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Abstract: In laparoscopic surgery for colorectal and gastric cancer, it is difficult to locate the tumor in
the cavity for excision. Tumors in the colon or stomach are blocked by mucous membranes; thus,
the view from the cavity is obscured. Therefore, to determine the location of the tumor, a marker
can be installed around the tumor and the location of the tumor can be found using a sensor. Until
now, most of the clip-detectors that have been developed can detect the location of tumors for either
colorectal or gastric cancer. The research on the development of a detector that can detect the location
of tumors for both colorectal and gastric cancer, is insufficient. Most detectors for tumor location
determination are devised using a magnet by connecting a wire to a clip. In this method, the position
of the magnet moves along the length of the wire. Therefore, it is difficult for the detector to detect
the exact location of the tumor. Based on this method, this study designs a clip maker to determine
the location of a tumor and a detector that can detect the clip. The clip and the sensing element are
directly connected. The clip is developed using ferrite and coil to generate a magnetic field induced
by an eddy current in the metal (clip), and the detector is designed using the Colpitts oscillator to
induce a magnetic field. After installing the prepared clip at the tumor location, the detector is used
to detect the clip, and accordingly, the location of the tumor can be identified using the detector. To
test the performance of the clip and detector, we conducted animal experiments. In the course of the
animal experiment, four clips were installed in the colon and stomach, and we succeeded in detecting
all the clips. Because the clip-detector is used to locate the tumor during laparoscopic surgery, an
endoscope must be used. Therefore, it is predicted that the demand for laparoscopic surgery and
endoscopic medical industry will increase because of the clip-detector.

Keywords: endoscope; Colpitts oscillator with ferrite coil; clip-detector; tumor location detection;
laparoscopic surgery

1. Introduction

Colon and stomach cancers ranked between 3rd and 5th around the world from 2020
to 2022 [1,2]. More specifically, the colon and stomach cancer rank 3rd (2020) and 5th
(2022) in the world, now [1–3]. The endoscopy diagnosis technique and routine screening
are being increasingly employed, and the detection of early-stage cancer is enabled by
endoscopy screening [2]. For the early-stage cancers detected and removed during routine
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screening, the five-year survival rate is as high as 90%. Removal of early-stage cancer is
possible by laparoscopic surgery. In addition, laparoscopic surgery generally causes less
pain and scarring and requires a shorter hospital stay than thoracotomy or laparotomy [2].

It is difficult to detect the benign and malignant tumors in the visceral layer, cardiac
orifice, pylorus, circular folds, inferior part (horizontal 3rd), and ascending (#4th) colon
(more specifically, in the parietal peritoneum, cecum, middle circular muscle layer, pyloric
zone, submucosa, and serosa of the stomach and colon) through laparoscopic surgery.
Thus, the prehension of mucosa incision range is difficult for tumor removal; the faulty
prehension of mucosa incision range causes errors [2].

In laparoscopic surgery for tumor removal of colon and stomach cancers, the detec-
tion of tumor location using marker methods such as ink tattooing, the method using
indocyanine green dye and autologous blood labeling, is extremely important. These
aforementioned methods have side effects and are disadvantageous [4–8]. Ink tattooing
causes the ink outflow (smudge) phenomenon within the abdominal cavity. Thus, the
incision range prehension for tumor removal is difficult [4,5]. In addition, the side effect
of the ink tattooing method is the formation of peritonitis and granuloma (incarnative),
and this method additionally necessitates high proficiency and is extremely expensive.
The ICG fluorescein dye marking leads to intraperitoneally bleeding (intraperitoneal) or
smudge, an iodine allergic reaction in neighboring tissue, and the ICG marking is also ex-
pensive and necessitates high proficiency [5]. In addition, ICG marking has lower visibility
than the ink tattooing method. The autologous blood labeling generates hemorrhage and
hepatocirrhosis, and it demands high proficiency and is expensive. Clip detection using
the radio frequency identification (RFID) technique is essentially the marking of colon
tumor by RFID tag [9,10]. Some authors have suggested the development of an RFID-based
system that includes a clip location determination algorithm, and the feasibility of this is
demonstrated in a previous study [9]. Furthermore, this technology can detect the location
of tumors in the stomach and colon simultaneously, and the time required to detect the
tumor in the stomach and colon is 40.5 s and 38.4 s, respectively.

