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Abstract: Fiducial markers can serve multiple functions within transportation systems, particularly in the realms of navigation, localization,
and automation. These markers can be instrumental in aiding autonomous vehicles such as drones and unmanned ground vehicles in
navigating complex environments. By providing precise localization points, fiducial markers enable vehicles to ascertain their positions
relative to markers. They are employed in high-precision docking tasks within automated transportation systems, and can be adapted for
parking assistance systems. In urban transportation systems, fiducial markers can be deployed to monitor traffic and guide autonomous
vehicles. Strategically placed markers on roads or intersections can provide precise location and orientation data to autonomous vehicles,
thereby facilitating precise, efficient, and safe navigation. This study investigates the potential use of fiducial markers in transportation
systems and introduces a novel marker, 6D Localization Code, along with its sample applications adaptable for transportation.
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Fiducial markers are widely used in robotics, augmented reality,
and industrial environments, with transportation systems

According to the Oxford English Dictionary, the word fiducial representing a potential application domain. Below is a summary of
is derived from the Late Latin word fidere (to trust). Fiducials are ~ some widely used fiducial markers: QR code, AprilTag, ArUco,
visually distinctive and machine-readable symbols generally used in ~ STag, and a novel marker, 6D Locator Code, as shown in Fig. 1.
various applications to determine the true size, position, or
orientation of an object in a picture. Fiducial markers are specially
designed visual patterns, often printed or embedded in
environments, that can be reliably detected and interpreted by
computer vision systems. The primary function is to serve as
reference points for localization, mapping, and calibration tasks,
particularly in scenarios where GPS or other traditional positioning
systems are insufficient or unreliable. 2D fiducial markers are
computer-generated printable signs to determine 6 DOF (xyz
relative distances and angles) localization data together with a AprilTag is a robust visual fiducial system designed for high-
special ID number integrated in the code. precision localization and identification [3,4]. It uses 2D planar
targets and a detection algorithm optimized for speed and accuracy,
making it suitable for robotics (localization and ground truthing),
autonomous vehicles, augmented reality, and camera calibration.
AprilTags are designed to be robust to lighting changes and
perspective distortions, with a focus on precise 3D pose estimation.
It provides a 6-degree-of-freedom (6DOF) pose estimation from a
single image. It is open-source and computationally efficient
compared to earlier systems.

2. Overview of Fiducial Markers The ArUco marker has a similar design to AprilTag, but with a
larger dictionary of markers with a wide use for camera pose
estimation, robotics, and augmented reality [5-7]. ArUco markers
are designed for fast detection and robustness, and are integrated
into popular computer vision libraries such as OpenCV.

1. Introduction

The QR code (Quick Response code) is a matrix barcode
invented in 1994 by Masahiro Hara at Denso Wave [1]. It encodes
data in both horizontal and vertical directions, allowing for fast
readability and high data capacity [2]. QR codes are widely used for
labeling, tracking, and linking digital content. They have many ID
scanning applications, including consumer-focused data-sharing and
marketing. However, it is not primarily designed for pose
estimation or machine automation.

Fiducial markers are becoming essential tools in modern
transportation systems. Their ability to provide precise localization,
identification, and calibration makes them valuable for applications,
ranging from autonomous vehicle navigation to inventory
management. The transportation sector, facing increasing demands
for automation, safety, and efficiency, has embraced fiducial
markers for various purposes.

Fiducial markers are typically two-dimensional high-contrast
patterns designed to be easily and robustly detected in images,
providing unique identification and precise localization for
applications in robotics, augmented reality, and computer vision.

They are engineered to be easily and robustly detected by cameras STag is a fiducial marker system developed to provide stable
and other sensors, even under challenging lighting or environmental and robust pose estimation, minimizing the jitter caused by imaging
conditions. The key characteristics include the following. noise and illumination changes [8]. STag uses an outer square

border for detection and an inner circular border for homography

refinement, resulting in a higher pose stability compared to other

systems. STag combines geometric shapes with error-correcting
. Encodable Information: Markers can carry data through codes to achieve hlgh rellablllty in cluttered environments with

their design, such as orientation, location ID, or other attributes  applications in industrial robotics.

(e.g., color, size, and shape).

. Detectability: High-contrast and unique patterns ensure
reliable recognition.

