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2.4 mauaanaviian (Wavelet Transform)
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mannIodiustinues Waveler uanudoems uazludrllsunsy MATLAB laligases

"a’ 4 & ar C%'
Wugunnorieely Wavelet A4l

Function Name Purpese

dwt One-step decomposition

wavedec Decomposition

idwt One-step reconstruction

waverec Full reconstruction

wreoef Selective reconstruction

upcoef Single reconstruction

detcoef Extraction of detail coefficients

appcoef Extraction of approximation coefficients
upwlev Recomposition of decomposition structure
ddencmp Provide default values for de-noising and compression
wdencmp Wavelet de-noising and compression

wden Automatic Wavelet de-noising
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mM3dsediudssanin mn1Ins289UMIANVOS ¢Z430-Chronos  Watch 39 1901081
Sensitivity 1 A1 Specificity [7,11] Fammamanmgmisainih g 4 mamsasl de

1. TP (True Positive) INANITANTIE 11AT eZ430-Chronos Watch #5299

2. FP (False Positive) 1iAan154u i eZ430-Chronos Watch @3293U1Au

3. TN (True Negative) T1ian15du 1:ag eZ430-Chronos Watch #i53931 1dgndnam

4. FN (False Negative) (NAN158% U eZ430-Chronos Watch tuia1unsanT299u landu

o = o ! £ 1 =] 3
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[
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Y212
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Sensitivity = m (2.12)

i1 Specificity fiv AN NNT0 TuMIngeTueagaanan lidy s ldninaunisi 213

TN
Specificity = Nirp (2.13)
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ATUAUUASIEUUNTVINTUUDY eZ430-Chronos Watch AuT1lsunsu MATLAB

3.2 MasenuuuIviy

TEUUMIATIVF DS eZ430-Chronos Watch saraadiuumunimlaosmdsgiii 3.1

eZ430-Chronos Watch eZ430-Chronos RF Access Point
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Tnefigunialidhagieneuiiane inijauazgagingsl ez430-Chronos Watch Tag
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&
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A ~ l‘!i i
317 3.2 aeuiiuned Idatja tio ACER Ju Aspire 47302

puoniRvesnenfiuneilvinin
- Intel Pentiuvm Dual-Core T3200
~ Chipset Mobile Intel GL40 Express
- 190 1AarTY 14.1 inch WXGA (1280x800)
- Graphic Card Intel GMA 4500M HD
- Memory | GB DDR2
- Hard Disk 160 GB 5400 RPM

mneme  aanselfneuRiuneijudun 14



19

3.2.2 eZ430-Chronos Watch
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# Bution  ———p~ |
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. . - e = Y 4

Wireless Application mm’lugﬂuvwmmwmmm

#9114 2 wunfe uuy Stand Alone LAY ¢Z430-Chronos Watch 1FaNABAY PC
eZ430-Chronos Watch Based on CC430F6137 11)um5111 MSP430 5311 Sub-1-GHz Wireless
Transceiver #14159 Reprogrammed ﬂmﬂﬂmﬁmmﬁ‘um@i‘ﬁﬂmﬁm Wireless Application il
maaamisnFumsiaumains sgiad1 11 luunin118un Temperature, 3-Axis Accelerometer,
Battery Voltage, Pressure Sensor mmmﬁ'ﬂg}:ﬁ’mowﬂm Wireless ﬂ’l“lf?‘ij Heart Rate Monitors,

4 4 & g ' .
Pedometers #3891 aiouNDGUUAUFILYBY RF Transceivers 11 CCA30 139 CC11xx Series
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functions e}
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< -
71U 3.4 swwaziBeamy
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FOIATIULUIAY x UAY y UAZUNY z ASFUMS [7.9]

ACCsym =  acc? + acct + acc? (3.1)

o | '
e  acc, an  MANWSIIULLIAU x

acc, v MAMTIIUMUNY v

y
acc, Ao MANSIIUUUNNY z

5 »
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¢Z430-Chronos Watch Huianuiigunatudet)fuai lasmsnmaun oG udy
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Y04 eZ430-Chronos Watch 1719111 lfaveenananiugleyiuuessa ¢Z430-Chronos Watch
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Total = (Mean(Sum(x,y,z))-Mean(Error)) (3.3)
Tav#i  Total fie  Aunduiuieieiling
Mean(Sum(x,y,z)) A9 AARAUANATINVBALUBAN X y LAY Z

1 e Ay = :f
8 mmaan“lﬁmnmmnﬂmuu
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Mean(Error)
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517 3.6 M Approximation HaZFYR M Detail Y99 Wavelet DWT %iia Dbd

sniufosddynna Detail INARTICHHANINARBUNBNIAT Variance Tuerums [7]

Xi—X*2
8 — L(X;—X*) (3.4)
N—-1
W X; e acCgm, (i)
T A =
X o ANRRBYBS ACCoym
N s WU acCey, nvua

é r = g dﬂ 1 ] i t gf
FaludrTdsunsu MATLAB Tishds var (x) ogudI999196901511A1 Variance Wi /D
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215199 3.1 151971 Variance max U849 Coefficient Db 4 Level 3
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e | dulddhanih darlildnands duldmadhe asldlmen
afafi™_| dowi | woidu | nowd | vaird | noudy | varmdu | deudn | vad
3 143.38 14828 | 103.86 | 108.47 75.85 78.51 88.31 95.07
2 22.58 21.51 13544 | 145.89 87.61 89.32 64.71 92.71
3 22.55 31.53 38.67 49.36 157.12 | 175.69 99.99 113.35
4 64.33 71.63 68.72 8§1.22 211.70 | 214,08 34.38 59.22
5 78.11 79.33 149.29 | 156.77 90.08 110.91 23.89 24.99
6 109.03 | 136.42 | 7706 | 80.76 | 40.11 | 5111 | 10472 | 11446
7 56.23 56.89 107.79 | 122.58 81.25 110.53 46.08 48.58
8 84,90 86.94 32.14 34.96 40.58 52.40 152.04 | 169.81
9 81.23 88.87 59.29 74.80 66.56 79.60 12.05 23.52
10 7.61 | 1801 | 29.87 | 4335 | 4929 | 5774 | s56.56 | 73.94
ﬁ?!ﬂéﬂ 67 73.94 80.21 89.82 90.01 101.99 638.27 81,57

