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Abstract

The purpose of this study is to investigate the quantitative evaluation method for the hemiplegic gait characteristics by
accelerometers installed in the right and left lumbar part. As the results of experiment on human walking the author has
already examined, it is known that not only the component with frequency of 2fw, 3fw, but also the component with
frequency of 0.5fw, 1.5fw, 2.5fw where fw is the pace frequency is observed. A FFT analysis for both hemiplegic gait and
normal walking test results is carried out paying attention to the component with frequency of 0.5fw (half component of the
pace frequency). Based on these analytical results, it is revealed that the component with frequency of 0.5fw in the traveling
direction is obviously prominent for the hemiplegic gait compared with measured values of normal gait. This led to the
conclusion that the half component of the pace frequency is the useful evaluation index for the hemiplegic gait from the
viewpoint of rehabilitation.
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1. #

=T AT Yy UTHTEICL DRE KRB RE (Dallard et al.,2001) (272> CTLARE, &3 L5058
TIE, KREAN b EDT, BTEICLDTANIDPLRD TERBEZBOD L 2127z, 72720, BT %
B ZE T D58 IR R SR B A BUET D BN H Y, SMTHMNCET D783 20 b O SEBREE [E 4
VEL 72— ORISR IR S C & 72 (A, 1992). ZAUTx LT, FEHIL, ST e b7 o EERONE S
& % FFT(Fast Fourier Transform) CA~XY MUHT L CRT—AXT MVEREHT S E L HIZ, 20T —2Y
MV EZDOFEERNT, SMTNNEEET HIEEREZE L T D CKH, 2011). £72, ZO/NNU—AXT fLE
HAOWDREEFEAZEH LT, SMTICE b 2B A 23T 5 & & BIig, DRETIHITE A LN S
ALTWR DS Te BTN DR DWW CEEIZR R & E i L T CKH, 2013). ZORER, U —2~7
MV RWWTERIE LI HE OBy 2 550 3 578 E O AR CRNIAE A 325857 13R65ME CTHid: <
NTHWBIEER T DL, £, SHESITANIIZNE THON TR T2 EAA IR AR & 23
LRy (05145, 1565, 256572 EDRGy) bIFAET 52 LR EOWERMREZHE LT 5.

EIAT, BRIFACBITD BT BT 2M90E, BMTEICL > THREBSREN T 2 RE 208 L A
BOHREEZ R T 2EAMEEAETHD W), 1982) (HH, NIEE, 1993) (IMEfth, 1996) (M, 2010)
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ZE7-L, WEEENECZBED ) ALY T — g BT, SITHEBED S0 EN X o CHE/RIAR
IALEST LN TNALTHD. £, Me & I TRHED LT 2 2 LD, @b E T L T 58
RALZIZBWTE, SMTUANE Y T—va Y OERBEEREEV 920H50 bW RICHD. TR, HMTEER
BNZHHT L, SMTREE 2 FBIICEHI T 2 R 2R T 2R A b < 2 &N TV D (KA, 2008) (4 i,
2010) 7%, —fAIZREFRBIGICB O T O TE 5 &9 Rl Tl Pk L LTIz I Tnink )
ThbH. LLRns, EREY O, EORELO BRI L A5HMIIKTFT 25603202 bbb, BT
23 A BN S GFERE DT & F D EEBIEE~DB AR BEN TV A,

BATRHED TS, 3 WOTENMERNTEEE ORI )RE, BRAE G2 Ehkx e FIEE AV TiThbii T g
B, BERASOIGHE WO BLEND, EETIIIMEEF 2 AW TobIEE S T05. 72z, Une
T—va VEROP TR ZVRBO—DTh D2 FIRELIC LT, 3 RouEREEFH 2 V- CEHA L 72 imE
FEfE A 2 BIfET 5 2 & C, BATHICER T AR ENL (BF, £4, mitkhm) #HHL, R
WITOFERAL L R F— U PRICBET 28 A b eI g (FEft, 2009).

LU n, BB LFE2HEMET 2 T8 LUL, BEOEELC/ Y — 08 &21T 5 aine, FHllLm
W2 AT NUENTT 2 ORHETETHH LB X 50, ERBE TIIAY MUEHTIXSH E 0 —R1T
2N E D THDH. T, ERSE CIHMEHAIGER )T S EOE, BMTHE, F—X R (B
1), AT (BARFE G- 0 OB, AiE (1 BRORRE), EEAERE X N T A NR), SCRBIRERH, i
REEHITNRT A= —L LTRALTCE LI RELSBRTIEEZBND.

Z 2T, AT, RENRAMTEED —2>ThH L A RREATICE B L, @ E I L 2@EHEATITNZ,
TR 3 P R A A U 7o T 2TV, 2 OREES CREN L 72 IR & FFT TR MUiT 52 & & L
7o BRI, FREEBE OBRESTIZIEE & TV BTOSAB LM TR ENRH DD, Ao HIZ L 54
ITEBRTIE, EANICHIETOSTEABE T2 b0 L L, SAE LBTIIMENICERT DL L. b,
2T, BIETOBMTEITRIE TR ESIETH LT HHMTTH Y, SAME LSBT & IR N % =M E
O ZHE X OITIRY HIBMTO Z & Th 5. FEBRORER, FMEZEEE L7227 T, SAEILLED,
WHEOBEEESTL LT, SZRD 0.5 FlOMNBEEICHEET 2842 T 2 N T, £z, ZOH
BEISIE, SnEHME D bRIZEARTEVBEECH L Z L bbhol.

