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Modified Gait Recognition Method Based on Inertial Motion Sensor

XU Ditao'  JIANG Bin'  BAO Jianrong'  LIU Chao'  ZHU Fang'  HE Jianhai’
(1. School of Communication Engineering Hangzhou Dianzi University Hangzhou 310018 China;
2. School of Electronic Information Engineering Ningbo Polytechnic Ningbo 315800 Zhejiang China)

Abstract: To solve the problems of low gait recognition rate and single algorithm in current gait recognition research a
gait recognition method based on inertial motion sensor is proposed. First this method combines dynamic time warping
with artificial neural network extracts fixeddength gait features by the former and sets the threshold value of cost
function to discriminate the positive and negative inputs of the latter and extracts the waveform features. Second the
Levenberg-Marquardt algorithm is used to improve the standard BP neural network. Finally the gait recognition is
completed. Experimental results show that the improved gait recognition method maintains the average gait recognition
rate and the equal error rate at 91. 5% and 9. 1%  which improves the accuracy of gait recognition. Therefore the
proposed method can be used as a supplement to the highdevel authentication method to increase the privacy and
security of personal information. And it is also very suitable to the application in the secure management of the apparatus
in laboratory.

Key words: gait recognition; sensor; dynamic time warping; neural network

120190709
( U1809201) ; 0
( LGG18F010011 LGG19F010004) 2016
(jg20160237) ; “ ”
(j£20180471)
(1994 -) e (
o Tel.: 17816123801; E-mail: xuditaocn@ 163. com N ) N N
(1980 -) 2
o Tel. :13093705327; E-mail: jiangbin@ hdu. edu. cn



26

FHiTiloR A& 39

6 MEMS

78

Mpu6050

Muaaz

Warping DTW) 48

0 Arduino

Arduino

( Dynamic Time

( Equal Error Rate EER)  16.26%
; Derawi DTW
89.3% . !
DTW EER  13.7%
: 12 k ( k-Nearest
Neighbor k-NN)
87.6%
DTW
( Artificial Neural Network ANN) DTW
( Levenberg-Marquardt LM) BP
1344
1
Mpu6050+ Arduino
N HC-05 o
Mpu6050 N N N
+2 g
Mpu6050 :
Arduino N N
Arduino Nano ATmega328
( Nano3. 0) Arduino
USB Arduino
HC-05
pPC o
1 o
. o ) -
( )3 1
2 o

i 0.5
| 0
5_0'5 1 1 1 1 1 J
0 50 100 150 200 250 300
(a) x
i 0.5
w0
5_05 1 1 1 1 1 J
0 50 100 150 200 250 300
(b) ¥
i 1.5
'}ﬁ 1.0
= 0.5 1 1 1 1 1 )
0 50 100 150 200 250 300
K R
(¢) z
2
2
2.1
15
M= M M, M,
r=T, T, T, .
o n
01
(i) = t(i) -1
t(n) —t
ie ln T(:) € 01 (1)



27

3
3 A B . 52 D(M, M)
DS, S) = 3T g (3)
i=1 j=1
° S, Sy
4 5 o
12 BP
20
- BO
% Jeijt
= B
30
-0.2 0.2[/\/\/\/\] 2 &\
&
A —4k I [8]/s
(¢) A/B
3
2.2 0.25 :‘
. 0.15F
. ﬁ 0.05
E 005
=0.15
-0.25]
A B
M, M, M,= M, (a)
5
M;12 Man MB: MIJI MI)Z e Ml)m
nxm (i 2.3 BP
.]) Mm‘, th d= HMaj _th” BP A
N o BP
(i-1p)(i-1j-1).(ij-1)s
Dij =d(M/(i) M(j)) +min{(D(i-1))
D(i-1;-1) D(ij-1)} (2) ’ |
17 17 (X, X,
. X" 17
6 12 N (1/0) N
3 STD. L. c~ ve f
A B 'S, = n STD.
o CMA T
L cn v
{MA| MA2 MA3} \SB:{MBI ]WB2 MBg} MA, MB/

