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Abstract In recent years, with the development of microelectronics and computing technology, the
popularization of smartphone and wearable devices, biological signal processing and pattern recognition have
been a hot topic in the field of engineering. Due to the aging population in China, physical exercise and proper
health care has attracted a hot social attention. The pedometer as a movement detecting device has entered into
people's lives. At the same time, the smart phone equipped with a pedometer becomes more and more popular.
But the current step algorithm cannot well remove the noise from people's lives which impacts the precision of
pedometer. This paper proposes an approach of high-precision pedometer, whose main goal is to eliminate the
effect of noise and reduce the influence of other factors. The approach is based on the three-dimensional
discrete signal of accelerometer in the smartphone. After processing and analyzing the three-dimensional signal,
extract features of the signal, the number of steps can be obtained more accurately at the end. In this paper,
firstly, the selection of three-dimensional acceleration sensor is discussed, and then the smoothing algorithms
are adopted to eliminate signal noise. Secondly, the features extracted from the signals are classified by M5
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algorithm. Thirdly, for effective signals, dynamic time warping algorithms are used to count steps. Finally, this

paper compares this approach with other step counters that are used in many popular applications on the current

market to prove the higher precision and anti-jamming capability of our approach.
Keywords pedometer; smoothing filter; M5 algorithm; dynamic time warping
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FEXT T BAIRZ SHUERIGER /NI, 2
IVPAG R 2, MR T P A 2 B TE .

LRPERIAY . MS REBUR AR RE N R AR TE Y
LRME R G T 2 E LM AL, H M5
BB A AT A B M, w2 T e
BCE LR VERNA R S - E . MS BEALKE Xt 2t
TSR (1) YA FEE R 7 A TR R R B2, F R 7P A 28 e
s B2 —8m.

IR AR . IR 7 VR SR A 2 M [l ) A
B, @ ANk S BUE P R 2 B /MR AL
B, BANH RS HAES P RRER N, (A2R
BEW/D T B2 AR AR T, BT AV R 2
WAF B> o A B R R Bt T
RTTERIR AR &, fEREMIEN T, MS SBERAT
A, RFETF—AVFE.

BURG o MR BRI 4, A AR 2R A o (g A —
AR A, MS B AR IR VP AL R 22 7 AL )
LRPERL RN T O B — M AR, iR 2k
PERE R SR BRAE e 2R, DU S /T AU
B A R

S o B I TR A FE SR B i T R AR A ) T
FEEE o BB TR0 — AN 525 (B, IR AME AR Y
P B — AN BT g AR B T O A
AT AR SRR, M5 PP FE R~
M7 A ERR B A ST TW S, S TS
=N, n RINGERLT S MLf3H,
PV(S)RELE S; TG, M(S)ZFLRILE S 25 H Tl
DA . 8 S FTE, BEF] S ME Pr(S)
WA= 5 Fior.

n, x PV(S,) + k x M(S)

n, + k

Horb k2 PR ARG BOAOY 150 R IIIZR
SRR, IF B S AR TN AR AR
KIS, P BATRIF I RCR -

PV(S) =

)

EARE ST, MBI AN S K, EF
5 FHFHLCA S LA P2 AR e s . B bIRES ., P
PR ERREBE S . b, B S
-10 YRR AR IS, 0 fEAE RS, 10 fE 20
ITIRAS, 20 N EFHERE, 30 NI, TEITPHTEL,
VR ARG ANBEAY, AT At YO, AR TOE S5
FARERIIE S, W TNE I 2] ER ) 5 AR
H,
3.5 FIASATEYIEE (DTW)

TETHAE BT B, K B 8] 7 510 A N 28] 42 37 () A R A
L AREIIE, WERPRERNNT 5 B 35 1A
%, REFATER, WXHEHgt. (B
EW L JE AT LRI, ARG 1R 22 e 75 I 15 21
B, MR — R 8 8 0 — NI A B i 28 B AT 4
it — B SRR, Rt RS F A
AR AE 3 F R I I TR B G vt 1 2 B o m N 3|
SR, PERCKIRZE, N T RIS LR R
A, X HCR A RSB T, R R 2R
Bt bRt — B TR BT TR IR R AR
AT, W BRI, TN 2,
MRS, BA— a8, NAEE B I fiee,
R BRI LPFAHZEAR, EE EEIE
B AL s B DA — AN TR] B (R i T X 2 o 2 A
Bt LB ARGy m BN E — IR
B AN B AL AN, BN TR A
RS, PPk AN B TR P 51 R AR, Gn SRAR B
NGNS, ME N —232, FEAWTGE T I TR) B
BT AR o

