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In recent years, the introduction of remote and autonomous driving technologies has advanced in port container
logistics to improve working conditions, stabilize operations, and enhance safety. Among them, the automation of transfer
cranes that load and unload containers in storage yards has become a key element in realizing smart ports. RTG(Rubber
Tired Gantry Crane), widely used in Asia and Japan for their flexibility, require highly accurate travel and stopping control
since they operate without rails. Traditionally, straight-line driving control with high-precision RTK-GNSS (Real Time
Kinematic-Global Navigation Satellite System) has been applied, but as remote automation progresses, high stopping
accuracy has become equally essential. However, GNSS sensors mounted on top of RTGs are affected by pitching due to
slopes or acceleration, leading to discrepancies between measured and actual positions. To address this, researchers have
explored the use of deep learning-based image recognition techniques to detect existing white lines in container yards,
though challenges remain under severe outdoor conditions such as rain or glare. This study combines GNSS with
YOLOX-based robust real-time white-line recognition to achieve accurate travel and positioning. A control system
incorporating Input Shaping, Kalman Filtering, and feedback control was implemented to ensure seamless switching
between GNSS and vision-based positioning, suppress pitching, and enhance stopping accuracy. Experiments on actual

RTGs confirmed the effectiveness of the proposed system.
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Fig.1 Overview of the RTG Test Prototype
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Table.1 Equipment Specifications

Camera Specifications for Image Recognition PC Specifications for Image Recognition
Manufacturer LUCID Vision Labs CPU Arm Cortex-A78AE (8-core)
Model (Sensor Type) TDR054S-CC  (IMX490) GPU NVIDIA Jetson Orin NX
Resolution 2 X2 Binning : 1440 <928 (54MP) | Memory LPDDRS 16GB
Dynamic Range 120 dB Specifications of GNSS System
Frame Rate 26.4 FPS Antenna Akasaka Tech AR270
Electronic Shutter Type Rolling Shutter Receiver Akasaka Tech nico * one

Correction Unit Sunrise Tech U7000
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Fig.2 Camera Mounting Position and Line Position
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Fig.3 Examples of training data: (left) images with shadows added, and (right) images with CutOut applied
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Fig.4 Schematic Diagram of Travel Line-Following
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Fig.7 Simplified Tire Model

Table.2 Variables and Definitions

Variables Definitions
Xo = xé Coordinate of the rotation center of the structure [m] (lane coordinate system)
0 Rotation angle around the rotation center of the structure [rad]
Z4,Zy Vertical displacements of the rear and front wheel connection points [m]
T Distance from the rotation center to the center of gravity of the structure [m]
L Length of the arm from the rotation center to the tire connection point [m]
L, Length from the rotation center to the upper end point (GNSS installation position) [m]
M Mass of the structure [kg]
I Moment of inertia of the structure about the rotation center [kg-m?]
F,,F, Vertical forces exerted by the rear and front wheels [N]
Fi1, Fyp Horizontal forces exerted by the rear and front wheels [N]
01, Ouo Rotation angles of the rear and front wheels [rad]
Ty, Ty Motor torques of the rear and front wheels [N-m]
My Mass of the rear and front tires [kg]
I, Moment of inertia of the rear and front tires [kg-m?]
R Radius of the rear and front tires [m]
k Spring constant of the rear and front tires [N/m]
c Damping coefficient of the rear and front tires [N-s/m]
Fuy1, Fua Horizontal forces generated by friction with the road surface [N]

Ab,,1,A8,, Running resistance moments proportional to velocity [N-m]

Fe1, Feo Horizontal forces exerted from the structure [N]

F,,F, Vertical forces exerted from the structure [N]
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AELEREEA~OMIEE S HICE®D, FEHERICMITZRGEEED D Z ENREE D, 5% b EELY — I i
B Dl H B RTG OFENE & =R ENEICH 5 TE D ETHIE Y 2 7 LA OBRESEZHED TIT TETH D.
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