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A study on the control of walking stability when negotiating obstacles of different heights:
Focused on the displacement velocity of the center of pressure

Yun Wang

The characteristics of the displacement velocity of center of pressure (COP) in the travel
path were investigated when negotiating obstacles. Seven subjects (all female) were examined
when negotiating obstacles of different heights at their self-selected pace. The COP velocities
in the loading response phase were consistent between the 4 steps prior to obstacles. In the
mid-stance phase, the COP velocities decreased as approaching toward obstacles. During
the terminal stance phase and the pre-swing phase, the COP velocities of the second step prior
to the obstacles had the greatest values than that of the other steps. It is found that when
negotiating obstacles, the COP velocities of the 4 sub-stance phases of stance phase are
influenced by the step, but not obstacle height for the young people while obstacle height is

within 159 body height.

Key Words: Gait, Obstacle, Center of pressure, Velocity of gait
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5% 0.58(0.03)  0.57(0.04)  0.56(0.05)  0.64(0.05) Step 1>Step 2, 3, 4
10%  059(0.04)  057(0.04)  0.57(0.04)  0.69 (0.07) Step 1>Step 2, 3, 4
15%  057(0.05)  057(0.05)  057(0.05)  0.74(0.11) Step 1>Step 2, 3, 4

5, 10, and 159% represent 5, 10, and 15% of each subject’ s height

R2. IO 4 ORI H 1T HZERFM L IEBELEICNT 2EIE (N—t b)) OELROLR

(F5E L R ERE)
Significant difference
Step 4 Step 3 Step 2 Step 1
(P<0.05)

Loading response phase

5% 14.6(2.9) 14.7(3.1) 14.1(2.2) 12.2(2.1) ns.

10% 15.5(3.4) 15.0(3.0) 14.6(3.7) 11.8(0.9) Step 4,3>Step 1
15% 15.4(2.3) 14.8(2.4) 15.1(2.3) 10.4(1.7) Step 4, 3, 2>Step 1
Mid-stance phase

5% 39.5(7.7) 42.2(10.8) 43.0(8.3) 41.8(4.0) n.s.

10% 41.4(7.4) 40.5(7.6) 39.9(6.8) 39.0(7.0) n.s.

15% 39.0(6.6) 40.7(8.2) 44.0(7.3) 41.5(8.9) n.s.
Terminal stance phase

5% 31.6(6.3) 31.8(11.2) 30.0(9.6) 32.7(7.1) ns.

10% 30.1(9.1) 31.4(6.9) 29.409.7) 34.9(5.6) n.s.

15% 32.8(3.8) 30.8(7.1) 29.4(6.1) 36.0(7.3) ns.
Pre-swing phase

5% 15.0(1.9) 14.4(1.7) 13.6(2.4) 12.5(2.4) Step4,3>stepl, Step4>step2
10% 14.5(2.4) 14.5(2.3) 13.12.7) 13.0(1.0) ns.

15% 14.4(2.3) 14.7(1.6) 13.5(1.7) 12.5(0.9) Step 4,3>Step 1

5, 10, and 159 represent 5, 10, and 15% of each subject’s height
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. 4.1) Loading response phase

3.3. COP mBELEE

B4, THEBEOERXSEnHB BT 3
COP OBEHE 2R L7, FEOEEIISEHA 2T
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0 4.2) Mid-stance phase

f ki
— 10%15%
oo o] 106 15% 15%
% %* —18%
:5‘ 40 y 0 45 40
T T
> >
§ 304 § 304
20 204
OI L T T T o T T T T
4 3 2 1 4 3 2 1
Step Step
4.3) Terminal stance phase 4.4) Pre-swing phase
60 601
5%, 10%, 15%
g 'T\ %7 ° 5%, 10%, 15% 10% 15% _ 5% 10%, 15%
] 4
Z 3
% 15%
> - 5% ! >
§ 20. ' — I § 20-
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4 3 2 1 4 3 2 1
Step Step
—o—5% ©) @
—O0— 10% ‘:::, (.—:‘
—— 15% @ @ i
@D @

4. BB 4 DORBZE T B REPCROBEREDLLE

Note: Footprints indicate the trajectories of the center of pressure in each of sub-stance phase.
5%: Significant difference in the 5% obstacle height condition at P <0.05
109: Significant difference in the 109 obstacle height condition at P <0.05
15%: Significant difference in the 15% obstacle height condition at P<0.05

—275—




x

COP DMBIHEE IBEEWOE S PESHE C3EE
ANV EBbroT,

¥ 7o, MBI, %S X ERETE TR,
COP DRBIEE i BEEM O S L O EE R =
BE» oo, MHATH (K4.2) TR, COP
OBBEESSEBE Lt OMcERENAOR
(P<0.05); WTFHNOEXIZBWTH, BEPIZITL
%512Y, COP DBBIHEIEL & 3 HARA s,
REEY DB X 10% DSB8 1) 2 Step 4 O COP &
HEED Step 2, Stepl & DEERE» -7z (P<0.05),
BX15%0BEEY R - 8 TE, Step 4 & Step 3
@O COP BEIHE Step 2 & Step 1 TV EAEICHE
otz (P<0.05),

