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Design of Walking Auxiliary System Based on Gait Detection Algorithm
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(1. School of Medical Instrument, Shanghai University of Medicine & Health Sciences, Shanghai, 201318, China; 2. School of
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Abstract: To ensure the safety of blind and visually impaired patients and reduce false alarms in the
process of obstacle avoidance, a walking auxiliary system based on gait detection algorithm is designed. In
the signal processing algorithm, wavelet packet is used to reduce the noise of the signal, the mean value,
standard deviation, variance and wavelet energy of the three-axis acceleration are extracted, and multi-
dimensional parameters are constituted as the gait characteristics by combining the information of foot
pressure. Then, the optimized multi-classification support vector machine algorithm based on genetic
algorithm is selected to train and identify the gait. The hardware part mainly consists of three-axis
acceleration signal and plantar pressure signal acquisition hardware design. The software part mainly
includes the acquisition and processing of the plantar pressure signal and three-axis acceleration signals and
an android phone APP which can dial automatically. Experimental results show that the proposed system is
based on the gait detection technology of multi-sensor fusion, with an average gait recognition rate of
90.48%. The system has good portability, low power consumption, good obstacle detection effect, and
has certain research significance and practical value in the field of auxiliary walking.

Key words: ultrasonic sensor; plantar pressure; feature fusion; gait detection; support vector machine(SVM)
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Fig.6 Optimal parameter selection

KT F St ml F ok o BB AT A R SRRt

787

NANANNIgN

1000 1500 2000 2500 3000
KR A
(a) 177
(a) Walking

1000 1500 2000 2500 3000
P E I

(b) ##1E
(b) Standing still

IOAM

1000 1500 2000 2500 3000
REEEE
(c) Er%EE

(c) Going upstairs

10f
S;AJIH\\,M
0 1

1000 1500 2000 2500 3000
KA R
(d) THEbS

(d) Going downstairs

2 3 Z1s
B A e A A S g g
N SN A
R 50 100 150 200 250 300 350 400 450 500 = % 500
Pk
(a) ﬁ*i
0 5 (a) Walking E s
mw 9f a 100
S ——— Sy
R 50 100 150 200 250 300 350 400 450 500 =< () 500
PR IE
®) Bk
= % (b) Standing still E s
i l‘~—Av4w—Jm¢$_*”N/ o
A r ¥
=R 50 100 150 200 250 300 350 400 450 500 H Y 500
KB
(ON=: 2
g (c) Going upstairs E i
It o
| AU A S
= 50 100 150 200 250 300 350 400 450 500 B Y 50!
PRETCE
(d) TR
0 (d) Going downstairs > 50
S 2_ Sy
% _(2) W g 1ol
& 0 50 100 150 200 250 300 350 400 450 500 B 0() 5(I)0
R R
(e) B8l
(e) Falling
P4 5Rh 2D A5 8 T ) IS BE 55 X L K5
Fig.4 Comparison of acceleration signals in the Fig.5
vertical direction of five gait patterns
RACA AT RAE R B FE RS

BRI

W St st costihandil s Vo

1000 1500 2000 2500 3000
PREFEE

(e) Bk
(e) Falling

SRNAEZS 1 S5 AR R 45 5 X L

Comparison of heel pressure signals

of five gait patterns

Accuracy=78.57%

0.0% 0.0% 0.0% 0.0%
0 0 0

0.0% 0.0% 0.0%

" 0.0%
PR ® 09
b 0.0% 0.0%
S | 09 v
2 0.0% 16.7% 0.0%
S g | 00 167
= | 00% 111% 0.0%  0.0%
7| 7 2 0 0
780 5 101520 2530 35 40 45 50 Bk BKME _BRERE TR TR
EARIK S Target class

K6 s Bk sEas

result

Fig.7 Recognition results based on

SVM model

BALEEALE WA ARE S
Accuracy=90.48%

0.0% 0.0% 0.0%
0 0 0

0.0% 0.0% 0.0%

g BRfsl| o o :
o 10, 0, 0,
E Lt | 00% 0% 00%
=

0.0%  8.3% 0.0%
OB " 3T 0

4= 0.0% 0.0% 0.0%
TRy ) 0

Hplk R LR TRERE 17E

Target class

Bl 7 T SVMBERIF SR K8 T GA-SVM B 15 51 2% 1

Fig.8 Recognition results based on
GA-SVM model

T 5 B9 28 25 R AR RS L, 45 R AN 9 Bz o 5 T B — ik B2 A 5 B9 28 AR 3 R R O 80,4204,
HFRIEENES L ETH R R G 69.28% , 7l LLFE B 7E & I E G55 EIRENES



788 R E B L Journal of Data Acquisition and Processing Vol. 35, No. 4, 2020

Jo o 5 Fh A S B R B0 R O 90.48 %, BB R T AL T — 120 ST =RE S
. . 100F =R R A R R T
'fﬁ_‘?o i 80F
T WU AR R G T Bl AR SCAE S R B AT B X 60
RS2 B, % R LA 5 RO R BUR N Bk, B 0
G A S Ak KRR I Ll L 4% f IR L L AT

