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Estimation of margin of gait stability using interior time-series information only on triaxial and

angular velocities of a single body segment
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Gait stability indices play an important role in both clinical and commercial applications

and are effective for estimating an individual * s fall risk. In general, the computation of gait

stability indices requires motion-capture systems to measure the positions and angles of multiple

body segments. If the stability indices can be estimated from the time-series data of a single

body segment, they can be easier to access.

We used principal motion analysis to estimate

the margin of stability, which is a popular gait stability index, based on the time-series of the

angular velocities of the pelvis during walking. The linear combination of three principal motions

could estimate the minimum margin of stability along the interior direction with a correlation

coefficient of 0.93. The angular velocities of the pelvis can be used to estimate gait stability

independently or in conjunction with other kinematic information.
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Fig.1 Interior margin of stability from the overhead view.
Postural stability along the mediolateral direction

during walking.

N5,

Teom (t) = Com(t) + vc%(t)’ (1)

ZZT, Com(t) & veom(t) EZHZH CoM DHIFRIDAIE & iH
ETHY, widRD XS EIHEIhS.

_ g
w=1/7 (2)

g WBENIEE, | \ZENEBATD CoM DRIPLDEHITH 3.
BIATED MoS 1ZRD LS ICERENS.

Mos = bos — Tcom (3)

No. 23-4 Proceedings of the 2023 JSME Conference on Robotics and Mechatronics, Nagoya, Japan, June 28-July 1, 2023
2A1-HO7(1)



MoS EIZHT1 & FAMAE AN DOWTEHET 3 2 e N TE S, K
FZETLE, AIAT MoS OAZMERA L. BES [7] 1ZATAM L
PAMATT T D MoS BIDBIMRIZDOWTHIZE L TW5. ABIZE T
HBATREIF ORTA RO MoS DI AMEEMA L. ik, KiK
HIZBT 2 HEEFOLOFEETHINE & SRR O & O FffE
P, MBELRBEA IV —HL, RBHSTENIRELEITR
BRAIVIREBERT B, BEOBITTIE, BITHED MoS 13&
D% L 3. ZORKEIFHFTEMON0%E 50 %, ThbbH
WIS O S [2].

3 AHiE

3.1 HTF—4KR—X

REFFETIX AIST BITF—ZR—2 8] DF— X+t v b & {HH
L7z, 2oHCHEinE 60 4 (LM 30 #4, B304, F
YIER 67.6 £ 3.4) DBITH Y FARGH L. BIEIE 10m
DEMR EESHOMY REETHIT L. ERE—avFy
TF AT LB HCEERHRE L TE D, HEET 2 2 59kl
BARDEENL D =TT EEAZIEMA N X T\ 5. DD
LR5%T%, 1 N7 58ITHVWTED, AFFT300 4> 7
IV ERRGEIC W=,

3.2 EEMERR

FEESHT [3] IZZERRRIIENT O—DT, TIRRZE R
RINF — R BRI T 2 HETH 5. BB DZEBRIRSY >~
TR % & 512, FEHEL FRZh 3 BERBuIRE S B
HBENEY > T NE, BH-FEME, S EEE, o TEIEE
FfREh, ThooFHEOREME LTEREINS. FHEIES,
MoS ¥ EEIES R OMHENRAICKRZ LS KRET 3. EHR
FBITHEENZ, 2~3 [HORRINEEZH O TRHT LI e TE
3 [3,9]. FEMEORa7E, Y IADBZOITEEE L OREE
GEATWEERT. EEEFHEICO VTR a7 & HRMED D ED
BARERZ XDICRATRIRET 3. HIHELERDFHIFIC
DN TVWBIRE, SEBEOEANMRE (XEERa7) 20
¥ 5.

AWIETIX, B L 2 B0 5k 3BT > 7B 5]
F D MoS DitsHEDR/MEZR BEY LTz, ZERRRYI
VIME 34 TIERZ K512, BEOAEE Y 3 #OIMHERE T
H5.

3.3 REWNGE

WFUCHWZ 300 9> T o7 v XA 10 78 L, 2055
D1IDETANTF—X BhE LoV 7F—2 L, FEES
WMEfT-72. FBIESHZ 10 OEDRL, HEGREOFESEY
ZOMERAEZE L., TEMEIERFIMEECTEZEIEL L.
W2 FENEIC & o THERBOEIIE » FEHERZ VDD 5
hEMEPD. FoFEEOAEHRA LGS, SFEEET
PHERALEGE, S=FIMEET2ER LRSS, SUTEEE
TEHAALESS, BAETEEZTTEMEA LSOV THE
7o 7.

3.4 B¥op3I—, O-ILEYFEE

MoS 1% CoM DI EEENICE OV TEHEI NS, EMFHl2
=y MEFEAT25E, BRIEEOBIREBRDIHIHTE 3720
Hilza=y F2EDT2DICE LGN THIEEZ NS
F7z, BBRMADIGHRPEEES D RV, FHlla=y + %
BETZIeHBTES. FEESHTICHV 2RERFIZE T —& ¥
LT, BB0a—, n—LBLOEy FEEEHW. KFFET
FENER =y bEAVTORWY. bbb, BRICHhEA
O AR (ASIS) 2AlE (Sacrum) DFEIZE%Rffi-T, &k
DIEERFE L. EEAD ASIS #RERRZ b uhbn—L Y

MoS, estimated value
. S

-3 -2 -1 0 1 2 3
MoS, observed value

Fig.2 Estimation of the minimum anterior margin of sta-
bility and observed value of the minimum anterior

margin of stability.
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