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ABSTRACT Acupuncture can be effective in relieving pain and reducing drug dependence and abuse
caused by chronic pain. However, the cumulative effect of acupuncture requires patients to undergo multiple
treatments, which limits its use due to time and economic costs. Currently, existing acupuncture devices
include acupoint identification and acupoint stimulation devices. The identification and stimulation functions
are separated for these two classes of devices. They were unable to locate the acupoint automatically
and required a professional acupuncturist to perform the procedure. Although acupuncture robots that can
simultaneously identify the acupoints and initiate treatment are under development, the technology is not
yet mature that it is currently not available for general use. To address these issues, we developed an
automatic system that combines the identification of acupoints and the administration of treatment. The
system is designed to assist users without any knowledge of acupuncture in the management of chronic
pain at home. We conducted tests to evaluate the performance of the system in terms of resistance detection
accuracy, electroacupuncture accuracy, and acupoint identification test. The results demonstrate that the
system significantly improves the accuracy of locating acupoints, indicating its suitability for daily home
use as an effective approach to managing chronic pain.

INDEX TERMS Acupoint identification, electroacupuncture, home-based automatic acupoint identification
and treatment system, resistance detection.

I. INTRODUCTION
Chronic pain creates a significant personal and financial
burden, affecting more than 30% of people worldwide [1].
The Global Burden of Disease Study indicates that the
high prevalence of pain and pain-related diseases is the
leading cause of disability [2]. It also affects relationships
and self-esteem, increasing divorce rates and even reducing
life expectancy [1], [3]. Studies have shown that chronic
pain alters brain activity, including endogenous pain control,
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suggesting that control of pain becomes more difficult as it
becomes chronic [4]. Clinical trials and guidelines generally
recommend the cautious use of analgesics, physical therapy,
and psychotherapy [5]. But the truth is, analgesics are wildly
overused.We can see that the prescribing of opioid analgesics
for pain management, particularly for chronic non-cancer
pain management, has more than quadrupled in the United
States since the mid-1990s [6], [7], [8]. Adjusting for country
of residence and sociodemographic factors, it was found
that analgesic abuse was not limited to the United States,
with France, the United Kingdom, Germany and Australia
also facing the same intractable problem [9]. The abuse of
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analgesics affects more than 9% of patients [10]. This directly
leads to addiction and overdose deaths [6]. Using physical
therapy as an alternative to analgesics is an effective approach
to reducing drug abuse and alleviating pain.

A. RELATED WORK
Acupuncture is effective in treating chronic pain, which is an
ancient science with a history of more than 3,000 years [11].
It is currently the most popular alternative therapy in the
United States, Europe and Asia [12], [13]. Numerous stud-
ies have shown the beneficial effects of acupuncture on the
treatment of chronic pain, such as osteoarthritis, back pain,
neck pain, headaches [14], and post-operative pain [15]. It is
particularly noteworthy that acupuncture has a long-lasting
and preventive effect [16], [17], [18], [19]. A meta-analysis
found that the effect of a single course of acupuncture therapy
for patients with chronic pain did not appear to decrease
significantly over 12 months [19]. Our previous large clinical
study has shown that regular acupuncture can effectively
reduce the frequency and severity of migraine attacks [20].
However, the cumulative effect of acupuncture requires the
patient to undergo multiple treatments, which considerably
increases the time and financial cost to the patient, and is an
essential reason why most patients are unable to adhere to
the treatment. Therefore, the development of an automated
acupuncture treatment device that can be used at home is
necessary.

Currently, the more commonly used acupuncture devices
can be categorized into two main types: acupoint identifi-
cation and acupoint stimulation. The identification device
is capable of locating or capturing changes in acupoints
by detecting their physical state and chemical changes. For
instance, electroacupuncture according to Voll can detect
acupoints. Other inventors have also claimed to identify
health problems using similar devices [21], but this func-
tion has been questioned by the scientific community [22].
Shima et al. developed a four-electrode device system that
enables stable measurement of electrical skin impedance
in acupuncture [23]. Yang and Xia designed an acupoint
recognition device by improving the acupoint electric resis-
tance detection technique of the two-electrode method in
combination with mechanical structure design and embed-
ded control techniques [24]. Wong et al. introduced an
electrical impedance device to study the impedance of merid-
ian and non-meridian tissue segments using an old and
little-known impedance measurement technique. The device
consists of a Fluke meter, a multiplexer box, a laptop com-
puter, and a medical-grade isolation transformer. This device
has demonstrated potential for use in quantifying the degree
of electrical interconnection between any two surface-defined
test meridian or non-meridian segments [25]. Su et al. use
a five-electrode technique for bilaterally symmetrical acu-
points impedance simultaneousmeasurement. Based on these
five-electrode techniques, measurement errors due to unsta-
ble electrode contact impedances can be greatly reduced [26].

