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Abstract

Keeping upright stance is important to other complex motions like locomotion and running
for human beings. The mechanism of balance-keeping control in upright standing is still un-
known. This study was conducted to analyze the body sway by using a simple PID (proportional,
integral, derivative) control model and to investigate the influence of vision on its gains. Ten heal-
thy subjects took part in the study. The upright body was modeled as one-link inversed pendu-
lum model. While determining the model parameters according to subject’s physical statue, the
gain of PID parameters, (Kp, Kp, K1 are gains of proportion, derivative, and integral respective-
ly.) could be estimated. Four kinds of visual patterns, (three for central visual field stimulation,
one is eyes closed) were designed for visual stimulation. The results showed that the gain of Kp
was decreased significantly in eyes closed (131.5£37.6 Nms/rad in eyes open and 90.4426.0
Nms/rad in eyes closed, p<0.001), and, Kp, K; were not changed. The results suggested that the
PID control model was a promising means for individual balance ability analysis and that the
visual effect on balance-keeping control in upright standing was analogized to a damper in the
mechanical system.

(Jpn. J. Phys. Fitness Sports Med. 2006, 55 : 469~476)
key word : Upright stance, body sway, PID control, Vision

(corrective torque) #{E 1Y, SATLBHREE S 1
%, ZOEBIRT 4 — FNv 2 5#Y ch o, b
HWET4— KNy 2748747 FHIEO
BREERD PconTidtas ZERICGPN, H—
BB IZIEEE » TWi vy, ift, Peterka %8)61,
BRI AL LBHE D PRI EIC 7 4 — PNy Z il
Lo TITbh b L FRL TV, HEHIE 71—

I. #

i

AR OMER AT OMEALII BT 2RO —
FThHY, BT, EEOBMEBOREE 2o T
BV, b N OREORE, HIC PR O EB ]
HgRE DEALIC X Y | TR HIRD A HEREDST
Bk ror?, EBEWLMAL>S, WHOPHRE

W, ¥, MEOBRAKREB X HRES VLS OM
FICEELRBREZ R L TWL I EDHLNIIEN
TWBY, IS OBREERIT IR T 5
RoRER, N B VKR TR LY, Eﬁ‘g
FNZ BB AR 2 & 2 5 OLBMERFIZHE T 551

Bfee % ﬁbﬁt,?%%ﬁOtmmﬁEbwﬁ

Koo 7 &1 > A5 412 150~200ms F T OERE
BNEMZ, EFEZIEEED L\ CISHEN 2 345
B E AT AR Y I 2L — g itk o TE
729,

INEDT 4 — KRNy Z7HIEETVTIEe hO K
HE—) 2 OBRVIRFERLL, FOANIZIZE

Dl B A 2222 5T
T501-1194 WFETHMIA 10 1
PRALEERGRT - Bk

Gifu University School of Medicine 1-1 Yanagito, Gifu 500-1194

Bio-Mimetic Control Research Center, RIKEN, Anagahora

T463-0003 & ETFILUX TREEEX 7 12271-130 2271-130, Shimoshidami, Moriyama-ku, Nagoya, 463-0003 Japan

iy B AR HOE S
T501-1194 EHHE 10 1

Gifu University Faculty of Education 1-1 Yanagito, Gifu 500-1193

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

470 o, B, 71, nEE, WH, B

AEBIHEMEL 2o TWA, BIE NV 2 IZFDHE
& eBI$ B 2 (JLBIHI#, Proportional control), £
BEE & BT % 2 (85318, Derivative control),
HHWVIEAEDORTE L BT 50 (FESHIE, Integ-
ral contro) IZ3N 5. —f&IZ, BEMTHIME T S
DIFA %L, ZOoD0HEHRDEREICE EEZD
., FN% PID #l#l L %9 5. 2o PID filfH €
FIAIRT LT, S5/ 4 X2NA 5 L HIRVALEE
D GRENFE LM LAY I 2 b -3 Vg k
S THB XS,

b O AR R IR RIS X o T
BEOLEBTRFEL TV E EEZ LN L, FHT
(R A TR IC PID flfic X WiTbh
HEVIELRERT -y oS W
HOFRE, HESOEAREED 5 VIZEREIE
A2 Z @ PID il & 3 L TV % D 2 1% - il 1
FREEDEII N LB D HHETH L. BRIZ, HED
LHGEFFIC BT A8 X 3YMRS O R L R E o
BOREOEY TH LI LML TND, —
., INF TOLEBEFEO PID HIfE 7V TIEE
WEEOBEROEPREE T VN2V P b ER
BT S 5 2 DMK Do 7z, FOFRRIEIAL
BE D A= iR = 7 )V (biomechanical model) 25455 T
BSOS RETH L 2 LIk B,

SATIED B AREYIE & fo AT & IR IS A TR
THDI—HWTHE. 2T TOHEREEZOME
FECHBAICATO R, Zo®EEE 0 1) §
BAMDOHERBIRILEA LD RKEL, BIEOW
ENRLHVWI &, 2) TRETORETFEFETIVIE
AN DRI % LR T BN LRSI NTE
0, HRIZHIRE N2 nEEZ LR TWA I EICE
L. L, EAHENOBEEIZIEL) e boF
MR OBk K LY, F7, v b kiR
ETYEENHL O TREN I &AZE ) FE D5 AT
BETHY, ZITEERELGHANOEELEA
THM 5.

