55554 55 430

201547 H

X % ® I kK % % B

Journal of Dalian University of Technology

KR AE

No. 4
July 2 0 1 5

HLCSVMD) 77 3%

o
(REETAY BHBFEFTESR, 17 K&
FE . ma ALk & % (MEMS) B 5 o 28 0, A TR BB R 4 (1 ARk R FD R E B 7

XEHES: 1000-8608(2015)04-0411-06
%

3T HMMs it SVM () AR B 5 s A8 1751 5y 80 3500 of 52
¥ A,

116024 )
89N A& .5 Foh 4 H .

DEREERATTEELIN. NERERTUEZ 50 A HMMs # %4 T LIR ¢ Top-Down
|

0 4l

FE 23S . TP391. 4

all

B T KRR R TTAR 31 AT 5 RS RR H B B 9T R AL R

ARG R AEE(HMMs) 7 3 E TR ERRE RS AR AEK s 5 F 2 3477 2 8,0 B X

Jrak AR EEEET 80N U . Mo B F KR E T ZERMERA LW E
= X ERARIRAD . A

RAWERKWFIR LA T EEARFARER, FPHRIEARFAE

(2

A
i

KW DR KE A (HMMs) ; X # 16 EHLSVM) 5 31 18R 51 5 & W (BSN)

N AL & 48 B 4% (body sensor networks,

BSN ] FR A4S 5, o s WAL i 2 32 45 A% S e
8 3 JCL W 2% B L L I X AR S AT e

doi:10. 7511/dllgxb201504012
AR 00 ) T A Dt O 30 o T A A [ 37 1

A R AR B AR B A I 25 A4S B AL 19 3 AR
{55 IR I B8 055 Tk 3] s o e WA i 6 Wi i
FTA5 5 b BRRRAE B2 UG PR 48 03 2 5k 4 26
AR Bl A A 19 A R T R ) 1B 2 8%

W H AT, E AR Z BT LG & 20T i T 3%
1 3 R i B T B AR AL A B R IR R

T AR X A Sl AV B W I D R ) B 5. 4k 1999

4F Foerster 4R F 4 AN B2, 43590 [ 5 76 B
Ji R /MR S X AR A 9 AN B TEEAT T IR Z
JGt 2001 4FE Mantyjarvi 25K 94 il 58 B2 33 i
i 1 18 8 AR A2 AT W, R T PCA I
ICA JrikxtiE CF R B A% 3 A shfEEAT T 4% AE
i BT D 2003 4F Lee M RHER
-~ J5 1 B — o R T [ AR S A T R e
5548 AC F1 DC 55 . 85 ¥ AC #1 DC {55
453 i GESE O NS AEIEAT T 40 A AR
W A AT S FH T 0 P A M R S e N B RR
S Y5 R 55 S HE A H 8 35 2l W I A 48K, X A
(10 B RN A AR W4 S A A 25 it
1% 58 1 S AU R FH A 3 O =X, (H R 3 oy
A — SR B A=A R SR M 9, 9 Hoab
FEAE B RD [R]R. SR FH A JR T 5 AR 1 2l A ) i
TR0 9 AR S AR U A B LA 1A T B L 4R
BRI 25 5 41 i 46 p o5 Bl B OPL B R ¢
(MEMS) 55 B9 A% 40 4k St AN 0 i fb, 22T

2006 4F Karantonis 45 2K FH T 38 48 52 B — Jin s i
TH AP RS AL B A5 A e, o Yo S sl VR A sl 1R
et FESEAT TRER R IR N5 T 07 1
& A1 B R T % RN AR I X 2 4R [R) Y 4 i
PRI B N AR B # s VR R0 FF 46 732 v T BR

I VR BE N B A | H R B sh I 2R A
KB 2014-05-28; {EEBEH: 2015-04-11.

T TR . 2010 4F Khan %6 50— i o )% 11 45
AR AR BRI BE D i H (1. Q2012005).
TEEB A AN (1984-) .5 i+, E-mail: w_donghui@163. com.

