl arel highlyl sensitivel
tol electricall noisel -l inl particular,l motionl artefactl
andl thel inherentl instabilityl ofl thel signal.l Hence,l
al variationl withinl ±l15l%l froml itsl averagel valuel
wouldl bel regardedl asl al normalcyl andl wouldl notl
bel consideredl asl thel afterl effectl ofl acupuncture.

Thel averagel EMGl signall beforel thel acupuncturel
treatmentl andl thel signall atl eachl secondl afterl thel
treatmentl forl al durationl ofl 10l secondsl arel depictedl
inl Figuresl 7.34−7.37.l Itl isl tol bel emphasizedl again,l
here,l thatl thel measurementsl forl thel firstl threel vol-
unteersl werel takenl instantlyl afterl thel treatment;l
while,l thatl forl thel lastl volunteerl werel takenl halfl
anl hourl later.l Uponl closel inspectionl onl thel figures,l

Fig. 15: Arduinol codel forl datal acquisition.

Fig. 16: Placementl ofl thel surfacel electrodesl onl thel
bicepl muscle.

itl canl bel observedl thatl thel EMGl signall ofl thel
fourl volunteersl beforel thel acupuncturel treatmentl
arel alll abovel thel 2l Vl threshold,l withl thel thirdl vol-
unteerl havingl thel highestl magnitudel (i.e.l 3.58l Vl )l
andl thel secondl havingl thel lowestl magnitudel (i.e.l
2.56l Vl ).l Thisl isl tol sayl thatl theirl musclesl werel
sufferingl froml contractionsl duel tol injuries,l andl itl isl
veryl likelyl thatl thel thirdl volunteerl hadl thel mostl
severel injury,l whilel thel secondl thel leastl severe.l Itl
canl alsol bel seenl thatl thel posttreatmentl EMGl sig-
nalsl forl thel firstl threel volunteersl resemblel closelyl
thosel beforel thel treatmentsl -l theirl averagel magni-
tudesl afterl thel treatmentsl onlyl vary,l respectively,l
byl 5.97l%, l9.06l%,l andl 4.55l%l comparedl tol thel pre-
treatments.l Althoughl thel posttreatmentl signalsl forl
thel secondl andl thirdl volunteersl evincel slightl reduc-
tions,l thel discrepanciesl arel stilll withinl thel 15l%l
range.l Hence,l thel differencesl arel veryl likelyl al re-
sultl ofl electricall noisel couplingl effects.l

Onl thel otherl hand,l thel averagel postl treat-
mentl magnitudel forl thel fourthl volunteerl dropsl byl

INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING 
DOI: 10.46300/9106.2021.15.169 Volume 15, 2021

E-ISSN: 1998-4464 1578



Fig. 17: Thel voltagel valuesl generatedl duringl musclel
contractionl andl thel statusl ofl the musclesl arel dis-
playedl onl thel seriall monitorl ofl thel Arduinol IDE.

Fig. 18: EMGl signall generatedl byl musclel contrac-
tionl isl displayedl onl thel seriall plotter ofl thel Arduinol
IDE.

26.25l%l.l Thel reductionl ratel isl conspicuousl andl
couldl bel easilyl observedl froml paperl Figurel 37l.l De-
spitel remainingl abovel thel threshold,l itl isl apparentl
thatl thel musclesl ofl thel fourthl volunteerl havel man-
ifestedl signsl ofl relaxationl afterl thel treatment.l Thel
observationl suggestsl stronglyl thatl acupuncturel doesl
providel effectivel medicationl tol thel patients.l Thel ef-
fectl ofl thel treatment,l however,l mayl notl bel immedi-
atel andl may,l inl fact,l onlyl slowlyl butl progressivelyl
become noticeable.

V. HYPOTHESIS

Accordingl tol [15 − 18],l morel thanl 90l%l ofl thel
skinl pointsl whichl arel ofl particularlyl highl conduc-
tivityl coincidel withl thel acupoints.l Al generall conjec-
turel forl thisl phenomenonl isl thatl thel waterl clustersl
inl thel meridiansl conductl betterl thanl proteinsl [2].l
Solutionsl whichl containl thesel waterl clustersl werel
foundl tol havel anl electromotivel forcel (emf)l inl thel
rangel ofl 10− 100lmV[19− 23]l and,l inl fact,l thel emfl
atl thel acupointsl isl higherl byl thel orderl ofl 10lmVl
inl comparisonl withl thel neighboringl skinl [2].l Hence,l

Fig. 19: Thel on-boardl LEDl willl bel switchedl onl
whenl thel musclel contracts.