PLEORERAERE 2, ASLTIE, #BREES ORI T ICET S 0.5 5555 SR TH D 1 5y D/RT — A
7 IVH PSDys/PSD, 23 T IREAM T ORFEIEIZ 72 V150 Z & 2R T 5 & & BIT, 055G & 15 DI~
EAHET B3 KSR 7 0 V& — 0B U2 IR D, AR T O/ Y — U 38i 21T 9 FIEICOWTHE
KUz, SBI21E, EBRO MBS 23R L LI TERBITV, 8% L iHMEEOR A28 L= 0T,
ZZICEORFHEREWET 5.

2. FREERE L -RBEEOHITER

21 FHAIAE

FRREELD S| &30 BATRHEZ R T 5720, LUN OZEGE CREEE 1S L 2 TR & S0E L7-.

(1) B8R O/ AR I 8RB 51 & Rtk 7 M O N LSS 2 5 HAlS 5 72, /NEILEEE R () BRI
ZETH ARF-50A) %X 1 ISR T X OICHROA Yy —2 R LB R BICBRO 155, 2218, #REr 6 A
T hmE LT HMEIREOIEDO AR & Uiz, 7o, ERSEFCIE, MR 25 2 MEHETAL — ST EaE N
v RTHEET ORI TH S (FEHM, 1986) 73, Z OFRE L TIIAANERR CHNA A2 29 5y i
TERUN.
() BT A br /= ANIFEHET, gERE D& B OB E TV E I 70E R T, BEhEERE 20m 2l FEHEA T 5.
WIZ, TNENOBRE L, FFEICHEABOSE0TWEHBAREE T, ARSI ET2HEFERMMTEARE LT X
T HEREERBITEITS.
(3) A by 7 v F & HWTRENRRE 20m (223 2B TR 2 HIET 5.

FEH L7280 R HIE R L, (BRI HIZRHFZEAT LD DC-204R/DC-204Ra CTH 5. sHHIOY 7V 7 H A A
ILAt=0.005s TH Y, 10Hz 7F 17— SR 7 4 )& —% i L AR COMEESE 2 Lz, BH7rdg,
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Fig.2 Two walking patterns.
Fig.1 Setup of accelerometers on a person being tested.
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Fig.3 Measured acceleration in the vertical direction of Fig.4 Measured acceleration in the traveling direction of
the right lumber part of male subject A (Pattern 1; the right lumber part of male subject A (Pattern 1;
Walking with the right foot mainly). Walking with the right foot mainly).

WRERE 1IHFTE S 60 F 72~ 7= BIEOEEE# (BrEA 175em, (KE)S 85kg=833N) &, 4Efn7N 20~22 F DOfF#
(BRI N, N3 N) THDH. =771, 2EPMMEFRETHH I LD, FFHOS] X3 0 M TICH T2
ST, BLEFT RV B RE DRER O TR E 5| & 3> TRTT % B 7 A & (ial G B CHRiC S 2480 K
L%, BHTFEBRICER LD L L.

2B, T2 TOFETORE T CIIERA e S AR LIF T TUOZRWDAS, HEE L 72RO 2 132 B 05 T
ISR, RIESKRTEMTIHEE T ThHo72. DI, < OMBREL, BigE Lo > her K& <
AMANZ BRIV THAT L T2y, ZAUTFEBEO A MERFIZZ RO LN HEF Thoe 2 &2 THL.
2L, BEEIZE D &, AR EIE—HOMNZRIT 2 ETFRKOMED Z & Th DA, T TIETKROGIETH DA
EREET O HDOE LTND.

22 @BEEAOHITHEMNE

IR 72 L LT, (XU, FS 21 FOBMEMEE A ED 180cm, AEDY 64kgf=627N) N/t %
Fl& P DEHEHAT LI A OERERZIE T T 5. ok, ERES &I DEHEHT T, ARE2 RN - T
AT D, ZOBE, K2R X 9IS, BRERIOLEAIERRER (R T D4R OIS E THEDMH 9 &
NNHHTT D H BT X —2 1) ERREOLE @3 FERSEM (fR) THhOAR LY S HITRTFIZEY HE
N, WEDBRIDRNE Y ITHTT DA BT/ —22) O2 OO T/RE — 2 E%E LT

BRI, HBT/RE — 2 21T A TC, BEO#IR 0 IZD R nb 00, @EAATICHERRD R E 5
EHEELEZLOTHD. Tz, FTHREOFEORELZ 7L A ha—AhAT—Y (K, 2008) CTiHfid 2
AT —=UVIVICHGET D EEZ 26D, —J, BT/3F— 1%, B73%—2 2 X ITEEO R MEAT
ThorZenb, AT7—VIVNAVICHEYTHEE2 65, 2212, TR Ma—LRAT7—U b, bk F
5 TRRICBT AMEOREZ 1 ~VI (m—<7FCHid) O 6 BT TGHliT 5 b0 T, HFENRRKEIWEE
BWEENRTWS. 2B, FROT VA bo—A AT —VIZkT DDA A—1F, TAT—Y 1T ~1TRHEA
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Fig.5 Power spectrum density by FFT analysis for the Fig.6 Power spectrum density by FFT analysis for the
measured acceleration shown in Fig.3 (Pattern 1). measured acceleration shown in Fig.4 (Pattern 1). The

component with frequency of 0.5fw is obviously prominent.
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Fig.7 Measured acceleration in the traveling direction of 0 1 2 3 4 5
the right lumber part of male subject A (Normal gait). Frequency (Hz)

Fig.8 Power spectrum density by FFT analysis for the
measured acceleration shown in Fig.7 (Normal gait).

