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ABSTRACT

Scientists at the International Space Station have been studying space life sciences to prepare for future

manned space explorations, and require experimental specimen such as rodents for mass measurement. However,

it is challenging to use mass measurement systems in space owing to the errors caused by factors such as

mechanical-electronic noise. Therefore, to minimize the measurement errors, we propose a new algorithm called
multiple calibration, which divides the mass range and calculates the sample weight by using the correction

equation of each interval. We performed tests to evaluate and compare the performance of the proposed method

to that of normal methods. As a result, the measurement accuracy improved by over two times using the

multiple calibration method. Furthermore, we conducted mass measurements on various samples and confirmed

that our method is valid for mass measurements.
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OERy CRES BEY $FUYE 2AFSHN 2T AoE P AT FRAVEHIA A204, AsE
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JE3 TAE ZAsE Ao RTHINE UH:} Bl o &t7] 9%k Qe wal =olstaat ot
A 219 A7 4EE ZYE ™ (monitorng)3}7]

A% B A WP BRA SN AEH T 2. = B
QTHE T# @A) vho] 22 F 2 (micro-gravity)
e 222 A PAE AT S e A4 21 DEFEHAAHY IR
7h ol e 799 A E AT & nlo]l 2259 3 shollA AEE S5 U
B3 AFSAA "o HiEA] dasitt SuolAM= o3 22 Al 7HA] dhe] itk A MAlE Az
-7 MEAES Bl &2 F FHA 2H o] F A 2Eo) ot g ZHo 2N AFF o
AdE vk Qlom B AFE B S HE=E Woltt. o W FAAZol #ob &R
B2 e b S 3 h = (acceleration field)o] TPt AY YA A 7] &
npo]l 25 SAolM e A Fe} F2 FE A o] BAle] Wxol yfERTE wE ok )
Fe ZHL 7 U= ANE AL AN B AT wepd] B3 2 ugA ol ohg AEAo) of
7b FHEYUTEET o5 SJa A S o] & F  Hohs g Aok F WAE AAHL o83k wy
SRV 22FE o1 8Y WA SE 01 8F olnh. o) UMW AL ol gz Aol A
A7} gl shom, Ko, Il 2008, w 28d 2@ AT AL AAE] dAHE
BAUE 18D AL AU BASTAAT A 2 A SAAGE a7V B
A BAYE AT o) Boke] AFE FU  sieh e Al Aol 24 A, weral L)
ST S, NASAIA = AFSAALRE A wstste] Jhggol AFEA 7] W] A T4
st FAGFAALAN £IF A Aot 2 AYsE Aol 2 ofele AA Bk A WA
Azre] Aol wek ot FHE ol AU B A MY jEeBS o] §3h Wo|th Bale Lx
o] 7)%5e FAHA Fate] Agol FAHE S 3 = HANELEL Ba 1T ZAo| o) e
B o) 2%k 917t wAEhE o] ZgAlel o3 Z7golohiy
717 228 7IAH F3ol 2@ AF W A FRYTLFATUANAE A WA P el
28 AAZE WAS T Y HEES) 2AgA E JleeEwe Sgate] BAYL U Bl AL
e o deA ol 24 9 Assts Rl ts) ATe STkl o)
et b7l WRSAA RE| B B 23F  ZgAs"e MEEE Aststel BAlY BYYL
5 2AFEAYN 2R BEHE RESC] AUSE 2 A4l 2oAERe 2YPoRA B4 A
Al 2=A(load cell), 7HEE AA o} 22 Z4F AAME < Aiksle ol B =A< Fig 1@ 2o,
9] Ao] dabH) whel =4 1}7} Zo 51 Yt} o)Al A mABIS JPMFF A eFEA| 1L
Tgel s BraT ofd FASFAARNNE 22 Apnaglon o)t 1g ~ 200ge] Mol ARG ZAY
FEAA R0 AFH o BEHA R QT £ v 2P LFZHA 28 0] FEFAL BLDC RE
ol Ve HERto 2 E SHEA &g, ulola= (brush ess direct current motor)E ©]-83}¢ mlo]a =
sHolgk= AFANA e g jle LRSS g oA 2 BFo g &3 VHEEE
2 % Aoz ArmHTh Oilo]u_ WEo] 7] 3 H ol o) BAl BAHYL 2E
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(a) Small mass measurement
system

Fig. 1 Overview of small mall measurement system
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(b) System configuration

(c) A example of load cell output signals
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y00g @ 4 glek
(a) Normal
Calibrati
atibratigy Table 1 Comparison of mass measurement results
150g by calibration method
m, Cb;m‘:;t?;: Real | Normal Calibration | Multiple Calibration
100g x mass mass mass
o \i{czll Average value (g) Average value (g)
50 :Calibration 50.23 ﬂ
€ 51.02 50.32
@ @ @ 50g | 50.54 ¢ 50.41 50.20 g 50.24
o 1(5)0 300 50.47 50.28
y 50.48 50.18
100.57 100.10
Fig. 3 Multiple calibration 101.58 100.34
100 g [101.38 g| 101.63 100.21 g | 100.28
101.66 100.29
101.47 100.07
150.7 150.09
149.64 150.02
150 g [150.56 g| 150.12 | 150.09¢g | 150.06
151.37 150.12
151.11 150.15
200.00 200.00
200.07 200.07
200 g 1200.56¢g| 201.17 | 200.09g | 200.00
199.80 200.29
Fig. 4 GUI of Small-Mass Measurement System 201.74 200.08
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Fig. 6 Standard deviation according to mass

Fig. 7 Image of water & rat mass measurement test
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Table 3 Classification of instruments™

o Number of
Accuracy Verification | verification scale Min.
Class scale (1er;terval intervals Capacity
min. max.
Special 0.001g=< 50000 - 100e
0.001g<e
High gO.(%Sg 100 | 100000 |  20e
0.0lg<e 5000 100000 50e
' °~°<1%g§e 100 | 10000 | 20
Medium =
Sg<e 500 10000 20e
Ordinary Sg<e 100 1000 10e
11000
10000 Stationary Non-Stationary
9000 1 7
8000
__ 7000
E 6000
E 5000
4000 -
3000
2000 [
1000 I e = -
-100 50 0 50 100 150 200 250 300 350 400 450 500 550 600
Time (ms)

Fig. 8 Definition of the data range
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