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Abstract

Neuromuscular  stimulator  embedded with a  massager  is  a  novel  device  combining Neuromuscular  stimulation and mas-

sage. It is a revolutionary approach to muscle recovery and relaxation. This innovative device integrates a neuromuscular sti-

mulator with a massager, providing a comprehensive solution for muscle recovery, relaxation and overall well-being. The de-

vice utilizes electrical impulses to stimulate muscle contractions, while simultaneously employing mechanical vibrations to

massage the muscles. This dual-action approach enhances muscle recovery, reduces muscle soreness and promotes relaxa-

tion.  The  Neuromuscular  Stimulator  embedded with  massager  was  designed with  microcontroller  to  activate  stimulation

and massaging at different state control buttons. The key features of this device include neuromuscular stimulation where

electrical  impulses stimulate muscle contractions,  improving muscle strength and tone,  Massage where mechanical  vibra-

tions relax muscles, improve circulation and reduce muscle tension. Customizable settings where adjustable intensity, fre-

quency and duration allow for personalized treatment. Portable and user-friendly, its compact design and intuitive interface

enable easy use at home or on-the-go.
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Introduction

When  nerves  and  muscles  are  stimulated  using

neuromuscular  electrical  stimulator  (NMES),  a  therapeutic

response is  prompted.  This can be very useful  in the treat-

ment  of  urinary  stress  incontinence,  passive  fecal  inconti-

nence, urge fecal incontinence, and unstable bladder. To ad-

vance  pelvic  floor  muscles,  it  is  recommended  that  NMES

should be paired with biofeedback, pelvic floor muscle exer-

cises, bladder drills, and medications to treat detrusor hypo-

and hyperactivity. Physiology, motor rehabilitation, and car-

diovascular conditioning are some of the fields of study that

can benefit from neuromuscular electrical stimulation [1-4].

To assess muscle damage, electromyogram signals are regu-

larly used. Also, they can be utilized in biofeedback training

systems  [5].  A  testing  tool  known  as  oscilloscope  can  be

used to examine and record muscle potentials.  To monitor

its  electrical  activity,  electrodes  can  be  inserted  in  skeletal

muscles. This is possible because the human body is essen-

tially a machine designed to function on bioelectric princi-

ples, particularly in the nerve endings found in cell-based tis-

sue [6]. Consequently, various sensitive techniques, such as

recognized  electrophysiological  electromyography  (EMG)

techniques for the diagnosis of neuromuscular diseases, are

used  to  detect  and  measure  neuro-fibre  activity  [7].  Elec-

tromyogram is a measurement tool that categorizes the inva-

sive insertion of electrodes or conductive materials into the

muscle both qualitatively and statistically (EMG). The cells

that  signal  the  neurological  system  are  called  neurons  or

nerve cells.  These cells  play a  role  in the production of  ac-

tion  potentials  and  the  movement  of  nerve  impulses  all

along  the  body's  length.  Nerve  cells  are  assumed  to  be  the

oldest  and longest  cells  in  the  human body.  Non-neuronal

cells  in the human brain,  known as  glial  cells,  support  and

shield these nerve cells. A massager, a hand-held device, vi-

brates the skin's surface. It is this vibration that is often used

to promote relaxation and reduce physical tension. Most de-

vices  on  the  market  are  either  mains-  or  battery-powered.

For the purposes of this research, a neuromuscular stimula-

tor with a massager combining both stimulation and vibra-

tion to boost  relaxation and ease aches and pains has been

put  together.  Transcutaneous  electrical  nerve  stimulator

(TENS),  the  most  common  non-invasive  pain  treatment

used in busy medical  institutions,  has received praise from

physiotherapists, nurses, and physicians for how simple it is

to use [8]. TENS has been used by most non-clinical sympto-

matic  people  to  treat  osteoarthritis  and  manage  symptoms

of  non-specific,  acute,  and  chronic  pain  [9].  TENS  is  a

painkiller used as well to ease the discomfort caused by neo-

plasms and non-union bone fractures. TENS is supposed to

have antiemetic and tissue repair-promoting characteristics.

