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Design of Robot Arm for Service Using Deep Learning and Sensors

Myeong Suk Pak’ - Kyu Tae Kim'™ - Mo Se Koo' - Young Jun Ko™+ Sang Hoon Kim'"

ABSTRACT

With the application of artificial intelligence technology, robots can provide efficient services in real life. Unlike industrial manipulators
that do simple repetitive work, this study presented design methods of 6 degree of freedom robot arm and intelligent object search and
movement methods for use alone or in collaboration with no place restrictions in the service robot field and verified performance. Using
a depth camera and deep learning in the ROS environment of the embedded board included in the robot arm, the robot arm detects
objects and moves to the object area through inverse kinematics analysis. In addition, when contacting an object, it was possible to accurately
hold and move the object through the analysis of the force sensor value. To verify the performance of the manufactured robot arm,
experiments were conducted on accurate positioning of objects through deep learning and image processing, motor control, and object
separation, and finally robot arm was tested to separate various cups commonly used in cafes to check whether they actually operate.
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Fig. 1. Configuration of the Robotic Arm
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Fig. 2. Block Diagram of Proposed System

Table 1. Joint Parameters

Joint b; (m) d; (m) m; (m)
1 0.460 0.200 1.335
2 0.397 0.120 1.189
3 0.290 0.090 1.043
4 0.206 0.071 0.849
5 0.144 0.087 0.632
6 0.100 0.092 0.579
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Table 2. Torque Values of Joints

Joint | Tio (N'm) Tefey N'm) | Stall Torque (N-m)
1 3.932 7.864 8.4
2 2.463 4.926 6
3 1.923 3.846 6
4 1.606 3.212 4.1
5 1.551 3.102 4.1
6 1.533 3.066 4.1

152 360° 8-t YAl +£90° 3%t

Tl 28% B3 7, = et 2

max =

T =T,. +1T, ey

A7IM T, 7150l 283 EAR WP 9%t B2
o uEAY B2 7,9 Folth. FAR WS FaEa
umaa:‘—— E]— J']— 7]-]:]—

mar = Mg X d; X sind, 2

7z} 29 Fd]l E3 7;,,,= Equation (3)3} Zo] ¥ &

total Tmax + wmazx (3)

oA A S(safety factor)= 22 31 9] Alog 73+ Ay
B39} QPAASE Je g ol EAE 7 REE AAT
o} A4t Z3= Table 29] A WAe} & g A3} 2, vp
A9t d2 gt REQ] AE(stall) EIE BEojErh ALb
Aol whet Fig. 39 A vt Zo] A | BEo| E3
7} 7H & REE, T R Al WA ZEE 22 859
& 3t3, UHA] ZEE 22 839 LHZ Aggic

2.3 ATEQ 2t

& 9] "o]Ao] Z2FE NVIDIA Jetson TX29] Ubuntu
16.042} ROS(Robot Operating System) Kinetic E301A]
gL o83t AAHET Movelt[16]& o83t 7|73} 3
49] 7]'5& 55, Gazebol1712F RViZ(ROS Visualization
Tool)E o]&ste] AlEH o]} 3D Az} &L st 3
FBA4A02 Cortex-M4E AZAst] ZF REIE Aot E
st AAARE dol 523 AA3l.

Heldt MME O|8st MB|IAE 28 9 &4 223

[l

‘4—Axis ‘ ‘S—Axis ‘
7

Move to next area ]

3D position generation

¥

Inverse kinematics

¥

[ )
[ )
(‘s vaue saneraton |
[ )

¥

Move to object area

Change to previous
position
Fy

Pick up object

i

Object separation ]

Move to area
fo be placed

Change to previous
position

[ Flace the object ]

Fig. 4. Object Separation Flowchart

o Bl 2 el B 1% B T Huls
= 837] 91 eRHS 2



224 HEXM2|EE|=2X|/ADEY 0 2 G0|E 28 X113 H55(2022. 5)

header:
seq: 59
stamp:
secs: 1636465481
nsecs: 534898512
frame id: "camera link"

bounding boxes:

Class: "cup"
probability: ©.944359958172

*xmin: ©.316000814544
ymin: -0.158320426941
xmax: 9.441000014544
ymax: -0.8372898839414
zmin: -©.148457451344
Zmax: 0.00953331775963

Fig. 5. Output of Darknet_ros_3d
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Initialize object to NONE
If ‘cup’ or "bottle’ is detected Then
Call moveGripper
Input torce
If force »= PLASTICLOW and force { PLASTICHIGH Then
Set object To PLASTIC
Elzelf force »= CANLOW and force { CANHIGH Then
Setobject To CAN
Elzelf force »= PAPERLOW and force { PAPERHIGH Then
Set object To PAPER
Endit
Endif

Call moveRobotarm

Fig. 7. Object Separation Pseudo Code
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Fig. 8. Operation of Developed Robot Arm
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Fig. 9. Object Position Detection Result

Table 3. Result of Angle Control

Calculated angle (°) Moved angle (°) Error (°)
141.68 141.71 0.03
136.81 137.05 0.24
177.25 177.41 0.16
180.06 180.04 0.02
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Fig. 10. Object Samples
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Fig. 11. Force Sensor Data for Each Object
Table 4. Object Separation Performance
Success rate (%)
Weight (g)
Plastic cup | Aluminum can Paper cup
+0 92 84 92
50 100 84 88
100 100 84 100
200 88 88 96
Average 95.00 85.00 94.00
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