Such detection devices are collectively referred to as elec-
trodermal screening devices. According to the characteristics
of low resistance and high potential of meridians, the acu-
points or meridians were detected. All the above studies
validate the feasibility of two-, four-, or multi-electrode
detection techniques in acupoint identification. Another type
of identification device captures changes in the acupoint and
is used to study the mechanism of acupuncture. Xu et al.
used a fine wire thermocouple embedded in a hollow needle
as an acupoint detection probe for acquiring temperature
data [27], while Tang et al. reported using an acupuncture nee-
dle modified with an iron-porphyrin functionalized graphene
composite (FGPC) for real-time monitoring of nitric oxide
(NO) release in rat acupoints [28].

Compared with traditional acupuncture needles, the stimu-
lation devices adopted electricity or laser to achieve a therapy
effect. The most common device for stimulating acupoints
is electroacupuncture, which combines electrical stimula-
tion with traditional acupuncture needles to achieve accurate
control over the stimulus quantity. First, the acupuncture
practitioner inserts the needles into the acupoints and then
connects them to positive and negative poles to initiate treat-
ment. Transcutaneous electrical acupoint stimulation (TEAS)
is used to treat different kinds of disease [29], [30], [31].
It uses self-adhesive electrodes placed on the surface of
acupoints, instead of needles for electrical stimulation, and
effectively for pain release [32]. Laser acupuncture including
blue, red and infrared laser light is a device developed in
recent years for acupuncture treatment with the development
of science and technology [33]. Chang et al. developed a
new laser acupuncture system that uses a semiconductor laser
tube as the light source. The focus of the laser beam was
adjusted by changing the position of the lens to mimic the
effect of lifting and thrusting in traditional acupuncture [34].
Litscher et al. through their research found that continuous
405 nm blue laser light stimulation significantly reduces
the heart rate of Chinese adults applied on Neiguan [35].
Wen et al., on another note, achieved moxibustion’s warming
effect by stimulating acupoints with infrared light [36]. Addi-
tionally, many researchers have developed other therapeutic
devices based on acupuncture theory and therapeutic char-
acteristics; one example being Sator-Katzenschlager et al.’s
development of a P-Stim auricular electroacupuncture stimu-
lation device for pain relief [37].

Another important research direction for acupuncture
treatment devices is acupuncture robots. The robot can auto-
matically locate and stimulate the acupoint with a mechanical
arm [38]. Some researchers believe that in the future,
laser stimulation technology, machine learning algorithms
and computer visualization technology will be integrated
to develop acupuncture robots [39]. However, at present,
research on acupuncture robots is still in its infancy, and
current literature reports mainly focus on the localization of
acupoints. For example, Chan et al. combined deep learning
and an anatomical inch measurement approach to robotic
acupuncture point positioning [40]. There are still some
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critical technical issues in the development of acupunc-
ture robots, such as inaccurate acupoint localization and
the inability to sense the operational state in real-time.
At the core of competition among all research and develop-
ment institutions are algorithms behind acupoint diagnosis
techniques, automatic positioning of acupoints, syndrome
differentiation and acupoint matching functions even force
feedback functions. The research and development of intelli-
gent acupuncture robots is still in the laboratory stage. It still
has a long way to go before it is truly popularized for home
use.

The above device is characterized as follows: (1) The
functions of acupoint detection and stimulation are separated;
(2) Unable to locate acupoints automatically, the operation
of detecting acupoints is complicated and time-consuming;
(3) Conventional sensors used for impedance detection are
large and hard, which is not conducive to being fixed to
the surface of the body; (4) Acupuncture needle sensors are
invasive; (5) Professional acupuncturists are required for the
procedure; (6) The cost of the acupuncture robot is high, and
the technology is not mature, so it cannot be popularized.

