SVME 0128 T8 &2 220l ZOIE 9UX| VM HMSE o5 2Y HY 491

KIPS Trans. Softw. and Data Eng.
Vol.8, No.12 pp.491~498 pISSN: 2287-5905 https://doi.org/10.3745/KTSDE.2019.8.12.491

Development of Joint-Based Motion Prediction Model
for Home Co-Robot Using SVM

Sungyeob Yoo + Dong-Yeon Yoo'" + Ye-Seul Park™™ - Jung-Won Lee'*

ABSTRACT

Digital twin is a technology that virtualizes physical objects of the real world on a computer. It is used by collecting sensor data through
IoT, and using the collected data to connect physical objects and virtual objects in both directions. It has an advantage of minimizing
risk by tuning an operation of virtual model through simulation and responding to varying environment by exploiting experiments in advance.
Recently, artificial intelligence and machine learning technologies have been attracting attention, so that tendency to virtualize a behavior
of physical objects, observe virtual models, and apply various scenarios is increasing. In particular, recognition of each robot's motion
is needed to build digital twin for co-robot which is a heart of industry 4.0 factory automation. Compared with modeling based research
for recognizing motion of co-robot, there are few attempts to predict motion based on sensor data. Therefore, in this paper, an experimental
environment for collecting current and inertia data in co-robot to detect the motion of the robot is built, and a motion prediction model
based on the collected sensor data is proposed. The proposed method classifies the co-robot's motion commands into 9 types based on
joint position and uses current and inertial sensor values to predict them by accumulated learning. The data used for accumulating learning
is the sensor values that are collected when the co-robot operates with margin in input parameters of the motion commands. Through
this, the model is constructed to predict not only the nine movements along the same path but also the movements along the similar
path. As a result of learning using SVM, the accuracy, precision, and recall factors of the model were evaluated as 97% on average.
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Fig. 1. Development Structure Diagram of Motion Prediction Model for Home Co-robot using SVM



EQS Agsto] ug 240 BE Smet TRl WPl
ALE BPBN] 7] FREY 59L AEcn 12
R4S RS Bl AT B3 B 53 99

it 2Rlel tEA HHglof Fof 43t A+E, HXE E
Zgsto] 4 HA} 58 Ay 149 ¥ %
t A AR 2Rl AAIE AR
EYL [oTE &3l AlA HlolElE #=35ta, &3
£ &85t B4 AT THE AREE SR
= UA 1L o, FBFoE AATH|
HlolHE st AlEde] st ¥l astA |
[2]. MEHog AEoldS FHsI= WA 4] 7]t
o] ey whalo] Qit}. [6]2 AlEH 0l 7]6E A|AF] A
Yolg ZZAMAQl A¥A ¢xd EH(Experimentable
Digital Twins)<& A|tsto] sto]BIE AU Q 7heH &
g8 AT 7MY BdE AZg) ey o] H}ﬂoﬂﬁ% o
489S & off AMREE 4o BEFASE AlEdolA
et 293l AHEo] dASHA] Y=t A7 9}‘:}
[4]. £3 dAE EAS Loz Fofoll tigh JE4<l A
A& atstal, 71A AAH 9] #sto] RiZtsit=s EAIE 7F
A A5 A 2 =RolAe BT #4412 B 2
a9 FA il APeAoA o] 250l AR A4 ElH|o]
EE o] &34 718 €8 239 53 d= ndS At

ot

0|

i e
filo

2
b
ok

o
o
ut,

i
e T

i}

0]

4o
ol

L oHo b rok
ORF.&

]_.
By
o]

3. MM HIHO[E] 71t S O ZH ZA

31 2R o S5 F30 3o

3.189H= 25 4ol & gPgoio] tisf Foste= ot
o 2 =204 AR 78 ¥ 2R Fig. 29 At
7148 8 210 173} o] 6719 RIER TLAE Qo

Ol

o, 7t ZAEL BHold] wet E¥H oz S 4 9ok
U2 71s ¥ o9 gefulE o] w2t Hogt Al 7] 54 8
#ololc},

* move_pose: 259 TS HUote AR FAY o
AREStT 3R f3F 3] 9 FHS x, vy, z, roll,
pitch, yaws 49 deujg 2 Pt

* move_joints: ZF ZQIEQ] ZIL & 2|A5lo] Yol =
22 e o Ao ZF RQIES] AR E Y niet
HE & de=tt

* shift_pose: 28 &9 E+& =3
G G400 98 W A4STTE G012 e 33t

1 wsEe QY wetuge v

move_pose HH 019} shift_pose Hol= 28 &9 &
&S Yot PIAE FARIt= HolA Blxsith shA|RE
move_pose FHol= 48 FulEHE Ao YAXE ARES

Ak, shift_pose HHol= 4F u}a}u]aa AF
51th th2 Table 1, Table 2, Table 32
Zre] e metulEet Vs Ade ‘%Elr‘ﬂﬁl'.

CEER

4 ool 7t

Fig. 2. Joints of Home Co-Robot

Table 1. Robot Arm Motion Command(Move_pose)

Command Type move_pose

Parameters X, V, z, roll, pitch, yaw
Move the end of the robot arm from
Description the current position to (x, y, z, roll,

pitch, yaw).

Table 2. Robot Arm Motion Command(Move_joints)

Command Type move_joints

Parameters joints
Move the end of the robot arm from
Description the current position to the input joint

position.

Table 3. Robot Arm Motion Command(Shift_pose)

Command Type shift_pose
Parameters axis, value
Move the end of the robot arm by the
Description input value on the input axis from the
current position.

3.2. ZQ1E 2QIx| 7|dt =2 28
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Fig. 8. Part of Sensor Data Used to Develop Prediction Model

Table 5. Analysis of Learning Performance for Motion
Prediction Model by SVM

gz;; Accuracy Precision Recall F1-Score
1 0.99 0.99 0.99 0.99
2 0.94 0.94 0.95 0.94
3 0.99 0.99 0.99 0.99
4 0.96 0.96 0.96 0.96
5 0.98 0.98 0.98 0.98
6 0.98 0.98 0.98 0.98
7 0.98 0.98 0.98 0.98
8 0.94 0.94 0.95 0.94
9 0.98 0.98 0.98 0.98
10 0.98 0.98 0.98 0.98
Avg 0.97 0.97 0.97 0.97
5. ZE ¥ &5 AF
2 =polA 22e] 542 AXS] Yo 14e ae
EROAM AR & /A dlolEE sk At A &3
FE}IL, 54T AN dolEE Ao 3 52 o2 vy
Aosiolet. Aleket WAl 23] B2 Weols xelE

Table 6. Analysis of Learning Performance for Motion Prediction
Model by SVM (Test Case 8)

Test Case: 8 Accuracy: 0.94
Motion Precision Recall F1-Score
A 0.80 1.00 0.89
B 0.80 1.00 0.89
C 1.00 0.83 0.91
D 0.90 1.00 0.95
E 1.00 1.00 1.00
F 1.00 1.00 1.00
G 1.00 0.91 0.95
H 1.00 0.91 0.95
I 1.00 0.91 0.95
Avg 0.94 0.95 0.94
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