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Abstract—1In the field of robotics, tag systems play an
important role in various applications, such as object iden-
tification and robot control in real-world environments. While
typical visual markers use two-dimensional (2D) patterns and
RGB cameras for recognizing object IDs and poses, achieving
long-distance recognition necessitates increasing marker size
and camera magnification to ensure the required resolution.
Furthermore, the growing adoption of event cameras in robotics
captures rapid changes in pixel brightness but faces limita-
tions in recognizing stationary 2D markers. Although compact
blinker markers using blinking light-emitting diodes (LEDs)
achieve long-distance recognition, they are constrained by the
number of IDs or recognition speed when used with standard
RGB cameras. In addition, recognizing object pose using only
a single blinking LED presents challenges. To address these
challenges, we introduce ‘Bicode,” an indoor visual marker
designed for event cameras. Bicode seamlessly integrates 2D and
blinker markers within a single marker unit. We have developed
prototypes of 2.5, 5, and 10 cm square acrylic 2D markers,
each equipped with a single LED blinking at 1 kHz, enabling
recognition with an event camera. Our experiments revealed
the effects of marker size, LED light quantity, recognition
distance, and angle, external lighting conditions, and camera or
marker movement on accuracy. Notably, using the 5 cm marker,
we confirmed its compatibility to recognize IDs at distances
exceeding 20 m, and pose recognition at 2.5 m was confirmed.

I. INTRODUCTION

In the field of robotics, tag systems are widely used
for tasks such as object detection for interaction and robot
control within real-world environments such as offices and
warehouses. Several tag methods have been explored, includ-
ing electromagnetic techniques, such as radio frequency iden-
tification [1]-[6], Bluetooth [7], [8], and magnetic force [9]—
[12]. In addition, visual markers using cameras have been
proposed. To enable robots to recognize their surroundings
and objects for applications such as simultaneous localization
and mapping and object detection, cameras are often inte-
grated into robotic systems. Thus, visual markers serve as a
common tag system that uses cameras. Since the robot moves
around, its onboard camera needs to capture objects and their
environment in a vast space at high speed. To achieve high-
speed motion capture with low computational complexity,
researchers have been investigating event cameras, which
asynchronously capture pixels only when changes in lumi-
nance occur at high speed, on the order of microseconds
[13]-[19]. In this paper, we propose a novel visual marker
system designed for event cameras and capable of rapid ID
detection in expansive indoor spaces and pose estimation
when the robot is in proximity.
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2D marker systems [20]-[24], which have a 2D pattern
printed on various surfaces, are studied as visual markers
that can accurately recognize marker IDs and poses using
RGB cameras. Sarmadi et al. proposed a system that can
track moving 2D markers with an event camera, focusing on
the edges of the markers as they move [25]. These systems
offer the advantage of recognizing the ID and pose using
inexpensive markers and cameras. However, their recognition
range depends on the clarity of the captured 2D pattern.
To extend the recognition distance, it becomes necessary to
either increase the camera magnification, enhance resolution,
or enlarge the size of the camera marker.

Therefore, a visual marker system that can recognize ob-
jects from a distance, although small, using bright spots, such
as LEDs, has been proposed. In the Bokode system [26], the
use of a tiny 2D marker within an LED enables recognition
at a long distance using the bokeh of the camera. However,
the camera focus must be set to infinity, which limits the
camera’s use. Another technique using small bright spots is
a blinker marker system in which IDs are superimposed on
blinking light sources [27]-[29]. The blinker marker system
requires only the ability to capture bright blinking spots and
can recognize even small dots in an image. Therefore, 1D
recognition is possible from a distance even with a small
blinker marker. However, 2D marker systems can recognize
poses from the spatial pattern, while a single blinker marker
is only a point on the image, making it unable to recognize
poses without combining multiple blinker markers. In addi-
tion, 2D markers can be recognized from at least one frame,
whereas blinker markers can be recognized from multiple
frames. Consequently, the ID transmission rate of the blinker
marker relies on the frame rate of the camera, leading to its
limitations in the number of IDs that can be transmitted or
potentially longer recognition times. For instance, if a camera
operating at 30 fps is used to transmit 1 bit of data in each
frame, the resulting data rate would be 30 bps.

