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Abstract: Freezing of Gait (FoG) is a common symptom among patients with Parkinson’s Disease (PD). In this
paper, a vision-based method is proposed to recognize automatically the shuffling step symptom from the
Timed Up-and-Go (TUG) videos based. In this method, a feature extraction block is utilized to extract features
from image sequences, then features are fused along a temporal dimension, and these features are fed into a
classification layer. In this experiment, the dataset with 364 normal gait examples and 362 shuffling step
examples is used. And the experiment on the collected dataset shows that the average accuracy of the best

method is 91.3%. Using this method, the symptom of the shuffling step can be recognized automatically and
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efficiently from TUG videos, showing the possibility to remotely monitor the movement condition of PD

patients.

Key words: Video sequence analysis; 3D convolution; Abnormal gait recognition; Shuffling step recognition

1 3518

4 £ Wi (Parkinson’s Disease, PD)J&— i
DT F 2 A A 1 0 3 M R X 2 R SR AT MR
Wi, I HPDEHFZW NS L MizsEG, XL
SER 2 T EH R R AR R . £S5 PDEH
K s BN EG th R 45 2 3 (Freezing of Gait, FoG)
et L — AR A, H 3 SR AR AR R AR 1
Me, #E4t1160% 1 P D 8 # R A P&
PREG A SRR . FEIRIR SRR b, REG PN
PR R AR AN R AR KRR FEE 1 S B 58 3 RV 9T I
B, PR ER AR ] DLl i PD &S 138 B IR 10 Rk )
AT 1 R B P R T XRS5 P A R Bl
BEAT SEINVELR AR, SCER ([T AR S s s 1
FHREED A N3FEA, BN R I H D
WHIAT: (2) R R EUAL . WU R WA B H
) (3)BEANRBEINA . BT EAREHATH R
. fEHEAES, FH RSN TSN
TPRE IR PR B8 285 4n R AT FoAt N 1) 355 B sl A e A 3o
W), AR ANRE R T R AR SR AIE B, T
52 B A AR K PD i B 4 pharia
BMIRE ST, BEZ TR & BA A RE IR i) 8 5
BoHE ARG R G, Kk, [TEETHEHED
SE IR PR S B 22 1) S R M WU Atk AT ] 32 B 47 0 1 AR
o, DMEXGRTT J7 AT %, B 1k R B R iR 4%
SOBAN Ty AP R E T RIS IR R
IT IR e AT DL S SR F MK B R et 12, (R R
TE BT BEUR, R I e RN ) 72U AR
WIARME B I 0] S5 38 PR BT VPAl o B DA TR X I 28
SRR, ATERBESEGEEERTIEL, 12
e A H P RE IR I R AT R E 3R
773, DAHR B0 3 s kA, #hE
A Rt B4R R R S AR A

FELMESE T S 8 P AR TR, d@idigs)
1 AR AR B BB 2 f W ) — 3518 BT AE
N\ B3 A] DU 38 B A 18 s R 46 3 1) Bt S Bt B8
M2 Mz S8, WATEER . ThiM%E, DLtk
Pl B E I SPIRES . B0, Campsf NSHREH T
— i I 38 B A SRS AR FE 2 ) FR BB 1 T ok
WNPDEFH R LA . B P i 2R B T )
514 U & 5 7 (Inertial Measurement Unit, IMU)
KEBIE T, RIERICERIN 3 E i E 8=
— BRI BEAT K. R pMileti®E AR

GHRAE T ] ZF AL RS RELEBINET, K
TR EIZ AN L. NguyendE AT A A ¥
JEM P Kinect KR IAL & 12 35 B #9 Nk 34E &
28, RSP A A5 B S N AR AR SR Aar I
WA MRS NERE N ERIIBES
KL B AR, Haa R Ik
(Particle Swarm Optimization, PSO) 5 yEF S #F
i T (Support Vector Machines, SVM) 73 5%
KX SRR WURAS T HEAT 702K, RIFLIXSATE
AR BRI 20 . Morris%E N B2 F 22 2& 78
AR BB AT 2 388 A8 B T SR A BRONAR T 238
Sy EREAY, IEGE X E N AR A AR AT AE
T2 vP 1K) & iz 30 2 BOR N 5835 1 VR 45 2 A 3R AT A
W7o T LLHL T B IR D7 V2 1 3B Bl R A A DU
AR EF IR, (H XS T7vAAE H TR AR TS IR
ARBZNH . P& & — g iz s)
WG, BEATMEEE LEGMZ, mHER
AL W IIIE BT 2225 FR X 6 AL 3 s 0] 5 i
B RUARIRNMER), b 2 s st T4k
Z 5F MR s s, BT —Fnr DA B
A SN ] AE M 5RAS R BIE B G LI TV R R A
B X

