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Measurement of 3-D Position and Orientation of a Robot
Using Ultrasonic Waves (1lst Report)

—-Principle of Measurement and Trial Manufacture of System-
Seiji Aoyagi, Sakiichi Okabe, Ken Sasaki and Masaharu Takano

Nowadays numerous industrial robots are increasingly applied to complicated and pre-
cise operations such as assembly. So precise estimation of performance characteristics
of a robot, such as positioning accuracy, orientating accuracy, path accuracy and so
on, is being necessary for both users and manufacturers of robots. However it is
difficult to measure the position and orientation of a robot moving in wide 3-D (three
dimensional) space without contact, in real time and with high accuracy. In this paper
a system using ultrasonic waves is proposed. The principle is a triangulation using
distances between transmitters attached to a robot arm and receivers placed around the

work space of the robot.
source of ultrasound is used

compared with that using laser beams or LED.
measures distances directly from the time-of-flight of an ultrasonic pulse.

An electric spark which works as
as a transmitter.

a non-directional point
This system is simple and economical
Moreover the accuracy is good because it
In this

first report the principle and a trial manufacture are dealt with.
Key words: robot, ultrasonic waves, 3-D measurement, triangulation, electric spark
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T : Transmitter

R : Receiver

R The distances between 3T and 3R
give position and orientation of
a robot hand.

Fig.1 Principle of 3-D measurement
system using ultrasonic pulse
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NEEDLE made of iron

SCREW
[ /HOLDER made of phosphor bronze
 30um ﬂ s [
/STAND made of bakelite

¢ lmm

ﬁ—pm

80mm

Fig 2 Structure of transmltter

D.C. Condenser
30V 44uF

Electric

spark
1:100

Fig.3 Electric circuit of transmitter

Trigger
B8 FET

Ignition coil
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Fig.4 Structure of receiver
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Fig.5 Received pulse waveform by electric
spark discharge

0. InmEA T, 2nORIEEH TO. 2mmLL T H » 2.
AEBEZDOERIE, MIEEITHIHAEERMEMHD
BBt OREBA B EROEA Linld EHnTH D,
HEEEPERDOEEIMBBASERIN TV WIS
NTRIELLLHDRER - BE, ER0RNERWHD
Bificb W TR ->TLEV, FEEBSSEOHIENSIT
bbbt eHEEZ L, QIEBEOILS D & Hll
EXEMICBI 2 LTR[0T ECRNT 5. KD
EERMTEAOEMIt 2 eSO AR EZEFH S A
fEEENICEEL, TS EEKECHInDEREE
¥aBsic b 7o - T 1000[EGHRIL 2. Z DRERKB O
Bl L2EHEO K ) 7 bicbhhboTRITERED
IEHENR 2120, 07mm, AIEBEORAME & R/MEDE L
0.34mmEFEF LM WIBA IR THUOEENE ST,
IhEVAEBEDT S > &1, RIEHTHLIEBRAKX
OMEBMBEOES>EFTRBRCHUEEMOELRD
o &R TR I ENbn b, > THERIEZA
ERLE DI TITY, MEEMOESKOL T ERE
THEARE#OME R I SIcO LT3 LEbNn 3,

4. 3WochrE - BHHEEE

CTRAMATIRET 23 HOFKERLIEOZ
&%%mbtﬁﬁ FHROGFRFHEEc>WTih~ 5,
4.1 3XxfEIIH
R7icRdT &I c3@oZHBEEBEL 1 FHOR
ER] TV(X, Y, 2)) EZEER Ri(z, v, a) OO
RESNTEBE L &35 (i=1~3). CDLE

(X1 — )+ (N —y)?+ (7 - ) =1L;% (i=1~3)

— 117 —



862 W L% 43 58/5/1992

Y z
1200 \0 400 800
CASE B CASE A 200 Moving direction
bid [9] T X
Max. of error e Ra dbo
I Average of error  Ex
05 Min. of error [ 0.5 Unit ; mm
€ 900
NSO ¢! Lllrl L,
& ‘EI YrrrIrjyt I [T .ﬂc 1350 oo
~05 —05 Sound velocity monitoring unit
0 Standard deviation ox (a) Experimental condition
E 0.2 0~2WM
0 400 80 0 T T 800  Each coordinate was
> X — coordinate nm X — coordinate mm measured 1000 times
(b)  Results of CASE A ()  Results of CASE B

Fig.6 Experimental results of accuracy of ranging system

Z

T : Transmitter
R : Receiver

€,, €1, €3 1 Unit vectors of robot
X hand coordinate system

Fig.7 Princlple of 3-D measurement
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T : Transmitter

Ultrasonic pulse R : Receiver

m

) A/D converter
Transmitted time Trigger (Sampling time
detecting circuit , 0.2 us)
Sound veloclity Personal computer
monitoring unit (CPU 80286+80287)

Flg.8 Outline of 3-D measuring system
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Fig.9 Mutual calibration of receiver positions
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Table 1 Results of orientation measurement
No. | 84 (True) Om Eq ge
1 20.0° 201°]0.1° 0.0°
2 30.0 ° 298°(-02° 0.1°
3 40.0° |/ 40.0° | 00" 0.1° X
4 50.0 ° 50.1°}0.1° 0.1°
5 60.0 ° 604° | 04° 02°
6 70.0 ° 700° ] 00° 0.1° Patn
64 : Arm orientation (Standard of calibration)

Apm : Measured orientation

z
R(3I17, —411, 221/)4
y02

Plane made by 3R

Plane of G motion

DD motor with resolver
positioning accuracy : * 30arcsec
of Movegen¢

(0215, 6730, 22) Fa(=3416, 6815, 22.1)

FoahaFy rOEEBHREOFMICHEHL I EE

Eg, 0¢ : Error and standard deviation
of orientation measurement . ! Y G : Measured point
|GT)| =25mm (i=1~3) Unit ; mm
(a) Experimental condition
- Table 2 Results of position measurement _ ) )
No. | (X,Y,Z)s (True) (X,Y,Z)m Ex ox Ly ay E; oz T Matchms_ points
1 (389.5, 157.7, 0.0) [ (389.5, 157.7, -0.2) | Matching points of -02 02 0"«:\\"a \ of cooxdlna.te
2 (356.2, 223.0, 0.0) || (356.2, 223.0, 0.2) | coordinate transformation 0.2 0.1 /20/ ] transformation .
3 |(312.1, 2814, 0.0) | (312.1, 281.1, 0.3) [ 0.0 0.1 -0.3 0.1 03 04 » ) A
4 | (258.4, 3314, 0.0) [ (258.5, 3312, -0.1) | 0.1 0.1 -0.2 0.1 0.1 04 o
5 | (197.0, 3712, 0.0) | (197.0, 371.2, 0.0) [0.0 0.1 0.0 0.1 00 05 X /3/ ’ 1 mm
6 |(129.8, 399.7, 0.0) | (130.1, 400.1, -0.2) | 0.3 0.1 0.4 0.1 02 04 Ny 5/ Magnification
(X,Y,2)4: Arm coordinate (Standard of calibration) Unit ; mm /
(X,Y,Z)u : Measured cooxdi.nat.e ______ Experimental
Ex, Ey, Ez : Error of coordinate measurement
- R Theoretical
ox, 0y, oz : Standard deviation of coordinate measurement
Position G and arm orientation were measured 100 times for each data. (b) Experimental Results
Fig.10 Measurement of position and orientation of rotational arm
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