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Counterfeiting of modern banknotes poses a significant challenge, prompting the use of various preventive measures.
One such measure is the magnetic anti-counterfeiting strip. However, due to its inherent weak magnetic properties, visual-
izing its magnetic distribution has been a longstanding challenge. In this work, we introduce an innovative method by using
a fiber optic diamond probe, a highly sensitive quantum sensor designed specifically for detecting extremely weak mag-
netic fields. We employ this probe to achieve high-resolution imaging of the magnetic fields associated with the RMB 50
denomination anti-counterfeiting strip. Additionally, we conduct computer simulations by using COMSOL Multiphysics
software to deduce the potential geometric characteristics and material composition of the magnetic region within the anti-
counterfeiting strip. The findings and method presented in this study hold broader significance, extending the RMB 50
denomination to various denominations of the Chinese currency and other items that employ magnetic anti-counterfeiting
strips. These advances have the potential to significantly improve and promote security measures in order to prevent the
banknotes from being counterfeited.

Keywords: banknote anti-counterfeiting strip, nitrogen–vacancy (NV) centers, magnetic field imaging, nu-
merical simulation

PACS: 85.75.Ss DOI: 10.1088/1674-1056/ad1b44

1. Introduction
Various methods are employed for banknote anti-

counterfeiting, including watermarks, color-changing inks,
and anti-counterfeiting strips. Among these methods, the anti-
counterfeiting strip has proven to be one of the most reliable
measures. Recent advancements in science, technology, and
manufacturing have enabled the integrating of special sub-
stances into these strips, creating a predetermined distribution
of magnetic signals, thus enhancing banknote security. By
keeping the composition of these magnetic signal-generating
substances and their confidential geometric structure undis-
closed, banknote security is significantly improved.

Currently, several methods are used to detect the mag-
netic regions in anti-counterfeiting strips on banknotes. These
established methods predominantly rely on the visualization
of electrical signals derived from magnetic signals.[1] How-
ever, this process involves multiple stages of signal amplifica-
tion and shaping by specialized chips. Despite the fact that the
resulting electrical signals have regular patterns, they lack de-
tailed magnetic field information. Consequently, these meth-
ods can only determine the presence of a magnetic field in a
specific area, but they do not provide accurate measurements
of its magnitude or even an order of magnitude. Therefore, it
is relatively easy to blur the boundary between genuine ban-

knotes and counterfeit banknotes by duplicating the electrical
signals that generate detection results similar to those of anti-
counterfeiting tape. Hence, in view of these limitations, there
is an urgent need for high-resolution visualization and imag-
ing technology of magnetic signals to ensure that the detection
results retain the magnetic distribution information within the
security line to a maximum extent.

In the field of magnetic imaging, several direct tech-
niques are available for sample testing, these including diverse
methodologies, each with its own advantages and disadvan-
tages. Notable among these techniques, the superconducting
quantum interference device (SQUID),[2] the magneto-optical
Kerr microscope (MOKE),[3] the magnetic force microscope
(MFM),[4] and the scanning magneto-impedance (MI) mag-
netic microscope.[5] All rely on their distinct magnetic mea-
surement principles, thus making them suitable to specific ap-
plications.

It is found that some of these techniques are effective in
imaging the magnetic field distribution in banknotes.[5] How-
ever, due to the need for complex experimental equipment and
strict environmental conditions (for example, extremely low
temperatures), their wide applications are hindered.

In contrast, the diamond nitrogen–vacancy (NV) center
presents an innovative and promising solution. This all-solid-
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state quantum platform exhibits remarkable spin-quantum
properties[6] and improves several advantageous characteris-
tics. These include compatibility with room temperature, ex-
tended coherence time, ease of polarization manipulation, and
capabilities for spin state readout.[7] Furthermore, the dia-
mond NV center displays the sensitivity to a wide range of
physical quantities, including magnetic fields, temperature,
electric fields, and stress.

In practice, it is found that the diamond NV centers pos-
sess diverse applications as sensors. They can be used for de-
tecting temperature fields, electric fields, and stress fields, as
well as responding to various magnetic signals, including stray
fields[8,9] and alternating magnetic fields.[10–12] This versatil-
ity makes the diamond NV centers a promising way to pro-
mote the magnetic imaging technologies in a more convenient
and multifunctional way.