The 6D Locator Code is a novel visual marker designed as a 2D
. Cost-effectiveness: Markers are inexpensive to produce barcode and a visual fiducial marker. It is an ultrafast barcode and
and deploy compared with many alternative localization solutions. precise 6D position marker for indoor navigation, robotics, drones,

AGVs, and automation.
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Fig. 1 Some sample markers: (a) QR Code, (b) AprilTag, (c) STag, (d) 6D
Locator Code

. . Compared to AprilTag, the 6D Locator Code is hundred times
‘2“":.“"‘1“,\: faster, more precise, and stable in 3D angle and 3D position

s - measurements. A 4K frame can be scanned in approximately 1 ms.
» 5 Markers can be scanned from 85 degrees from the normal, and a
» o

S

SN o~ pixel size of 35 is enough to read a 96-bit marker. As a novel 2D
N barcode, it is 30 times faster and has several times better ID reading
G (d) rates than a QR code.

56 YEAR X, ISSUE 2, P.P. 56-59 (2025)



INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD"

WEB ISSN 2534-8493; PRINT ISSN 2367-8399

3. Applications in Transportation Systems

The adoption of fiducial markers for transportation is driven by
their reliability, low cost, and versatility. Fiducial markers are
increasingly used in transportation systems, particularly in robaotics,
autonomous vehicles, and high-precision navigation. They enable
robust solutions to challenges in localization and navigation,
particularly in environments in which traditional technologies may
fail.

Fiducial markers provide reliable reference points for precise
vehicle positioning, especially in GPS-denied environments, such as
underground parking lots, tunnels, or dense urban canyons.
However, their effectiveness can be influenced by environmental
factors (e.g., dirt, wear, and lighting), occlusion, and the need for
regular maintenance or updates to marker layouts.

Fiducial markers are deployed along routes, on road surfaces, or
within facilities to assist autonomous vehicles with precise
localization and navigation. By detecting these markers, vehicles
can determine their position, orientation, and planned path with
high accuracy for tasks such as docking, parking, and navigating
complex indoor environments.

In logistics and transportation hubs, fiducial markers facilitate
the tracking and movement of inventories. Portable inventory
holders or pallets may be tagged with markers, allowing automated
systems to efficiently identify, locate, and transport them.

A management module can direct mobile robots to move
inventory holders by capturing images of fiducial markers,
referencing a facility map, and executing path planning and
movements based on marker detection.

Research on indoor navigation is ongoing and vibrant [9]. In
contrast to outdoor settings, indoor navigation involves unique
obstacles such as poor signal strength, low lighting, and intricate
layouts. Various technologies have been explored for indoor
navigation, including Wi-Fi, Bluetooth, inertial measurement units,
and camera-based systems. Among these, vision-based approaches
are particularly promising because they offer advantages such as
low cost, user-friendliness, straightforward implementation, and
realistic performance.

Visual markers are used for the vertical landing and docking of
autonomous vehicles, such as drones or automated guided vehicles
(AGVs), by providing clear landing targets and enabling integration
with filtering algorithms (e.g., Kalman filters) for improved
accuracy [10-12].

Fiducial markers provide Unmanned Surface Vehicles (USVs)
with supplementary positioning information during automated
docking maneuvers [13]. USVs can determine their location in
relation to nearby structures independently of external
communication systems and can accurately position themselves
alongside a pier.

The growing adoption of robotic systems in logistics has
increased the demand for precise positioning solutions, particularly
in warehouse environments. A recent study introduced a virtual
fiducial marker-based system designed to track drone positions with
high accuracy within storage facilities, while automating inventory
counts on shelving units [14].

A monocular visual localization system based on fiducial
markers for autonomous docking demonstrated the effectiveness of
markers in precise vehicle positioning within industrial
environments [15].

The system presented in [16] introduced a cost-effective
fiducial marker reader to guide mobile robots for high-precision
docking in smart factories, highlighting the potential for scalable
deployment in automated transportation and logistics.
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4. Demos with 6D Localization Code

To illustrate how the 6D Localization Code may be used for
transportation systems, the following demonstrations were carried
out in various situations and environments. Fig. 2 shows the drone
in an indoor environment. The drone camera detects the 6D code,
quickly determines its exact location and orientation, and then
moves smoothly along the desired trajectory. By placing a sufficient
number of markers in an indoor environment, such as a factory or a
logistic center, drones can transport loads from any pickup point to
the destination automatically.

P Localization Sign Demo: Tello Drone AutoPilot
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Fig. 2 A drone finds its way with the guidance of 6D code.

In Fig. 3, an outdoor environment is shown, where the camera is
on a moving car viewing the road in the front. The camera has
3840x2160 pixel resolution. 20-cm 6D code was placed below the
traffic signs together with a QR marker. The 6D code can be
detected from approximately 12 meters and provides the relative
position and orientation, together with the ID of the marker, which
may be used for various static or live digital information. It took
approximately 1 second to pass alongside this marker, and 60
frames were recorded using a 60 fps video. From these frames, the
6D code correctly scanned 48 of them; however, the same size and
similar bit capacity QR markers could not be scanned for this setup.
This shows the effectiveness of the 6D Localization Code and its
potential to be used for retrieving digital information quickly and
determining localization data precisely.