Although the method for blinking the 2D marker it-
self [30], [31] enhances ID recognition over longer distances
and allows for the recognition of 2D marker patterns, such
as nearby poses, it still faces a limitation in terms of blinker
ID transfer speed when using general RGB cameras. In
contrast, Censi et al. [32] achieved the recognition of blinker
markers at a rapid rate of 1kHz by using an event camera.
However, for pose recognition, multiple blinking markers
become necessary. Consequently, a challenge remains in
achieving compatibility between pose recognition and high-
speed ID recognition within a small blinker marker.

In this paper, we propose a novel indoor marker system
named ‘Bicode.” Bicode is designed to be detectable from
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Bicode marker concept: The figure illustrates the recognition process of Bicode markers by the event camera. A Bicode marker that is close to

the camera is recognized as a blinker and 2D marker, whereas a Bicode marker that is far away from the camera is recognized solely as a blinker marker.

a distance using wideband IDs while also being capable
of recognizing pose when a camera is in proximity to the
marker. The core concept of our method involves integrating
a rapid and wideband blinker marker feature into a small
2D marker and capturing it using an event camera. The
2D marker is illuminated by a blinking LED with an ID
superimposed, blinking at a rate of approximately 1kHz.
These combined markers are captured by an event camera
to be analyzed frame by frame for 2D marker recognition
and overtime for blinker marker recognition.

Fig. 1 illustrates the concept of Bicode. When the marker
is far away from the camera, it is recognized as a blinker
marker. However, when it is close to the camera, it works
as a blinker and 2D markers. This system achieves these
capabilities using a small marker, which traditionally would
require either a large 2D marker or multiple blinker marker.
Furthermore, using an event camera, Bicode can recognize
wideband IDs. Therefore, our system has the potential to
detect a large number of objects in a vast indoor environment,
such as a commercial facility or warehouse, and estimate
their poses using a small Bicode marker.

We implemented a prototype of the proposed method and
evaluated the performance of the Bicode system’s 2D and
blinker marker functions at various distances and marker
sizes. As a result, we successfully recognized their IDs from
distances exceeding 20 m and identified their poses from dis-
tances of approximately 2.5m using a 5 cm square marker.
Our findings revealed a correlation between the reading
distance and marker size, capturing angle, and the intensity
of light emitted from the marker. Notably, the system also
demonstrated functionality under marker movement and in
evening outdoor conditions.

II. PROPOSED METHOD

The Bicode system comprises a marker unit that in-
corporates 2D and blinker marker functions, along with a
recognition unit with an event camera and a PC for data
processing. The recognition unit processes the data captured
by the event camera and converts it into an image-compatible
format (Fig. 2a, 2b, 2d, and 2e). Subsequently, it identifies the
pose of the 2D marker (Fig. 2¢) and detects marker regions
to determine the ID of the blinker marker (Fig. 2f, 2g).

A. Marker region detection

First, how to find marker regions is explained. Compared
to an RGB camera that obtains an image frame by acquiring
and comparing the brightness of all pixels of a sensor, an
event camera acquires the brightness change asynchronously
for each pixel (called event data). Consequently, to perform
image processing, such as detecting blinker marker regions
and recognizing 2D markers, it is necessary to convert event
data into an image frame. Event data obtained from an event
camera is typically represented as (z,y,p,t), where = and
y are the coordinates of the pixel, p represents the polarity
of the brightness change (with p = 1 indicating an increase,
referred to as ‘event ON,” —1 indicating a decrease, referred
to as an ‘event OFF, and 0 indicating no change, and ¢ is
the time at which the event occurred).

