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NAFRX T =7 A7 BT 2 BT EEEN ORI, 17 R ¥0 648
ol dh, EHERHBE, BARREORERY, i nBlRTED N
TW5. NEMOICHEIE LTk, EESTERIBTOHR], EEHNA
RUNEY T = a YEERTR T O EBEOSITIREROFHE, REATEMEEIED
Zhou Ry MEROHIE, 7RV — bOSTEEOa—F 7, HELEET
DOEIER - PR DD, BFERUNE Y T = a VI 2 T
INTWVW3B

< — B X — 2% Inertial Measurement Unit IMU) £ >3 DE—> a3 ¥ F ¥
TF v lTRESN D KD BREEXDFHH - SrEdimc iR, Bt 32 v
e —AVADE—Y a r¥x vy IF AN, BRI TOREO SR EH
OEEERC, FHINCE T 2 R OB bia E oBim» 6, FHEMICEL TW
5EEZLNTWVWS. S HIGLF IR G ZMIHEL TWS Z
bbb, HITHOLEEB) L HEIC 3D EHl - BT TE3 22 h 0, A
Y 2 E WIS TENT O EDTEFIED SN TWS. [Fo8Cik, HEREHE
B O NDEETF—RA V M2HET I2FEBFADETNVERH WL, AT
Y R—= 2 DM ORI TR TH 2. 7272 L 20 X5 RHEEETVIEKE
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DIEFEEHEDLERT — X EHOCTET LD EITo TV b 70, MEATFE K
BREED X SIZ, IENMT, POEEEIIISE TN - 3 VITEALRN
P72 B 5 258 0BT CIIHEERE ORI AT\ 5. s, B
HEE G2 BRI L, SITREE il 5 2 @Bt ot i s it
3. LHL, ZO&5RHEMEN—2 L U547 RO M ST 25D
(il - ZBOHEERM D2 <, T BT 208 U CEE O B IARRRE % 3T 3
Y AT APRBINTORY. KX TR, FEZRORELRRT 579
D, BREEEGRE EEINCHETT 2 22 ic kD, BEEPRA RS OB TRHY
Z S 2 TR R R R L, FEERMMT 2 FTEE R HENT
YAFHER a7 2 BTRE OHEET 2 AT LT L 1.

O TIE, BEEEEGRE BRSNS 5 2 & T, MR RS
DR IE IR BT R 2 GO M EI L, fERD R 7L b v R— 2D
TTREAT AN & D & SRS TR i 3 2 B 2 1R R U 72, BRI,
B —ERETIRD 83, AGIENFIRSITRE DRIZRBITISGETE %
£ 912, BRVETEEZ AW B RIRIA & Ko Nc X 2 RERO AL E RS
D SHITRIMEE BT 2 FIEERRE L. 72, YHMHORKRHE LIcoFko

S

Ty PERBRMEXEEILT7y PV Y P ERHT 3 FERIERL, kT
EDBHHEIC Ty PV Y P RBHT S 2 e 2R L. RIRIZ, 4 DDZEH
H IR IR 22 23T 8 5 X — & (HHISCRRIR R, WMA SRR, D Rk M,
ATy TR) IZOWTHERTUN & DR E § 257912, 10 AOREEEHD
BAT & AR 2 R L 7T O 2 BEOBTRE U B HWT, MEEFEERE
fTo7. ZOMR, ERFRIIMEHEESITTIEIERORA TV b R—=ZAFEKE
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[FISE, F 7B RS T CRIERTFE L D & 220 /IR AT 05 X — & %
EfEEICHEE TE 2 Z e R L 2.

BOMETIE, LEOBEFEER-RL LT, WETRAEEE DS
(RN v 25l R EETH % Berg Balance Scale (BBS) 2a 7 ZH#EE T % 2
TLAEREFE L. IO RT LAOERMEFES 2729, a7 OHEER
FiE ¥ fRAT ALBESE S OMGEE EMEL 72, BBS 13, f5E T 2 EBiE s BEICE
XY, ZORTEERESGOEMEPBEL, il 56 sl THA T 357
MRETH 5. BBS EFHIIC 20 433 OFREA 20 5 55 & 5HiE 0 EE 2 2
TERPBETDH 2. AARTE, BAEZHEL RN ANT >V RHEIFE
MEBD =012, FNREDHITRHUO A THEEH» D HENC BBS 2#E T %
AT LR LE. £33 180 RGBD & ¥ 3% HWTHERE DHBT 2 IRE
L, RSFDEFVBIGEIE, NRELNBEOERE S L. KR T v 7
R, oF&mE, R, SMTERER R 23 MEORNME LM L. &
12 Lasso [\IJ#E 7 L% FWT BBS ZHEE L7z, BT 94 D fidzarhf
FrRBi R 20 U CHEPARDFME L 72 BBS 2a 72 EfEy L, SHiT8hE % H
WTIRRFIETHEE L7z BBS a7 & ORI L7z. BBS 227 OH#E
X, PIEERE 4.97 £4.31 5T, ERFIEX DEEINE L, BRD
WCEFATIRERREHEHFNTH 2 Z L R MER L7z, ILERFENII RS D L s & v
TA47T+£52s, RSFDEDRZUT62£32s THD, HERDFAMIEE % 56
L, REFEROHAMERL.

ATHZECIE, SRR G O BRI 72 fEbT 712 % Bl D 7 RIBRR AT O R AT
ZHREL, ZThERN—Xt U TEBEOMEA R FREEE DN T ZAEREHEE
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1.1 AHAROER

A R A = S BT B BT OISR 17 Tk H S E - 7
LIESATWS 2. ZONTORMEIEDEEINE, SFOMMENE - T
HIM: - HEORETHS (3. BIEHMO RIS L LTIE FsBig i,
EERLVUANALY T— a IZB3I0HMENEVWEEZ NS,

o [EHBAT L IRHIAATOHIA] [4-9]

o EEMNMAR YN Y T — a VEIKRTOREDOSHITIREEDFHH [10-12]
o NEAIEMEEIED DD rRy MMEEROHITE [13,14]

o 7 AV — +OBATEED O —F > 7 [15,16]

o HEAIEH OBNERH - 7788 [17-20)

N OBBEOZR, KEENBITRIX =2 <7 4 7 AR, ¥4

74 7 AR, FRELBHFORER Y, A BRERNENERICHE LG X
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| ERXATY 7R

BEATYTER

ZAFFMAFR

1.1 ZEERM TR X =&,

2rENTED, THEDRMIEIAA T A D =27 2T BT X 54X
KIBBITRCDH 2 [21]. BRZERIMST RS X — &1L, 2Ty FTREPA LS
4 FE, R, DFELEOMEREDOERAI T X =2 (K 1.1) &, SZHIKH,
MRS PR R, BRI 72 & DIRFRETY X 2 X — & (] 1.2) Tt ohnsd. %
¥ T4 7 AR, BRI O X0 3 BT ONE R R, B A
B /AR /IR R CCRIINSGERTH L. 27 4 7 2K LE, M
2B THNPRET 2H N OMIERITEMHE—X >+ (K 1.3) ®, i
I HERF D D e X BRI T & 2 330 /SRDPEINAE O TR % R 3 B < v —
REMDHB (K 1.4).

FRROERE NS B 72D, BA RENTERIDSFIHEATVS. £,
HATIREIC 2 B E B & AT ATRE 7R 0 &, 50 D A& D SEBAAT 23 AT BE 72 B i 1
SIBNB. REBOMNTT 2 e LT&, KRG [23-27] o~ v MUTE
2 [28-30] REDERD S XL HVWLNTWS. — T TEZE YT D/

g

RS, AV Y —ABD IMU & > [31-33] REE+ V¥ [34,35]
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1.2 K178 X —&. Center of Mass (CoM): &{KE.[», Center of Pressure
(CoP): EHEHD, Double Stance Phase (DSP): Miffis<###, Single Stance Phase (SSP):

BRI SRR
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1.3 BIfIE— X > F OBRE (LAOKRS [22) £ D3IH). F s, alde—x> b
7— o, CIEHAOIES, b IXBIEEL, & B DEHTD 5.

BIffiE— A
B E— Ak / /
s
B D EE \
\' (faEFE) B ) By =
(FERE)

—
I7RRRA TR RA
REBE— X hEAEENEAR= BEEE— XU rEAEENRAR=
ADNT— (EEEHDEOEUREHE) EEDINT— (EEERDROHEINRE)

X 1.4 BAEi T — oK (ILARDKE [22] X D EIH). BEEiT—X > b ARELE T
AN K BT, HlEEREROE W L INHE D OB X OHEE ISR T THNS.

ZRHLZMFEIMTONT NS, DX D LREERICIRE L 7@t Tk, 2
fIRT A =P RHDALE - Z5, REFDLREDT — X 2S5 Z & 23A]
RETH 5.

EHOEHBEICEL TWAEMfie LT, ~—HIR—ZAD 3D E—> 3 v
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¥ v 7F w8l (BUR, 3D-MoCap) [36-39] ZBF S, N4 FXH=27 R
FEHTET—NVRRAX X =R INTW3. Icd S IREEICHEE >~
¥ [40,41], v A a9 [42,43], IMU & > ¥ [44-47] R ¥ R2EE T 50515
R, I=AIR=—ZRDE T arytry¥FE [48,49], HE2VWEX—HLATOVY
Ya v rYFRE B0-53] bIBWEINTWVWS. ZhEDFEMTIE, HITOREZE
BT X =2 Z2E Lo L, 2EOMHINE - AF, BRELREDT—X
EINTT 2 ZEHARETH B.

—J7 CHATIRIT T, EENEENS T T BRELEEIR Y025 TR
WE T 2 Z e NEETH 2 [54]. FHHAEHER O F ST 72 ¥ ORI
ST, 25 EH e LTOMMPEREL XATED [55], B0 ADEE)R
MCldil, REEFHL LTI ZITS e HRETH 5.

BATH OB EBIDEN AT BE R B, ~— Ak Y B BRI T 3
EEROFILL, BRI ES LRWIEEEROFEND 5. HEEXOHIN
LTI, B —HIR—ZAE—Ta Iy PFvoEEL Y - D v A
ot Y - IMU Y IR—ZADFENRETFOLNS. TASDOTFIRZE, HEEY
D%, FHMERMICREZET 2 2, MREOSIREEZHE T2 2, &
EVOEEMNBOEBHMEIMRE TRV e RY, #lHIPZ < BRI DIGHM
ZOHATIERY. —75, FEEXOBINE LTI, RGB & ¥4 *h#Et >~
PREDOEY a vy THIF L7z RGB Eif§ [50,51] HEEEE G [52,53] &
AN LTHEDN BRZREEHET 2 FELIE TN, ZhbDEYay
R—=ADT—Hh L AFRFEZ, 74 X 1 B TEBAEET, B,

NMREDOHKEH ZHEF L LN &6, BKRBSTOIHIZEL TW5.
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S HIABOERIZZ K ORI CH SN, EHEDFEICIEINE &RV
, XD IEREC 3D TOBANLE - BROMTAARER BN ETH % [56].
RGB Hif§% 7z 3D BB EHM OB E, BITEOBRSRML TWB T
o, 3D ZEHEE ORI E V. —H CHEEGE vz FiETX, BT
TR BRI T 2729, RGB EREAWATFELD b 3D HEERHENE.

Dbz s, T N4 X 1 B TEBARE, »O03EEY7% L THHEIC
250 3D E#HENFHHID AT RE R, FEEEE G 2 WS TR R, BRI T
OBITFHMHEICRDE L TWD. ZO XS REdE LT, LFIZ¥EEFEAD 3D
BRBEffiF—RA > b (IR, A7 b y) #EEETVERWEFEL TR
BoTW5. (7 ZOFEOREEMS FiEe UCHBE G EEEN T 2T
EXRRINTWS. DIETIE, 2R 2nOFEROWTHHT 5.

1.2 2T kI R—RDOHTRITFE

A, Kinect £ >4 (Microsoft 1) Z1Z U & LT, Realsense (Intel 1),
Xtion (ASUS 1) 7 ¥ 0Zffi/sEfEtL >3, Wb a > o — <MY Rk
Y MTE L TWA. Kinect 1 2023 4F % TIZ Kinect v1, v2, Azure Kinect
WHETE I TE 7D, Kinect vl 225 Azure Kinect IZE 2 % T, 3D A7 L b
vEHEIRH T 2EEDER I N TVWS. SHICEHOHABEY 7 v =72 H
WCERHIRIT O 7' 75 £ 2 ffEICHAET 2 Z e DSRREZR 28D, 2 K DHT
FERTERFEICER 2 v TWw 3 [57-60].

FAYT 4 7 ARHOMERE ZMEE L 725t LT, @#ERA20%0 F

L v K I E#17% Kinect £ 3D-MoCap Tar#ll L, BEIHE © BB Eio v — 2
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JERT - fHEAE L 2 b 54 RIS OFHIRR % L %05 5 [58]. 20
%% T Kinect 2SEBIEIOJE A % 3D-MoCap & b /M FHEiL, fHE
AEE K& LFHEL TWz. 72 3D-MoCap 1IZ¥3 % Kinect @B HifA &
DFHHFAEDNKRE L, BRI T RBETHL L MELTVS. £
FIREIC 10 ZDBEEEZMRE LT, FL vy FIACHT % Kinect DF%E
FEDEWT & 2 IR S K ORIEETH O T B B i A B O HETERS FE AMAE S T
% [61]. ZODFFETIX, Kinect 2% 3D-MoCap X LT, [EHNMETRD EQ
TeHEERE 2R L7z, — /5 CHkBERT, MREIET, RBIETF X ToORFIICHE VT,
3D-MoCap IZX L THEZEZD D 5 BEiAEOHEERAZ L, ERSHICIIREE
BT TH 5.

% 7z Kinect & FW7REZERIHAT 8 7 X — ZHEE DFEEMGEDS, HHES
AP AR ERE 2R e LTITONTWS. T THEZEEZMNR Y L5
TlE, KR RT X — X OHEEREMEE R, & 230 6 B RSB 7 ALE IS
B 55E DZEMI T X — 2 DMERE ORI EMI A TWS. BRI, 21
2 ORI TR DT T X — X IZDWT 3D-MoCap & LB L 72015 [57] T
1%, RIS X — R THRE DR E o2 T 50T, B
Hiy O F el & 4 3 ¥ ZHEERE B ITHRIE T BRI R 5 X — X DD
Bro/zZ EDRENT WD, TAEWE b HOFHIRTH O BRI — R A
> MRYI, BB — R v P RA, BXOHEBEROANYS LTy k5K
DI BREDIERY, Thehs oBTEMERD, R2EMPT (5 X —
2 B HEE UT2RF9E [60] T, BRI X OB — R4 >~ ERIA LSS
WHITROMAEE RN Z MG I TWE. X5 I@EHE 12 4%t
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Re LTHEHTOR T v TEEMN 2 FEi L 72652 [59] Tld, Kinect % 2m
DLEBENTHEIT, ATy TROMEBRENARICKREL RS Z e &S h
TW3,

F A R R RS B R & LTRSE [62) TUE, MMEATRR A s g
11 &% 55 e LT, Kinect ¥ 3D-MoCap > A7 4% AW THERBHITIICE
FBBITRI A=K ZHEL, MR T LB TRIFZ—HE, HEZRLLE
HEL TS, —THEHE 45 4 e MR REEE 38 2R e LT,
SEHIAATH DIRFZE AT T X — X OHEEREEE 2 HER U 728 T, Iz b
AR RERICE T 5, MR OBIT 85 X =% (F © WESCEIR ) o %
SN ORI DRI BT )T X =& (] IR OHEREMRNZ &
DIE IR TS [63].

MEXD, Rt o R=XDBITENFIEE, BEOMEZMHAL-2%
JelfEi e Y o, R EFIH LR S X — X OHEERESMEN
EHRODDL. EAEEE L R L TR EE TOHEREORE b 1
TEY, BRICHIZTIRBEZELTOWRVWEEZILNS.

1.3 PEBEEGAN—XDSHTHRITFEE

S BB Z 0 b 0% BRATS 5 BEBERIS A — 2 ORISR IS\ Tt
B 5. BB LT 3D R AL b >N — RGO RS 55T B 7251, BRI
F— 20 & KB B & BN £ 1T 5 FHEMEREN TS [52,64-74].
P NS OFE, WA RFE 52,64 66 &, IEE~—2Fik (67 74]

TR EMARETH L. HIHIIRKREBEDEE T —XDIWNENKRETH D, &
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B2 OFERICE U THRREORBD R 2 WNSTE MR 3258138
EWTIERV., BEE, FET-ZPARETH D, WIBITOMTICE L -F
HEThHdrEEIONS.

X BIZIEEBR—RFERZ, EFAR—RFHE [70-72,75-77] LEF L7
Y —Fik [67-69,73,74, 7881 ICKAT 2 Z e HARETH 5. ETANR—RF
X, BROSEREEREN - MR ORMERFECRET 2 FIETHD,
BAEKITE DS E 7V % W TSI ESCAE R Y OB E T X —2 %
KT 2 MARETH 2. — T 3D miBE7 — & icx L CLRRE 2 4 Tk
DBHREEHE IR MR, TEFLDOYTEDRENRET -0, EETO
PR % FR XN B RIS ADQISHICE AN ETH 2. EFL 7Y —FikiZ,
HARREORHE BIK, 727 A2AF v, Ty IRhY) 2T 2FETHD, A
Z1E, A4 ZEHE vy FRF (78], Gait energy image [79], JETREREIR
BB [80], T ANA F VR Y [81] R RIS FHENH 2. ZOFETIE, I
MR, X7y TR, SR, DRLME, BITEEREOHIT T X —
ZERINCRE T2 22 I3 TER0WD, EF ALY TIDEENLE LT, 5 E
BRB/NIVE WS T, HESADICHIZHEHL TW5.

Kinect THUS U - BEEEMEI 5% FV, EF 7Y —FIETHITHRI 2T 7
Wigee LT, B2 I3 Rid2d3® %. Stone ¥ Skubic iX, % & DT O Bk
H{RD ST AN VT y b RYIOHEEMEBEREZEHEL, SITRMOMH,
RPZEII AT RS X — R EBHEE LTz [67). L LIS OFET, 1 H17EY
ZEOINHETEIT B Z e TET, FMlAMT T X — X DHEIEAATRET
b5, FltrHh s dm Y EEENGECIEHR BT T X — X OHEED
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UL, T8 stlltE v v mCHRERES TOIHICIE RN E ThH
%. Auvinet 51X, FRBEEI{GZ AWM ZITS ETRED, BITHIcH
M » EEBDBEEEANE D < Z & CTHEEEHI D F/eEE o i H 2SR 12 e 2 BT O
FRRFIEEIRE LTV S [82]. 15 MRS EMOZ(E VW5 Z & T,
fEEED LY R IV ESHITIZBWT 3D-MoCap & D & /N X WiRZE Tl
ZRHTZL2Z2HE LTS,

F7- BRSNS, BT OXFMEZ FHE 3 2 IR O MR fTbhTw 5,
Auvinet 51 M L v F 3V RBTHOFEREEGRYZ FE L, SITOIENHR
M2 B 285 LWwistE (Longitudinal Asymmetry Index : ILong) Z1EZ&R L
TW3 [83]. 15 DFETIE, WERIEID Constant Relative Phase [84] ¥ Lt
LT, RAFRMEERRLIZeHE LTS, £/ Nguyen 5 b FEFEIC, b
Ly R IV ERTHOEBEEGR & FEE & NEEZheh oA % &
Mg 2FEERBELTNS [74. L2LIRLDFEREINTI S EEEENR
ELTED, pONREL LY L OHN—ETH 2 Z L ZHTE L LT
FHETHS. 20Dy FIND LI BABRFEEHRE LRVWERIE N TO
TR 108 X 720,

PLED X5z, FEREEGZ BN 2 2 & THITRIIRH ST T X —
R EHE T DEMDIERINT VWS, —FTAT I b I RNR=XAFEDOHETDH
% BB - BRAEREARR RIS 2 FIRFEE I TORY. FHTHE
HAD A B R0 Z AU ERD S BEIR BT 8T X — X DHEEITHL D # A ZZIHZE0E
7K, BRRBIG T BE OBITEHENC B ANEE B K R T O BTN EAE

FEI X TV,
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1.4 XHARDOMUEDIT

WREIBATOEMTIZIZ, BMTHhoREEB R Z 3D Tl - gth355 2 &
DEETHD, T 1 BDT N4 A THEBARER FEREE 1 > 0258 L T
W3 Z e kihR7.