In the field of magnetic imaging, since the pioneer-
ing work of successfully imaging stray magnetic fields with
dense NV layer in 2008, diamond NV centers have shown
great potential in a wide range of research fields.[13] Over
the years, experimental devices and measurement techniques
have been developed, the diamond NV centers have be-
come an indispensable tool for magnetic field imaging in
diverse areas of research. These areas include paleomag-
netic studies,[14,15] biological magnetic detection,[16,17] solid-
state matter magnetism,[18] and microelectronic magnetic
imaging.[19,20] The application of NV centers in magnetic
imaging highlights a crucial research direction aiming at ad-
dressing specific challenges in various fields.

This paper introduces a novel approach, i.e., a fiber optic
diamond probe features a micron-sized diamond as its sensing
core, to conduct scanning imaging of the magnetic field gen-
erated by banknote anti-counterfeiting strips. This innovative
technique can directly image the magnetic field produced by
these strips with high resolution. Additionally, the COMSOL
Multiphysics software is used to simulate and deduce the pos-
sible microstructure and material composition in the magnetic
field generation region of the anti-counterfeiting strip based on
the acquired magnetic field distribution and intensity informa-
tion obtained through the scanning imaging process.

2. Experimental principle
2.1. Diamond NV center magnetic sensing principle

The diamond NV center is a luminescent point defect
found in diamond crystal. It occurs when a carbon atom in
the diamond lattice is replaced by a nitrogen atom and is com-
bined with an adjacent vacancy, as depicted in Fig. 1(a). Dia-
mond NV center has a C3v symmetry, and the symmetry axis
is the crystal axis where the nitrogen vacancy is located. The
crystal axis is also known as the NV axis with four different di-
rections. As shown in Fig. 1(b), the ground state configuration

of an NV center is spin triplet state 3A2
[21] with ms = 0 and

ms =±1, respectively. ms =±1 is in the degenerate state when
there is no external field, and there is a natural zero-field split-
ting between ms = 0 and ms =±1 with the zero-field splitting
parameter D = 2.87 GHz. When the NV center is irradiated
by a laser of 532 nm, if the NV center is in the ground state
ms = 0, it will jump to the excited state ms = 0 (as denoted by
the solid green line in Fig. 1(b)), then return to the ground state
ms = 0 and release red fluorescence after a while (as indicated
by the solid red line in Fig. 1(b)); If the NV center is in the
ground state ms =±1, it will jump to the excited state ms =±1
(as represented by the green dotted line in Fig. 1(b)), then it
has a possibility to go back to the ground state ms = 0 after
inter-system crossing (ISC) over 1A1 and 1E, in which process
releases a small amount of red fluorescence[22] (as shown by
the orange dotted line in Fig. 1(b)). Therefore, a period of irra-
diation with a 532-nm laser can make most of the NV centers
return to the ground state ms = 0, which is the process of NV
center polarization.
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Fig. 1. (a) Diamond NV center structure and (b) diamond NV center
energy level diagram.

Under the action of the external magnetic field, the
ground state ms = ±1 splits into ms = +1 and ms = −1 due
to the Zeeman effect, and the energy gap is proportional to the
magnitude of the external magnetic field.[23] We can use op-
tical detection magnetic resonance (ODMR)[24] to detect the
transition from ms = 0 to ms =+1 and ms =−1 and measure
the corresponding resonance frequencies fi±, where the sub-
script i is used to distinguish the four axes, so eight peaks will
be obtained to form the ODMR spectrum. For the determined
axes, the applied magnetic field and the resonance frequencies
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fi± are related by[23]

Bi = ( fi+− fi−)/(2γNV), (1)

where the γNV is the gyromagnetic ratio, which is about
2.8 MHz/Gs (1 Gs = 10−4 T). According to Eq. (1), the reso-
nance frequencies change with the external magnetic field, and
so do the ODMR peaks, for which the magnetic field strength
can be calculated according to the offset of the peaks.

2.2. Experimental system

The magnetic field scanning imaging system consists of
four main components: optical module, synchronous control
module, data processing module, and scanning module, as il-
lustrated in Fig. 2. Additionally, an N52 permanent magnet is
located near the diamond to provide a bias magnetic field.