0
e - - Wi Bk DB FRR TR
0 5 5 AR AT 2 R R B A e e s i

SO T B R R b B B AR EE UK pig g Comparison of five gait pattern rec-
M 295 cm. % JEF] HC-SRO4 #7451 8% 2% 76 41 3% v B ognition results

392 Qi # 432 Q i, B BE B o 2~450 cm, [F] B 82 45 B i

G 3RE B I R B B 290N 50 emo BB AR B d %8 A I B R I I B GV N B AR ) 1 %
BB B 25 E . AN SRR A A TE B 50 em << d << 450 em, BV A] DL GE kg I R R 2, A5 0B SE
R AR B T R L W R AS RN 1 TR, X TR LR R AR, AR R Gk A R R D AT R
Pymr AR 3] o K X TR AN, BARAME R sk  HEREHEN, ARG LUK
SIS

F1 AEEFYENER

Table 1 Detection results of different obstacles

(R W 5 47 155 &/ cm i 15 47 96 5 B B A% /em AW /em
Ik BE 270 30 156
VYN 120 80 161
Ak 7.5 8 72
R 25 150 70
IR (B i) 18 6 110
TR (B ) 6 18 85
HH 2 (R 2s) 5 0.6 67
A (R as) 5 0.3 55
N (3 37) 175 26(1) 142

15 4 ) B e _
M gk e ams uEs (@ T b
£ 1 B WL 26 AT 5 4 (Atten-
tion) i B, , it J5 FHL APP 5 pl % il #4
BRAMAANLEMEFEORADE |
. FIRA RS E 20 s 1Y 5 R R il A5 L IBRET
NG, 40 S5 A AT P A R B e | kBB
A0 AT RO T DL R — R |

Rik o BT FHLAPP AL g [ARREIN R, £A55L
HME QR NAE A, R B R ehliE 2% L BURET
TSI T TS e Tl T
IETF GPS R BL Bk g5 46 90 sk B 45 2
AL BEEISR B S A B A [ ik S
LT 43590 1 Pl 10 1P 11 B

K10 BB K B i K11 AzhikS S
Fig.10 Interface of fall help Fig.11 Interface of automatic dialing



A F A TI AR kM T AR %R 789

4 H5RIE

AR SCHIEFE I 52 BRI TR =i e BE A5 5 5 R R TR A5 5 XA 25 HEAT R I ) Ak 52 B0 75 e ) e
e, RGUl XA 0E ik LRERE T RRRR R ] 5 A A A Y =l o i S R IR R A S R
A Lo /I ) 25 G Ak B 30 BB S i B A S P AR E2E T 25, LRI IR 5 R BRI ) 4R S 22
F18 ST, Ao AR A 28 IR B8 4 5 /N A BB i A W R AR (B BB SVMUAE O 70 264, 26 4% RBF, il i3
L LA TR S BTN L, 38 A% 55 1 Ak SVME I 25 285 6 D A8 SR die £ , 5 i 20 25 57 349 131 236 3k 3]
90.48%% o [7l i it 2o Fil 45 R JBE A5 5 IR AR5 22 A UM RE T3 — s AR 5 o — R 1R
X CHR R, ZIRES X SA L AN PUI R B & TR —FS . LREAURRY L IZRGEET
2 A% AR B B 20 AR I B AR 2 25 H R R GA B 90.48 04, AT LATE 450 cmmﬁlljﬂ#ﬁﬁﬁﬂﬂl B, i 4
B ARG IENELE DIFRAR, BT 5 7 N IR R A B AT A U R — E R F 5 R SR S
ME

S E k-

(1] 5o RYES IR T GPS G A 5 A 35 1 B AL BE I 7 HSEHLIN &t 55 #240, 2011,19(5): 1154-1157.

FANG Renjie,ZHU Weibing.Design of guiding blind cane based on GPS positioning and ultrasonic detection[J].Computer Mea-
surement & Control,2011,19(5): 1154-1157.

(2] sl skl 7%, LAk, 45 JE T TMS320F 28027 1 K FH Al £ 2 B A fiE 3 1 AL ST U], AL AL 5 0, 2012, 31(2): 71-
73, 79.

GUO Yangiong, ZHANG lJianjun, WANG Zhimin, et al. Research of solor multi-function intelligent blind-guide based on
TMS320F28027[J].Microcomputer &. Its Applications, 2012,31(2): 71-73,79.

(3]  WHIFHI.JET GPRS AR EG IR S R S BT 5 S BU[D]. P E PR 24, 2010.

XIE Kaiming. The design and implement of GPRS-based alert system for fall detection[D]. Chongqing: Chongqing University,
2010.

[4] SPRAGER S, JURIC M B. Inertial sensor-based gait recognition: A review[J]. Sensors, 2015,15( 9) : 22089-22127.

[5] CORDOBA R, FERREIOS J. Frequency features and GMM-UBM approach for gait-based person identification using
smartphone inertial signals[J]. Pattern Recognition Letters, 2016,73(4): 60-67.

