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THIET 1 RE AT, e T, IR & A R |k UGl k2 8 Hz LT, BLIEHHA 50 Hz UL &L

SAREXICHESEIWNE D L5, ASUIFEH] 105 KA v FELEO TR T I HFEVE T



7o — RAT 4 (3 IRONE—T—=2)IZED & B /AR ERE U=, ZDt%, N LA 8 OS> HEI R EE
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K (D)DEBYTHH.
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Table 1 Statistical results of basic factors of gait.

°p-values

1 step cycle [s]

Young people Elderly people pc=10.010"
Preferred 0.499 (0.022) ¢ 0.456 (0.040) = ° ps<0.001°
Fast 0.417 (0.019) 0.403 (0.042) pas=0.030 "

Velocity [m/s]

Young people Elderly people pc=10.108
Preferred 1.21 (0.20) 1.17 (0.16) ps <0.001°
Fast 1.77 (0.27) 1.59 (0.17) pas=0.175

Step length [m]

Young people Elderly people pc =0.006"
Preferred 0.632 (0.099) 0.566 (0.086) ps=0.032"
Fast 0.711 (0.107) 0.602 (0.086) pas = 0.424

Angle velocity [rad/s]

Young people Elderly people pc = 0.44
Preferred 1.19(0.14)? 1.39 (0.26) *° ps <0.001 "
Fast 1.90 (0.21) 1.87 (0.31) pas = 0.021 "

Values are means (SD).

# Significant differences between speeds at the same group (p < 0.05).

® Significant differences between groups at the same speed (p < 0.05).

¢ analysis of variance (ANOVA) for split-plot factorial design. pg : p-value for the effect of group; ps : p-
value for the effect of speed; pgs : p-value for the interaction between group and speed.

* Significant main effect or interaction (p < 0.05).

(2) MoS ZRAWIHBIT T A5 M - ARS & AT H M OB TIEE v, & AV TEES L Rl 28T 5 MoS
EEH L. REEZEEL, MoS 2kt L THEITKR T Z & CESLEIT-7 (X (5) ) . EHL#%
D MoS DFEFHE R & 3 2 1T~ T

MoS S Uy )
121 J1g

I CoiENMEEELRT. £ 2 X0, HFEELEEREOWRESAITTHEEAITTH MoS TR L -
72728, WHZEYTIZ XCoM 7% BoS ODAMAITH D Z Ea2RL, REERBITTHoT-Z LR EN
7o, R 2R TEHIE MoS IHHEMIZEB W TEEBITO T NEEIZ/ NS oz, LN -T, @ik
WITOFT WLV ARLERBIT ThHo T2 LRSIz, — T, FmlcEHRIT <, FinlEEZD
WA B R R EERIZRD SRR ho T,
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Table 2  Statistical results of MoS in preferred gait and fast gait of young and elderly people

MoS [-] p-value

Young people Elderly people pc=0.977
Preferred -0.0275 (0.0481) -0.0435 (0.0474) ps<0.001°
Fast -0.1614 (0.0442) -0.1446 (0.0466) pas = 0.206

Values are means (SD).

MoS parameters [m] are data normalized by the length of the leg length [m] and have no units.
p-values were analysis of variance (ANOVA) for split-plot factorial design.

ps : p-value for the effect of speed.

pas : p-value for the interaction between group and speed.

* Significant main effect (p < 0.05).

(3) FPE Z W= TG R F Al : AR S & i O] D 8 FE A% VT LRilin i 1238\ T FPE Z2H L
7. HRIEIENT N 32 O B2 A7 1 (human foot placement: LA T, HFP) &8 2 52 L3 T& 5. FPE (ZX)§5
FEERD JE OBEHNL B DORIR AT ~57-012, HFP & FPE OELZFHE L. $7-, Kk %42 %Z &L, HFP & FPE ®
EHRIECHRTIETESILEITW, Zhkeb L= (X (6) , #3) .

2sin()
sin 2

7 3 X0, PR T CldeN EL 72 o772 FPE KOS BN R A B TRV, BERBIT ThHhoTeZEDRE
Nz, — 5T, @EBAITClEeNAL7-7728 FPE J0H FRIMANZ R 2L TRV, RETERBITTHHIEN
RSz, FeFR 3 IR T IO, elTHEMICBWTRBEBITO T DE BIT/INShoTc. LIeoT, @il T
DI NEORZERBIT THLIEN RSN, —H T, FlmEIZEDRITRDOLNT, FinsEEORICA R
72 HAERITRRD biLien o7z,

HFP —FPE S
£=—

(6)

l 1l

Table 3  Statistical results of HFP-FPE in preferred gait and fast gait of young and elderly people.

e [-] p-value

Young people Elderly people pc=0.640
Preferred 0.1353 (0.1088) 0.0919 (0.1747) ps<0.001°
Fast -0.0402 (0.1413) -0.0426 (0.1167) pas = 0.295

Values are means (SD).

HFP-FPE parameters [m] are data normalized by the length of the leg length [m] and have no units.
p-values were f analysis of variance (ANOVA) for split-plot factorial design.

ps : p-value for the effect of speed.

pas : p-value for the interaction between group and speed.