BEE IR S R R, dd T B B () 7 7%
RXHAT ARG TIRZHE T . 5HE T KR
JIEAHEE,  FE TG R 7 1 R AR R kAN T 2 B4
B, Wb T EREEREAERE . Hufs NS5
A T PR < AR A R 4 AP S N T
% ZITVEE e e AT SCBE R, AR
PSRRI J7 2R HI W PD S 2 5 B R g A
Ao Tang NMHEH T —FpF] F ERAZHL S IAT &
R OB ER I T . AR TAES, BEM
Ik & S MRS SR T AR 3R 2k R — S 2R A
REME) — N3l . ARSI Hh i P 34 2
88 % 7 (Continuous Silhouette Differential,
CSD) ik B g A0 5 25t S AR A I SR 43k 1 3 SR
fE, FHLARERR DS Wolf55 NWIH|F 24
R 34E G B 42 N 2% (Multi-View 3-Dimensional
Convolutional Neural Network, MV3DCNN) M
BFFIH IR 5 5. FLIENH T T AR
J e RN € () D' UG IR AT 55 sz e, ooy
TR RN 28 A R AL 3K 7 41 A 1) R, K —
BTN BRI IIE MR . X1



12

MR RS : 2T =4EE R e AR B 1620 11 3469

R A N IVOUE P i I 28 O o) 8 S0 R 0 338 ) 7
ERBATAT W, HE e B R AT
BENFCIRFIL, SR JE A AR B S K A AL
PR B ARG REAT 2 RIRE P REER . RETR
A5 N T — A 7 T 5% FR N 2 SRR IR FERARAT
WT5i%. HAE RS AWM 2R AR A T
PN LA N R R RS R i s N Tl LI P 7 =P
MUSRIR 18] 5 Fp A AT i ih, R i R AH I SR A 2
A REE, AR B S R AR T AT
Wl K. £ LRI TAEF, A5 HArIF3A U
PD & 14 DR W T T ZEE TS R, i A& Xt
R B BT IR A, BT AR D 3
MR ERAB R, MAME S NUOO-IEP X
NILZBEATHETC -

UG AR K 4 BT IR AR 551 oK T 1R
ZHIRM, H3YEBBUL RN E LW R R BT B,
SR R e 51 BRI 8] A0 25 (BRI 78 34E A5 AR
2R T 2 A A C3D M 2518, D3D M 45 101
P3D W OISR, TX B 2% 25 R A AEAT iR AR
FALF ARG BRI, (B 3YE B0 2% 6] L
M Sz 2t ERE L, FBOHTIEHKAE )
AHERIIESR . O TR AN R, A T7 i 7
il ZHOE 2 P28 S5 4, T A 45 SUEG AR 2%
G R MRS J A AOAT AR, 4R T — AT
(1 10X 2% 45 R R SE Bt D RE IR IR AE R IR, 1 PR 4 45
PSRBT 20 YA S USSR AR AL Al 5 LR 15
R SR IBOE R T 1 A B B 71 rh SR B 2R A, 4R
Ja R R R A B R AE AT RS FIT . T
RRAE SR DU B A ) 34 B B 254, 1% SCE S %
B IERHIC3D LS, TR AL il 5 BN 2 2% Gait-

Set PUR X 255 48 4] L S 1% ST H BT B L ) 485 45 44 o) 4
R IR AE AT Bl G o I 28 20 A IR HE R 0
$91.3% H A B UF 11 &% .

K] A 1% W) 6% &5 4] (0 i N B8 2 T 8 1) “AT R
B P 5, R BA G AT, HFRES
5 R ZHIE 15T P00 10 & A0 85 VPl 7 vk
gEAk, XWONEEET AR T —2m
.
2 HELSIR7

TERIRIGIT T, BRAEIE R TUG (the Timed
Up-and-Go) Ml ik 2R A PD & #  B A 1230 )
ft. WELFTR, ETUGHH &3 AR IR 58 K
My ST ATES S BRI X 6N R T
H o ARG RS o BTG S ) AR S . A TUG
MR FE Rl 4, B8 SAT 3@ A () & A DA%
JERATUCHC, 38 5 58 2 PR3 AT B A1 AR A7 i o

Hu D U AR AR W 2 s, B R X
TUGIHA A 4T B 3 70 BRI “47 87
TAESs, FEREHEAT AL T DL S AR D9 9 28 1) i A4
o 0T TR IR 25 1R S5 A 7T LA g SRR EAT Hi
W, FIANE T BG5S BN A R AE Y
FEFRIUEE R, B2 LK 58 1AM B IR R AIE 7E
ANTR] () 7 [8) A0S ) ROBE b 3k 47 Bl 6 1R AR A0 k5 452
P, B 4%$H: 2 (Fully Connected layer,
FC) Mlsigmoid iy B B0 fill & 5 B IEZEAT 70 R
il FEARE HO 73 X TS AT 4
2.1 HIEAIE

A TAREFERY ERERAD M 7 —4
fuP B R, DARAE O AH R I ZRAn a1
HARER IEAEAFEZRAPDEEMIGIKTUGH

K 1 TUGIR6 7155

RAIESRE HUBE B

e YAt HFAE

FC | ---o---- :
| RBEREER [+ | s
sigmoid | L _________

K 2 BRI T R



3470 B 7 5 F

2 %

43 %

AR X LT UG AL 32 2R AR B 24407 AN [F] 45
W . SEIPDEE, MHKEENEEWEL
JiR . BEASPD B FEIR T W 1A) 75 147 9 2 i
B (Deep Brain Stimulatio, DBS)FAK, M7EEA™
BT B AR AT A~ 6IRTUGI, I HAgA &
BEPIRTUGHRZ (8] H [ b 2= 1A H e REZH
B T UG AL AR 58 A 5% 24 2 KER . 7]
IO 1 Ik BIREACT A, FRASAE X L 1R W 2D S B
A, FEAHR AR5 T ] I8 NP2 S M TUG
AR E A RS o