B. OUR CONTRIBUTION
In order to address the above problems, we developed a
home-based automatic acupoint identification and treatment
system. It can automatically locate acupoints and has the
therapeutic function, which is suitable for the daily treat-
ment of chronic pain. There are four main contributions of
the present study. First, the system can automatically locate
acupoints and integrate therapeutic functions, which can be
easily used by anyone who is even without any knowledge of
acupuncture theory. Second, the device uses a self-developed
flexible integrated sensor to integrate detection and treatment
functions. It can closely fit the skin and improve the accuracy
of detection. Third, it is multi-channel designed so that nine
acupoints can be located simultaneously, thus enabling syn-
ergistic effects. Fourth, it is small and easy to move, making
it suitable for home healthcare.

II. SYSTEM DESCRIPTION
We have developed a home-based automatic acupoint identi-
fication and treatment system that is capable of automatically
locating and stimulating the acupoints simultaneously to
relieve chronic pain. The system consists of three main
components: the upper PC, the device, and the integrated
sensor unit. The upper PC displays the operation control
interface. The primary and secondary operating systems are
used on the device side. The main control circuits of the
primary and secondary subsystems adopt STM32F105RCT6
and STM32F072C8T6 as the main control chips, cooperating
with the self-developed embedded algorithm based on the
chain list structure of the C language, which can effectively
process a large number of data, realize the parallel detection
of 9-channel acupoint status. It can access real-time resis-
tance data collected by sensors uploaded through a USB
interface, enabling the host PC to quickly obtain data from

FIGURE 1. Overview of home-based automatic acupuncture point
identification and treatment system.

the message queue and process it sequentially, thus ensur-
ing an orderly consumption of messages. Administrators
can observe the dynamics of the data in real-time on the
upper PC to accurately locate the acupoints and give reason-
able electroacupuncture intervention procedures based on the
embedded self-developed model of the acupoints discrimina-
tion algorithm.

The administrator issues instructions for the electro-
acupuncture system through the upper PC,which are assigned
by the primary subsystem to the corresponding secondary
subsystem to complete the treatment.

III. ACCURATE ACUPOINT POSITIONING AND
TREATMENT MECHANISM
A. STRUCTURE OF INTEGRATED FLEXIBLE SENSOR
Accurate acupoint positioning is fundamental to the effi-
cacy of acupuncture. Traditionally, TCM practitioners rely
on several methods such as bone measurements, body sur-
face markers, and cun measurements to locate various
acupoints [41]. Acupuncturists need repeated training to
remember the locations of more than 400 acupoints, which
is not suitable for people who want to treat themselves with
acupuncture at home. For people without professional train-
ing in acupuncture, approximate locations of the acupoints
can be found based on the text descriptions and the diagram,
but there will certainly be some errors and it will not be
possible to locate them accurately. Based on the low resis-
tance characteristic of acupoints, we developed an acupoint
resistance detection sensor [42], [43], [44], [45]. The sen-
sor consists of an excitation source, a conversion circuit,
an electrode part, and a digital-to-analog converter. It has
been pointed out in literature that the acupoint region is in
general a circular area of radius 0.5 cm with the center of
the localization point on the surface of the acupoint [46]. Our
sensor has eight electrodes, each of which forms a current
path with the center of the circle. The distance between the
electrodes and the center of the sensor is 2 cm to ensure that
the acupoint can be covered. During the detection process,
when the resistance value of a certain pathway is detected to
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be relatively low, the built-in algorithm determines that the
point lies between the detection electrode and the center of
the circle. Because one sensor has eight detection electrodes,
the device is able to detect the surrounding points even if the
sensor deviates from the actual location of the acupoint.

In this way, the sensor can simultaneously detect eight
points in an area of about 12.56cm2, thereby increasing the
rate of correctly locating the acupoint (Figure 2). After the
algorithm determines the location of the specific acupoint,
the four electroacupuncture electrodes on the outer ring of
the sensor can be mobilized, and the main control can issue
commands to carry out random pairwise combinations to treat
the found acupoint.

FIGURE 2. The integrated sensor for resistance detection and
transcutaneous electrical stimulation. 1∼9 were the detection electrodes,
1∼8 each of which forms a current path with 9; A∼D were randomly
combined in pairs to form transcutaneous electrical stimulation. The
inner ring detection electrode radius was 2cm.

The excitation source gives a constant excitation signal and
supplies power to the electrode through an inverted circuit.
A path is connected to the inner ring resistance detection elec-
trode with the acupoint skin to form a loop, which receives
the feedback change signal of the partial pressure node and
converts it into the corresponding ADC value through a 12-bit
digital-to-analog converter. The ADC value and the acupoint
resistance value are converted by Ohm’s law formula, and the
specific formula is as follows:

Rx =
Vx

V9 − Vx
× 103k�

where 103k� is the sub-piezoelectric resistance value, V9 is
the reference ADC value, and VX is the corresponding ADC
value of each detection electrode.