4 yo = o ) EE Y | Ve P gu‘ e 1 &
Q) lﬁﬁﬂmjwmm‘s‘mﬂaaq1.1'mmm1mmnau§'mmmmzau lﬂ‘r’iﬁ@ﬂ‘ﬂx‘l“ﬂ 3.2 MNUUUIAMN

4 [~ . = gr & ¥ o i o
18712Jv1 Threshold 4 Threshold AfD Maa Liaiilugansvasuh srffundemuue

Tisely

@15199 3.2 M15149671 Variance max [RATUBIUATALNT

Mau AOUAN YUTaN
au'lldhanth 67 73.94
Aula)dravds 80.21 89.82
&u'liimedhe 90.01 101.99
Ay limaun 68.27 81.57

funde 76.37 86.83
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3.5 N3taon Threshold
3.5.1 Variance max U9IN1IUDUNAZIAY
g : ; s
MINSOU AULATHDUDEIIAZ 10 AT 3INVUNIAT Variance max RAUBING 3 8819
® i = ai - = 1l 1 =t o ar A:E =2 3 T 73 "
WUTIAT Variance max INAYUDIMIBUNAZIAY BY IUTINAGINUAIFUT 3.8 Tni Ao
] i g i ¥ : . ]
Variance max (RASVOINMTIAULAS DU 1FU Threshold M1y Taofid1A1 Variance max #

1 ] = ' = A’
Ialusssnagay WINAIA Variance max UBINISIAY SEUVICUAASHANIMTRIBATY
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Coefficients) ufSomtisununiddyana accg,, Nrninsaunady seaulalifuas
’ @ ey.r - o = 0:1 ﬂ? o '
wes udashszAauiulianmduvemdsuunniga lugii 3.9 ifludeteves DWT Dbs
149 8 33Ay dougilil 3.10 nanan M uue wasnuegnszAY 4 uag 5 thszdvf Iddhawns

RPWT  \deve1 Threshold [11]
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4.2 NOTRUMTNNANA IS 1781 Variance 11104 (L1314 Wavelet)
4.2.1 Variance max Y90 13uousaziu (f1lildouni DC son)
4.2.1.1 YUABUMINABDI

i. ﬁﬂﬁﬁﬁgﬂﬂiﬂi eZ430-Chronos Watch

2 -
51 4.1 nsiadsgiinsal e2430-Chronos Watch

a e 3 "] o ar
2. mnsdla ldsunsy MATLAB 3u0mA301554 Code Tuninpian o ¥iade

N a
71 2.1.1 addudq Tlsunsundounsnadladuinn



31

P Gt fea be Gl Toeh Tabug Dot Wiedse Hipo
EEOE R

R R T T i

31171 4.2 Code T T1)sun3u MATLAB

3. Vignamowmiubusgdufiszuna 10 Suideseldiadeafisinrneiios
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eZ430-Chronos Watch ﬂuﬁﬂﬁlﬁ‘lﬁ
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5. g veumasass wdunae Melfiflum Threshold
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4.2.1.2 HAMINABY
HENTINARBINIATINAPUMITHAAUAITT 19A7 Variance max ¥OINSUBUNAL

wu laubiaua DC oon danaaaluaisai 4.1 (n-A)

@1319% 4.1 () UEAAIHANMINATBY Variance max ¥oamsuauuaz@u (3 10 1dava

DC 99) YesAnadauAui 1

Activity Test Accuracy Error
ULV 5 5 -
uount 5 0 au
HOUALALINY 5 0 tuaAY
UBUASUAIYT 5 0 Ay
tunau 5 5 -
An'ldram 5 5 :
auldhands 5 1 Hundu
du'lddmdemasen 5 i dundu
dulddmanamadne 5 4 tundu
TP = 11 FP= 10 TN= 15 FN=9
Sensitivity = 11/(11+9) = 0.55 = 55%

Specificity = 15/(15¢10) = 0.6 60%
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M17199 4.1 (V) UARINANITNATBY Variance max Ya4mMINauuazay @ lildaum

DC 000) vosmarouAud 2

Activity Test | Accuracy Error
UDUNIWY 5 5 -
weuah 5 0 Ay
IUAZLAITY 5 0 dunau
UOUAZUAIUN 5 0 Ay
thuidu 5 5 -
au'hldhamh 5 5 g
du'lyidrands 5 0 tundu
aullamdhamarn 5 3 fundu
aulddmdramadne 5 3 dundu
TP = 11 FP= 10 TN = 15 =9
Sensitivity = 1141149) = 055 = 55%
Specificity = | IS/(15+10) = 0.6 = 60%
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15197 4.1 (7) UARINANITVIAEDL Variance max Ysm3susumaziay (31l ldavan

DC 090) Yenagauaui 3

Activity Test | Accuracy Error

UDUUIW 5 5 =
vount 5 0 Ay

UDUAZUATIY 5 0 GHIe
UDUAUAIY 5 5 -
tundn 5 5 -
auludhaniy 5 5 :

aulidhands 5 3 dundu

Ay hlddhamesmn 5 4 tuadu

dulddrdamedne | s 4 gunay

TP = 16 BR—\G TN = 20 FN= 4

]

Sensitivity = 16/16+4) 0.8 : 80%

il

Specificity = 20/(20+5) = 08

80%

4213 Annizvitazasinanimaasd

st I8 mamsnagouveans 3 au fnnumandisiy Sadnanouit 1 Rl
fiAUAT Threshold AuuuY A1 Sensitivity Wiomarmmaing lunmsasndumanndunios
nddnameuiis  e1vfaeinduismsieiadnadeufivandiesiy Fehnstanived
nageui 1 Ghumdn

MAMITHUAAIHANINARDET 4.2 (1), (1) uae (1) FunahiinnugnAosvesns
avnmoumsnndum dmumatulddramdniulnnugndes 100%  dawsiidug o
fianaa sty 1o Sensitiviy vosmsdy 1difoe 55 % mimie 6