BEIAT (FRTHOERELZZ 2 bW |, [RF— VI E FEEER & B CHT ATRE (EFEEERB B T H A X) |,
(2T —VIVHAVE FEEER (E8) SRCHITAEE), (AT = VAROARTHITIRE], AT —UVIEZR L
THHTARE] LD, TN A M —ARAT—V ESTIIMT LHHEET, 5127V A br—Alck
HESECHITRAIREMN E D A IRET D Z LIIfERTH D L b EDLN TV, Thdz, TEEICE - TR
IR NE L 12 B TV A R B —AAT —VIZOWTIEL AT, AR TIIEOA A —2 L LT, #
738 =2 VIIHMTRIBE CH DR EE D AT | X 30 53 7%, HT/38 — 0 2 1T RS | & 370 2%
T CIlREATIC TV R E e, TREVEETIUIRENEE X TV 5.

X3 EX 4%, BEETE ADNGRERSTIRbLAERS & T EESRT BT 2 —1) 2 LESEAD
FIEFIC I T D8rE 72 b NI MORZEE 2R LIt O Th 5. £, TNENOWF % FFT TAY
VAT L TR L7z — 27 MLEZNEUR S, K6 IR, ZRHDORMNG, EREF&T5hE
FERBT BT — 1) LESEAIE, B TH 5 1755 (1.4893Hz) (2MNZ, 0.5 %55 (0.7568Hz)
DEFEIZAE T TS Z EBbnD. £z, 05755y (0.7568Hz) D/XT— AT MU, SREONEERY (K
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15 ® Walking with the right foot mainly (Pattern 2)
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Fig.9 Measured acceleration in the traveling direction
of the right lumber part of male subject A (Pattern 2; 0 ! 2 3 4 >

Walking with the right foot mainly). requency (Hz)

Fig.10 Power spectrum density by FFT analysis for
the measured acceleration shown in Fig.9 (Pattern 2).
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Fig.11 Power spectrum density by FFT analysis (Pattern 2;
Walking with the right foot mainly). This data was obtained in

the traveling direction of the left lumbar part of male subject A.
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FHEDOE—27 1315 R TH DD, ZORSIBEAERD O PRI L > TEPRE MHELZZ L, K
FGETIIRI G & L7,

ZHUTH L, X7 IXEMEEE S A DN IEE BT AAT LERA ORBARIE TH Y, K8 ITED/RT— AT b
NTHDH., ZORKS LV, BIEEE A PEFEHT LSEAICIIERICHET 5 1 565> (1.709Hz) 2358k L,
0.5 fERMTIEE A EETTWRNWZ ER3bs. 7ok, M4 L7 Zid iU, 20m XA AT 5 Eks
VA OREE B ATREO S TR OR | & T VAT L D BEL o TVDD,  ZIUT DWW TISTHE
ELTRETELET S.

—J5, WA R A AEE LT TR — 0 2 12200, BRI T M OREZIRER I & 2 D/ — 27 K
NEZFNENK9, K107 T. K10 035, BHT3% =2 2 DER &S ETHHEEERBITTH - THAMIC
RET D 15y (1.6113Hz) 12Nz, 0.5 155y (0.7813Hz) LIAREIZZE T CVWD Z Evband. 72721, K11
(R LT BRI T 08T — 27 v, BEREE A DA R ERBIT LSS, st Tth-oTh
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N('n Walking with the left foot mainly (Pattern 2)
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Fig.12 Power spectrum density by FFT analysis (Pattern 2;
Walking with the left foot mainly). This data was obtained in
the traveling direction of the left lumbar part of male subject A.
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Fig.13 Power spectrum density by FFT analysis (Pattern
2; Walking with the left foot mainly). This data was

obtained in the traveling direction of the right lumbar part

of male subject A.

FEREER D 0.5 I SIE EHFIITE L TN ERbond. OB E LT, ARIEWRBHTTHE, A P
R0 L LR T, HEAENKEL 2B, hé T E T s oOFEDIETHIEIZET 2 DIZR L,
R 24 L T2 S F D il oW ESEN I ET 5720 BN 5. 78, 12 X131
FI 5| & T DL F R TEAT - T2 B O AR 718 & AR IR0/ 80 — 2T N VEZNEIUR
L7EbDTHDLN, TNHDORNBEREROLHESIET 0 IITEIT - T255100E, AERE Y b AT IZ B
T 05154y (0.7813Hz) MNBAREICE U HFER LR TWD Z EbinD.

DLk, BVEREEE A OBTRHED G, EHEEDA R EERBTE LI E AT H 5 AN, Ao B8k
1T% LIS AT RN H B BB W TR 0.5 [EODBED LN T ENbhotz. £, 2D 05
FERRATE, SR TA X0 bR T ORI T L BEE IS, EFE DSBS T LIS AIcdgE
FINSBRIELOVRI 2N T &G, BRI TR D 0.5 F5R5 05 RS | & 970 OB RIS 2 &l
A7 RIS 72 0 15 D ATREMED M E HEZR ST

3. ARESTOEENTEFE

AR CUE, PERER 3 A DS BRI 24545 L 7251 & 37 0 BT L@ AT 24T o 125 B ORI DUV TR L7273,
KETIIERE REDOT—2 ALV E LD, VALY T— g VERICHEHTE 5 R TO E SR
WZOWT L RN GERTHZ L ET 5.

