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Analysis on Force Tracking Capabilities of Healthy Adults
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A reduction of motor performance due to brain disorders can be screened by evaluating force tracking capabilities
(FTCs). Existing studies have examined FTCs mainly using simple sinusoidal waves, of which repeated profiles
have a critical limitation due to a learning effect in force tracking. The present study examined the effects of
personal factors (age and gender) and sinusoidal wave factors (central force and complexity) on FTCs of healthy
adults using composite sinusoidal wave profiles (CSWPs). FTCs were measured using Finger Touch™ for 30
seconds and quantified in terms of time within the target range (TWR, accuracy measure) and relative RMSE
(RRMSE, variability measure). A total of 90 healthy adults in 20s to 70s with the equal gender ratio participated
in the experiment consisting of combinations of 2 central force levels (6 N and 10 N) and 2 complexity levels
(approximate entropy, ApEn = 0.03 and 0.06) of CSWPs. Significantly decreased FTCs (lower TWR and higher
RRMSE) were found in aged adults, females, the low central force, and the high complexity. The detailed FTC
decrements include a 43% reduced TWR and a 85% increased RRMSE of older adults in 70s as compared to
those in 20s, a 17% reduced TWR and a 17% increased RRMSE of female as compared to those of male, a 30%

reduced TWR and a 108% increased RRMSE at central

force = 6N when compared to those at central force =

10N, and a 19% reduced TWR and a 30% increased RRMSE at ApEn = 0.06 as compared to those at ApEn =
0.03. The characteristics of FTCs for CSWPs can be of use in establishing an assessment protocol of motor

performance for screening brain disorders.

Keywords: Force tracking, Finger force, Motor performance, Brain disorders, Early screening

1. Introduction
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stAY FA8t= 3 FAl 5 (force control capabilities) 2 2-&
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Figure 1. Force control phases : initiation, development,
maintenance, and termination(Seo et al., 2009)
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e 2 Qlo] AA A ola Al Bt o] aFH o E
E1, +5 A3 F(motor akinesia)& F2Ho| AlZto] AAHE
7ol £ A1 <Figure 2>(a) ¢k 2] & &0l 255 7hato] wio &
S E90] €8+ Z(crossed response inhibition, CRI task) 2. Z

% 7} SH(Crucian ef al., 2007). & A 485 3 (motor impersis-
tence)> 52| A& -.~x1]7]- UE ZNZA <Figure 2>(b) %}
& B E A8 24 o & Bk th(San-
der, 2010). % Eé.‘—%(motor preservation)< A-50] AFEHA =
A HEHE A T2 TA ] AAH = o) A <Figure
2>(c)9F 20| Luria loopE 1Al & & %2 A7 &
Yo 2 HI7FHTH(Chin et al., 2012; Luria, 1965). 18U A& H
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Figure 2. Existing motor performance tests

AFEL P T4 589 EaHA < HILE fstd I
‘5 8 (force tracking capabilities) S 7 #F3}sl= A g o] 3
o
o 4

Ol

EEERFL AR REE EEELEREY
99 AAZL I F T Y 55 8L <Figure 3>

¥

colgst - e d - 34

3 o] gofetA AMNEE FEY FEE AU B8
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2005). 28U F2 g dH (A 200 2 AR : 60tH)
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Figure 3. Simple sinusoidal force tracking profile(central force =
9N, ApEn = 0.016; Nagasawa et al., 2013)
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2. Methods

2.1 Force Tracking Profile Development

B A+E 389 7]F 8 (central force)? B3 = (complexity
level) & 3 <Figure 4>} 22 B34 A=A 313
(composite sinusoidal wave profile) 7%t it} WA, 33 <
1P E7E QTS 288 3F A E FAG~15N, Naga-
sawa et al., 2013; 4~12N, Vieluf et al., 2013)5 #3113} 6N}
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10N F 7 2 AA =T 281, 339 B == 714
Z3+45(0.1Hz, 0.2Hz, 0.4Hz, 0.8Hz)9+ 5 7FA] JIZ(QN, 4N)&
FAAZ 2338t 229 0.005U o A approximate entropy
(ApEn)7} 0.03(0.025 ~0.035)3} 0.06(0.055 ~0.065)2! % M=
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G A2 A, 00 7V7H5E 39 9 regularity7} %0} L
< YEeRATHPincus et al., 1991). FIA .2 51L& 7]
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Figure 4. Composite sinusoidal force tracking profile(central
force = 1ON, ApEn = 0.06)

2.2 Apparatus

3 4 A= <Figure 5>9F 2-& Finger TouchTM(FT A
B 2, o3t =) Al 2" 3 <Figure 6>3 22 3 34 371 S/W
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Figure 5. Layout of force tracking experiment
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Figure 6. User interface of Finger Touch™