FlEE >R OB TR LT, R7L F U R— DN FE L i
HEE RN — 2 DT FIEZ B L7z, L LIEROBATRNT AN TIE, +27%
FEHE - BLEECRRERNIE - BEZHEE U7z D TR 2 T EI S 2 Bhi ot R
IRTWVWRW,

F BTN 2R R P KB B O B AN 5 o ZARRREDHERNZ., B
RBUGTU ALY T — a3 YOI AJTEREE OKBERIE O TR FHIZ1T 5 7
DIIEHICEETH 5 [85,86]. —H THRIFZETIX, HITHOFHr~T 147
ZFFHR Z DMDHAT T X — X 2T S 2 i DRBIHLTH D, BN
Z ¥ ARERER BEIICEHE S 2 o R 7 JHBR STV AR,

Z ZCARMETH D HEEREZ TRl 0@ D IBHS 2.

o FREEEIRR— A DERE L B IR E « REBHETE B X OBATNAE D B i
DBHFE
o FREEMEIRN— X DTN 28 L TR B MEEREZE D EA NS > X

FEREZ BHENFHMIE S 2 > 2 7 L DBF

REELE, 55 2 5 TSI & BIRFHETER 2 W72 Koos i & 2240
TMEDEIE 7y b 77U > M TlE, IEEAT & SRR BT o R
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i
H R % EHEANC NS 2 2 & T, STAMEDE L BEON#E - ZEHEZITS
Btz iR T 5. TRBEFEEHOTHITATIA—X2HEEL, ftkozsr
U YR=ZAFELD b EREELRBTRDAIRETH S 2 2T

X 5125 3 F IRGBD & ¥ 4% HWISERHTICED S 2R EE DN
7 Y ARENFHM S A7 &) T, BIEHV AANEY 77— a YREICTIE L %
FEERDORAEF R B RE DSITT — 22 VT, BTN B X UEEANT
AREREHEE TV OBAREATS . FBMT5HD & @ £ T2 BEINICITS &
AT L%BFEL, RITIGERE & BRN T o ZBRREDHEEKEE D & BRIRBLS T
DFEFNEZ FHiMli L /- AS R 2G5,

A BTEIAMAERMICET 2EE, B5ETEEmMELNS.
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E2E

MESIFIT T ERVETEEZ B UL
X DHEHERUC &K B H1TAEPEl &
AR WAINVAY:1ix

— DT, RGBD BEi{§RS % HW iz IR0 ST TR 2R

L, BRE/MEREY 7V r—2aryTE{fEHEINS 4 DDBT 5 X =%, H
T HRT (Single Support Duration; SSD), A7 v 7 (Step Length; SL),
DA (Tone Angle; TA) 2H#ET 2 [8. Z0R®DR 2.1 ITRT XSS,

H R 5 2 AR GZIIAE 2 fEfIE 72 ) eI L T SSD & DSD %2 &5
L, I5IHIAEFHR EO 7y 7Y Y MR LT TA & SL 2531853 3.

SATAME D EITI, £ 3 EEREEG N 2 F W T eSO B oA E R %
T 5. BENSZHMETEAEDSFIE L, HE T EIBE T 5 720
S & EERIAE 0 0 2 AL E R O X IRRE R SIOREE LTS Z
L7z



H2F AHERRIN S BIRVEETE 2 W 7 KRR IS & 2 BT E e 7 v + 7'V ~ P RHI14

ST OIREBE OB TIE, oA T I LI B A F A L,
e DA FERHICHAE L R W Z EED bR TWS [87]. FIZIXLEREDD
LA HIEI A BN 727210, GROESHIEICE L 2 2187, kT ED LS
TR DL D RERALE R % B 2 2@t L, 2R 2R TED RE0ifi=
GO E R T 256, 746D 2 BB RIZEREE X g,
il Z0X, ZEoDEBEMAG OEEM X b b BB I NGE, WL HmE
ZEEN, ETIREBICHE 221725,

AT, RNHITEET 2BEDN BBS HED D DHITT R b ELTS
GHEET 2. £, —MRRBITERHLEZITS 7RV — bRy, Hi7H
IEITIRIEABRS T 2 A[REED B 2 F IR E LW, 2070, NREDHE
WCHITIRRBIC D 3 Z e 2Rl L, PITAHEROER L BEDPEN D X5 XK
IRREERE OHEE D TRER MM D HITFIEE MR T 20BN D 5. H—DHAT
X, A REBONERS Z R U, AR Z IR 72 Xoifgia iz
52T, LR kS BBTRAORHEERIE T 2 FIEEIRET 3.

7y b7 Y MIHNCBE L T, SMTEOBBIM S 5 i, BT
H DR ORI E B EEH LICRET 22Ty N U Y M T 25
BURBRETFIE 88 ZR—RIREFELMEELTVS. LrL, LRFET
VESIZIAETE T  EIAE T D RS R T 2720, 7y P TU ¥ R AR
HHIC2 5. ZD7DBITERBOHZIZIZIR 203, TA X SL OIERMERHEE I
EADHELVWEEZ OGNS, FIT, TOFTERERL, BB L2 1T750E
Bk o TR EN VDO ADRHEZBET 22T, XDHAKRY v
YV PERLE DR TFIERZRRT 5. ARINOEBIZ T T 2
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RICER NS
SITAARS B D 7o & DI E BIHIMT S X 53 HRAZ L
XHRIGERURIR C FFZE ST D, #li#f [89,90], BI¥ [91], ZATF (1]
xf U CEIETETE (Dynamic programming; DP) ZHW2ZL 7 Fu—F
PRESNTWS. Zhbi3H—oREClifk s (BI2F, H—oPithiio
RERHD) ERFICLTWE2Y, BAGEATEDOMERYZ 2 2052 LT
o, MiHEREIT 2 ek HEE T 5. ARSI, AHD RO ERSY
120 LT DP TS RO WIS E B oMM A 2 3851 L, 7REEER %
Bk 5.
DERDIYCRDRBZMALLT Y F 7)) > bt
Bouchrika & DT [88] TIEBITAAMICEIfRR SRR Z BE L TV 223,
REFECREECOADEET Yy VRZRHAT 2 22T, HEHHETORE
BTy DRPRLI X DAL 7 v b 7Y ¥ MlIICFHFSLTWS. 72, T
DFETITER T _ICRHEEZ REL T\ eps, FEREEGRENTIC X D HiEF
M hcEET 22T, HEMICBIIS TA £ SL 2152 ZEHARETH 5.

2.1 PBaEAZE
2.1.1 ZHITMESE

ST BN U TR A RN e pElsh 5. BIlZIE, SR
v A CRE R X L2 2 #HE TV (92,93, AR DL & IR TR R X
N5 3MHETI [94) RED D B. T T THIFO L ITHNE R 2> & N HIF L %
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T, BFONHENIIHTE» SO F KBt E T TH 2. S HITHERE
L7z 6 fHE TV [95] 1%, M, REEH, SR, STIGRHER, 6
B, EMECRER X L. SR & EIEIAE o 2 AT O b AR A iAE %
B2 TWAED, ZOMETIELY a vy THET 3 Z L A[RER 2 fHE

TIN5,

BRFER—-277O0—F

BN ER—2XD7 Fa—F ZMBENC MHOEMES XA 207 —&
vy FEHWT, BIAMHESEIE T LOEE 2175, Liu & Sarkar [96] X,
population hidden Markov model %\, XEFREED 72 9 DA TAAH 7T EIH
MERBLTVE. 5 3TRE R O X 2Bb &3 —/ic 20 fHicy
E|L77-0, SMHRHEREDBIT T X=X E2HE T 2 /- DI E R HHIE
RWHE R & OYIERE AT AANSH S L TWih o7z, Tang & [97] 1%, 7
L—LEZnhLERINDEFS LTy bESY Yy TERHWT, D FueEEE
BT 2REFER—ADFEZREL TS, L L, BN IR <0
e, WSR2 & OHAT T X =X 2 BT 5 720121, SZHIEAD B
B I 2 MO 2 T3t TH D, HEHIOMBELEL k50 %
FHBt OB b EL 72 5.

EHIE, THREBEDFET—XPRETHLI b, BMEER-ADT7 7
O—FORETHD, BEMESHICHAT 258 3MEE 5. filx
X, FEOHREBDOEELED, WM #EMRICT — XINES R T L2 RET
BLGEIRYE, BEIHANOIGHTIE, MREBRIFEERI L ICER 7T — 22Uk



W2 SN SHHEEE 2K IBEIC £ 2 SEREAEE 7 v R 7Y ¥ FRILT

T2 OEFMDHD 2D THS. Tie, WHERIE L LI B
BHAETFVEMET 5 2 LIS, BHE L BEOBMTERERE

3D 270, RHPBTITN LTI D EEBEL R WATRENED D 5.

L= R=F77O—F

=R =Z2D7 T —F T, WHFAEER—RD7 S0 —F TRBERY
BF— 2712, BRNCERIN L — L2 LTI Z 5E 5 3.

Auvinet 5 [82] 1%, HTHORIKE L0 EGKRESMEEROZ(L2 S, 2D
FEEEOMAMEZ R T B 22T, RGBD k¥ 2HWTEEZHRE T2 7
NIV ZALZRELTWS., — /T TOFRERMIIME TRV, HHIT
M SZ R O A AEHEE SR EE T H 5.

Latorre & [63] 1%, Microsoft Kinect SDK % F\ T U 7 & BaE & s
FAET O RTRIERED &, MM O Xl 2R T 2 T2 R R L. B
Wi, REEMIEOROETHH B VIR GICMNE ST 2 L 12, HiEir 0%
FeEBth T 5. Lo, ZoORFEEEAREOERZ M L TUMT 57
B, iR UBITUHEEROFERIZREEST 2 D TRV, ZO70HAL 7
BT OIREERIC BT 2 EE B OB ZRAET Z 3, o LIRRES
B EHE T 2 RN D 5.

FIRBEEEZ OBITe MR e LGS, MT@PTEIELED, FRERDED
HENZG > # DR D I UKD D025 Z e REDPEEINS. IERDIL—
NANR—=ZAFETIE, MERAREZIRD M2 5 & UTRBRLUGER, ERAEDHE
HLTWBIREICH 22 0b 53, BRI OB & SO IREEER I HA T 2
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ZEeNEZOND. FLBEWMAEFETIE, RA—XTREEBS LI NS #
HEDT—REDLITEBRLTWELY, ibibEokb, BZikhHETIC
—ER MRS 2 &, o THEMRIVMAOBRZHEL TL X5 YR I 0%
Fons.

212 7y RhcFUYMEH

W DHhD 7y Y Y OMBTENRE SN TWS. —DHIE, FFIR
RN 2B e LI WFiEe LTRERA 7200, 8RNI T
RIEDIKAEZITS 7y M7V ¥ METH S [98-100]. DI, -2
728 DREIEINGHER A > Y —b « MEEBEIEOZDIMHEIhTWS. &
1772 £ OB REENC TS 2 5k LT, fEkid~y MER 3Kk TIE
B FCTEHET 5 [101,102). ARFETIRET ALY 3 v ~R—2FETIR, 2
JEDIHFRIFEIE T Z Rz, RS2 S LB ©% 2 B0l %
7y b TR LTHKS 2k L.

EYaryR=—2A07y bV MERHO7 Fu—F & LT, HITEIERYD
FHERICBIT 2R (a—F =Ty IRY) ZREMCEBSE 2 FIEN
XiFoh s [88,103,104]. 27 Fu—FTik, VM (Thbb, Mg
OO FSEHE E CORME) O, BARUTHANCEE S Z 8T, BRKZRED
RN RET 2221k, VHMEICBI 2 EOMNENHRFHINS Z & &2 F|
HLTWw3

Bouchrika & OFF5E [88] Tid, —MiOEEHIE, RIFHICHRE XN 22—
F—RIZE o TS, PITERLOEELE LTEHTH 52 2 L 2EFEZ
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N7z Jung & [103] 1, SHIMICET 2 & D FREREOME %55 72912,
Bouchrika & Of3E% X HICHEER Lz, SEEE FE R OMAMED 5 F — 7
L—aZMHL, £#F—71L—2aTOI Ty P EAVWTCEEEGREZERT 3
ZeT, BERATy I TORDONEZ X VHKICHE L. 2hs 2 o0FiE

EGFH E ORISR BT 2720, HRBERTO 7y b7V Y DA
B RBEHETZ B TERL.

XHHEMIZ, Evans & [104] 3F v )V 7L —> a Y INEEBO D X 72 HW
T, RFEH (TRLBHREER) Lo7y v 7V Y MLz #5103,
RFH EoBEHOHEE 7L — 4 (K 1I2bkoTHiREY 7 L2 ERL,
MELHEZHNT 7y PV b2l L. LaL, ZOHER, BB TH
BARXTDOREDPBETHD, IAXAT7Fx VT —a Y IZKEDR22 57
o, ERRBES TIERERMTIERV.

22 REFEOHE

AREITIE, REFEOMEZR 2.1 £ HITEXR 2. TRBEfg e A J7 PR
B0 5 2 o256, HEEERN — R DOERENE [105) EHWT AL
Ty bEMEL, ZNEHREERICRE LT3R EIST 5.

iz, EEORIHOSHEME L, Zo&EL (Center of Gravity; CoG) %
AHET 2. X512 CoG DRIRYZ A e U, BET 2 X7 v
U R 5% HANTHITNHSEIZITS. 20k, RGB HEHG»o Ty DRHHL,
SRR LT 3 onT y ViR 5.

XIZ, 3D Ty VHOBEMBICESOWTEI Ty DEEEINL, ok
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THZENC XD ol Oy PROBREEZTS . &E&IC, RKE EIZ
FHEINTy VEHBICEESET NV 2R TEDMRICEDE, SL = SSD 7«

E DRI RIA R EZHNT 5.

2.3 BUALIE
2.3.1 FRFEmERH

BHO 7L — L2 b L -85 RGB Eif% & FEREE G & FRFmEm 2 it
5. RFEHEDIL, HorUDRDLENTEDH—Ry STV S H
WE, ru<vd—83k (X 2.2) EHWTHRHT 2. KRFIEBROERE T — X%
3D mEHCEH#L L, RANSAC [106,107] TR 72 FfHE 7L % W THRFEHE D
RIRX=ZZHIGT 5.

232 JJLIw b

B EfG e A FEREE G &, BTSRRI Z FEEEE 2 % 8 U 72 R — R
BmAa7 [105) ZHWTs vy 2 U, AJTEREEE G & it >
Ny FORI%ZK 2.3 (a), (b) ISRT.

233 HREEZERDETE

BT 2 EEOROME b SL #3HEF 372012, HRBEZRD Z
RS R, Y M X e 2P NEE A (3505 RE O
) L5 OB (FHbB L) L EHT 3.
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(a) (b) (c)
2.2 RFEMH C (a) BEEEEGREERICEGY S N7 FE R RGB Hfg, (b) Mith Sk
FHOMEE (RBTHRR), (o) VEREMEGR. SEFRICHVT, BRI, Bz
AL TWWiEE, %7213 RGB HEif§ & BEEEESR O IS B fR 2372 Wi 2 7R T

ZD7DIT, FiK CoG RAI» BT HIAEHEES 5. £7, ML on
Ty bDEBED CoG ZEFHEL (2.3 (c), CoG DRERINHEIFE 7 4L
2 %R L THIK CoG RHI%E1F2. 2L T, BIK CoG DAL A EHBR
W ERACTHTHMERD 5. DFEOFEIZTRTZ OHREBIERTTS

23.4 EEMIEHE

PITNMHR BN DIz D AT T -2 LT, \VD 3 KT eilsftnr ot
DEFMERYZME T 2. £, A\VOLHO bine MrzfitiL, 205
DEETAIDAEL LTAVOHREZRET 5. RIZ, F7 L —LDEADEHR
CoG UEZHHT 5.
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(a) (b) (c)
2.3 orxy Mt BofEH ¢ (a) AJTEEBEESR, (b) ISz rzy b, (0
i xhzs LTy bOSREE. (o) IKBVWT, 7 YevE Y RIEZhENERE ERDS

HEeRL, HEOKIZER CoG MEZTRT.

HEEDS B, THRSEED 10% UPNCE N2 mlt (2.3 () % B kit
ELTHIE L, MEDRHED CoG 2itHT 2. EEDREDOHE (K2.3 (¢) D
YV R 7 VDR X, WED CoG DEANMBIZEEDIWTHED SEEE 2
SEILTHH T 2. SABD CoG ik, AR ARDNE (K23 (c) DvE Y
REeHFDEK) L LTEREINS. ZOr2tHHD 7L —21ZBIF 5 CoGD Z
WY& 235(t) & L, fI3ED LRBHRIERTER f € F = {left, right}
TH5.

LoL, EARULAFETE, L7370 —a VIZEDBREDTTICHZ
BRWGE BIZIE, BEPRET S X5 HEVTWEEE), BOMEZ#EE
TERVWI LD 5. BEME, BENRZZWES, 35 —AORZTY
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ZEDEBELAGDOREE LTHEIR X 2%215T, REOMENRI THWAHTE
DREDIIMELTLES.

7 WA IS THICRE S BT 5720, iMHIC X 2 2R E L e BF D
BITEEL ORXAI D Z 2L wolenf L, X Bl 1325374 T b HERIZ b
DY INTz, BTG (Z ) XD b AEAHRS (X ) THIUBED XD
BHBfIc@Bigi s n 5. 22T, AT (M24 (a) ) 2d 2 IHEZ RE
T3ZeT, EmtETS. BRI, TTORRIIEELEhzRRY e
LR L, BSOS 5 —FH OEDMEIH > TV 2 HEICRBEREEZ TV
AT 5.

9, t HHO 7 L — LIBT3 ROMED LA (X #) Br%E o7 (t)
EEEL, BETPET 4 VXN TFBL LS D% hata]"(t) L ERT
% (K24 (a). 22T, T={1, ..., T} e LCEZRXNBHMA > F v 7 2
DEEDEZ 6N, T 3RRINOEZTHY, ELWHEE (Thbb, 17
47) OBEIRATEREINS.

T ={t1t €T gs (275() = 275(1)) < Tunwesn}- (2.1)

2T, e EIMUERIEOBIE, g, ZEOREDEHNZ R > T30 Y
ShEHETZHDOEERE [ OWERRTHETHD, EEOBAE +1,
EROBEE —1 2B, Kc, SUEES T2 3 KA TS 4 > Hifll % Eh
LCHUED Z MRS 2 ETEL, t BHDO 7 L—aicB 3 2l a i Z
AR 251 ERT B, ( BED T L— AICBU BRI EORIEIE AR
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THELNS.

Zf = . .
Z;%(t)  (otherwise)

2.4 DP ZRWEXaERZ RN [1]

B4 1%, Kolesnikov 51 & % DP & H W72 X ERZLEL [1] 12V,
ST ENEE MR T 2. %0 OREFIREZ, 2D ZAVMIRO X5#RFiT
PEEME LTV, HBEFETIREBOMEY] 2 (¢) ISEAT 5. AT
X, REFEZIORCHEHBL, RmXOMEMEZIAMEICT 572012, LD
MR EITNTS % Kolesnikov & OFEZHHICHHT 5. £, fHEDOLD,
ARECIEGRIICHET 2R FEABT 5. mFlORSREELLE, MUTo
2ODMBEDESL L TERINSD -
min-e¢ B8 JELEREDGHDVE/NMNIR B K511, GRAoNTHMnE M 0%
ARR TS 2 R Y min-#MRE: ELERED G X NI RRFFAHF Ay
ZHREZ VRN DORRTET, ZAMTIELT 2HETDH 5.