3:1 /RT—RARY L PSD, 5/PSD,

FP, ROREED AT A AT LT T % — 0 112OWT, AR %D X 54 B WA T o4 R4
Jira) & AR EIE T NS IST B XU — AT R, 0.5 fERY & 1 5y D/ T — AT kLI PSD, 5/PSD,
R L. BTHEICHT 2 ENTNOREEZK 14, K 1517, 28, ZIIC05 [0 E L ERRy DT
— 227 R L PSDys 72 HONZ PSD 1F, /ST — AT MDY — 7 %Gt M4 S8 £ TEEMANCAET LT
HHT2b0E Lz, ZHUIK 16 1I2RT L 912, FFT THE L7/ —2AXY MLOE— 7 N IEMICEH T
R THERBIREZR-TY,

P = PB+P+P+P, (M

TRHICE 52 Lic kD CRH, 201D).
14 LB1512E, @EATOMREABY LG L LTHRLTWD, ThHOREY, @EHEOBEAT
CH, 87— A B PSDy/ PSDy R T 02 EUTTH Y, FEFITASINZ £ 5. AUk L
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® Walking with the right foot mainly
O Normal gait

Traveling direction of the right lumbar part

’e

o °

Pattern 1

L ORTE T

04 05 06 07 08 09 1.0 1.1 1.2 1.3 14 15

Walking speed (m/s)

Fig.14 Relationship between walking speed and power

spectrum density ratio of PSDysto PSD; in the traveling

direction of the right lumbar part (Pattern 1; Walking with
the right foot mainly). This data denotes that the ratio of
PSDy s to PSD; for the walking with the right foot mainly

is obviously larger compared with that for the normal

gait.

Pr

10.0

by o *®
o o =}

PSD, 5/PSD,

o
o

0.0

® Walking with the right foot mainly
O Normal gait

Traveling direction of the left lumbar part

®e
‘ P Pattern 1
[ J ..

".;
bo 238

L T

04 05 06 07 08 09 1.0 1.1 1.2 13 14 15

Walking speed (m/s)

Fig.15 Relationship between walking speed and power

spectrum density ratio of PSDys to PSD; in the traveling

direction of the left lumbar part (Pattern 1; Walking with

the right foot mainly). This data denotes that the ratio of

PSD, 5 to PSD; for the walking with the right foot mainly is

obviously larger compared with that for the normal gait.

Fig. 16 Trapezoidal power spectrum density.

T, BYOS LG ORLIEST Y =2 1 OFRERITTIE, FAZEITIRENVEOD, NT—27 hLtk
PSD,s/PSD, 1ZBE L 1~6 OFFIZHOAM L TWD Z ERNbonsd. £, ARTEASITCIE, AIESETEITH (K
14 Z58) OFPEERI% TR (X 15 228) L0, OR0KREVWIT =27 MU ERITEMIZH S Z &
Hbnd., —J7, K17 X 181%, BN THRE % & - TR TR TO L NEERIITE J5 18 & AR 7 I
BIFH/XU =27 MU PSDys/ PSD, Z/r L2 D TH D, ZNHDX LY, BT84 —2 1 O EEALT
T, FAZEIREVWEDOD, HFRFEATLERUL, BEEOWMEAT LR L COERICRE T —2AY
RFVEL PSDys/PSD, & 52 LT D Z &, MR 7 (BT CEEANTHW D 2R D J5 D3 NEERRTE 71 &

D, RRREVNT =AY MUV ARIEAICH D Z &35,

WIS, 7 AR T CIlE A TICH AT R E T CTH DT/ RE — 2 2 IZONTEE TS, ZOHT/8
B—1 2 OB RFEEBITICONT, HEERTE TS 530 — 227 U PSD, s/ PSD, & AT EE DO B%R
PRI9ITTRT. ZORLY, BT F—0 2 DT =227 MUHIZEB L # 02~1.6 EOHFEICH Y, BT
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Fig.17 Relationship between walking speed and power £ clationsiip betweell wating spee and power

spectrum density ratio of PSDy5 to PSD; in the traveling
direction of the left lumbar part (Pattern 1; Walking with the
left foot mainly). This data denotes that the ratio of PSD, 5 to
PSD; for the walking with the left foot mainly is obviously

spectrum density ratio of PSDys to PSD; in the traveling
direction of the right lumbar part (Pattern 1; Walking with
the left foot mainly). This data denotes that the ratio of
PSDy s to PSD; for the walking with the left foot mainly is

. . iously 1 ith that for th 1 gait.
larger compared with that for the normal gait. obviously larger compared with that for the normal gait
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Traveling direction of the right lumbar part ® Walking with the right foot mainly
0o Walking with the right foot mainly O Normal gait
i H 1.5
= [ ] © Normal gait _ Traveling direction of the left lumbar part
g ® Pattern 2 a
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Fig.20 Relationship between walking speed and power
spectrum density ratio of PSDys to PSD; in the traveling
direction of the left lumbar part (Pattern 2; Walking with

Fig.19 Relationship between walking speed and power
spectrum density ratio of PSDy5 to PSD; in the traveling
direction of the right lumbar part (Pattern 2; Walking
with the right foot mainly). This data denotes that the the right foot mainly).
ratio of PSDy5 to PSD; for the walking with the right
foot mainly is obviously larger compared with that for

the normal gait.