The image frame at time ¢ + At can be defined as a 3-
valued image by adding the value of p to the time series
for the period of At at each coordinate where the pixel
value is defined as 1 when the total value is positive, —1
when it is negative, and 0 when it is even, as shown in
Fig. 3. Assuming that one processing period, as shown in
Fig. 2, is defined as At,pope, the accumulation times of
image frames used for detecting the 2D and blinker markers
can be represented by Atyp and Atppinker, respectively.
The relationship between these accumulation times can be
expressed as 0 < Atop, Atprinker < Atypore. To detect
the marker region and minimize the impact of luminance
changes other than the marker blinking, Aty;nker should be
set to a value slightly higher than the blinking duration of
the marker. A properly set Atpiinker results in highlighted
regions exclusively within the blinker region. To eliminate
the noise and enhance marker region boundaries, we apply
morphological transformations. The detected regions are then
tracked from frame to frame. For tracking, we used a
lightweight tracking algorithm SORT [33], which relies on a
Kalman filter-based approach that uses the position and size
of each region’s bounding box.

B. Marker pose and ID recognition

To detect the 2D marker, image frames generated using
the period defined as Atsp are used. The generated image
frames can be processed in the same way as a typical RGB
camera image. As the 2D marker for pose recognition, a
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Fig. 2. Processing flow for the recognition unit: event data is converted
into image frames with varying accumulation times for recognition of 2D
markers (a and b) and blinker markers (d and e). If a 2D marker is recognized
(c), it is used as a reference of a blinker region (f and g).
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Fig. 3. Generation of image frames: event data is accumulated and
synthesized in the time series to create an image frame. In this figure, white
pixels represent LED ON and blue pixels represent LED OFF.

standard marker system such as ArUco [22] and ARtoolkit
[21] can be employed. Since the pattern of the marker is used
only for pose recognition, the pattern of the electric bulletin
board may be used as a 2D marker.

Next, we describe the process of identifying the ID for
detected marker regions. By performing analysis on each
marker region separately, multiple markers can be recognized
simultaneously. It is important to note that event cameras
can capture pixels only when the brightness changes and
are unable to detect LEDs that remain constantly ON or
OFF. To overcome this limitation, we use Manchester coding
at a frequency of f;p. This coding scheme ensures that a
brightness change always occurs in the expression of each
blinking bit. To estimate the state of the LED from event
data, we compare the total number of LED ON and OFF
event pixels detected within the blinker region. This com-
parison is performed using the image frames accumulated
over a period of At;p seconds. Regarding the point in time,
when the number of ON event pixels exceeds that of OFF
event pixels, it is considered the LED ON time, and vice
versa, it is considered the LED OFF time. This relationship
is governed by the sampling theorem, which establishes that
0< Atrp < 2]‘%‘

III. IMPLEMENTATION
A. Marker unit

We implemented the marker unit comprising an acrylic
plate, a reflection tape, and a shading plate, which are used
to construct the 2D marker function. In addition, an LED
was inserted into the side of the acrylic plate to construct
the blinker marker function, with the LED controlled by
a microcomputer. While the proposed method is adaptable
to various sizes and light sources, we present an example
featuring a 5cm square marker using a 5mm diameter
LED, as shown in Fig. 4. For this implementation, we used
a transparent acrylic plate with 5mm thickness to match

Transparent

o/ part(no machining)

Engraved part

LED g’ 5icm

2D marker

engraved acrylic
Lighting board
direction

. s T Aluminum tape
_ Shielding plate

Fig. 4. Details of the Bicode marker: the LED light on the left side is
diffusely reflected and only glows red at the engraved section of the marker.
The transparent portion of the marker appears dark.

’ Slee Start bit Payload ‘ Checksum ‘
P (2bit) (8bit) (1bit)
0 : 13 T4ms
Fig. 5. Data structure of blinker markers, which comprises a start bit to

divide the blinking cycle, payload, and checksum.

the diameter of the LED. A 2D marker pattern was laser-
engraved into the plate, utilizing the ArUco [22] pattern.
The LED light is input from the side of the acrylic plate
and undergoes diffuse reflection by the engraved 2D marker
pattern. Consequently, only the marker pattern appears to
emit light. The selected LED, which is a 5 mm bullet-type
with a red color, specifically model OSR5CAS5SB61P from
OptoSupply Limited, was powered at a voltage of 5V.