The other pathway connects with the pulse amplification
circuit and the acupuncture electrode, which simulates the
transcutaneous electrical stimulation to treat the acupoints.
Transcutaneous electrical acupoint stimulation is widely used

in the clinical treatment of a variety of diseases [32], [47].
The needle electrode was a wet electrode and was used after
placing the hydrogel. The main control system controls the
triode switch to charge and discharge the inductor, and then
forms the electrical stimulation signal of low frequency, high
voltage and low current. By adjusting the parameters such as
waveform, intensity and frequency, simulating acupuncture
manipulation.

B. SENSOR-BASED CONTROL SYSTEM
The control system consists of a primary subsystem and
a secondary subsystem, forming a closed-loop structure.
The primary subsystem is composed of a signal transduc-
tion module and a function control module. Its function
is to sequentially transmit resistive data collected from the
subsystem to the PC and receive, split, or execute control
instructions from the PC, which are then passed down to
the secondary subsystem. The secondary subsystem is made
up of a signal transduction module, a main control module,
a basic electroacupuncture unit, and a resistance detection
unit. Its functions include two aspects. One is to receive
instructions from the primary subsystem, to control the relay
module of the basic electroacupuncture unit according to the
instruction content, to complete the operation of voltage con-
version and power amplifier, to output electrical stimuli with
different waveforms and frequencies, or to control the work-
ing state of the resistive detection unit. Second, it receives
the resistance data collected by the sensors and calculates the
resistance value, which is sent back to the primary subsystem.
The primary subsystem then sends the data to the PC for
reception, analysis and storage (Figure. 3).

FIGURE 3. Schematic diagram of home-based automatic acupuncture
point identification and treatment device.

The operation of the Microprogrammed Control Unit
(MCU) is shown in Figure 4. The sensor input signals, then
after signal filtering, analog-to-digital conversion, amplifi-
cation, and other processing, the input processor transmits
the signal to the MCU for operational processing. The resis-
tance values collected by the sensor electrodes are obtained
and a built-in algorithm is used to determine whether the
detected point is an acupoint, which is excited through the
stimulus electrodes. The output processor then performs
power amplification and digital-to-analog conversion of the
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FIGURE 4. Schematic diagram of signal acquisition and intervention.

signal to obtain the resistance values collected by the sensor
electrodes. The built-in algorithm determines whether the
detection point is an acupoint or not, while the acupoint is
stimulated by the stimulus electrode.

The resistance-type transducer module and the electrical
stimulation module are in the power-saving state by default.
To perform a measurement, the user sends a measurement
command to the controller, and after the resistance mea-
surement or electrical stimulus operation is completed, the
module automatically enters a power-saving state until the
next command is initiated. The timer chosen in this device is a
programmable timer, the timing length can be controlled by a
user program, and the application is very flexible. The device
uses a self-developed embedding algorithm based on the
linked list structure of the C language for parallel detection
of 9-channel acupoint states.

IV. EXPERIMENTAL EVALUATION
A. RESISTANCE DETECTING ACCURACY ASSESSMENT
In order to verify the accuracy of the device for resis-
tance detection, we built a test platform that consists of a
Fluke 17B+ digital multimeter (FDM), plug-in fixed resistors
(20K�, 51K�, 100K�, 300K�), and a computer (Figure 5).

FIGURE 5. The experimental setup for resistance detecting accuracy
assessment.

At room temperature of 25◦C, the second, fourth, sixth and
eighth electrode were selected to measure the resistance of
the patch, and compared with the value measured by FDM
(Table 1, Figure 6).

TABLE 1. The experimental results for resistance detecting accuracy
assessment.

FIGURE 6. Precision of resistance detection for sensors with different
electrodes.

The result shows that the resistance detection error is
between 2K� and 4K�. Therefore, the error is within the
acceptable range.

B. ELECTROACUPUNCTURE ACCURACY ASSESSMENT
The way to test the accuracy of electroacupuncture frequency
is by setting the electroacupuncture to a specific frequency
and performing a comparison test. Dingyang SDS1000A dig-
ital oscilloscope was used to evaluate the electroacupuncture
function (Figure 7). We did a test three times, and the results
are shown in Table 2 and Figure 8.

