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Development of High-Precision Measuring Device for Six-axis
Force/Moment Sensor

Hyi-Jun Shin’ and Gab-Soon Kim"

ABSTRACT

This paper describes the development of a high-precision measuring device with DSP (digital signal processor) for
the accurate measurement of the 6-axis force/moment sensor mounted to a humanoid robot’s ankle. In order to walk on
uneven terrain safely, the foot should perceive the applied forces Fx, Fy, and Fz and moments Mx, My, and Mz to itself,
and control the foot using the measured them. The applied forces and moments should be measured from two 6-axis
force/moment sensors mounted to the feet, and the sensor is composed of Fx sensor, Fy sensor, Fz sensor, Mx sensor,
My sensor and Mz sensor in a body (single block). In order to acquire output values from twelve sensors (two 6-axis
force/moment sensor) accurately, the measuring device should get the function of high speed, and should be small in size.
The commercialized measuring devices have the function of high speed, unfortunately, they are large in size and heavy
in weight. In this paper, the high-precision measuring device for acquiring the output values from two 6-axis
force/moment sensors was developed. It is composed of a DSP (150 MHz), a RAM (random access memory), amplifiers,
capacities, resisters and so on. And the characteristic test was carried out.

Key Words : Measuring device (5 7 71), Digital signal processor (2435 4l &3 2] 7]), 6-axis force/moment sensor

(6% FY/ZAEAA)

1. A& EREAM, 281 o]gEFEH EYHHE AUIE
Adste 47 o2 FAHET AFY T &

ALY &% Fo s AN Y& YT @ 2Ro] BFIP AN JojNA YES ¢
& 9 AUH MY BRE VEE Am, o HaAl AE sl JYojok shm, BE T W
239 F8% 8239 sust A5Y €3 Yol ool 6% YWEASAN e YAH 237 3

g
g2 ey &L UAEAE HozgAY oty oz FALL

g2 FEES GHAsA A= J)5o] dolok 1, Ay L 2L &o] 28 7FE FH)
E7teol F33d JAXSG &5 22" 6 F W HHAME FIHE 6F YEAEAMYG 3]

= A4Y:2007d 7Y 4 AASYYL:2000d 8¥ 39
¢ ZAUYE AAAS T
#  IAAA} FAAGR A ASF 3, ERI

E-mail: gskim@gsnu.ackr Tel. (055) 751-5372

46



SEES

e VFALFHAA A1IA A0E

A ¢ ¢FHof Pt 6 & Y/EAEAA
Fx, Fy, Fz 9} EWE Mx, My, Mz & 529
Aste dAoln, ATy L£dAME oJRE o
ste] mxEA9 FAE ESHIAY EAV &3
A&se ¥y AFYFE DT FHsH, A
53 doMe 2Ro| A& o W JlEixe §
3 BHEE FAl A8 2XRo] PolAA &
EE FAE FAsEH AMSEH o] dAMe ¥
F FF7F ALEHJL, olEL ATy & FT&
d Ri=o AlLE F de ¥ ALYAFEEE
IR o ATy F FL &o] BE Vv E 7
7] dME 6 F Y/EHAEAMY €S WA
A& = de FAH77F dadd. o] FR7< 6
% Y/RAEAMY Fo] 6 Mol & FL Lo
270 ol22 A 12 A9 AdE -z ook
3o, uj¢ wE £ & R 3lojok ot A
Agslgo] RuExn e 6 F Y/EAEAANYY
Z471= EY HBM AlolA 3§ DK3Ig =R
DMP40 2 o] 9, o]EL 16 ML BAH3ln
A1 AYEA FH3E F JdE 18T FH=
A AARez AHFH FILYEFAN g8 AE=Hn
Act a2 o]EL o|FdE ERde Z71(600
mm x 400 mm x 150 mm)7} 23 A% 2 AY)
o] mrtolm HA( 10kg)7t FALEE AL T
F g a8z 2R 8 T2 W Rito] 5}
58 24% 6  J/EAEAMA E2H7 o]
g g 5}c}, .

ety £ dFoME 2 M9 6 & J/RAEA
e 2812 AY)ye WA &3 5 U= 24
% &A71& MLl o] A7) 150 MHz 9
Holel H4=EE 717 DSP, B, FEZ7], A
B, 4% o2 FAHAY

5ol
3

3
=
=
=
=

2.6% E/RHEHMN BX7|°

216 % E/RUHEHNM EF7(e MA

Fig. 1 € 6 & Y/ZdE AN SAJ|9 EER
g Yehdz gled, Fig. 2 = AZd 6 F /=4
E AA FH7E JeEdz ok o] EFHJe
DSP(digital signal processor), $]%- ©| = 2](memory),
%% 7] % (amplifier), TAF, AARE, 2HAFE T2
2 FAHUTE DSP & 30MHz Zel2E g AL43}
of dAE FY(clock)& DSP WHA 5 v FE
AlA 150 MHz & S&H 10, J§ P48 =&

47

adHe $3 Z2a3e P A2 AR B
Boll A Ztzte] W& Aels, A/D TuE, ¥E
Adeidjolx, HE F4l UEHolx F& FF A
Atk AD AYEE 6 & WEAE ZAAMER
H &85 oldz2a A3 E YAY 3= upy
7] et ALgE ., ¥WE e so]&E LCD 9
AZE F7) A5t ALgEHY, AEFA AEFA o]
2 AFH EL& g AAA 9} B A8l
AbgEith a8 AYL DSP & o E FRAAE
o AL 9V,5V,33V,18VE Zzt FF&H, &
IxE d3E 6 & Y/RAE AAM 9 7+ MA(Fx
AA, Fy AA, Fz AA, Mx AA, My AiA, Mz A A)
o] ZA%E LCD Al YY) A8 AHgEH 6%
J/REHAE AX 713 2 F3F AF0M 28 @
T &£E9 &3 HFZ0 ALEE AT A
Zg 6 & WEAE AN FH7]Y AZlE 120
mmx130 mm & 28] A3sr)d] HFE Z7]0]
o}