BN IRAI G 40 5 TR 8 B A 1 X ) 256
WAERIR BN 2 5, 1EH NATE R T 2 Je I ER
S ISR TN T D R RN S AR
b 5 AR A b B R A A S AR M A BT AT . B
X FTUGI6 A ARG g “ulhisr” o “A”
A A EERA R ES), TR g7
AR o B IE R AR IE S I AL, BT AIZ
ARG IEARIRME S T RS MA AE R . Btk
AU SETUGHNR PRl ) “ATE” ZA TS,
i TUGHI 1155 H 3 7 R SVEP ) DL E 342
W “ATE” FAESEEBFA, 2R5 1 Mask
R-CNNEOR 47" Fr B A — i AR X I 47
NEZE, (RIS Ay 1 gk — 20 b V8 B AN [RI R A ) o 8 5%
T8, A N AARTE 5% 75 NLGInet 2 A 4
At 51 ST B OB R b s
25 fps, MRS, 1EH NSCEA 2GR
PDEEEL sNREEM— AP S M. A 7R
BNFEARP S —AEBRP S, A0k
LA S 25Mi BRAE Ny — D FREA, (R FEAR R #F
BENF I ONT s [FIIS Oy 7 W28 TS, R
ANEUG 7 HI R SF R 128 x 640 746, BRIRTR
TR AR SRR ES R IZ PR AL, 1 B2 S 3)
EIEAREIRIER Z A HERE, P A &R B K
BEIT1/4, JBEEBRHIRS 3264, W, X
FT FEA Y ¥ JESCHR [ 7] PR AEAR I N IE SUREAS, A
TAE A B SR 2362480, & 4 20 IR AS B IR A AR
364 IEH A A B SRR A R ZH A 2
2.2 FHERREVRIR

SYEBMAEMAR R A& 2N, BAN
FLRE[RIIN M BG4 R A [ M (AR AR, AR5
W1 18 LLC3D G5 ) g Al (1) 3 24 45 AR 19 285 4 1 1)
TEFRIURE e o 3445 AR 4 4 v f 8 LI S /2 C3D I
%, BAEMSR TS MV 2 R S 19 2 TR B
IR . C3DMJELE M % 8N 34E &= 5N
RN R E AR, 55 Fsoftmax E#E47
IrK. FESCHR[18]H, SEERFRWIC3D M 45 45t Hh 45

B RS A3 x3x 3B I R fEART/EH S
F C3DHE A1 W 25 45 #4753 ] C 3D 5 o0 45 14 4
BI3HTN, C3DH LI & 113 x 3 x 3B 34k
HBRE . 1NEE BB ReLUE M IH—1L 2 (BN),
TR 1T B 25 # Wit R B 2 )2 OB RS M i
H 2% S 808 2 1 i 8. R C3D# T KEH
SYEGFN LS MR A 2, (HBETESEPRIR I H
EFSF

TEA SO, FRAE 2 B e 3 2l 3AN B B A
Bo WIEARTR, FRAERRBUSERIEE 1N B, 3
I BRI N1 x 3 x 3 34E25 A SR IR B B 1% 7
F 2 ()45 B 00 TR I PR AE VTR I (8] 4 5 1
S, Z A 2B BOR S C3D e R L EHE T
FII 2245 B4 AR BV AE VL ATV,
2.3 $FER AR

SYEG R L T 24 GRS B A IR KRR
Tt NTEHRIMNEHSHE, S2HEREREE
K. MRS AES IR A 5, 5
f5f FHARFIE i 5 AR R G R AIE 18 BB B 759 380 £ 45N By
B R IE AT RS A0 B . GaitSetE 32 i H —
FiR 25 25 7 B BAT N7 7. TEGaitSetH
VEHRE T — M, e S & EEE—
S ERBENES, MATERF K E R A E
A AR AL . B X S 7 5 4 T L, AN
3 I S A B A 4D K B AT B HE A B L I
FPo B, HERESANREROS T HMERERF
IS JEAEE, MfFE MRS —EX AR LS

# 1 PDEZEEST

FHIME i
o 56.794+9.48 [37,73]
P (k) 63.8410.37 [49,90]
B (cm) 164.846.12 [156,178]

|

3D
CNN
3x3x3

ReLU

2

BN

v

3 C3DI L5




#1240 BREERZE: HET = 4E BRI S 15 R 3471
Rk
a2 [ 7
2D a @
X (=]
ONN & R 4
> P x4 HPP |=>| 7
ReLU = G
M, M
MAX MAX MAX
k =
A T T
| Mk, c3D | | WAk | | C3D N +
| ;xiijs > oaxa P wol P oxaxa [P o | v, » PHPP |—> 2’]]
=  — = eV
Pl 4 L 4
P FEAEE . FEARES P UIAX S IR P e T T T — — — — — -~ N\
B RAT E EUR P A R &, (HZ AN A (— — - — — — — — — W |
i 1) O T AR P LR B, AR SC (IR cAPscD |
Z:7% GaitSet I X 4% 55 44 I 45 & B B v 16 ) 2% 45 . ] ( ml F | |
HISRAE AR R G A | L = | N
WPAFTR, (AR A B, R T EERER | N
MAX#:AE . K478l (Horizontal Pyramid H R — :>: E L (s |
Pooling, HPP). 4 B/K-V-& 78l (Period-wise | — : : ‘ | |
Horizontal Pyramid Pooling, PHPP)H#54: 1 I 5% R — | | |
BESRRIE, ASCRA B S A R, TR = 531 |
B BB E L, VoRIV I MAX B E - ==/ |~

