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Learning Object Detection
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Abstract: Large warehouses are building automation systems to increase efficiency. However, small
warehouses, military bases, and local stores are unable to introduce automated logistics systems due to
lack of space and budget, and are handling tasks manually, failing to improve efficiency. To solve this
problem, this study designed small loading and unloading equipment that can be mounted on
transportation vehicles. The equipment can be controlled remotely and is automatically controlled from
the point where pallets loaded with cargo are visible using real-time video from an attached camera.
Cargo recognition and control command generation for automatic control are achieved through a
newly designed deep learning model. This model is designed to be optimized for loading and
unloading equipment and mission environments based on the YOLOV3 structure. The trained model
recognized 10 types of palettes with different shapes and colors with an average accuracy of 100% and
estimated the state with an accuracy of 99.47%. In addition, control commands were created to insert
forks into pallets without failure in 14 scenarios assuming actual loading and unloading situations.
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(c) Mounted on transport vehicle

[Fig. 1] Concept illustration of vehicle-mounted loading and
unloading equipment
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(a) Structure
(1) Mast (2) Hydraulic cylinder for folding
(3) Hydraulic cylinder for reach (4) Caterpillar

(b) Power module
(5) Power pack (6) Electronic control valve (7) Battery
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(c) Peripheral module
(8) Emergency switch (9) Speaker and lamp (10) Remote controller

[Fig. 2] Foldable forklift structure, power unit and peripheral
devices
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(c) Move right (turn right 90 degrees, move forward, turn left 90 degrees)

|

=== T

(d) Move forward and backward

[Fig. 3] Command types of foldable forklift

[Table 1] Control commands of continuous track vehicle

No. | Command Function | Angular velocity | Velocity Parameters
call [rad/s] [m/s]
1 | Tunleft | Turn +0.71 0 Angle
2 |Turnright| Turn -0.71 0 Angle
Turn +0.71 0 90 deg.
3 [ Move left | Move 0 +0.32 | Distance
Turn -0.71 90 deg.
Turn -0.71 90 deg.
4 |Moveright| Move 0 +0.32 | Distance
Turn +0.71 0 90 deg.
Forward | Move +0.32 | Distance
6 |Backward| Move -0.32 | Distance
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608x608
304x304
152x152
Residual Block 76x76
38x38
Detection Block
19x19
Upsampling Layer 19x19
38x38
Concatenation —_—
38x38
76x76
76x76

[Fig. 4] Object detection model (YOLOV3) architecture
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[Table 2] Output vector configuration

A Box center X

Box center Y

Box_width

Box_height

Object-ness Score

Class Score (CCW)

Class Score (CW)
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Class Score (Aligned)

Deep learning model
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[Fig. 5] Flowchart of autonomous control method using object detection
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(c) Class CW example (Clockwise rotation is required)

[Fig. 6] Visualization of deep learning model output vector
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[Table 3] Rotation angle, ¢ (degree) conversion table

Distance to pallet center d [cm]

100| 110 | 120 | 130 | 140 | 150 | 160 | 170

ololololololo]ol]o
Angle | 1163|6466 |67 69| 7 [72]73
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image
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[Algorithm 1] Forklift guidance algorithm

Algorithm 1:
Data: RGB Camera Frame(6fps)
Data: Depth Camera Frame(6fps)
Result: Insert to palette
F' + Camera Focal Length
W« Frame Width
f+— YOLOv3
It +— Crop Frame by box info
g + Line Detection
manual driving;
while True do
w, fi,w, v, class = f(RGBFrame),
if mot((9/20) « W < w < (11/20) + W) then
while not ((9/20) « W < u < (11/20) + W) do
w, i, u, v, class = f{RGBFrame),
distances = W DepthFrame, w, b, u, v)
distance = |0L5 « W = x| * min{distances)/F
Move_parallel{distance)
end while
else if class! = Aligned then
while class! = Aligned do
w, h,u, v, class = f(RGBFrame);
g, Uy, uz, vz = glR(RGBFrame,w, h,u,v))
angle = arctan((vy — vy )/ (uy = wy)) * 180/ 7
Turn(class, angle)
end while
else
distances = J'L[Dr:pr’.fbp'.r'rum;, w, f, v
distance = min(distances)
if distance == 100cm then
Move forward(distance — 50cnt)
else if 100cm = distance == 50cin then
Move forward(distance)
break;
else
Move_backweard(50cm)
end if
end if
end while
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[Table 4] Dataset
Class CCW Ccw Aligned
# of train data (EA) 900 900 900
# of test data (EA) 100 100 100

[Table 5] Qualitative comparison with other methodologies

. Proposed
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4.2 T2 v 2 3]0] HAA Bl [Fig. 7] Recognition test results for 10 types of pallets
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[Fig. 9] Hand forklift equipment for testing

Angle and distance according to driving time
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[Fig. 10] Actual forklift driving results
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