7, min-e FIERZHT 2. B¢, 2200 2(¢) O 2 JOTHEIIC BT 3 1551 b
LT, BEoMBERIE Pur = {p(1),....p(T)} = {(1,2(1)),..., (T, 2(T))}
CHERT L. mEBEEBORRAD t, BHOI7 L —LTHRDZ T 2L, 2T
R P 1w, = {p(tm1 + 1), ..., p(tm)} DD EEE m BHORDICE
T5. MR, ROOMNIBHDTIL—LnblhE 2, DFED tg=0THD,

BED (M BEHD) M2 T HEHO 7L —LTHEDS, 2D ty =T TH
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0.2

o1 . e S,
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Number of frames

(a) TCO RARMLERY] & BBV (MA) (iERS

6.5
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Right interpolated
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5. HHMTOMATEXD ORI TERALNS.
Z(t;a,b) = at + b. (2.3)

ZZT, abl3FhrznifnoEz e i Tthh, R/ h_FEICLS m BEH
DT DI LERZE X, KRDBEH TH 5.

tm

(tmet1,tm) =min Y (2(t;a,b) — 2(1))%. (2.4)
W 1
T DRER, M RDOMEITET 2 BEAEZDR/ME E(M) ZRD L 512745,

M

E(M) = ?11? e*(tm—1,tm)- (2.5)
tm
m=1

CORFELIREZ AL 7212, DP 703V X4 [108) Wb, Z T,
BERR 72 2D IRBEZEM Q = {(t,m) |t =0,...,T, m=0,..., M} ZEFEL,
BIRBE (t,m) 1%, t ZEHD 7L — L FTD 2D #H|D X5 HEZL L 03557
WoFnbb, Pu={pQ),...,p()} & m KOS THEF. =2 TDP O
HATIE, RE (T, M) a2 — iR e Al Eh, KEE (0,0) 3HIHIIRETH
52 LIHERT S, 51T, WIHIREE (0,0) 206 32— VIREE (T, M) £ TOFF
B, BRIV — B AT v 2Q ={(tm,m) | m=0,..., M} O
DEBEETID, M RO X 2 XTFIGELIOD 5 23 2 (K
2.5).

oM, R (24) 2l TRERKEEZ DL ICRDINTHS. 20
7ziz, REE (t,m) 1B 2 BEEE D(t,m), bbb, WMARTOARE m
2 K B ER R Py ORBERDFIGIELUC K > THZ 5N 2 m/PDiREZ ER
5. UHPRETORBRES D(0,0) =0 & LTI L 1%, #iRRE I
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L CHRINZRD XS ICEHT 3.

t°(t,m) = aflgeféi)n{D(t’, m—1)+e*(t', 1)}, (2.6)
D(t,m) = D(t5(t,m),m — 1) + e*(t*(t,m), t), (2.7)

Z 2T, t5(t,m) IXREDIREE TORMERE D(t,m) Z i3 2HTDIREE
DRRIDA T v 7 A TH B, F72TH) 1t FHD 7 L — L IEBATRELRH]
DREBOR DA > 7 v 7 ZDEETH Y, BT T(t) ={t' |/ <t} LER
XND. EHNCTE D I—IVIREE (T, M) 1CEE L 72858120, BIRINC t5(t, m)
TAY 7 b7y 7 UTREREERD 2. HIZIX, m BEHORD t, DKT 7
L — LADRBEBN G Z biz e &, BIOREBITHEMIC ¢, = t5(t, m) LEH
N5,

ZKiZ, min-#BEICONWTHBR S, ZORBEIZRD T DR KEETAHE
A ZRT 2720, KX (26) TRIKEA Ty 7 R0RE T 2 T(t) =
{t' |t <t,e(t,t) < Apa} EVIFRAEZIELTEIOCERLET. RIZ, K
HBDOTL—LDRE {(T,m) |m=1,...} ZFEEL, FHIIRE (0,0) 2 5FE
Lo 2E/ME M* 2Rk 2. EBIKE, (T,m)=—1Vm 28k, B
2 P BETRVERD OEEES M = {m | D(T,m) # -1} ZREL, #/Mi
M*= minm ZRKDH 2 TEHTZ. I—WIRE (T, M*) 15 5 7id,

meM
min-e FREDGE & R ICRBEEE IS S5 5.
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»
wn

—8— Foot position

E
. 4 —a— Line segment end point :nmnﬂdm
g S —— Approximated line patt
x 3
g 2.5 e
° 2
O
815
__é) g | 000 peeooTooeeeees
=
5 0.5
8 0 =coooo
0 The number of point 101
(a) BN ERFIOEBIX7ER GRER OEBIR R, TR RS O
18 =—Index of line segment end points
e
Q
€
o1}
b
[
£
s 9 . .
g .
= . :
= -
Q -
=
= - o
0=
0 The number of point 101

(b) IRAEZER] Q ToOREFER (RIUMA @ #R7T D)

2.5 XLl Bl

2.5 DP IC& 2HEHHIGE XTHRASEM
251 HITAPORELBROES

REQEHETHRNIED, L0 XSGR E o4 O B 56 E R 22
WHNICERGEH T2 &, 43 L SHNRMUHERDE LN WEEDLD %
Bz, EEORTHKHISERMESEZ 2). 22T, £ADEOMOEHEN
RAHEER & (REE T % 72912, MHEICHR S Iz XML EUCHER 3 5.
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% 2.1 BT OIREER

B HROAAA Je R DR

$1 i VAl

sy | MM (JefTi) | SZRE (TRAT)

s3 VA il il

sq | MM (A7) | SZRE (St T)

2.6 BITIREDOER.

LD EEINCIE, K21 TRT XD, BHTAPIHLTLODORES =
{s1,892,83, 84} ZIERL, HIIK2.6I1TRT KO, FAMHRIKEER H =
{(s1— 82), (82— 83),(83 = 84), (84— 51)} ZEZXB. ZL T, ERETITE
LORZNZAMIICIREB E RO Q O 2 TR ZERZ ERL TWED
R LT, $BEFIETIE DP @ 2 RIcEEBUREBZEM %2 Qe = {(t,s) | t =
0,...,T,s € S} LEFTSH. ZLT, KEZEMH Q (¥ 2.7 (b)) THRERLHKZ
RDDDITH L, TERIEIFIREEZEH Qcyae (K2.5 (b)) THRIERERZXKD 2.
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. 6 ———— » Right foot Right foot estimated line
€ O o Left foot Left foot estimated line
g AADAD A A R
é 5 aoaas oééiziAAA X
= OooOoogiooooooo
8_ 4 A o
= AAAAAAQAAAAAA
8’ C)o‘Dooooé(‘)oooooo
© 3 A A
L
2
1 50
The number of frame
(a) MHEFIFI = X HREE SO RH]
K K
[ 4
Fdl sr S
! K K
s, s S S
SLlC s K K
© (\ S s
Fale K K
1 50

The number of frame

(b) RAEZERNI BT 2 RIEERS Qcycle
2.7 REFIRC X BB ERGEROBER. SRICBNT, ¥ 7 YidERE, ¥r7iE

JEREFRT. (b) BT, Keep (K) 3HEFERS, Switch (S) 12U B BHEET

252 (MBKEFEOX DRSS

TEFR DX RRIGERITIE, Rt 352 ZEB L T\ o 72203,
X Y EERELO DI HFI 2N A 5. BRI, EER o E IXERET
BRBEIL, VHMETRERFNCEHETZ2 22 THD, ZoMEE2HEHIT2 L5
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2.2 REBERICE T M7 DRI D X DS

REER | ke R

(s1 — s2) | Switch | Keep

(sg = s3) | Keep | Switch

(s3 — s4) | Keep | Switch

(s4 — s1) | Switch | Keep

R TR ZEET 5 !

2(tia,b) = ’ (stance phase) - (2.8)

at + b (swing phase)
F 7z, B R —ERER S RETD D, VHHEIEE > THh 5
IR (BRI VD) ClIED R E 2 2 L 3B R I VWD, RHOK
IINEEE RS & IR 2 Atpin £ Atmax & LTEAL, BRTIREEROD

HiPH 2 PR 2 7= DITHHT 5.

253 REOHR TIDEZ

o, HEROVMHIZ=2>0KE (GRIE 50, s3, 54, LLEBIE 54, 51, 52)
WZH7z o THE DT L, WEHIAEIER 2.1 TRLZ LS 1 20RE (R
s1, R s3) P TRIHEING. Wl CHOSHEEZ 1 RO TEMT 2
DEHNTH 5720, £22TEeDX5C, LHHENDIREERLTIE 1
RO ML (ZNEHERHER L LX), ZRIAE & I O B 0B Tl
HLVERSICYID B2 2 (ZhEY D BIER LR,
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DI % DP OMHAZ - 7= X #IL LU I X E 2 7= 012, BIDIK
BE (t',h(s)) 2 HHAEDIREE (t,5) ITEBT 2 L ZDMIT U TIIDDOREZR
NS DD B (Z 2T h(s) ZBAEDIRRE s 725 h(s) = (s — 1) mod 4
ELTERSINSATDRENDEGRBEKTDH 2). HlZIX, KEREDHTDIREE
(¢, 53) D> HHAEDIKEE (t,54) BB LI RELIGS,  FREHO 7L —A4T
37 <, IRBE sy OFGARF (1P HEHO 7L —20 23 2) BER R 27D, P F
HOZ7L—22 t ZBEHDO 7 L — LD O E TIEDIRE e, (1) 7P TI,
SVEDBEICIHRE o TW A OERZ R IZWV. ThzERT 5L, EHdh
TR ETUTDRAE e, (¢, 1, s0) 1, T, 2. (1P, t) ZEIHEL, ¢ HFEOD 7
L=t t' BEHD 7 L — LB DD Y TIIDFEE e, (tP,1) ZIMZ 5.

Z DR, RERAPREBORRA > 7 v 7 R t5(t,s) 7213 TR L, B
BRSO H RO A > 7y 7 X th(t,5) DRLBET 2R0EDDHB. OFD, FE
FEDIER A > 7y 7 2 #h(t,5) 1%, T DBBHHERER THIUL, RBRATR
RRIZHES -

t2(t°(t, ), h(s)) ((h(s)—s) € H™P)

th(t,s) = : (2.9)
t (otherwise)

Z Z T, ’Hl}eep X, B f OHFERDOEAT, {tablename2.2 TERINS.

BRI, RSN Y TIIDFGE e4(t',t, ) ZRD XS IWTEHRAGETH 5.

er(t' t,s) = eF(th(t, s), ) — e}(th(t, s),t"). (2.10)
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25.4 BIREEH

22T, DP OFEfAa% VT, HEHRA E RS L o FIR I E S %
FRT 5. BRI, BERATREDRE A V7 y 2 2 t5(t,5) & BREEGE
Dyt ) BRD &5 12H#HT 3.

ﬁ(ts)::am%?n?zz:{Dfﬁﬂfﬂs»—+é§@ﬂtwﬂ} (2.11)
t'eT (t,s ¥
Dy(t,s) = Dy(t*(t, ), h(s)) + E2(t°(t, 5)., 1, 5), (2.12)

ZIZT, T(ts)={t'| t5°(t) <t/ <t & (¢, t,5) < Ayt VI IFEZ D 5 BHE

IREEDKEA > T v 7 ZDEETH D, () & t(t) IR TEREINS.
(1) = max(t — Atpax, 0) (2.13)

T-1 (t=1T)
t(t) = : (2.14)
max(t — Atmpin, 0) (otherwise)
BB, Alpin & Atpax 1, ETHIALZZ X512, ZRZEIRED R/ NEHEI
[ & RBERE 2R T, 25612, WK TORERAZ Ds(0,5) =0 Vs
ELTHIILE NG ZWTIEET 5. BT Lo, REAMKImEDINER
IR IRET 5.

s* = arg minz D(T,s). (2.15)
5 feF

Kz, FERORESRIBELOBE L AIC, FFESHTV2BEORERE
£5(t,5) DIFRIA ¥ F v 7 RTHESVT Ay 7 F 59 7 2170, REEBE R

5.
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26 ZwvhkrFVYMER
26.1 FKEELTOOFEAIT Y DN

WMETHERZZES1Z, 7y b TV Y VBHORIIDO R T v X, KRFEH
tooxhzy PHETHS. 20D, T A RGB LSy Y
MHFE (109 Z HWTy YEGEMB L, BEEOTy D RERZHIIT
% (K28 (a)). X2, RGB EH{%D = v DHEZ HEEEGREZED T v O H

RICEHBL, Fx v VEHBOEREICE SN THREERICER LDy ¥

BHRZREZTHILT, 3D Ly YRAHZE2 (K28 (b). 20k, JKFH
[#5%5(1), 0, 2(1)]" LORDAIEZFD t HBHD 7 L — 4T 3D D %5 ROI
Z X7OUt) = {[z,y, 2] | |v — 275(1)] < Az, y| < Ay, |z — 2 (1) < Az} &
L, EBRIIZ Az =20cm, Ay=3cm, Az=20cm & L7-.

KT, HER RS E 1cm?/pixel DR FHBE{E LT, &2 0 HED
ROIXFOUt) WD 3D D F Ly Y2 RET L. N X=RNFA—-K a %
w=1—ec 2L, ZOHMZ [0,1] T2V 7  MAEZHNT, =v I5EE
[T 2BEEL 0w 2RETS. (1,)) BHOEETOOELET v D DEE
fli% Ivoe(i,j) £ LTHUS L, HBEREZHES vy 7 AT =) v 72 fio TF
=L AcaP R

(i, j) = max (I%(p,q)e VP HU-0%) (2.16)

(P,9)ENG,j)
T IT, N & (i, ) OO RSEFHER, 5 1ZHMEREE % HIET 234 5 —
TA—=RTH5.
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(a) = v ILEZRT B (b) 3D v ¥Rt

2.8 DOFhOTy Ui, (a) TR, EZEABHZVIEY Ty SOLENE. (b)

T, 7V e~vEBUEABENETNEEEDOERDT y VR ERL TV,

26.2 FBAETILEHTIEIOHICEL S BEREDBHETE

SEWAL U AR EE g [ (SRR T AR Y TCEDH BT, 7y F Y
FONEBEEREEHET L. TIT, a & bFZFhZFhEME EHOYX7DE
X, (ig, jo) FEHOHLL, 0 ZR#OERATH D, HBHETVIEE DDRF
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X =& 0 ={a,b, iy, jo,0} TERTE, ZTOHERIXRDES1TKS.

f(i,7;0) = {(j — Jo) cos 0 + (i — io)sin9}2
i {(j — ; =) COSQ}Z—1=0. (2.17)

KIZ, WRITRXA—=& 0 DHHICET 2HEELES M0) 2EAL, BEOMZ &K
KIETBZLICEIDERERNTXA—R O* KD 5.

0" = arg max Z I°%(4, 5). (2.18)
(4,5)eM(0)

2.7 BT

AHEITE, IBEFELHW 4 DOBTREEZHEN L, EHToOREHE
Z179.

BiRIST#IBFRY (Single support duration; SSD) [s]

SSD &%, EREEDLOORMPVMEICH D, b5 —I70RIENHEICH S
RO Z e TH 2. BERMICIE, ERDIKEE 51 &G EDIREE s3 ORkFERFET
»Hz (F21rX26).

MIRISIAIESR (Double support duration; DSD) [s]

DSD k&, Wi@E» M H 2R Z e THh 5. BRI, £AE55
DORDFNIH TWBHEEE, ZNEN sy Fhld sy &% (R2.1 LK 2.6).
DF%&A (Toe angle; TA) [deg]

TAWZ, 7Yy bV RMIZED XDIGEREINMBHDORIETHS. TA X

AT AT A3 0 [deg] &5, T/, TADBHGTHDEGEIZIEL
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Positive // Negative

(a) DEIM (b) A7 v TR

2.9 7y F VY ERBERDIZERMPIFIT T X —&

h, ZoHDHEFELRS (K29 (a).
257w 7&K (Step length; SL) [m]

SL X, BATHMNCKREINCERE S 2 £6 DOV HIMHETY Cidd s h-FEHE
FILORIHEOERZETH 5. (K29 (b)).

2.8 EER
281 vy bhT7vF

KBS E 10 N (BHES A, L2 N) o7 —XENEL. ESNE
WIEEBGE DI T 2 BT B o7z, 512, WNBTITN T 2 ARFED
AtE a3 270, GRMEEEZEML, GO SSD 2R < L, Wi
NSO FEEG1E 5D, DFZIMINTAIET 2 X5 BB ZFHIL 7.

BRED 72512, RGBD 1 X Z (Microsoft Kinect v2) & L > X (SPACECOM



B2 AHERRIN S BIREETE 2 W XL IS & 2 T EI e 7 v + 7Y > M ERHI39

Kinect

v

6m 2m

(a) FEEREBOE (EHHRD

Name) X emer

Kinect

em 2m

(b) FERFE (RIS
X 2.10 SEEHE.

3.5 mm) f% RGB & >#% (PointGrey Flea3 FL3-U3-13E4C) 3 &% 6m @
BRSBTS LICREE L7z, RGBD I X Z T L7z 1,920 HZEY 4 XD RGB
Hif§ Y 512 HZEY 4 XDEEERIX, 30fps TIRE L, EFEDOANT—X
¥ L7. —F4, RGBtryH#Tix 1,280 X 1,024 ¥~7 LD RGB Hi{§% 60fps
TP L. 3BDRGB VD55 1 AESHITHROMAIGIC, BbD2H%
RIICEE L7z,

5 DA X5 DG & M » O FeEk 2 FE et L, SSD & DSD
DEMEZEHFE L. —7F, TA L SLIZOoWTIE, KHICRBEEINEHIRX 5%
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(a) JUHE{G (b) ¥v V7L —a YFEADHEIG

2.11 RHITHRBEL 7= RGB 4 TiRE L - Hfk.

HOWTEEZRD . 207D, O EG (M2.11 (a) Z L ¥ XELM
EERETI T AZHERHOTEF YV 7L —> a VEIg (K211 (b)) 1TZ
L, BAEFLVEFETEHICY TEHTTA ¥ SLOEHEERDE. Fr
TL—>aryDrk®, 50cm BETHWY—A—%2B &L, REZ 57 4 LT
HOEBIRE L lem? /B 7 2 IZEE L.

HE X NIRRT E & REOSTREE L oMo Ptz z, G
DEZFZNFNICOWTEIMMHi L. XV F~v—2 2 LT, Latorre HER L 7=
Kinect THH U7z Bfi ¥ — KR4 > MERICEO S TIE [63] ZERH L. £
Latorre 5% TA ZH#E T 2 HIELZREL TWirWd, TA ZFRVWTHERIZ
MERITHME L 7. IRBFIEL RV F~v— 7 FIEOMEINE RO I,
XIED B 2% D t MEZ Wz, BREKEX, SRBICBWTH% & L.
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% 2.3 TR OHEERE

BITRY SSD (s) DSD (s) TA (deg) SL (cm)
Bt FiE H 7 H Vi3 &l Vi H I
| e 0.04 (0.04) | 0.03 (0.02) | 0.03 (0.02) | 0.04 (0.02) | 4.6 (2.1) | 5.5 (2.1) | 0.03 (0.01) | 0.02 (0.01)
s Latorre &®F% [63] | 0.04 (0.03) | 0.04 (0.03) | 0.04 (0.03) | 0.04 (0.02) 0.02 (0.01) | 0.02 (0.02)
B | $RRFIL 0.04 (0.03)1 | 0.05 (0.03) | 0.04 (0.02)f | 0.04 (0.03) | 5.7 (4.0) | 3.3 (2.5) | 0.03 (0.01){ | 0.03 (0.01)f
(0.06) (0.05)

FrRRE | Latorre &OFi% [63] | 0.10 (0.05) | 0.05 0.08 (0.05) | 0.06 (0.05 0.07 (0.08) | 0.04 (0.03)

7y ANFERH O TR L R RE 2R T

T METREOYEDRY F 7 — 7 FHEOBE L D HEFHNCHRITN S VW L 2RT.

290 R

EF BT & BT R T Z e e onT, GeF 502 (G 26 %, /£ 24

), 1612 (G814, £80%) OoF—X=IEL, FHhlL7:.

SF

£ 23 WCHITHMBOWMEREL T DS, /2, EEAATIX—XIZOWV
T, SL O#EEFRZIFZRA 0.03 m, £H721X 0.0l m TH D, TA OHEEIEEZ
G T 4.6 deg, £RBT5.5deg TH-o7z. SSD, DSD, SLIiZDOWVTIX, 8%
FEERVF =7 FHEL OMICERERIZ R o T2,

—7, FRRESIT ORI RS X — ZICB LT, RRFEROMTEE IR
KT005sTHD, EE21F00ls THot. £/, WEHITH 2 A
W, BEFEREINVF—27FHEEID S SSD & DSD 23 0.06 s & 0.04 s
INE TP o Tz, 2B T A — R LTIE, RETIED SL OfEEEAZRAT
0.03m ThhH, BEFEEIRNVF~—F7FELDD SLHEER 0.04 m /ML
L7z. TA o1, GM0IT 5.7 deg, £MIT 3.3 deg TH-72. SSD, DSD &
HICHBERDOFRAZINR Y F 2= FEID B ERIT/NE o7, SLIZIEME
A, BREHIE bicRyFv = FEID S HERICHEENNS Do T2,
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210 EZE

E7, EEST R RESTOHREREDEVIIOWTERT 5. EH
#$17Cl, SSD, DSD, SLIZBWT, EFEReNVF~v—F7 FEOMICH
BREH WL o7. LHL, WMBEHERTCE, REFHEEIRYF~—
JZFFEID BERICREN N L, KR FERIo SSD, DSD, SLIiZBWT
BEETH o7, ZhUE, Kinect 2 HWTHE SN EEHERINN, @BEHITIC
FEEAELTD, EHWEDD 2 FROZEBIIEE Lol &R
b5, UKL T, EEHT—XebEE LRWRERFER, ERICHVWE
FRRESATE BTk A R XA TOBITIC K HE T 2 AREND D 5.

Sui 51 [110], IMU ZHWAKRHF S X —X DHEEZRREL, v —F
ZRHWEE—YavFry FF v ICXAMEER L OBRAEZIWE L TS, Z D
Rk, EMIRARENE 12.9 ms, SZHIREREIE 10.3 ms OFRZETH o7z, KAFELD
bEWEELIRE XN TV, HoOFRIBEZFDOAEMNRE L%Y
RN—ZADFETH 572, FEPVEFITH L TRROBEZHERF T2 2 L I3# L
WeEZILHN5.