V. VALIDATION TRAILS
A. PARTICIPANT
To further demonstrate the performance of the proposed sys-
tem in acupoint identification, trials were performed with
50 different subjects. All subjects in this study have to meet
the study have to meet the inclusion criteria:(1) without any
acupuncture training background; (2) have literacy ability.
The exclusion criteria were as follows: (1) mental illness,
or severe psychiatric disorders; (2) pregnant, preparing for
pregnancy, or breastfeeding. All participants were instructed
to complete a cognitive assessment using the Chinese version
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FIGURE 7. The experimental setup for electroacupuncture accuracy
assessment.

TABLE 2. Experimental results for the accuracy test of
electroacupuncture.

FIGURE 8. Electroacupuncture accuracy between the device and the
standard control.

of the Montreal Cognitive Assessment test (MoCA) before
the positioning acupoints, to make sure all subjects with
similar levels of cognitive competence. The advantage of
this experimental design is that it provides a clear, unbi-
ased comparison of performance because it eliminates any
learning bias. The experimental task was to have subjects
locate acupoints. 50 subjects were divided into the Device
Positioning Acupoints group (DPA) and the control group.
The accuracy of acupoints’ location is the metric considered
in this experiment.

B. POSITIONING ACUPOINTS AND RESULTS
Nine acupoints were randomly selected on the lower limbs
for volunteers to locate. The nine acupoints were:

GB30: Located in the gluteal region at the intersection of
the outer 1/3 and inner 2/3 of the line between themost convex
point of the greater trochanter of the femur and the hiatus of
the sacral canal.

GB33: Located on the lateral side of the knee, in the
depression above the lateral epicondyle of the femur.

GB34: Located on the lateral side of the calf, in the anterior
and lower depression of the fibula.

GB39: Located three inches above the tip of the lateral
ankle, leading edge of the fibula.

ST36: Located anterolateral to the lower leg, one finger
across from the leading edge of the tibia.

SP6: On the inside of the calf, three inches above the tip of
the medial malleolus, behind the medial border of the tibia.

SP10: Located in the anterior femoral region, 2 inches
above the medial end of the patellar base, at the eminence
of the medial femoral muscle.

SP11: Located in the anterior femoral region, at the inter-
section of upper 1/3 and lower 2/3 of the line between the
medial end of the patellar base and the gate, the artery pul-
sates at the intersection of the adductor longus and sartorius
muscles.

KI10: Located in the depression between the medial
condylar border of the tibia and the medial border of the tibia
(Figure 9).

FIGURE 9. Schematic diagram of acupoint location.

TABLE 3. Comparison of baseline characteristics.

The DPA group uses the proposed device to place and fix
the sensor based on the position of the acupoint indicated
by the graph in the operating system, and then initiate the
detection. In the control group, the acupoints were located
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TABLE 4. Accuracy of positioning of 9 acupoints between the DAP and control group.

according to the same graph and text instructions. After the
experiment, the accuracy of localization was judged by two
experienced acupuncturists, marking ‘1’ if the acupoints were
correctly located, and ‘0’ if they were not.

We compared the baseline characteristics between the
DPA and the control group. The age, sex and MoCA scores
were similar between the two groups (all p values > 0.05;
Table 3) indicates that subjects are comparable between the
two groups.

Based on the results summarized in Table 4, the accurate
positioning rate in the DPA group was significantly higher
than the control group (P < 0.05). Without the aid of the
system described above, the acupoint localization accuracy
of the control group was below 50%, but after the system
correction, it increased significantly. This suggests that the
system can effectively help users adopt acupuncture treatment
at home, even though they may know nothing about it, and
thereby alleviate chronic pain. (Table 4).

VI. DISCUSSION
Acupuncture has been found to effectively alleviate chronic
pain compared to sham-acupuncture and no-acupuncture
control groups, with response rates of approximately 30% for
no-acupuncture, 42.5% for sham acupuncture, and 50% for
acupuncture [48]. The mechanism of pain relief through elec-
troacupuncture involves the activation of various bioactive
chemicals through peripheral, spinal, and supraspinal path-
ways. Furthermore, combining electroacupuncture with low
doses of conventional analgesics offers effective pain man-
agement while minimizing the side effects associated with
high-dose pharmaceuticals [49]. Accurate acupoint location

is crucial for successful acupuncture treatment, and the anal-
gesic effect of non-acupoints is significantly reduced [50].
Therefore, acupuncture treatments have to be administered
by skilled acupuncturists. The development of a home-based
acupuncture device that can accurately locate acupoints and
provide therapeutic functions may be a valuable tool for pain
management and reducing reliance on painkillers.