SEAE N 1 E A, X 3 AN A S A O L AL 3D A 4
A B SE GE L R R B FEAT TR IEXS
B AL S 8 A SRR AT T 02 R AR A
[ 16 5 2 50 A 5 M (L DX IR A R AR AR L AR

P 2 G0 N T 28 ) 45 X6 — [ 2 ek () [i) B 76 [
8 1V SE s AR AT TR, 2013 4R Zhang %
E£TAB . ERAKRFPHFIEE T BINH (61174027,61473058) ; sk i B SEABLAIFAll 55 2 & 10085 4 B2 B30T H (DUTI5ZD114) 3 3L 7 48 #8552



412 A % E I X

¥ o R 555 %

R 1A RO 1A =R B R ACRT 1A
= AR I 2 7 S 30 2 B4 A 5 G D 18 o B
BLEE 5% 7 i X e B 110 4R 4R AE ) & E A7 T 1
b IF R g TR B PR 9 AN SR REAT TR BN
B2 Z AT B 5T B0A 5 8 H W AT R TR AT
e LA 2L SV M AR BLRY L 3l 1 Fr 31 s 02 AN [
SE .

AR SCHE ST — A JE TR B AR S A
B B E e AR S R AL R Y AR
RN B B B A A Ll R T R
g M AT 7 AR X SR S AR A A
SV 2 A I AR B A R AL 4R — PR T
Wt S 7R AT RAE Y 1) 3 25 00 1 07 8 Xk i 2 s AR P A
BEAT o H). B LS ARy 1 b SR T BIAR LA
LS R T O Sl VR TR A 9 A R AR SCER AR
S5 v R RS HE XS oy B 07 0k AT A 4R
& X3 SR B R0 2 AT R AR B AL B L R
PS4 1) 3 AL (SVIVD 73 28 445 X AS [ 19 30 1 2 3
BEATIAZE O — A Bl 2 4 9F 9 4 3kl S A4 3l
YRR ITIE A1,

1 B IR nl K351 55 Hi 8 R R 52 5
) 5 BL

1.1 BRI R mf e )3 A1l 4y R Y

AT H AR T T B Sl AR R DL 2 10 3 1 PR
JCRE LAY, B4R 23 E A5 4 R0k 2l 1 R0 v 1 A< 52
AR K. AR K P8 Kohlmorgen 1 Lemm 42 H A9
B RO R o K 7 P U NS NI = B |
Ve S P 9 AT T 3.

AR T

RBE y1sy2 s ys sy, g8 R B B G I H
Ty, € Rk SO A 15 7R AR 4E 1Y B R A x
=y Yeine) W m SRR R
it x, YRR REERITES AL RIIKEE N L 1Y)
B8 BB o B x, B, AR OB PO
{120 AR 22 7% S 1w 39T P9 A 1) s 4 285 32 T
it x, 3% BOECHE B 0% B pR A

(D

HP SR o 2 FHESEL5 x, BHEE (2
B F T 48 2 BYF- B OE LY 5 % x, 1O BN 4
B d=mn. @0, A, BB S W) BT 2RI 511
BANF

1
L? (47e® )9? .

-1 L 2
2 [exp(— 4(1117' L) J_
ij=0

d(p, (x) s p, (X)) =

46

( to—i 'rf/)z
exp(—lz%jzj] (2)

ORIV M TR T A s A B IR AT AR Y
4 5 BEAS BT 1008 B — AN B B 2R AT IR A — AR
A WL EE MR 5 I3 A AT

1 d(p,(x),p,(x))
p(p (x| s)) = exp( 5 ) (3)
A/ 27e

2¢*
Ho pCp, Ce |9 MM F AR s I AR .
B Eh /R ] KRB R B AE B A = (a;) e say R
ARMIRES s B s, BYFEHMESR. W0 80 R 250 A R st
N1 g3 A DR A T A R A RS B o A A
FE HAR S F e 1 & A5

k

e =]
F+N—1

a; = ) (4
FEN—1} (7

Forh B B IR n] R T i IR S BOT N 2o, R E
SEINEJ >R Viterbi 595 3k TR e R 2791
PR R B 5y 2R R] SR A B 43 ) A B A A
B AR SCR N ZE B A B 20 B AR ES AR i
A S EARAR AR A E SCANE
A =1{Q.A,B.,I} (5)
A REE Q= (g va. ). A = (a6, R
WML RS ay Ram WIRZS g Fei 3 ¢, AU
B = {bysesb, ) FARMREL R T = ()
U] 2 78 00 6 R A5 119 56 3 MR 3 o0 A L AR X BL ) 46 T
BMEARIBON (1,0,0, - b, BB IRZS T &
O3 AT BRI U A IR A A AR 5 2 T e R