SRAG A f R e SRR AE I [ I PR AR AR 4R, R
M w,e) = MAX[Vif hwe)) o o H MARFRMAX
1By Vi hw,e) 287 18 I R AE $2 HURBE B I 3% 428 ot PR
IR AGE R ARV, Vo RV, Mg wo R on
MAXEAE 2 Ja 3R PR RFIE M, , My M. Z )5
FRAS FH 24E G BN IX AR 3 — 2P 4R L, HoA 2484
FURBERIZ KNN3 %3,

ANFB B IR AE M, My, M3 B T AE
SRZR ERMEE, N T R OR B AT = 4
HRZ G E, AR TAEFIEE A RS [ 15
FERC A AN A R R 77 OB AN [RI B B R R A 2k
17 RSP IS RC H I AE R 2 JEHPPROf N, Hod
2% 214 x 4 ) B Bl R B RS B B SRR A A
HP P # A A2 8 i 5 4\ B R AE EAT AN [R]RBE 3t
b, Sk 78 4 BB N SRR AE H R A A RS R .
HPP £ Z A0 H B A A B R4/ 1 34tk
(Global Average Pooling, GAP) R4 & & Ktk
(Global Max Pooling, GMP) JF 4 AN [F] R~ Ak 5
IRFIEREAT &R . 5 ER THPPISEE K, A TAE
HEEE T (H k, W) k=1, 2, 4, 84 R[FAHL
ARSI — AN @ TE FIRHEBEA TR, 2 e &8

5 HPPMIZ 4544

PR E AT 13, FAEH — A E X
P2 J5 W RHIE AT 4E B T BEAS B IE G, AN 82
I RRFAE, X PRI AR T DR 4 M5 fE 4
J& B AR B FRFE S B

TR TR R FE BB B A3 B (R AR Vs, HEid £
M B34S, HA S AT S0 i UE
By RIS R RE SR AR K FE B, Rl AEA
SRR H S B 45 H PHP P 45 A4 S0 X BB E [
I 47 B TR RN 25 () 4 L (kS . PHPP R X 45 &5
U6 AT 7~ ,  HoEr SR N\ e AIE 75 I 1) 48 2 43l
Xormt, 2, 3B, SRR AR B, RS
A3 WA B BCAT A [ T HPPRIERAE, ek fE
ANIEE O RFE AT 5 P A 4 2 AT 4 LR
BAFPRLG,. PHPPAHLL THPPORE 1 5 2 I [H]
YERE L IRAIE, IR B TR 4 B A AR A
FLF H0K 5> e 5 Bl 0 266 SRAF B B) 4 52 1) 4 =) Al )
HRFAIE o
2.4 AMLE

TERFAESE ST ERARRE fl A 5 2 5 K45 21 1)



2 %

43 %

I WERT — GAP+GMP

6 PHPP 4% 4544

FIEGRIG,, FIFFlatten 2K RFE AR 14E, 4R
J5 I FA 42 3% B2 )2 Al sigmoid 4 28 R 19 S J 44 11 45
o Ji5h, AEARICSI R, Bk BRI S UK R
., RAeAs A Adam, Jf HAE2ERZ 207, @
A I dropout B HOR i BT K32 4L BE

3 LSRN

TE ) 3 (1R B0 A R i L ) I 2% 45 A a3k AT
W N T RESRIG AT SEE, A TARRSERR =
128 SR 1) 7 AT I E . 7E =475 XAk 4
P LRI 2> J3 887y, JF HARER — D ANB
BFFH RAFAE— B AR X IEY, 3T
O — AT, RPN T 2Ry A,
AR R =W - 3ME . A EARSCHIAESS
AT, WX BERS AT R A
BEHPIRAS, FEAR ST AL HI 3N R X 7 2K 45
HEATVPEAL . K2 (precision, prec). #H [AIZ (re-
call, rec). #EffiZ (accuracy, acc). FHHIHERR
€ SGE IR REUG PSR E 0 b, TR E .
o] 2 i 5 75 % 73 93] Ny prec = TP /(TP + FP), rec
=TP/(TP + FN), H+TP, FPRIFN4 510K &
FHAE (True Positive, TP). {E&PH4: (False Positive,

MR B 495 5091.3%, HLIGR-GCNNIHERf R =
12.2%, G A JURP 77 7% b R B b S O HE AR R A
FETH T 3.8%, F HAHXT N (IR i R A [ R 32 T+
RZ, VLA SCHEH VAR T SRR R,
AR U M~ 1 1% 5 V006 IEREAS AU AR S 1k