Zeni & [111]1&, ~—FI—FHVWEE—YaryF ¥ IF v 7T —XEHWT,
ML v R IVBRTREDBEEMD X 4 2 v 7 O FREID X 4 3 ¥ 7R HEE
THRHEEREL, RRKNEHTFT -2 2AWEFIERL OREEZHRE L. S0
HE, BEETHEMAEPREEERUEE 1A Tho72. BEETIX, E
By o F kBt 24 I 0 2B VT, FEHEEEE Ground reaction force
(GRF) OMHSEICEIT2 1 7L —4 (16.7 ms) INTH - 72, BETII,
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GRF OMHEHRED 2 7L — L LA (334 ms) TH Y, HEEFENERL 1.
EH O VLEIFEE MR 2 HEE L T Wiz, IREFIEOMER e DLtk
SREETH -7, LarL, BETH> THHEEBEZHERAEER AT, LT
BEORDPENTVEEEZS.

%72, Kinect @ X 9 it > Y2 HW 255, BEL L RO FEREEHE
DTH D7D, —INZ TA OHEEIZREETH 55, IERXFEIEZ 3D OO
Ty YRZRETAINMHATID ANS Z T, BBXZ 5 deg DFEEZEK
L7z, BEELE—RANC 5 deg OHEECREEAREZETHIT 5720, Zd TA
DHEEREIIEHTH 2 &R 5 [112].

2.11 /Mg

AWETIE, 1 BD RGBD %2 AW LWHITMESEEE 7 v b
TV Y MEREERRR L. AREZ IR L M TRIE OIS 217 - 7285812,
REFECTEERFELID B, MEAIL ORI - 22RIF 5 X — X OHEER
203, PERFIEID BBAITNS VIR ko, FREBESTZNRE L5
A, BPCUbILEoZD, B2HEZS & LTHHIEICT oD D AT
HT DI 2005, BREDHRVBE LN S, ERDIL—INLR—ZXAFIET
&, BRERIRZHRD K2 5 & UL TRBRILEGER, @AIBDEE# L Tuv 2 1K58
WZHrrb o3, MERIR O THIOIREER ZHE L TL ¥ 5B DH
3. FlRBh~la7er ke AV SEEEEFIETIE, A6 —XI2IRE
BERPLINZEEET X2 CFBHLTWED, ibikEo%kb, B
DIHNT R WD &, 3o THMIR I MNDOER ZHEL TLE 5
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3D 5. BEFETIE, MTHOELGROEMD 2 WIFEEIOIREE IO W
T, HEMCHPZ 5 X REBBEFLVEEAT ST, FiloEE g
RE 5. FEAROIRD M LK ZE S 2855, BEIRD B L OKRBE#D
RTHETD, BB L Tov 2 FITIREBOERE S, [ELWHTEHO
MHEHET 2 Z L HAEETH 2. 2000, REFEEZ, FFEEED LS
TRIRIT DRFZERIN 72T X =R Z2HEET 572012, BT X LT
HBEEZOND.

— I TREBFRZBZWL O2OFEPERZINT VS, F£31E, HITAHEDE
TNAITYZXLLZOWTTHS. FH, BEROIRD H LHER—ETH 5 L RE
L, 1RO ZHWTIRD i UAMHZERIL 72, BEIC X o Ti&, FIEAG
MHTOFhZI&ET o4, —EOHETHEAKZIRD HERVWIGEEDLD
5. 20%E, K212 0 (RERD BERFIANOELHERD X 512, &7
5P EMORTTBEN Z 48 2 RN LT 1 KOS TEME T2 Z 21Tk
3. ZDEIBIEBNTHRIET 2 & 512, WL D OR Tl Z LT %
FORXTNITYV XL ZWRT Z2TENPEZONS. L LRL—XITMOIR
bt UASATREZRAERNC 3 LT A DR TREME WS Z ks e, R
HRZERT G TIEDIT X VIR - T, WA & 37 AR 0 B s oD HEE R 72 731
KT 2BNMND 5. 7=, Hatamzadeh 5I13H%GHIZE L L TR E RS % #h
BOEMLS 2 FEEZHRE L TW5 [113]. #51%, CHEAZER, SEHE 3 X
DRY IR TERT 2 HIEERELTWE D, BEA—EDOBETRD HX
BRWEGEZEEL TRV, RICNY = HFROXE 2 LTINS 258
THoTh, WRETET ZHIESIEZ 2 2 2T, SHlfHSOERZER O]
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&
N
1=
o
HO ,
1 Right foot CoG
X Left foot CoG
| Right approximated line
Left approximated line J
0 L 1 A
0 1 2 6 7

R (s)

212 —EDHRETHBHIEZIR D R 7R WAER D X 7RI URGR

RFEDEMIET 2 2, SHHEPHEAT S 2RI hs. RBEFIET
1%, AR BN KRS OHR D UEEICR S 3 1 ADKRS T
5T, VHNRMMESEREZRD Z L BATRERTFIEICRo TV S tE
b5,

iz, 7y b7V Y MRE7Z ALY X220 TIE, FRICHDAAZE AYID
Ty LRWEDI, A=y VOERZMZ 208D H 5. ZDD
SBIIIRFOEMICEANR FROFHET y DRHFEOWRBEINRETDH 3.

F7z, BV ORELE, I o0HHckoTT vy MY Y ORI
BENENT 5. T/, BRGNS 28Y) 4% HHI#EFH Ol L ETH 5.
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Mo EZUE L BIToMS X7 L3 L, HIRBETOIGHEEZ &
HTWVL.
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E3E

RGBD >4 %&

B35 < AR EEDNT > REEN
SHES 25 L

IEEOBRDEOFER D Ok, BYEFAEY, REE, i, BMEFsEDT
W5, ERFIC X BB 7-10% BETH D, F1MNOBEHEYD 4
SO 1RBEQCEIGTHS [114]. —J7T, WMEEAIX, NMEIPIDEL &2 FHEE
BOE2MTHY, ZOFTHHEENETHLENEL & 5 1Ck2 FREEED
IR oTW5 [115]. 2O Zeh b, AEHIXEZNZIERICKR 50
LETh, BOAECKEL R TERRBEELFIERITIL0TH0 5.

MZE P REIEZ R OZ L DAL DB L Z 83 WiiNT v AEEREEH
L [85], Bk&xZZHEAIGEEEREIIOM NS 2 8T [86], ®ifY R 723K
5. HRAMOBEWBRITHES OBRIL, MAPREBERZEDO U ALY T— 3

B
NIZBWTHEMDO BED—DOTH 3720, HITREL NSV AKEEFEE DT H
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DEEFEELTV P HLTH .

N v ARKBEFEAMIC X, Berg Balance Scale (BBS) [116] % Dynamic Gait
Index [117] 72 ¥ OFHEFEPIRE I N TWS. DGl T, HITHICHEZLH,
BEAAEE, s, FEVE X7 OICHNRBTRAOPHE I NS, KR
B O S SEB O HIEIRE /1 OFHEICARS L OR[ReEDS H 5. —J5C, (EREMED
MERINTWH DI, REBELREMRDFMMLGEDATHS. KRR
BELEMRTH->TH, MAHEI X > TEIREEMEEEL T2 TH S
PREINTWD., TREEYRZ VL, #EEOEVEENE T -

1

DU ) R 7 E 2B Z W, BIRBHGTERERT 2 L ToORELZ>TW»
%. BBS OMEHEEIZEN I TOEEF ZHIIHERENTED, Sl
PR B IR DNT  ARERE 2R o I BE DN T Y RRE R %
TeDIZIR ATV [118-120]. 7=72L, BBS ZiHli3 2 7=012i%, U
BV T —a YOEMIRGEK BB EE S 5 FMRPFTHEZ1T 5 Z & SES
HTHsZ X DGl £ b DR [121,122]. ZOMME, HPMRARRICE
DWEEDOBIR y, BEKEFFEORK TR T 27-0TH 5. L7z
I3 15 — 20 T ORI ETH D, FHlinRE/R BE R Z O FE MBI K
MEICHIR X NG, 2D, EERBRIZICBWTIX, YA72412K% BBS 22
7 iHiio BEEAEEN TV S,

BBS % HEFHIS 2 £ & LT, ZAELONEE Y > 5 % Fn/-Fik & Rk
LUV EZEOAIX T HAWEFEIETONS. IEEL 2 HWIEE

LT, Shahzad DTk [123] TX, VY E2EEIRICES LZIRET, A

1|

V27 BEND 2 XN =20 E (Timed-Up and Go test, Alternate
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Step test, Five Times Sit-to-Stand test) ZFHHIT 2 [124,125]. X & IZHI#E
FEIEER D & U7 R E 2 Fv, Lasso BIFE TV [126] 12X % BBS X2
THEZIToTWA. £/ Simila 1%, #ESHE LKA EE S OBEEEE
WHRE o 2g L, BITatll2Efis 5 Z e TBBS Ra72#ET 5
FEZERLTWS [127]. S EIHEEER o/ L, k=3 @ k Nearest
Neighbor (kNN) 7#Z@EH L, &7 —XICRHBELUL = 3 NOSMNED
BBS Xa7 DOV EEZH#E BBS Ra 7 LTHAOLTWS., L2ALEDS
Shahzad & DFETIE, HITICMAT, XV EERANT VRBENEZLEL TS
BROEFEZHT 20BN D 270, BEHARELNREZEDRES N
5. FLNHEEL I EHWEFROEBEOREL LT, 2KRINZEEIEED
FRIREENMEDOHBRMEOMEND 5.

—7, ARXZZHVWEFETE, FEoEEEROFREENEOHHMN
D% A FEETH 5. Masalha 5%, 2 5® RGBD # X 7 (Kinect) % A
WFERREL TS [128]. 51X BBS @ 14 HO#EICOWVWT, 71—
L Z e ICHEI R OB, BRER O, SAESioME, MED,» S0
HEioms, BEROIMEER COREEZMEL, X477+ LA MIX
Zanlds [129] ZHWT BBS Ra7Z2#E T 5. 72 L ZOFETIE BBS @
SHEIFEOFHILETDH 57-0, FHORHOEMEIZEL LRV, £ 2
BORGBD # X 7D% ¥ V) 7L — a YOER, MEMHICKHEZEI < Z
L 23 U WERIRIG T OERICIGE X 2. Johnson 5%, =D @ B HEENEH
#Z 180D RGBD # X7 (Kinect) TEHHIT 2 Z &T, ERAFERRT BBS
2a7z#ELTWS [130]. 20— T, BAEHREE, HTHE Z2H%G
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LTWAREFIZE>TEBEZITET2Ze25, UNEYT—2a yO—RIZIE
BENRNWI BBV, ZDRD, RRDIY ALY FT— a3y LTIAER
FENEFFREDHH%Z, BBS #ED7=DICHIETORERHZ e n b, [
REUZC B 2303 EOHETIFEFE L R0,

FRIRBIGIC BT 2B E 2 5 &, #HEEEOEME LT, BMTH%T
N5, BHRD@ED, T2 RRESFHE & RIS TRE ) OF Ml X EE & ST
WEZens, RFMBEEEZEDO U ALY 77— a 0% I THEEFEN S
NTW3. F72, IKZEE A FREEE OSITRROIEFE L N T > ZBEICIX
BR2H 2 Z e RSN TED, £/ BBS LB TRBUCHBEE R H 2 Z &
HIMEINTWS [131,132]. 2D7®, HITEBFEOR T 2N T L L
T, BBSRa7 2 BEHETZ 2[R DD, F, ZhADEFT L,
REUGORR MO THEE L.

Z TR T, RARBRG TOREHICET 2, RGBD X7 Z2HW
HATRHANC & 2 BBS 0 HERHli> 2 7 22K T 5. AFFZOERE, DR
DIRIFEDLNS.

SITIRGERTIC & B 3h%EM 7% BBS 514

BATIMRIEATIC X 2 BBS #iEZA[REICT A 22 kD, YN U F—>ay
2175 L TRBERBEIERY - FHiZ@E LT, RN T Y REENRIHET 3
ZENAREY B, Fin, EBEAML VI ERAWEIERTIEL R R, Uy
EHEOFMPRNZ e s, ¥R T LAFHROMERRRZHIRT X 5.
NEIEM S HITIRROBIREMIC K 2R26 5

FRIRIS TlE, NT Y RREHDTIITIEEIE L TR WERE] ) R 27 D Eo Fjkk
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BREF TN T 2HMTEHMEEZITS 22 23H D, 20 X5 BGEEIX, NMEEHNE
BEOI TRAF2REN D 5. BEFETE, MHE L BENEEL TV
ATH, BEERE T2 22T, BEOSHITEMNT 5. Z4huckD, I
JENBEBICH LU TAS AT L2 HHAT 22T 5.
RARRIZOMEEZER LI X T A

NT ¥ ARENFHl OFERIGEIE, T L TFEOEMNEORAICE > TH
D, ARG TOEREZER LS AT LD N=F V7 by =7 OBFIIT
biiTwihr oz, A, AMREOAN—F Y 2 7HRE L GUI 2F X 7=
Y7 b7 REEL, BRBG TR G VIS 2T A2 L.

3.1 EAEHRRE

ARWFFETIE, BITHEIRITIC L 2 35 ZBENFHEIZ BN LTW3 Z &
5, BESE L LT, SITMURIRNTIC & 2 BE2A 2207 - S-SR o HEE 1B
T AT 5.

Rocha & [133] % Ospina & [134] i%, Kinect 253 2 B IE®RE HW
T, N=F VY VIREEDODPHITRE OB 21T o TW\Wb. F7 Ospina 513,
REBEZHCTEREE L S —F VY VRBEZEL, BWiZXIET 251
ZRELTWVWS., = TLEEOIRD ORZFZIR0HE, EGoMmtizy, k
LB 2R A LTEB Y, BADBHNE T35 2 2GF
S EOHEISHT 2 2 L. 7 Lu 5%, FE¥EXR—20F
EEHAWT, =%y ViREEDEIROETEDOFMICH W S 4% Unified

Parkinson’ s Disease Rating Scale OZTICBE S 2 % 7' X a 7 O E Al % 12
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ZLTW3 [135]. 51k, MREDHITHUGRD & 3D OBEIGEHRRYI % B
L, Zhe A1 LTLERDOY 7R a7z 15 2B THRIOEAAA= 2 —
TNy NI =T DEFEIT->TWS., 72 LHEIRDT D 4 BFE (normal,
slight, moderate, severe) OFBITEHEIEE L B> TED, VNV FT—2a v
BWTHERBEEOFMRZMEFMMET 2 Z 23 TERWV. ¥/ Liao 51
IEH EKBERERRFE IS OWT, A OXNIMESRIEH 2 & F7- 1 2 DrEfE, Eorm
72 ¥ OB TIRE ORI R BRI IC & - THIE L, BT S BB RO
HAHET M ZIEEL TV [136). 2L ERRDA—F > Y VRERED
WSS & FAk, [EERE ORI 2 b & FEEC© = 2 5 Tid e,
F7z, BT K 2EFEREICIZ T, FRHCERMFEZITS —HEHE (572
TIVRRY) OMTEBIET 28T, RAKREREE & oEEM % FH7 L 72
DA XN TWS [9,137,138]. X5, ZOXIKRTFT 27 LR Z7HORM
B 5, BRI FRKIFEREREMITEIE T % Mini-Mental State Examination A
a7 ZHEE T B HUM [139] R EERRAIE B & S IS 3 B T [140] 28
REINTWVS., HOOFETIETRBUCZ, SHEMED EERL R HE
YLTHOWTED, NF Y REEHOHEEICEBEISH S 2 2 e A% L.
FhAVR T TBIEDEIE Y UC, FITIREE [141,142]) <, KHBIEHR [143]
DOHEEFM b ME XN TV B, 727 URINREBOHEE I, HEAEFRICBIT 3
BATRHAL, & 2 WIEES o LB TRHT — 2 0B e e . E
FRIEHROHEE B LTI, Ay MDD ) = Ny 7R ICHER
EH— LR TERLRY. TOXCVWTROHETDH, 77— XINERE

MBS O RfmICR M 2 8 & U, RWFED HIYT & 2 51l o R e 1258 &
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9NN

32 BRMEREONS Y REENTHES 27 L
321 YAFLBE

F3, ARATLDN—FY = 7R EFHREICOWTHAT 5. Tk
N— Ry 7, EHEKE Xy FRSEIALT 4 AT 48 RGBD #X5TH5
Kinect v2 £ Y% THREIN, ZhoZFr XRX—(FExUa iR TsL
T, EICBEITE2L51CLTWVW3. £127 4 A7 LA EAHR 7 —LTY
IVREEZINTED, 2—F2PFELHVAKICERERRETH S (K3.1).
MRy LTIk, ST EEBOMBEZAERICT 2720, BHRFHTHRICI B
F—Hh—Ry bEREEHL, TOKEICAS 2T L %2HEBT 5.

iz, FHKORHN (K3.2) 25l - fRFRHOT 7Y r—2 a VHH
(4 3.3) Zflho2#HT 5. 77V 7 — a VHliE (X 3.3 (a) THREWHR
Z AJ1L, Kinect THRMUSRZIRY Lk, NREFOSITHGE LT 2
Y, MBS LGRS D BITOEMFICE T T HEICRTLELZ 4TV, BBS X
a7 DEREIFREINS (K3.3 (b). HITREET— KT, BHEDOED
Kinect @1EMH 2m MANZED K &, HEIRICEREZ 24 T3 5. ZOK, EDf
ERHICIE, Kinect 25 HEME T 2 B8 0 RS OMEHRZFIH T 3.
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(a) MEELE : DF v 22H7TY, @Xv

(b) EmEE : @AM, @Kinect v2 &
FTF4RT LA,

>, OUERT 4 AT V4T — 4.

X 3.1 Ml RT 2DHME]

3.22 @i

FEATALEE DO MG 2 X721 g. B U 7o 1 s ER s {5 & A ) PR 5 % A
WTERESRIZED vy MliE 21T S [105]. >z v AN FEEEER
22 &N O B KB OE RS B R OMIERIIZHEUG L, ZhzhsiTh
O SR OBENCRE T 2R, HMTAEDENC X 2 S TREE O
#175. AJIRGB Ef§2 513y %M [109] L, AJIFEEEE{G & 8T
FAWg Z e TERKEEALUC KD 3D Oy VEBRRGT 5. X5120%k
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BEBHAT] |«

I Bt
ATRIER —

No
TR ?
Yes
BIALIE ER BIALERER

F AT 5T (A 51) (R5FY &H)

e T R PR

1
BBSA 7’
s
|

i SRR

No

X 3.2 A>2AT7 AHHAROTHN

JEIFE DB D A% R FHICRE T2 22T, DEEOWMALIIEL, DFkD
il - ZRZHAL TR Ty TRLDEMLREORHME LML T 5. BRI
NSO ORHMEEHWT BBS 2a 7 0#EERTTS.

vy MHHELSORTLEE, Yasukawa 5ODFIE [144] ZFEE L TV 5.
HL, [ERFETE, BECIZMBZHRE LTW\Wiekd, MBIEIMES S
BIEAHTE R o 7. BREE T, BITLNAR T TIERVESE EX
REFTI2HEC, BEICHERT2DNMEICL 2R DEFERTHAHATE 2
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RS2 EID

(a) FHAIAA GULER : DF— & & FL—YREFRR, @QBE ID AL, @
IR R 2 >, @ONMREERMANRER & >, OREE— FERR
&>, @G - IR 2y, OREEGT LY 2 — i, @S AT AR
7 — X AFOREHE, QFRBEFERRE Y, QAT LRTREY.

@ (moomsn) (4)

0.01 (m)

(T3 %)

1.14 (m/s)
(H08(5/%)

0.75 / 0.72 (m)
HFEORE(E/ %))

6.0 / 4.0 (F)

891502

INSVADATPOMERE (88S)

(b) $EHFTA GUI I : DBBS 227 %5, @BIEET, @7 v b
7V ke ORISR, OFTHMERT, OBBERREELKT KLY,

3.3 FHMli 27 4 GUI



TS 27 ABT

A

P2

Bp
HE

7 VA

N

BE DN

J

%

f

Feo e

-
—

RGBD +t ¥ % W7 A T

HI3E

.= vsad

it

u]

(X 20t OFaMy L4 V'€ K]

EELL %
BE L% AEE T E
%—» G/w) =E \ S < . i
[ BT
S E o] 15 £ I 2
| |
- -

3 7 |

o

) I

% L}

) )

T
VE - B

HEEC
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% — LIlH+E
HEPE LY

Y HEHEEER
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CEHEFELL, 20D EELNIPE (RFDH) oy bRl
ZMZ 7.

