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Fast on-site self-positioning method for robot automatic
drilling and riveting system

Wei Ming, Zhang Liyan

( College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Robot automatic drilling and riveting system has got more and more extensive applications in the manufacture and assembly of
aeronautical parts. This paper proposes a fast on-site self-positioning method of the robot, which uses the single industrial camera carried
in the end effector of the drilling and riveting robot to carry out the fast on-site self-positioning. The method only needs to drive the
industrial camera at the end of the drilling and riveting robot in teaching mode to sequentially image more than six locating points whose
coordinates are known in advance in the workpiece coordinate system, the transformation relationship between the robot base coordinate
system and workpiece coordinate system can be determined quickly and easily. The results show that the deviation of the rotation vector
between coordinate systems is less than 0. 004, and the absolute deviations of the translation vectors in X, Y and Z directions are less
than 0.5 mm, the high-precision self-positioning of the robot is achieved. The mathematical model of the robot self-positioning method
based on sequentially, individually imaging of the locating points is derived. Aiming at the new model, a high efficient and steady
solving algorithm is put forward. The proposed method directly makes use of the industrial camera carried in the automatic drilling and
riveting system itself, is not restricted by the locating point distribution. Since no additional coordinate measuring system, for instance a
laser tracker, is necessary to carry out tedious on-site three-dimensional measurement and data processing, the on-site alignment process
of the robot and workpiece is much more convenient and efficient. The proposed robot positioning model and solving method established
aiming at sequentially, individually imaging of multiple locating points can be widely used to solve the self-positioning problem of various
kinds of eye-in-hand robotic systems.
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Fig. 1 Schematic diagram of robot self-positioning method
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to shoot locating points sequentially
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Fig.4 Flow chart of robot self-positioning
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Table 1 Locating point coordinates in workpiece

coordinate system mm
T AR R T AR
TE T B G
X y z
1 376. 748 -1 453.768 432.573
2 668. 369 -1432.380 485. 868
3 347.762 -1452.732 979. 239
4 679. 321 -1421. 106 932. 490
5 349. 300 -1 456.201 1 395. 856
6 693. 631 -1429. 199 1 404. 292
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Table 2 The coordinates of the 9-hole array under

flange coordinate system mm
s Op BHRR T RARE"P,
X y z

fL1 11.311 -14.132 202. 554
L2 16. 175 -9.970 202. 400
L3 6.651 -9. 969 202. 405
fL4 22.245 -5.526 202. 545
fLs 12.721 -4.565 202. 549
fL6 2.419 -3.603 202. 554
fL7 17.790 -0. 121 202. 694
fLs 7.827 0. 841 202. 699
Lo 13. 336 5.284 202. 844
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Fig. 6 Hand-eye relationship calibration image
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Table 3 Accuracy verification of hand-eye relationship
G fL1 fL2 fL3 fl4 fLs fle L7 L8 fLo
e, 0. 100 0.109 0. 104 0. 108 0.117 0. 106 0.117 0. 125 0. 125
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Table 4 Readings of robot smartPAD

WAL/ ()

flir/mm

=
dn

a; B; Yi x y z

1 -2.21 -1.85 87.64 1059.33 -1170.31 1 173.08

2 -8.81 -857 110.90 1012.76 -1349.55 1452.22

3 -3.12 -6.81 89.25 533.75 —-1143.72 1 150.89
4 -4.81 -6.87 99.47 581.64 —1320.48 1432.41
5 1.09 0.23 88.05 134.45 -1133.24 1 143.89
6 2.95 -5.64 114.04 102.64 1338.22 1495.01
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Fig.7 Robot carries industrial camera to shoot the

experiment field of locating points
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Fig. 9 Image reliability evaluation metrics