B =] L TR = MV 13 BEE TR T T252%, ZNCTHIEEHEOBE ST & i LT,
BHOMNIRERNT =AY FLEEE R L TWA Z ERbMnA. 72721, K20 1345 RS T O LSRRIt 5
BT H /X7 —A7 bV PSDyy/ PSDy &S TIREEDRREZ R LI D TH LD, BORERELET L0 —
ATRBDHID S OO, flFHH OHEFHAT &t U TR ZZBNRD DNRWEERNB SN Enbnd. —7,
421 & [X122 1%, HEHNCATEE % & o TR FEWRBATO LB 717 & AR T IR 5 /30 — 2
7 MUEER LIS DTHD. ZNHDRLY, BIT/RF—2 2 DEEFEFRHMTTH, HAZEITIREVEOD,
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2.0 2.0
A Walking with the left foot mainly A Walking with the left foot mainly
A Normal gait A Normal gait
L5 L5 — ;
Traveling direction of the left lumbar part _ Traveling direction of the right lumbar part
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93 A Pattern 2 % Pattern 2
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2 A A A A
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Fig.22 Relationship between walking speed and power
spectrum density ratio of PSDys to PSD; in the traveling

Fig.21 Relationship between walking speed and power

spectrum density ratio of PSDys to PSD; in the traveling

direction of the right lumbar part (Pattern 2; Walki ith
direction of the left lumbar part (Pattern 2; Walking with irection of the right lumbar part (Pattern aking wi

the left foot mainly).This data denotes that the ratio of the left foot mainly).
PSDy s to PSD; for the walking with the left foot mainly is
obviously larger compared with that for the normal gait.
. 40.0
4 o Normal gait
~ 3t 2Hz low pass filter o Traveling direction of the right lumbar part
“‘g 5 E 300
=1 I o ) 2
= . 2 2Hz 1 filt
2 o [UUTARATARRRAITARIL LS, Time Geo £ 200 | v
g .
EREN W U 15 20 § fiv
< 2| s (1.709Hz)
3 2 100 |
) . owz‘A
- % (0.8301Hz)
~ 00 . . . .
Fig.23 Acceleration obtained from the low-pass filtered wave 0 1 5 3 4 5

of 2.0Hz in the traveling direction of the right lumber part of
male subject A (Normal gait).

Frequency (Hz)

Fig.24 Power spectrum density by FFT analysis for the
acceleration shown in Fig.23 (Normal gait).

FEREERET 10 AT TR WD) O AR T L 0 b, fEEHO@BF AT E i L TH
HINIREApNT — 237 RLE PSDys/ PSD, Z 2 L TWA Z &b, b, HEELG X047 H 0%
AT L RRRFED/NE 7230 — A7 F UL PSDys/ PSD, % 23 25RO GRD HNDH M, T SIZA HED
FlEF 0 HTE LR CETEESTICE DO TRV TTh o2 EE X TN 5.

DXy, #EEICIDBITERTIIH 508, /RT—A7 ML PSDys/ PSD, (0.5 {0y & 1 (508D
— AT FUER) 1, UAB YTV VERAOBEH E WO BLEND, FRRES & 90 B TICH T D E RN
FHMHEIEIZ 72 0 152 ATREMES m O E HEER S Tz,

32 MEEEBD/INZ—BHE

ATETCIR 72 X 91, W OBEESRTE 716 TR U 72 R S FFT TR U — 227 bR HTHIE,
R =AY MV PSDys/ PSD, ZHETE D, Tz, UNEY T —1 g DD ERSCEE LN 7 1 v
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40.0

NY’ Walking with the right foot mainly (Pattern 1) 4

“f\n\ Traveling direction of the right lumbar part % 3 2Hz low pass filter

£ 300 | g 5 A hﬂ

> 0.5fw 2Hz low pass filter _5 lﬂMMﬂMHMMM H\ [l

e PRI g o (UL .HAUHr\UHﬂj\.ﬂ'H.ﬂnMﬁ ime (se)

oI TR TR TR

2 fw 2 REARRA ERRRRRARN

S (1.4893Hz) 3|

a 10.0 |

5 A N

z

£ 0.0 . . L L Fig.26 Acceleration obtained from the low-pass filtered
0 1 2 3 4 5 wave of 2.0Hz in the traveling direction of the right

Frequency (Hz) lumber part of male subject A (Pattern 1)

Fig.25 Power spectrum density by FFT analysis for the
acceleration shown in Fig.26 (Pattern 1).

40.0

7 Walking with the right foot mainly (Pattern 2) 4
:’: Traveling direction of the right lumbar part < 3| 2Hz low pass filter

£ 300 | £, , n

5 2Hz low pass filter &

S 5 T \
g 200 | fiv B I ) H \”HWW“H JSH I
£ 0.5fw (1.6113Hz) < U U

E (0.7813Hz) '3

g 100 | )

& -4

E j\

£ 00 . . . . Fig.28 Acceleration obtained from the low-pass filtered

0 1 2 3 4

wave of 2.0Hz in the traveling direction of the right

Frequency (Hz) lumber part of male subject A (Pattern 2).

Fig.27 Power spectrum density by FFT analysis for the
acceleration shown in Fig.28 (Pattern 2).