Although the marker is primarily intended for indoor use,
it may still be influenced by sunlight when used indoors.
To address this issue, we incorporated an infrared (IR) LED
instead of a red LED into the marker, along with an event
camera equipped with an IR filter. For the IR LED, we
used the OSISLA5A33A-B model from OptoSupply Limited,
which has a peak wavelength of 940 nm. In addition, we
used an IR88 filter from FUJIFILM Corporation. The filter
exhibits approximately 80 % transmittance at a wavelength
of 940nm while effectively blocking visible light. It is
worth noting that sunlight at around 940 nm, reaching the
ground surface, is attenuated by the atmosphere [34]. Thus,
the inclusion of LED and IR filters in the Bicode system
is expected to mitigate the impact of nondirect sunlight
entering the room. The LED was controlled by an XIAO RP
2040 microcomputer (Seeed K.K.) with a transistor amplifier
circuit. We designed a data structure capable of transmitting 8
bits of payload within 14 ms, functioning as a blinker marker
using Manchester coding at a frequency f;p of 1kHz, as
shown in Fig. 5. This marker continually transmits data in
this format, achieving a bit rate of 571 bps.

B. Recognition unit

The recognition unit was equipped with a CS-mount lens
with a focal length of 8§ mm, an event camera Prophesee
EVK 4 (Prophesee S.A.), and a laptop PC for event data
processing. The lens was configured at F2.0 to ensure
sensitivity when using IR LEDs and at F5.6 to ensure
image quality when using red LEDs. The combination of the
Prophesee EVK 4 and an 8 mm focal length lens provided
an approximate 40° angle of view in the horizontal direction.
To detect 2D markers by converting event data into image
frames, it was crucial to appropriately set the accumulation
time Atop for the event data and exposure time for the
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Fig. 6. This graph illustrates the correlation between the LED transmission
bit (depicted in red), the total number of event ON and OFF pixels
(represented by a solid black line and dashed gray line, respectively), and
the Manchester code result (top of the figure). The payload data transmitted
in this graph is ‘00100101°.
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Fig. 7. Experimental conditions included (a) indoor lighting with the red
LED marker and (b) outdoor lighting with the IR LED marker.

RGB camera. The Prophesee metavision SDK was used for
event data processing, and the Python ArUco library was
used for 2D marker recognition from image frames, with
default parameters. We opted for a value of 13.2ms as
Aty p because it rendered the marker image discernible under
indoor conditions. Conversely, for blinker marker region
detection, we minimized the accumulation time Atp;ipger tO
reduce the impact of movements other than the markers. In
this implementation, we set the accumulation time Aty ker
to 2 ms, which is the shortest duration capable of displaying
the blinker marker region as a bright spot, following the
structure depicted in Fig. 5. The accumulation time At;p for
recognizing blinker IDs selected was 0.25 ms, which ensures
full compliance with the conditions outlined in Section II-
B. The overall processing period At,,p.c Was established at
33 ms to ensure that the entire data structures shown in Fig.
5 were buffered at least once.

Fig. 6 illustrates an example of the blinker marker decod-
ing mechanism. The decoding process for detecting the ID
of the blinker marker is performed sequentially following the
data structure presented in Fig. 5. This process begins with
the 3 ms consecutive turning off of the LED.

IV. EVALUATION

Using the prototype implemented in Section III, we con-
ducted an evaluation of the recognition performance and
characteristics, considering the specifications and environ-
mental factors related to the proposed method.

A. Current flowing through Bicode LED

As a general principle, the intensity of a point light
source decreases as the square of the distance increases. As
our method uses a point light source as an active marker,
the marker’s brightness naturally decreases with distance,
adhering to the inverse square law. Thus, we investigated
the relationship between the current value, which directly
influences the brightness of the LED in the marker, and the
recognition distance for the 2D and blinker marker functions.

