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Development of Semi-Automated Cargo Handling Technology
between Remote-Controlled Transfer Cranes and Chassis
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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 automations of
transfer cranes that load and unload containers in storage yards has become a key element in realizing smart ports.
Automated Rubber Tired Gantry Crane (ARTG) are gaining traction for their flexibility and operational advantages.
However, container handover with manned chassis remains a challenge, as it requires remote operators to perform precise
positioning (+50 mm) under safety constraints, accounting for 30-40% of the handling cycle time and contributing to
variability in efficiency. To address this, this study investigates the feasibility of semi-automated handling under remote
safety supervision. By integrating a single 3D-LiDAR sensor on an ARTG to measure chassis position and orientation,
and applying micro-motion control for fine alignment, the system enables automated container gripping and placement.
Comparative experiments between semi-automatic and manual remote operations demonstrate the effectiveness of the

proposed approach in reducing handling time and operator workload.
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Figure | 3D-LiDAR Installation Location



Table 1

Specifications of 3D-LiDAR

Item Value
Working range 0.2m~130m
Scanning range (At 10% remission factor) | 40m
Scanning frequency 12.5Hz, 25Hz
Tilting speed 0.1deg/sec~20deg/sec

Trolley travel

Gantry shift

Figure 2 Spreader Positioning Mechanism (Micromotion)

Table 2  Specifications of Micromotion

Item Value
Gantry shift +200mm
Skew angle +Sdeg
Arrival of Yard Measurement of ROC Connection Landing and Picking
Chassis under ARTG | Yard Chassis —» Request —» under ROC Supervision
Position and
7' /'y
v
Instruction to Yard
Chassis Driver for
Position Adjustment
Figure3  Sequence of Container Landing Operations from Chassis Arrival under ARTG
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Figure 5 Container guide

Figure 6 Red Line for Position and Orientation Measurement of Chassis Based on 3D Point Data
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Table 3 Accuracy of Chassis Position and Orientation Measurement

Error
Condition Image Travel direction Traversing direction | Orientation angle
[mm] [mm] [deg]
ARTG Wheelbase Center
20ft front 5 . 2.1 4.5 -0.101
ARTG Wheelbase Center

20ft rear . 9.1 -6.3 -0.103
r‘ 1
oo
5‘. ARTG Wheelbase Center
= 1
aa i
= 40ft ! -4.6 18.5 -0.090
2 ‘
§ i
j=3
[oN

ARTG Wheelbase Center
20ft rear - . 15.0 25.8 0.037
ARTG Wheelbase Center
20ft front _ . -40.0 325 -0.025
Table4 Summary of Accuracy
Summarized Error
Tolerance L . L Traversing Direction Error
. ) Travel Direction Traversing Direction . ) )
(Calculated from guide width) Derived from Orientation Angle
[mm] [mm]
[mm] [mm]
+140 -40~15 -6.3~32.5 -10~2
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Figure 7 Container Arrangement
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Figure 8 Example of Landing Motion
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Semi-Automated Operation (Picking) n=50 Semi-Automated Operation (Landing) n=50

20
18 - 18 -
16 M — 16 —
14 B 14 4
S 12t B S 12t B
o o
c c
o o
> 10 B > 10 B
o o
e o
[ i g i
. | ] . Cluster*: Samples Generated |
Due to Strict Landing
4 8 4 Permission Conditions 8
2t B 2t B
0 o i , ; l 0 JE A 0 M IIH] -
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (sec) Time (sec)

Remote Manual Operation (Picking) n=50

Remote Manual Operation (Lnading) n=50

Frequency
>

T T T
I

Frequency
>
I

i Hk ] 1 [ 1om JMHHJQH ”Hgﬂ . 7

0 10 20 40 50 60 0 60
Time (sec) Time (sec)

Figure 11  Operation Time Histogram

Table 5 Results of Analysis — Mean (SD); Red Values Exclude Cluster*

(Unit: sec) Picking Landing

Semi-Automated Operation 13.6 (3.6) 27.6 (7.8)

24.5(4.2)

Remote Manual Operation 16.9 (7.0) 25.5(9.3)
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