HAMIATIRIUMINNAVAANAIANB LT 13N



4.2.2 Variance max Y8IMIHBULEZIAY (aUA1 DC DaRURD)

4.2.2.1 FUABUNMITNAADS

RusFuAUMINAa0IN 4.2.1 uet/asuwidusy Code Tumarun n ¥ivved 2.1.2

4.2.2.2 Hamsnaany

Flflﬂ'l‘iﬂﬂﬁflw‘lﬂ'!ﬁﬂi’mi’f‘é}ﬁﬂ'li’riﬂgllﬁ”w"ﬁ 1‘5"1‘;1 Variance max U84MITUDIULUAY

@i lavausl DC sanuan awaadluaseh 4.2 (n-a)

A1519% 4.2 (1) VAAIHANTITNATOY Variance max VDIMITUDULASIAL (ﬂ'i]i"h DC 990

ﬂ ’
i) vounageuaun 1

Activity Test | Accuracy Error
UOUNHNY 5 5 s
woun E 0 au
WOUAZUAE Y 5 5 .
UOUATUAIYD 5 0 dundu
guaay 5 5 -
dulddhan 5 3 uoy
du'hldhands 5 0 uou
aulldmdamarn 5 0 Ay
#ulldmthamaedhe 5 0 fundu
TP=3 FP=5 TIN=20 17
Sensitivity = 3/(3+17) = = 15%
Specificity = 20/(20+3) = 80%
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A1519% 4.2 (V) LARINANIINATEY Variance max YBINTUBULALIAY (ALIA1 DC 000

ud?) vosdnaaounuh 2

Activity Test Accuracy Error
UDUNIY 5 5 -
UDUAT 5 0 A
UBUNZUAITIY 5 0 unau
= =
HAUAZUAIUN 5 0 BuAfY
=) -

Junay 5 5 .
Al 5 3 tunpu
Aulddrands 5 0 Hundu

Aulldrwdramasn 5 3 BuAfu
auldwdhamedne 5 4 tundu
TP = 10 FP= 5 TN = 20 FN= 10
Sensitivity = 10/(10+10) = (.5 = 50%
Specificity = 20/(20+5) = 0.8 = 80%



AT 4.2 (A) LAAINANINAZSY Variance max Y8IN1IUOUUELIAY (ALA1 DC

3 @ a
DONLAY) VDY ﬂ“ﬂﬂmﬂﬂu'ﬂ 3

Aectivity Test | Aceuracy Error
UDUNY 5 5 .
wouAt 5 5 :
UOUATIAGNY 5 0 thindu
UBUAZLUAIU 5 0 fundu
thindv 5 5 -
an'lldhamh 5 4 Sundu
auludhanas 5 1 Bundy
aulddmdrameen 5 2 A
Aulududhanmadne 5 4 fhunau

TP = 11 FP= 10 TN = 25 FN= D
Sensitivity w 11A1149 = (.55 = 55%
Specificity = 25/25+0) = ] = 100%
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4.2.3 Variance max UDInavamIRzuMzdy (aum DC sonidl)

4231 YunoUMINAES

& ﬁﬂéﬂqﬂﬂﬁiﬁ eZ430-Chronos Watch

2 dhmadlalisunsy MATLAB Ausudwinisfu Code Tumamuon n
def 2,13 aclushTsunsundorienadad i

3. Idnameuiudusdivfszina 10 Suriieseldintosiulanuaios
Forou nniuvhins gy Medum Variance neudimazanzdy udnangamsaadnaad
eZ430-Chronos Watch ‘Jj’u‘ﬁﬂ?i'lﬁllﬁ’

4 vhamruaoud 1-3 awRs10 ade

5.1 18 wpaudazase A unde e ldTush Threshold

6. 111 Threshold Aild 11/1d1u Code udviimsnaaou fudnadeuna 3 au

4.2.3.2 #aminnaed
HaMINARINIATIEpUNTInARUA 0 T ldaT Varance max vBInouduas

a5 T ci B ¢=;.
YULAY WA UNDY AaLFERI UeT51a N 43 (n-)

A19197 4.3 (1) wERaHAMINAToL 191 Variance max 994noUANAZYEAY (@UM

DC 8BALE7) YBIEnaToUaNd |

Activity Test | Accuracy Error
WDV 5 5
woun 5 0 A
UBUALUALIY 5 0 G
UDUALHUAIUN 5 0 A
Ay 5 5 -
au'ldhanth 5 5 -
Falaldhanas 5 0 Buidu
auhldwdemen | s 4 sy
Fuldrdramedn | s 5 -




P= 14 FP= I5 ™N= 10 FN= 6

14/(14+6) 0.7 = 70%

Sensitivity

]
i

Specificity 10/(10+15) 0.4 = 40%
15197 4.3 (1) uanIran1snaaen a1 Vardance max ¥8ansuduuazynisdy (aum

DC 90n4A7) VeIRNATOUALT 2

Activity Test | Acecuracy Error
UOUNIIY 5 5 -
wouAh 5 0 au
UBUALIAIHY 5 0 thuidu
UOUATUAN | 5 0 Ay
dunfu 5 5 -
auladhavth 5 5 -
du'ldhands 5 1 dundu
aulldmdeman | 5 4 duAAY
aulddmdhamaetne | 5 4 -

TP = 14U |BRmnS TN=20 FN=6

f

Sensitivity = 14 /(14+6) = 0.7 70%

Specificity = 20/(20+5)

1

S

o0
i

30%



40

A1919T 4.3 () uEeeran sneaou 19 Variance max Yeanouduuazyusdy

(auf DC oenud) vosgnadouaui 3

Activity Test Aceuracy Error
UDUNY 5 5 -
wouah 5 0 au
UDUAZHAIG Y 5 0 funay
UBUAZUAIYN 5 0 tundiu
Bunau 5 5 -
dulldhanh 5 5 -
Au'ldrands 5 2 thudu
au lddwanamaean 5 3 dundu
Ay ludwdnamadne 5 4 -