* Significant main effect (p < 0.05).
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Fig. 1 Five-joint link system.
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N LT WA ThDRET I ETUIE T ) E R i35,

~|—— Pole shaft
Long axis

The tip of the pole

Manipulability
force ellipsoid

a

Fig. 2 Geometric relationship among manipulability force ellipsoid,
task compatibility [, , and task efficiency a
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AW, 3.1 BTk 72 3 FEHEOR— LV, ZRENOSTERICI - Tl S8, RS 1T BR— Ll
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BRAAAL B 2 E ST, £ R R T — A Ml O FIRBIFRIEL, BT IR E 35720, 2RITIC
BN, A/ — 2% W THFZ 1.28 Hz (77 #/min) (IZED, Bl L7 R TR E A NASF S A2 ETHAT
HEDOH— %X -7,

FAEE— AN, BEiAEICOWT, BT 3 A8 of BEEM#NS 5 &8 of REE# E TE2R—/L 4
T EAMEERL, EBTHRNTIFITHOEHEEZR L. £D%, Hof O XL SE, KESCHE
ThrIHZETH EHEEZIESLL, #BRE ISR T2 EEAR H L. WRY 7 E T V% BT S B) 22 fif
Hr&fidh )5t AT KD R oK BIEI o BIEi A B LR T — AU MR LTz, BEF I RIZOVW T,
R— VBEHIEE D 0.05 s £, BEHIEED 0.05 s BIDOMEE 4 %55 L= 5 DORFLNC BT DR E M xR L LT-.
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(1) BT — AN, BIENA B ARMFSE CIdm dh (R H m OBt — AV MIE B Lz, F- B8 = R0k
JEZADNTT D720, RpIZET D R B 5 m o BEEi A B2 % B Ue. -3 OB, B, F1 bk
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DEFEDD, A 50 %fTIT TR—=/LDEEHL THBZENDNS. EiT—A I OWT, 8B TR Y +—
XD EHREL, UNEVHAT AR =Y Z AT TIHENZINEVE AT D BN REL Ieo7=. FBEHEITIIR—
NAFFENI BB LZRRE THON, R— B LIE IR+ —% 7 BN K&L<2o7-., FEHBEFI T
AR =Y ZAT PN EBE AT T 2 R I T — A R KR &EL Te o Tz, RO BIFT T — A MIABTREEM I
BRI RO o7z, BAfiA EIZOWT, EREEOE A EIZUAE XA T R AR TR REL, KD
CTINRD A —F 27, AR—=ZAT Loz, BEHEREE OJE M4 1L, 2L EL TAR—=YZA T R ibRE
G IMNBETA—F L T EUNCVEA T IIB B LERIRE L7257,

— Kawahara

= = = Rehabilitation

— 0008 Hoal 0 0.00025
‘g 0.006 S ou der -0.001 0.0002
o ' 000015} %
E 0.004 K
=} -0.002 _:' 0.0001
E 0.002 0.00005
=) -0.003
5 0 0
S ¥
~0.002 -0.004 -0.00005
0 50 100 0 50 100
Walking cycle [%] Walking cycle [%] Walking cycle [%]
Fig. 3 Joint moments on the sagittal plane. Positive value indicates flexion in the shoulder,
flexion in the elbow, abduction in the wrist joint, respectively.
— 3 Wahara
- = = Rehabilitation
.......... Sports
2
"o Upper lumbar
—E‘ -
2
on
8 5 Lower lumbar
g
)
- 0 -3 0
0 50 100 0 50 100 0 50 100
Walking cycle [%] Walking cycle [%] Walking cycle [%]

Fig. 4 Joint angles on the sagittal plane. Positive value indicates flexion in each joint.

(2) Task Compatibility, Task Efficiency: % FF41Z351F% task compatibility, task efficiency O F-2EEZNZE
K5, 6 1R T. FEABITERAICE N T, b FEEIOEWVEE ST E IR EZ 7 1277 & T
DOBTRRUTIB N T, R— /LI DBEHICHNT T task compatibility 1ZRKEX<72Y, task efficiency 13/h&<78-
7.
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It [m]

—@— Kawahara

- B -Rehabilitation
0 50 100
time [%] — -Sports

Fig. 5 Task compatibility. The horizontal axis represents normalized
period that the pole contacts with the ground.

5 —@— Kawahara

- B -Rehabilitation
0 50 100
time [%] -4 =Sports

Fig. 6 Task efficiency
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0
-05} 0.5
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o -0.5 0 0‘5 ; —(;5 0 0‘5 I _1-05 0 05 1 1‘5
x (m) x (m) x (m)
(a) Kawahara walking (b) Rehabilitation type (c) Sports type

Fig. 7 Manipulability force ellipsoids of three walking types.
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7V TTIRIZ, ENENOBITRRRUCKT L CHEitE CThHEHELE TE 5. IEHERI OB A LB 4 —F 7
LUNEVZATNL, FRIZR — VIR IR BN E NS 72> TRY, M &b RESGE (BNAL) DR 13 HD
EEZD. L UINRTA—F 7 O E B Ol L, Ji e — A hebIT/NEL, JERET o R A E )3
DUTKRENZED D, BEUGETIIINRT +—F 7 DO F BN ThHEF 2 5. 7z, task compatibility & task
efficiency OH[AND, UNEUXAT RS NEH LT WS THRATHLEZ 256D, EBIZ, ZOMA LA
HBATHRRIZ BT Db 12 LT WRB DRI ThHHZ LD HERR TEDH. ZNED B TOHRITHE O B H
IZBWT, R—= /L THRERNTIUH T EMEZ MBI T2 X8 &2 Lo TNDEF 2 5.

4. FL¥H
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ITOIEARK FITRRENRKRELIRSTNDD, RIER VAT AT 1 SO L O TOZRW IR S
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