The success rate of clipping (endoscopic clipping of the RFID clip) in a previous study
was not high per se at 69.4% (stomach, 66.7%, n = 14/21; colon, 73.3%, n = 11/15), with
the detection time and accuracy showing similar results [10]. Nonetheless, this technology
detects the location of the tumor in the stomach, and the time required for detection is
25.0 s. Thus, further improvements of this developed system, including clip design, are
necessary. We must overcome the dissatisfaction of medical needs. Generally, a ring-shaped
permanent magnet is connected to the end of the clip using a wire. If a clip is connected
around a tumor, the position of the permanent magnet connected to the clip may be different
from that of the tumor due to the length of the wire. Therefore, tumor extraction may fail
due to incorrect location determination [11–14]. Matsuzaki et al. and Ohdaira and Nagai
proposed a technique of detection of the position of the clip on the tumor in the colon and
stomach, and the time required for detection was 8.0 and 5.7 min, respectively [11,12]. The
proposal of Yoshida et al. [13] is similar to the technology proposed by Gabriel et al. [9] that
can detect both stomach and colon tumor positions by the open–close clip closure method;
the time required to detect the tumor location was found to be 24.9 s and 18.7 s, respectively.
Similar to that proposed by Kojima et al., Calborean et al. [14] proposed a technology that
detects the clip position of a tumor only for the colon, and the time required to detect the
tumor position is 15–90 s.

An important element of the clip-detector is a method that can speedily detect clips
based on clinical experience. More specifically, it is most effective by detecting the clip
within 5 s. The next important factor is the ability of the detector to determine the location
of tumors in both the stomach and colon. Detection of tumor in the stomach is extremely
difficult because the stomach is made of a thick mucous membrane that poses difficulty
in the transmission of magnetic field energy for tumor detection. Lastly, the module that
detects the clip is directly attached without any wire. In other words, the technology of
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integrating the sensing module into the clip is crucial. Considering these three requirements,
further extensive research is required to improve this technology.

In this study, a clip-detector for tumor location determination using a magnetic cou-
pling technique is proposed. The proposed clip-detector with the magnetic coupling
method is inexpensive and features less side effects than the existing methods, and it does
not necessitate high proficiency for practical implementation.

2. Physical Analysis and Design Planning
2.1. Tumor Localization and Extraction Process in Laparoscopic Surgery

In laparoscopic surgery, it is difficult to locate malignant tumors for removal in the
abdominal cavity [2]. In gastric cancer, malignant tumors exist in the visceral folds, as
shown in Figure 1, and tumors in the colon exist in the inner mucosa, that is, in the circular
folds. In laparoscopic surgery, it is difficult to locate the tumor surrounded by mucosal
tissue in the cavity using a surgical instrument inserted using a trocar.
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Therefore, when removing a tumor, medical accidents may occur due to incorrect
excision [2]. In the case of gastric cancer, if a tumor existing in the visceral layer is found
in the cavity, it becomes difficult to locate the tumor because of the parietal peritoneum.
Furthermore, in the case of colorectal cancer, if a tumor existing in circular folds is found
in the cavity, it becomes difficult to locate the tumor because of the cecum. Therefore, it
is difficult to identify the extent of the incision in the parietal peritoneum or cecum for
removing the tumor. To overcome these problems, the method of using a clip-detector
during laparoscopic surgery is suitable.