Gt P I TA] 91 16 e B e FH IR 9 D BR
AF AR, (HAE SR pRAE LT, B TR
HAMRKPEREE . & 6 fras, BRI R 75
IR e R AR AR, F A R 2 TR PR B o A5 ) 45 2R
TP T HIFEARARA L. BT TP AEK
I Ta R, WSt SRR AR B, O 1 Al o
R, $RH T Bh A E %% (Dynamic
Time Warping, DTW), XAEIEE H3H 2R
RS, Wk TORE KA — AR LA ]
R, LR R T AR EAR,
FERE, FESREE P b F R I B8 AT
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E 6 AEHEUERSRIETE RS
BRWEE WA EFH] A F B, KEH RN m
n, Bl A4=(ay,as a;s, ..., an) M B=(by, by, b3, ... , by,
BT B EK A mXn WM D(m, n), HPHE
FEH R — DN IR d(a, b) RIS a; 3 b PR ES,
PREBSHN, AU S, — ek B US a PE
WA 6 s,

dla,b.) =

ey

T— MR G, )R A g F b 055, R
FAMREE T KBRS, (EX 5B AP
BARN, BARE IR RN A 7 ST 5
KR . BT W = (wi, wa, ..., wp), FHr
max(m, n) <k < m+n-1, EFEIXFE— B4R 75 2500 2
W LA

T . BRI S AR wy = (1, 1), T4
M2 S8 wi = (m, n)o

B W we = (G,)), AKX TBERT
AR we= (L TREWR (-0 <= 1M G -))
<=l. W2 A S LT, REEfE
CAHAB I BN 55 o IXFE R AARIE 4 F1 B H (RN A4
FRERTE W B .

B, R wi = G,)), WX FBERT—
AN w=G, )R EWL 0<= (- )R 0 <= (" - )
TXPR I W F T ) R Db 20 I B ) R AT 1

GBS L R, B M S AR
R AT Blanin R R DAl TR G,
7 AT A R s R ATRE R TR A = A
Z—: (i+1,)), (6, DB+, 1) TSR

e A B0 A 0 R B Y dv) b,
DﬂWL&=mMJELﬂW)Lﬁ¢dW%%

(12 wi a2 b P B TR SRR AR
S AR AR, AR IR T, 8 X
— N RINEE SG, /), WmAHIEE S, 1) =d(ay, b)),
TG ERHE L AR T %M, EBEN, BEIE
B0 %A

(a,b.) 6)

Ve

S(j _1) .]) + d(a,';bj>
S, j) = mindSG -1, 7 - 1) + 2d(a;, b;) 0
S(-Z') .] - 1) + d(al‘, bl)

3.6 M5 DTWit# 5%

HHT v 25 532 0K 22 A1 P 0 v AR e e
s LR T AR 0 R R TS A B B — kAT
SERF A, TR TR B B D (1 LT R B
B B HE B A, T R AR 1) T8 LA IR R B A A
T, FRER AT LB BT P A, oA T KERIHE,
A BEAR G 1) BG4S T 2D B AR 2RO K
FBE. TSR H AR g, LY. Kim!™Y
A Jang!" B T BT, SKBLR 4%, WERR
WAEE AR 2 AR %, RAERE
TR b, B AR AR Y sE 0 R, WD
TRRHERE ESEmdEmh e, (HJ2 0T 75 1) B i ROR
ARAREF; Muscillo™ 5 26 RE LI #H A FRES T
%, e, BB, LN S
W&, SR DTW LK DDTW S50 B R A1
PR EAT VTS, AT R BT R AR B 04T 2, A
W7t 1 TSI BT AL BARAS, 5T LK 43 SE R
FIAFEPIRAS o G SR REAS I H 5206 A AT R A,
FHRIEIRAS BT L H G vt W RO 1R R FE 1 ) gk
FEHEAT B -