[6] LIJ,QIL,ZHAO L, et al. Dynamic long short-term memory network for skeleton-based gait recognition[C]//Proceedings of
IEEE Smartworld, Ubiquitous Intelligence &. Computing, Advanced &. Trusted Computed, Scalable Computing &-
Communications, Cloud &. Big Data Computing, Internet of People and Smart City Innovation. [S.1.]: IEEE, 2017: 1-6.

[7]  MARCIN D, MARIUSZ B. Recognition of a person wearing sport shoes or high heels through gait using two types of sensors
[J]. Sensors, 2018, 18(5): 1639-1659.

[8] ARk, RBICT BT . 5 T I A% Sl Ak A 4G ) 28 e 2 (0] AR A R 2% 41, 2010, 31(3): 715-720.

SHI Xin, XIONG Qingyu, LEI Luning.Research on fall detection system based on pressure sensor[J]. Chinese Journal of Scien-
tific Instrument, 2010, 31(3): 715-720.

[9] YOUNG S C,HOJOON K,DOIK K. Flexible piezoelectric sensor-based gait recognition[J]. Sensors, 2018, 18(2): 468-478.

[10] OMID D,MOJTABA T,RAGHVENDAR C V.IMU-based gait recognition using convolutional neural networks and multi-
sensor fusion[J]. Sensors,2017,17(2): 2735-2757.

(11] AR, 5, 228, 45 T sSEMG 5 LR35 5 & B9 e s W F 72 7]. (AR 24, 2015, 36(9): 2044-2049.

XI Xugang, WU Hao, ZUO Jing, et al.Study on fall detection based on surface EMG and plantar pressure signal fusion[J]. Chi-
nese Journal of Scientific Instrument, 2015, 36(9): 2044-2049.

(12] BB, XIMEE BREe 5, 28 T (RO 2 300 B 3 28 A5 UM D TR [T ) i TT R 52 4 (T2 i), 2018, 52(10): 1980-1988.

ZHAO Xiaodong, LIU Zuojun, CHEN Lingling, et al. Approach of running gait recognition for lower limb amputees[J]. Journal
of Zhejiang University(Engineering Science), 2018, 52(10): 1980-1988.
[13] FRANCHINO P, ANANA V R, DEEPAK K. Wearable movement sensors for rehabilitation: A focused review of



790 R E B L Journal of Data Acquisition and Processing Vol. 35, No. 4, 2020

technological and clinical advances[J]. Innovations Influencing Physical Medicine and Rehabilitation, 2018, 10(9): 220-232.

[14] CLAYTON R P, DANILO R P, SILKE A T W, et al. A survey on computer-assisted Parkinson’s disease diagnosis[J].
Artificial Intelligence in Medicine,2019,95(4): 48-63.

(15] EkME, BRAG, Treh, 45 . Bk T8 05 B A A GRS (R BLIRUII[D]. A B 2 TR 2240, 2018, 35(4): 127-136.
WANG Yongxiong, CHEN Han, YIN Zhong, et al. Human action and road condition recognition based on the inertial informa-
tion[J]. Journal of Biomedical Engineering, 2018, 35(4): 127-136.

[16] MORALES J, AKOPIAN D. Physical activity recognition by smartphones a survey[J]. Biocybernetics and Biomedical
Engineering, 2017, 37(4): 388-400.

[(17] B, I8l B E £ . SEMG 15 5 5% 42 1l i B KRR 32 3O 0 [0, B SR 45 5 b B, 2019, 34(6): 1039-1049.
ZHAO Qian, GUO Fangrui, YANG Guanyu. Single channel sEMG signal acquisition circuit design and its feature extraction al-
gorithm[J]. Journal of Data Acquisition and Processing, 2019, 34(6): 1039-1049.

[18] TABRIZI A, GARIBALDI L, FASANA A, et al. Early damage detection of roller bearings using wavelet packet
decomposition, ensemble empirical mode decomposition and support vector machine[J]. Meccanica, 2014 ,50(3): 865-874.

[19] VEMETE, AW A T . SR 0] B AL BE B BRI ST SR [0, 1S WL IR 5T, 2014, 31(5): 1281-1286.
WANG Haiyan, LI Jianhui, YANG Fenglei. Overview of support vector machine analysis and algorithm[J]. Application Re-
search of Computers, 2014,31(5): 1281-1286.

[20] slevk B ZEWE Rl , 45 . T8 AR 0 A0 A S 1) B LA A 7 AR BB 73 26 [T). T 82740, 2019, 40(5): 887-892.
ZHANG Mo, ZHENG Huifeng, NI Hao, et al. Ultrasonic image defect classification based on support vector machine optimized
by genetic algorithm[J]. Acta Metrologica Sinica, 2019,40(5): 887-892.

& B
BE SR B (1994-), 55 , i L WF ZEEERR(1975), BlsEH, BB (1984-), % 1+, dl
SO FSE ) AR B A BoW A Az R T PR WFSE I A Y B A
{5 B4 E-mail: 996835302 WS B AR E- {5 BALH

(@qq.como, mail:lixo@sumhs.edu.cn.

(448 . T 4)



