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Camera Calibration and Pose Estimation for
Tasks of a Mobile Manipulator

HAF. QAR5
Ji-Hoon Choi', Hae-Chang Kim?, Jae-Bok Song '

Abstract: Workers have been replaced by mobile manipulators for factory automation in recent years.
One of the typical tasks for automation is that a mobile manipulator moves to a target location and
picks and places an object on the worktable. However, due to the pose estimation error of the mobile
platform, the robot cannot reach the exact target position, which prevents the manipulator from being
able to accurately pick and place the object on the worktable. In this study, we developed an automatic
alignment system using a low-cost camera mounted on the end-effector of a collaborative robot.
Camera calibration and pose estimation methods were also proposed for the automatic alignment
system. This algorithm uses a markerboard composed of markers to calibrate the camera and then
precisely estimate the camera pose. Experimental results demonstrate that the mobile manipulator can
perform successful pick and place tasks on various conditions.

Keywords: Camera Calibration, Pose Estimation, Marker Detection, Mobile Manipulator

.M B
22 PN E 14 hlel muted vl ole]
g AHgatel 54 917ol s BAE Pol mujal BT

A S AAIskaL 29 AR 7] 20k o], WU EE o Bl &
ARESte] AAlE EA1E Aol 578 1Al w5 Aol
ol 35| ek ey Buke] ZHEe] XA oA}
0212 Q18) 2hed 91x] ol A 8hs] wabslA] Kol 497t Be
], o] gk eak= Q) wyEH o= Aol nlAlgk A E
£ ARgste] 2 floll A A& Fashks Ao] of#Hexl
 Eukd muEYolHE 288t A& sk ] fleiA
= A9 9A] B A ] YA vtetslr] 9§k v 7
o] Fgalr}. o]l £FAM B2 walnld A A A
Skl Qlok A Q1 5491 Cognex Al2~812] ¢ =<

Ir =

ol

Received : Feb. 7. 2020; Revised : Sep. 15. 2020; Accepted : Sep. 28. 2020

% This work was supported by IITP grant funded by the Korea
Government MSIT. (No. 2018-0-00622)

1. MS student, Mechatronics Engineering, Korea University, Seoul, Korea
(johann7430@korea.ac.kr)

2. MS student, Mechanical Engineering, Korea University, Seoul, Korea
(bluesky1463@korea.ac.kr)

1 Professor, Corresponding author: Mechanical Engineering, Korea
University, Seoul, Korea (jbsong@korea.ac.kr)

Copyright©KROS

o] A& stetahs S AR flal 2o flell vt
7(Align tag) & T2kl BA1E $5 T A A2E A
ol ;A gk 1231 Cognex 7HH|2ka nhAE Q14 8L, &
Ae] E2(F, Ao ) E FA st MU EE olH 7 A1

of EA¢] 37| B $71E FE 7 vk 22} ol g 7|
2o} A E Qo 7} ulg- avfol g 253} vl-g-o] s
ok wheba] v]-8- =R 918l A|7ke] Fhd|ekE ARg-ste] mnt
A HUEH oY A4S FAE T = Al=Hlo] H sl

1A (ArUco)P1 & AFE-31e] ZhiEle] 912 & F4 5=
AQ1 W2 PP 7 o]w], o] 7|2 3D-2D g el 7]9ke}
of FhdEle] YIXE F73c) PoP 7S A8k A4t
AAE F743b7] flaiM= Bt kel Wi sk
(intrinsic parameter)”} 2 8.3t o] & F-5}= A Q1
& Zhango] Al|¢+3 7hi|2} B A (camera calibration)” 7|5 o]
™, o] FhE}E 1Asle] AAF 7|2 2= A ARES
wAlo] vkt 7o) s s, AR E RN E 23f
= 9535t 7t Aol ARg-ght}. e} vhekdh
°. 051 ]Eﬁﬂgo{ quﬁl-s} ;Go]
&L, o] gk JE I} Wk wfo] Fulgk Fhv|2ke] iy 5t
E Stk AAE vl G 5

SR G Ak e ol g, delHQ) g


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2020.15.4.350&domain=http://jkros.org/&uri_scheme=http:&cm_version=v1.5

W3] Bk Fhleke) u setelels es 7
2 Qe e pap 7] £ Zhlete] o]mlA] MM 71F 0w 9]
2% FAshe, o714 sk Al olul A4t 7h
ozt sh=slole] 2(42) ebolck Pp 7ML o]l o
A7t kg R g ekgh 91X & F A5k o] He
H A A E T GALS ALEELY] RS R A s
HE AlQtalar, vk (April tag)®’ = A H WARES A
&ato] 7hilekE BA Sl oo e =5 sk
W AIjkstaL, 3438 =5 7|iko = ukd vy Eeo]
7Rke] 291 S asl] S8l AFs AE AlaES s
Stk o] Al2ElE: Enldd vy EeolE7} rizE u5d
= Al 9 B, Aol 2l A7 2 FTE

ool g

o] H71 R
F Ao sl AT g $oll, sl A= ARS =E3h
2. KIS M AlAH

2.1 2k My &

#o|E] 7]utke] F7] & =7] 2k

re
—LJ

oA muped muEoly 7|ike] 242 mupd
ol Q= =A1E oA 2] <A f1R] ol F7
2ol A E Aol e BAE FolA mapd Z
Dol F&= Adolck Wy EeolE = Huld Z3E Flol
ZJElo] A Y%7} WskA] om g vy & olE] 7]uke]
J2 27]el] gk vt wASHH Bukd ZHEe] )Xo
Aol 3 AstA Fashs Zlo] 7Fssit) S, [Fig. 1(a)]
¥} o] wuEd|olE <] Ho| 2 3| (B} E 7| o= Wt
A SANFE o] A 18] 91A1(P2) 5 A Blo] 2ol AR
Atk refu wHuyEelE 7] floll sl EAE JAY

P2

i

&:L

B
L
X
R

o
éﬁn

I R

-Qi

Gripper . Camera Zig

Marker
(@ (b)

[Fig. 1] Position teaching for manipulator task: (a) mobile
manipulator, and (b) worktable
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[Fig. 2] Workflow for automatic alignment system
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[Fig. 3] Marker board: (a) the point of marker corresponding to
the ID of marker in the image, and (b) extraction of the vertex
and center points of the marker
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[Fig. 4] Camera calibration method: (a) Marker board in the

image, and (b) flowchart of nonlinear optimization
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[Table 1] Results of camera calibration

Camera parameters

Cx ¢ ki ky Di y23
622 543 | 5.7x10% | 7.5%x10 | 2.1x107 | 2.3%x10°
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[Fig. 5] Camera calibration result
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[Fig. 6] Pose estimation between markers
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[Fig. 7] Experimental environment: (a) Cognex camera, and (b)
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[Table 2] Comparison of the proposed method with Cognex

Camera Cognex Point grey

w (mm) 0.0524 0.0572
x

o 0.0425 0.0414

Pose 4 (mm) 0.0602 0.0446
estimation | y

error o 0.0667 0.0443

; w (mm) 0.180 0.167

o 0.138 0.120

[Fig. 8] Rotation of marker: (a) Align tag, and (b) April tag

[Table 3] Pose estimation results

Camera calibration Proposed
Method with OpenCV | COE"X | ethod
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[Fig. 9] Experimental environment: (a) Point grey camera, (b)
April tag and zig fixed to the worktable, (c) Cognex camera, and
(d) Align tag and zig fixed to the worktable
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