KILHERRN L L& INENAE, HEE
MuscilloP? [ 73 2 AR, 4454 K BIEAMS 5 kb BE )5
P A, BT MS 5L DTW Sk A1
M5 DTW it 5. M5 DTW HSGHRE& Frizzh
ISR, AR IRS M RES, H MS &
AR BT, G o R B RS SRS X
SFF, JUHGRMERE, XM N e AT U S
ih, ARKFRE L BRl 7 M (T8, [RINHARHE AR
B FPIRA R AR DTW B1{E, #id DTW &
ERAT R g, T DR KRR B2 1 3 0ok 25 v
fEo NTETHER M5 DTW it 7, B4
— LG G E X

FES 1: PP, EP RS, TSR
AT EAT AP A IR FE U, S0 IR TP = A
TH, tHPM AR DU B A AR HE, dT
DU EL T F B . @ BB DA
P REEAT LHEME RS, BRI &
FEH AEAT EAT N DA B IR A D W g R
- A== ginpaemii

B 2: REIRIL. A THETXOENRE,



10 it BB # iR 2016 4E
F—HEBEHOS SRS B AT AR, 0 KRB A 6. pv = variance(peak(a)); /T %
HEHFIR RN N EPRE . G E RIS, ¥ 7. im = means(peak(a;)-valley(a;));
Inoe B E fadan N BB AY, BRI 4 SRR R A G Al LRt
AR HFhRd BT, WA 2RI 85 R ok 8. iv = variance(peak(a;) — valley(a)));
. 115035 18] R 1) T 22

BN 3: HUPEG. EWATE D, mREAE 9. tiv = numOfipeak(a;), valley(a)));
FEEE I, s BN NIE AR K, Gk B i 113 e 2 T ) 1 B 6 5 2
B, AR5 4R IA B f i U, I EE N2 0, 4 10. C(a) = {pm, pv, im, iv, tiv};
R 328 T Ve T I, N R S [ 3 K B — AN A 11. IF(ai € walk) /4 FEAR IBRTE
SRIGIZILAR /N, VR HE, i B i 2808 T 0, 12. C(a) = {C(ay), walk};
FEE DR, I BN 0 FFUR B KA, A5 F 13. ELSEIF (3; € run)
Al KR, FeZIE R 0 W BN — AN B 25 A B 14. C(a) = {C(ay), run};

N 4: DAL o R — BN E B A 41 15. ... //other label
R RNZABD RN, T SREAH AR AN B8 ) B 1 6.}

DTW fi, LA DTW {EL1E P A AH 48 520 ] B& 1) 25 AR
FRABLEE

MS5_DTW 43 AP EB4Y : YIZRBY BOFI GE vt 25 5o
B W 1 . IR B R BB B

IR 1. REEEFPAS [FPIRES 1 ik B 5dls, 9F
SPIRSFRIE, ARichE s A-10, RSN 0, BT
REN 10, EREERR N 20, B8 30,

PR 2. X SR I R B AT TN IR

I PR R R A X A e P A R M, R 8
BT

PR 3. RS 0 R B AT R SR EL,
PEHUIRAIE FEAHE: BEIME ., BgE =, B
()RS5 MEL 520 AT R 7 22 DA B g W 2 ] (1 BT[] 1] g
Ji %

IR 4. WRIRRFIEGE L B, I MS 5
0T LGS T R R AT IR LA ST,
GrRAAY

VIR A5 R B B U SRR AT REAE SR HY, d i
MS BVERE S AR, 5k 1 fEIR TN RL )
FESE.

F¥E L IR

WMON: REIMEEZHESE TC = {(a,

futh: 2y BB Model.
1 FOR each a, & TC {
2. smooth(ay) 3/ -8 W
3. FOR(int i = 0; i < a;.length; i++)
4 find all peaks and valleys and save to
peak(a;),valley(a;);
pm = means(peak(a;)); /P WEIIE

W

17.  calculate the max dtw value of each class //4tit
—2 DTW {H ¥ i K fH

18.  Model = M5(C(a)); /I ZRbEASE

19. RETURN Model,

Gt D B EEL RN

AR RENEIE, g8
BRSNS (PR, SR [A) &7 11 A 7 20 Bl 1t AT
KA, BRG] D

B2 SINZBBC -, R 8 RO SN
X SR BRI 38 8 s BEAT D20 2 M

AR 3. RBUIEEERSAE, SEBCRAE AT R )
B Wy 22, HD R MRAME . B (IR 7 22 DA K
P B I TRV TRIRE 75 22, RERFAER AN M5 3 2R A5
B, G2 ER, REIRSIR L E TR 2K,

AR 4. R E) R AR A 2 F R A
O TR, THEA B BB IR AR ALLRE
DTW 5%, 20K E R AL N T B AR T 1
B, Wi Ah—D.