In laparoscopic surgery, to extract a tumor using a clip-detector, a clip is installed
using a stomach scope or colonoscope as shown in Figure 1. As shown in Figure 2, the clip
is installed around the tumor, the endoscope is removed again, and laparoscopic surgery is
initiated [2]. At this time, the sensor is inserted into the cavity using the trocar to locate
the clip [2]. The sensor moves around a specific location in the parietal peritoneum or
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cecum. The sensor locates the clip installed around the tumor of visceral or circular folds
and excises the tumor by making an incision at the location.
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The underlying reason behind the ability of the detector in locating the clip installed
around the tumor is that the magnetic coil is coupled around the clip and an induced
magnetic field is generated against the eddy current. Furthermore, the source magnetic
field is generated to induce a current, and the magnetic coil is wound at the end of the
detector. When the source magnetic field and the induced magnetic field undergo magnetic
coupling (as shown in Figure 3) and the resonant frequency is matched, an alarm is
generated from the speaker connected to the detector. In this manner, the clip-detector can
identify the location of the tumor.
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2.2. Magnetic Coupling Analysis of Clip-Detection for Tumor Excision

To locate the clip, magnetic coupling must occur between the clip and detector. There-
fore, it is necessary to analyze the characteristics of magnetic coupling. The clip-detector
functions based on the inductive current method according to Biot–Savart and lens laws.
Accordingly, the clip-detector can be designed using coil and ferrite material [15]. Thus,
the magnetic field is generated by the magnetic induction method according to Biot–Savart
law that is given by Equation (1).

∆H =
I∆ssinθ

4πd2 [A/m] (1)

where Iext is the excitation current, ∆s is the infinitesimal of a coil, and θ and d are the phase
response and transmission distance between the detector and metal (clip), respectively [15].
The eddy current (Ieddy) is generated in the metal (clip) when the magnetic field is excited at
the coil; the magnetic field is changed by the excitation current (Iext) in the coil by Faraday’s
law, and the excitation current is changed by the induced magnetic field (Heddy). Therefore,
the induced magnetic field is generated by the magnetic coupling between the coil and
metal (clip), wherein the magnetic field of coil is transferred to a metal (clip) as shown
in Figure 4. The eddy current (emf ) (expressed by Equation (2)) is generated in the metal
(clip), as illustrated in Figure 4. The metal (clip)-detector operates when the coil frequency

(fHext) and the metal (clip) frequency (fHeddy) are equal
(

f(metal−detection) =
√

fHext − fHeddy

)
,

where B is the magnetic flux density.

em f = − d
dt

∫
s

B·dt @ B : magnetic flux density (2)
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In general, the magnetic coupling method for wire transmission exhibits high efficiency
(above 90%), and the energy of the magnetic field is efficiently transmitted to the tissue
owing to the relative permeability of 1.0 [16,17].

The frequency and maximum current allowed in the human body according to the
standard of KSC IEC 60479-2 and KSC IEC 61200-413 (children reference) are within 20 kHz
and 20 mA, respectively [18,19]. For wireless energy transmission, the dual-loop, helical,
and spiral coils are commonly used for magnetic coupling [20–22]. The helical coil of
the clip-detector is used because of its suitable structure. Furthermore, the helical coil
can be designed in a compact size, and it has a wide field distribution. In addition, the
clip-detector with a helical-type coil can also suitably pass through the working channel of
a trocar or endoscope.

The coil part and oscillation circuit are important. The coil consists of transmission
(TX) and receiving (RX) parts. The oscillator is designed based on Colpitts circuit that
has a high-quality factor (Q) owing to high capacitance. To increase Q, the quality factor
is increased. Consequently, the frequency is increased. Therefore, the meta-detection
performance is excellent. Moreover, the coil must be enveloped around the ferrite during
the coil design, as shown in Figure 5. The coil turn number (N) is highly important in the
metal (clip)-detection circuit, and copper coil is used.
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At the TX part of ferrite and coil, the ferrite diameter and length are 22.4 mm, as shown
in Figure 5. The diameter (tw), length (lcoil), and turn number (N) are 0.13 mm, 22 mm, and
50 turns, and the space (dh) between the coils and air capacitance (Ch) are 0.315 mm and
100 pF, respectively. Moreover, the inductance of coil is 10 mH. In the RX part of ferrite
and coil, the ferrite diameter and length are 22 mm. The diameter (tw), length (lcoil), and
turn number (N) are 0.12 mm, 18.6 mm, and 22 turns, and the space (dh) between the coils
and air capacitance (Ch) is 0.206 mm and 68 pF, respectively. Moreover, the inductance of
coil is 4.8 mH. A titanium clip (Olympus, Tokyo, Japan) is used, which features a diameter
(Dc) and height (hc) of 2.5 mm and 11 mm, respectively (Figure 5). Then, the magnetic flux
density is 2.2 µT.