TP = 14 FP= 5 TN = 20 FN= 6

0.7 = 70%

14 /(14+0)
20/(20-+5)

Sensitivity

il
H

Specificity 0.8 = §0%

4.2.3.3 Imnzsayaginonsnanes

SINNANISNARBA W1 TIAT (AeA1FM Threshold AouRIUAYYRIEAY 1AM AY
1w ldkan1snaansdvy 910n3iden Threshold Tunvuusaroutiana Tasfianuudud
Wi 70% seuvannsaasaeumsdylifroniduiudiiga Aerunse
asaaeudgndenianun mnmsnaneuite s ade daumsduibun Alanmusiudigs

wuiy uads biansaasiedy ldgndesiavua
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4.3 35M31Y DWT @8 Wavelet ¥3a Db4 Level 3
4.3.1 Variance max Y84MIuUoULRIAY (aUM DC oonla?)
43.1.1 YuneumInaans
Mgutunnaassd 4.2.1 uanfaeuiiuiu code Tumanunn n Waded 2.2.1

WoUsyuaman 1t DWT 878 Wavelet Db4 Level 3

4.3.1.2 HaMSNaand
HANTSNAABIMIATINABUMIVAANAILITUSZUINAMHTY DWT 420 Wavelet

Db4 Leveld Iaal¥f1 Variance max v0amsuouaziay saaalumiss # 4.4 (p-a)

A1 19N 4.4 (N) UEAIHAMTNATDY DWT Dbéd Level 31a01$a1 Varance max 989

MIuanuaiAY (AUA1 DC aanud1) veadnadouAud |

Activity Test | Accuracy Error
UOUNIIY 5 5 -
wouah 5 0 tunau
NOUAZLAIGY 5 0 /Ay
UDUATIAIYI 5 0 IR
tundu 5 5 -
aw'hldhanih 5 2 tuidu
duldands 5 5 -
avhlddhamarn | s 1 Bundu
aulddshamedne | s 1 funfu I

TP =9 FP=0 TN =25 FN=11
Sensitivity = 9/(9+11) =045 =45%
Specificity = 25/25+0) = 1 = 100%



3199 4.4 (V) UARIHANIINATDY DWT Dbé Level 3Taal9a1 Variance max 494

nsueuLAZAY (AUA DC 00nd7) Yosnagsuaui 2

Activity Test Accuracy Error
HOUNIW 5 5 2
wouAh 5 0 iy
WOUATUAITY 5 0 Hundu
HOUAZUAIUD 5 0 thundn
/A 5 5 -
aulidhami 5 2 tundu
Aulddhanas 5 I fundu
auldmdhamsamn 5 i Bundav
au'lldudremadneg 5 2 thundu

TP =6 FP =35 TN =20 FN=14

Sensitivity = 6/(6+14) = 03 =30%
Specificity = 20/20+5) =08 =80%



A15197 4.4 (A1) UEAMAMINATOD DWT Db

MINIUIAIAY (AUAT DC 88NKd7) YBIEnaTeUAUN3

43

Level BIﬁﬂi‘fﬁ‘l Variance max Yol

Activity Test Accuracy Error
WOUN 5 5 .
HouUA 5 3 du/aY
LOUAZUAEY 5 0 thuau
UOUAZLAIYN 5 0 ouAfu
thundfu 5 2 uou
au'hldhenih 5 i tuadu
duldhanas 5 3 duAAY
aulududamarn 5 3 /@y
duldudramaedne 5 3 fuiau
TP =10 FP=0 TN =25 FN =10
Sensitivity = 10/(10+10) = 0.5 =50%
Specificity = 25/(25+0) =1 = 100%

4.3.1.3 Innwvisaza jlnamsnanos

MNHANINAGDH U MIdseutanary DWT 878 Wavelet Dbd Level 3

Taaldan

Variance max %8In1susuuaziau  galanuiudiiumsnaasumsynay

¥ b g 1y 9 ' 5 2w 1
ABUGAT DINENATOUNI 3 Al TARaMINanoUgIgaiios 50% miniy deds luiieane

aansu il 1¥asasunisnduifiagsa
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4.3.2 Variance max UBINBUNULAZVRIZAN (AUM DC 0ONUED)
4.3.2.1 THABUMINARDS
AugunumInanedn 4.2.1 usldouiludu Code lumaeian n wadof 222

Winlszananary DWT §290 Wavelet Db4 Level 3

4.3.2.2 HAMINARDY
HANITNADDINITAIIVABUNMTUNAUAIUITUT L IaMAN I DWT A28 Wavelet
Db4 TLevel 31aal4A1 Variance max vaInoudNt@zanzdy (aum DC senidl) aaueadiy

1518 71 4.6 (A-A)

A15197 4.5 (N) UARIHAUARINANIINATDY DWT Db Level 3 Taal¥a1 Variance max

YasneudutazvaEAY (AU DC sonua?) YesHmadouaui 1

Activity Test | Accuraey Error
WOUNEW 5 0 iy
wouA 5 5 -
HOUALLUANGNY 5 5 .
UBUAZIAIVN 5 5 .
s 5 5 2
aulaldhanii 5 4 tundu
Au'lddrands 5 5 -
duladmnensn 5 3 thundu
aulddwdnamedneg | s 5 -

TP = 17 FP=0 TN = 25 FN=3
Sensitivity = 17/(17+3) = 0.85 = 8%

Specificity = 25/(25+0) 1 = 100%
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MR 4.5 (U) LFAIHAUAAINANITNATOL DWT Db4 Level 310819 Variance max

yasneuduazvpzdy (AUA1 DC panud’) vosmaaeuaud 2

Activity Test | Accuracy Error

UBUHIY 5 0 dunAY
wount 5 5 .
HOUAZHAIG Y 5 5 -
HOUALUAIUN 5 5 :
/Ay 5 5 -

au ldhami 5 4 Junau

aulddanas 5 2 Hufu

au'ldudramayn 5 5 Bundu

aulududremadne 5 4 duAfY

TP= I3 FP=0 TN= 25 FN=3
Sensitivity = 15 /(15+5) = 0.75 = 75%
Specificity = 25/(25+0) = 1 = 100%