Fig. 20: Thel on-boardl LEDl willl bel switchedl offl
whenl thel musclel relaxes.

electromagneticl wavesl travell fasterl throughl meridi-
ansl thanl throughl nonmeridianl tissuel [15].l Thel as-
sertl givenl byl [15]l isl corroboratedl byl thel findingsl
inl [24-26]l whichl demonstratedl thatl meridiansl arel
goodl pathsl forl electricl current.

Now,l ifl onel hypothesizesl thel entirel meridianl sys-
teml tol operatel likel anl electricl circuitl network,l thenl
onel canl thinkl ofl thel injuredl partsl asl thosel re-
latedl tol thel meridiansl wherel thel conductivitiesl havel
dropped.l Thisl isl tol sayl thatl anl anomalyl hasl oc-
curredl tol thel waterl clustersl inl thosel meridians,l re-
sultingl inl anl unusuall increasel inl resistance.l Thel
highl resistancel hampersl thel propagationl ofl thel po-
larizedl qli.l Whenl thel improperl distributionl ofl thel
electronsl (duel tol thel unregulatedl qli)l exceedsl thel
intrinsicl tolerancel ofl al humanl body,l onel startsl tol
feell uncomfortablel orl illl [27].l Tol allowl sufficientl
amountl ofl qlil tol flowl through,l itl isl apparentl thatl
alternatel pathsl withl muchl lowerl resistancel arel re-
quired.l Mostl acupuncturel needlesl arel madel ofl stain-
lessl steel;l whilel somel arel madel ofl silverl -l bothl
ofl whichl arel highlyl conductingl materials.l Insert-
ingl thel acupuncturel needlesl tol thel acupointsl canl
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Fig. 21: Acupuncturel isl administeredl onl thel firstl
volunteerl tol remedyl hisl neckl pain.

Fig. 22: Acupuncturel isl administeredl onl thel secondl
volunteerl tol remedyl hisl calf musclel cramp.

bel conceivedl asl connectingl parallell wiresl betweenl
thel nodesl withl highl resistance.l Al short-circuitedl
pathl isl thereforel createdl atl thel abnormall meridi-
ans.l Physically,l thisl actuallyl meansl thatl thel needlesl
arel changingl thel constitutivel propertiesl ofl thel bodyl
[28,29]l withinl thel regionl ofl thel abnormall meridi-
ans.l Inl otherl words,l notl onlyl thel conductivityl butl
thel permeabilityl andl permittivityl whichl dictates,l re-
spectively,l thel magneticl andl electricl fieldl densitiesl
atl thel meridiansl willl bel alteredl asl well.l Itl isl tol
bel noted,l however,l thatl thisl changel isl physiologi-
call andl thereforel thel pacel mayl bel ratherl gradual.l
Oncel thel constitutivel propertiesl ofl thel meridiansl
startl tol returnl tol theirl healthyl values,l albeitl notl
yetl fullyl restored,l thel flowl ofl qlil wouldl thenl bel
unclogged,l andl thel imbalancesl inl qlil arel regulated.l
Thel hypothesisl isl inl congruencel withl thel resultsl ob-
servedl inl thel casel studyl conductedl inl thisl work.l Itl
isl thereforel safel tol assertl thatl acupuncturel indeedl
providesl curativel efficacy,l althoughl thel effectl isl notl

Fig. 23: Acupuncturel isl administeredl onl thel thirdl
volunteerl tol remedyl hisl thighl musclel impairment.

Fig. 24: Acupuncturel isl administeredl onl thel fourthl
volunteerl tol remedyl hisl thigh musclel impairment.

immediate.

