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Abstract: Collaborative robots, designed for direct interaction with humans have limited adaptability to
environmental changes. This study addresses this limitation by implementing a barista robot system using Al
technology. To overcome limitations of traditional collaborative robots, a model that applies a real-time object
detection algorithm to a 6-degree-of-freedom robot arm to recognize and control the position of random cups is
proposed. A coffee ordering application is developed, allowing users to place orders through the app, which the
robot arm then automatically prepares. The system is connected to ROS via TCP/IP socket communication,
performing various tasks through state transitions and gripper control. Experimental results confirmed that the

barista robot could autonomously handle processes of ordering, preparing, and serving coffee.

7| M9 K, : integral gain
K, : differential gain
ARR : auto reload register L : length of link
CCR1 : capture compare register P, : 3D coordinate in camera
d, : diameter of pinion P, : 3D coordinate in robot arm
e - current emor R rotation matrix
€, : past error T : trasnformation matrix
J ¢ jacobian matrix t : translation vector
K, : proportional gain (u,v,1) : normalized image coordinate

W : position to Wrist point
w : arbitrary 3D vector
* Corresponding author: chulhee@inha.ac.kr T : gripper distance
1 Department of Mechanical Engineering, Inha University, ’ ] )
Incheon 22212, Korea (x,y) : 2D image coordinate
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Fig. 1 Coffee making process system flow chart
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Table 1 Coffee manufacturing sequence

State Movement
Ready(0)

Wait Order(1)

Prepare the movement of robot

Wait for coffee order

Grip the cup after receiving the cup’s

Cup Grip(2) coordinates

Place the cup on the ice maker and
operate it

Place the cup on the coffee machine
and operate it

Ice Mode(3)

Coffee(4)

Provide coffee to user

User Mode(5)
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Fig. 3 Application screen: (a), (b), (c), (d)
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Fig. 4 Application system flow chart
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Table 3 RMSE depned on PID gain

Fig. 4 PID gains RMSE
(@) Kp=2, Ki=0.12, Kd=0.3 1.089
(b) Kp=4, Ki=0.24, Kd=0.3 0.740
(©) Kp=4, Ki=0.12, Kd=0.3 0.723
(d) Kp=4, Ki=0.12, Kd=0.6 0.424
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Table 4 Max mAP depending on the model

Model Max of mAP 50-95
YOLOvV5s 0.8705
YOLOv5Sm 0.87047
YOLOv51 1 0.87362
YOLOVSI 2 0.87809

* epoch is 150, except for YOLOvSI 2 is 300
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Table 5 Cup’ s position

Reference Experiment

0.3, 0.1, 0.08) (0.29, 0.11, 0.068)
(-0.3, 0.3, 0.08) (-0.3, 0.33, 0.096)
(0.2, 0.2, 0.08) (0.21, 0.2 0.093)

Table 6 Error calculated with datas in Table 3

|z — 2| ly—y/| lz—2 Error
0.01 0.01 0.012 0.032

1 0.03 0.016 0.046
0.01 0 0.013 0.023
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Table 7 D—H Parameter
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