3. Design and Fabrication

The proposed clip-detector is composed of TX and RX parts, as shown in Figure 6.
From the figure, the TX part consists of TX coil, amplifier, feed band, resonant circuit, and
bias voltage; and the RX part comprises RX coil, relay oscillator, amplifier, filter, speaker,
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and bias voltage. The TX part is operated by an oscillator. When voltage is supplied to the
amplifier, the thermal noise increases. Subsequently, the noise passes through the feedback
and enters the resonator. The resonator is selected for realizing resonant frequency amidst
the noise (see Figure 6).
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4. Experimental Results
4.1. Designed Circuit Simulation Results

The simulation results under the oscillation condition of the designed oscillator are
shown in Figure 8. As shown in the figure, the oscillation condition can be divided into
two types: start-up condition and steady-state condition. The start-up voltage is 2.5 V
between 0 ns and 40 ns, and the steady-state oscillation voltage range is maintained as
0.0–5.7 V (output current and power of 2.3 mA and 5.75 mW) between 40 ns and 200 ns in
the oscillation condition.
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Figure 9 shows the simulation result for the sine waveform of an oscillation condition
using the Colpitts oscillator. As shown in the figure, the sine waveform has an input voltage
(Vin: ωeddy) and output voltage (Vout: ωHext).
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For the input voltage (Vin: ωeddy) of 1 V, the output voltage (Vout: ωHext) is maintained
as 2.6 V. If the oscillator starts operating, the steady-state oscillation voltage range is
maintained from 0.0 V to 5.7 V between 40 ns and 200 ns under a sine waveform input
voltage (Vin: ωeddy) of 1 V. However, if coupling occurs between the coil and the metal (clip)
of the oscillator, the output voltage (Vout: ωHext) is maintained at 2.6 V (ωmetal-detection), as
shown in Figure 10.
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and metal clip.

Therefore, the phase difference between the input voltage (Vin: ωeddy) of the oscillator
and the coupling voltage (the coupling voltage between the oscillator and metal (clip))
is 90◦, as shown in Figure 11. Therefore, the ωmetal-detection signal is detected at a phase
difference of 90◦ between the frequency of the magnetic field (ωHext), generated by the
oscillator coil and the induced magnetic field (ωHeddy) which is caused by the induced
current generated in the metal (clip), and accordingly, metal (clip) detection occurs.
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Figure 11. Simulation result of the phase difference between Colpitts oscillator and metal (clip).

At this time, to perform the metal (clip) detection, the frequency ofωmetal-detection is
matched between the peak point ofωHext and the negative peak point ofωHeddy, as shown
in Equation (3).

ωmetal−detection =

√(
ωHeddy

)
(ωHext) = 1 (3)

For this reason, when ωHext is equal to ωHeddy, ωmetal-detection = 1, the function of
metal (clip) detection is realized. If ωmetal-detection > 1 or ωmetal-detection < 1, the metal (clip-
detector does not function because ωmetal-detection 6= 1. Therefore, when ωmetal-detection = 1,
the metal (clip) is detected as shown in Figure 12, andωHext andωHeddy are 90◦ in phase
with respect to each other. At this time, ωmetal-detection is able to identify the location of
tumors in the stomach or colon during laparoscopic surgery with a voltage of 2.77 V and a
frequency of 11.335 kHz, with a duty cycle of 50%.
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4.2. Animal Test and Measurement Results

To test the performance of the designed clip-detector, we conducted animal exper-
iments. The animal was tested at the experimental animal center of KNOTUS (Songdo
Research Center, Incheon, Republic of Korea). We obtained institutional review board (IRB)
permission from the animal ethics commission (KNOTUS-IACUC-20-KE617). In the animal
test, a male farm mini pig (1 ea) weighing 40 kg was used. For animal experiments, the
clip-detector installed four clips in the visceral: middle circular muscle layer of the stomach;
and cecum: sigmoid colon using an endoscope or a colonoscope, as shown in Figure 13.
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As shown in Figure 14, we checked whether the clip was installed correctly by the
endoscope on an external monitor and prepared for laparoscopic surgery.
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Figure 14. Clip set installed in the mucosa of colon and stomach using colonoscope and endoscope,
respectively.