2.3 Force Tracking Tasks and Measures

3 A Ao e AT 54 ARISA 918 &
27 FH3E tasks T35 time within the target range
(TWR; 4 (1))} relative root mean square error(RRMSE; 2] (2))
7 AEEHAY 3 4 A AR 302 S8 HA Y
3& 248t FTAH 9 &g Aol P& 7he) A 2ty
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=5% oo R = FECES =0~ 17k 4 ()€ Tkl
Z % tH(Voelcker - Rehage and Alberts, 2005). 18] 11, RRMSE+
ANZFO Wls BE3o] 972 ugd 3 220 HE
AREA, A )F Foko] A4 THVieluf er al., 2013). T8,
Az 5279 3 33 datal= BA A A2 F Yo

where,
B {1,if |EF,— DF| < DF,x TR
Ti = 0,0/w
m = # measurements
i=1,m
EF, = exerted force by the subject at measurement i
DF; = designated force at measurement i
TR = tolerance rate 5%

nFF, — DF
RRMSE= \/ %Z )

i=1 L

2.4 Participants
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AYWE 95% AFFHE Hojd A% oA ZE 7H5(Barnett
and Lewis, 1994)3}o] 2249 5% o E AAHUTG A &
Aol = SAS(ver. 9.2)7} B4 5 1T}

ato}(Ward et al., 2012), 7o 82 R &l 4-83H=F 50
~70th e FAAE 20~40th ] Fedzbof Hls) 2uf Wol =3 3. Results
St Tt
A2l 8 37 S8 <Table 2>9F Zo] A, AW, 9§ <)
Table 1. Age distribution of healthy adults 7128, 22 By B4 F a3t 'rr«] T 0.001°]
n Age (mean = SD; years) A RF fod Aoz EMEQAT =3 Al 7|&F3 9 o
(M:F=1:1) Male Female S48 TWRH RRMSE] tate] 25 | 3hA] Lt
20s 10 24.843 .4 25.4£2.5
308 10 332426 34242 8 Table 2. ANOVA summary table(TWR : time within the target
405 10 450428 442428 range, RRMSE : relative root mean square error)
50s 20 53.6£2.3 53.242.6 TWR RRMSE
60s 20 64.8£2.7 63.142.4 Age(A)  F(5,77) = 15717 F(5, 76) = 1770
70s 20 72.6+2.1 724422 Gender(G)  F(1, 77) = 1533 F(1, 76) = 17.11""
Central by 50y = 657227 F(L, 80) = 103583
force(CF) ’ ' ’ '
2.5 Experimental Procedure lexi W "
Clzng(ec’;;y F(1, 80) = 277.69°  F(1, 81) = 437.09
- - - v
Y 3 78y Ad 0, A5 AY B AY, a8y - -
solo ol 9z FAHT. 48 Zul SAA L A4 A6 PS5 TNC042 FG,76) 0 047
AolA A el B9 Fahgon, 3 25 A FTAN 9| o AXCF  F(5, 80) = 2.05 F(5, 80) = 14.15
ﬁﬂﬁ%@ﬂiéﬂﬂﬂ"ﬂmﬂﬂﬂﬂLjﬁﬁéﬁ AXCL FG, 80) =249 FG, 81 = 082
=2 A3 w0 o]/\ﬁﬂ?(]ti o]/]/] B3R /\}‘0]—‘—/1“1 J]-?ﬂ GxCL F(1, 80) = 0.01 F(1, 81) = 1.16 _
o tiste] QEET &5 234 AFsidth B A gl CPxCL £, 78) = 2.98 F, 81) = 151.78
HE BEH AAZA 359 2714 Z1Z YN, 10N)3} 2783 P <05 p < 0L T < 00l
EZE(ApEn=0.03,0.06)5 233 4742 AF 219 tisto
&R LEE A Y TR SASe] 1909 F328](= 3.0 Effect of Age

7128 BT 2xE 2xHHE 4)H
A= 7127 =

B E i o2 9, )
6N, ApEn = 0.06%1 &34 ARRIZFA 313 o
st @ B0 = 4315 ekl 71T = 10N, ApEn = 0.03
o tiste] &0 2 435 Hrlshe o2 A
npA et o 2 Sl A A = ) 4 Bt data7}h SR E AL
H I AZFANA AR Fol AFHAT AR 197 A3

A o408 HE7} 2859

2.6 Statistical Analysis Method

A742le] 3 32 A5(TWR, RRMSE)°ll thate] 913, AH,
1o 7|Fq, 281 339 EFA 0] viAE aFE 3ot
3171 A8k four-factor mixed-subjects ANOVA(between-subject-
factor : 1%, A3 ¥; within-subject-factor : 7]—%?:], EAE)7} 48
Gl 493 A Fato] thei A G FF 0.0590 A Tukey-
Kramer testE T¥ 38t o5 HluE "Fﬁﬁ 0}%1‘3} 3 4 %7t
datas= 7t A AN 71E WA BT 29 4714 A =