PATHOEEIV X7 2EHTE RO EDIBMEL LT, BHOERIIZ
MES2%5E BARSED) cfFciiEs 258 WARSED) o2 %&M4%
MELZ. Zok, ASF)BIECEZEOMEMCAEL, SIS o
BEOANEDLDIZBRWbDE L.

AN 2 FDNFTAUCH TUITE 20 24T 27012, A2y M
WO T — 2 ORFERAEZH W, BT RSD OBEIR, AVOAERM GRS
BATITIENC IR % 7 DFERET — X DIEMERAD KR E {85, —/TTHTRSFD
DEEE, ANVOAEBIRDMT AN LD 5 7= D BERE T — X OIFHERZE DN
{725, LMo TREFETE, A\Wrzy MEEOERET — & OFER
ZDEMEL D S RZFFIUIETTRSTD, DTSRI RSO LRk L, &
IR C TN 2 A L 7.

& 1: BARTOHDIFS

ANTF =212, \erzy rEBAOERT—&22HW5. #iTORED
PHRET — X ERTT DRSO BOWRT — 203 & A 7 T AR ZVRT 52 Lh
5, T —2 o2 2774 (K35 (b)) LT, KEO (AL [145] %
WHL, \orxy PEBzEigicoms 2 (M35 (). 51T, #ikz
nzEho N> vy b0 2 XoTEg LoBEMIEZFE L, a0 EE R
ZRD 5.

& 2: AIFRTFODIBE

AN TF—=2120%, Ny b oKFESEOREGE (x FEEOE) 2 H S
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5. BECHESFDEPIELGICHERNZ D6, o BEOENRE LT F AR Z VK
TH5Zeho, NIy MEBO x FEEOEICE T2 X T AITXTL
T, FAHEBODEVEZ KD 5. 2L, AMEEREETIE, TEROZE L
M [146]) BALNZ Z L 2EBT Z2DNEND 5. SR LR X, MR
B, THZ BROAMINCKE IR EIL AR S, AiAAIRD H3 R E4E
T. ZOX5REGE, ETOHEET, ELGOEEE DT A ENELS
DEZDND. FDD, Ly MEEZ Fine MNaOhRTHEIL, 20
BRIWZOWT v FEIEDEICE T2 2 24 (3.6 (b)) LT, K
O_fEbEEH L, SERELEGICHMT 2. BRI, EECHELE R
E FEEOHEEY, ThZhniasEs 28T, EADON LTy e
55 (X3.6(a).

FROFME 1 H2WVIE 2 DWTHr O, BERRINEH T2 Z £ TK
52, EAONYIT ATy FRIIOW, BEOLEDFEMED EBRHFUIT WS
k., BRIREZES LTy RAIE LTI T 3.

3.2.3 f5EHH

Simild 5 IXMEE I 1 BOMEE L >3 &35 L CORMTEIEZFIIL TE
b [127], B —2oDHIA LR A5G DPTHOIEERR, THOLEE
REDOIREICEM L BEWREEIT L Tws eEZ 65, — /T THREFE
T, SERELBFOREITINA T, MEREINTIEE N80 o BT DI
BN T X =&, FKOEFHHEDIRELBNL T W EE DR EZ 2D

T, BBS Ra7D#EETVEMET S, ZOE, BBS 2H#ET 27-H04
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TTRMBEOZ LM EE L, HERIZICT BBS k oM ARG XT38
TR [131,132,147], BIOHREOHEFAROERZ S L ITHHRNHEY
AL, BME~RZ PR L. 9HES 23 HOSERMER A L
TBBS Z2#tE T 2 #HEETNVEMET 2.

Z 2T Yasukawa & DOFiL [144] ZH VTG T — X DOFILHEZITS Z &
T, BRELOMERY, SITAMHDE A O REHE, BRHNZ IR R,
EEIRRD oFRE, IR Ty YU r ot E1TS . hs ofERE
AWT, UTFORZEBBITREEZME S5, 2B, PRIIRTREEH]
~T&, R JERREEICOWT R EhEIE T 5.

BHEE 1. DFkA

FFREEE N, BEE LR U T, RS TR ORBEESAGEL, D FEH
Sz Zeic kb, EHEHETOHE Z 8l 2 1Ml Z W T L £S5 2 &b
WEINTWD [148]. £ 2T, APLEIC X - THith L2 &ET A 7 v b

3000 "
A
2500 | __PNH)
2000 +
L
4_4"5 1500
1000 +
500 | ‘h
0 N I.ll ||JI|‘I||||I““I.l|1|”.
2500 3000 3500 4000
EBEE [mm]
(a) DEEE NIz vz y MHEi (b) HEBEDSERE I DT HER R

3.5 Yz v boBEEEROH R RSED
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TV Py DRHTIEDMEHETVOREMORITAE L OFHEAL L.
8 2: BE—E O HEREE

AR D FRER N o LR R DRI & D, TR DA REBDEFDLDZE
MEDOKE XIIENHEDET 2 Z e BHL IR > TWS [149]. £ 2T,
7w b7U Y b OBHET A OHUDER 2 NI L Tn 2 BEE L L,
RN U - iR O 2 5 O B E © OFRREZETE L.
HE 3: MR

Z L DR MEEFICOWT, ISR oMM R < k2 2 & 23
ST o TBY, WK OIENFMEZ ISR TERTH 2 L TATW
% [150,151]. % 2T, BPLHIC & o THH L2470 & D, i 7 BRI
rHEMT 5.
HE 4: ITHIBSFRT

|
M
150 200 250 300 350 400
xEEAZ [pixel]

Al

0
150 200 250 300 350 400
xEEFZ [pixel]

(b) x EEREOIEN RO MR (LB 1RE, FB T
Fp)
3.6 Soxyv MorBEREROH T RAED

(a) DEES N2 T v bEHS
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A BEICB VT, BBS 2a 7 & iEHIO IR o R X oflici, E
DB D 5 Z e IEIN TV [131,132]. 22T, HHHEEE 20
Ri#% D i BT RIS O R 2 ST IR RS & 3 5.

582 5. BERIEERT

AR D% K 23, IERREMIO & HEATHRER OMERIR KT 2 2 &
DR, o TW5 [152,153]. FThbb, FREEHO BN IR OB ET 5
e EBEWT S [154]. 22T, APLHENC KRBT & D, IR & B
35.

BHEE6: XTYTR

FEEERED BBS 227 0dE L 27 v TROIEKICIE, [EOHBREGR
HHEMEINTVWS [132]. 22T, REMCHERTZEED7 Yy TV ¥
MR L THTIZDBHET VORRR L OEEZ R 7y 7R T 5. KH
SR CEEAH LR KD BRETAHICRDEZBAMR LHGEIE, A7y TR
WFIEDEZ D, HOLEIIZADEE L 5.

E 7 SIE

FIREEE O BBS 2 a7 odE L BROIARICIE, [EOHBIRRLE D % &
WESINTWS [147]. 22T, RENCER TS LEGD 7 v b 7Y ¥ M
LTHTRDMEHE T LONMGR L OMZ5RE 55, EGORVEA
WCRET 3 &5 BMEBRICR 2858, FRZADOHEE L 3.

RYE 8: EMENOKRST

[155] TIX, fEFEH KL T, FWEEE G IHPHoE MEADIRE

BB ENMEEINT VS, 22T, BILEICX > THItE L 2B OAE RSO
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Hifg - ifq « L N OFEREZ, BMEROREZZI LT 5.
HHE 9: BEORBREERE
FMBERFICHITZ2ELBEHEAEZEDR TN IEIZ L OMATHEINTE
b [153,156], BBS {35 ¢ OB E W XA TW3 [131]. AT, &
DBERRE RN DR « it - L RTHRT OVFES X R E 2R E
9 5.

324 BBS ROA7DHEETIL

REFIETIE, BBS 2a 7 OHEFEIT Lasso [HIFE TV E H Wiz, fE 0
ETNTI, FEROSRBEDEANS, BBS DR a 7235 LR E
RS2 Z e TE, BRIMCHERIMTORT V. FLEERIFET LO—
DO Lasso HIFE T T, FELHM SN ZFRRERREDOHRED 01272 2 HE
HY, KOS WHEEET V2 E T 5 Z e B EN 5.

BATRHEOE N BBS 2a 7 Ol 7 — 2% N, FI~X27 M LOX
T ZE P 235, i ZTHDOT =X DR P AIZOWT, ERITLD AT —)b
EEDYE B, FERITICDOWT Z BHE(LERA L, LS h72RR 2 b
VE T = [ry,...,2p)F € RP 25 %, LASSO HIIFETLVOREANZ M LD
BERTCNCHI T B EABRENATRZ bLE B =[8,...,8,]" eRF 53
¥, BBS 2a 7 OH#EEME §; 1%, U T XS cREh 3.

$7e, WK (EEIRBEROALR Y) #FHIL 7= BBS 227 DR y; &
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32r, BBS 2a7oitEiREZDR/Mee B0/ L — F A4
T LT, BAREAY FAOHEEM B TFO X 5 IcBH S5,

N P
B =arg min > 15— wil2+ A1, (3.2)
B i=1 j=1

ZZT, NIEAHLDRIXZIRE T 2IFADERTHS. \DWKELRBIEY
ERfE2 i E 2. 37205 X =0D5E, [EAHBEO W/ RIEIZ X 517
FHEETFLYE =T 3.

3.3 &
331 T—2I&E

2018 £ 6 A 1 H25 2021 4£ 3 A 31 HE TOMIicBWT, 7—XIN&E%:
KL 72, dREE, EI ALY 7= a VRBEAABL L 2z BE o
N, RBSED B WIEHEMEA RT 10m MLESITATREREE MR Y Lz, /2
BB RE R RERANEFIC K D, IRNE T T BT S nF IR L
oo W, ABIERIE, KBRRKEMAREEZEESR GREEES 29-1, EEZMNES
L005) RUEREAME KNI offiEES (ZNEHS 8 37H) OKREE
THEML, 2 TOMNRE N UCTEHM e NI THRNBZHHL, RSN
NDORBEEEZ. HRe LT, At 128 F0F— X E2INEL /.

RIZEZDOBMEFHRICOWTHHAT 5. R LT —X 128FDN, BHE
HICKRIEBOD o7 52 tF73kRIL L, 76 tFo 7 — X Dt E 27t E L7z, M5l
B 38 £/t 30 %, WRIENE A 36 &/ 32 4, FHIEERIZ 65.5 + 14.9
T, FREDPSDOHEUZ 92.9+227.1 HTH o7z FBH75HAIRRO HSFH 0
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AHIZOWTIE, L S&Z P 128 1 103 4, A RXNF 255 TH o 7.

128 fF (102 %) 1, BHITRHHICL B IEE 5 72, BRARPNBEIT o 72, &
1T D> B3R U 72 7 — ST R D BRIV L, 5RO @ 94 1 (75 %) & f#tT
WCHWz, 20557 =287 -2 2RELEH T 11 4T, 2N,
TR, 1D 3, 28341, 1HD 54T, 2D 64 ZIELT
1tE 3o TH o 7.

XREZFITIE, 10m O ERFITH 2 #0mI2ERE L 72 Kinect 125> T, i
BRIEETHL KSR L. 2Ok, MEEEEDEEIIFED D, BHT
BREOHBITHBIEOHEH RO ko7, BEffir 72 BBS 2a 7k, 7
AR %2 520 T AR BRAE R 6 AR DL E o BERE LRI L, 2 TEHATE & o MR
Aif%EH —1.6 6.8 HTH o 7. I L= BBS 2 a7 OFHHE & FEERFZEZ,
4478 +£8.46 R TH o 7. BBS Ra 7 Difh & #iat Gz X 3.7 IZF MFKT

NS

3.3.2 RERH/TE

FF, RIED N HFEOF—XIIHLT, TRAMAF—& L8 - BiEH
F—& (N = 1) Rl L, %%« MEEH T — 2120 LTk % R AWGE
(Leave one-sample out; LOSO) 21T\, NA =087 X —&XTH 5 EH|{LIH
DIFREN ZUUE L7z, BARENCIE, SMEEZE LT, #EML BED =
FEDRNE 755 ¥ ZOEANLIEORI A OFEERRD 7. KITHEEH
F—&y RO N ZHWT, EFLOMEREREK B ZEEL, REICT R F—
2% FWTEFLVOHEM, BEOHEEMY BE YL OfzE 28 Lz, ([
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50

M~

M 40

X

(7]

= <
30 5
20 2

n=94

3.7 BBS a7 L #at1EH

BICLT, BOD (N - 1) 9 %ET7 A7 —XIZE D Y TTHHMEiT % 2 & T,
MR R E R L, [RE T OMERHiifERE e LTk - 7. F Ak
WLT, A—RBEDOT —XBHEREICSIEL B OWTHIE ST 2729,
FA—BEDORLZ T —XE¥H e 7 2 M CTRRRIHERH LR WIRGEES L (Leave
one-patient out; LOPO) 12X 25 flizEM L 7z. X HIREBFEDRELE
RS DR ZRRGEE T 2 72012, WERFIE (Simild 5 [127]) OFE) THWT
W3 36 R EZEEARE, 350 RUTZ2EERAEL LT, &EICBT 2HEER
72 % A L 7z

F7z, BARBISB TORHAEDIEREL LT, K 3.212dH %Mk BBS 2
a7 HEER T E T 22, RAFD LR Ve RASFDFED 2y, 2
NEIZOWTEHEL 7.
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3.1 [WGELGERICET 2 HEERE

BT —& 36 R EDF—% 35 FMFOTF—%

(N=94) (N=84) (N=10)
BBS
44.78 + 8.46 46.86 + 5.87 27.30 + 6.55
2ay
HEE AR
4.97 + 4.31 4.19 + 3.39 11.51 + 5.78
(LOSO)
HEE e
5.01 + 4.41 4.22 + 3.41 11.66 + 6.24
(LOPO)

LOSO; Leave one-sample out, LOPO; Leave one-patient out

3.4 FER

LOSO B & f LOPO IZ8J %, BBS 2 a 7H#EE O Hst Figidsiz zh 2z
M, 4974431 fik 501 +4.41 it #o7. £/ BBS 227236 sl b
BXU 3 RUTNOTF—2pMEREZZENZN, LOSO T4.19+3.39 K&
11.51 £5.78 s, LOPO T 4.22 4341 ¥ 11.66 £6.24 siTH o /2. HHRGE
FHIEOMGERER 3.112, BBS 227 OHEEE & BEEOBARR %X 3.8 IZR87.

fEATALEE O T EERRENE, RSFD L &2 v (RIIEOFIE & R 2
515 + 504 frame) T, 47+52s Thotz. FLESFHEH KXY (764 £

465 frame) TlE, FHHE L EAEREIZ 62+ 32s TH o 7.
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50 | . e
B ..“
kA
40 R o A
:o ° ... "
e
i 30
#
201
10 {
o T T T T

0 10 20 30 40 50
=)

(a) Leave one-sample out
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3.8 #EED BBS 2a7 OHffEE L BEEOHAMK. BEOERZ, #HEM=EMEL %
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Wwa.
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3.5.1 BBS X7 DTERE

fERBIgEE LC, Simila 5%, @BHH 19 %, S 20 %, BKiERECHE
IME 72 ¥ OMRERIEBEE 15 BHOBET A B ENR Y LT, BITHOIEE
B ot LREBEZHWT, BHEYV X710 BBS 2270
HEZIToTWD [127). HOHDOFIETIE, VAT LNLO55HHE% k nearest
neighbor (kNN) {ET#E L, kNN ZEHICB 2 A7 —& D 33E65D BBS
2a7 OFHEEHEE BBS 2a7 e LTHALTED, MNIERBES T —
X THE LT NVOMERFEL, HPFRRAED 5.17 £ 3.01 RTHo .
# 3.1 OFERDED, LOSO & LOPO OEBSMHFHTREREZALNT,
WE e DIERFIE X DN R EL R L. 2, FET—XORED
BE1ZIHLTTF—R 1o TWz7z®, LOSO ¥ LOPO DD RE
Mol LABERO—or LTEZ SRS, —4T, Simild & [127] 25H
Wz 36 LY 35 LI RDF — R TlEE I THHE LSS, BETR
10 M EORBEE R LIz, ZOROREFIRIL, 1ERFEL AEOSREIC
SHLUTIE & D ERERHEENATRETH 52— T, 35 ML T OES B D
L e EZ N5,

35.2 ERKRIRGICHITZDEAM

FRIRBUGC BT 2 REBEFIEDOERMEIZONWT, XD 3 DR TERZITD
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o BFREOZE(MKME NS BBS 227 D/NELE L IREFHEOHEE
AR7E DR

o TERTHE L RETIRIT & 2 AHMiF 22 ]

HMRICEL S BBS RATDNFYFICH T B IREFEDHEREDIEE

U DIC, EFARMITET 2 BBS 22 7D ANTY FI2HF 3BT EOHE
ERADRKEZIIOVWTELRT S, Berg 51X, 35 Bz EE Lo 2IHE
THEMK 2 LZHEL, 24 KRNI BBS R a7 ZHaHlis 2 Z & TH
HEMEOEEMEZEE L2 [119]. BBS 2a 72 iconwTHREaEEEEE L
AT ICCIE 098 L EfEZ R L. —/7T, K 3.9 IR LABIERIH LTH
IonlkrfBER2, 15-45 REFHHE NzE (P oREn) TIEEMR
WX BFHEFEROKXA F I v 7L IDILL, 5 R EDED D 2 5EH S 5
TS ebh5b. £ LD HREA, HE2VIEEFHRDOETIE
RAFIv I L YIDBPRNT EDFHAIND.

BBS [3%#RE 0-4 K T2 14 JHH (& 56 &) TaMlis 2729, 15 sk
Wb, FEET 1 AU EORENINREL LS. BBSIZE N5 EDN,
FECLORAE, PARRSZOZERYs, BAHRAZAZEREE, BIAAD LRV —5, fkE RN
£, FMISZALE A7 AR EDZ T 5 THB D, M RIREDARET D
beEZoND. —)TCEVENE, BEEME, BREME BV ETEE IRD
IR DEIE, 360 EFTIAER, BRAEATZD 1 KR 2 REBRRT 2B, TR
SODBRETH S S D LOMMBIDNHIUITTRET D 51 72 & D EBUNIRER A
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3.9 HEGHIEIC X % BBS fHiifERONT Y F
Berg 5 DX & D51 « —#ZE [119]. FHERIR DN Z Y FNREWEHE 2 RIETE

~LUTz.

HENZENTWE7:D, FEHOFRBETRARRDO NI Y INKRELRoT
rEZLNS.
HAROFIANTOEF Ve A SN S 15-45 M OB EEDN, 36 MLl L
TIIRBFEOHEEREIIN 42 HTH D, HEROFHDNZ Y F OHIFHN
THATZ2:EZLNS. —HT 36 MAMOKBAES, 46 S EoE/”
RETE, EMROANIZYFIDBREIARD, BERNAEHESZ LV EE
b5,
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BEREDEHRREINS BBS RATDEIEL B LIREF EOHEREDREE
REFEOMESE L, FHEFREL BT % 2 R/ 2EE (Minimum De-
tectable Change; MDC) [157] £ D HBITEER$ 5. MDC X, KRBT
DF—REEMT 2 OICEERIBEL 20 [157], FREICBT 350k
95 Y S X BN D AT RE 72 i/ N DA 28 (LB 2 R L 72 D DAY MDCy; & L
THWwHN S [158]. KAEFEZZMRE L7z BBS 227 d MDCg; IZDW
T, HAMMHOMAFEETIX 6.9 &, FTHHBEFTIZ6.3 M, ASFDE
TETO6.0 K, MBTHETRI ReMEINTWS [159]. FHIOWIFEICS
MU EEB X OCRSFDHITED MDCy; 12 6.3 Y 6.0 5 THB. —77
TREFEDO MAE 13497 +431 MTH2Z 05, WIHD MDCys &b
b1 REM NI WE LB TE 2. LedioT, BEOELet 3 2558
I E 2, BBS OR/NELEEZ 2 B TIX, REFIRIERNZKHES
ERLTW2EZIO6N5.

RERFE CIRRTFHIC & 3 AR ERR

F 7 fRATALRIC B A IREENC O WT, RSFD LMD RS D E b &8
3 FEE e REICKEREZZR SN o 7. REFIEONERRNL RS
DIEL X TATE52s, ASFDED X TE2+32s TH D, @HD BBS

AMICRAE L 25 15-20 77 & D B RIEICKEHES 2 Z e TE .
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AT LEHFE L. (ERIETIE, RAFDEMFRHRcmETuina e, I
ARHBEFEE MR L Lz BBS 2237 OMEREOBEEN AT TH o722 LI
Mz, BBS OFEHREOGHMICHEEZET 3, REOMEMAPERINTY
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7o, MAGEFLOREZERL, WA ALY 7— a > OEKRBTEH
A[RERR S AT L ERIRR L.