S — BB 2 R A A L CUE, BEBOINEEIZIC 0 — XA T f W F =0\ RN T VB — % i
Z LT, RREERE OBITREI S U OIMEER N G R E — 382 TH) 2L bRECTH D EEZEZABND. £
ZC, LRI, BUHREES A BNBEST LRSS, NF =21 ERZ =02 OFRERT LS EOENE
ﬂkOwT,m—nx74w5~%ﬁbt&ﬁ®ﬁ@COWTW?T%

FT, B E A PBEEAT LIS CRICHET 5 1B 1.709Hz) 1220 T, 7 — U =28k
T 2Hz D**/\C’Z74’/V§7*‘kﬁbfcﬂj—f=*ﬂr/ﬂzﬁ/ (GBS ETR 7)) & F DT —227 "ML EZFNFIK 23, X
241 RT. BYEREEE A b ED, WEATTIE, K24 00005 X918, 0.5 BT 1 B3R & R TIERIC
IEWV. Fd R, .Bxﬂiﬁi?u, FUEREE B A OIBFEAITCIL, TR DS Sk U 7o s
FDONRE— 2 L TWD T Enbinsd.

Wiz, BVEEEE A DNSY —2 1 O ERST LSS CRRICxHNT 2 1 55015 1.4803H2) 125 H L,
ﬁhu—mx74»&~k@btﬁ@Bﬁ%ﬁm@#ﬁ_owf%%fé B =1 OFREFRBTTIE, X
25®A7%Xmﬁhw#%bbéiouqOSPW“ilPﬁ“ibﬁﬁﬁbfmé:kﬁbﬂé.%ﬂ@i,
-26ﬁ%bﬁéi9k,ﬂ& Vo1 OFREFRBITICEIT 2 IEERE T, AoNCELE 0.5 F55
(0.7568Hz) \ZHTD 1 fiFR%57 z%&otﬁﬁﬂ&~/%zbfwé
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4
< ;1 0.5-0.75Hz band pass filter — Right lumbar part |_| o3 0.5-0..8Hz.ban.d pass filter :Eé%l{ulglrtr::f;g;rt |
g 2 — Left lumbar part E ) Traveling direction
,5 | Traveling direction . .S‘ | LA N A A Nad A ﬁ A A [\ /\
iy oW N Eme e 2 RTHH .MW\!/W\MN\V\M\‘%(“C)
el “VW\ZV\/WV\J"W\)V\ISW VAV i) 4 N N
< <,

3 -3

4 4
Fig.29 Half component of the pace frequency estimated Fig.30 Half component of the pace frequency estimated
from the band-pass filtered wave of 0.5-0.75Hz (Left foot from the band-pass filtered wave of 0.5-0.80Hz (Pattern 1;
circumduction gait). Walking with the right foot mainly).

BT, BT E A SSZ — 2 2 O RTFRSIT UI5A CRICaT 5 155013 1.6113H2) I H L,
2Hz B —/ "R 7 ¢ L —RE U T AR R TR OFEFIZ DWW TELET 5. NE—2 2 O BREERATTIE, K
27urLtAU—x~7bw#Ebﬁéio_mshﬁ\&lhﬁﬂiﬁmﬂbﬁf®$ﬁfké Tz,
B 28 o025 L DI, NE—2 2 OfRFEERATICEIT DIEERIE CIE, 0.5 %55 (0.7813Hz) & 1 %A%
/%mnﬂm#%mﬂbﬁftf@fbtﬁﬁﬂ& /%Eﬁéﬁﬁkﬁofwé

= CHIR LT IR EE G D8 2 — 383 ET, /8T — A2 L LHL PSD, 5/PSD, % SRS & 3 % 2 b
T,H—Ax74w5~%ﬂ/hnz74W§—ﬂ@%m¢M£i%é#,&%A& VEEPEERRTEAZ L
M5, ERCEIE T ZII U & T HERIEFEEIC L > TURMTOEFEEBREOUHELZ UK LT W HIETHD &
EZ2 NS, FdZ, HMHEE2 /ST — 237 [UE PSD,s/PSD, 2 AFSHE & 45 FiE4 1 G FELE L
7o, IR DR 2 — 3850 E | IGHIFEZME T 2 2 WMl FiE & L TEST s bDEEX S
nod.

3:3 SAEILDBT

AMFFED FIREAERA T CIE, AR E T O IMTERERT 2 b D & Ly, FEEO A RREERE ORI
FLA T A I OB 2 HE < K 2 ITHRY 3 “SARI LSBT 2179 7 —AbRZIToNb L2 ThhH. 22
T, SAEITUIZOWT A TERZ Fhi L7oRER, o1& T 0BT & 2<KERRIS, B2 oo XD ko1 T
% BRSO HG T AUZIIAAD 0.5 fEDSREICHBIT 2 Z E3booTe. 727210, 5lE 30 ik
1T& SARI U T TIEWT IS 0.5 BB E-T 5 00, 070 5 AR LIS T 21T > 1o 5512
VIR ONARRHE N B DR BIRO LN &b, T TIEZOHEFEZHENTHZ L LT 5.

F7°, 60 ¥ OREFE DR T S AR LT DT AT o CTEEANER CONREERI A RIE Uiz, & ORERS
Bk AT N IURIT LT21%, /30 KSR T (V2 —RWER % it L CAEAT NSRRI J7 101 0D 0.5 (5 R 7y D A i L 7=,
ZORERZX 29 18T, —F, K301%, DD, BT/ 32—2 1 ORI & T VHEHMT 2T 1235512
DWTC, [RERIZAEARESATE T RO 0.5 5y DA ZH L7 b DO THD. Zb DK E T U, #irRKE
R SAEI U TCLE, AAIEERONEE R RAAB AN E LTS Z ERbnd. iz, SAEI LA
1TTIE, EAMR COMMELZEHETIUEL, SARLORELZ EEMICHIRCTX A ARENRHHEEZHND.