1 1 - Ty (=
biziexp (**(0*/&') E,‘(O*,Ui)j
(ZTE)W 21‘ 2
(6)

FoA g X5 m 3 550 D BAE L AH OQ R B A Bl A K
YERL AR T N A B R Al RAEHL A, (ke =
1.2, NN, RoR W iR S VR K. B 5 75 i) KA
T A, RS FOE 5 Y B 2 50 ik B E O 6 5
12 Z (8], A B Sy R ] RAE R A, 5 A A~ 23 )
B VR 30 Ocamen () o M 454> 20 1) BE S AR A5 S
I KAUIR BREL P (O (D | A P RGAS 31
B B B R AT R ALY A, 1Y B K BL AR BRI BT B



EeR

RAEE . £ T HMMs fu SVM iy A1k B & 20 18 57 20 2 2R A 91 & 413

/I
A, = arg rriaXP(Oscgmcm(i) | A 7

FEINZER B 53 FNHY O cgmens (D WA Iy B
R AT RS A PN 285080 . e 2 R AT R A A
k Hl Baum-Welch 5347 L4k
1.2 ZFemail

FHEC 38 38 56 T W0 43 25 0 SR ) 1t AL - I 2k
FEA{(xy0) 5 (x50 ) x € RY,y € {(—1,
1y AT ARG 1 v, (W' e x) +0=1.0=1..n
Gy FF . HA BUE 1) 5w R O B R 0. S HFF 0]
AL R T ok — A T T, (8 75 B T T AR 1
A 5 8 S T 22 ) % B e K. SR A R O T 3 i
XoF 0™ R 1 A A T AR e A ik A 3 B/ IR 1Y

%HWHZ Ay W) o= 1A 4
ek 1 B 4 0 0 T 258

max H(a) = iai —%i ia,y,va,-yj(x,v . Xx;)
i=1

i=1 j=1
s. t. Ea;y;:09a,>o;i:1y"'9n (8)
=1

Hoa, (G = 1,0 NP H I F. K KKT

M e o A R

a [y (w" «X)+b)—1]=0; i=1,2,,n
€D

ALt o ow AR S BRI R A RS

L SVM S 020 5 R ECAN T -

F(x) = Da/ y(X, + X)+b" (10
(=1

Horpor i 32 Ff i X AR (O 153
b" =y, —<w" < X}
FEAREZe Pk w5 e, G R v 4 RE AR 25 R A AR
(X \Y;) = (X, « ©CY;)) M ZEBRE 0] LUK R P R
BRI, P R (X, .Y, i Mercer 2514,

R EUE TH A
k(x,y) =x"y
Flx,y) = (xTy+ o)

o 2
k(x,y) = exp (7“x20_2yu j

BrA% R EC AR (8) L (9) FI(10) T 5L v
S HE LAY B bR R

max H(a) = 20‘1‘_%2 Zaiajy,»yjK(xi e Xx;)
i=1

i=1 j=1

s. t. Za,y, =0,a; =0;i=1,",n
i=1

AH R B S 53] R R
F(x) - Zai%yiK<Xf . X> _’_b%

Flx) >0, M Xe 13k
F(x) <0, MXxe 23k
AIC T AN E B R SRR TR o B S
3R SR T30 A D 22 2K 0 K — X 21 3
Fem Ml r 25 8. X T 7 D3R 2 ) AL & 7
AP KA AR LS A SR
SRR FEAAE Ry 1E I SR o HC At 1 DI 25 50040 A AR
WAE R B 2. — X 22 3247 1) o 1L B KA ik
SR T o AR A A B Lo R A Y R I
2 T IEAH B A Xk [R) A
B KA RZ BB PR R B
Dy (x) = wix + by
HP D, (x) =—D; (x). ¥FmgExH

n

D,(x) = > sgn(D; (x))

i=1.jFi

Wﬁx?ﬁﬁ}?@jﬁlar:gl max D ; (x).
2 HHEAT MM BSN YiE &

2.1 BSN BB FHRME-r

BSN W & | A7 5 2R 4 o A 42 5o 2 1
AR SR BSN W8 F 5 6 AR H % sh VB dE 47 1
BLE L IR BSN BTG A IO SRR AR
R B AR AR R E A I B LIS344ALH #l
FE 2 % LYS530AL 5 LPR5S0AL (3¢ W 3 1).