After installing the clip by endoscopy, we tested the detection performance of the
clip in laparoscopic surgery, as shown in Figure 15a. The detector was inserted into the
abdominal cavity through the trocar, and the detector started to detect the clip in the cavity
as shown in Figure 15b. When the clip existing in the stomach (visceral) and the colon
(circular folds) was detected, the detector generated an amplitude of 2.27 V (@ 11.33 kHz,
output power of 5.52 mW), as shown in Figure 15c, and an alarm was generated from the
speaker. Upon encountering the clip, the detector is coupled to the clip; the detection time
was 1.12 s and 1.20 s (investigation time of 2.21 s and 3.6 s). Here, 1.12 s and 1.20 s are the
detection times when the detector is coupled with the clip in the stomach and colon, and
2.21 s and 3.6 s are the time consumed to determine the clip position of the stomach and
colon in the cavity. It can be confirmed that there is no time delay and that the response
time for detecting a tumor is exceedingly short.
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The thickness of the gastric mucosa between the clip and the detector is mostly 2 cm,
and the colon is 1 cm. The detector was separated by a distance of 0.5 cm from the parietal
peritoneum above. Furthermore, in the colon, the detector was approximately 0.5 cm away
from the cecum. Therefore, the distance at which the detector detects the clip is at the level
of 2.5 cm (top) and 1.5 cm (colon).

After the designed detector is docked to the trocar and inserted into the cavity, the
time it takes for the clip-detector to determine the tumor location of the stomach and colon
is recorded as 2.21 s and 3.6 s, respectively. In addition, the module for detecting the tumor
location is inserted into the clip as shown in [9,10,13], and is designed to be integrated.
Connection of the detection module to the clip without using a wire is advantageous.
Therefore, the error in the determination of the clip position is minimized. Following
the same logic, there will be an error equivalent to the wire length in the position of the
clip with wire [11,12,14]. However, because the designed clip can be directly connected,
the error in the clip position determination can be reduced. In addition, the proposed
clip-detector has the ability of determining the tumor location for both the stomach and
colon, as in [9,13]. In the studies conducted by Choi et al. and Yoshida et al. [9,13], the clip
positions were determined for both the stomach and colon simultaneously. Nonetheless,
it is highly important that the clip-detector be capable of locating the tumor accurately
and speedily.

Table 1 compares the tumor detection capability of the previously studied detector
and the designed detector, and the time it consumes to locate the tumor.

Table 1. Comparison of the detection time of clip location of the designed clip-detector and others
reported previously.

Ref [#]
Detection Time of Tumor [s]

Methods
Stomach Colon

this work 2.21 3.60 ferrite and coil
[9] 40.5 38.4 RFID
[10] 25.0 - RFID
[11] - 8.0 magnet
[12] - 5.7 magnet
[13] 24.9 18.7 open–close clip closure method
[14] - 15 to 90 magnet

foot note: # symbolizes the reference number.

The designed detector is analyzed to be 0.08 times (for stomach) and 0.12 times (for
colon) faster than the detector proposed by Yoshida et al. [13] in locating the tumor. In the
course of animal experiments, using a detector to determine the position of the clip, it was
found directly through the surgeon’s operation. Before finding the position of the clip, the
surgeon used a detector to find the position of the clip without knowing the position of the
clip. At this time, the time taken to find the position of the clip using the detector was 2.21 s
in the stomach and 3.6 s in the colon. Therefore, the clip-detector in this study is better than
that proposed by Yoshida et al. [13].