A T AR WA 4% 5 H e R 1) &5 P BSR4
FIFIL, TSR I 3 B A PHPP AL S
el EoRAE . R3S T 40 0 VH BR AN $ A 5 R )
sERpm, HPHUPRMREERER LR, M
FK3WLLE W, W T UPMPHPPHANS 2
Ja, BRRSHFRZH TR, (HEEMMUPLEH
Ja BEZFARKSET, U SN R
BAEIS, TERFAESRIUREEAN [FBY B AR 2 R AE i i
MAXHEEANE 2 )5 0 5 3 HER R AR AF Mo R B, $2
= WL D IEAE A U . R R 3R
TGS EE. TERAER T, @EdxPs
SR AT LAE e R 45 R 0 SRR A5
i [A] R F ) R AR B NVE L Y, UEBA T iR 4% B
B AR FH M R 6

TU G 1) 71T 55 85 | sh o I 2] “4T
£ MEUETS, Frgiit— a3 2 M A5
RS RMNEG Y, X P 5 LR A E R
P 265 (1 i N A 2 0 65 SR R K I sg . 187 R
s E7(a) R IEERGBEG IR, E7(0b)RAK
BReE R, E7(c) NS EIE R ARGBEIE
BEIREER, mxtFR7d)—B7(8) 50 5 R xR
KI7(a)—KEI7(c) IR B BRI S5 S . X T EI7(b) Al
K17 (e) R H MG 6 0 1 7 X e 7 RS S5
Wi, {EL 2 AR X A B o A0 22 1] BT 2R 1A A 40k 22
A, E7(c)MET ()44 T RGBEIG AT E KIS,
BIeki2s T ST, FN{E% TRGBRIER . #4

% 2 FREIFGHLRER (%)

TP) A% (False Negative, FN) 73 REEA AL e Ay LGRS Al
WER2fN, A TRUEAS TAE, WAEAR W A 91.3 89.7 92.0
YR E LRI T LR 7. 3D, D3D, C3D 85.0 87.9 82.7
P3DHIFZ &y 7T IR, GaitSet U /2 7y D3D 87.5 894 85.1
YHEN B AR BAT A &4, JGR-GONNIZ i@ P3DI 84.1 86.3 82.0
ARG B J7 VR AP D B 2 5 B R G DA, GaitSet ! 84.9 87.1 85.2
M S ARSI S B . et A SR e JGR-GONNT 1 375 765
% 3 TRIARKIME LR
HERF2E (%) K2R (%) B2 (%) ZHE (M) FLOPs (M) B 8] (ms)
JTCUPHIPHPP&E#4 88.1 89.0 88.2 1.5 2.9 3.7
JCPHPP4E 4 89.7 88.2 93.6 1.6 3.2 5.1
FERELE 91.3 89.7 92.0 1.9 3.8 7.5




12

MR RS : 2T =4EE R e AR B 1620 11 3473

(a) IEWRGBEIE

(d) FRERBEFLI EHRGBEIL

(b) RHI G4

(e) P IR BB IR R P PR S

(c) & & EEEL I FIRGD
Pl 1 5 s

(f) BRI S
Pl 56 BERIR G B M /81 10 25 51

B 7 AR R B

AR RN IUER FASIGSR AR, Hb
R 4 B R GBR BIE R S B 10 24 R,
NJERBE AT RGBIZ M1 808 % T AR R 3
BITFAREHER T MR T4, %R
40 TR B A T U

4 BE

ICNERA

AP T A E T EA AL R X PD B
I AP RER AT IR I 53, AR =3 s Xseiah,
KH I ffiik TitanXP R, & IZRFERIL
3 min, ELLIIZRA0NFEIRZ G, MZ IR R
xR AR, SSRER R ACNPDEHIE
PRSI T — R R, WAPDEHE

® 4 SMEGRNEREIRERIEE (%)

AHARIE HET R RS H[m] 2
a 84.8 84.6 90.2
b 81.1 83.9 80.4.
c 82.9 83.7 87.4
d 84.9 85.0 90.1
e 83.9 83.5 87.3
f 90.8 92.1 90.8

WARELRT R — D R R At T Z AT ek . AL

e H 0 R 2% S5 R A GE T PD R D el

HAA R PSR EAESH R L, NETH

5 (R D SRR T R B

& % XM

[1] GBD 2016 Parkinson’s Disease Collaborators. Global,
regional, and national burden of Parkinson’s disease,
1990-2016: A systematic analysis for the global burden of
disease study 2016[J]. The Lancet Neurology, 2018, 17(11):
939-953. doi: 10.1016,/S1474-4422(18)30295-3.

[2] BLOEM B R, HAUSDORFF J M, VISSER J E, et al. Falls
and freezing of gait in Parkinson’s disease: A review of two
interconnected, episodic phenomenal[J]. Movement
Disorders, 2004, 19(8): 871-884. doi: 10.1002/mds.20115.

[3] DELAULM L and BRETELER M M B. Epidemiology of
Parkinson’s disease[J]. The Lancet Neurology, 2006, 5(6):
525-535. doi: 10.1016/S1474-4422(06)70471-9.