TP BORE S Bt , #7038, IR R
BARLE REAT PR G i J7ik 2 Hik 1B B
Bt SURLip

HE2: Gl

BIN: Y SHBR Model, SRAE NI FE 1T 8] /7
H T

e WA T P count

1. int count = 0;

2. smooth(T);

3. FOR(int i = 0; i < T'length; i++)

4. find all peaks and valleys and save

peak(7),valley(7);
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S. extract T character and save to C(7);
6. class = Model(C(T));
17 153 2 A 2326
7. IF class&noise || classE static
ARGy FE N AR AL, W ELHEIR [A] 0
8. RETURN 0;
9. ELSE
HAAE DL, g I 8] F 51 95 48 R 7 O 22 A .
A EIRE, o vk S AR A AR UL

10. spilt T"according to valley(7) and save to SubT;,
11. FOR(int i = 1; i < SubT.length; i++)
12. IF(dtw(SubT(i-1), SubT(i)) < dtw_max
class)
113 SRR A B0 (8] B AR AUUSE /N T BREL, T4
n—
13. count++;

14.  RETURN count;

M5 DTW HiEAfi T M5 0285035, Xt 2407 1)
G BT, FNIHE DTW BEE T 55
giit, RKIERE BBEk /M s e m TR RS . MHEE
T HRTERAHEED, M5 DTW #HT TRES
25, TE4Y R0 R A b B A 2T (S 5 A
L, W RS R W m, v DB i R 2 5
AT ERS TR, A 238 sk b+t
Pk o AR EE STk 5 A 7-14 FR I ERE 5L, M5 _DTW
KT DTW BEEHAT P8 Gr, R AR
A2 1] B R S AR IS g A = AT T 2, NI IR 1
] 4L V25 H R DA A R R AT D A5 ookt 5 s ) 8] A T
HHAT B BIAS 2 - SCHR 15 R DTW #3785 5481t
ERSCHR 15 32 B2 K A e dl AR 16 07 SO AT 8
uit, 1 M5_DTW 125 0] DAEAT A & A Ik A%
R e & LTINS, R e L.
RIS, NI E A T I IE S

4 SLIG KR

4.1 HERE

BRI HH R AR I 2 A oy, — RISk
M BORBEREA, SRR (RAFAE SRS, 1ZP B
KA HE F DL ZR oy B8 R AETH DI B sk
I RAEHHE, ZP BCRE R FH DG 8, R
S S S iE, AT RAT

NGB, bR — AL, ReisiRir
AT B RS FAEAT ERE X 20 IF, A LATE R
P ICIETE,  75 BER B PR SR H 22 FtRAS T 14 3 2 4

i, XEHHERE S AN S H R AT P A3
B, Bldn. &b, ER. M2, ETRERRSE, EXR
LR, BT PHURE A EAE, A 85
WO R AE B AN F P DR S I T HLCE 17 B
i AT B EARFETRERR DA% DL BRI
WA BT FHURZ RO T 2 Z=AT P EH,
REMREEAET LGRS, Bl BFIEET
ESE, RERKFHN IR S5 2R LA RSO,
REEMESE 79 3 KK, A% P HURCE R 3 A
frE: ST L. EARFEUT I 148 UL KR
LS TR A FIURE M E T, 75
KAEH L, L. BD. BB LR S ok
SHHE, MRS RELZ HEWE, RAXN T
ML EREREE R 1 .