The optical module comprises two essential parts: laser
excitation and fluorescence collection. A 532-nm laser is di-
rected onto a long-pass dichroic mirror placed at a 45◦ angle.
As the laser wavelength is smaller than the starting wavelength
of the long-pass dichroic mirror, it reflects at a 90◦ angle to-
wards objective 1. The laser is then focused by objective 1 and
irradiated onto the fiber adapter, where it is coupled into the
fiber to excite the diamond NV center at the fiber tip. The re-
sulting red fluorescence emitted by the NV center is collected
through an optical fiber. The fluorescence wavelength is in a
range of approximately 600 nm–800 nm, exceeds the starting
wavelength of the long-pass dichroic mirror. Consequently, it
passes straight through the dichroic mirror, and a long-pass fil-
ter with a starting wavelength of 600 nm is employed to filter
out any residual green light. Since the avalanche photo diode
(APD) has a small photosensitive area (1 mm in diameter),
objective 2 is utilized to focus the filtered fluorescence onto
the APD’s photosensitive area. The APD converts the fluores-
cent signals into electrical signals.[25] Prior to the experiment,
meticulous adjustments were made to optimize each compo-
nent of the optical module, ensuring maximal collection of the
fluorescence signal by the APD.

The synchronous control module of the system com-
prises a pulse generator and a microwave source (not shown
in Fig. 2). The microwave generated by the microwave source
(Anapico-APSYN420, operating in a frequency range from
10 MHz to 20 GHz) is directed towards the diamond NV
center via a multi-turn annular coil. This setup enables the
controlling of the spin state of NV center. The pulse genera-
tor (Swabian Instrument Pulse Streamer 8/2) generates three
TTL signals. The first signal serves as the laser pulse control,
the second one is used for microwave pulse modulation, and
the third signal is utilized for modulating the subcarrier pulse.
Further details regarding the specific pulse settings will be de-
scribed later.

532 nm 
laser

MW source 

APD

Obj 2

Obj 1

Filter

DM

Diamond 
NV center

Fiber

Permanent 
magnet

Motorized stage

Spectrum 
analyzer

Personal 
computer

Adaptor

MW

Fig. 2. The block diagram of banknote magnetic anti-counterfeiting strip
scan experiment.

The data processing module primarily consists of a spec-
trum analyzer and LabVIEW program. The spectrum analyzer
continuously measures the strength of the electrical signal con-
verted from the APD at a specific frequency. The LabVIEW
program enables the setting of experimental parameters (e.g.,
laser switching time, microwave switching time, scanning area
of the displacement table, scanning step length) and facilitates
the processing, display, and storage of experimental data.

The scanning module consists of an electric displacement
table and a fiber optic diamond probe.[26,27] The electric dis-
placement table fixes the measured sample and can perform
controlled stepwise motion in the XY plane. The fiber optic
diamond probe serves as the sensing core of the magnetic field
scanning imaging system. The fiber tip (OM2 50 µm/125 µm)
is tapered by using the thermal stretching method, resulting in
a cone length of approximately 800 µm. A diamond particle
with a diameter of about 20 µm is affixed to the tapered fiber
tip by using UV glue.

3. Experimental results
3.1. Magnetic field scanning results

Experimental pulse sequences, including the timing ar-
rangements of both laser signal and microwave signal. During
the experiment, when the laser is at a low level, the microwave
signal is at a high level. At this point, the NV center undergoes
spin state changing under the influence of the microwave. Sub-
sequently, when the laser is at a high level, the microwave sig-
nal is at a low level. The fluorescence signal changes caused
by the spin state variations of the NV center are then read by
using the laser.

Prior to the ODMR experiment, we configure the three
TTL signals as illustrated in Fig. 3(a). The first TTL signal is
used to modulate the laser, and its high level duration is 500 ns
and a low level duration is 500 ns. It operates at a frequency
of 1 MHz. The microwave signal has a high level duration of
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450 ns and a low level duration of 50 ns in the time window
when the laser is turned off. During the time window of turn-
ing on the laser, the microwave signal is kept at a low level,
and the frequency of the second TTL signal is also kept at
1 MHz. The third TTL signal generates a 1-kHz pulse, serv-
ing as a subcarrier to modulate the output of the microwave
source. It has a high level duration of 500 µs and a low level
duration of 500 µs. In addition to the small-period modulation
of 1 MHz, the microwave signal also undergoes a large-period
modulation of 1 kHz as shown in Fig. 3(a) with N = 500.

The fluorescence signal, resulting from the alternating ac-
tion of the laser and microwave modulated by the first TTL sig-
nal and second TTL signal, is referred to as the main frequency
signal Vc. In the frequency domain, this signal is located at a
frequency of 1 MHz. Additionally, after being modulated by
the third TTL signal, the fluorescence signal in which the mi-
crowave is turned off in the second half cycle minus the fluo-
rescence signal in which the microwave is turned on in the first
half cycle, is known as the sideband signal Vs. In the frequency
domain, the sideband signal is located at 1.001 MHz.