MBI BT 5 COP OBERE DA DV T
Bl4.312R L7z, MHBEITIR, BEEVMOES5%L10
% DBEIZ, COP DBEREIZSLHHE LOMIcE
BERFEDohGho, LHEL, 15%DEIOEE
WEBRx 2, Step 4, Step 3 & Step 2 D COP &
B Step 1 & Y BEIEESE L, BEE (P<0.05)
VR BTz,

JSEsEsh % T o COP BEREE ORI, EHIFTH
DR LTREL: (H4.4), BEHATHETIR, wih
DE2IDEEYICB VT, Step 4 D COP BEIHE
X Step 3 X D#» o7 (P<0.05), £7z, Step 2D
COPREIHE D Stepl X W #E» o7z (P<0.05), #
HMaigcik, wIFho s s WwTb Step 4 ® COP
THEEIZ Stepl X EE» -7 (P<0.05),

4, & =

HTEHIRE (FR) OFEBESE »porboTH
D, THENRZERNSVLEEINS, LHLLENS,
BITORME, Bk, BEWIC L TIE, FERRN S HE
DE5T 3, BHITESRFOPEHEROBECEET
250 LTIIHER (visual system), FHBEER
(vestibular system), % L CTH&MHEER (somato-
sensory system) #» & DAEREEHR (FRE) 2ESEL,
ZhenfEHefal, BRCEU THTHOLS,
HE, BEZREZHIETS EHZ 5N Tn5b (Winter
5 2000),

BITERNE, £ MCBVTREOEEE2BEIS Y2
%, THEREICERICKR IR 6Tbh s,
BB SRS & ORI EE S T 2 E—DIPAL
LT, BITEBDDNT v AO#R L BB ORI
BOWTEERZBE 2R T,

+E (1989) i, COP OBE#HMEHEDHET
LTz, Thbb, EAEIKERNCGLSYY

i

aVEMEROVWTES Iy FRIOEFRLNZTY b
BERL, BEELEET Iy FRORFOERE

(EH) *EROBE KIS ¥ GEFENIREL, %
NEH L ICEBRBNTIZ L DT LT, CDXDBAE
2 & o TR AT OFEESITER S OB E BT U7 RER,
EOXRHIZFEHETCOTHTHE L 2HLLIZL
Teo Fl2, BEEWOE, BEIRSEOEHRFREIINL
THB®EE W Z & b, REHORE OB h#
BHEWIEZIZUDTHLSLIZ Lz, LELKHS,
ZOHFETE, ¥4 VBN X 2 BEORWEN
BEERDBZLICBBARD -, ThbbH, BE
HWORES> P EBOHHEEHAS»ICT I LEF
TERh ol BHETE, uiF v Iy AT L%H
Wiehs, ZOHEEREX, RO LS, 24BEOEN
BHEESHEINTWE A ¥V —v (HIEEE) %
Auzb0ThHhYEHNZEBREVWI LS, 201 ¥
VR REFCEES L TEEI LI L&Y, ©E
B EEBHOMET -5 285 N TEL,

Patla & (1997) ORIz L 2 L, b FBEEYE
e EHTBCREROEHMELESYOE S LE
B Eboxhol- L E LT, £/, Bradshaw
5 (2000) i, b rEEVCHEISCERBESMLI
R, EOEVHIERERCHABEINTVL I LE2FR
B7z, Hay (1988) OHFEETIE, B LBEEOEDIE
BRUODRFIL, BREBORED 4, 5 HRICHERTY,
CHICEIREEROKESEET 3 2 L 2L,

AT RIEEY 2 £ B TEMORDEVH TN
T2 BEH O COP 0B E ST L, ZOREEDL
5, BERES L OBHRECHTIMAREGLIS L
Lz, BITHEERFICB T 2 RESXSROEIZEHO
f@trid, HITEBH O R E M HE RS ORI X
RLZEDTERVWEELBRATHLLEZ S, LT
CERABIOBEBC DO WTEET 5,

4.1. O— FRUSHA

L NIFoLREEEHE, - BOERAEOESLT
T 32807 —FHER EOBENRES &, By
i BAET % R B U BRI 2 @€ 2EEOMAE
b¥ T, HEEHOENEEL> T3, 0— NRIGH
» COP BEIHEE IR0 BREEICE VT, FHE
EETHENELLICBEIT 5 &0 B ERIRYT 2
bDTH5,

