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Gymnastics motion recognition based on MEMS sensor
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Abstract: In this paper, a set of gymnastics motion recognition system based on MEMS inertial sensor is designed to solve the problems
of complex background, limited range of activities and personal privacy leakage. The system mainly collects acceleration and angular
velocity data of 11 positions when the human body performs gymnastics by constructing a sensor network. Based on the pre-processed two
types of data, the parameters such as mean, standard deviation, information entropy and mean square error are calculated as
classification features. The support vector machine (SVM) classification model is established and the actions of six gymnastics
movements are effectively identified. The experimental results show that the SVM algorithm has better recognition effect than the machine
learning algorithms such as K-nearest neighbor, naive bayes and decision tree. The average recognition rate can reach over 97%.
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Fig.1 System hardware structure diagram

&1 MPU6S00 {2 BB SHIRE
Table 1 MPUG6500 sensor parameter setting

%5 Jin R R R4
Jiln] 3 %l 34
-3 +16g +2 000°/s
e 3.2 mA 450 pA
IR/ C -40~85 -40~85

s 1°C 12C

EEMEHCh ARM R 6l #§ STM32F103ZET6 & -,
BT HOMARBER [ 12 AR bR (4 TR 1802 3) [
Bl BHAZE 12 A 10 551 11 ASER AR 13 4
WAFHE I, A DR 2 8 MERER 1Y . J5h, AR S0k
FERAT AL i ) RE Y ESP8266 Wik A58 bk 52 TG 28 4
PR, nD R R S 2 1 ) PC

2 HURAESZHEIRA

2.1 HFERESTALE

R0 20 R B S 5 Bl S SR R TR AT A 51 1Y
S, A RS AR N AR S T ) i S A7 0 R 17 2 X 580
KRB A PENE R . ARYE AR HHESR S5 1,
PR N G B BROGY 45 11 ML o Bt
SRAR S ISR R 11 AR 20 18 T A L
WA 2 s o i, KA A IR BBk 12 31 STM32 8 )5 AL
Lo FEERS, PRUEAZ R T A0 Y A5 M i 2 B, X -

(a)4xEp; (b) BiOCTY s (o) K 5 (d) KBl (o) BRI
(a) The whole body; (b) The wrist joint; (¢) The upper arm;
(d) The thigh; (e) The ankle joint
K2 MEMS 2 gl L 76 AR T ) [ 4 o
Fig.2 The fixed positions of the MEMS motion sensor

on the surface of the human body



- 96 - SRR R O

TR RS R D, NRBI TR 3 AL A B
D 8% B 1 e =2 [ 9 T 40 2 DX 2, 0 T RS AR B R
& , T R 0 A SRU30 F) A R RS B2 . i e il v )
THAE T E S, (H AT DL i 5L SeH AR5 120 HY
Wi A A, 0 P A9 AT A IR A I A — A B B 55
SEYR I ME IR B %, L BR T IR 5 P A9 o T4
IR P 3 F , BB e R il 26 SE 0~ 3 5 4L
PREVRFESRI ., AN, DAIET 3 AT LU Y, =l il 2 A
Sr I 2k EARHER A TR 0 J PR AR AR (R Y o
R JA R B 5 DR G S 5 o A AR 32 1 XY 4l
T E B AT

0 3 2 400
2 o [ = 200F i I
10 | N M = f\ (”/,H /\
2o ety 2o |
. UV 7] SR —
s 3 Z 400r
‘ﬁ 2 f | 1 & 200+
B A bl b B0 it A s
20 f \\4/’\ W g WW\ (e
3 Ir Ll % ’n\ | B0 /\
Wl oA \
g (1)7’\\]/\/ KJ‘«A\W \/ V\A wﬂ[j J f % O'\m’\/\(} \ J \nvw/\\\ J\/\ /J\p
L | V A
E’Zo 34 6 8 10 D %—5000 7 4 6 8 10 2
i)/ ffTil/s

P 3 =l o o 2 5 A 3k B A D X L
Fig.3 Comparison of three-axis acceleration and

angular velocity data waveform

N T AR A B X AR U B 3 Sl dks v i
TR P 2RI AE AR SCLASH /N 42 [ T R ARS8 0 s 1A
PRifiE, LLIS SN 2 8, X — 1 Se B 12 s Bdis #E 47 T
SrEIERAE o ol T R A A AR E Bt A v R AR
P2 R T R s A A B BopE 25 52, DR ke 201 s A i
JERI AU AT oSSR HA R B 12 3 14 1 R
HEK (ZEBEORTY) AnP 4 Ca) Fro, X 60 25 B 4
FEHEBEAT /3 FIA SN 4(b) B A58 T 4 ApRifE
IR BIVE TS LY 4 BB HIE o
2.2 FERANEE

SN A R R B X RO R AR 9 20 SR AR AR TR
WA FEAT K48 (KNN) (KR35 DU (NB) | Besfepy
(CART) SVM %, Horpr SVM 553k HAT 545 izt |
Wil — ) e Jo e 0 A A 65 PR PR SR AL TR PR AR R AT PR
FEARAF R SRR R B A B3, HA 2 9 2 B
TR PR, ARSCHET SVM 23R A, Bk
TRERUNIE S B, L2 AL AR 9 28 SR AR 1912 Bl HHiE o
filh, ST R RIS B B HER UM . R A 4 Sl A 23
P IERBIBA RS o 160G, R RALRER S 14 5ty
NI JEE RIS 3o JRE A , O SR B (EL D ik o B dle 47
BB AL FR T BR RO P A SR k2 S8 I 5 SR I XAk

(a) Bod 5l

(a) Data segmentation

2I,O 275 B.b 3.‘5
EETS
(b) BE LA
(b) Data fitting

4 o

Fig.4 Motion decomposition

1 1 1
0 0.5 1.0 1.5

PR RS BEA T 0 S AR AE SR I F i il SVM 303
B AT ZR AR o

F—————— e —————

5 UL TR

Fig.5 Motion recognition algorithm flow chart
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Fig.6  Recognition results of different classification algorithms
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Table 2 Recognition rate based on triaxial acceleration

(%)
Kn MR P 28 Phfi RO R
HF 99.46  100.00  100.00  100.00  100.00 97.50
B 99.46  100.00  100.00  95.00  100.00 87.50
EE 99.46 94.74  100.00  90.00  96.88  87.50
E¥  99.46  86.84  100.00  80.00  100.00  80.00
B 9514  92.11  100.00  85.00  100.00 85.00

A 95. 14 86. 84 100. 00 82.50 96.88  80.00
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Table 3 Recognition rate based on triaxial

acceleration and angular velocity (%)

Fo MR YR &5 12l R

T 99.46  100.00  100.00  100.00  100.00 100.00
A 99.46  100.00  100.00 97.50 100.00  97.50
A 99. 46 94.74 100. 00 97.50 100.00  97.50
JiEEER 99. 46 94.74 100. 00 87.50 100.00  92.50
TR 99. 46 97.37 100. 00 90. 00 100.00  95.00
HLE 97.30 89. 47 100. 00 97.50 100.00  95.00
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eS| +X -X +Y -Y +Z -7
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