ARIRATLDFEL LT, WELZY Y IV ORY BEFLh 3. BSED
BITL VDL EOBEEMGRE Lc/z®, BBS 2a 72336 il o7 — &4
B2 koTLE 7. SHBROFMEL LT, 35 MM TOT—XEH 10 L
YWD, F—ROBINESR, 713 ) XARBREICE S, KIGSED
HECH LT EZETLOMFENET 6N S, ELSENIKEINEE 14
DEIHOT =X THolT®d, F—RBEOHMNLRT -2 ZIEL, BEK
FHEEZERLIHEET VOB EITOMELH L EZS. flucd, ML
T2 BEDOFMICTOVTH MR T 208D D 5. BRI IENH 1514
FEZE72 ¥ OERBIC X 2R EEER OE W, BITHICHEH T 2 MERED

A T LB EG R R EDECREDETOND.
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REBEFIETIE, BRI 5 BBS 2 a7 ZHEE T 2 HEREH [127) & B,
EAEERHEEDRRETH S Z e 2R L. — AT, BKSAETOHERZEDH
KBHS L0772, RETIE, #HERBER LEDZDDHRICZOWTEE
T5. £3VIDI, TXINEEZHIGET 212D 7D FHAIAHEE L Tz BBS
DIEIGREOHIF &, EERICIE L 727 — & D BBS X2 7 O#HiDEWIZD
WTEET . HiW\WT, 5%D BBS 2a7DERER M EXE 272512,
HEEE T MBI T R EDBITREEICOVW TR 5.

[FHEEAY NV 7 — a v TN EE O EEEIE T, STEIfEN AL
TWVWARWL, WHhw2 HESFD LS EEMNIIANT VAR a7 O % F-ii3
5ZENEETHL. 20D, AWK TIE FLOTATHIICEDE, AAFD
BITLVEEDO R a 7#HHZEE L. s, EEHY A NL Y 57— 3
YIRBRIZABE L T W W3 DA i F LR 41 40 BBS 22 7 & T
BEO BRI OEEZHHE L, BERBITENHIKO S v A4 7ED 45.5 K
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4.1 BBS Ra7hlo 7 — 244
TERAZE TIRE SN TV AT D BT LNV ORHREZ RO T, EkOME X b K5

RTESF DT TH o LB REZROERTRT.

THBHIEMELTWS [160]. ZDKE, HILLLEED BBS OG0
50.14+4.1 g, RSFD LAULEED BBS O 582 36.3+68 miThH o7z, &
=k 5%, EEHI Y ALY F— g RIS AR L T MEEdi i pRe
# 35 4D BBS 2 a7 e HTEIEO BRI OBEZ A L, BANSITHEIH
Mo b A TED AT0 R THZ Z e 2 WEL TV [161]. ZOKE, HiZL
~OLHED BBS O EA 54.2 4 2.9 5, RSFD LLEED BBS OFE1F 5
2338.6 £10.9 M THo7=. MU Ers, BBS 2a7 30 sin s 45 AOEMH»B
BLEZORSFD LAV EHE LTV, —J7 TR TRSE D B TH A RE &
BOT—XZDWN, BBS 2a7230 RUTDTF—2E 6 HFTHo7% (K4.1).
FD7®, [ERZEL D BENR a7 TH RF O HBTOAREERBEZED T — X0
INExN, BEXID D BBS 2a 7 MRV EZEPINRICEEN TV,

BBS 227 30 MRIMOEEFDHRERL L, REL ZDDRHIBIL X
7.
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o [IZE - HEENDFHH

o HATBHIAR DZES - EHB DR

KRG TR T — 2 DWW, FEE@E D IR D BMTAIRET H o L BE DB EZ N
422, BEXIVERRTRSFDBITARETH - L BEDODRZN 4.3, 44 12
RS LUNTIE, REOBZFOSREGRZHRL, BEdED ORFRETRSTD
BITHRECTH o - HEF (BBS X2 7 30~45 /) &, BEXDEKELTS RS
DABATHRRET H o 7 BF (BBS 227 30 FRIif) DEWERT. 51T,
FATMATHIE SN TV B MATEFOSERH S LabYE, 5BROET

JNTBIS 2R EZ BT 5.

4.1 (KEREZ - BEFORFY

EEHEOSITTIX, EEE e T OREIIEE L RZ PO Lk
S HWIANCE . HEEORBERNZ, FIREICE T 2 S EREAHE O JE #h
V=272 Ko TREM T o, D el I ERTRETN I 3V TR R AT B
ES 5 [162]. £z, REOFNIE, WEERRIEEOBICHEMANIC NS > 2
FRCEBNT 2 £ ST 3 [163].

IZE Tl — AN AR I B 0 U, RS D a1 DR R (R )
OHlRZMHES. b DEFR, BITEIHITH L T OERNENLZE
7oL, AMBEBITICE W TN EE L REIZ R L TW5s 2 g,

TTIRWL DO TGN 1T 5T\ 2 [151,164].
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(a) HHFE, BBS=37 i, LEOIRD 2IKREL, KEEXOTHIICHERLTWS.

EiEiE BOFELHM gt EOFEERM EiEHE

(b) ZER R, BBS=41 &, QRO PKEL, K@BEFNTH 3.
4.2 fEkEU#E (BBS 227 30~45 &) TOREAEEZOHEOH. Kz REETK

HORMZEEINIRL, AROEMEHEHLLTWS.

Van Criekinge 51%, 2016 4 12 H £ TOMEEHL 1099 RO 16 4 % fi %
L, MZarpfg b RRELERE DT OIREES « EB ORI O W T AR Z BN
TW3 [165]. 5T & % & iMZs R A BRI AREF D [T 1A - AR Rt
DREVWSREZET 2SN TWVWS.
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AiEREM =D F STt T iE R EEiek $ivt: 30 h R

(a) HRFE, BBS=18 i, fA EEAEEIL, ERDHRD 2VhE W, (Kpps G2l THTTAANEE L T 5.

AiEEM =D F STkt EEE E=iek vt 371 AR

(b) HFFE, BBS=23 &, ALEAARE ML, EREOIRD RSNV, AR EER 06
FIANEfELTW3.

4.3 fERE#E X D H X5 IEEAE (BBS 227 30 &R OFFEOH (1). KA

TR TR B X UL ERoOEMZEEMIIRL, KBOEREB L EEOEAE 2 HEL

TW3.
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T iE R ESReF vt 30 GEE D E STkt R

(a) BRFRE, BBS=27 &, A LEAEML, LoD 2R s, N A G T EANEIE L TV 5.

T iE R LSRR vt 30 e EDF Seht T IR R

(b) ZEFrkEE, BBS=28 i, LD EKEVDS, EVZMINAERIKE SAHEB LTV S.

RERM

G0 SRk

(c) A} R, BBS=27 f, £ FHE S 25 LIFons, RO HLICHEEZELTWS.
X 4.4 HERFEMEX D X 5 1KFAE (BBS 227 30 sk DHEDE (2). KAz

TS LU ERORMZEREINRL, AEOER B L ERoMiifEEZHTELL
TW3.
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B 4.2 ORI TRT L 51T, TEREREORELE TR LRI ESL L
TWADIN L, PEREAEZ MOl 26 TIEMEAADHEE BRI S (K
43 (b), 4.4 (b). %7, BRFIZEL THET 2 &, MEHTIRALICKBOIE
ROMEIDEL TVDEDITX L, $BE TIERGMEANAREIMER L TnWs 2
Ehbrd. FREBET, GIHEIE D AN TRE KX 72 & 5
WKBIRINS Z o, REFEORIRIERSGT R OEEEEN2A T T\ b L
Hlxnz., ZHUIETHRAOBMENE L AEOSTREABEN TV L L EZ S
. LkdoT, HPIOMELD ERELRDEZD BBS Ra7 2H#HEILD
720, BATHOKBOFIE - AT ER - FEAEIERZRBEICR S EE X
HD.

KERDRBHEEICE L T, A7V b R—AFFEOFHEINRENTE
b, B AW TREBEEZMIE T2 Z e lETH2EZONS.
Z13 Clark 51%, Kinect vl & ~—H~X— 2D 3D-MoCap ¥ A7 A% HAWT,
) —FEER AL B R Y DANS > 27 X b RFEIL. Kinect TaHI
U7 REER A BN D D, RBREBOFINCERTH 2 b M5 L
TW53 [166]. %7z, Tamura 5%, FHIBITHFE LTI MLy FIABHTHD
PREMER A FE % Kinect v2 TRHAIL, “FHITOHATH O IRER o B IETf I
EHTH5ZZRLTWVS [167).

42 FERED - EEOFFEL

D

N\

EESITHhO B 7 X >t 082 0t L 25E T, 12 Frigo 513,
IEEBITICEB T 3 EIR RSO IOV THot L, BOREEME LB & &
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DREIDAE ZFRNT, TSN IT X TOSEEIHOALIIAITHICS ELD
INEWZEEMELTWS [168]. 1Z2icd, EEOEEDEHESITICEIT 2
NT v AHMERE [169] R BARE OB ENHIE [170) ITELD 2 EAVREIN TV .

fbzE i v R T O I OB BN AT IE D 7008, Carmo & OFET
%, RS R O L BIATEE % 3D Mo-cap THHZELTW3 [171].
& e L, FREEE T, RIRENCB T 2 8B & MBEE o rEis o
B, BLXUSITHA 7 2kz@m L CNEEP RIS 2 2 LR TH 5 &
WELTWVA.

X 4.2 HOFFRTRT & 512, ERFEHED KR 3 CILIMBEEI o I BEE o i
AEI N L, FEEERPHIRICIRN TV 2R FIBEINS. ZAUIKL
THERESE R TE 5 72F Tl EREAEE L, ERESEROIRD 27N E W2 2 H3E
"EIh3 (X4.3,44 (a). T, WRIIZELTEET S L, HiETIE K
PEHHIRITIRA TN S DI L, % Tl AARRE N By R O[T e il
fRFE S, FRRROFIBROIRII/NE NI ebhrd. LizhioT, &
7o EEOm#IRD oK&E X, NoRMAEIERZRBEICRZ L EZ S
ns.

FEOZRBHEEIX, ATV R—AFEOFGHESRTTIIREINTED,
FFOEME AW CRHREEZMIET 2 e paffETh e EX LN S. filx
X Huber 5%, Kinect vl EfERX M7 v H—, T=F XX —Z2HVWTL
RO EIHZFHHI L, Fi%EE T OMEAEFHOEEESENI L 2RE L
T\W53 [172]. %7z Schlagenhauf &%, B FEHES) ¥ VAHEENC BT
Kinect v2 & Vicon OaHAKERZ IR L, Kinect 23 B OZE) - EH#) 2 51
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THE2DITRARBELZR>TWAZ e E2WMEL TS [173].

4.3 HITRWRKDES - EFORH

EHEOBE, HITRIARICE 2 B A3 0125847 U TREHIERID A3 <
EEINTED, BEEZNRE LEMALRZ L LINTWDS [174,175]. 1T
BEARTC, BEFLRGERELONMNE L ZFMME% T NEMXE 2 2 LT,
W TR OKEE T2 e T HHEEAH LS T T2 e WEINTL
% [176,177).

2 IZDWT, Hessel H1&, FEMER D & B A H 3 58 30N R & 20
IEAE <, BAHTRIOBARBELMEOR X 3R oNR- 7208, HIKE DL
BONME - SO E L DBEFIORLIZE LTS [178]. E72FER D 5
AR TIHAE, BRELIEL ZOEH X IMBEEE LA TH - 2l
HLTWS., IBICKAESE, MERID & A THE I TEET & SOl
o3 e THRELEBESE, WEAITRZROE LI T2 e mEL
TWw3 [179].

L), BATRIAR OB X 2R e LTE 5T, SSRGS D Sl
R TR ET o270, EHORMEBET 2 DIRELI LT TH o
7z. —HT, MEROBBRAEOELELD HEBHTH > LEBEHICTOVTE, §F
R EAR R 2 TEENRASRYIN T L E W, 24— X TEETE RS
HARSN (K44 (c). ZDXIRIFBETE, KRHEIANDFIKELBE
LRI ORED S £LATRT, RBEENIEZ 2 R TRIEMICHIKE
DB ZT5HTRR N, Lzdio T, RWFED & 5 REFSHITIRETD
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W 21T 22T, KEBABOEEZD BBS X a 7 #iEICH WS EE 2
HAJREE ZE X 5N 5.
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FJEEEE X DOFHUEAMANEL T2 HAL. 205 2T, ZiffilgT N4 X 1
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2 Z 2 BT, REFEIERZOKEZER L. 720k BBS #F
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T2 5, REAEREEIIIRTROLE - EH), Mo MAE - AlEE,
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AREFFECIE, BEMEE GO EEN 2R BT IR 2 O 72 i RRERR AR T O AT R i
ZIRRL, ThzeRX—R b U TEBEDMAETERFFEEE DN T o ZFRREHEE
SRAFAEBFELE. RSO BITLOVY O EZE DR, BFIR TR
BRPIANZTY LT VFEBIIH LT, BEFEIEMNZHBEEZELTVWSZ
EERALT BT, HENRFHMOERICEMM L7z, £42U2 kb —H
DR ZAFR R FRE B ST 2 N T o ZBERERTHI & BRI C b ERT RE
Bh, KRR TLERWIZUAE Y 7= a YN ADRREADTEH R X

ns.



87

S B

XTI, 2016 250 5 ER O RHB BB X CHRARIFRYHZD 3
EMZEDLE R SEMICHRD, FOEEESEIRFIZAI TEZ L OEERFY
DI E TR T 2B ZHREZ X o 72, 18EH B O/ UKBEREERIZD
FDREHHL BT ET. FERICRE T2 ZHRIILDCTIHITZZ b, A
BT 72 e EopT e R TVET. AMZHIPL S TXVELE. %
7RIS EH B TH 2 EFEAERICIE, KRR ZICERS LR, BREER O
5% - MSCHEDMED HICH T 2 B2 TIRE R Y, M A R Rk R R —
FETHZELT, AUV S ZTIWVE L. BROBRPHFENEE R WEA
M HDFLED, MFEIZICEMELS 740 —%2 L TWEEWEERITT,
IHOLTHERYEEFEE LF22 e TEELL.

iz, LEY ALY F— a VRO ARERK, BHE—K, FEBRE K,
7% B CICARIZECE D 5 TO R0z HABLKKR S O 5EHE O Bk,
7 — ZWERSPHR Ok, KEBERBREZE TV EE LT
ARYZHOPE S TXVE L.

R, SEOMLEEICHD EHEEHED TL X o7/ URELER, FlfE
EHDTL S o LMFEEIR, I ERIR, RRER—Z0RIE, HHERa X



HITE 88

YERZIFTLHELT, KMXDERZMI TR EDLDNE S TEWVEL

7o RTWIFERRE TR SADTHRERLIHME 2 B E o /KRR EDOHE
DERR, RHCHHPE S TIVELL. T, ZLTHIREAEZ 2 B ITE
LT NTMREDFEAE, ZhoWFEmEI e >k L T RS o MR EME
DERITEH N2 L F T

RRIZ, R ZMYL L LS T2 2R, AINEDLTENZ5 2 TS
NEEFEDLBITLILEHLET.



89

)

[1] Alexander Kolesnikov and Pasi Fréanti. Polygonal approximation of
closed contours. Vol. 2749, pp. 778-785, 06 2003.

[2] Richard Baker. The history of gait analysis before the advent of modern
computers. Gait Posture, Vol. 26, No. 3, pp. 331-342, 2007.

[3] JK Gronley and J Perry. Gait analysis techniques. rancho los amigos
hospital gait laboratory. Physical therapy, Vol. 64, No. 12, p. 1831—
1838, December 1984.

[4] Nicole Abaid, Paolo Cappa, Eduardo Palermo, Maurizio Petrarca, and
Maurizio Porfiri. Gait detection in children with and without hemiple-
gia using single-axis wearable gyroscopes. PLOS ONE, Vol. 8, No. 9,
pp. 1-8, 09 2013.

[5] Benoit Mariani, Hossein Rouhani, Xavier Crevoisier, and Kamiar
Aminian. Quantitative estimation of foot-flat and stance phase of gait
using foot-worn inertial sensors. Gait posture, Vol. 37, , 08 2012.

[6] Richard Baker. Gait analysis methods in rehabilitation. Journal of

neuroengineering and rehabilitation, Vol. 3, No. 1, p. 4, 2006.



35 SCHk 90

7]

8]

[9]

[10]

[11]

[12]

[13]

M. Gabel, R. Gilad-Bachrach, E. Renshaw, and A. Schuster. Full body
gait analysis with kinect. In 2012 Annual International Conference of
the IEEE Engineering in Medicine and Biology Society, pp. 1964-1967,
Aug 2012.

R. Liao, Y. Makihara, D. Muramatsu, I. Mitsugami, Y. Yagi,
K. Yoshiyama, H. Kazui, and M. Takeda. A video-based gait distur-
bance assessment tool for diagnosing idiopathic normal pressure hydro-
cephalus. IEEJ Transactions on Electrical and Electronic Engineering,
Vol. 15, No. 3, pp. 433-441, Feb. 2020.

K. Aoki, T. T. Ngo, I. Mitsugami, F. Okura, M. Niwa, Y. Makihara,
Y. Yagi, and H. Kazui. Early detection of lower mmse scores in elderly
based on dual-task gait. IEFE Access, Vol. 7, pp. 4008540094, 2019.
Paolo Fraccaro, Lorcan Walsh, Julie Doyle, and Dympna O’Sullivan.
Real-world gyroscope-based gait event detection and gait feature ex-
traction. pp. 247-252, 03 2014.

Michael Hanlon and Ross Anderson. Real-time gait event detection
using wearable sensors. Gait posture, Vol. 30, pp. 523-7, 09 2009.

C. Zhou, I. Mitsugami, and Y. Yagi. Detection of elderly gait impair-
ment by patch-gei. [IEEJ Transactions on Electrical and Electronic
Engineering, Vol. 10, No. S1, pp. S69-S76, Apr. 2015.

Paolo Cappa, Juri Taborri, Stefano Rossi, Eduardo Palermo, and Fab-

rizio Patane. A novel hmm distributed classifier for the detection of



Sk 91

[14]

[15]

[16]

[17]

[18]

gait phases by means of a wearable inertial sensor network. Sensors,
Vol. 14, pp. 16212-16234, 09 2014.

Shuhei Kadoya, Naohisa Nagaya, Masashi Konyo, and Satoshi Ta-
dokoro. A precise gait phase detection based on high-frequency vi-
bration on lower limbs. pp. 1852-1857, 05 2014.

Lawrence Cheng and Stephen Hailes. Analysis of wireless inertial sens-
ing for athlete coaching support. pp. 1 — 5, 01 2009.

Tim Exell, Marianne Gittoes, Gareth Irwin, and David Kerwin. Gait
asymmetry: Composite scores for mechanical analyses of sprint run-
ning. Journal of biomechanics, Vol. 45, pp. 1108-11, 01 2012.

Ning Wang, Eliathamby Ambikairajah, Nigel Lovell, and B.G. Celler.
Accelerometry based classification of walking patterns using time-
frequency analysis. Conference proceedings : ... Annual International
Conference of the IEEE Engineering in Medicine and Biology Society.
IEEE Engineering in Medicine and Biology Society. Conference, Vol.
2007, pp. 4899-902, 02 2007.

Andrea Mannini and Angelo Sabatini. Gait phase detection and dis-
crimination between walking-jogging activities using hidden markov
models applied to foot motion data from a gyroscope. Gait posture,
Vol. 36, pp. 657-61, 07 2012.

Yaron Barak, Robert C Wagenaar, and Kenneth G Holt. Gait Char-

acteristics of Elderly People With a History of Falls: A Dynamic Ap-



Sk 92

proach. Physical Therapy, Vol. 86, No. 11, pp. 1501-1510, 11 2006.

[20] Yvette AM Grimbergen, Mirjam J Knol, Bastiaan R Bloem, Berry PH
Kremer, Raymund AC Roos, and Marten Munneke. Falls and gait dis-
turbances in huntington’s disease. Movement disorders: official journal
of the Movement Disorder Society, Vol. 23, No. 7, pp. 970-976, 2008.

[21] Claudiane Fukuchi, Reginaldo Fukuchi, and Marcos Duarte. Effects
of walking speed on gait biomechanics in healthy participants: A sys-
tematic review and meta-analysis. Systematic Reviews, Vol. 8, , 06
2019.

22] IWATET. BISEBIOD A 4 R =2 2, BRERE, Vol 18, No. 3,
pp. 109-114, 2003.

23] David A Winter. Biomechanics and motor control of human movement.
John wiley & sons, 2009.

[24] Stefan Schmid, Marilyn Moffat, and Gregory Gutierrez. Effects of
cooling on ground reaction forces, knee kinematics, and jump height in
drop jumps. Athletic Training Sports Health Care, Vol. 5, , 12 2012.