VI. Conclusion

Inl thisl paper,l thel efficacyl ofl acupuncturel ther-
apyl hasl beenl investigated.l Anl EMG sensorl wasl
builtl tol assessl thel effectl ofl thel acupuncturel treat-
ment.l Thel sensorl consistsl ofl electrodes,l amplifiers,l
filters,l andl al rectifier.l Tol detectl thel musclel activ-
ity,l the electrodesl ofl thel sensorl werel adheredl tol thel
skinl ofl thel volunteers.l Thel outputl signal ofl thel sen-
sorl subsequentlyl wentl throughl anl ADCl processl andl
wasl finallyl displayed atl thel seriall monitorl andl thel
seriall plot.l Thel measurementl resultsl indicatel thatl by
helpingl tol regulatel thel imbalancesl inl qi,l acupunc-
turel producesl remedyl effectl tol the patients.l Thel
effectl is,l however,l notl immediatelyl evident.l Hence,l
thel patientsl may onlyl feell thel remedyl effectl slowlyl
butl progressively.

Appendix

int arduinoLED = 13 ;
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Fig. 25: Thel EMGl readingsl arel acquiredl afterl thel
acupuncturel treatment.

Fig. 26: Thel EMGl signall ofl thel frstl volunteerl be-
forel thel acupuncturel treatment.

// Control the LED on the pin 13 o f
Arduino
int thresho ldValue = 2 . 5 ;
// Set a t h r e s ho l d va lue
void setup ( ) {
S e r i a l . begin ( 9600 ) ;
// I n i t i a l i z e s e r i a l communication at 9600
b i t s per second
pinMode ( arduinoLED , OUTPUT) ;
// Set the connected pin 13 as an
output
}
void loop ( ) {
// Receive the output va lue from
// the EMG sensor and transmit
to analog input A0
int sensorValue = analogRead (A0 ) ;
f loat vo l tage = sensorValue ∗ ( 5 . 0 / 1 0 2 3 . 0 ) ;
//Convert the va lue rece i v ed to vo l t a g e
S e r i a l . p r i n t ( vo l t age ) ;
//Disp lay vo l t a g e va lue
i f ( vo l t age > thresho ldValue ){
//Trigger t h i s when vo l t a g e
// va lue i s l a r g e r than the t h r e s ho l d
// va lue
S e r i a l . p r i n t l n ( CONTRACT ! ) ;
//Disp lay s t r i n g

Fig. 27: Thel EMGl signall ofl thel secondl volunteerl
beforel thel acupuncturel treatment.

Fig. 28: Thel EMGl signall ofl thel thirdl volunteerl
beforel thel acupuncturel treatment.

d i g i t a lWr i t e ( onboardLED , HIGH) ;
//Turn on LED
} else {
//Trigger t h i s when vo l t a g e
// va lue i s lower than the
// t h r e s ho l d va lue
S e r i a l . p r i n t l n ( RELAX ! ) ; //Dis lpay s t r i n g
d i g i t a lWr i t e ( onboardLED , LOW) ; //Turn o f f LED
}
delay (100)
//Apply de lay f o r
// the data a c q u i s i t i o n
}
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Fig. 29: Thel EMGl signall ofl thel fourthl volunteerl
beforel thel acupuncturel treatment.

Fig. 30: Thel EMGl signall ofl thel firstl volunteerl afterl
thel acupuncturel treatment.

Fig. 31: Thel EMGl signall ofl thel secondl volunteerl
afterl thel acupuncturel treatment.

Fig. 32: Thel EMGl signall ofl thel thirdl volunteerl
afterl thel acupuncturel treatment.

Fig. 33: Thel EMGl signall ofl thel fourthl volunteerl
afterl thel acupuncturel treatment.

Fig. 34: Comparisonl ofl thel EMGl signall ofl thel firstl
volunteerl beforel andl afterl the acupuncturel treatment.
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Fig. 35: Comparisonl ofl thel EMGl signall ofl thel sec-
ondl volunteerl beforel andl afterl the acupuncturel treat-
ment.

Fig. 36: Comparisonl ofl thel EMGl signall ofl thel thirdl
volunteerl beforel andl afterl the acupuncturel treatment.

Fig. 37: Comparisonl ofl thel EMGl signall ofl thel
fourthl volunteerl beforel andl afterl the acupuncturel
treatment.
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