Basically, the working principle of the device is intended to

have dual  effects  on patients:  electrical  impulses capable of

preventing  pain  signals  from  reaching  the  spinal  cord  and

brain,  as  well  as  potential  pituitary  gland  stimulation  that

might  result  in  the  production  of  endorphins.  Solutions

based  on  innovative  strategies  that  take  advantage  of  cur-

rent  advancements  in  science  and  technology  are  required

to meet the new standards. Smart systems using recent de-

velopments  in  technology,  gadgets,  design  methodologies,

communication, and signal processing, will be critical in the

future in this context. Smart systems and devices offer crea-

tive opportunities for products with superior features, such

as a high level of quality and reliability, excellent static and

dynamic  performance,  ease  of  handling  and  maintenance,

and low costs, through technological measures of miniatur-

ization and integration and implementation of efficient sig-

nal processing algorithms in embedded circuits as well as by

networking devices. Signal processing is being moved away

from  the  upper  system  and  into  distributed  smart  systems

with  more  functionality  and  higher  quality  and  reliability

owing  to  low-cost  analog-to-digital  converters.  Signals  can

be  sent  by  means  of  communication  technologies  without

markedly  losing  precision,  regardless  of  the  distance  be-

tween the various components. Different digital signal pro-

cessing facilities use fresh strategies to boost the qualities of

their  products.  Different kinds of  systems made up of  sen-

sors,  actuators,  a  network,  and a signal  processing unit  fall

under  the  umbrella  term  "smart  system."  Humans  can  be

used as a model for smart systems in various ways. His facul-

ties  are  sensors  while  Actuators  are  his  muscles.  His  brain

serves as the central signal processing unit, while his nerves

serve  as  a  network  for  communication.  Locally  embedded

analog or digital signal processing is the primary characteris-

tic  of  a  smart  system that  sets  it  apart  from others.  Several

applications,  such  as  robotics,  the  auto  industry,  smart

homes,  or generally mobile applications,  have severe limits

for  weight  or  dimension,  requiring  increased  miniaturiza-
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tion  of  smart  systems.  Smart  systems  that  utilize  gadgets,

cutting-edge manufacturing techniques, and signal process-

ing algorithms, whether dispersed or compact, offer poten-

tial technical solutions that considerably increase the quali-

ty,  dependability,  and  economic  effectiveness  of  technical

products.

literature Review

The  design  of  the  stimulator  is  essential  to  pro-

duce  small,  low-power,  and  secure  TENS.  Numerous  re-

searchers have created small, low-power stimulators for a va-

riety of applications. For implanted nerve stimulators, a cur-

rent mirror circuit was frequently used [10-13]. It was easy

to  use,  trustworthy,  and  small  enough  to  be  inserted  into

the nerve. This method only functions with low impedance

since  output  voltage  is  constrained  by  input  voltage.  Hu-

man finger and body skin can have an impedance of up to 1

M  when  it  is  dry  [14].  The  strength  and  duration  (SD)

curve, a graph connecting the current intensity and the dura-

tion time it must flow to be active the neuron, states that the

nerve is stimulated when the current intensity and duration

time  exceed  that  value  [15].  The  SD  curve  indicates  that  a

high  voltage  stimulator  is  required  to  activate  the  nerve

from  the  transdermal  due  to  the  high  impedance.  [15]  ex-

amined the features of the SD curve and proposed a unipo-

lar high voltage (> 300 V) capacitive discharge. The creation

of  a  defibrillator  that  requires  a  high  voltage  of  more  than

300 volts will be aided by the findings of this study. On the

other  side,  the  high  voltage  can  lead  to  electroporation,

which might damage the cell [16]. Electroporation is a tech-

nique used in genetic engineering to introduce a substance

that  alters  a  small  portion of  coding deoxyribonucleic  acid

into a cell (DNA). Output voltages more than 300V must be

avoided for electrical safety. An opto-isolated circuit was de-

signed by [17] to protect the human body from the ground

loop  problem.  [17]  This  technology's  set  output  power

makes high voltage output challenging to implement, which

is one drawback. It is therefore not a suitable method for se-

curing a transcutaneous stimulator to the epidermis.