ASCHI ] L RCHL AR A B Sl R 4, 4R 10 T —
T FH B EIHIL & AR Sk A T e L5217 09 > b AR BIL ik
FIOLES N A E ALY TT 1 . 15 R BRI Tl pLgs A L
FLA B BAAS TV AR ML, 38 3 75 BO7 AL R AT 3h Tolk
AR ST 50%F 6 A~ LA b 1 5 A s B gE A7 A%,
HENL T — A LADLE ANIEAR R 2R 45 AR AR b R 22 [ 14 722 4
FE M SIS N E E L 29 3R 56 R AAY i 1 T S0
T —ERYACHIMER AR R AR 7 1E 52 e AR Ze k%
TR L B AT SEVE AN ARZS 5 1 A 5E (7 S R AR
TSR IT I . X I A DTk HEAT T SEER SRR, AR AT R AL
e N RE LSR5 R AR PN 2R G800 2 1 45 2R LE B A
ZERUIN IR TR AR
AT BIHL AR N B A € 05 i, Jo s #A
AR BB ok AR T DAL N BT E 67 B
FATEE PR 34T AR AA R X — 4> s (G L AL
) FEAT R XA KN B A T O BR ), [+ s
AT PAFE S A R RO 2284 b oA i BOR B T 5
BLREATHLER N HE L, PRUEE ALA5 R T S b, X T
PLEs NIRRT ZF Bz sh iy R R 40, LB e R
FAREAS E AL AL g A YRR E B 2 80mT LA, AR ST
TIEA R Y RT3
A SCHTIR T3 AR JE LA RAILEE I A 3h B a0 = 20
5 B TR B07 O 248 L s MR B AR
HENT RIS N A 58 L 2 SRR R SR A 7 vk, AT LA 2 B
T2 - Hlds KR GEM A E LR,
52 3Lk
(1] ik, SRR, MImpk. HLas A G B) AL R i £L
RS EEAMEEOR [T]. LS 2441, 2011, 32(10)
1951-1960.
QU W W, DONG H Y, KE Y L. Pose accuracy



74

e U x #

{1 B4k

(2]

(3]

[4]

[5]

(6]

(7]

[8]

compensation technology in robot-aided aircraft assembly
drilling process [ J]. Acta Aeronautic et Astronautic
Sinica, 2011, 32(10) :1951-1960.

LR, kAR, MiéAe, SE KUKA Tl AL as AfL
LM G EL IR ZAME[T]. HLIR T R4, 2017,
3(8):1-7.

SHI X J, ZHANG F M, QU X H, et al, KUKA
industrial robot posture measurement and on-line error
compensation [ J ]. Journal of Mechanical Engineering,
2017, 3(8) :1-7.

JaF. KL A SR T Tl AILgs AN M ik 5 52
BAFFE[D]. Bat: BEE MR, 2012,

ZHOU W. Compensation method of industrial robot
accuracy and experimental research for aircraft automated
assembly [ D ]. University  of

Nanjing: Nanjing

Aeronautics and Astronautics, 2012.

BRIk, AR KRG, SE. XE TR LS ATEL
WEAMMETIE MBI 1], BH TR, 2014 (5):
638-642.

CALJ D, LI'J H, ZHANG ] H, et al, Research on on-
line error compensation method of six axis industrial
robot[ J]. Control Engineering, 2014(5) :638-642.
Befler, Bk, XUEDT, . HLas A T HAHPLA %
PRAERBITIEL)]. AR AR, 2019, 40(1) :101-
108.

BI D X, WANG X L, LIU ZH F, et al. New method for

robot tool and camera pose calibration [ J ]. Chinese

Journal of Scientific Instrument, 2019, 40(1) ;101-108.
Rz, T, SR, T RS 4 0 Dol Al A
G SRR E V] AR, 2018, 39(2) .
38-46.

LU Y, YU L M, GUO B. Calibration of industrial robot
structure based on closed dimensional
chain [J].
2018, 39(2) .38-46.

TIAN W, ZENG Y F, YUAN F, et al. Calibration of

parameters

Chinese Journal of Scientific Instrument,

robotic drilling systems with a moving rail [ J]. Chinese

Journal of Aeronautics, 2014, 27(6) :1598-1604.

Foe K 20 ARG, . T AL N E 7 1R 25 AR
T AT ELM SE AR FEAMEDTSE[J]. LA A,
2018,40(6) :843-851.

WANG L F, LI X, ZHANG L Y, et al. Analysis of
industrial robot and

positioning error of accuracy

compensation based on ELM algorithm [ J ]. Robot,

(9]

[10]

[(11]

[12]

[13]

[14]

[15]

[16]

[17]

2018,40(6) ;. 843-851.
W52, BB, REE, 5. T2 %0 a ik
FIBLEE NRERERTFE[ T ], AUARHR =4, 2019,40(7)
81-89.

WENG X L, KANG CH SH, SONG AI G, et al. Study
on robot accuracy based on full pose measurement and
optimization [ J ]. Chinese Journal of Scientific
Instrument, 2019,40(7) :81-89.

