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Recognition of Abnormal Gait Based on Vibration Signal

WANG Cheng-liang, LIU Yi-luo
(Computer School, Chongqing University , Chongqing 400044, China)

Abstract: The recognition of abnormal gait is of great help to the health care of the elderly. Existing related research
mainly uses image acquisition equipment or wearable equipment to obtain relevant feature information for identification.
Most of these methods are invasive or have high operational requirements for users. This paper studies and realizes a sys-
tem prototype based on the detection of abnormal gait and fall based on foot vibration signals as the source of identifica-
tion. This paper first designs a multi-sensor cooperative signal acquisition method to achieve a large range of signal acquisi-
tion, and separate the effective part from it as the active element. After the collected active elements are denoised, an im-
proved dynamic time warping algorithm (DTW) is used to calculate the abnormal index representing the difference between
active elements, then the abnormal index is classified by the K nearest neighbor (KNN) algorithm, and the inferred value
that initially characterizes the user’ s gait is obtained. The inferred value is further processed by hidden Markov model
(HMM) to identify the user’ s gait. The experimental results show that the method proposed in this paper can effectively
identify abnormal gait in different gait modes, with an accuracy of 96% in a stable environment, and an accuracy of 94% in
an environment with unstable floors.
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Input: sensor socket list sl

Output: NULL(put the best signal bss into a queue oq)

1. for ¢ in sl:

2. create queue sq, = NULL; BB B TCATE A1)
3. while not END:

4. wait until get a new signal ns; AR —A T HIE 37T
5 if sq, is NULL:

6 sq.put(ns); /75T SRR BAF Ay 25 I AR A 1% B o
7. else:

8 bss = NULL;

9 for each sq;:

10. if sq; is not empyt:

11. js; = sq,-get();

12. bss = maxEnergy(bss, js ); /B bss 5 jsi R #FH
13. oq.put(bss);

14. sqi.put(nst)

15. return NULL
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Input: Raw activity element list for training rae, Number of hidden
states n

Output: parameters 1 =(x, 4, B)

1. whole_data = [];

2. lengths = [J;

3. data_size = len(rae);

4. wae = wavelet(rae); /P J5UHR R IEAT 250

5. for w; in wae:

6. fw, = DTW-KNN(w )

7. I, = len(fw);

8. whole_data.append(fi,);
9. lengths.append();

10. 4 = Baum-Welch(whole_data, lengths, n);  //Baum-Welch Bk
W = A S HCN G AR 4150 22, T ALV R85 B B A 2k

11. return 4;
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Input: Raw activity element queue aq, Window size ws

Output: Gait status list gl

1. cogList = [*]

2. while len(cogList)<ws: //[f] cogList TR AR 53] 5 % 1 K/h—3
3. rs=aqget(t);

4, wrs = wavelet(rs);

5. cog = DTW-KNN(wrs);

6. cogList.append(cog);

7. gl = Viterbi(cogList);

8. return gl

R 35 A SRR I TG S e s BAS aq, RUBIY
F RN ws, B A RO A 25 5 90 36 ol 565 1 AT B — A
TEABBN R, FRATAk B0 R A F T A 5 565 2~6 T T A
Hi DT G B4 b BBCHE 9 B oo R A iE AT DTW-
KNN R AL Fe b, 1210051 63k 5 5@ X
BT RN 5 58 7~ A PRI 31 51 35 b A B8040 5 Viterbi
LTI, IF R MR E5 54
3.8 RERBEIERESH

— R SE R A SN T B e 5 e TG shot o
G SICREL , Je M IR e L K e S A A BB S8 1k
BTG ST T3 B n, S Z T .

T ahoe ) haC(1) 530 (3) a5 e &2 24 B

O(%n o(1)

TSGR - T A B 550 FLIR 2 AR 5
A VR, A B2 2R BE O O(1). 26 Mo 3 T /N AR e ik
ATIR, 52 4= 5 R hy /N AR 46 1 B 8] 52 4% B O(n log ).

HEMBIH . DTW B ] 52 2% R O(n* ), KNN B[] &2
ST RFEARGEE E S FEARLCE m, A5 D
O(klogm) =0(2logm) =O(log m), & i} [f] & 2= J& Ky
O(n*) +0(logm).