A piece of clothing with integrated thermotherapy

and a TENS unit was developed by [18] to help with uncom-

fortable menstruation. The study tried to use smart clothing

to lessen uncomfortable menstruation, which keeps women

from engaging in many social activities. The TENS device is

designed  as  a  belly  band,  making  it  invisible  to  onlookers

when  worn  under  outerwear.  The  size  has  been  reduced,

and it is connected to underwear for easy use anywhere and

anytime.  The  limitation  in  minimization  is  the  current  is-

sue,  but  as  battery  technology  develops,  we  may anticipate

far smaller goods in the future [18].

[19] described the layout and operation of a wire-

less  wearable  therapeutic  device  for  pressure  ulcer  preven-

tion. [20] claim that to create a pain treatment system with

embroidered  electrodes,  technical  improvement  was  not

enough;  it  was  also  important  to  understand  the  problems

that users of conventional TENS devices face. A user-friend-

ly,  textile-based  electronic  pain  management  device  that

may be used to treat common pain areas including the knee,

elbow,  and  neck  is  the  suggested  product  [20].  A  smart

glove made of e-fabric containing textile electrodes was de-

veloped  by  [21].  To  connect  to  one  end  of  a  transmission

line,  use  the  conductive  clip  on  one  side  of  the  electrodes

[21].  There are several  different types of electrodes used in

electrotherapy, including metal, silicone, self-adhesive, spe-

cial purpose, and textile electrodes [22]. To provide the high-

est level of patient safety, metal electrodes—thin tin or alu-

minum plates—are used in conjunction with viscose pouch-

es and elastic bands. The excellent conductivity of these met-

als  makes  them  very  popular  [22].  Silicone  electrodes  are

made of silicone-protected carbon rubber or silicone-coated

conductive silicone. Even when used frequently, they can be

sanitized  and have  a  long  lifespan.  For  the  best  alignment,

they need additional features like a viscose bag and an elas-

tic  belt  because  they  don't  have  a  layer  that  adheres  to  the

skin  [22].  These  are  used  to  electro  stimulate  the  hands,

feet,  elbows,  knees,  and  other  joints.  A  piece  of  clothing

with integrated thermotherapy and a TENS unit was creat-

ed by [23] to assist ladies who have uncomfortable menstru-

ation.  The  study  tried  to  use  smart  clothing  as  a  way  to

lessen  uncomfortable  menstruation,  which  keeps  women

from engaging in many social activities. The TENS device is

designed  as  a  belly  band,  making  it  invisible  to  onlookers

when  worn  under  outerwear.  The  size  has  been  reduced,

and it is connected to underwear for easy use anywhere and

anytime.  The  limitation  in  minimization  is  the  current  is-

sue,  but  as  battery  technology  develops,  we  may anticipate

far smaller goods in the future [18] Transcutaneous superfi-
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cial electrical stimulation is used to treat muscular atrophy,

muscle strength training, endurance training, pain manage-

ment, functional movement therapy, and the restoration of

motor function (TES). Using multichannel stimulation, the

Keller  team developed a  novel  TES method that  allows for

real-time spatial and temporal variations in electric current

density  on  the  skin's  surface  and  deeper  tissue  layers.  The

described method can produce improved muscle selectivity

and increased muscle activation patterns when compared to

cutting-edge TES systems that work with fixed electrode lo-

cations.  According  to  the  study,  it  might  provide  strong

enough  wrist  and  finger  straightening  motions  in  post-

stroke  patients  to  offset  flexion  hyperactivity  (Keller  et  al.,

2006) [32].

Materials and Methods

Materials

Materials used for designing a smart neuromuscu-

lar  stimulator  embedded  with  a  massager  are  divided  into

hardware  component  and  software  components  presented

in Table 3.1 are the hardware components used.

Table 1: Materials used to develop a smart neuromuscular stimulator embedded with a massager

S/N Material Quantity Specification Reason for Choice

Microcontroller 1 Arduino Nano Compact size, low power consumption,
supports Bluetooth control.

Electrodes 2pairs Reusable, conductive gel,
50x50 mm

Ensures effective electrical stimulation
with user comfort.

Massage
Motor(Vibration) 1 3V-6V DC, 12000 RPM Provides adjustable vibration for a

massaging effect.

Transformer 1 12V To help convert DC back to an AC-like
waveform

Transistor 1 MOSFET To direct the DC current to the
secondary side of the transformer

Relay 4 DC Coil Voltage To control current flow

Pulse Generator IC 1 NE555 Timer IC Controls frequency and pulse duration
of stimulation.