Sy S




28 oL DoR A 39

L = ﬂa(t)dt

¢ =f/n
v=L/T T=1/c
2 l
m=JVli+n+a ae 110
7
S o
3 2
(v, ;)" (o1’ ; (1
6 o
€D

ELAF FRHIEFF U
DTW 57 RAREE B

1 EHHIE
ANN 1 N A IE(0)

SRH RFEFFS)

DTW i+ 8525 iR
) AFRFE B Dac,Dt

LM St

Y%k ANN
KA S TR E

FCSEHHIE

ANN H A AIE(])

6 DTW-ANN
6 DTW-ANN
(1) o
DTW
12 BP
(2) o
DTW
Dac Dt
LM u
DTW
N N BP
o DTW
LM

40 Hz

10

BP

(6 4 ) o
I min 3
5d 25 7 5 &
ABCD 7Sy Sy S¢Sy
vSa Sk S S Sis
Sae A 6 o
DTW
1.2
o 570
300 1 270
9 30
o 80% 20%
3 o TP TN
; FP FN
o 10 BP
( Receiver Operating Characteristic
ROC) o
1 DTW
Sy /Sy Sy/Swm Sy/Sy Sy/Su Sy/Ss Sy/Sie
0.2523 0.3781 0.2984 0.2789 0.2126 0.3219
0.041'1 0.0485 0.0389 0.0425 0.0319 0.046 1
2 DTW
Sy /Sy Si/Se Sy /Sy Sy/Sc  SylSy  Sc/Sp
0.9574 0.8273 1.0428 0.7224 0.8831 0.631 6
0.1321 0.1404 0.1794 0.1048 0.1254 0.091 5
3
BP
TP FN FP TN /%
A 114 54 6 4 50 91.2
B 114 54 6 3 51 92.1
C 114 55 5 5 49 91.2
1 2



3 29
0.5619 0.425 8 0.081 4 EER. 4 10
0.054 5, 91.5% EER 9.1%.
BP 10 000
0.001 0.01 BP N EER
LM o 7 o
~9 o BP 10 000 4
26.28 x10°° EER /% 1%
; DTW $ 16.26 —
462 999.65 x10~°; DTW 10 13.7 —
LM 23 DTW g — 89.3
935.04 x10°°. LM BP g _ .
BP 9.1 91.5
1.0
1l 0.8
B
™ 0.6
1 | 1 1 J
0492 0406 08 10
R i ﬁﬁﬂ%
10 ROC
10+ \ . . \ j
2 4 6 8 10
HHrx 107} 4
7 BP
10" e
BAE
o DTW
LM BP
104 PR S R T R R S TS R
0 50 100 150 200 250 300 350 400 450
HH
8
( References) :

1 Harbach M Luca A D Egelman S. The anatomy of smartphone
unlocking: A field study of android lock screens C //Proceedings of
the 2016 CHI Conference on Human Factors in Computing Systems.
San Jose: ACM 2016: 4806-4817.

2 Rokanujjaman M Islam M S Hossain M A et al. Effective part—

- ) ) ) ) based gait identification using frequency-domain gait entropy features
B H;ﬁ 15 el J . Multimedia Tools and Applications 2015 74 (9):
’ 3099-3120.
9 LM

3  SunF Mao C Fan X et al. Accelerometer-based speed-adaptive
BP gait authentication method for wearable IoT devices J . IEEE

Internet of Things Journal 2018 6( 1) : 820-830.
. 4  BoraNM Molke GV Munot HR. Understanding human gait: A

( False Positive , N o -
survey of traits for biometrics and biomedical applications C //2015
Rate FP R) ( True Positive Rate TPR) International Conference on Energy Systems and Applications. Pune
o FPR « TPR y ROC ; India: IEEE 2015: 723-728.