25] H ERER, VLSRG, HBEIREE. BAREOEMICEIT 2 HENFEDOE
RB X CHEEIFER TR O, Bk EREEFEREE, Vol 19, No. 2,
pp. 1-8, 2019.

26] FE R, H ERER, LRGN, RRJFFTRBYIME O S AKELZ
AT 2HEOERME. NA A X H =X LHEE, Vol. 45, No. 4, pp.

239-244, 2021.



35 SCHk 93

[27]

28]

[30]

[31]

Maria Sjoberg, Ola Eiken, Lena Norrbrand, Hans Berg, and Elena
Gutierrez-Farewik. Lumbar loads and muscle activity during flywheel
and barbell leg exercises. Journal of Strength and Conditioning Re-
search, Vol. Publish Ahead of Print, , 11 2021.

Hylton B Menz, Mark D Latt, Anne Tiedemann, Marcella Mun
San Kwan, and Stephen R Lord. Reliability of the gaitrite@®) walkway
system for the quantification of temporo-spatial parameters of gait in
young and older people. Gait € posture, Vol. 20, No. 1, pp. 20-25,
2004.

Cornelis JT Van Uden and Marcus P Besser. Test-retest reliability
of temporal and spatial gait characteristics measured with an instru-
mented walkway system (gaitrite®)). BMC Musculoskeletal Disorders,
Vol. 5, pp. 1-4, 2004.

V.J.A. Verlinden, J.N. van der Geest, Y.Y. Hoogendam, A. Hofman,
M.M.B. Breteler, and M.A. Tkram. Gait patterns in a community-
dwelling population aged 50 years and older. Gait Posture, Vol. 37,
No. 4, pp. 500-505, 2013.

Feng Lin, Aosen Wang, Yan Zhuang, Machiko R. Tomita, and Wenyao
Xu. Smart insole: A wearable sensor device for unobtrusive gait mon-
itoring in daily life. [FEFE Transactions on Industrial Informatics,

Vol. 12, No. 6, pp. 2281-2291, 2016.

[32] Ibrahim Almuteb, Rui Hua, and Ya Wang. Smart insoles review over



Sk 94

[33]

[34]

[35]

[30]

38]

the last two decade: Applications, potentials, and future. Smart Health,
p. 100301, 2022.

H. Martin Schepers, Edwin H. F. van Asseldonk, Jaap H. Buurke, and
Peter H. Veltink. Ambulatory estimation of center of mass displace-
ment during walking. IEEE Transactions on Biomedical Engineering,
Vol. 56, No. 4, pp. 1189-1195, 2009.

Stephen Preece, Laurence Kenney, Matthew Major, Tilak Dias, Ed-
ward Lay, and Bosco Fernandes. Automatic identification of gait events
using an instrumented sock. Journal of neuroengineering and rehabili-
tation, Vol. 8, p. 32, 05 2011.

Wang Wei Lee, Nitish Thakor, and Haoyong Yu. Gait event detection
through neuromorphic spike sequence learning. p. 899-904, 08 2014.
Chad MacDonald, Darla Smith, Richard Brower, Martine Ceberio, and
Thompson Sarkodie-Gyan. Determination of human gait phase using
fuzzy inference. pp. 661 — 665, 07 2007.

Min Aung, Sibylle Thies, Laurence Kenney, David Howard, Ruud
Selles, Andrew Findlow, and John Goulermas. Automated detection of
instantaneous gait events using time frequency analysis and manifold
embedding. [EEE transactions on neural systems and rehabilitation
engineering : a publication of the IEEE Engineering in Medicine and
Biology Society, Vol. 21, , 01 2013.

Bruce Carse, Barry Meadows, Roy Bowers, and Philip Rowe. Afford-



35 SCHk 95

[40]

[43]

able clinical gait analysis: An assessment of the marker tracking accu-
racy of a new low-cost optical 3d motion analysis system. Physiother-
apy, Vol. 99, No. 4, pp. 347-351, 2013.

Haizhen Luo and Jie Luo. Evaluating the intra-limb coordination dur-
ing gait in hemiplegia. In 2018 IEEE International Conference on
Cyborg and Bionic Systems (CBS), pp. 612-615. IEEE, 2018.

Matt Patterson and Brian Caulfield. A novel approach for assessing gait
using foot mounted accelerometers. In 2011 5th International Confer-
ence on Pervasive Computing Technologies for Healthcare (Pervasive-
Health) and Workshops, pp. 218-221. IEEE, 2011.

Mohamed Boutaayamou, Cédric Schwartz, Julien Stamatakis, Vincent
Denoél, Didier Maquet, Bénédicte Forthomme, Jean-Louis Croisier,
Benoit Macq, Jacques G Verly, Gaétan Garraux, et al. Development
and validation of an accelerometer-based method for quantifying gait
events. Medical engineering & physics, Vol. 37, No. 2, pp. 226-232,
2015.

Andrea Mannini, Vincenzo Genovese, and Angelo Maria Sabatini. On-
line decoding of hidden markov models for gait event detection using
foot-mounted gyroscopes. IEEE journal of biomedical and health in-
formatics, Vol. 18, No. 4, pp. 1122-1130, 2013.

Juri Taborri, Emilia Scalona, Stefano Rossi, Eduardo Palermo, Fabrizio

Patane, and Paolo Cappa. Real-time gait detection based on hidden



35 SCHk 96

[45]

[43]

[49]

markov model: is it possible to avoid training procedure? In 2015
IEEFE international symposium on medical measurements and applica-
tions (MeMeA) proceedings, pp. 141-145. IEEE, 2015.

Thomas Seel, Jorg Raisch, and Thomas Schauer. Imu-based joint angle
measurement for gait analysis. Sensors, Vol. 14, No. 4, pp. 6891-6909,
2014.

Trupti Gujarathi and Kalyani Bhole. Gait analysis using imu sensor.
In 2019 10th International Conference on Computing, Communication
and Networking Technologies (ICCCNT), pp. 1-5. IEEE, 2019.

R.L. Evans and D. Arvind. Detection of gait phases using orient specks
for mobile clinical gait analysis. pp. 149-154, 06 2014.

Xiaoli Meng, Haoyong Yu, and Ming Tham. Gait phase detection
in able-bodied subjects and dementia patients. Conference proceed-
mngs : ... Annual International Conference of the IEEE Engineering
in Medicine and Biology Society. IEEE Engineering in Medicine and
Biology Society. Conference, Vol. 2013, pp. 49074910, 07 2013.
Daniel Benoit, Dan Ramsey, Mario Lamontagne, Lanyi Xu, Per
Wretenberg, and Per Renstrom. Effect of skin movement artefact on
knee kinematics during gait and cutting motions measured in vivo.
Gait posture, Vol. 24, pp. 15264, 11 2006.

Miroslav Bachinski, Antti Oulasvirta, Gregorio Palmas, and Tino

Weinkauf. Is motion capture-based biomechanical simulation valid for



Sk 97

[50]

[51]

[54]

[55]

hci studies? Conference on Human Factors in Computing Systems -
Proceedings, 04 2014.

Angjoo Kanazawa, Jason Y. Zhang, Panna Felsen, and Jitendra Malik.
Learning 3d human dynamics from video. CoRR, Vol. abs/1812.01601,
, 2018.

Muhammed Kocabas, Nikos Athanasiou, and Michael J Black. Vibe:
Video inference for human body pose and shape estimation. In Pro-
ceedings of the IEEE/CVE conference on computer vision and pattern
recognition, pp. 5253-5263, 2020.

Jamie Shotton, Andrew Fitzgibbon, Mat Cook, Toby Sharp, Mark
Finocchio, Richard Moore, Alex Kipman, and Andrew Blake. Real-
time human pose recognition in parts from single depth images. In
CVPR 2011, pp. 1297-1304. Ieee, 2011.

Zhenzhen Weng, Alexander S Gorban, Jingwei Ji, Mahyar Najibi, Yin
Zhou, and Dragomir Anguelov. 3d human keypoints estimation from
point clouds in the wild without human labels. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition,
pp. 1158-1167, 2023.

Mary Roberts, David Mongeon, and Francois Prince. Biomechanical
parameters for gait analysis: a systematic review of healthy human
gait. Physical Therapy and Rehabilitation, Vol. 4, p. 6, 01 2017.

Gisele Francini Devetak, Roberta Castilhos Detanico Bohrer, André



35 SCHk 98

[58]

Luiz Felix Rodacki, and Elisangela Ferretti Manffra. Center of mass in
analysis of dynamic stability during gait following stroke: A systematic
review. Gait Posture, Vol. 72, pp. 154-166, 2019.

Thomas Hellsten, Jonny Karlsson, Muhammed Shamsuzzaman, and
Goran Pulkkis. The potential of computer vision-based marker-less
human motion analysis for rehabilitation. Rehabilitation Process and
Outcome, Vol. 10, p. 11795727211022330, 2021.

Ross A. Clark, Kelly J. Bower, Benjamin F. Mentiplay, Kade Paterson,
and Yong-Hao Pua. Concurrent validity of the microsoft kinect for
assessment of spatiotemporal gait variables. Journal of Biomechanics,
Vol. 46, No. 15, pp. 2722 — 2725, 2013.

Alexandra Pfister, Alexandre M West, Shaw Bronner, and Jack Adam
Noah. Comparative abilities of microsoft kinect and vicon 3d motion
capture for gait analysis. Journal of medical engineering € technology,
Vol. 38, No. 5, pp. 274-280, 2014.

Daphne Geerse, Bert Coolen, Detmar Kolijn, and Melvyn Roerdink.
Validation of foot placement locations from ankle data of a kinect v2
sensor. Sensors, Vol. 17, No. 10, 2017.

Jakub Wagner, Marcin Szymanski, Michalina Blazkiewicz, and
Katarzyna Kaczmarczyk. Methods for spatiotemporal analysis of hu-
man gait based on data from depth sensors. Sensors, Vol. 23, p. 1218,

01 2023.



35 SCHk 99

[61]

[62]

[64]

[65]

Ling-Fung Yeung, Zhenqun Yang, Kenneth Chik-Chi Cheng, Dan Du,
and Raymond Kai-Yu Tong. Effects of camera viewing angles on track-
ing kinematic gait patterns using azure kinect, kinect v2 and orbbec
astra pro v2. Gait Posture, Vol. 87, pp. 19-26, 2021.

Claudia Ferraris, Veronica Cimolin, Luca Vismara, Valerio Votta, Gi-
anluca Amprimo, Riccardo Cremascoli, Manuela Galli, Roberto Ner-
ino, Alessandro Mauro, and Lorenzo Priano. Monitoring of gait param-
eters in post-stroke individuals: A feasibility study using rgb-d sensors.
Sensors, Vol. 21, No. 17, 2021.

Jorge Latorre, Roberto Llorens, Carolina Colomer, and Mariano
Alcaniz. Reliability and comparison of kinect-based methods for es-
timating spatiotemporal gait parameters of healthy and post-stroke
individuals. Journal of Biomechanics, Vol. 72, pp. 268 — 273, 2018.
Gyeongsik Moon, Ju Yong Chang, and Kyoung Mu Lee. V2v-posenet:
Voxel-to-voxel prediction network for accurate 3d hand and human
pose estimation from a single depth map. In Proceedings of the IEEE
conference on computer vision and pattern Recognition, pp. 5079-5088,
2018.

Cunlin Wu, Yang Xiao, Boshen Zhang, Mingyang Zhang, Zhiguo Cao,
and Joey Tianyi Zhou. C3p: Cross-domain pose prior propagation for
weakly supervised 3d human pose estimation. In Furopean Conference

on Computer Vision, pp. 554-571. Springer, 2022.



SEHR 100

[66]

[67]

[68]

[69)

[70]

[71]

[72]

Pengfei Ren, Yuchen Chen, Jiachang Hao, Haifeng Sun, Qi Qi, Jingyu
Wang, and Jianxin Liao. Two heads are better than one: image-point
cloud network for depth-based 3d hand pose estimation. In Proceedings
of the AAAI Conference on Artificial Intelligence, Vol. 37, pp. 2163—
2171, 2023.

Erik Stone and Marjorie Skubic. Evaluation of an inexpensive depth
camera for in-home gait assessment. Journal of Ambient Intelligence
and Smart Environments, Vol. 3, No. 4, pp. 349-361, 2011.

Hozuma Nakajima, Ikuhisa Mitsugami, and Yasushi Yagi. Depth-based
gait feature representation. IPSJ Transactions on Computer Vision
and Applications, Vol. 5, pp. 94-98, 2013.

Edouard Auvinet, Franck Multon, and Jean Meunier. New lower-limb
gait asymmetry indices based on a depth camera. Sensors, Vol. 15,
No. 3, pp. 46054623, 2015.

Steffen Knoop, Stefan Vacek, and Riidiger Dillmann. Sensor fusion
for 3d human body tracking with an articulated 3d body model. In
Proceedings 2006 IEEE International Conference on Robotics and Au-
tomation, 2006. ICRA 2006., pp. 1686-1691. TEEE, 2006.

Youding Zhu, Behzad Dariush, and Kikuo Fujimura. Kinematic self
retargeting: A framework for human pose estimation. Computer vision
and image understanding, Vol. 114, No. 12, pp. 1362-1375, 2010.

Markos Sigalas, Maria Pateraki, lason Oikonomidis, and Panos Traha-



BEST 101

nias. Robust model-based 3d torso pose estimation in rgh-d sequences.
In Proceedings of the IEEE International Conference on Computer Vi-
sion Workshops, pp. 315-322, 2013.

[73] Trong-Nguyen Nguyen, Huu-Hung Huynh, and Jean Meunier. 3d re-
construction with time-of-flight depth camera and multiple mirrors.
IEEE Access, Vol. 6, pp. 38106-38114, 2018.

[74] Trong-Nguyen Nguyen, Huu-Hung Huynh, and Jean Meunier. Mea-
surement of human gait symmetry using body surface normals ex-
tracted from depth maps. Sensors, Vol. 19, No. 4, 2019.

[75] A.F. Bobick and A.Y. Johnson. Gait recognition using static activity-
specific parameters. In Proc. of the 14th IEEE Conference on Computer
Vision and Pattern Recognition, Vol. 1, pp. 423-430, 2001.

[76] Hee-Deok Yang and Seong-Whan Lee. Reconstruction of 3d human
body pose for gait recognition. In David Zhang and Anil K. Jain,
editors, Advances in Biometrics, pp. 619-625, Berlin, Heidelberg, 2005.
Springer Berlin Heidelberg.

[77] G. Ariyanto and M. S. Nixon. Marionette mass-spring model for 3d gait
biometrics. In 2012 5th IAPR International Conference on Biometrics
(ICB), pp. 354-359, March 2012.

[78] S. Sarkar, P. J. Phillips, Z. Liu, I. R. Vega, P. Grother, and K. W.
Bowyer. The humanid gait challenge problem: data sets, performance,

and analysis. [EEFE Transactions on Pattern Analysis and Machine



BEST 102

[79]

[30]

[82]

[34]

Intelligence, Vol. 27, No. 2, pp. 162-177, Feb 2005.

Ju Han and Bir Bhanu. Individual recognition using gait energy im-
age. IEEE Transactions on Pattern Analysis and Machine Intelligence,
Vol. 28, No. 2, pp. 316-322, Feb 2006.

Yasushi Makihara, Ryusuke Sagawa, Yasuhiro Mukaigawa, Tomio
Echigo, and Yasushi Yagi. Gait recognition using a view transfor-
mation model in the frequency domain. In Proc. of the 9th Furopean
Conf. on Computer Vision, Vol. 3, pp. 151-163, Graz, Austria, May
2006.

M. Hu, Y. Wang, Z. Zhang, D. Zhang, and J. J. Little. Incremental
learning for video-based gait recognition with Ibp flow. [IEEFE Trans-
actions on Cybernetics, Vol. 43, No. 1, pp. 77-89, Feb 2013.

Edouard Auvinet, Franck Multon, Carl-Eric Aubin, Jean Meunier, and
Maxime Raison. Detection of gait cycles in treadmill walking using a
kinect. Gait & posture, Vol. 41, No. 2, pp. 722-725, 2015.

E. Auvinet, F. Multon, V. Manning, J. Meunier, and J.P. Cobb. Valid-
ity and sensitivity of the longitudinal asymmetry index to detect gait
asymmetry using microsoft kinect data. Gait Posture, Vol. 51, pp.
162-168, 2017.

Peter F. Lamb and Michael Stockl. On the use of continuous relative

phase: Review of current approaches and outline for a new standard.

Clinical Biomechanics, Vol. 29, No. 5, pp. 484-493, 2014.



BEH 103

[85]

[87]

[38]

[39)

[90]

[91]

[92]

Sarah F Tyson, Marie Hanley, Jay Chillala, Andrea Selley, and Ray-
mond C Tallis. Balance disability after stroke. Physical therapy, Vol. 86,
No. 1, pp. 30-38, 2006.

Glen E. Gresham, Therese E. Fitzpatrick, Philip A. Wolf, Patricia M.
McNamara, William B. Kannel, and Thomas R. Dawber. Residual
disability in survivors of stroke — the framingham study. New England
Journal of Medicine, Vol. 293, No. 19, pp. 954-956, 1975. PMID:
1178004.

Jacquelin Perry and Judith M Burnfield. RV —35470#1 [EHE 1T L
FERT. KH ) (GR), SRR, 35, pp67-71, 2007.

Imed Bouchrika and Mark S. Nixon. Model-based feature extraction
for gait analysis and recognition. pp. 150-160, 03 2007.

Richard Bellman and Bella Kotkin. On the approximation of curves by
line segments using dynamic programming. ii. Technical report, RAND
CORP SANTA MONICA CALIF, 1962.

Richard Bellman and Robert Roth. Curve fitting by segmented straight
lines. Journal of the American Statistical Association, Vol. 64, No. 327,
pp. 1079-1084, 1969.

Theodosios Pavlidis and Steven L Horowitz. Segmentation of plane
curves. [IEFEE transactions on Computers, Vol. 100, No. 8, pp. 860—
870, 1974.

Jan M. Jasiewicz, John H.J. Allum, James W. Middleton, Andrew



SEHR 104

(93]

[97]

Barriskill, Peter Condie, Brendan Purcell, and Raymond Che Tin Li.
Gait event detection using linear accelerometers or angular velocity
transducers in able-bodied and spinal-cord injured individuals. Gait €
Posture, Vol. 24, No. 4, pp. 502 — 509, 2006.

R. W. Selles, M. A. G. Formanoy, J. B. J. Bussmann, P. J. Janssens,
and H. J. Stam. Automated estimation of initial and terminal contact
timing using accelerometers; development and validation in transtibial
amputees and controls. [IEFEE Transactions on Neural Systems and
Rehabilitation Engineering, Vol. 13, No. 1, pp. 81-88, March 2005.

J. A. Blaya and H. Herr. Adaptive control of a variable-impedance
ankle-foot orthosis to assist drop-foot gait. IEEE Transactions on Neu-
ral Systems and Rehabilitation Engineering, Vol. 12, No. 1, pp. 24-31,
March 2004.

Joonbum Bae and Masayoshi Tomizuka. Gait phase analysis based on
a hidden markov model. Mechatronics, Vol. 21, No. 6, pp. 961 — 970,
2011.

Zongyi Liu and S. Sarkar. Improved gait recognition by gait dynamics
normalization. ITEFEE Transactions on Pattern Analysis and Machine
Intelligence, Vol. 28, No. 6, pp. 863-876, June 2006.

Yunqi Tang, Zhuorong Li, Huawei Tian, Jianwei Ding, and Bingxian
Lin. Detecting toe-off events utilizing a vision-based method. FEntropy,

Vol. 21, No. 4, p. 329, 2019.



SEHR 105

98] EBHZ. footprint FHliOER(L & B 7 —F =R & Ok, BFEIENSE,
Vol. 22, pp. 53-58, 2005.

[99] Peter R Cavanagh and Mary M Rodgers. The arch index: a useful
measure from footprints. Journal of btomechanics, Vol. 20, No. 5, pp.
547-551, 1987.

[100] Michael R Hawes, Werner Nachbauer, Daniela Sovak, and Benno M
Nigg. Footprint parameters as a measure of arch height. Foot € ankle,
Vol. 13, No. 1, pp. 22-26, 1992.

[101] Gerard V Zammit, Hylton B Menz, and Shannon E Munteanu. Relia-
bility of the tekscan matscan@®) system for the measurement of plantar
forces and pressures during barefoot level walking in healthy adults.
Journal of foot and ankle research, Vol. 3, pp. 1-9, 2010.

[102] Belinda Bilney, Meg Morris, and Kate Webster. Concurrent related
validity of the gaitrite®) walkway system for quantification of the spa-
tial and temporal parameters of gait. Gait € posture, Vol. 17, No. 1,
pp. 68-74, 2003.