Liquid CrystalDisplay 1 100mA, 5V Displays state of the system

Li-Ion Battery 1 9V, 2000mAh Lightweight, ensuring portability and
longevity.

Voltage Regulator 1 5V/3.3V output, LM7805 Stabilizes voltage to protect components
from damage.

Electrode Wires 4 Silicone coated, flexible Durable and flexible, ensuring comfort
and conductivity.

Enclosure (Casing) 1 ABS plastic,100x60x30
mm

Lightweight, durable, ensures electrical
safety and aesthetics.

Buttons / Rotary Knob 2 Tactile Switch/Encoder
knob

For easy mode selection, intensity, and
massage control.

Resistors 4 Various values (1kΩ,
10μF)

Stabilizes and fine-tunes the circuit
operation.

Capacitor 3 1000Uf/50v, 22pf For filtration of crystal and voltage
ripple.

Silicone Pad Cover 2 Soft silicone,
hypoallergenic

Increases user comfort and prevents
skin irritation.
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Software components

The software component of the neuromuscular sti-

mulator  embedded  with  a  massager  plays  a  pivotal  role  in

coordinating  the  operation  of  the  device.  Developed  using

the  Arduino  Integrated  Development  Environment  (IDE),

the control logic was implemented in Arduino's proprietary

ino  format,  which  is  based  on  C/C++  programming.  This

software governs how the microcontroller interacts with the

hardware  components  to  deliver  electrical  stimulation  and

activate  the  massaging function.  It  is  a  carefully  structured

control  algorithm  that  modulates  pulse  width,  frequency,

and intensity of the electrical stimulation signals sent to the

targeted neuromuscular areas.  This is  achieved by defining

specific timing routines that control the high and low states

of  digital  output  pins,  ensuring  that  pulses  are  delivered

with precise intervals and durations. The massage function

is  also  software-controlled,  with  the  microcontroller  pro-

grammed to trigger the vibration motor in timed bursts, si-

mulating therapeutic massage cycles. This dual functionali-

ty allows the system to operate in different modes (stimula-

tion-only  or  massage-only).  User  interaction  is  facilitated

through  a  basic  interface,  like  push  buttons  and  indicator

LEDs, through an LCD display. This interface provides feed-

back on current operation modes, pulse settings, and thera-

py durations, enhancing usability. The software ensures that

stimulation parameters remain within safe physiological lim-

its by embedding logic checks that prevent excessive voltage

or current delivery, thereby safeguarding users against unin-

tended harm.

Methods

The device is designed, fabricated according to de-

sign  specifications,  and  tested  for  functionality.  The  meth-

ods employed include.

System Block Diagram

The  block  flow  diagram  for  the  designed  smart

neuromuscular stimulator embedded with a massager is pre-

sented in Figure 1.

Figure 1: Block flow diagram for the designed smart neuromuscular stimulator embedded with a massager

At the center of  the system is  the microcontroller

unit (MCU), which serves as the brain of the device. It is re-

sponsible  for  controlling  the  flow  of  operations  based  on

the programmed instructions. The microcontroller receives

input from the user interface, which may include push but-

tons, switches, or a rotary encoder, enabling the user to se-

lect  therapy  modes,  adjust  stimulation  intensity,  and  con-

trol massage timing. Simultaneously, the microcontroller al-

so controls the massage module,  which consists of a vibra-

tion motor or similar actuator. The motor is activated in cy-

cles depending on the selected massage mode. This dual op-

eration  allows  the  system  to  function  in  stimulation-only,

massage-only, or combined mode, depending on the thera-

py  required.  The  control  of  both  subsystems  is

synchronized in software to ensure smooth operation with-

out  interference  or  conflict  between  the  stimulation  and
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massage routines. The entire system is powered by a regulat-

ed  power  supply  unit,  which  ensures  that  the  microcon-

troller and all peripheral components receive stable voltage

and  current  required  for  reliable  operation.  Proper  power

management also protects sensitive electronics and the user

from power surges or irregularities.

Algorithm Flowchart

The  algorithm  flowchart  of  the  designed  smart

neuromuscular stimulator embedded with a massager is pre-

sented in Figure 2.