AFETIR, BEVEREZ 3004 5BBLUZ0
BD3IEH, 2%, 1BEHETOT—FDLTRONH
BELSATH, ORI DO COP BENEE O
Bi, BEYOBLOLEIELLZZb b T
—EBTHBIedbholk, Zhid, BEYEBZ 2

—276 —




B ORL EEY LB SBEOSITAMBE BT 2558 — EERLBEOHEHEFICEE LT —

Bz, ERo8ES T o — FRICETCIREBETCS
T2 EEFHOREBNEL INBWIOTHD &F
X). 6“720

4.2. 3rfHRHA

HITHREIC B B g, ERETE SR
ELTHRERXRL, HET 5, Z0o@ERBIIBLT,
BEOET 2HEEIL, BREOXRFRITY LR, &
rR ACEBCEFELMIELE - ETRI Y2, K
4.20RT XSO, BEWEBZ S, COP DBE)
HREREEYIGEDO CONTREIWEL & 2 EAD
Aoz, 2O R, —BONELERGETH 2EEY
ANORIEFEL LT, BEONT VAR T 2200
FESVLETHL D L EEINS, & NI, BEEY
WA 2, REBHRERACCL D EYZRONM
BRD EFEOEMIBEDI Y P —VE{ToTW3
EFEZ o b, Patla & (1997) O#FFETE, M
EEVCEEAFR D20% IEETE R TH2R/MTH 3
e EHs»ICL, REERIIEEOR S, BE
ME TOEBMOYIN B L CBFEIEORAEL L, BE
YTt d 5 %47 clearance R {EET 2,

BEW® £ B2 B2 2 EE~DOEHEHR
Ro%Eb &, FRINEE (74 —F71+7—F)
X A2FHFHBLETHS, u— FRIGBZIER> %R
Do - RERSERY, ZOXMET4bbIIHTET
BIIAEND L RENT L RBERENZ L TH B,
SEHIEAD 4 D DX BT B AREEERT & ST HIEE A
M EE (S—tr ) OEBOHBER»S A
3 &, YHFBREIHBI SO TRLEVERTH 2
ZEVHHL IR, BEYOES I HITORE
B, PRI IORBARFIAL, BEWEEZ S
BOLRPNT v RERFICEHRT 27D DX & L CE
WTWws EBRbh3,

4.3. ITRERA

APFRTIE, OIHEHDO COP OBEHEE L E
EZDOT XRTOBHFHT, b o & LBWEESRLT,
MBI X RRTESSER A LD, MEEBES, B
DT, ZOMEDRMOELEEER, STHIFHIC—
BTELEREMIBE*HE LAY, S5HH
~BENX R LHEETH D,
BEVEEZ 2BEO®EM (Stepl) 1, wWFho
BaTH COP DEBLWHEREEMER LT, ¥,
EEY Lz 55EM (Step2) 3, WThOBEIT
b COP 0FWBEIHEEMEA 2R L, SEMICB T
B3Z0BEEIRF, ROX>CHEHBEINED, T2bb,
BITEENL, —EOBTEEERR->TrENE, 20

58, BITESHRIDHE—FEDV AL (FrREWVIBF
Ebb3) Thbh, BTV XLTHEITENHTEE
BHEEEND, LrLEYs, HTEHhcEEYH
BREINSEE, KM, BEWEILSEZLL:
Bz, BEK LY EVEERWSRIER SRV, %
DIFE, —EDOHITEED) XL 2R ES T 225
EZOREOBBHRELED T ITNIE R SRV EEZ
5hb, DL, REHMOEERIZ, < OiIH
BRI DO LEBESNS, LLLIDZE
2, —BatEmE L TEBIRELLZ DOV TRELR
ZREDBLETH S5, TOEARK, IOLUVOHER
ik, BELRA (BE) THokh o THS, SHE
ShizfERIE, ZhoOBEEOREINEEL T3
ZEHEZONDIDSTH S, B2 BT ESED
BETFL7, s 2ERE & LSS, EED
WREFRRZIOVELNILL LR, ZDZ
IFERENC L THH Y, SHROFRFEL Lz,

F7z, AEOWRE R, FlEE2LEHE L CE
EMEBII DR, FEREEEFEEOERED
COP OBERECHE*E I LbELONT, T
nIEL TR, $BREECRE LY,

—7, #ElEcB ) 3EEORTEME, BEWE
FREBTEACIE, SEBRSHESAZL I LK
ERHEHRTHS LFEZ 5, BEMIE, ZORLEHT
BITO %, FEME 3R 3BTRS Z D%
BeHbhl- b0 L BEI N,