[103] Sung Jung and Mark S. Nixon. Heel strike detection based on hu-
man walking movement for surveillance analysis. Pattern Recognition
Letters, Vol. 34, p. 8957902, 06 2013.

[104] Murray Evans, Steffi Colyer, Darren Cosker, and Aki Salo. Foot contact
timings and step length for sprint training. In 2018 IEEE Winter

Conference on Applications of Computer Vision (WACV), pp. 1652—



SEHR 106

105

106]

107]

108

109)

110]

1660. IEEE, 2018.

Fumio Okura, Saya Ikuma, Yasushi Makihara, Daigo Muramatsu, Ken
Nakada, and Yasushi Yagi. Rgb-d video-based individual identifica-
tion of dairy cows using gait and texture analyses. Computers and
FElectronics in Agriculture, Vol. 165, p. 104944, 2019.

Martin A Fischler and Robert C Bolles. Random sample consensus:
a paradigm for model fitting with applications to image analysis and
automated cartography. Communications of the ACM, Vol. 24, No. 6,
pp. 381-395, 1981.

Rifat Kurban, Florenc Skuka, and Hakki Bozpolat. Plane segmentation
of kinect point clouds using ransac. In The 7th international conference
on information technology, pp. 545-551, 2015.

Juan-Carlos Perez and Enrique Vidal. Optimum polygonal approxi-
mation of digitized curves. Pattern recognition letters, Vol. 15, No. 8,
pp. 743-750, 1994.

P. Dollar and C. L. Zitnick. Fast edge detection using structured
forests. IEFEE Transactions on Pattern Analysis and Machine Intel-
ligence, Vol. 37, No. 8, pp. 1558-1570, Aug 2015.

Jien-De Sui, Wei-Han Chen, Tzyy-Yuang Shiang, and Tian-Sheuan
Chang. Real-time wearable gait phase segmentation for running and
walking. In 2020 IEEE International Symposium on Chircuits and Sys-

tems (ISCAS), pp. 1-5. IEEE, 2020.



SEHR 107

[111] J.A. Zeni, J.G. Richards, and J.S. Higginson. Two simple methods for
determining gait events during treadmill and overground walking using
kinematic data. Gait Posture, Vol. 27, No. 4, pp. 710 — 714, 2008.

[112] Donna C Boone, Stanley P Azen, Chun-Mei Lin, Carol Spence, Carol
Baron, and Lynn Lee. Reliability of goniometric measurements. Phys-
tcal therapy, Vol. 58, No. 11, pp. 1355-1360, 1978.

[113] Mehran Hatamzadeh, Laurent Busé, Frédéric Chorin, Pierre Alliez,
Jean-Dominique Favreau, and Raphael Zory. A kinematic-geometric
model based on ankles’ depth trajectory in frontal plane for gait anal-
ysis using a single rgh-d camera. Journal of Biomechanics, Vol. 145,
p. 111358, 2022.

[114] B4 4. 2019 £ NOBEERGET. EAEI @A, 2019.

115] BAES . 2019 EEEAIEEMTT. BAESHE, 2019.

[116] Katherine Berg, Sharon Wood-Dauphine, JI Williams, and David Gay-
ton. Measuring balance in the elderly: preliminary development of an
instrument. Physiotherapy Canada, Vol. 41, No. 6, pp. 304-311, 1989.

[117] Anne Shumway-Cook and Marjorie H Woollacott. Motor control:
translating research into clinical practice. Lippincott Williams &
Wilkins, 2007.

[118] Katherine O Berg, Sharon L. Wood-Dauphinee, J Ivan Williams, and
Brian Maki. Measuring balance in the elderly: validation of an instru-

ment. Canadian journal of public health= Revue canadienne de sante



BEH 108

119]

[120]

[121]

[122]

123

124]

publique, Vol. 83, pp. S7-11, 1992.

Katherine Berg, Sharon Wood-Dauphinee, and JI Williams. The bal-
ance scale: reliability assessment with elderly residents and patients
with an acute stroke. Scandinavian journal of rehabilitation medicine,
Vol. 27, No. 1, pp. 27-36, 1995.

Lisa Blum and Nicol Korner-Bitensky. Usefulness of the berg balance
scale in stroke rehabilitation: a systematic review. Physical therapy,
Vol. 88, No. 5, pp. 559-566, 2008.

Susan L. Whitney, Janet L Poole, and Sharil Cass. A review of balance
instruments for older adults. The American journal of occupational
therapy : official publication of the American Occupational Therapy
Association, Vol. 52 8, pp. 666-71, 1998.

Dalia Zwick, Alon Rochelle, Amee Choksi, and Joe Domowicz. Evalu-
ation and treatment of balance in the elderly: A review of the efficacy
of the berg balance test and tai chi quan. NeuroRehabilitation, Vol. 15
1, pp. 49-56, 2000.

Ahsan Shahzad, Seunguk Ko, Samgyu Lee, Jeong-A Lee, and Kiseon
Kim. Quantitative assessment of balance impairment for fall-risk esti-
mation using wearable triaxial accelerometer. IEEE Sensors Journal,
Vol. 17, No. 20, pp. 67436751, 2017.

Aner Weiss, Talia Herman, Meir Plotnik, Marina Brozgol, Nir Giladi,

and Jeffrey Hausdorff. An instrumented timed up and go: The added



SEHR 109

[125]

[126]

127]

128]

129]

[130]

value of an accelerometer for identifying fall risk in idiopathic fallers.
Physiological measurement, Vol. 32, pp. 2003—-18, 11 2011.

Anne Tiedemann, Hiroyuki Shimada, Catherine Sherrington, Susan
Murray, and Stephen Lord. The comparative ability of eight functional
mobility tests for predicting falls in community-dwelling older people.
Age and ageing, Vol. 37, pp. 430-5, 08 2008.

Robert Tibshirani. Regression shrinkage and selection via the lasso.
Journal of the Royal Statistical Society: Series B (Methodological),
Vol. 58, No. 1, pp. 267288, 1996.

Heidi Simila, Jani Mantyjarvi, Juho Merilahti, Mikko Lindholm, and
Miikka Ermes. Accelerometry-based berg balance scale score estima-
tion. IEEF journal of biomedical and health informatics, Vol. 18, No. 4,
pp. 1114-1121, 2013.

Alaa Masalha, Nadav Eichler, Shmuel Raz, Adi Toledano-Shubi,
Daphna Niv, Ilan Shimshoni, and Hagit Hel-Or. Predicting fall
probability based on a validated balance scale. In 2020 IEEE/CVF
Conference on Computer Vision and Pattern Recognition Workshops
(CVPRW), pp. 1224-1231, 2020.

Tin Kam Ho. The random subspace method for constructing decision
forests. IEFEE transactions on pattern analysis and machine intelli-
gence, Vol. 20, No. 8, pp. 832-844, 1998.

Liam Johnson, Adam Fry, Behdad Dehbandi, Lawrence Rubin, Michael



BEST 110

[131]

[132]

133

[134]

[135]

Halem, Alexandre Barachant, Anna H. Smeragliuolo, and David Pu-
trino. An automated, electronic assessment tool can accurately classify
older adult postural stability. Journal of Biomechanics, Vol. 93, pp.
6-10, 2019.

Min Cheol Chang, Byung Joo Lee, Na-Young Joo, and Donghwi Park.
The parameters of gait analysis related to ambulatory and balance
functions in hemiplegic stroke patients: a gait analysis study. BMC
neurology, Vol. 21, No. 1, pp. 1-8, 2021.

Michael D Lewek, Claire E Bradley, Clinton J Wutzke, and Steven M
Zinder. The relationship between spatiotemporal gait asymmetry and
balance in individuals with chronic stroke. Journal of applied biome-
chanics, Vol. 30, No. 1, pp. 31-36, 2014.

Ana Rocha, Hugo Choupina, Jose Maria Fernandes, Maria Rosas, Rui
Vaz, and Joao Paulo Cunha. Parkinson’s disease assessment based
on gait analysis using an innovative rgh-d camera system. 2014 36th
Annual International Conference of the IEEE Engineering in Medicine
and Biology Society, EMBC 2014, Vol. 2014, pp. 3126-9, 08 2014.
Beatriz Munoz-Ospina, Jaime Chaparro, Juan Arango, Yor Pino, An-
dres Navarro, and Jorge Orozco. Objective arm swing analysis in early-
stage parkinson’ s disease using an rgb-d camera (kinect@®)). Journal
of Parkinson’s Disease, Vol. 11, pp. 1-1, 03 2020.

Mandy Lu, Kathleen Poston, Adolf Pfefferbaum, Edith V Sullivan,



SEHR 111

136

[137]

[138]

[139)

Li Fei-Fei, Kilian M Pohl, Juan Carlos Niebles, and Ehsan Adeli.
Vision-based estimation of mds-updrs gait scores for assessing parkin-
son’ s disease motor severity. In International Conference on Medical
Image Computing and Computer-Assisted Intervention, pp. 637-647.
Springer, 2020.

Ruochen Liao, Yasushi Makihara, Daigo Muramatsu, Ikuhisa Mitsug-
ami, Yasushi Yagi, Kenji Yoshiyama, Hiroaki Kazui, and Masatoshi
Takeda. A video - based gait disturbance assessment tool for diagnos-
ing idiopathic normal pressure hydrocephalus. [FEJ Transactions on
Electrical and Electronic Engineering, Vol. 15, ; 12 2019.

Gianmaria Mancioppi, Laura Fiorini, Erika Rovini, Radia Zeghari, Au-
riane Gros, Valeria Manera, P. Robert, and Filippo Cavallo. How dom-
inant hand and foot dexterity may reveal dementia onset: A motor and
cognitive dual-task study. Vol. 2020, pp. 5619-5622, 07 2020.

Lillian Boettcher, Murtadha Hssayeni, Amie Rosenfeld, Magdalena
Tolea, James Galvin, and Behnaz Ghoraani. Dual-task gait assessment
and machine learning for early-detection of cognitive decline. Vol. 2020,
pp. 3204-3207, 07 2020.

Taku Matsuura, Kazuhiro Sakashita, Andrey Grushnikov, Fumio
Okura, Ikuhisa Mitsugami, and Yasushi Yagi. Statistical analysis of
dual-task gait characteristics for cognitive score estimation. Scientific

Reports, Vol. 9, , 12 2019.



SEHR 112

[140]

[141]

[142]

[143]

144]

Shugiong Wu, Taku Matsuura, Fumio Okura, Yasushi Makihara,
Chengju Zhou, Kota Aoki, Ikuhisa Mitsugami, and Yasushi Yagi. De-
tecting lower mmse scores in older adults using cross-trial features from
a dual-task with gait and arithmetic. IEEE Access, Vol. 9, pp. 150268—
150282, 2021.

Kota Aoki, Hirofumi Nishikawa, Yasushi Makihara, Daigo Muramatsu,
Noriko Takemura, and Yasushi Yagi. Physical fatigue detection from
gait cycles via a multi-task recurrent neural network. IEFE Access,
Vol. 9, pp. 127565-127575, 2021.

Zahra Sedighi Maman, Mohammad Ali Alamdar Yazdi, Lora A
Cavuoto, and Fadel M Megahed. A data-driven approach to mod-
eling physical fatigue in the workplace using wearable sensors. Applied
ergonomaics, Vol. 65, pp. 515-529, 2017.

Ruochen Liao, Kousuke Moriwaki, Yasushi Makihara, Daigo Mura-
matsu, Noriko Takemura, and Yasushi Yagi. Health indicator estima-
tion by video-based gait analysis. IFICE Transactions on Information
and Systems, Vol. 104, No. 10, pp. 1678-1690, 2021.

Makoto Yasukawa, Yasushi Makihara, Toshinori Hosoi, Masahiro
Kubo, and Yasushi Yagi. Gait phase partitioning and footprint detec-
tion using mutually constrained piecewise linear approximation with
dynamic programming. [FICE Trans. on Information and Systems,

Vol. E104-D, No. 11, pp. 1951-1962, 2021.



BEST 113

[145] KRRz, HAls & /) 2 FRHEEICEDS BB L 2 WEEEE. E1E
HOBE2ARHGE D, Vol. 63, No. 4, pp. 349-356, 1980.

[146] MD Jacquelin Perry. Gait analysis: normal and pathological function.
New Jersey: SLACK, 2010.

[147] Byung Joo Lee, Na-Young Joo, Sung Hyun Kim, Chung Reen Kim,
Dongseok Yang, and Donghwi Park. Evaluation of balance functions
using temporo-spatial gait analysis parameters in patients with brain
lesions. Scientific reports, Vol. 11, No. 1, pp. 1-7, 2021.

[148] Ta~-Shen Kuan, Jui-Yi Tsou, and Fong-Chin Su. Hemiplegic gait of
stroke patients: the effect of using a cane. Archives of physical medicine
and rehabilitation, Vol. 80, No. 7, pp. 777784, 1999.

[149] Amanda E Chisholm, Stephen D Perry, and William E Mcllroy. Inter-
limb centre of pressure symmetry during gait among stroke survivors.
Gait € posture, Vol. 33, No. 2, pp. 238-243, 2011.

[150] Chitralakshmi K Balasubramanian, Mark G Bowden, Richard R Nep-
tune, and Steven A Kautz. Relationship between step length asym-
metry and walking performance in subjects with chronic hemiparesis.
Archives of physical medicine and rehabilitation, Vol. 88, No. 1, pp.
43-49, 2007.

[151] Ines A Kramers de Quervain, Sheldon R Simon, SUE Leurgans,
William S Pease, and DAVID McALLISTER. Gait pattern in the

early recovery period after stroke. JBJS, Vol. 78, No. 10, pp. 1506-14,



BE R 114

[152]

153

[154]

[155]

[156]

1996.

Ekaterina B Titianova, Kauko Pitkdnen, Ari Paakkonen, Juhani Sive-
nius, and Ina M Tarkka. Gait characteristics and functional ambulation
profile in patients with chronic unilateral stroke. American Journal of
Physical Medicine € Rehabilitation, Vol. 82, No. 10, pp. 778-786, 2003.
Kara K Patterson, William H Gage, Dina Brooks, Sandra E Black, and
William E Mcllroy. Evaluation of gait symmetry after stroke: a com-
parison of current methods and recommendations for standardization.
Gait € posture, Vol. 31, No. 2, pp. 241-246, 2010.

Eva De Bujanda, Sylvie Nadeau, and Daniel Bourbonnais. Pelvic and
shoulder movements in the frontal plane during treadmill walking in
adults with stroke. Journal of stroke and cerebrovascular diseases,
Vol. 13, No. 2, pp. 5869, 2004.

Aline Araujo do Carmo, Ana Francisca Rozin Kleiner, and Ricardo ML
Barros. Alteration in the center of mass trajectory of patients after
stroke. Topics in stroke rehabilitation, Vol. 22, No. 5, pp. 349-356,
2015.

Kara K Patterson, Iwona Parafianowicz, Cynthia J Danells, Valerie
Closson, Mary C Verrier, W Richard Staines, Sandra E Black, and
William E Mcllroy. Gait asymmetry in community-ambulating stroke

survivors. Archives of physical medicine and rehabilitation, Vol. 89,

No. 2, pp. 304-310, 2008.



BEST 115

[157] Stephen M Haley and Maria A Fragala-Pinkham. Interpreting change
scores of tests and measures used in physical therapy. Physical therapy,
Vol. 86, No. 5, pp. 735-743, 2006.

[158] Heleen Beckerman, ME Roebroeck, GJ Lankhorst, JG Becher,
Pieter Dirk Bezemer, and ALM Verbeek. Smallest real difference, a
link between reproducibility and responsiveness. Quality of Life Re-
search, Vol. 10, No. 7, pp. 571-578, 2001.

[159] Ted J Stevenson. Detecting change in patients with stroke using the
berg balance scale. Australian Journal of Physiotherapy, Vol. 47, No. 1,
pp. 29-38, 2001.

[160] Absthi, AL, FepkEs, ERZER, {BREASE, &AM, [REZEM. [
B ALY 7= a VRIS ABEH DI ERER A FEZ SR E L
TBATENHIW DD DT + —< VAT A MDA v b F 7H. HEE
1%, Vol. 38, No. 7, pp. 481-488, 2011.

[161] FATEEZ, LR EEREA, WIEERR, KA. ST B ISR E LR TRE ) &
NT v AaESIDOBR. HAETESY Supplement, Vol. 2014, p. 0226, 2015.

[162] David E Krebs, Dennis Wong, David Jevsevar, Patrick O Riley, and
W Andrew Hodge. Trunk kinematics during locomotor activities. Phys-
1cal therapy, Vol. 72, No. 7, pp. 505514, 1992.

[163] Jean-Charles Ceccato, Mathieu De Seze, Christine Azevedo, and Jean-
René Cazalets. Comparison of trunk activity during gait initiation and

walking in humans. PloS one, Vol. 4, No. 12, p. e8193, 2009.



BEST 116

[164]

165

[166]

[167]

168]

169)

Sarah F Tyson. Trunk kinematics in hemiplegic gait and the effect of
walking aids. Clinical rehabilitation, Vol. 13, No. 4, pp. 295-300, 1999.
Tamaya Van Criekinge, Wim Saeys, Ann Hallemans, Silke Velghe,
Pieter-Jan Viskens, Luc Vereeck, Willem De Hertogh, and Steven Tru-
ijen. Trunk biomechanics during hemiplegic gait after stroke: A sys-
tematic review. Gait Posture, Vol. b4, pp. 133-143, 2017.

Ross A. Clark, Yong-Hao Pua, Karine Fortin, Callan Ritchie, Kate E.
Webster, Linda Denehy, and Adam L. Bryant. Validity of the microsoft
kinect for assessment of postural control. Gait Posture, Vol. 36, No. 3,
pp. 372-377, 2012.

Hiroyuki Tamura, Ryo Tanaka, and Hiromichi Kawanishi. Reliability
of a markerless motion capture system to measure the trunk, hip and
knee angle during walking on a flatland and a treadmill. Journal of
Biomechanics, Vol. 109, p. 109929, 2020.

C. Frigo, R. Carabalona, M. Dalla Mura, and S. Negrini. The upper
body segmental movements during walking by young females. Clinical
Biomechanics, Vol. 18, No. 5, pp. 419-425, 2003.

J.J. Kavanagh, R.S. Barrett, and S. Morrison. Upper body accelera-
tions during walking in healthy young and elderly men. Gait Posture,

Vol. 20, No. 3, pp. 291298, 2004.

[170] P.W Hodges, A.G Cresswell, K Daggfeldt, and A Thorstensson. Three

dimensional preparatory trunk motion precedes asymmetrical upper



SEHR 117

limb movement. Gait Posture, Vol. 11, No. 2, pp. 92-101, 2000.

[171] AA Carmo, AFR Kleiner, PH Costa, and RML Barros. Three-
dimensional kinematic analysis of upper and lower limb motion during
gait of post-stroke patients. Brazilian Journal of Medical and Biological
Research, Vol. 45, pp. 537-545, 2012.

[172] Meghan E. Huber, Amee L. Seitz, Miriam Leeser, and Dagmar Sternad.
Validity and reliability of kinect for measuring shoulder joint angles.
In 2014 40th Annual Northeast Bioengineering Conference (NEBEC),
pp- 1-2, 2014.

[173] Franziska Schlagenhauf, Siddarth Sreeram, and William Singhose.
Comparison of kinect and vicon motion capture of upper-body joint
angle tracking. In 2018 IEEFE 14th International Conference on Con-
trol and Automation (ICCA), pp. 674-679, 2018.

[174] Sven Carls66. The initiation of walking. Acta anatomica, Vol. 65 1,
pp. 1-9, 1966.

[175] Roger A. Mann, John L. Hagy, V White, and D Liddell. The initiation
of gait. The Journal of bone and joint surgery. American volume, Vol.
61 2, pp. 232-9, 1979.

[176] William E. Mcllroy and Brian E. Maki. The control of lateral stability
during rapid stepping reactions evoked by antero-posterior perturba-
tion: does anticipatory control play a role? Gait & posture, Vol. 9 3,

pp- 190-8, 1999.



SEHR 118

[177] David A. Winter. Human balance and posture control during standing
and walking. Gait & Posture, Vol. 3, pp. 193-214, 1995.

[178] Stefan Hesse, Frank Reiter, Matthias Jahnke, Michael Dawson,
Thompson Sarkodie-Gyan, and Karl-Heinz Mauritz. Asymmetry of
gait initiation in hemiparetic stroke subjects. Archives of Physical
Medicine and Rehabilitation, Vol. 78, No. 7, pp. 719-724, 1997.

[179] RifE5e, B2, MBEHESA, WHF, BT, BIT5BICH T 2 Mzt

B R OARERE BN, Rigakuryoho Kagaku, Vol. 37, No. 4, 2022.