Figure 2: Algorithm flowchart of the designed smart neuromuscular stimulator embedded with a massager

To  aid  in  the  design  and  validation  of  the  circuit

components, the Proteus simulation environment was util-

ized during the development phase. Proteus simulator pro-

vided a virtual platform for building, analyzing, and testing

the electrical connections and logical behavior of the neuro-

muscular  stimulator  embedded  with  a  massager.  Before

physical implementation, each part of the circuit, including

the  microcontroller  interfacing,  pulse  generation  module,

massage  actuator  driver,  and  power  supply  network,  was

modeled  and  simulated  to  ensure  functional  accuracy  and

to minimize design errors. The simulation allowed for real--

time visualization of signal flow, voltage levels, and compo-

nent interaction under various conditions.

Assemblage of the component

The system assemblage begins with the integration

of  a  12V  DC  power  adapter,  which  serves  as  the  primary

source of electrical energy for the entire neuromuscular sti-

mulator embedded with a massager. Upon entering the cir-

cuit,  this  voltage  is  first  conditioned using  filtering  capaci-

tors  to  remove  any  ripples  or  noise,  thereby  ensuring  a

smooth and stable power supply. A voltage regulator is em-

ployed  to  step  down  the  12V  to  5V,  which  is  essential  for

powering the low-voltage components such as the Arduino

Nano microcontroller, the LCD, and other circuitry control.

The higher 12V line, however, is retained and directly used

to  drive  components  like  the  relay  modules  and the  vibra-
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tion  motor,  which  require  more  current  than  what  the  5V

rail  can supply.  At  the  core  of  the  system lies  the  Arduino

Nano, programmed using the Arduino IDE with embedded

logic  that  determines  the  device's  operational  behavior.

Once powered, the Arduino interprets user inputs collected

via  push  buttons  and  translates  them  into  control  signals

that  determine  whether  the  massage,  stimulation,  or  com-

bined mode is activated. Visual feedback to the user is pro-

vided  through  an  LCD  display  that  shows  the  selected

mode,  intensity  levels,  and  operational  time.

Figure 3: Circuit diagram of the designed smart neuromuscular stimulator embedded with a massager

Control  signals  from  the  Arduino  are  directed  to

switching transistors or driver circuits that energize specific

relays. These relays act as the bridge between the low-power

logic level of the microcontroller and the high-power actua-

tion  required  by  the  massager  and  stimulator  circuits.

When the relay connected to the massager is activated, it al-

lows 12V to flow to the vibration motor, producing the mas-

sage  effect.  Similarly,  when stimulation is  selected,  the  mi-

crocontroller triggers a pulse-generation routine. The result-

ing electrical pulses, modulated in terms of frequency, ampl-

itude,  and  duration,  are  shaped  and  directed  to  the  elec-

trodes  through  a  signal  conditioning  stage.  These  elec-

trodes, applied to the user’s skin, deliver the therapeutic sti-

mulation by inducing controlled muscle contractions. Both

massage  and  stimulation  functions  are  governed  by

synchronized  timing  routines  coded  into  the  microcon-

troller to ensure there is no interference or overlap. The en-

tire setup, including the microcontroller, relays, capacitors,

buttons, LCD, and power circuitry, is neatly housed within

a  protective  enclosure.  This  enclosure  not  only  shields  the

internal  components  from  external  damage  and  environ-

mental factors but also presents a clean interface to the user,

with access to controls and visible display output.

Results and Discussion

The  designed  smart  neuromuscular  stimulator

with a massager was assembled and tested for functionality.
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Plate  1  and  2  shows  components  assembled  on  the  Vero board and after installation.

Plate 1: shows components assembled on the vero board before installation

Plate 2: shows complete component installation

Plate 3: Electrodes of the designed smart neuromuscular stimulator

The  designed  smart  neuromuscular  stimulator embedded  with  massager  on  stimulation  mode  (level  4)  is

represented in Plate 4.
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Plate 4: Designed smart neuromuscular stimulator embedded with massager on stimulation mode (level 4)

The  designed  smart  neuromuscular  stimulator embedded with massager on massage mode (100%) is repre-

sented in Plate 5.