4.4, BRHRTHA

EHETR B TR OEBORHTH 2, Z DM
WZBWTIE, IRMOMELSHE T 2 eI, KX
DHOBEHIMTbh %, BEBHRLbLTHRERET
HE AT 2R T L B B,

T TR, WTFhOBE S OBEMZHB W TH,
SEHEI D COP BB LSBT X » BEICE» -
72o BRBITRETIZ, YHHcEWT, BT,
EpohEREN, &5IZEE (BHE) A~
T2, BEHEZ, BEYEOROEESEV-HER
WIS HH21TO BN D B, Thbb, F1ED
oy TRENICEEE T 2BOBEREI N TON S, #
BRI OB, B4 4RSS hic &k 5T, B
(K4.3) OXBHOBHEB L VEAIN, F7-HEk
2, BEHOREB L DV EFINBRER LI, &
TEECB U 2 EEFOBMTIVBRENCRET T3
CORETIE, S£EHO XY HE W COP 0oRENz LD
EMOER L REEHD 7 VT T > R BLEHTO
TeDDINT v AFED T D BB DO DEBREHT
Dot EZ b,

— 2717 —




5. ¥

EEW® % 1 82 2HIOSTEEIC BT 5 BER
EA.0 (COP) oBB#BI 2L, ZTOKRE
b EEATEHRORESICBIT S COP 0BEIHER
MOFEL BT LI BRUATOMR»E oz !

1) BEYNGED S BICEERFHICHENY T 20—

FRIGHITIIEEYOE S DEWIZ L5 COP D

BEEENOFEIEEY L /- B2 2HEATD
BB S bEEINL VI LSS M ER 5T,
L Lidss, 2ORER, b, sEbh,
FHLBOBMBE I THRbIhE, &Y b,
HEHETHIZ BV Tid, COP ORBEIHE O FE 1T
IO RS EEYE - B E-DIIE, Ky
RWEHTHS LEbR,

2) SEEM L BEH - O COPEEDEVIEDbLR
7eds, TOBEHIMEYEELEHZ 54T
OHTEETE, REBFRLEIEELLLO
LHEEAN,

3) B, EH O COP ORE BN S
BHo e al:, —RESSITHRERSICET
BEBNZAREE2 2 LR,

(XX #]

Austin GP, Garrett GE, Bohannon RW (1999): Ki-
nematic analysis of obstacle clearance during
locomotion. Gait Posture, 10, 109-120.

Bradshaw EJ., Sparrow WA. (2000): The speed/
accuracy trade-off in human gait control when
running towards targets. J Appl Biomech, 16, 331-
342.

Chou LS, Draganich LF. (1998): Increasing obstacle
height and decreasing toe-obstacle distance affect
the joint moments of the stance limb differently
when stepping over obstacle. Gait Posture 8, 186-
204.

Chou LS, Kaufman KR, Brey RH, Draganich LF
(2001): Motion of the whole body’s center of mass
when stepping over obstacles of different heights.
Gait Posture 13: 17-26.

i

Danion F, Bonnard M, Paihous J (1997): Intentional
on-line control of propulsive forces in human gait.
Exp Brain Res 116: 525-538.

Hay JG (1988): Approach strategies in the long jump.
Int J Sport Biomech 4: 114-129.

Kenneth JC, Lisa SS, Marcus PB (2000). Comparison
of an in-shoe pressure measurement device to a
force plate: concurrent validity of center of pres-
sure measurements. Gait Posture 12: 128-133.

Parotec System instruction manual, Paromed Me-
dizintechnik GmbH. 1997: Neubeuern, Germany.

Patla AE, Vickers JN (1997): Where and when do we
look as we approach and step over an obstacle in
the travel path? Neuroreport 8: 3661-3665.

Perry J (1992): Gait analysis: normal and pathological
function, SLACK Inc, Thorofare.

Sattin RW (1992): Falls among older persons: a
public health perspective. Annu Rev Public Health
13, 489-508.

Sadeghi H, Allard P, Prince F, Labelle H (2000):
Symmetry and limb dominance in able-bodied
gait: a review. Gait Posture 12: 34-45.

Sparrow WA, Shinkfield AJ, Chow AJ, Begg RK
(1996): Characteristics of gait in stepping over
obstacles. Hum Mov Sci 15: 605-622.

Tai RH, Nam JP, Min SI (1999): Quantification of
the path of center of pressure (COP) using an F-
scan in-shoe transducer. Gait Posture 10: 248-254.

Tinetti M. E, Speechley M., Ginter SF (1988). Risk
factors for fall among elderly persons living in
community. New Engl ] Med. 319, 1071-1077.

TERIK (1989) : ERBITHITAFT, EEATEE HARAR
HAeth, 104,

EEME, ZIE (1993) : BEE O SITHREEEIC
B a0 —RBEWEEZ 3EOHTHFcCER
LT—. KERIE 21: 239-247.

Winter JM, Crago PE (2000). Biomechanics and
neural control of posture and movement. Springer.
New York. :

(F{EESHE EIRME)

—278—