46

@15199 4.5 (7) NAAIHALTAIHANINATDIY DWT Db4 Level 31aeld Variance max

t £ 1 1
YOINDURUUATVUZAN (AUM DC 09ANAT) YBIWNATOUAUN 3

Activity Test | Accuracy Error
HOUNY 5 0 dundu
wouAR 5 5 s
UOUNLHAY 5 5 -
UDUALUAIYN 5 5 -
tundiv 5 5 -
auldhamin 5 3 tunaY
Aulddranas 5 4 thundu
aulddmdhemean 5 4 tundu
anldmdhamadhe 5 4 Ay

TP= 15 FP=0 TN = 25 FN=35
Seasitivity = 15 /(15+5) 7 0.75 = 75%

Specificity = 25/25+0) ] = 100%
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MAaRUIN N

1. AUENDAYBY 1M eZ430-Chrones Watch
- Fully functional sports watch based on the CC430F6137, MSP430 with
integrated <1GHz wireless transceiver
- Watch reprogrammable for custom wireless applications
- Highly integrated watch includes on-board 3-axis accelerometer, pressure sensor,
temperature  sensor, battery voltage sensor
- 96-Segment L.CD display driven directly by CC430
- Can be paired wirelessly with heart rate monitors, pedometers or other devices based
on RF transceivers like the CC430 or CC1111
- Includes an eZ430 USB emulator that connects the Chronos to a PC for real-time, in-
system programming and debugging
- Includes IAR Kickstart and Code Composer Studio integrated development

environments

2. mateulilsunsy
2.1 Bilaly wavelet (1§ Variance ﬂiri'?u}
2.1.1 Variance max Y2amisuenuuaziu ¢ 11 ldaua DC sen)
cle
clear all
% SETUP of USB AccessPoint
% port_number='/dev/tty ACMO';
port_number='/dev/ttyS101";
s = serial('COM4');
s.BaudRate=115200;
s.InputBufferSize = 1024;
s.FlowControl="none';
s. Timeout=];

s.ReadAsyncMode='continuous"; % !!!!!!! important
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if s.Status(1:4)="open’ disp('Closing formerly opened port');fclose(s);end;
s.ErrorFen=@mycallback; % not important - you can specify your own error callback
% Port open

fopen(s); % you can use exceptions, but better soluton is break on error

% when there is still problem after first run - try RESTART MATLAB!!!

instrfind

get(s) % display port status and settings

% record(s,'on');

% Header of FRAMESs settings

StartAccessPoint=[255, 7,3]; % numbers taken from ez430 souce code
StopAccessPoint=[255,9,3];

AccDataRequest=[255,8,7,0,0,0,0];

% Start AccessPoint

fwrite(s,StartAccessPoint); % after cca 1s green LED must blink

disp(['Please turn vour watch to sync mode (key #, then key v - LED blinking), then
pressenter...']);

disp(['CTRL+C to stop']);

pause();

% Read (and store) data

% Main read cycle
stop_flag=0;

=0,

num_=0;
numl_=0;
num2_ =1,
num3_ = 1;

N =4;

k =751,

g =900,

tic



while stop_flag<1000
=it+1;
try
fwrite(s,AccDataRequest);
a=fread(s,7,'int8");
X=a(1);
Y=a(2);
Z=a(3);
data(i,1)=X;
data(i,2)=Y;
data(i,3)=Z;
% disp(pozice);
% stop on idle
if (X==0) & (Y==0) & (Z==0)) stop_flag=stop_flag+1;end;
if (X~=0) | (Y~=0) | (Z~=0)) stop_flag=0;end,;
catch
% disp('RS232 dropout’);
end;
if(mod(i, 300) ==0)
if (num_<=N)
disp(['Please___ Wait']);
num_ = num_ +1;
samples = {(num_-1)*300+1 ):i;
cx=data(samples,1);
x=cx.*cx;
cy=data(samples,2);
y=cy.*cy;
cz=data(samples,3);
z=¢z.%cz;

sum_=x-+y+z;
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total=sqrt(sum_);

total_ace{ samples) = total ;

mean_(num_) = mean(total);

var_(num_) =var(total);

clse

mean_10 = mean ( mean (1:N} ) ;

var_10 =mean ( var (1: N));

aum_=num_+] ;

samples = ((num_~1)*300+1 ):i;

samples_1 = ((num_-1)*300+1 }:i;

cx=data(samples, 1);

x=cx.%¢cx;

cy=data(samples,2);

y=cy.*cy;

cz=data(samples,3);

=Cz.%¢zZ;

sum_=X+y+z;
SRdPisdrrddkddithd bbbkt e iRkt torp kool ok bRk g

total=sqrt(sum_), o -
ari{sum,); WY I TINTING 3 1Ay

Xx{samples 1) = (otal; - : .
2Xx(samples, 1) it lnA Variance
xyz = xXx(samples_1);

var_xyz=var(xyz)

var_xyz_idx (numl ) = var xyz;

FErkddhnnhddhdkhhdiobi ki nidi ki ke k kb bk bk h ki

if { var_xyz <68.7) %(xXx(samples_1) <30)

toc;Aways* = toc;
motion_= 0;

endless]_(num3 ) = Aways ;



endless_(num2_) = motion_;
num2_=num2 +1;
num3_ = num3_+];

end

if{ var_xyz > 68.71 & var xyz <586)

toc;Aways_= toc;
maotion_= 1;
endlessi_(num3 ) = Aways_;
endiess_(num?2_) = motion_;
num2_=num2_+1;
num3  =num3_+1;
end
if{ var_xyz > 586.1)
disp(['Fall sy,
toc;Aways = ioe;
motion_ = 2;
endless]_(num3_) = Aways ;
endless_(num2_) = motion_:
num2_ = num2_ +1
nom3_ =num3_ +1;
end
q_=q_+150;
k =k +150;
end
end
end;
disp(['Sync mode off, , ar communications lost? -> Game over']);
fwrite(s,StopAccessPoint);