(0 1) (10) ( 71 )



3 71
J. 2009 28(9): 14.
) 2 Bishop R. Intelligent vehicle applications worldwide J . IEEE
Intelligent Systems and Their Applications 2000 15( 1) :78-81.
3 CMOS
I 2009 30( 11) :18=20.
4 J.
g \@f 4 2014 22( 8) :24552458.
£ ~\07(2.6,-1.5) 5 M.
ot / 2008.
N 6 v
c=0.13) 2010.
7  Chen Q Ozguner U Redmill K. Developing a completely
8 3 autono2mous vehicle J . IEEE Intelligence Systems 2004 19(5) :
3 3 841.
8 Romuald A Jay G. Perception for collision avoidance and
fem /s autonomous driving J . Mechatronics 2003 13( 10) : 11494161.
B 10.7 6.3 9  Martiine F J Toh CK Cano J C et al. Emergency service in future
X 15.8 7.6 intelligent transportation systems based on vehicular communication
D 1.4 5.9 networks J . IEEE Intelligent Transportation Systems Magazine
2010 2(2): 6-=20.
10 FPGA
] 2015 34(4):124428.
11 /1
4 c //
s.l. 1 s.n. 2011:129433.
o 12 J .
2015(2) : 608-612.
3 70% .
J. 2012(3) : 1346 32.
° 14 STM32 D .
( References) : 2016.
15 D .
2007.
29 ) 10 Derawi M Bours P. Gait and activity recognition using commercial
Arduino / Android phones J . Computers and Security 2013 39(39): 137444.
J. 2015 34(12): 53-56. 11
Arduino ] 2018 41(11): 8491.
I 2016 35(1): 50-53. 12 D .
Aoike K Nagamune K. Gait analysis with six axes inertial sensor 2016.
and force sensor for daily motion C //2016 11th International 13 Shen Y LiuT LiQ et al A wearable sensor sysiem for knee
Conference on Computer Science and Education ( ICCSE) . Japan: adduction moment measurement C //2016 IEEE International
I[EEE 2016: 2728. Conference on Real-time Computing and Robotics ( RCAR) . Angkor
MEMS Wat Cambodia: IEEE 2016: 742.
J. 2016 35(3):51-55. 14
Muaaz M Nickel C. Influence of different walking speeds and D . : 2016.
15  Auvinet B Berrut G Touzard C et al. Reference data for normal

surfaces on accelerometer-based biometric gait recognition C //
2012 35th International Conference on Telecommunications and

Signal Processing ( TSP) . Prague: IEEE 2012: 508-512.

subjects obtained with an accelerometric device ] Gait and

Posture 2002 16(2): 124434.



R

¥ B & R4 & A AT

P E &AL A AT
(CAJ-CD#L3E ) $ATH F 7]
2ESRRKFHEREAESF
& & 3 R A B 2T

LT SR FHE R

ANETHMEE, HiEE,. RERRS:

(P B FRMF GEEIR))

- {FEHAM)

s A FFHE—H TR
- (PEECHA (Hik) HBE)
- (PEFERBHGFMEEE)
s (P SAH ) B E )

(Lo F R IR 4 )
(P EFAIF L) (LK)

- RF R (LHEE) (AT, VINITI)

- 28 (LE ) (CA)

- £ B (SlHAFH) (CSA)

- 28 (LA FEBFRMFIESH ) (UIPD)
- 3B (INSPEC) #t# %

- 28 (£ FFHMHIEE) (EBSCOhost)

( HFI, 1982 44617 )
39% 3 M 289y
2020 4£ 3 H 25 H iR

Research and Exploration in Laboratory

( Monthly, Started in 1982 )
Vol. 39 No. 3 (Serial No. 289)
Mar, 25, 2020

Foh: HEASEKE
T B
mEHA: (EREIIRSHER) wEE
k. EiEHIAELEE 1954 5
ISR REEH 2 = 456, 457 %
HB4%: 200030
EEiE: (021) 62932952 62932875
JERER: (021) 62933165 (HHEE )
TELILTEMLE . http:/sysy.cbpt.cnki.net
B FHBFE: sysy@mail.sjtu.edu.cn ( F34))
sysydk@163.com ( 1] F] )
sysyggy@163.com (] )
M4k : http://sysy.cbpt.cnki.net
ENRY: b 76 7 45 BX VG B R A PR 2 )

ITEEEEACIE: 3101045000324
ERgG—EZHM®WS: CN31-1707/T
EFRtREZEL MRS : ISSN 1006-7167
EFREAF]4R%5: CODEN SYYTAZ
ZITEE: ENIMAFEAT

BRRRS: 4-834

EH: 23,550/




	11
	12
	改进的惯性运动传感器步态识别_徐狄涛
	19