_(I.nallntlon Sign Demo: kD vs O on the Street »

T

Fig. 3 6D code placed on the sideways of a road.

In Fig. 4, 6D code is placed on the vehicle for identification and
position tracking purposes. Using a 4K camera, a 20-cm marker
behind the vehicle can be quickly scanned from approximately 15
meters. The tracking data for the xyz position relative to the camera
axis are shown in Fig. 5. As seen from the measurements, the
smooth and precise tracking of vehicles is possible with this code.
Therefore, many vehicles can be tracked and autonomously guided
by indoor and outdoor facilities.
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Fig. 4 Vehicle tagged with 6D code for identification and tracking.
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Fig. 5 Real xyz positional tracking data of vehicle for this scenario.

In Fig. 6, a 6D code is placed on a fence for retrieving the real-
time precise localization of an autonomous vehicle. Fig. 7 shows the
positional tracking measurements of the vehicle. The 6D code can
be scanned and provides measurements starting at approximately 15
meters. There is also a same size QR code for comparison purposes.
Although QR codes do not normally provide position information,
the ID reading rates are compared. For a video duration of 5.37
seconds, 284 6D codes and 100 QR codes were scanned out of a
total of 317 frames. Therefore, the 6D code not only provides
precise localization data but also has higher scan rates than QR
codes.

Fig. 6 6D code placed on a fence to guide autonomous vehicles.
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Fig. 7 Real xyz positional data of marker relative to vehicle.

For the demonstration shown in Fig. 8, the “Keep Right” traffic
sign is replaced with a 60-cm 6D code marker. The camera was
placed in a car while viewing the front road. The code can be
quickly scanned together with the position and orientation
measurements and ID data showing a blinking arrow on the
smartphone screen for the driver to keep right at this intersection.
This helps the driver to notice and follow crucial signs. Positional
tracking data were also provided automatically, as shown in Fig. 9.

Fig. 8 6D code replaces “Keep Right” traffic signs.
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Fig. 9 Positional tracking data for traffic signs.
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In Fig. 10, a 6D code marker is placed at the turning point to
indicate “Keep Right” at the end of the road. A moving arrow is
digitally placed on the smartphone screen for the driver to slow
down and turn right at this point. The same sign may also serve as
an autonomous vehicle to precisely determine the turning point.
Although the camera was moving with the vehicle, the sign could
be effectively scanned from approximately 43 meters as shown in
Fig. 11.

o
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Fig. 10 6D code marker placed at turning point.
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Fig. 11 Positional measurements before the “Keep Right” turning sign.

5. Discussion and Conclusion

Fiducial markers have established themselves as indispensable
tools in modern transportation systems, supporting a wide range of
applications from autonomous navigation to sensor calibration and
inventory management. Their continued evolution, driven by
advances in computer vision and sensor technology, promises an
even greater future impact. Further research is required to address
the challenges related to durability, scalability, and integration with
emerging transportation paradigms, such as smart cities and
connected vehicles. The deployment of fiducial markers requires
the consideration of environmental factors, such as lighting,
occlusion, and physical wear, as well as ongoing maintenance to
ensure system reliability.

Fiducial markers could be a transformative technology in
modern transportation systems, offering reliable, low-cost, and
versatile solutions for a wide range of localization and navigation
challenges. Their ability to provide precise positional reference
points is especially valuable in environments where traditional
systems such as GPS are unreliable or unavailable, such as
underground facilities, tunnels, and densely built urban areas.
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Through practical demonstrations and the recent research
presented in this paper, a novel marker, 6D Localization Code, can
significantly enhance the accuracy and efficiency of autonomous
vehicles, drones, and mobile robots in both indoor and outdoor
settings. Applications span from automated docking and parking to
real-time inventory tracking and seamless navigation in complex
environments. The integration of this advanced marker system, the
6D Localization Code, extends the current fiducial marker
capabilities by enabling rapid, accurate detection and robust data
transmission, even under challenging conditions.

As transportation systems continue to evolve toward greater
autonomy and digital integration, fiducial markers are poised to
play a central role in enabling safer, more efficient, and highly
automated mobility solutions. Their ongoing development and
adoption  will likely drive further innovations in smart
infrastructure, vehicle guidance, and real-time data management
across various transportation domains.
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