% plot(Time_idx ,var_xyz idx);
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% subplot(2,1,1), plot(endless1_,xXx)

% subplot(2,1,2), plot(endiess1_,endless )

2.1.2 Variance max Y83015HOULAZIAY (mm'n DC aﬂmsﬁ"a)
cle
clear ail
“% SETUP of USB AccessPoint
% port_number="/dev/tty ACMO";
port_number='/dev/ttyS101";
s = serial'COM4");
s.BaudRate=115200,
s.InputBufferSize = 1024;
s.FlowControl="none';

s.Timeout=1;

if s.Statms(1:4)=="open’ disp('Closing formerly opened port');fclose(s);end;
s.ErrorFen=@myecallback; % not important - you can specify your own error callback
% Port open

fopen(s); % you can use exceptions, but better soluton is break on error

% when there is still problem after first run - try RESTART MATLAB!!!
instriind

get(s) % display port status and settings

% record(s,'on');

% Header of FRAMES settings

StartAccessPoint=[255, 7,3]; % numbers taken from ez430 souce code
StopAccessPoint={255.9.3];

AccDataRequest={255,8,7,0,0,0,0;

% Start AccessPoint

fwrite(s,StartAccessPoint); % after cca 1s green LED must blink
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disp(["Please turn your watch to sync mode (key #, then key v - LED blinking), then
pressenter...']);

disp({'CTRLAC to stop']);

pause();

% Read (and store) data

% Main read cycle

stop_flag=0;
=0;

num_~ 03
numl_ =0,
num2_=1;
numl_ = 1;
N=4;

k =751

g _=900;

tic

while stop_flag<1000

=i+1;

try
fwrite(s,AccDataRequest);
a=fread(s,7,'int8');
X=a(1);
Y=a(2);
Z=a(3);
data(i,1)=X;
data(1,2)=Y;
data(i,3)=Z;
% disp(pozice);
% stop on idle

i (X==0) & (Y==0) & (Z==0)) stop_{flag=stop_flag+1;end;



if ((X~=0) | (Y~=0) | (Z~=0)) stop_flag=0;end;
catch
% disp('"RS232 dropout');
end;
if (mod(i, 300) ==10)
if (num_<=N)
disp(['Please__ Wait']);
num_ =num_+};
samples = ((num_-1)*300+1 )i;
cx=data(samples, 1);
x=cx.*cx;
cy=data(samples,2);
y=cy.*cy;
cz=data(samples,3);
z=¢z.%¢z;
sum_=x-+y-+z,
total=sqrt(sum_};
total acc( samples) = total ;
mean_(num_) = mean(total);
var_(num_) =var(total);
else

mean_10 = mean ( mean (1:N) ) ;

num_ = num_+1 ;
numl_=puml_+];

samples = ((num_-1)*300+1 ):i;
samples_1 = ((num_-1)*300+1 ):i;
cx=data(samples,1);

X=CX.¥¢x;

cy=data(samples,2);
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y=cy. ey,
cz=data(samples,3);
z=cz.%cz;
sum_=X+y+z;

FERFFHEREFFFFREREPRRFERRF RS R TR FR R TR RR RS Rk AR Rk

total=sqrt(sum_)- mean_10%ones(300,1);

npl -] = total: 9, g B
KXx(samples_1) = total; YA 3 iy
= i xs 1) i >
xyz = xXx(samples_1); Adnnaveondlge DC ud
var_xyz=var(xyz) 29151 11%7977 Variance

var_xyz_idx (num]_) = var_xyz;
EEkrErErektnddgdddiddolhioniduk ookt dcor R Rk SR R R
if ( var_xyz <109.5)
disp({'Lying__ 111111114y,
toc;Aways_= toc;
motion = 0;
endless] (num3 )= Aways ;
endless (num2 ) = motion ;
num2_=num2_+1;
num3 =num3_+1;
end

if( var xyz > 109.6 & var_xyz <692.5)

toc;Aways_= toc;
motion_= 1,
endless]l_(num3_) = Aways_;
endless_(num2_) = motion_:
num2_ = num2_+1 ;
mm3_=num3_+1;

end

if( var_xyz > 692.6)



toc;Aways_= toc;

motion_= 23
endlessI_(num3_) = Aways_;
endless_{num2 ) = motion_;
num2_ =num2_ +1;

num3_=num3 +];

end
q_=q +150;
k_=k -+150;
end
end
end;

disp(['Sync mode off, or communications lost? = Game over']);
fwrite(s,StopAccessPoint);

plo(Time_idx ,var xyz_idx);

2.1.3 Variance max Un3In8uaNMAZYUZAN (auA1 DC 20nMAD)
cle
clear all
% SETUP of USB AccessPoint
% port_number="/dev/tty ACM(',
port_number="/dev/ttyS101";
s = serial(COM19);
s.BaudRate=115200;
s.InputBufferSize = 1024,
s.FlowControl='none’;

s. Timeout=1;

if s.Status(1:4)=="open’ disp('Closing formerly opened port');felose(s);end;
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s.ErrorFen=@mycallback: % not important - you can specify your own error callback
% Port open

fopen(s); % you can use exceptions, but better soluton is break on error
% when there is still problem after first run - try RESTART MATLAB!!!
instrfind

get(s) % display port status and settings

% record(s,'on');

% Header of FRAME:s settings

StartAccessPoint=[255, 7,3]; % numbers taken from e¢z430 souce code
StopAccessPoint={255.9,3];

AccDataRequest=[255.8,7,0,0,0,0];

% Start AccessPoint

fwrite(s,StartAccessPoint); % after cca Is green LED must blink
disp(["Please turn your watch to sync mode (key #, then key v - LED blinking), then
pressenter...'});

disp(PCTRLAC to stop']);

pause();

% Read (and store) data

% Main read cycle

stop_flag=0:;

i=0;

num_ = 0;

numl_=0;

nm2_=1;

num3_=1;