® 1 FRERSRERIERIL

KA | BRIE | ER | EMERE | MRRES | BOD | MRS
% 18 | 342 | 198 162 | 216 | 126

TEVHP B, SRAR I H0E ) D S 3R B ik
FERE, XK B B EE AT I DR, FRAEHE
B, RIS AT ERSF G P 4
4.2 FiBEER

SIS R AL AR (0 ek FE s, A FH 2 301
VP AR, AR WE 7w, B
NG =R B 2l TR B I FE Y, 5
TV H R M AR S ) A 3 O FE 1T

S R B AF IR B R R AR SR B, S I R
oA A3 M 7 2 [A) [ 22 S BE AR /N, N T RAE R 4
Y, PR A, IR ERTEE R SA KERR
e, Gt P HOT RIRKHMERE . B 7 BRI 2
IEFATHE 5s PETE, BILHSR T HIE 250 AN hnid
B CHTFHLRERFEZEE /N T S0HZ, B LREE
PR FEL 250 1S, RHME 8 s g, “FiEM
B JE AR TR EAF S, LA 160ms Jy-11F
B B, MRS TN SOHZ, WP %2 E N 0.16
X 50=8. &l 8 43l AN [ (1)~ B o 0t A 7138 7%
TP ERRCR . Al 2 . 5 L 8 RUATLS
MO, RSO ETIBY, SCERTIEIE
Wo FEVPHETEREN 2 MIGHLT, P 5 BB A5
BV ES, WA JFRA LR T i
NS BB, ARG T R AR R B 1 IR B
TR IENE R, (HRN T e IF 5 T b
B, I HEHE 2 R E AL E RIS T R
MR, X TRPERE N A B 2 s, B
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2016 4F

XHCRAT 8 miFiy, KRB MRS, [FE
WA AT IR T RAR T o 1T 15 S0P,
WP, RIS B IR D, W e fd
FRME SR E, BRI AT DUR I (19 1d 5%
2O RN VRN T ONIR I §72 - FN
FNEH LB —5 SRS EULT JEIE X g
R I 0 A I

I 18] > 471

-10

-15

-20

-25

e P~ TR

B 7 FiERERIBER

25T

-10
-15

-20

-25

e P TR

SRR

-10

-15

-20

-25

e PR TiE

0
-5
-10 X 3
15 : ; §
-20 ' d " '
-25
FHE — FE
1550
0 [
-5 PRt i
-10 .
-15
-20
-25

.......... |/(ﬁ. F‘m _ \I/{ﬁv)'l—’]

E 8 FEFiB5ELBRIEHIRR

4.3 FFEREN

X T G R PR RO EAT AR SR AL, 32 BARAE
A 5 A PIEHE (PM). I E (PV), H
AR EME (IMD. BB RG22 (V) DL
Z 1) (It fa] (A1 RE 7 22 (TIV). BT FHURLE A &
AE, REMSBIMEIEAZIR K, BansFHLELE
F BRI EAR A8 IE 5 A BRI, SR 3 A Ik e 1) S5 48
FEGE s FHUBCAEAE T T A8 BN, i i 3
AL B B GRFEARTIAE — BT 70 28, 0 BRI
ANEEAR, FrUAAR SO 3 MALE R ARG, 4
BB — AL B VR REAT I R A . T e T
A B B AR A 2 AT HLCE 17 B 3% R A X .
A,

HTREG—MRENEIAZH, romE
PR — A RFE, SREUIT A AR 2 5 SR HL
HoPIME, AT EAR DS R I 2 fr
No
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* 2 NEMATS TR ERAYHHE

PM PV M v TIV
T 23.398 | 4.825 | 8.378 | 14.496 | 19.183
s 10.075 0 0 0 0

EMH | 12.778 | 0.041 | 4.924 | 0207 | 1.215
EREBE | 16.499 | 0.142 | 4.820 | 0.280 | 1.944
THERE | 16321 | 0.845 | 4.733 | 0.208 | 1.310
itkiZ 20.881 | 0.986 | 11.244 | 8.300 | 3.050
X T FHUBE A [ A7 BRI AR, Wk 3
Jis, RABIH T IR E B O AN [F AL B 3R ELR)
FEAEAS O o

#* 3 EEEBRRSTFIHRE RN E RIFHE

PM PV IM v TIV
ZEFH | 11759 | 0456 | 2.527 | 0.620 | 1.215
EREOLS | 12599 | 0213 | 5.129 | 0.390 | 3.356
Wi 4% | 14322 | 2.140 | 7.497 | 2333 | 5.410

4.4 MSE XS

XTEAH 1062 NMRERKIVIZRERT NG, mA&
BRI 9 o, HrpdAsm A
—ANENVAZE T LM = kX PM + ks X PV + ks X IM + ky
XTIV + ks XTIV, Hor k RGBS 21 R4, 4
DARFBEA BIIKiZ 75 i, B HRREACN [8] )45 50
THEA R BT, T E TR, 5
IR S FCRAS A B B PR S U A Z AR A e
A B RS, Hp MaxMeans Ay 51E,
MaxVar N IE T %, DisVar N BTG E T £,
Time Var A {5 0 B 7] [8] B 4048

B9 M5 BEMERERR
KA 1000 2H HH X+ 28 A A BB 33047 K
Horp g5 FanE 10 Fros, AR @R 11 s .