Ago] 2718442 TWRE 7HA38 T RRMSEE Z718tE
Agko] 498 2 02 JEPFTH<Table 2> % %) TWRL <Fi-
gure 7>(a)<F 2] 20~30th = ARSI 40T o] 4 F-E A A3
Zaste] 70t) 7} 7 2o A 0 2 UERETH20~30TH : 0.48+
0.16, 40 ~60TH : 0.370.14, 70T : 0.28+0.12). RRMSE+= <Figure
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Figure 7. Force tracking capabilities by age(TWR : time within
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the target range, RRMSE : relative root mean square

error)
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7>(b)ek 2] 200 5-H 60th7kA] A A 3] F7bataL 70th ol A &
A3] oA & 722 YEFTH20~30t) : 0.17+ 0.09, 40 ~60
o :0.19+0.10, 70TH : 0.27+0.17).

3.2 Effect of Gender

o4 e YA HT TWRS Y1 RRMSEE 2 2102 e
Wk (<Table 2> %), AL B4l B3| <Figure 8>(a)9t 2
o] TWR(MA : 0.34£0.15, ¥4 : 0.41£0.16)°] 17%(MD = -0.07
T Y1, <Figure 8>(b)9F Z+0] RRMSE(H A 1 0.21£0.12, ¥4
:0.18+0.10)7} 17%(MD = 0.03)7+& =7 vebgot.

~

0.8 0.4
0.6 0.3
TWR 17% RRMSE 17%
0.4 e s 0.2 T
0.2 0.1
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Figure 8. Force tracking capabilities by gender(TWR : time within
the target range, RRMSE : relative root mean square
error)

3.3 Effect of Central Force

Central force’} &+ TWRS %11 RRMSEE W& &
o] 218k A o = Y Th(<Table 2> #Z). Central force = 6N
< 10NEY <Figure 9>(a)9F 2] TWR(6N : 0.31£0.12, 10N :
0.4420.16)°] 30%(MD = -0.13)5+5 Y11, <Figure 9>(b)<} 20
RRMSE(6N : 0.27+0.13, 10N : 0.130.06)7} 108%(MD = 0.14)%%
2 =7 Y.

1 0.5
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TWR 30% RRMSE
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Figure 9. Force tracking capabilities by central force of the com-

posite sinusoidal profile(TWR : time within the target
range, RRMSE : relative root mean square error)

3.4 Effect of Complexity Level

Complexity level®] &-&4% TWR-> S 1L RRMSEE &2 74

o] §o/8 7 0.2 hEbTH<Table 2> #3). ApEn = 0,032
0.06 5.0} <Figure 10>(a)2F 2] TWR(0.03 : 0.41%0.16, 0.06 :
0.3420.14)°] 19%(MD = 0.08)5HF =11, <Figure 10>(b)<} Z0]
RRMSE(0.03 : 0.1620.10, 0.06 : 0.23+0.14)7} 30%(MD = -0.07)
ghE S UERSE T
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Figure 10. Force tracking capabilities by complexity level of the
composite sinusoidal profile(TWR : time within the

target range, RRMSE : relative root mean square error)

3.5 Interaction Effects

Azl 71239 w524 TWRI RRMSE] tishe] &
F fro)8HAl UEFETH<Table 2> 2%). TWR-S <Figure 11>(a)
9} 7o) oA o] 73 6N(0.29 £ 0.12)E.T} 10N(0.40 = 0.15)°]
0.115H #gko vk, WA 9 749 6N(0.33 + 0.12) E-TF 10N(0.48
+0.15)0] 0.15%HF EoF B o] 7} 36%(0.0) A = 713 A
© 2 VEbtth RRMSEE <Figure 11>(b)9} o] o34 o] 734
6N(0.30 + 0.15) 5.0} 10N(0.14 £ 0.03)°] 0.169H2 Yk oy} &
A9 739 6N(0.24 + 0.11)E.TF 10N(0.12 + 0.05)°] 0.12%HF &
o} H 7+ 240 7} 25%(0.04) 4 = 743 A 0 & eyt

0.5 _=e 10N 05
"—
0.4 - 04
6N . Central
0.3 ./‘ 03 force
TWR Central RRMSE \ 6N
0.2 force 0.2
[ L P
0.1 0.1 T==e 10N
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Figure 11. Force tracking capabilities by gender and central force
of the composite sinusoidal profile (TWR : time within
the target range, RRMSE : relative root mean square

error)