N=4:

k_=751;

q_=900;

tic

while stop_flag<1000
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i=i+1;
try
fwrite(s,AccDataRequest);
a=fread(s,7,'int8');
X=a(l);
Y=a(2);
Z=a(3);
data(i,1)=X;
data(i,2)=Y;
data(i,3)=Z;
% disp(pozice):
% stop on idle
if ((X==0) & (Y==0) & (Z==0)) stop_flag=stop_flag+1;end;
if (X~=0) | (Y~=0) | (Z~=0)) stop_{lag=0;end;
catch
% disp(‘RS232 dropout');

end;

if(num_<=N)
disp(['Pleasc__ Wait']);
num_ = nuin_ +1;
samples = ((num_-1)*300+1 ):1;
cx=data(samples,1);
x=cx.*cx;
cy=data(samples,2);
y=cy.*cy:
cz=data(samples,3);
z=cz.¥cz;
sum_=x+y+z;

total=sqrt(sum_):
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total_acc( samples) = total ;
mean_(num_) = mean(total);
var_(num_) =vai(total);
else

mean_10 = mean { mean_(1:N) ) ;
var_10 = mean ( var_(1:N) );
num_ = num_ +] ;
numl_=numl_+1;
samples = ((num_-1)*300-+1 )}i;
samples_1 = ((num_-1)*300+1 ):i;
cx=data(samples,1):
x=cx.*cx;
cy=data(samples,2);
y=cy.*cy;
cz=data(samples,3);
7=cz.%¢z;
sum_=x-+y+2z;

s e ook ol o e e e e R e ekl ol e o okl R R ok Rk R ok ok ok ok ok ok dob Rkl ek

total=sart(sum ) - mean 10%ones(300.1); . o y B
= z WIHYaNBAIMITING 3 LAY

xXx(samples 1) = total; = $
Aeamples 1) g hlausendrom be

var_xXx = var(xXx(samples_1)); g2 e yp .
Ha 19911 1l Variance
var_xXx_idx (numl_) = var_xXx;
sedesrskedop etk kgt ok Aok d kR Ak Gk ok e SRk sk ol lok s e

Time_idx (numl_) = toc;

if ( var_xXx <68)

toc;Aways_= toc;
motion = 0;

endless! (num3_) = Aways _;

endiess_(num2_) = motion_;



num2_ = pum2_ +1 ;
mum3_ = num3_+1 ;

end

if{ var_xXx > 69 & var xXx < 576)
toc;Aways_= toc;
motion_= 1;
endlessl_(num3_) = Aways_;
endless_(num2 ) = motion_;
num2_ =num?2 +];
num3_ =num3_+1;

end

ifl var xXx > 377)

toc;Aways = toc;
motion_=2;
endlessl_(num3_) = Aways_;
endless_(num2_) = motion_;
num2_ =nem?2 +1;
num3_ = num3_ +1 |

end

q.=q_+150;

k =k +150;

end
end

end;

disp({'Sync mode off, or communications lost? -> Game over']);

fwrite(s,StopAccessPoint);

plot(Time_idx ,var_xXx_idx) ;

?
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2.2 15 Wavelet DWT Db4 Level 3
2.2.1 Variance max U04nIUOUUALIAY (BUAY DC asﬂuﬁ‘a}
cle
clear all
% SETUP of USB AccessPoint
% port_number='/dev/tty ACMO";
port_number="dev/ttyS101";
s = serial(COM19");
s.BaudRate=115200;
s.InputBufferSize = 1024,
s.FlowControl='none";
s.Timeout=1;
s.ReadAsyncMode='continuous'; % !!{I!!! important
if s.Status(1:4)=="open' disp('Closing formerly opened port');fclose(s);end;
s.ErrorFen=@mycallback; % not important - you can specify your own error callback
% Port open
fopen(s); % you can use exceptions, but betier soluton is break on error
% when there is still problem after first run - try RESTART MATLAB!!!
instrfind
get(s) % display port status and settings
% record(s,'on');
% Header of FRAMES settings
StartAccessPoint=[255, 7,3]; % numbers taken from ez430 souce code
StopAccessPoint={255,9,3];
AccDataRequest=[255,8,7,0,0,0,0];
% Start AccessPoint
fwrite(s,StartAccessPoint); % after cca 1s green LED must blink
disp(['Please turn your watch to sync mode (key #, then key v - LED blinking), then
pressenter...']);

disp{'CTRL+C to stop']);



pause();
% Read (and store) data
% Main read cycle
stop flag=0;
i=0;
num_ = 0;
numl =0,
num2_=1;
numd_ = 1;
N = 4;
k_=751;
q_=900;,
tic
while stop flag<1000
i=i+1;
try
fwrite(s,AccDataRequest);
a=fread(s,7,'int8");
X=a(1);
Y=a(2);
=a(3);
data(i,1)=X;
data(i,2)=Y;
data(i,3)=2;
% disp(pozice);

% stop on idle

if (X==0) & (Y==0} & (Z==0)) stop_flag=stop_flag+1;end;

if (X~=0) | (Y~=0} | (Z~=0)) stop_flag=0;end;
catch

% disp('RS232 dropout');
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end;
if ( mod(i, 300)==0)
if (num_ <=N)
disp(['Please___ Wait']);
num_ = mum_ +1;
samples = ((num_-1)*300+1 )i;
cx=data(samples,1});
x=cx.*cx;
cy=data(samples,2);
y=cy. ¥cy;
cz=data(samples,3);
z=cz.%¢x;
s =xK+y+z;
total=sqrt(sum_);
total_ace( samples) = total ;
mean_(num_) = mean(total);
var_(num_) =var(total);
else

mean_10 = mean ( mean_(1:N) ) ;
var 10 =mean { var (1: N} )%
num_ = apum_ +1 ;
numi_=puml_+1:
samples = ((num_-1)*300+1 ):i;
samples_1 = ((num_-1)*300+1 )i;
cx=data{samples,1);
x=cx.¥ex;
cy=data(samples,2);
y=ey.*ey;
cz=data(samples,3);

z=cz.*cz;
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sum_=xX+y+z;

0 e e o Sk ek kR R R o o o o
total=sqrt(sum_)- mean _10*ones(300,1);
xXx(samples_1) = total;