Plate 5: Designed smart neuromuscular stimulator embedded with massager on massage mode (100%)

Functionality  results  of  the  designed  smart  neuro-
muscular stimulator embedded with a massager

To validate the electrical characteristics of the de-

signed  neuromuscular  stimulator  embedded  with  a  mas-

sager,  a  digital  multimeter  (Fluke  87V)  was  employed  to

measure the output voltage and pulse frequency of the stim-

ulator  and  massager.  The  goal  of  this  test  was  to  measure

the output voltage and current across the output terminals

where the stimulator signal is applied and to ensure that the

vibration  motor  receives  the  appropriate  voltage  based  on

the selected user intensity levels and that it activates reliably

in accordance with the control signals issued by the micro-

controller.

Table 2: Result showing the output pulse amplitude and pulse frequency of the designed Neuromuscular Stimulator

User Intensity Level Output Pulse Amplitude (V) Pulse Frequency (Hz)

1 15 10

2 22 20

3 34 35

4 49 50
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Figure 4: Output pulse amplitude vs user intensity level on stimulator

Figure 5: Pulse Frequency (Hz) vs user intensity level on stimulator

Figure 6: Pulse Frequency (Hz) vs output pulse amplitude on stimulator

The  graph  of  user-selected  intensity  level  against

output pulse amplitude and frequency shows a direct corre-

lation. As the user increases the stimulation level via the in-

terface, the microcontroller adjusts the signal properties ac-

cordingly.  This  progressive rise in both amplitude and fre-

quency  ensures  adaptable  therapy  tailored  to  individual

needs and comfort. It also demonstrates the reliability of the

microcontroller’s  PWM  logic  and  relay  triggering  mech-
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anism  in  scaling  the  stimulator’s  output  based  on  pro- grammed  thresholds.

Table 3: Result showing the voltage output to the massager motor at various intensity levels

User Intensity Level (%) Measured voltage (VDC) Pulse Frequency (Hz)

25 3.2 Low

50 5.0 Moderate

75 7.2 High

100 9.1 Very High

Bill of Engineering Measurement and Evaluation of
the  designed  smart  neuromuscular  stimulator
embedded  with  a  massager

The costing of all the materials used in the develop-

ment  of  the  smart  neuromuscular  stimulator  embedded

with  a  massager  is  reviewed  in  Table  4.

Table 4: System Cost Evaluation of the smart neuromuscular stimulator embedded with a massager

S/N Material Quantity Unit Cost (₦) Total Cost (₦)

Microcontroller 1 15,000 15,000

Electrodes 2pairs 20,000 20,000

Massage Motor (Vibration) 1 9,500 9,500

Transformer 1 4,500 4,500

Transistor 1 500 500

Relay 4 1,000 4,000

Pulse Generator IC 1 1,000 1,000

Liquid Crystal Display 1 10,000 10,000

Voltage Regulator 1 1,500 1,500

Enclosure (Casing) 1 10,000 10,000

Buttons / Rotary Knob 3 1,000 3,000

Resistors 4 500 2,000

Capacitor 3 600 1,800

Silicone Pad Cover 2 20,000

Power Adapter (12V DC) 1 14,500 14,500

PCB/ Vero Board 1 3,000 3,000

Proteus simulator software 10,000

Logistics/waybill 10,000

Miscellaneous 10,000

TOTAL 150,300
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Figure 7: Measured voltage vs user intensity level on massager at different user intensity level

Discussion

The design and fabrication of a smart neuromuscu-

lar stimulator embedded with a massager represents a signif-

icant  advancement  in  personalized,  non-invasive  therapy

systems, especially in rehabilitation and physiotherapy. This

design integrates two core functionalities of electrical mus-

cle stimulation and vibratory massage, into a compact, pro-

grammable system controlled via a microcontroller. Unlike

traditional TENS (Transcutaneous Electrical Nerve Stimula-

tion)  or  EMS  (Electrical  Muscle  Stimulation)  devices,  this

project not only focuses on therapeutic stimulation but en-

hances user comfort and effectiveness by combining it with

massage  therapy.  This  dual  mechanism is  an  advancement

on the design by Ashok, (2018) who designed and fabricat-

ed an electronic muscle stimulator by utilizing IC7555 and

NE555 timer ICs to generate and control stimulation pulses.

Rather than relying solely on analog ICs for timing and stim-

ulation,  the  present  design  employs  a  microcontroller  that

not  only  generates  programmable  pulses  with  variable  fre-

quency and amplitude but  also controls  additional  therapy

features like vibration massage, thereby aligning with mod-

ern rehabilitation needs and user-centered therapy applica-

tions.

