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Abstract: This paper proposes tip position control system which uses a visual marker to determine the tip position of a robot
manipulator. The main idea of this paper is to introduce visual marker for the tracking control of a robot manipulator. Existing
researches utilize stationary markers to get pattern information from them. Unlike existing researches, we introduce visual markers to
get the coordinates of them in addition to their pattern information. Markers need not be stationary and the extracted coordinate of
markers are used as a reference trajectory for the tracking control of a robot manipulator. To build the proposed control scheme, we
first obtain intrinsic parameters through camera calibration and evaluate their validity. Secondly, we present a procedure to obtain the
relative coordinate of a visual marker with respect to a camera. Thirdly, we derive the equation for the kinematics of the SCORBOT-
ER 4pc manipulator which we use for control of manipulator. Also, we provide a flow diagram of entire visual marker tracking
system. The feasibility of the proposed scheme will be demonstrated through real experiments.
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Fig. 10. Link coordinates of the SCORBOT-ER robot manipulator.
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Table 2.D-H parameters of SCORBOT-ER 4pc.
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Fig. 11. Aplane figure of SCORBOT-ER 4pc robot manipulator.
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Fig. 12. Side view of SCORBOT-ER 4pc robot manipulator.

B30] Azt o|gok s 2 0. BE BAl] B
W v, s B e Ave) e AR F
A3 A F BHoE Bk F £Ae Foe Y AW
2 ) o 2e 1ol

2 (10)°] =fofof gk
I8 122 2Re GudA Be el dikolth =i
o] Fejo} Awse BT 2ste] 7t o} 7 pE T3 2

1), 13)3} 2ok

a=Atan2(l,, +z-hr) 11
b=\r*+(,+z—-h)/2 (12)
B = Atan2(JI* — b, b) (13)

o) ol8ste] 1H FHe] 7= 0,3 2/ FHo] 7= 0,1
(14), (15)7} o] Fafiich,

1



888 A=
\=a+p (14)
by=a-p (15)
3. 42 A=
A7 A 23 njuEYolEe o] o)Ed A =

£y

A#E LT} Cartesian FHE Al=glolAE 25 v &
E7k & HellA E}E ¥ W o15Y

o]

gt oAM= ofF 13
&2t FAll X‘Olfq OWEP Ads 28 =S 74 &
of disiA &xst Zhwo] ulE dAskl Aejs & Aotk
o Fal AHL olTE BAo tiE o 7eke] Aol
we 7wl Y Age A9aE 5 Ak
ﬂ:i:%:ﬁ:&—const (16)
1 V2 3 4 5
A (16014 V, ~ Vs 2t Foll Sl7kale Watoln] ol 2t
Zol g 84 =S AGU 0,~ 0 7} Fo] LA oo}
3 zholt)
V. i E2l0|e] HAF FA] 5 A|AH

O 132 AA Alz"e] ot
bl 2 30T Y] L= =
gro] Jl|glo A whE JAFS o] 83l A
Bl ddEAel Huel 4t 14
A &89 FEE - AA Alofl AR Hd iy EY
ole]e] E-¥} siHlEle] YA TEla B 4R A ] o %
Willo] wel HEE BA XY AR FHIE Fhe

A7 Atole] A HEeln=z o]E WY EolE 7

o oaL ]
=k
o
H\Sﬂ

Ni‘l

FHFA R W)
7ol & o
Edolee 7t Y39 4% e
& 717 o845 vy EdolH
HE IE 5k ol2A L myEUelE Y] 27 91

L

Camera Encorder
input input
Patterns Recognition
information Algorithm
Coordinate Forward
calibration kinematics

—

Target coordinate
conversion

J

Inverse
kinematics

J

PID controller
Control signal output

T 13 QAEA FA AsY BEE
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Fig. 15. Experimental environment for single axis control.
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