[c.]] = wavedec(xXx(samples 1),3,'db4");

clear ¢d3 ; msdaaR I O 3 uny
cd3 = detcoeflc,],3); auoBRAIBA1 DC HAMINHIY
var_cd3 = var(cd3) Wavelet DWT Db4 Level Si)'%ﬂ*if'i!
var_cd3_idx (numl ) = var_cd3; 1¥111vA1 Vardance

2 o ke o4 o o v o o 2 o 3 o fe o ol st v e she e ol e o 0 0 i o0 o o e o s e sl s o o o sk ol sl ok sl ol e e e sk

if (var_cd3 <44.4)
disp([Lying__ !0,
toc;Aways_= toc;
motion_ = ()
endless] (pum3_) = Aways_;
endless (num2_) = motion_;
num?2_=num2_+1;
num3 = num3_ +1;

end

if{ var_cd3 > 44.41 & var_cd3 <424.2)

foc;,Aways_= toc;

motion_= 1;
endiess]_(num3 )= Aways ;
endless_(num2_) = motion
num2_ =num2_+1;
num3_=num3_+1;

end



ot

if{ var_cd3 > 424.3)

toc;Aways_= toc;
motion_= 2;
endlessi _(num3 )= Aways ;
endless (num2_) = motion_;
num2_=num2_+1;
num3_=num3 +1;

end

q_=q_+150;

k_=k +150;

end
end

end;

disp(['Sync mode off, or communications lost? <> Game over']);

fwrite(s,StopAccessPoint);

plot(Time_idx ,var_cd3_idx) ;

2.2.2 Variance max UBINBUANUAY Yauzdy (aue1 DC sonnia)

cle

clear all

% SETUP of USB AccessPoint
% porl_number="/dev/tty ACM0';
s = serial('COM19");
s.BaudRate=115200;
s.InputBufferSize = 1024,
s.FlowControl="none';

s. Timeout=1;
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if s.Status(1:4)=="open' disp('Closing formerly opened poit');fclose(s);end;
s.ErrorFen=@mycallback; % not important - you can specify your own error callback
% Port open

fopen(s); % you can use exceptions, but better soluton is break on error

% when there is still problem after first run - try RESTART MATLAB!!
instrfind

get(s) % display port status and settings

% record(s,'on');

% Header of FRAMES settings

StartAccessPoint=[255, 7,3]; % numbers taken from ez430 souce code
StopAccessPoint=[255,9,3];

AccDataRequest=[255,8,7,0,0,0,0];

% Start AccessPoint

fwrite(s,StartAccessPoint); % after cca 1s green LED must blink
disp(['Please turn your watch to sync mode (key #, then key v - LED blinking), then
pressenter...'[);

disp{(['CTRL+C to stop']);

pause();

% Read (and store) data

% Main read cycle

stop_flag=0:

=0

nu_ =0

muml =

num2_=1;

mun3_ =1,

N=4,

k =751;

q_ =900,

tic



while stop flag<1000
=i+ ];
try
fwrite(s,AccDataRequest);
a=fread(s,7,'int");
X=a(l);
Y=a(2);
Z=a(3);
data(i,1)=X;
data(i,2)=Y;
data(i,3)=Z;
% disp(pozice);
% stop on idie
if ((3==0) & (Y==0) & (Z==0)) stop_flag=stop_flag+1;end;
if ((X~=0) | (Y~=0) | (Z~=0)) stop_flag=0;end;
catch
% disp{'RS232 dropout');
end;
if (mod(i, 300) == ()
if (num_<=N)
disp{['Please __ Wait'}]);
num_=num_ +1;
samples = ((num_-1)*300+1 ):i;
cx=data(samples,1);
X=Cx.*cx;
cy=data(samples,2);
y=cy.*cy;
cz=data(samples,3);
Z=CZ.%CcZ;

sum_=x+y-+z;
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total=sqrt(sum_);
total_acc( samples) = total ;
mean_(num_) = mean(total);
var_(num_) =var(total);

else
mean_10 = mean ( mean_(1:N));
var_10=mean (var_(1: N) );
num_=num_+I ;
num!l_=numl_+1;
samples = ((num_-1)*300+1 }:i;
samples_1 = ((num_-1)*300+1 )i
cx=data(samples,1);
x=cx.*ex;
cy=data(samples,2);
y=ey.*ey:
¢cz=data(samples,3);
z=cz.%¢cz;
sum_=X+y+z;

e e ok ok ok o ok skl o ok ool ok e g ok s s e R o
total=sqrt(sum_)- mean 10%ones(300,1);
xXx(samples_1) = total;

[c,l] = wavedee(xXx,3,'dba');

W
8 = 1 4 H 58
clear cd3 ; [ANFA Ir.?‘EHiH'Iﬂ!ﬂ MUITING 3 uau

5 @ ' o g ]
od3 = deteosf(o.L3): llavsnen DC uanieEy

var_cd3 = var(cd3) Wavelet DWT Db4 Level 327104 U

o U 1 oot
var_cd3_idx (numl )= var_¢d3; il Variance

b e e e e L e T T

Time_idx (numl ) = tog;

if (var_cd3 <43)



toc;Aways_= toc;
motion_=0;
endlessl_(num3 ) = Aways_;
endless_(num?2 ) = motion_;
num2_=num2_+1;
num3_=num3_+1;

end

if( var_cd3 > 44 & var_cd3 < 81)

tociAways_= toc;
motion_= 1;
endless!_(num3 )= Aways ;
endless_(num?2_) = motion_;
num?2_=num?2_+1
rum3_=npum3_ +1;

end

if( var_ed3 > 82)

toc; Aways_= toc;
motion_=2;
endiessl_(num3 )= Aways ;
endless (num2 )= motion_;
num?2 =num? -+1;
mim3  =pum3 -+l ;

end

q_=q_+150;

k =k +150;

end
end

end;



disp(['Sync mode off, or communications lost? -> Game over']);
fwrite(s,StopAccessPoint);

plot(Time_idx ,var cd3_idx) ;
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