Fig. 3 < DSP(digital signal processor, TMS
320F2812(32bit/150MHz/150MIPS/150MMAC) 3 &
=& Jehn 9lon, Al8¥ DSP = 128kword
429 ZY A ¥ (flash read only memory(ROM)),
IMword §%9] #(random access memory(RAM)),
3 125 Mbps 2 ¥ E 7153 AD WBEI(12-bit
ultra-fast analog/digital converter) 322 FAE H
Al2 JQARZHEANTNANA AZE 25 =
ZAAM dFolth o]RAL AYEZHE 33V ¢
1.8 V 9 ALe wo} FAEHZ, Fe|A2gR Y
30 MHz & €3& ol UFoA 5 ¥ FE3o
150 MHz 2 F&&H, WEZHA & T& 2%
g4do] HAA4Y T2aRe] o] wa} DSP 9
Wi Fatse] Qe FRAANES FHAUCY.
29219 FFol w6 F W/EAE AN 1 3 2
2RE E85& A3ZE FHIGUAAN FEAND F
°o]A& DSP Ul¥9 AD FAWEE WolEolx, o]
AZE LCD ol Yebda FAlo] < g3Po
A7 2L CAN E413} RS232C BAE o] &3l 3
FH L& 0& AoFHo i}

Fig. 4 & 9% &% v 2| (SRAM(static random

_access memory, K6R4016VIC)E ez gl11, A

4L 512 kbyte o]t} o] A AQRZRE 33
V o] AYE Pol FAHD, TzaW 2 doly
g AZE 4 Yol



A3E - A FIALIGER] A4 W A0z
Clock FLASH ROM||  RAM ‘ éHAM 2y 33LL F£E Yoy, 23479 wo|=E
(aomHz) ] |(128kword) [| (18kword) F wemaorgvic) | E°171 HE 9V & AAANE AP
- L DSP
P BN (TMS320F2812) -
ower 5 , e
L ADC 74HC541 ﬁ ]L ! }( a‘ ,EFFFL - i
e ! i
Amplifi N
(ADB2T) CAN LCD Display
(82C251)
1
§-axis force/ MAX232
moment sensgr 14 - (RS232C) ;::ggz?
"""""""""" 3 l 1
6-axis force/. | i :
T?T?rltseﬂsoLZ; i PC or Controfler | Switch

Fig. 1 Block diagram of 6-axis force/moment sensor

6 Exis force/

Amplifie:
(ADB27) |

SRAM
(K6F4016V1C)

6~exis farce/

PC or Controller mcment sensor 1 |

Fig. 2 Photograph of the manufactured measuring device
for 6-axis force/moment sensor

Fig. 5 © A9% g4 ==& vgun
o (@ SV 33 VI b= 1.8VY 33V
AL A Aolrh. AR =9V o AR AL
< o}l LM7805 & o] €3l 5 v 2 ¥E A7
LM1117 & ol&39 33 VvV 2 WHE A7,
TPS767D318 & o] 83t 5 v ALE ol 33V
18 VHEEAY, AAEREH FFHIVE 65
Y/ZAE dAM9 Ydgrgoez Algsn, Agd
5V AL SABE IC, LCD ¥ 29x8¥ I,
FEZ7] 59 FE5AY¢os ArLEY, HEE 33 V
£ DSP Y FFA¢e= A}%—%E} 9V LdFAYL
AL 3 3% A (power supply) & 9V & AAA=R

mement sensor 2 |

48

N
AV,
o

Aan

Fig. 4 Memory(RAM)

o uip LY
o
w w
2
e i [} C17 TIC S8 T T ey
e == .1 G TT=CH S=Cnr
220 22 T toa T io4 T tog 1 XSk 04
L0
3 un v
m Afan T vaur )4
= o]
e =mca8 ==cv meay =
14 104 1 g} k(v o))

(a) Power for 5V and 3.3V



Fig. 6 Circuit of communication

(a) LED display
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Table 1 Results of calibration test of the developed
measuring device with 6-axis force/moment

sensor 1
Sensor Output(mV)

Step

Fx Fy Fz Mx My Mz
10 | 1001 | 1000 | 1001 | 1001 | 1000 | 1001
9 900 901 901 900 901 901
8 801 799 800 801 799 800
7 700 700 700 700 700 701
6 601 600 601 600 600 600
5 500 499 500 501 501 501
4 399 400 401 400 400 400
3 301 301 300 301 300 301
2 200 200 200 200 200 200
1 100 100 100 100 100 100
0 0 0 0 0 0 0

Table 2 Results of calibration test of the universal

measuring device with 6-axis force/moment

sensor 1
Step Sensor Output(mV)

Fx Fy Fz Mx My Mz
10 | 1000 { 1000 | 1000 | 1000 | 1000 | 1000
9 901 900 901 900 900 900
8 800 800 800 800 800 800
7 700 700 700 700 700 700
6 600 600 600 600 599 600
5 500 499 500 500 500 500
4 400 400 400 400 400 400
3 300 300 300 300 300 300
2 200 200 200 200 200 200
1 100 100 100 100 100 100
0 0 0 0 0 0 0

54719 2EFALAIRERE A= HH)R
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