…

…
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Fig. 3. (a) Laser, microwave, subcarrier pulse sequence. (b) Eight-peak
ODMR spectrum.

The sideband signal Vs is obtained by subtracting the op-
tical shot noise, laser noise, and APD noise from the signal.
Since it is predominantly influenced by the effect of the mi-
crowave, the sideband signal provides a significant improve-
ment in the signal-to-noise ratio. When the frequency of the
microwave resonates with the energy level of the NV center,
the main frequency signal Vc decreases, while the sideband
signal Vs increases. The ratio of Vs to Vc, known as the modu-
lation depth, is defined as an indicator of this effect.

By applying different microwave frequencies, the spec-
trum analyzer reads and captures both the main frequency sig-
nal and the sideband signal. This process ultimately yields

ODMR spectrum, which consists of eight peaks, as illustrated
in Fig. 3(b). The experimental data are depicted by the blue
points, while the red curves represent the fitting results ob-
tained by using the Lorentz function as follows:

S(Aw f0) =
Aw2

( f − f0)
2 +w2

, (2)

where S represents the detected fluorescence intensity signal,
A is the maximum fluorescence intensity signal for each spec-
tral peak, w is 1/4 of the width of the resonance peak, f is the
frequency of the microwave, and f0 is the center frequency of
the spectral peak.

From Eq. (1), the magnetic field can be calculated by ana-
lyzing the position changes of the ODMR peaks. By recording
the variations in the ODMR peaks at each scanning point, we
can obtain an image depicting the distribution of the magnetic
field in the tested sample. It is important to note that we focus
on studying the trend of the magnetic field distribution rather
than obtaining precise numerical values. Therefore, we utilize
the frequency change of a single peak to calculate the magnetic
field, and the magnetic field obtained represents the projected
component of the total magnetic field on an NV axis.

To validate the accuracy of our imaging method of re-
flecting the magnetic field distribution, we perform a scan and
imaging of the magnetic field generated around an energized
straight copper wire. The magnetic field generated by the wire
can be easily calculated theoretically, allowing for a compar-
ison between the experimental and theoretical results. This
verification process enhances the credibility of the magnetic
field scanning outcomes for the anti-counterfeiting wire.

In Fig. 4(a), a 10-cm-long and 1.08-mm-diameter copper
wire is securely fixed onto an electric displacement table by
using an insulating bracket. The fiber optic diamond probe is
adjusted to maintain a distance of 120 µm from the wire. The
scanning area has dimensions of 3.2 cm×3.2 cm, in scanning
steps of 25 µm. The initial frequency for scanning is set to
the leftmost peak (2608 MHz) from Fig. 3(b), in a frequency
range from 2580 MHz to 2630 MHz.

To generate a stable static magnetic field around the wire,
a constant current of 2000 mA is applied to it. Throughout
the scanning process, for each completed step of 25 µm by the
displacement table, the program calculates the ODMR spec-
trum for a single peak and performs Lorentz fitting by using
Eq. (2). Simultaneously, the program records the frequency
value of the symmetry axis of the ODMR.

Figure 4(b) illustrates the position changes of the ODMR
relative to the initial ODMR at a specific point in the scanning
process. By dividing the frequency difference by the electron
spin gyromagnetic ratio γNV, the magnetic field at each point is
determined. The program saves the magnetic field values for
each point in a TXT file. After completing the scanning, we
input the TXT file into MATLAB for visualization, resulting in
the magnetic field distribution image as displayed in Fig. 4(c).
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Fig. 4. (a) Schematic diagram of magnetic field scanning setup for energized straight copper wire. (b) Shift in ODMR position during scanning
process, with the left peak representing initial state and the right peak denoting state after magnetic field changing. (c) Scanning results of the
magnetic field generated by electrified copper wire. (d) Magnetic field distributing along the X direction at Y = 0, with solid blue line denoting
theoretical value and the red scatter point representing measured value.