[4] SVEINBJORNSDOTTIR S. The clinical symptoms of
Parkinson’s disease[J]. Journal of Neurochemistry, 2016,
139(S1): 318-324. doi: 10.1111/jnc.13691.

[5] FERRAYE M U, DEBU B, and POLLAK P. Deep brain

stimulation effect on freezing of gait[J]. Movement


http://dx.doi.org/10.1016/S1474-4422(18)30295-3
http://dx.doi.org/10.1016/S1474-4422(18)30295-3
http://dx.doi.org/10.1002/mds.20115
http://dx.doi.org/10.1002/mds.20115
http://dx.doi.org/10.1016/S1474-4422(06)70471-9
http://dx.doi.org/10.1016/S1474-4422(06)70471-9
http://dx.doi.org/10.1111/jnc.13691
http://dx.doi.org/10.1111/jnc.13691
http://dx.doi.org/10.1016/S1474-4422(18)30295-3
http://dx.doi.org/10.1016/S1474-4422(18)30295-3
http://dx.doi.org/10.1002/mds.20115
http://dx.doi.org/10.1002/mds.20115
http://dx.doi.org/10.1016/S1474-4422(06)70471-9
http://dx.doi.org/10.1016/S1474-4422(06)70471-9
http://dx.doi.org/10.1111/jnc.13691
http://dx.doi.org/10.1111/jnc.13691

3474 B 7 5 F

¥ GORES

Disorders, 2008, 23(S2): S489-S494. doi: 10.1002/mds.
21975.

[6] GILADI N and HERMAN T. How do i examine
Parkinsonian gait?[J]. Movement Disorders Clinical
Practice, 2016, 3(4): 427. doi: 10.1002/mdc3.12347.

[7]  SCHAAFSMA J D, BALASH Y, GUREVICH T, et al
Characterization of freezing of gait subtypes and the
response of each to levodopa in Parkinson’s disease[J].
European Journal of Neurology, 2003, 10(4): 391-398.
doi: 10.1046/;j.1468-1331.2003.00611.x.

[8] CAMPS J, SAMA A, MARTIN M, et al. Deep learning for
detecting freezing of gait episodes in Parkinson’s disease
based on accelerometers[C]. The 14th International Work-
Conference on Artificial Neural Networks, Cadiz, Spain,
2017: 344-355. doi: 10.1007/978-3-319-59147-6 _30.

[9) MILETI I, GERMANOTTA M, ALCARO 8, et al. Gait
partitioning methods in Parkinson’s disease patients with
motor fluctuations: A comparative analysis[C]. IEEE
International Symposium on Medical Measurements and
Applications, Rochester, USA, 2017: 402-407. doi:
10.1109/MeMeA.2017.7985910.

[10] NGUYEN T N, HUYNH H H, and MEUNIER J. Skeleton-
based abnormal gait detection[J]. Sensors, 2016, 16(11):
1792. doi: 10.3390/s16111792.

[11] mRsR, B, FEN, & TR SR BT

RTINS BB W[T]. BT 515 R, 2015, 37(5):
1154-1159. doi: 10.11999/JEIT141083.
GAO Farong, WANG Jiajia, XI Xugang, et al. Gait
recognition for lower extremity electromyographic signals
based on PSO-SVM method[J]. Journal of Electronics &
Information Technology, 2015, 37(5): 1154-1159. doi: 10.
11999/JEIT141083.

[12] MORRIS T R, CHO C, DILDA V, et al. Clinical assessment
of freezing of gait in Parkinson’s disease from computer-
generated animation[J]. Gait & Posture, 2013, 38(2):
326-329. doi: 10.1016/j.gaitpost.2012.12.011.

[13] HU Kun, WANG Zhiyong, MEI Shaohui, et al. Vision-based
freezing of gait detection with anatomic directed graph
representation[J]. IEEE Journal of Biomedical and Health
Informatics, 2020, 24(4): 1215-1225. doi: 10.1109/JBHI.
2019.2923209.

[14] TANG Yungi, LI Zhuorong, TTAN Huawei, et al. Detecting
toe-off events utilizing a vision-based method[J]. Entropy,
2019, 21(4): 329. doi: 10.3390/¢21040329.

[15] WOLF T, BABAEE M, and RIGOLL G. Multi-view gait
recognition using 3D convolutional neural networks[C].
IEEE International Conference on Image Processing,
Phoenix, USA, 2016: 4165-4169. doi: 10.1109/ICIP.2016.
7533144.

[16]

[17]

[18]

[19]

[20]

[21]

22]

[23]

[24]

KIRSE, HWePRAE, TIRAG, &5, Rlve 2 1] I 1) X0 2% A A0 AL 3
ERMANEAT ARA[I]. BT 5E %W, 2018, 40(10):
2395-2401. doi: 10.11999/JEIT171116.

LIU Tianliang, QIAO Qingwei, WAN Junwei, et al. Human
action recognition via spatio-temporal dual network flow
and visual attention fusion[J]. Journal of Electronics &
Information Technology, 2018, 40(10): 2395-2401. doi: 10.
11999/JEIT171116.

