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Development of a Single-Arm Robotic System for
Unloading Boxes in Cargo Truck
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Abstract: In this paper, the developed trunk cargo unloading automation system is introduced, and the
RGB-D sensor-based box loading situation recognition method and unloading plan applied to this
system are suggested. First of all, it is necessary to recognize the position of the box in a truck. To do
this, we first apply CNN-based YOLO, which can recognize objects in RGB images in real-time. Then,
the normal vector of the center of the box is obtained using the depth image to reduce misrecognition
in parts other than the box, and the inner wall of the truck in an image is removed. And a method of
classifying the layers of the boxes according to the distance using the recognized depth information of
the boxes is suggested. Given the coordinates of the boxes on the nearest layer, a method of generating
the optimal path to take out the boxes the fastest using this information is introduced. In addition,
kinematic analysis is performed to move the conveyor to the position of the box to be taken out of the
truck, and kinematic analysis is also performed to control the robot arm that takes out the boxes.
Finally, the effectiveness of the developed system and algorithm through a test bed is proved.
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[Fig. 1] Real environment of trunk cargo box unloading: (a) A
situation in which various types of boxes are stacked inside the
cargo truck, (b) Scene with workers taking out boxes from trucks
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[Fig. 2] Single-arm robotic unloading system: consist of a
conveyer with tilt and swivel joints, one 3-DOF robot arm, and
RGB-D camera system
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[Fig. 3] Kinematic diagram of the box unloading conveyer: this
system has 3-DOFs which consist of two active prismatic joints
(d,, d,), one active revolute joint (6,), and two passive revolute

joints (3, ¢,)
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[Fig. 4] Kinematic diagram of the conveyer lifting system: The
input is prismatic joint (d;) and the output is revolute joint ()
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[Fig. 5] Kinematic diagram of the robotic arm: 3-DOF SCARA
robot (Horizontal articulated robot) with leveling device
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[Fig. 6] Overall flowchart of the proposed box detection
algorithms: From the RGB image to box unloading plan
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[Fig. 8] Inner wall filtering process: (a) raw RGB image, (b) raw
depth image, (c) normal vector angle image, (d) result of inner
wall filtering
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[Fig. 9] Depth histogram data: Box layers can be clearly separated
by using depth histogram
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[Fig. 10] Result of unloading path planning in the first box layer:
The red circle denotes the center location of a box, the red line
shows optimal unloading path
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[Fig. 11] Experiment of the unloading automation system: (a) the
box loading situation recognition stage, (b) conveyer moving to
the first box, (c) robotic arm moving to the first box, (d)
unloading the first box, (e) robotic arm avoiding the box path, (f)
unloading the first box in the second row, (g) unloading the first
box in the third row, (h) unloading the first box in the last row, (i)
unloading the last box in the first layer
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