+O0(nlogn) +0(n)=0(nlogn)
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S I A O I L B R ) A
O(nlogn) +0(1) +O(nlogn) +0(n*) +O(logm) +
0(P0*) =0(n*) +O0(PQ*) +O(logm).
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®1 DIWitERE, FERHGTHR SEATLEBESERNEL
VaAN=FNAN 400 350 300 250 200 150 100 50
ST A /s 0.85 0.64 0.48 0.36 0.25 0.17 0.12 0.08
SR BRI % 0 0.35 1.6 2.7 9.0 10.5 13.3 19.8
25 [ AL 2 % 0 -19.7 -35.0 -38.5 -49.7 -60.6 —-64.9 -63.7
%2 CRI,NOR#EX TEMAEZLS A A SVM, KNN Il Zk Bt B33 b
A kg R | HERR% KETRI% HIE% | FIEU% | SF8IIZERs | SEE52amtiE /s
b SVM 87.21 86.02 84.50 86.38 1.56 0.02
NOR KNN 91.54 90.46 89.74 90.30 0.15 0.09
U SVM 73.25 77.32 74.56 72.81 35.78 0.07
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SVM 88.10 85.82 83.15 84.19 1.72 0.03
DTW
CRI KNN 90.34 91.18 90.56 89.96 0.17 0.08
e SVM 55.44 56.13 55.74 54.60 34.97 0.07
FAE 7 s
KNN 63.80 64.29 63.52 62.21 0.31 0.20
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ZAG PR R T HMM & 1E 52 T 4016 2 oo 18 50 25 S 19 Ag
J3 . HE R IE SRR E HMM 19 & H e 50  E o
5. TEASAMBOLT , HMM 3478 S84 B8 IERUR: S
15K 88.75%. £f I ik, ffi F HMM RE48 A1 2038 & &
G AR P HERG SR, R R RGNS R

BN DTW-KNN Bl HEMM B #EE

0.940.93

0.8

0.6

e

0.4

0.2

NOR-fiff NOR-AFiE CRI-fa5E
AR -

F4 DTW-KNN 5 HMM #Ef 25t 1 E

6 R T LSTM 5 A S iE b AT te i 48 b5 . %
JEEIRAZOE G P RE A S , B A — 4k LA 5/, o
FERGBETT Y LSTM AT S 4t 455 1l £ 20M DA Py, BRI 2]
WA “BRUZ+LSTM E+ 21527, £ ZNZB L LS
BOH A B S B0 20M DL HEAT . Bl h YR A Bk
8, HEAT IE 59 0 B0 0 2B 45 . “LSTM HEif 3
(AR ER ) T B 4 fi FH oR 4 2 1035 2 oo B8 517 43
2, X SRR AE E S 150~300, 765 A LSTM Hrisk 2%k
JE4E B F] 300, “LSTM i 3 (4b BRECHE ) 7 48 4 A 2
LSTM H (5508 A 2815 A SC DTW b 5000 | X 268
85 A 761 52 ) — A8 . AR 6 R s vT LA il
LB 1 LSTM 43 ZE 1 iff 8 ARAIC , £ FH 2850 b 34 A 25 0
JEHERRAT TR B TE . 2500, B T Bl /N L

CRI-Afa5E

Ab e B MR A BRI L SERBR R AR Y
B AT I T TN f W e T ik e g M- i e - 1
FEMET Y T S . H X SR R AR ELA e IR
LT RE A% B4 G b, 2 I3 AR R AR 52 i 3 0, 2 57 P Ak
i 1) LSTM #E 1 645 DR & 1 R [ 2 — . bk x) te Bk
U AR ST O vk R SO AR T A S R A
P PR B DL
%6 LSTM 5ARXFEIEFRITLL

k5 NOR-F&/E | NOR-AEE | CRIFEE | CRI-AEE
plErR it 100 120 120 150
LaNRAC Ty 60 70 50 100
LSIM Bl 78 74 75 71
(B LG )%
LSIM e 87 85 86 83
(Kb A )/ %

ik 96 95 96 9
HER /%
5 ZERIE

ARICE HET R B PR TREMGE SRS
BB T —Forik . ik BA DR RRS (1D) 3
FRUAEAR EREZ R B A X B &, ol B A
HA Wi-Fi 2R3 il S, A AR ; (2) FE T
Do o A SR ) 22 B DL R S PR S5 v aT REAE AR BT
P, BEAEAE WA A A A0 P, X PR 058 SR 451K 5
(3)fifi 2 B BILER = > Jr ik, 38 FH IR g ik A 2XF
B R, X0 AN 2 B R T AT A A R
TR, WA A U — R RTT B 5 (4) A A
ELA SR A R SO Rl Sz M SRR 2F TG R BT Rk
A E R L SR B AR 5 1k BB ATEAN R 2E ASAs
KRB LA 76 R A A -8 T B 28
1) B % R 95.25%, BE 5 15 IE 88.75% (1) 3% T 4
M .

% 30k

[1] PIERLEONI P, BELLI A, PALMA L, et al. A high reli-
ability wearable device for elderly fall detection[J]. IEEE
Sensors Journal, 2015, 15(8): 4544-4553.