The LED used in the implementation exhibits a relative
brightness that is almost directly proportional to the current
within the rated current range. To investigate the impact of

05 1.0 25 5.0 7.5 10.0

15.0 20.0 25.0
Distance [m]

30.0 35.0 40.0 45.0 50.0

Fig. 8. The relationship between the current value applied to the LED of
the marker and the recognition accuracy at each distance was analyzed.

current variations on the marker’s LED, we compared the
standard current of 10.7 mA with two different current levels:
5.5mA, approximately half the standard level, and 21.3 mA,
which was double the standard level. We used 5cm sized
marker with a red LED. The experiment was conducted in
an indoor office environment with an approximate brightness
of 3501x, as illustrated in Figure 7a.

We varied the shooting distance from 0.5 to 50 m , with the
optical axis of the camera set perpendicular to the surface
of the marker. To assess the accuracy of 2D and blinker
markers, we calculated the ratio of correctly identified frames
to the total number of frames within the respective evaluation
period. To ensure consistency, we applied the same accuracy
calculation method in all subsequent experiments. In this
experiment, the evaluation period was set at 6.7 sec. (about
200 frames within a 33ms processing period). Since the
existing ArUco library was used for 2D marker recognition,
the performance depended on it. Therefore, the precise
measurement of posture recognition was not carried out, and
each frame was visually examined to confirm whether the
axis of posture was correctly displayed.

Based on the findings presented in Fig. 8, with a current
of 10.7mA, the 2D marker achieved a 100 % accuracy rate
within a range of 2.5m; however, the recognition failed
beyond 5 m. In contrast, the blinker marker could be recog-
nized at distances up to 20 m. Notably, we also affirmed that
the recognition distance increased with high-current levels.
For instance, the use of a current of 21.3mA enabled the
recognition of IDs at distances of up to 30 m.

Furthermore, we observed that, as a 2D marker function,
the recognition distance tended to decrease with increase
in current. This trend was associated with the observation
that the 2D pattern within the image frame became in-
creasingly blurred when the current exceeded the required
level. Image frames presented in Fig. 13a, 13b, and 13c
display the visual effects of 2D marker recognition. Under
the conditions of 21.3 mA, the 2D marker pattern appeared
swollen and blurred in the image. These results emphasize
that the brightness of the LED cannot be infinitely increased,
highlighting the need to set an appropriate value to optimize
the functionality of the 2D and blinker markers. As a 2D
marker, although it seems recognizable even by a typical
RGB camera, the 2D pattern may be unclear and the recog-
nition accuracy may decrease depending on the exposure
adjustment similar to that of observed in this experiment.

B. Angle between the marker and the camera

The proposed method uses a visual marker capable of
recognizing 2D patterns and blinker IDs when captured
from the marker plane. Nevertheless, when observed from
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Fig. 9. The relationship between the angle 6 between the marker normal
and camera optical axis and the recognition accuracy at various distances.
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Fig. 10.  The relationship between marker size and recognition accuracy
at each distance.

an angle, the region of the marker visible to the camera
diminishes in size. Therefore, we assessed the relationship
between the capture angle and recognition distance for the
2D and blinker marker functions. In this experiment, all
conditions were kept consistent with those detailed in Section
IV-A, with the current of the LED set to a fixed value
of 10.7mA. The experiment involved varying the angle
between the marker and camera, specifically 0° (facing each
other), 40°, and 80°, while also adjusting the distance within
the range of 0.5m and 35m.

Fig. 9 illustrates that the accuracy of the 2D marker
exceeded 90 % up to a distance of 2.5 m when observed at
angles of up to 40°; however, it was no longer recognizable
at 80°. By contrast, the blinker marker could be recognized
at distances of up to 10 m even at 80°, with the recognition
distance increasing as the angle decreased. Our findings
suggest that a steeper angle results in reduced visibility of
the features in the 2D pattern and in capturing a small marker
area through the camera lens. Image frames for 2D marker
recognition at each angle are presented in Fig. 13b, 13d,
and 13e. The size of the marker region observed at a 0° is
approximately 1/4 of the size of marker at 80°.