34 HITEE

TP, OREED A REAITEAE LI T/ 32— 112N, Bl f AT y ORIREREHE L 72, =
DOFERZR 31 ITRT. 7288, ZORNCE, fEHEFH BT LTSE OB & MTHEEORBR LA LTV 5D (1R
JIL, 1982) CKH, 2014). lMi@,fﬁEW%mmkbt BIOAITER (BERE S B A S OARZLT N

H 708 THRWZEEERR) T, BEEICL2EESMTOHRRIT 1L.6~2.1 Z/OGHHICH Y, BATHE NN
LHILNTWAATHENXTH D
v=0.8/-02 @

THRFERTEDZE0b0s. ZIUH LT, 7372 —2 1 T, AT 1L1~17 30T, HToEL-o&
122 H00, HIHEREITR

[DOI: 10.1299/transjsme.16-00008] © 2016 The Japan Society of Mechanical Engineers



Walking speed  (m/s)

Yoneda, Transactions of the JSME (in Japanese), Vol.82, N0.839 (2016)

v=087-0.55 (3)
TRINDZ ERDND.

—75, X 32 137 R T AR LT A T2 — 0 2 OB L TR ORRE R LI b D THD. ZD
BEY, FMAZECEDIEIGLSEITFEOLNDL OO, HFIT 1.1~1.9 HFOFIFHIZH VD, S THEITHERD 55
HBILTW DR EOBMTHERTH HRQ) TR ESND Z &R bnd.

2.5 2.5
® Walking with the right foot mainly ® Walking with the right foot mainly
O Walking with theleft foot mainly . O Walking with the left foot mainly
2.0 [ A Normal gait é 2.0 [ A Normal gait
— Equation(Normal gait) v=0.8£0.2 N2 — Equation(Normal gait) v=0.8/-0.2
— Equation(Pattern 1) U — Equation(Pattern 1)
o
1.5 8 15
& Pattern 2
Pattern 1 o0
g
1.0 Z 1.0
v=0.8-0.55 = %@
0.5 0.5
v=0.8£-0.55
0'0 1 1 1 1 1 0.0 1 1 1 1 1
1.0 1.2 1.4 1.6 1.8 2.0 2.2 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Walking rate (step/s) Walking rate (step/s)
Fig.31 Relationship between walking rate and walking Fig.32 Relationship between walking rate and walking
speed (Pattern 1). speed (Pattern 2).
Hemiplegia patient

A =

R ""I1

. 2
Acceleration (m/s”)
AN o v o o

-6

Fig.34 Acceleration obtained from walking test for the

hemiplegia patient.

Fig.33 Walking test for the hemiplegia patient.

4. HROAFREBEICHY HREH

FRMLERE OB TRESN IR O IC K& RIE L, SMTRBIZ LT L Lian A D, BB TATEFHEND
THEMELTHNETHELTHD. Eiz, HTAMRRAREERE CThoTh, SAE LB TET 255-CHE 0D
falatt 207 570, “BREMOOFEIE KE HMUNZBIVTHR?, “9hE TidZe < BIEER T L T
e &, FRRELRE OBITICIZR O OB ENRD b5 L5 Th b, Thpz, FEBEOFERE T 545
ITFEBREATV, BITICE 725 T 0.5 SN EMT 2 BR 2RI 5 2 L1%, AZEofAtE2iHE+ 2 LT
MEARRIRTHDHESZD.

Z T, KETIE, EBEORFEERE Z05E & UIBTERERE R T 5. 0B, ERICHT-->TiL, &
FDNERET 2 RO ile. KRBT OB - EMERT 1-7-7) COMPEE S CER LS~ LT, MEofE &N
7, HoNT —ZIIED BRLSMZIIER Lian 2 &, [EAEROIRAIRIZ 20T Z e E 2B
AL, WRATCRIE 2 RS 6 U CHEMR L7z 2 & 2Tk,
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L 100 Traveling direction of the rieht 1 ’ 0.75-1.90 band pass filter

:i; aveling direction of the right lumbar part % , [0 p

I ET A LT
§ 5o [ 0w A A
§ (17578Hz) <_2 UUUUUUUVUUUUUV

;g 0.0 ﬂ A s '-

Fig.36 Acceleration obtained from the band-pass filtered
0 4 5 wave of 0.75-1.00Hz in the traveling direction of the right
Frequency (Hz) lumber part of hemiplegia patient.

Fig.35 Power spectrum density by FFT analysis for
the acceleration shown in Fig.34 (Hemiplegia
patient). The component with frequency of 0.5fw is
obviously prominent.
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HTERIC DT> T, Wb ORI S H 0, STHEER 15m (F# £ TOREFH OB T IR Tl 20m)
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FER ORI A K 33 1708, FHAOBRMA & & TIEM &R T FEBRFBIENMT Y b & Lz, Bz, RREE
FHBIADOBTEMBIT 2L, SARIUITEED BT, /R GERREM) OfFRZo-o1X b8 T (M)
ZRNCED KT X 5 73742 LTz,

DX, FEEORMEERE TH D B S, BFEOHREFEESITER U @UOAREES-1ED L H 72
BATH LT End, RETCIIABERI% T IR E 72 0.5 5 NN D ATREMEN B 5 & O F %1 T T
T % FEhE L7