R, W5, BRE, 5. PR TR M 28 R BRR LR
T RIRBNTT ). T 515 B 23R, 2019, 41(4): 904-910. doi:
10.11999/JEIT180477.

WU Peiliang, YANG Xiao, MAO Bingyi, et al. A
perspective-independent method for behavior recognition in
depth video via temporal-spatial correlating[J]. Journal of
Electronics & Information Technology, 2019, 41(4):
904-910. doi: 10.11999/JEIT180477.

TRAN D, BOURDEV L, FERGUS R, et al. Learning
spatiotemporal features with 3D convolutional networks[C].
IEEE International Conference on Computer Vision,
Santiago, Chile, 2015: 4489-4497. doi: 10.1109/ICCV.
2015.510.

LIU Jiawei, ZHA Zhengjun, CHEN Xuejin, et al. Dense 3D-
convolutional neural network for person re-identification in
videos[J]. ACM Transactions on Multimedia Computing,
Communications, and Applications, 2019, 15(1S): 8. doi: 10.
1145/3231741.

QIU Zhaofan, YAO Ting, and MEI Tao. Learning spatio-
temporal representation with pseudo-3D residual
networks[C]. IEEE International Conference on Computer
Vision, Venice, Italy, 2017: 5534-5542. doi: 10.1109/ICCV.
2017.590.

CHAO Hanqing, HE Yiwei, ZHANG Junping, et al. Gaitset:
Regarding gait as a set for cross-view gait recognition[J].
Proceedings of the AAAI Conference on Artificial
Intelligence, 2019, 33(1): 8126-8133. doi: 10.1609/aaai.v33i01.
33018126.

PODSIADLO D and RICHARDSON S. The timed “up &
go” : A test of basic functional mobility for frail elderly
persons|J]. Journal of the American Geriatrics Society,
1991, 39(2): 142-148. doi: 10.1111/j.1532-5415.1991.
tb01616.x.

LI Tianpeng, CHEN Jiansheng, HU Chunhua, et al.
Automatic timed up-and-go sub-task segmentation for
Parkinson’s disease patients using video-based activity
classification[J]. IEEE Transactions on Neural Systems and
Rehabilitation Engineering, 2018, 26(11): 2189-2199. doi: 10.
1109/ TNSRE.2018.2875738.

HE Kaiming, GKIOXARI G, DOLLAR P, et al. Mask R-
CNNJ[C]. IEEE International Conference on Computer


http://dx.doi.org/10.1002/mds.21975
http://dx.doi.org/10.1002/mds.21975
http://dx.doi.org/10.1002/mds.21975
http://dx.doi.org/10.1002/mdc3.12347
http://dx.doi.org/10.1002/mdc3.12347
http://dx.doi.org/10.1046/j.1468-1331.2003.00611.x
http://dx.doi.org/10.1046/j.1468-1331.2003.00611.x
http://dx.doi.org/10.1007/978-3-319-59147-6_30
http://dx.doi.org/10.1109/MeMeA.2017.7985910
http://dx.doi.org/10.3390/s16111792
http://dx.doi.org/10.3390/s16111792
http://dx.doi.org/10.11999/JEIT141083
http://dx.doi.org/10.11999/JEIT141083
http://dx.doi.org/10.11999/JEIT141083
http://dx.doi.org/10.11999/JEIT141083
http://dx.doi.org/10.1016/j.gaitpost.2012.12.011
http://dx.doi.org/10.1016/j.gaitpost.2012.12.011
http://dx.doi.org/10.1109/JBHI.2019.2923209
http://dx.doi.org/10.1109/JBHI.2019.2923209
http://dx.doi.org/10.1109/JBHI.2019.2923209
http://dx.doi.org/10.3390/e21040329
http://dx.doi.org/10.3390/e21040329
http://dx.doi.org/10.1109/ICIP.2016.7533144
http://dx.doi.org/10.1109/ICIP.2016.7533144
http://dx.doi.org/10.11999/JEIT171116
http://dx.doi.org/10.11999/JEIT171116
http://dx.doi.org/10.11999/JEIT171116
http://dx.doi.org/10.11999/JEIT171116
http://dx.doi.org/10.11999/JEIT180477
http://dx.doi.org/10.11999/JEIT180477
http://dx.doi.org/10.11999/JEIT180477
http://dx.doi.org/10.1109/ICCV.2015.510
http://dx.doi.org/10.1109/ICCV.2015.510
http://dx.doi.org/10.1145/3231741
http://dx.doi.org/10.1145/3231741
http://dx.doi.org/10.1145/3231741
http://dx.doi.org/10.1109/ICCV.2017.590
http://dx.doi.org/10.1109/ICCV.2017.590
http://dx.doi.org/10.1609/aaai.v33i01.33018126
http://dx.doi.org/10.1609/aaai.v33i01.33018126
http://dx.doi.org/10.1609/aaai.v33i01.33018126
http://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://dx.doi.org/10.1109/TNSRE.2018.2875738
http://dx.doi.org/10.1109/TNSRE.2018.2875738
http://dx.doi.org/10.1109/TNSRE.2018.2875738
http://dx.doi.org/10.1002/mds.21975
http://dx.doi.org/10.1002/mds.21975
http://dx.doi.org/10.1002/mds.21975
http://dx.doi.org/10.1002/mdc3.12347
http://dx.doi.org/10.1002/mdc3.12347
http://dx.doi.org/10.1046/j.1468-1331.2003.00611.x
http://dx.doi.org/10.1046/j.1468-1331.2003.00611.x
http://dx.doi.org/10.1007/978-3-319-59147-6_30
http://dx.doi.org/10.1109/MeMeA.2017.7985910
http://dx.doi.org/10.3390/s16111792
http://dx.doi.org/10.3390/s16111792
http://dx.doi.org/10.11999/JEIT141083
http://dx.doi.org/10.11999/JEIT141083
http://dx.doi.org/10.11999/JEIT141083
http://dx.doi.org/10.11999/JEIT141083
http://dx.doi.org/10.1016/j.gaitpost.2012.12.011
http://dx.doi.org/10.1016/j.gaitpost.2012.12.011
http://dx.doi.org/10.1109/JBHI.2019.2923209
http://dx.doi.org/10.1109/JBHI.2019.2923209
http://dx.doi.org/10.1109/JBHI.2019.2923209
http://dx.doi.org/10.3390/e21040329
http://dx.doi.org/10.3390/e21040329
http://dx.doi.org/10.1109/ICIP.2016.7533144
http://dx.doi.org/10.1109/ICIP.2016.7533144
http://dx.doi.org/10.11999/JEIT171116
http://dx.doi.org/10.11999/JEIT171116
http://dx.doi.org/10.11999/JEIT171116
http://dx.doi.org/10.11999/JEIT171116
http://dx.doi.org/10.11999/JEIT180477
http://dx.doi.org/10.11999/JEIT180477
http://dx.doi.org/10.11999/JEIT180477
http://dx.doi.org/10.1109/ICCV.2015.510
http://dx.doi.org/10.1109/ICCV.2015.510
http://dx.doi.org/10.1145/3231741
http://dx.doi.org/10.1145/3231741
http://dx.doi.org/10.1145/3231741
http://dx.doi.org/10.1109/ICCV.2017.590
http://dx.doi.org/10.1109/ICCV.2017.590
http://dx.doi.org/10.1609/aaai.v33i01.33018126
http://dx.doi.org/10.1609/aaai.v33i01.33018126
http://dx.doi.org/10.1609/aaai.v33i01.33018126
http://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://dx.doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://dx.doi.org/10.1109/TNSRE.2018.2875738
http://dx.doi.org/10.1109/TNSRE.2018.2875738
http://dx.doi.org/10.1109/TNSRE.2018.2875738