C. Marker size

This experiment aimed to explore the relationship between
the marker size and the distance over which each 2D and
blinker marker could function. We made comparisons using
marker sizes of 2.5, 5, and 10 cm, ensuring that the relative
luminosity per unit area was consistent for each size. This
alignment was achieved by using LED currents of 2.7, 10.7,
and 40.9mA, respectively. All other conditions remained
identical to those shown in Section IV-A.

Fig. 10 illustrates that for a 2D marker with a size of
10 cm, the accuracy rate remained consistently at 100 % up to
a distance of 7.5 m, with the recognition distance decreasing
as the marker size decreased. Similarly, for a blinker marker
with a size of 10cm, the accuracy rate remained above
80 % up to a distance of 40 m, with the recognition distance
decreasing as the marker size decreased. This observation
can be attributed to the size of the marker’s image captured
by the camera. Image frames presented in Fig. 13b, 13f,
and 13g show the recognition process for the 2D marker at

100 — Wewmm=ffmm=K=zz DKoo= K——K
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Fig. 11.  Accuracy of recognizing distances indoors and outdoors using
infrared markers.
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Fig. 12.  Relationship between the speed of camera rotation and the
accuracy of recognition at each distance.

various sizes. These results demonstrate that, at the same
distance, the region of a marker reflected in the camera
increases proportionally with the size of the marker. In
this experiment, it was observed that even a 2.5 cm Bicode
marker recognized the ID from 7.5m and, when brought
closer to 1 m, recognized the pose.

D. Recognition in and out of the building

While the marker system is designed for indoor use, we
assessed the recognizable distance of each marker function
under varying ambient light conditions, thereby validating
the countermeasures against sunlight implemented in Section
III. Initially, we confirmed that, under outdoor conditions,
the use of visible red LEDs with a 5cm marker size did
not enable recognition at all. The experiment took place
at evening outdoor, as shown in Fig. 7b, with an ambient
light level of approximately 2000 1x, while indoor conditions
maintained an ambient light level of approximately 350 1x.
Subsequently, we conducted experiments in both indoor and
outdoor environments using a 5 cm marker size, an IR LED,
and an event camera equipped with an IR filter. The LED
current was set to 20.4 mA, corresponding to the high-current
condition detailed in Section IV-A. All other conditions
remained consistent with those described in Section IV-A.

The results depicted in Fig. 11 reveal that the recognition
accuracy for both 2D and blinker markers remained nearly
100 % up to a distance of 2.5m in both indoor and outdoor
environments. However, for blinker markers, the accuracy
declined to roughly to 50 % at a distance of around 20 m in
both environments. Interestingly, the results obtained under
the outdoor conditions using an LED current of 20.4mA
were nearly equivalent to those achieved indoors with a
current of 10.7 mA, as detailed in Section IV-A. However,
during a sunny day around noon, the ambient light conditions
reached levels in the tens of thousands of lux, rendering the
marker with IR settings unable to function.

E. Translational movement of the camera

To evaluate the performance of Bicode under conditions
involving camera movement, we conducted experiments un-
der camera translation. Given the difficulty of achieving high
and constant camera translation speeds, we opted to rotate
the camera in one direction perpendicular to the ground
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(a)-(g): The generated image frames for 2D marker recognition are displayed. Those images were captured at a distance of 2.5 m, while other

conditions such as LED current variations (a-c), shooting angle variations (b, d, e), and size variations (b, f, g) were also considered.
(h)-(k): The image frames used to recognize blinker markers in different camera translation and marker rotation conditions are presented. Images (h) and
(i) were taken from a distance of 2.5 m at camera translation speeds of 0.105 and 0.314 m/s respectively, whereas images (j) and (k) were taken at marker

rotation speeds of 16 rpm from distances of 0.5 and 2.5 m respectively.
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Fig. 14. The relationship between the speed of marker rotation and the
accuracy of recognition at each distance.

to simulate translational motion. For this experiment, we
maintained a constant tangent speed of 0.105, 0.209, and
0.314 m/s at each distance. The 5 cm marker was illuminated
by a red LED with a current of 10.7mA, and we varied the
shooting distance from 0.5 to 25 m. The accuracy evaluation
followed the same calculation method outlined in Sections
IV-A through IV-D. However, in this experiment, the evalu-
ation period extended from the time the marker entered the
field of view until it disappeared.