In this work, we proposed a home-based automatic acu-
point identification and treatment system. Using a primary-
secondary design, the system is able to simultaneously detect
the resistance of the nine points in parallel and accurately
locate the acupoints through a built-in self-developed acu-
point identification algorithm. Based on the detection results,
transcutaneous electrical stimulation was performed at the
acupoints. We tested the accuracy of resistance detection, the
result shows that the resistance detection error is between
2K� and 4K�. The resistance of acupoint is between 30K�

and 500 k� [51]. Therefore, the error is within the acceptable
range.We also performed an accuracy test on electroacupunc-
ture treatments. The results show that the errors between
the mean values of the three measured frequencies and the
standard frequency range from 0.05 to 0.8 Hz. An error value
of 0.8 Hz was observed for the electroacupuncture frequency
of 20 Hz. However, at the standard frequency of 2 Hz, our
device demonstrates an error of 0.7 Hz, which is suboptimal
and requires further improvement. Fei-Peng et al. examined
several electroacupuncture devices and found significant dis-
crepancies between the actual operating frequency and the
flagged frequency, with most errors exceeding 50% [52]. It is
evident that our device exhibits a higher level of accuracy
compared to the majority of devices currently available on the
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market. Subsequent clinical trials were conducted, revealing
that the control group had an acupoint localization accuracy
below 50% without the assistance of the proposed system.
However, after using the system for correction, there was a
significant increase in accuracy. This demonstrates that the
implementation of the proposed system among volunteers
without any background in acupuncture training resulted in a
substantial improvement in the accuracy of acupuncture point
locations.

At present, the most widely known devices for acu-
point positioning based on impedance detection are elec-
troacupuncture according to Voll (EAV) [53] and SVESA
neural pen [54]. In EAV the electrical conductance of the
skin above individual acupuncture points is measured using
low voltage and current. Diagnosis depends on measuring the
relative electrical conductance and its time dependence [55].
SVESA neural pen can detect auricular acupoints by plac-
ing the thin tip of the pen vertically on the surface of the
skin, the ear can be systematically scanned. The electrical
impedance conversion at a region with altered skin resistance
is visualized via the red light-emitting diode, thus enabling
the detection of auricular acupuncture points by measuring
the electrical skin resistance with a neural pen [54]. The
aforementioned devices can not satisfy clinical applications.
EVA has low efficiency, and SVESA is limited to auricu-
lar points. As a result, researchers are striving to develop
more efficient devices for exploring acupoints. Yang and
Xia developed an embedded acupoint recognition device
and resistance detection is achieved through the magnetic
head at the top of the device [24]. Ma et al. designed an
acupoint resistance detection system based on Cole’s three-
element equivalent circuit model with acupuncture needles
as electrodes [56]. However, the mentioned devices are in
the theoretical stage and no validation tests are mentioned
in the literature, so their detection accuracy is not known.
Furthermore, unlike the mentioned devices that require man-
ual handling and can only detect one acupoint at a time,
our device has the advantage of simultaneously detecting
9 acupoints. This simultaneous detection capability signifi-
cantly enhances overall detection efficiency. In addition to the
impedance measurement method, the integration of multiple
machine learning algorithms and computer vision techniques
for acupoint positioning has emerged as a prominent research
area [40], [41], [57]. Nevertheless, existing research out-
comes primarily concentrate on the recognition of hand and
face acupoints, lacking comprehensive coverage of the entire
body. Therefore, our developed system holds the advantage
of integrating multiple functions and boasts a broad range of
applications.

VII. CONCLUSION
To summarize, our home-based automatic acupoint iden-
tification and treatment system integrates detection and
treatment functions. Through rigorous testing, we have veri-
fied its feasibility, stability, and its ability to effectively locate
acupoints. This system significantly reduces operational

difficulties and enhances the accuracy of acupoint localiza-
tion. It is cost-effective, compact, and suitable for daily home
use, offering an effective approach to managing chronic pain.
The current work was limited in several respects, and these
limitations highlight important avenues for future research.
First, this system can only detect acupoint resistance, but tem-
perature is also an important physical parameter of acupoints;
second, the device only has the function of electroacupunc-
ture, but moxibustion is recognized as one of the effective
treatments for chronic pain. Therefore, the next research
direction for our team involves incorporating temperature
detection and moxibustion treatment functions into the
system.
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