ARG TR O HEEIFEOWE £ 7,
R OEYBE T VOMEIZL Y, PID HIEET
NDINTA—F—FFAEL, S5IZHEBHROY
Ia2lb—va k) EFVOESEEZRIT 5.
F72, RueAHERE Y — 12X ) PID HIfH-E
TVCBI BB EEHT 5.

I. % p- ]

A. BFEEEORIE
1) #eERE
WERE L0 DRERN (44, L6 4,
EHLERE37.717.215%) T, KREL HEO¥H(+
EHREE) I FNFN 54.75+9.28kg, 161.19+
4.78cmTh o7z, WERE IR L HRICED S
BRI SN ofz, WEMICERANEZF
L<HB LA LT, SEBEORELR-OLHE
AT 7z, 1, 2 OWZEIEEALFRISEET OfMEE R
ROKEEH TN D,
2) B LEE & A
SIN AR O KRB OWEL, T4 DRI
L72HTED CMOS ¥ 74 X FHIEY AT A2 &
STIDNZY . 2OV AFLIECMOS B AT &
J— FPCH LSRR ENT WA (Fig. 1). FEEERTIC,
BEREIC T 1 v T AIRERD, YWEREOFEOE
4L ~iZy — B — (BwR— )b, 4 1.5cm)
2L, ~—h—0BE LEAOBEE-HE
®, FOHFEIEFETAHEE L. ETAHEFTOR
DAKR EBEGFIETRT—HRDOI Ea—¥ =
Lo ThEN, BERBIROEIR & & AREHTEOFE
1 # & (Trunk sway speed : TSS, 1 A— bV
OIEFRRE ICHE L 72, HBAL : mm/sec) ZEME, &
L7 S RCOBEIRER OBHEO AR
FRL7-.
3) AR
PR ORIGEEALZ PO LHE (A, EToRmH
FHAS 10° DAY 2 A 72, #BREIZIZA, B, C,
DOWOOHERB /Y — %2527 (Fig. 1). &
NG — VIR EDL.0A— VBT TRT A4 F
A7) —=rDOEIZERY, HLEHIZY—=27 Lz, HF
DOE S IR E OFATHMORE S & —H S A,
BEE OHBIIREOFLICER S &7, AlZ49
OWATT Yy Z7HhoEERLZEFET, K709y
ZOREZIF 4. 5emX4.5¢cm THo7z. Bl ks
A 4.5emX4.5em D "X EETH o7, ClZ
TARZAZ =D EICERZRZN T VLD TH
5. DIIPFAIRTIT o7z,
WERE—ANICO X, ETHOOMERIK (5 —
Y, TRENIMETORRL, AFRHOE O E
AT 72, 1 HOMERMIE0ICEREL, HED

NI | -El ectronic Library Service



The Japanese Soci ety of Physical Fitness and Sport Medicine

VLB O S EEREHE S L REOZEIZOWT 471

Fig. 1.

The optical system for measuring postural sway was composed of a CMOS video

camera, a notebook PC and software of analyzing program. Visual stimuli were put on a
white board that was installed 1.0-meter ahead of the subject. Four kinds of visual stimuli
were designed. A was made up by 49 square block,(4.5cmX4.5c¢m), and a cross was put on
the center as the target of vision, B was only a cross on the white background, C was the
background of white board without any indicators, and D was the state of eyes closed. The
background of white board extended 150° of visual field.
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Fig. 2. A shows a simplified body biomechanics structural model during static upright stance.
@), ® are the masses of leg, © is the mass of pelvic and @ is the mass of upper trunk.
Because the lumbosacral always sways in inverse direction of the ankle joint with the same
value of g, the upper trunk is kept perpendicular to the horizon. B is the block diagram of
humans’ static upright stance control. Because the aim of the static upright standing is to
keep the body upright, the reference value of postural sway angle is set to zero. The central
nervous system detects the error signals and sends output signals to muscles to keep the
body upright, a state of equilibrium. C shows a simplified block diagram of upright stance
control. Here, the sense noise,(sin(wt)) is looked as an input, and the output is y, the devia-
tion of the body’s center-of-mass. G1 is the transfer function of PID controller, and G2 is the
transfer function of inverted pendulum model.
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Fig. 5. Showing Kp values in each subject. No signifi-
cant differences existed between the four visual
stimulations.
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Fig. 6. K also shows no significant differences bet-

ween the four visual stimulations in each subject.
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Fig. 7. The upper figure shows simulation results of

postural sway in eye-open, (Kp=452.9 Nm/rad, Kp
=61.6Nm.s/rad, K;=1.9 Nm/rad.sec) and in eye-
closed, (Kp=466.7 Nm/rad, Kp=50.0 Nm.s/rad, K;
=1.8Nm/rad.sec). In this case, the body weight
was set to 60 kg, and the height is 1.64 m. The lower
figure shows the spectral characteristics of the body
sways with a peak of amplitude around 0.09 Hz in
eye-open, 0.15Hz in eye-closed. As shown body
sway frequency was increased when eyes closed.
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