In Fig. 12, the accuracy of the 2D marker dropped to
approximately to 50 % at 1 m when subjected to a movement
speed of 0.314m/s, and it became completely unrecogniz-
able at around 2.5m. Notably, as the speed increased, the
recognition accuracy at each distance declined. In contrast,
even at a speed of 0.314m/s, the blinker marker maintained
recognition accuracy of over 90% at a distance of 20m.
However, there was a decrease in accuracy in short-range
recognition when compared to the camera’s static condition.
This phenomenon occurred because when the marker was
close to the camera, the marker area appeared larger, re-
sulting in an excessive amount of event data to process for
recognition. Blinking ID recognition operates at a high rate,
determined by At;p, as described in Section III. Conse-
quently, there was some delay in marker detection to blinker
ID recognition when confronted with an abundance of event
data. Additionally, shorter distances in this experiment meant
shorter evaluation periods, leading to lower accuracy at close
distances. In the recognition of blinker IDs, the detection of
the marker region, as shown in Fig. 2f, played a crucial role,
while any motion other than that of the marker was treated
as noise in region detection. As seen in Fig 13h and 131, our
proposed method effectively separated the marker from the
motion under the tested speed conditions. To make it more
robust against motion, it is necessary to ensure that only the
region that blinks at the marker frequency is extracted, while
this processing may be complicated.

F. Marker rotation

We also assessed the performance of both the 2D and
blinker markers under conditions where the markers them-

selves rotated perpendicular to the camera’s optical axis. For
these experiments, we used a 5cm marker illuminated by a
red LED with a current of 10.7 mA , set in the same environ-
ment as described in Section IV-E. The shooting distance was
varied between 0.5 and 2.5 m, where recognition of both the
2D and blinker marker functions was confirmed under static
conditions in Section IV-A. Accuracy measurements were
taken during 180° rotation at speeds of 16, 32, and 64 rpm.

The results presented in Fig. 14 indicate that the 2D
marker achieved 100 % accuracy at distances up to 1m,
with accuracy decreasing as both distance and rotation speed
increased. At a distance of 2.5m, the accuracy dropped to
around 50 % when the rotation speed reached 64rpm. In
contrast, the blinker marker displayed an interesting trend;
its recognition accuracy increased as the rotation speed
decreased. When rotating at 64rpm, the blinker marker
maintained a recognition accuracy of more than 70 %, re-
gardless of the distance tested. At 16 rpm, the accuracy was
more than 80 %. Unfortunately, as was observed in Section
IV-E, the recognition accuracy decreased as the distance
between the marker and the camera decreased. Fig. 13j and
13k illustrate the recognition process using an image frame
converted from event data, showing that the marker pattern
remained clear at both distances, although the marker region
expanded as the distance decreased.

V. CONCLUSION

In this paper, we have introduced Bicode, a versatile
marker system designed for recognition using an event cam-
era. Bicode serves as a blinker marker with a broadband ID
at a distance and as a 2D marker capable of pose estimation
at short ranges. Implementing Bicode is straightforward, re-
quiring only an LED, a microcomputer for control, a battery,
a transparent plate, and reflective and shading tape. Marker
sizes can be adjusted by varying the amount of light emitted
by the LED. Notably, the proposed method accommodates
IR and red LEDs, offering flexibility in various scenarios.
In the experiments, we clarified the performance of the
marker type (2D and blinker) in terms of recognition dis-
tance, viewing angle, and environmental conditions. Despite
some limitations, our method demonstrated effectiveness
under dynamic conditions and in environments affected by
sunlight. This versatile approach opens up possibilities for
robotic applications, enabling rapid object identification and
manipulation with small Bicode markers within large indoor
spaces.
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