MSP430
L

CC2420T5:4%
lEznya

USBH T
i

ZHINEEE
=R

U AR S

CC2420T54k;
BRI

BHEAE S RET A
M1 BSN EEF&
Fig. 1 BSN monitoring platform




414 X % B I X

¥ o R 055 %

B PR — A AR ORI R E TR
TS A gy SR A 71 a3 o TG e O 20K R B i
S 38 B PN i BT RO SO R AT T R
Jigi .

£ 1 wiEEIERENS K

Tab.1 The parameters of accelerometer and gyroscope
5 AL 3t iy 2 A R
LIS344ALH 3 +6g Mk 600 mV/g
LY530AL 1 +500°/s CERES 3.33mV «s5/(°)

LPR550AL 2 +500 °/s EENES 3.33mV + s/

2.2 USRI SR B R AR

8 HEEHE B A LOSINT A i ol VER
T WA M ATE 7 H R S 1 A I
S PO BE AR S B SRAE SR 100 Ha, 534 3)
U7 AN R A A A B2 Sk Bl 1 2 4 3
K. 2 R BSN B 7 SRR 7 ALk
A BRI B2 B RSO A L R AR R R A
A 1 3ROR AP SRAE 100 2040000 L G\l A i s
T/ B SR A . N 2 rhoal DL WLt 7 B i
JE T FIBERR AL [ Py 31 3 VR B8 22 S AR K A [6] 3l
R Y P A7 A 22 Sk

1.5

1.0} |
0'5:-«(::1 \

oF ™ Wpvis-fudsiii) " ‘ |“
w05 e
0 ok A
15} |
20t
-25F
—3.00 2 4 6 8 10 12
s/10*
() =Hli i J2 3

400
300f
200f
100}

r/(°+s™)
o

-1001

-2001
00024 6 8

s/10%

(b) = Hh b 424X

W2 #HEZHEn=—tmEEitRENES

Fig.2 Signals of continuous action detected by
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triaxial accelerometer and gyroscope
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Fig. 3 Segmentation of actions in time series of

"standing-shifting-standing”

MIE 4 "] LU i LIR J5 i 76 2 By B h 2k
BB 22 RN HE 4 FES 5 KR RIT B T
H A5 7 B4 s Top-Down J5 ¥ R A5 26 3 K3l 1k
R8RS 2 07 vk A 0 I A R R
AT T2l 53 ) AE TR TT UG FEE B BT SR A7 A O
H IR IA.

1.0
L] — xHly —+ Top-Down
05f N a — ¥
o © AL s pambpore
S _05f ) Lt | I
A0F Ho bty
'1'50 1 3 4 7
s/10*

B4 -Gkt 4 T-6H AR5 1 4 F
Fig.4 Segmentation of actions in time series of

"sitting-lying-standing-washing dishes-vacuuming”
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Research on segmentation and recognition

of human daily action sequence based on HMMs and SVM
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Abstract: With the refinement of the study of the micro-electro-mechanical system (MEMS), the

application of body sensor networks (BSN) has developed rapidly in the field of medical care. Human

motion analysis and recognition are challenging research topics in the BSN. An approach of the

dynamic hidden Markov models (HMMs) is proposed to segment the time series of the activities based

on BSN. A method of the precision measurement is used to test the approach of the segmentation.

The experimental results show that the proposed approach is prior to the LIR and Top-Down methods

and the segmentation precision of the dynamic HMMs is above 80%. The features of the data obtained

from segmentation, such as mean, variance, etc. are extracted. The results of the recognition by

support vector machine (SVM) show the robustness of the proposed segmentation method. The mean

recognition accuracy is about 89% , which is near the manual segmentation.

Key words: hidden Markov models (HMMs); support vector machine (SVM); activity recognition;

body sensor networks (BSN)