From  the  hardware  architecture  to  the  software

control, every component has been carefully selected to re-

flect cost-effectiveness without compromising functionality.

The microcontroller serves as the central control unit, inter-

preting user inputs and regulating output pulse characteris-

tics  such  as  frequency,  amplitude,  and  duration.  Its  ability

to synchronize the operation of both the stimulator and the

massager ensures a smooth therapeutic cycle, minimizing in-

terference  while  maximizing  therapeutic  outcomes.  Unlike

conventional designs where electrical stimulation and mas-

sagers  are  stand-alone  devices,  as  shown  the  design  from

Nwobodo et al., (2023) and Ashok, (2018), this project con-

solidates both functionalities, reducing the bulk and cost of

therapy  equipment,  making  it  more  accessible  to  low-re-

source clinics and home users. A notable innovation in this

work is the incorporation of a reverse-function transformer.

Conventionally,  transformers  in  biomedical  devices  are

used for stepping down voltage and isolating current. How-

ever,  in  this  design,  the  transformer  is  tactically  employed
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in a reversed configuration to convert the regulated DC volt-

age back into AC signals. This is essential for mimicking the

AC-like waveform required for muscle contraction. Such an

approach bridges the limitation often encountered in micro-

controller-based systems that operate on low voltage DC, of-

fering a unique solution to generating physiologically effec-

tive stimulation currents.

Compared to previous publications, such as those

focusing  solely  on  TENS  devices  or  standalone  massage

tools,  this  design stands out due to its  integrative and pro-

grammable  nature.  Yalçinkaya,  (2014),  carried  out  a  study

on  design  of  an  embedded  spinal  cord  stimulator,  and  fo-

cused  more  on  analog  circuit  implementations  or  single--

function therapy devices, often lacking the flexibility or user

control  embedded  in  this  work.  For  example,  Wang  et  al.,

(2010) carried out a design for EMS devices using fixed resis-

tive  circuits  for  pulse  delivery,  with  limited  user  interface

and no feedback mechanism. By contrast, this device allows

users  to  adjust  intensity,  monitor  the  system  status  on  an

LCD, and switch between therapy modes, providing an en-

riched  and  personalized  treatment  experience.  The  use  of

Proteus  for  circuit  simulation and testing prior  to  physical

implementation adds reliability to the system. This not only

ensures that errors are detected early but also allows for per-

formance  optimization  before  investing  in  components.

Software simulation reduces costs,  speeds up development,

and increases the confidence level of the final implementa-

tion.  In addition,  the  software  part  coded in Arduino INO

provides the system with intelligent control and reusability.

The  firmware  is  structured  to  handle  multiple  user  inputs,

deliver responsive feedback via an LCD interface, and allow

flexible operation modes. This embedded intelligence gives

the device a modern edge and the potential for expansion in

future  work,  such  as  incorporating  Bluetooth  control  or

biofeedback  sensors.

Conclusion

The design and fabrication of a smart neuromuscu-

lar stimulator embedded with a massager has been success-

fully to meet the core objectives set out in this study. There-

fore, the following conclusions were drawn. The neuromus-

cular stimulator embedded with a massager was successfully

designed and fabricated using a microcontroller-based sys-

tem.  The  device  effectively  delivers  modulated  electrical

pulses  for  muscle  stimulation  with  variable  amplitude  and

frequency. A vibration-based massage module was integrat-

ed and functions independently. BEME shows the designed

neuromuscular stimulator embedded with a massager offers

a significant reduction (55.1%) in cost compared to a stan-

dard  TENS  (Transcutaneous  Electrical  Nerve  Stimulation)

machine.  This  design  holds  potential  for  use  in  rehabilita-

tion, physical therapy, and muscle recovery, offering a mod-

ern solution to muscle stimulation therapy with greater flexi-

bility and user control. The functionality test conducted on

the  neuromuscular  stimulator  embedded  with  a  massager

confirmed that the system operates as intended. The device

successfully  generated modulated electrical  pulses  with  ad-

justable  amplitude  and  frequency,  meeting  the  therapeutic

requirements for neuromuscular stimulation.
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