(2] FHEET, S, 0k . 55T B 205 B 5 0 U s
L) B MR 2 (T 22 R, 2022, 52(4): 725-737.
TIAN H Y, MA X, LI Y B. Skeleton-based abnormal gait
recognition: A survey[J]. Journal of Jilin University (Engi-
neering and Technology Edition), 2022, 52(4): 725-737.
(in Chinese)

[3] ZENG Y Z, PATHAK P H, MOHAPATRA P. WiWho:
WiFi-based person identification in smart spaces[C]//2016
15th ACM/IEEE International Conference on Information



8

TR TR SR 5 1 5 42 25U

2097

[10]

(11]

[12]

[13]

[14]

Processing in Sensor Networks (IPSN). Piscataway: IEEE,
2016: 1-12.
WANG X C, RISTIC-DURRANT D, SPRANGER M, et
al. Gait assessment system based on novel gait variability
measures[C]//2017 International Conference on Rehabilita-
tion Robotics (ICORR). Piscataway: IEEE, 2017: 467-472.
GEIGER J T, KNEIBL M, SCHULLER B W, et al. Acous-
tic gait-based person identification using hidden Markov
models[C]//Proceedings of the 2014 Workshop on Map-
ping Personality Traits Challenge and Workshop. New
York: ACM, 2014: 25-30.
HE S M, XIE K, CHEN W W, et al. Energy-aware routing
for SWIPT in multi-hop energy-constrained wireless net-
work[J]. IEEE Access, 2018, 6: 17996-18008.
YAO L X, KUSAKUNNIRAN W, WU Q, et al. Robust
CNN-based gait verification and identification using skele-
ton gait energy image[C]//2018 Digital Image Computing:
Techniques and Applications (DICTA). Piscataway: IEEE,
2019: 1-7.
BABAEE M, LI L W, RIGOLL G. Gait recognition from
incomplete gait cycle[C]/2018 25th IEEE International
Conference on Image Processing (ICIP). Piscataway:
IEEE, 2018: 768-772.
NGUYEN T N, HUYNH H H, MEUNIER J. Skeleton-
based abnormal gait detection[J]. Sensors, 2016, 16(11):
1792.
ZHANG H, YE C. RGB-D camera based walking pattern
recognition by support vector machines for a smart rolla-
tor[J]. International Journal of Intelligent Robotics and
Applications, 2017, 1(1): 32-42.
LIAO R J, CAO C S, GARCIA E B, et al. Pose-based
temporal-spatial network (PTSN) for gait recognition
with carrying and clothing variations[C]//Chinese Confer-
ence on Biometric Recognition. Cham: Springer, 2017:
474-483.
RONAO C A, CHO S B. Human activity recognition us-
ing smartphone sensors with two-stage continuous hidden
Markov models[C]//2014 10th International Conference
on Natural Computation (ICNC). Piscataway: IEEE,
2014: 681-686.
SAN-SEGUNDO R, BLUNCK H, MORENO-PIMENT-
EL J, et al. Robust human activity recognition using
smartwatches and smartphones[J]. Engineering Applica-
tions of Artificial Intelligence, 2018, 72: 190-202.
LIN F, WANG A S, ZHUANG Y, et al. Smart insole: A
wearable sensor device for unobtrusive gait monitoring in
daily life[J]. IEEE Transactions on Industrial Informatics,
2016, 12(6): 2281-2291.

[15]

[17]

(18]

[19]

[20]

[21]

PAN S J, WANG N N, QIAN Y Q, et al. Indoor person
identification through footstep induced structural vibration
[C]//Proceedings of the 16th International Workshop on
Mobile Computing Systems and Applications. New York:
ACM, 2015: 81-86.

CLEMENTE J, SONG W Z, VALERO M, et al. Indoor
person identification and fall detection through non-intru-
sive floor seismic sensing[C]//2019 IEEE International
Conference on Smart Computing (SMARTCOMP). Pisca-
taway: IEEE, 2019: 417-424.

CLEMENTE J, LIF Y, VALERO M, et al. Smart seismic
sensing for indoor fall detection, location, and notification
[J]. IEEE Journal of Biomedical and Health Informatics,
2020, 24(2): 524-532.

TERLSE, AR, B L T AR SO RE A IR I 0 £ 1
BT HL T2 41z, 2021, 49(1): 85-89.

WANG C L, ZHENG C, ZENG Z. Sleep action recogni-
tion based on software-defined intelligence[J]. Acta Elec-
tronica Sinica, 2021, 49(1): 85-89. (in Chinese)

PAN S J, BONDE A, JING J, et al. BOES: Building occu-
pancy estimation system using sparse ambient vibration
monitoring[C]//Sensors and Smart Structures Technolo-
gies for Civil, Mechanical, and Aerospace Systems 2014.
San Diego: SPIE, 2014: 406-421.

Pan S J, TONG Y, MOSTAFA M, et al. FootprintID: In-
door Pedestrian Identification through Ambient Structural
Vibration Sensing[C]//2017 ACM Interact. Mob. Wear-
able Ubiquitous Technol (UBICOMP). New York: ACM,
2017: 89-120.

CHEN W Q, GUAN M N, WANG L, et al. FLoc: Device-
free passive indoor localization in complex environments
[C]//2017 IEEE International Conference on Communica-

tions (ICC). Piscataway: IEEE, 2017: 1-6.

ERE H,19754E5 AL IR . 1
+ . BN E PR AT LA B B A T
T BRGNS e Ok 4 K
RFID #fF 5% 5 g FH 46

E-mail: wangel@cqu.edu.cn

MEE P 1996F 11 4 ERA . M.
EENITT BN E R T SRR AL
E-mail: lyldwangyi@163.com