To verify whether the scanning results are consistent with
the theoretical magnetic field distribution, we calculate the
theoretical magnetic field distribution along the X direction at
Y = 0 mm. According to Biot–Savart law, the magnetic field
element d𝐵 generated by a current source of length d𝑙 at dis-
tance r can be expressed as

d𝐵 =
µ0

4π

I d𝑙×𝑒r

r2 , (3)

where µ0 = 4π×10−7 represents the vacuum permeability and
𝑒r is the radial unit vector. After performing integration in the
Y direction, we obtain the results depicted by the blue curve
in Fig. 4(d). The corresponding experimental data are repre-
sented by the red dots below the curve. Through comparison,
we observe that the experimental results effectively capture the
trend of the magnetic field distribution. The discrepancy in
values between the experimental data and the integrated curve
arises from the fact that we solely measure the magnetic field
component along a single NV axis.

The scanning results obtained from the energized straight
copper wire demonstrate the accuracy of our method in cap-
turing the magnetic field distribution trend of the tested sam-
ple. By following the same experimental procedures and data
processing methods, we successfully obtain the magnetic field
image of the banknote anti-counterfeiting strip, as presented in
Fig. 5(a). The scanning area for this image is 70 µm×125 µm
in scanning steps of 12.5 µm.
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Fig. 5. (a) Results of the magnetic field scanning for banknote anti-
counterfeiting strips. (b) The magnetic field distribution along the X axis
at Y = 75 µm.

From the scanning imaging, it is evident that the magnetic
field generated by the anti-counterfeiting strip is on the order
of 1 Gs (Gauss) and exhibits a certain periodicity along its
overall length. To provide a clearer depiction of the magnetic
field magnitude in different regions, we illustrate the mag-
netic field distribution along the X direction at Y = 75 µm in
Fig. 5(b). Notably, three distinct types of magnetic field pat-
terns are observed, which we refer to as type A, type B, and
type C, respectively.

Type A possesses both positive peaks and negative peaks,
while type B appears to be a combination of various type A
patterns. Type C, on the other hand, is distinctive in that all
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of its peaks have negative values. In the following subsection,
we will delve into the underlying reasons for the formation of
these three magnetic field patterns.

3.2. Simulation and analysis

In order to gain a deeper understanding of the mag-
netic field pattern observed in Fig. 5(a) and its relation to the
microstructure of the banknote anti-counterfeiting strip, we
conduct simulations by using the DC-magnetic-field-module
within the COMSOL Multiphysics software. This simulation
approach takes into account two crucial aspects: geometric
structure and material composition, as they play pivotal roles
in determining the magnetic field pattern and its magnitude,
respectively.

The geometric structure of the anti-counterfeiting strip is

a key factor in generating the observed magnetic field patterns.
By analyzing the simulated results, we can gain insights into
how specific microstructures in the strip contribute to the mag-
netic field distribution. Additionally, the material composition
of the strip also influences the magnetic field strength. By
considering the magnetic properties of different materials and
their distributions in the strip, we can understand the variations
in the magnetic field values in different regions.

By combining the experimental scanning results with the
simulations, we can establish a relationship between the ob-
served magnetic field pattern and the microstructure of the
anti-counterfeiting strip. This integrated approach will pro-
vide valuable insights into the underlying mechanisms and
contribute to a comprehensive understanding of the magnetic
field generation process.
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Fig. 6. (a) The structure that generates type-A magnetic field pattern. (b) Simulation result of type-A magnetic field pattern. (c) Structure that
generates type-B magnetic field pattern. (d) Simulation results of type-B magnetic field pattern.

For the magnetic field region of type A, we presume that
it has the structure in Fig. 6(a), where a represents the width
of the anti-counterfeiting stripe, corresponding to the scenario
in the Y direction in Fig. 5(a), and the magnetic field in this
direction is consistent, so this parameter is not important for
the simulation. Parameter b represents the width of the mag-
netic area in the anti-counterfeiting stripe. Parameter c rep-
resents the thickness of the magnetic area, and the blue line
arrow denotes the background magnetic field 𝐵 generated by
the permanent magnet. Under the influence of 𝐵, the ban-
knote anti-counterfeiting strip will be excited to generate an
external magnetic field, which is the cause of the patterns in
Fig. 5(a). The angle between the 𝐵 and the magnetic anti-
counterfeiting stripe is α . As the size of the magnetic region