Fole K aKuHE R — R T AR R Pl g A
il fL o 22 18 oAb B2 H R [J]. AL 25 27 i, 2019,
40(10) :292-306.

WANG L F, ZHANG L Y, YE N. An on-line
compensation technology for robotic drilling error suitable
for curved structure [ J ]. Acta Aeronautica et
Astronautica Sinica, 2019,40(10) :292-306.

WL, g, BESCRL. il KAl A S e R G T
WALER ANE AR E R[], i dild& oA, 2016,
513(18) :46-52.
ZENG Y F, TIAN W, LIAO W H. Precision
compensation technology of industrial robot for aircraft
automatic drilling and riveting system[ J ]. Aeronautical
Manufacturing Technology, 2016, 513(18) :46-52.
WOLFE W J, MATHIS D. The perspective view of three
points [J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 1991,1(1) :66-73.

LEPETIE V, MORENO-NOGURE F, FUA P. EPnP.
An accurate O (n) solution to the PnP problem [ J].
International Journal of Computer Vision, 2009, 81(2):
155-166.

HESCH J A, ROUMELIOTIS S I. A direct least-squares
(DLS) method for PnP [ C ].
Conference on Computer Vision, IEEE, 2011 383-390.
REAS. MLER ARSI M. Jbat B Tk i
#t:, 1996.

XIONG Y L. Fundamentals of robot techniques [ M ].
Beijing: China Machine Press, 1996.

TR AL M ] JEa RE R, 2005.
ZHANG G J. Machine vision [ M]. Beijing: Science
Press, 2005.

hRfE, SRIEAR. THAEHLILGE . TH I S S R g
B[ M]. JEsT B A, 1998.
MA S D, ZHANG ZH Y.

2011 International

Computer  vision:
Computational theory and algorithm basis[ M ].

Science Press, 1998.

Beijing :



% 6 1 +

IR AYNIE Eoik s B e R 7k S U B N RS 75

[18]

[19]

[20]

(21]

(22]

[23]

[24]

ZHANG Z. A f{lexible new technique for camera
calibration [ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2000, 22(11) ;1330-1334.
TSAI R. A versatile camera calibration technique for
high-accuracy 3D machine vision metrology using off-the-
shelf TV cameras and lenses [ J]. IEEE Journal on
Robotics and Automation, 1987, 3(4) : 323-344.

ZHU W D, MEI B, YAN G R, et al. Development of a
monocular vision system for robotic drilling[ J]. Frontiers
of Information Technology & Electronic Engineering,
2014, 15(8) :593-606.

ZHAO Z J, WENG Y. A flexible method combining
and hand-eye calibration [ J ].
Robotica, 2013,31(5) :747-756.

NICOLAS A, RADU H, BERNARD E. Robot hand-eye

camera calibration

structure from motion [ J ]. The

SAGE

calibration using

International  Journal of Robotics Research,
Publications, 2001, 20 (3) :228-248.
ZHAN Q, WANG X. Hand-Eye -calibration and
positioning for a robot drilling system [ J]. International
Journal of Advanced Manufacturing Technology, 2012,
61(5-8) :691-701.

TR BRBTEE, R BahbLas N miki R B R
WL [J]. 7 e 5 A0ES A 40, 2018, 32(11):

192-198.

LUO J M, CHEN X D, WU L. Research on high
precision loading and unloading of mobile robot [ J].

Measurement and Instrument,

Journal of Electronic

2018, 32(11) :192-198.
fEE BT

FiE 2018 4F T RBAON KA 34T 5 1
AL, Bh B A S R R A B A S A
FEWFEIT 0 AL,

E-mail ; 1185121220@ qq. com

Wei Ming received his B. Sc. degree from
Anhui Agricultural University in 2018. Now, he is a M. Sc.
candidate in Nanjing University of Aeronautics and Astronautics.
His main research interests includes computer vision.

KA (O {5 14 ) |, 2001 45T F 5 A
2SR R AAARAFIE 23, BE A R s s A
RRAH A A T, 255 10 R
SRR R RE G 0 AR
E-mail; zhangly@ nuaa. edu. cn

Zhang Liyan ( Corresponding author) received her Ph. D.
degree from Nanjing University of Aeronautics and Astronautics in
2001. She is now a professor and Ph. D. supervisor at Nanjing
University of Aeronautics and Astronautics. Her main research
interests include 3D vision inspection, intelligent manufacturing,

and reverse engineering.



