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Abstract: After the fourth industrial revolution, robots and operators have shared workspaces for more flexible and
efficient production. As a result, collision between robots and the operators may occur, and a method to prevent such
collision is needed. Therefore, this study proposes a system that detects collision between an operator and a robot and
returns a signal by using a Depth camera that obtains RGB images and depth images. Through Human Pose Detector, the
proposed collision detection system obtains the positional information, which key points of the operator, from the images
taken by the Depth camera. In addition, the positional information of each robot link is obtained from the joint angle data
of the robot through forward kinematics. Then a bounding volume, which is a criterion for detecting collisions, is applied
to the operator and each link of robot using the OBB(Oriented Bounding Box) method. The SAT(Separated Axis Theorem)
is used to return a feedback signal when bounding volumes are overlap. A collision simulation is conducted between an
operator and a virtual robot to check the accuracy of the proposed system, which yields approximately 80%.
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Fig. 1 Schematic modeling for collision detection
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Fig. 2 Extraction of 17 keypoints in human using
MoveNet Lightning
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Fig. 3 (a) Without alignment (b) With alignment
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Fig. 4 Comparison of three coordinates system
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Fig. 6 Separating Axis Theorem

Table 1 Size of bounding volume

Unit: m Width Depth Height
Head 0.2 0.2 0.3
Arm 0.15 0.15 0
Body 0.1 0.1 0
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Fig. 7 Experimental setup for collision detection

o7

ke otk i shde] ®ie] shweey
E1 A3 A utE "ol pick and place &2+
SRvhar 7P Rk

JI.

32 AUAte| f(x| HE

Fhilete A4 $8 9 AdAE HaL R
ANA AYAE JEsta Fa BE R4S F
3TH RGB o1 %9} Zo] olnAE wrF &
Aotk Aee zlo] g T 78 wHe
=4 #Ax @& i #AwA Ve ges W
g},

fou 1o (6w H

917 23 651.377 );C
[ ] I 915 625 365.354 ZC ®)
1 1”

Fhelet H3A 71 Fo BEE] A ARE
& ol &3l Ao WS 3D AlFE AlEEH o
Aol gk gk

33 2X9 /x| HE

MATLAB Simulink “14 6 2% 23 vy &)
OJE|(TX2-40)2 =4 &, A3 74w 55
3to] P9 3T} Table 2 Oﬂ Ao r S T35 HA
Atele]l Ad, e x(i+1)FS WA z(i)ol A z(i+1)
7HA B e 7, d = i‘eﬂaﬁ 3 A=A 2(l)
= WEgor FEHA A A", 0 = x(@)°lA
x(i+1) 7HA] z()FS webA] 3] de o)t

DH table = o]&3l Zt HAanitt 2 (3), A ()

S At Wolx HuA 7 HAEY] 3 Ad

%’M ARE A& F Utk o9 e AHr|Fske
python o] &3] AAzro 2 ALbEA Yt o
o2 FhuEtel 2R wo] o] 93] AolEs iy
ato] Fhvlet FuA 71FE 28 3 A9 9 A
HE 933l Fig. 9 o et

=
I,

e
AFE WA Ao FE 7

2
>
GO

[
it}

Fig. 8 TX2-40 modeling

Table 2 D-H table
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Fig. 9 The position of each link relative to camera
coordinates
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Table 3 Collision tests in various situations

Accuracy
Case 1 47/50
Case 2 44/50

(b)
Fig. 10 (a) Before colliding with a virtual robot (b)
Detecting collision, stop a virtual robot and give
a feedback signal
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