12

MR RS : 2T =4EE R e AR B 1620 11

3475

25]

[26]

Vision, Venice, Italy, 2017: 2980-2988. doi: 10.1109/
ICCV.2017.322.

LI Tianpeng, WAN Weitao, HUANG Yiqing, et al.
Improving human parsing by extracting global information
using the non-local operation[C]. IEEE International
Conference on Image Processing, Taipei, China, 2019:
2961-2965. doi: 10.1109/ICIP.2019.8804412.

FU Yang, WEI Yunchao, ZHOU Yugqian, et al. Horizontal
pyramid matching for person re-identification[J].
Proceedings of the AAAI Conference on Artificial
Intelligence, 2019, 33(1): 8295-8302. doi: 10.1609/aaai.
v33i01.33018295.

WRIEAR -

H BN

Ml st

HFRE:

N CE

%, 197644,
Hhe.
%, 199544,
AbEE.
B, 19774,
3.
%, 197644,
A
%, 19774,
HMEL.

WHoL &, WHdi v s 5. AT

Wit Wh s IR S 5 B A

BIEL, BT A EHLLGE S LGS

BIBEIE R, WS T7 B IR BT

FARERNN, #Z, WHILITE NI

SRS T


http://dx.doi.org/10.1109/ICCV.2017.322
http://dx.doi.org/10.1109/ICCV.2017.322
http://dx.doi.org/10.1109/ICIP.2019.8804412
http://dx.doi.org/10.1609/aaai.v33i01.33018295
http://dx.doi.org/10.1609/aaai.v33i01.33018295
http://dx.doi.org/10.1609/aaai.v33i01.33018295
http://dx.doi.org/10.1109/ICCV.2017.322
http://dx.doi.org/10.1109/ICCV.2017.322
http://dx.doi.org/10.1109/ICIP.2019.8804412
http://dx.doi.org/10.1609/aaai.v33i01.33018295
http://dx.doi.org/10.1609/aaai.v33i01.33018295
http://dx.doi.org/10.1609/aaai.v33i01.33018295
http://dx.doi.org/10.1109/ICCV.2017.322
http://dx.doi.org/10.1109/ICCV.2017.322
http://dx.doi.org/10.1109/ICIP.2019.8804412
http://dx.doi.org/10.1609/aaai.v33i01.33018295
http://dx.doi.org/10.1609/aaai.v33i01.33018295
http://dx.doi.org/10.1609/aaai.v33i01.33018295

	1 引言
	2 拖步识别
	2.1 数据处理
	2.2 特征提取模块
	2.3 特征融合模块
	2.4 分类网络

	3 实验与结果分析
	4 总结