MAREEA PG 200 4, ##ik 10 241, 173 400
M, EFEEES 200 41 (B FHEEEES 100 41D, #l
190 Ho rIUERIZE N 91.6%, T 3 AR
MEH &%, A] WX M 7S AN Re AT IR 47 19 4
K, EHFBEAEG I DEW BOft— 0 LB, AR
BT RKH DTW 5L Gil 5 5 LUA 3k — 25 % bk
I 7 (1) H

450
400
350
300
250
200
150
100

50

AN

<«

\ &
ISUPE A

D%
REAS @ 40K IERSL

L

& 10 &R X 1000 LMK 3B T 25 R

U HERA R

100%
95%
90%
85%
80%
75%

p , X

# & & S

bY%
B 1 RREMAZSHIS SRR
4.5 DTW

RIS — N T AR R AR 5 B S, fE S
PP KAEAT A 8-10 25, id A n 25, FTCL—ANI) (AP
H T EILE n-1 %, B T M 2 ARG H AR & AR
SRAE 200 AHULACEE R, SKEL DTW 45 SR 15 KAE,
W Al sk —HILECAA BePHr) DTW BIME,
F 4 PR, WRIBINGEBIEE, £ 8B
AN A 1) R AT DT



14 B O %R

2016 4F

% 4 FEMATSTHI DTW BE

R Mers | EIb | ATE | RLRRERR | HD
DTW B{& - 0 | 1095 14.35 21.71
4.6 KIGTELE

BT B IR LI IR Android FHL B —
MR, 22#EAE Android FAL L, JF)R2EEMHE
0 2 v 28 07 VA WA SO A B R RE ) AT OF
filio
4.6.1 HHM

BRI E A S, TR E A
AL B FEAT IS, &SRR S . 4
FHURERAEA [FFRALRT,  vh 25 H i A 2 1R K,
KWTFNELAT L, FRE-FERE, 53000 B EY
PR, R EM AT, PR RRE, &
3 98%LL by M AR EAE B DR, BT
BUSAE LS B = A B MIE BE ) 280, X 45 51 77 A
—E M, HEFREA T T, (BATEREEF] 96% LA
by MOEEF OAS B AR, REMEHE A S
IR, AR, AR, R
SRREISE) 93%, (AMKT 95%, FFEAILBIFRAE.

x5 BFIHEETRNEHERITELSR

ZEF L AR IO4E WET 48

SRR L 500 | 1000 | 500 | 1000 | 500 | 1000

=R 2 495 | 993 | 489 | 983 | 467 | 935

R (%) 99 | 993 | 97.8 | 983 | 93.4 | 93.5

N T B RAZ T IR A R, RN A
2R T AL BT D S R R AT XS B, SRR H
2N %3 ) Glaxy S5 FHLE, SR)E 4 FHLUSE A
EARER, RSP =2 F L Glaxy S5, f#
M=EFHIAERDaERegi P A, R s
FILIMEL =1 Glaxy Gear, Z& R FRWEAA T
AIRE, SERAE IEWIES) 1AM, BAEER. &
NAEER. BB ARSTL IEF TN, R
oI 18] B A et & A e Frid 2 8, ik 6
Fzs, WG RuT LU 1205k 5 H AR TP
MGt EE RAREREIE 5%LLT, WHIAT AL
T B S B A R

* 6 PREGFN SRS

- i [A]
15 43 30 43 1 /NS
Glaxy S5 1536 25 3012 %5 6156 35
Glaxy Gear 1632 45 3256 3 6266 5
M5 DTW FHl 1468 35 2978 3 5963

4.6.2 PiTHLAES

KRIAF oy REE, F g s F A AT RS
T2, BERETHSRIITIE T, N T
M5 _DTW Hft+4iie ), ¥ M5_DTW Al Glaxy S5
SR W VA NS S VT = 5 < 0 R e 2 YA
BTG, RPN 0 8 A AR 3 1K AN T
AR, B Glaxy S5 FHLE, 10 ALk
a3 A FHLEAT 58 B A DA R 1E A F T LI
1B, MEMIHR A AR ATE, RAGRITIESR
mE 7 R, NGitd R UUE W, 4350 B
550 Glaxy S5 il Glaxy Gear JLFV 2 )5, Glaxy S5
A Glaxy Gear 2 H I IE & THEHIRES, 10 HANS 5%
BNIREEE RN, ER AR SR ah AR A Wi, (R
I 2 W U 25 4 R SR Bl 73X K 8 A 2 1R AT IR
it . 1 M5_DTW £ R H IR B E 3 F L
TN A 210, SR EER K2 A AEAT
ERETATE o [N, AR FHEL T,
XL a e TP AR B L, M5S_DTW
M RF AT DB, ARER TS, Bf
BRI PLTHRe