is at a micron level and the position of the permanent mag-
net is not changed in the scanning process, the background
magnetic field 𝐵 can be considered to be uniformly isotropic.
Thus, there are three adjustable parameters b, c, and α . After
continuous trial and adjustment, it is found that the combina-
tion of parameters b= 0.75 mm, c= 0.1 mm, and α = 65◦ will
produce the same shape as the magnetic pattern of type A in
Fig. 5(b). The next step is to consider the material in magnetic
region to make the magnitude of the magnetic field consis-
tent with the experimental result. From the ODMR spectrum
in Fig. 3(b) combined with Eq. (1), we can obtain the back-
ground magnetic field |𝐵| of about 100 Gs. Given that the
magnetic field generated in the magnetic region is very small,
only about 1 Gs, we consider using a ferrite material with a
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lower saturation magnetization intensity to make its magni-
tude of magnetic field closer to the experimental result by ad-
justing its relative magnetic permeability. Finally, we chose
BMHFi-6/23-B with relative permeability µr = 12 and obtain
the signal waveform shown in Fig. 6(b), which is very close
to the experimental result. It is worth noting that we are more
concerned with the magnetic field’s pattern than the magnitude
of magnetic field. In other words, our simulation focuses on
the microstructure of the anti-counterfeiting strip rather than
its material composition, as other types of materials may also
generate magnetic fields of the same value.

For the type-B magnetic pattern, we have taken into ac-
count its similarity to type-A and put forth a potential geo-
metric structure as depicted in Fig. 6(c). After conducting
tests, we determine that the gap between two adjacent regions
should be set to 0.48 mm. By simulating this specific config-
uration, we can obtain a magnetic signal waveform (Fig. 6(d))
that closely resembles the experimental result of the type-B
pattern. Notably, we introduce a magnetic field angle α of
70◦ at this stage. This adjustment is based on the observa-
tion that the magnetic area in the production of the banknote
anti-counterfeiting strip may not be perfectly parallel to the
banknote surface. Instead, there may be an angle of approx-
imately 5◦ between the magnetic field at 65◦ relative to the
banknote surface and the material inside the area generating
the magnetic signal. Consequently, we set the magnetic field
angle α to 70◦ to account for this discrepancy.

Regarding the type-C magnetic signal, despite various at-
tempts to adjust the size, shape, and magnetic field direction
of the magnetic region, we are unable to obtain simulation re-
sults consistent with the experimental data. However, inter-
estingly, we discovered that the surface of the banknote cor-
responding to the type-C magnetic signal is coated with mag-
netic ink, as depicted by the red semicircle area in Fig. 7(a).
We speculated that the irregular magnetic field generated by
the magnetization caused by the background magnetic field in
this region is superimposed on the magnetic field generated by
the magnetic anti-counterfeiting stripe buried beneath the ban-
knote’s surface after being magnetized. As a result, a distinct
type-C magnetic signal is produced. However, the signal char-
acteristics in this area indicate that if the anti-counterfeiting
stripe is unaffected by the magnetic ink, the magnetic pat-
tern it generates should align with the magnetic signal of type
𝐵. Figure 7(b) provides an overview of the simulation re-
sults, where both types of magnetic signals appear periodi-
cally. From these findings, we infer that the banknote’s mag-
netic anti-counterfeiting stripe is a segment intercepted from
a longer intact anti-counterfeiting stripe. It is likely that mul-
tiple such cycles exist in the intact anti-counterfeiting stripe.
Additionally, in different regions of the banknote, the mag-
netic field strength is uniform. The magnetic field generated

by the magnetic region of the security thread is approximately
1 Gs. If the external magnetic field is changed, the magnitude
of the magnetic field excited in the security thread may vary,
but the overall distribution remains constant. Therefore, we
can utilize magnetic field imaging to verify the authenticity of
banknotes.
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Fig. 7. (a) Physical diagram of magnetic information in red area of RMB
50 denomination anti-counterfeiting stripe. (b) Overall simulation results of
magnetic anti-counterfeiting stripe.

4. Conclusions
In this paper, we use a micron optical fiber diamond

scanning probe as a magnetic field sensor to conduct high-
resolution scanning of the 50-yuan RMB anti-counterfeiting
stripe, and obtain detailed imaging of the magnetic field distri-
bution. According to these experimental findings, we further
utilize finite element software to perform simulations, aiming
at inferring the potential magnetic structures in the banknote
anti-counterfeiting stripe. Through iterative adjustments of
simulation parameters, we progressively achieve closer align-
ment between the simulation results and the experimental data.
Our work presents a valuable approach to the direct and quan-
titative characterization of weak magnetic signals. The meth-
ods and concepts proposed in this paper can be readily applied
to other banknotes or similar samples requiring testing. The
research results can be used as information feedback to pro-
mote the development of banknote anti-counterfeiting technol-
ogy.
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