If N clips are used, magnetic coupling interference may occur depending on the
spacing between the clips. In other words, if the distance (d) between clips becomes longer,
the magnetic field intensity is attenuated (α: attenuation of magnetic field intensity) by the
distance (d2) as shown in Equation (4), and interference can be reduced. However, if the
spacing between the clips becomes narrower, the magnetic field intensity increases by the
distance (d2), which may lead to greater interference [23].

α =
FH

2πd2 (4)

In the course of animal experiments, we attached only one clip when attaching the clip
to the stomach or colon as shown in Figure 16. In addition, we use the detector to find one
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clip position. So, there was no interference problem. However, the problem of interference
between clips seems to have to be tested by increasing the number of clips. Therefore, we
plan to test for interference by increasing the number of clips in the future. If there is an
interference problem, we plan to solve it through additional research.
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Additionally, since the detector for detecting the clip is a magnetic field component
induced by the coil, it has been confirmed that it does not interfere with the surround-
ing forceps.

Finally, the method of this study is 2.27 V (5.52 mW/2.2 µT) at 11.33 kHz. That is,
our method uses a magnetic field with a very weak strength, so it is analyzed that there
is no adverse effect on the human body. That is, the voltage, power, and magnetic flux
density generated by the detector to detect the last clip are 2.27 V, 5.52 mW, and 2.2 µT
(@ 11.33–11.335 kHz), respectively. In the recommendations of ICNIRP, the republic of
Korea recommends that the exposure limit of human electromagnetic waves be within the
range of 3.0–150 kHz, with a voltage of 87 V or less and 5 A/m (magnetic flux density:
6.25 µT) [23,24]. Therefore, the proposed detector is analyzed to have no adverse effect
on the human body in detecting the clip. In addition, since the medical magnetic field
used for human diagnosis and treatment is harmless to the human body, most studies have
been conducted for the application of MRI, magnetic field therapy, capillary circulation
state examination, and a capsule endoscopy diagnostic kit [25–28]. Of course, if a high-
density, strong pulsed magnetic field (more than 100 µT) is used (even for a short time),
it stimulates the nervous system, reduces blood volume, and causes muscle pain due to
muscle stiffness [24,29,30].
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Furthermore, the clip used for endoscopy was originally developed and used for
hemostasis and puncture closure [8]. For many researchers or surgeons, the time to attach
one clip (within 1 min) is very short. However, standard methods, such as the India ink tat-
tooing method and the self-blood injection therapy method, inject in four directions [31,32].
Additionally, this method is time consuming because it uses two endoscopic syringes.
Because the clip is used for perforation, it usually remains mounted within the organ for
5–7 days (or even years) after the clip is placed. However, safety is not an issue as most of
them are excreted through the bowels.

When the operation is finished, the clip is delivered to the pathology department
along with the lesion. Therefore, there is no need to separately remove the clip.

5. Conclusions

This paper presents a detection method of malignant tumor in the stomach and colon
during laparoscopic cancer surgery. Determining the extent of excision for gastric and
colon malignancy in the cavity is difficult. Nonetheless, after installing the clip around the
tumor, the method of locating the clip using a detector and extracting the tumor is effective.

Because the proposed clip-detector uses magnetic field coupling based on metal (clip)-
detection technology, tissue penetration is easy. Furthermore, the amplitude of magnetic
coupling has a relatively high gain at 2.27 V (@11.33 kHz). Therefore, if the detector detects
the clip installed in the tumor, an alarm is generated from the speaker at 2.27 V (frequency:
11.33 kHz). In this manner, it is possible to speedily locate the tumor based on the alarm
sound in the operating room.

The designed clip detection method has no such side effects as the conventional ink
tattoo method, indocyanine green fluorescence staining method, and autologous blood
maker method, and it can speedily locate the tumor, reducing the burden on surgeons
and patients. Because the clip-detector uses ferrite and coil, it is inexpensive and easy to
manufacture. Furthermore, the clip-detector using ferrite and coil can be mass-produced
owing to the low unit price. Because the clip-detector uses an endoscope, it is expected that
this study will not only enable efficient surgical laparoscopic surgery, but also stimulate the
endoscopy-specific medicine market in the future.
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