4-2 ERERLER

HATHEBRIE 3 M5 L7223, Z 2 Cik 1 BIH OFEBRREREZIIRT 5. FRREES B S AOHMESHIEZ TR
T DIBEEER I 2 X 34 \Znd. F£72, 2 ONMBEERICKR LT FFT ST TR L2/ — 27 R L &[X] 35 (12
IRTH, ZORING, FREEE B & AOANESATE S [ ONGEER I, SRcesd 2 14560y (1.7578Hz)
Wz, 0.5 %4y (0.8789Hz) MAHAREICEI SN TWD Z ENbond. DX )T, fEFHIC XL D Rk
ITOHRIE LT, FEEOREEZIZBOTHARD 0.5 FRONEET 2R MR CE-ERITIZ DO TRE
WEEZ TN,

(436 1T1E, 73 R/NRA T ¢ v & —RUR % Jii LT 0.5 {557 & 1 5 O 22 B0 Y U 7o AR RIT% J7 1 oo finis
R E AT ZORG, 055550 & 1T, K35 IR LRI =AY MALLHEER SIS K 91T,
B CRREES T BB L TV D Z e bnd. 72, Ny R T 0 W F— %2 S 52 LT, 0.5 E 1
SR NV ENNN T 5 2 & & L. 05157 & 1 R5R ORI TE 2 22X 37, 38 ITRT28, 2
NHDORIMND, SATRRAGRER & A THE T ERTOWMER 2 X 2RO T, 2 DO EFRIICAE L TS Z &
WD,

X 39 2250035 X912, BN 2 SR THIUTKEONERMEEIX 1.0Hz L 725, 20X Hig, BHricet b
729 K ONHRIEIEN L, SHFON-31270 5 Z LBV TS (Fujino et al., 1993) CKH, 2012). = Z T,
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% ? | 0.75-1.00Hz band pass filter % T 1.70-1.90 band pass filter
£ o L MALAL A A g ot | 5 Lo e
I e A 4111 e

Fig.37 Acceleration obtained from the band-pass filtered Fig38 Acceleration obtained from the band-pass

wave of 0.75-1.00Hz in the traveling direction of the right filtered wave of 1.70-1.90Hz in the traveling direction

lumber part of hemiplegia patient. This data denotes the half of the right lumber part of hemiplegia patient. This data

. . denotes the component of the pace frequency is
component of the pace frequency is obviously occurred. P p quency

obviously occurred.

20.0
Viewed from above “'i Lateral direction of the right lumbar part
RS
Centre of gravity in the human body q’; o g 15.0
. 0.3fw Hemiplegia patient
’ 2 (0.8789Hz) plegta p
2]
\? ------------ § 10.0
5 . g
‘..: © Aﬁ'erlicalzz.OHZ i ‘: g
o 3]
N g 50
170]
1.0 sec 5 Sw
| | 2 (1.8066Hz)
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Fig.39 Relationship between vertical and lateral frequency. 0 1 ) 3 4 5

Frequency (Hz)

Fig.40 Power spectrum density by FFT analysis for the
acceleration in the lateral direction of the right lumber part of

hemiplegia patient.

TS AT B DNNREE W T e AR ST LT & 25, K40 ITRT /8T — 227 MARNES . Z D)
5, WFHERE B SAOBITTIE, FARNCHSHD 0.5 (50 23N EfE L, A3 2% &5 4em B O
ENECTNDZ En¥binotz. Eio, EAERORIE 10 &G R ORI S 0.5 {55y DA% fhi
Lzl 2 A, BITICE B> THEERD 0.5 DMK 41 IORT L O REI& 22952 L bbhot. 7ok, %
FOEFHBATERD O, @HFFH TIIAME MO 0.5 (EHONIFEF NS <, BUFMOZENIE 1.8em FRE TH - 72,
Thdz, FERHAITCTAELD 0.5 B0 ORRREIX 1T, A TOIBRREEIC X - TR J7 B o Eh A
PEL L2 e EZHN5.

—77, K 421%, HEEE B S AOLEAETRITE T AT AR I LT, SMTHE L T — 2
7 R JVEE PSDys/PSD; DEHRZFEIR L 7= b DO THD. ZOXKMND, @Y, AESIZITEET CRO L L D
IRRERO0SFERINTELC TN ERNbD. £, K43 1T FEES B S A O & A THREORBRE T~
L72bDTHDHN, B S ADOMEFHEAITITHNT 253013 1.73~1.81 Z/BOFHIZH U, BTHREIT F—
| DHATHE R TH 5 v=0.81-0.55 THERFRTE 5 Z L7 5.
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Traveling direction
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R
_}Ar 4cn_1,T
Left lumbar part Right lumbar part

Fig.41 Movement of the half component of the pace frequency.

2.0 18 - - - -
@ Right lumbar part 16 H [ ] Walkl'ng speed(Hem.lpIegla patient ) .
Hemiplegia patient O Left lumbar part - — Equation(Normal gait) Normal gait_—
‘€ 14 H —Equation(Pattern 1)
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Fig.42 Relationship between walking speed and power Fig.43 Relationship between walking rate and walking

spectrum density ratio of PSDysto PSD; in the traveling speed (Hemiplegia patient).
direction of the lumbar part (hemiplegia patient). This data
denotes that the ratio of PSDy5 to PSD; at the right lumber
part is obviously larger compared with that at the left lumber

part.
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