3.6 Normative Data of Force Tracking Capabilities

B A= A9 3 4 A5 3k normative dataZ Al
<Table 3>l YERH A3 o] 17, Aol w}Z TWRI} RRMSE
9] 71 EFAAM, SD, 95" %ile, 99" %ile)E A FF T} £ nor-
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A
of, 2832 70t 2 B (<Figure 7> F2)5 = SA A A3
a7kste 371A) AE Y E TAES E} d& 9,300 E49
3] 32 A5 P E TWRY 7% 0.520] 2, RRMSES] 7

$0.14900] shotd 5 gl

mative data™ TWRZ RRMSE7} Z5 2 © & 20~30tH, 40 ~60
> X
3]

Table 3. Normative data of finger force tracking capabilities by

age and gender

Time within the target range(TWR)

Age Gender M SD - 95™ %ile 99" %ile
Male 0.52 0.15 0.77 0.86
20s~30s
Female  0.43 0.16 0.70 0.79
Male 0.40 0.14 0.66 0.75
40s~60s
Female 0.35 0.13 0.57 0.69
70 Male 0.31 0.11 0.50 0.60
8
Female 0.24 0.12 0.46 0.62
Relative root mean square error(RRMSE)
Age Gender M SD 95" %ile 99" %ile
Male 0.14 0.08 0.30 0.39
20s~30s
Female  0.17 0.10 0.36 0.46
Male 0.17 0.10 0.35 0.49
40s~60s
Female  0.20 0.11 0.43 0.57
70 Male 0.23 0.13 0.51 0.62
S
Female 0.31 0.19 0.70 0.95
4. Discussion
2 aTolA AdE AT Y #4 HEe £559¢ B
Lo H45) B9+ ATk 71E Y FHS A AT
713 E(Lindberg et al., 2012; Nagasawa et al., 2013; Vieluf et al.,

2013; Voelcker-Rehage and Alberts, 2005)2 ¥ 4 ¢+ W Z 3} =31
() : 6N, 0.1Hz; Nagasawa et al., 2013)7} HHE-5] o] 47 A7k

o] AUt St a7 U < 7] Wwol @ F4 2 &
Ao Gekg v & oke A7} o Hbd, B AL )
ek B3 ARQISA 33 (composite sinusoidal wave profile)

& AZF 357 FAYI R 27| ol S0 o2

SFadE Ao o, A ATE R Ex
< 2 70tk 2o, e 59 ARISA #go] 71
5 g HPRG FEaA} Ao A2 25 dT7E
Fotl A2 Bavk ol @, & A7 AR Y A5
T 2% o2 AHE ApEn(el : 0.03)9] 38 S <Figure
4>¢} o] A F7)(period)E 7H ARIFA & A A ]
$15+ed ApEn?] £215 0.0052 & -E3F S Th.

AL Aol % kol whet A 9 2 S#o] At

How AR 20~300H,40~600H, T 70U 2 57

EEERSEER

TEE

HAoh B A= TWRH RRMSE 24+ o) 814 Tukey-Kramer
test® T8t AHNE EFM B 23, <Figure 7>(a)<
<Figure 7>(b)%} 7E‘°l TF A 7FA A3 (20 ~30tH, 40 ~60H,
Z Atk 53, 700 60l
Ho}30% A% 3 ﬂi—;—‘i 5ol AstE o] dE o] & At
AL} 74g 2 AR YETh A" bt § 33 5o
At the A 3250 20t 2FBZ(o) 70t o
g0 23k 71E ATE(Nagasawa et al., 2013; Vieluf et al., 2013)
o Aot gttty & ¢ ok EY, # ATE AF W20
~7015H)mE G v &S FYsHA BAISH dEe e
FAH 58 T4 A AE o mE ZRE HAagegn £

AT ?ﬂaéﬂr*éﬁéc’ﬂ e 3 34 58 &4 A#E P 3
normative dataZ AHE317] e ME 5 Hop B2 Y o

FAFE AY Y 2 AEE 309 48)0] a7

AR 3 4 939 712 FFol Wi =T =
S4E Y 34 50| AHE o2 YET B A1
3o 7]F¢ 0] 10NY W2t oNY uf 3 57 J & 5(TWR)
7} 30% A8} 2L W FRRMSE)o] 28] A& Z718le AL 9
o3l T} o= 10N(E 9 : 6~14N) 7129 3] 2 B} eN(H

9] 2~10N)ol| Al %= fine motor control & &-& &7317] W&
AASCE FAHAY B3 B AT+ 3o EF=7 20 B
] —f‘r AIET7E19% AdHE L 247} 30% =
3]-9113} o= Vieluf et al.(2013)0] AFQIXA
ol =A S A ARETEF30% A & A
SIS
F2 A%< normative datas > &l
E AT9] normative datat®
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ool a9 4 459 FS=(TWR)%}
tiste] HeF, EEAAL, 9589, 283 9%
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