* 7 FRINABIMTHEEN R

FHY
B NIEESIS | KIREWS | ERRHTF
SENFHL BT Bl
Glaxy S5 EE T EE T ET
FWiSa | EEIT EE T KEH
RENT) EE T EE T KEH
AEIETFH IEH T3 A3 B

4.7 KR

SIS IEAE M5 DTW g Rk, BNt
M5 _DTW Bt B iErfs s, RA Qe ik 2] —E W)
Waife, B EA B — S AME, RRE
MBIt . S28 w5 BSUP RO T X L, TR
1000 ZHITEOL T ¥ FHEAET EARAE B 4R
(5 HER R HL RIS B 98% LA b, AT 1R v i el
K, R M5 DTW RERCHERIMSETH 048, BAH
Rtk o TR S HA IR R K, AF] 95%,
HFEH 2 FHAEE - O 8 EAEE KN HE B =
), FHLIK S5 3 5 B0 2 (8] 13 7% A5 A0, BE B
fiX, MM SEER R, SLRssRBRYE, FH
JRCE B B AR T, IR A O AR AL, T
IR RS . SIS AT Glaxy S5+ Glaxy Gear
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BOEEE: T M5 DTW Bt 7 &1t 15

HAT T XL, SEERSE R AEW], M5_DTW #l Glaxy S5
W& 1122 B BL M Glaxy Gear 41125 B0R 22 3R
PITE 5%LLR, [A1320E B M5 DTW EoA 5 i i
Fo MEHE IR LUK B, MS DTW [d 55 # 8
/bF Glaxy S5 W B N FH Al Glaxy Gear St it 1155,
DR A S 36 3 R S e AL FE TR 23R4T EAT R, 1M
M5 DTW ffifH 773 2K5E0EF DTW Bk 2 pang
P OB T VR R HER T, AT RS R G 4
Th, SR T AR P VA TR i — 2, R
TEAE R A —Fh 5oL, bl T S206 2 Wi 45 53 Wil
FrIE IR, REEE R E DR BE T RE RN
MR, EEANE DB S A, WS ETE O A
P P R IC B A A BRI, e b S
TH— SR, TR T ) B DA R A B
Fl, IR 20 4805 1 B BIAR /1
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Background

This paper mainly researches on a step detection design
approach, which belongs to biological signal processing and
pattern recognition. By now, there are many kinds of step
detection design techniques. The threshold method and peak
detection method are commonly used. The threshold method
counts steps by judging whether the acceleration exceeds the
threshold or not. The peak detection method counts steps
through detecting the peaks of the acceleration series. However,
with the development of signal processing technology, there are
some new step detection design approaches. For example,
before counting steps, the waveform is processed by Freeman
Code and Wavelet Transform. At the same time, the step
detection design approach based on multi-sensor is proposed

along with the popularity of smart devices. These approaches
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can count steps accurately under certain conditions and the
accuracy is improved continuously. Nevertheless, how to filter
the noise during the process of step calculation is a difficult
problem in the step detection design algorithm. When there are
lots of noises, the error of counting steps may be larger when
adopting the threshold method and peak detection method. On
the other hand, the new step detection design approaches
mainly focus on how to increase the accuracy of counting steps.
There are no major improvements about filtering the noise. Of
course, the dynamic time warping (DTW) method can help to
filter parts of noise validly. But if there are a large number of
continuous noises, the accuracy of the step detection design
approach based on DTW is still poor.

Therefore, this paper proposes a step detection design

approach based on M5 algorithm and DTW. In this paper, a
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classification model for the accelerations is built. The
accelerations are divided into five groups, which are standstill,
walk, up and down stairs, run and noise. If the current status is
detected as the noise when counting steps, this accelerate data
is not counted, which can filter the noise effectively. After that,
DTW is combined to reduce the influence of noise. The
experimental results show that, in comparison to other step
counters that are used in many popular applications on the
current market, the approach has a higher precision and
anti-jamming capability.
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