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PARIWAT LEAMSUMRAN: REAL-TIME SYSTEM FOR MONITORING
ACTIVITY AMONG THE ELDERLY USING AN RF SOC DEVICE OVER A WIRELESS
SENSOR NETWORK. ADVISORY COMMITTEE: PANUWAT DANKLANG, Ph.D. 155 P.
2016.

The purpose of this research are to analyze and identify the activities of the elderly and
risky activities causing harm to them by using the tracking device for the elderly. For this device,
it is a small device similar to a necklace with a three-axis acceleration sensor inside for collecting
data about body movements characteristic of the elderly. The researcher conducted and collect
data by using participants wearing a tracking device to analyze about daily activities such as
walking, running, sitting, stand up and sleeping activities. In addition, the researcher collected
information about falls. All of data analysis is occurred within a unit tracking device which is
small processors and sent the data through frequency range of 2.4 GHz. by using Time-domain

techniques and Frequency-domain techniques.

The research of this study indicated, Time-domain technique by using the signal vector
magnitude, the energy generated by the movement and the variation of the angle form, can
distinguish the type of activities in each category however, the movement of the human body are
similar with the basis of a reference time signal. It is necessary to use a Frequency-domain
technique because the frequency of events and the energy of the occurred spectrum can verify the
accuracy of the analysis and increase the accuracy of the indicator behavior. For detecting activity
test of walking, it was 95 percent, activity of running 97.5 percent, activity of sitting 92.5 percent,
activity of sleeping 87.5 percent, activity of standing 97.5 percent, activity of fall 95 percent and

overall activity was for 94.16 percent.
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5. MANAMIAATIZHYRYAITIIAT (Time-domain Techniques)
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I&aaerunisn 2-8

SVM= Zr \/x12+y12+212 DSVM= ( f (X SVM’Ddt) (2-8)
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6. INANAMIAATIZHVOYAFIANUD (Frequency-domain techniques)
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6.4 Spectral analysis of key coefficients
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AINA 2-20 GI1UANUDVOY Bluetooth Low Energy (BLE) (Argenox Technologies LLC, 2016)
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Preamble Access Address PDU CRC
(1 octet) (4 octets) (2 to 39 octets) (3 octets)

1 9
i 221 JUnuuvesmsdetoyalutuves Link Layer

1NN 221 uﬁmgﬂuumm%’ayja“lu%umm Link Layer 921/52nouaae
Preamble (1 byte) Access address (4 bytes) PDU (2-39 bytes) 181z CRC (3 bytes) Ia ﬂeﬁjﬂyaﬁﬁ
VAN (Shortest packet) v Hivtnallszana 80 Tanse 8 Tud drudoyauifivinalva)
(Longest packet) 920 v119g g 376 Uawie 47 lua

Tudisudu (Preamble)
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v 2 Y
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1. PDU Type Ao dauiitsvenslszinnvesdoyaiigniiviua udawmsei 2-6

U

A13019% 2-6 PDU Type 1U@ U049 Header U499 Advertising channel

PDU Type Packet Name
0000 ADV_IND
0001 ADV_DIRECT IND
0010 ADV_NONCONN_IND
0011 SCAN_REQ

0100 SCAN RSP
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A1319N 2-6 (919)
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0111-1111 Reserved
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9 2 ' Y 1 v o dy
VIUDYA Gmtmazﬂ'izm‘ﬂﬁ)ﬂ‘]ﬁ1ullﬁﬂm\1ﬂumu

A15190 2-7 ANUKNIEUD PDU Type

PDU Type AN
9 o A [ Y
ADV_IND Yoyalszinmminszaredygiu dmnsoyouse |
ADV_DIRECT IND Yoyalszinnminszaedyauuuuszydansosouae Ia
ADV_NONCONN IND  deyadszinnnsznedyana bidwnsodouds 1d
ADV_SCAN_IND Joyatlsziannsznedyaia awsodunla

Access Address Packet Data Unit (PDU)

0x8EB9BED6 Advertising / Data

v o
s S
=
52
o
[-a=

1 Byte 4 Bytes 3 Bytes

Advertising Channel PDU

PaYIoad

2 Bytes | 6 -37 Bytes

PDU Type ~ RFU TxAdd RxAdd Length RFU
4 bits 2 bits 1bit 1 bit 6 bits 2 bits ADV IND Payload

0000 ADV_IND

0001 ADV_DIRECT_IND

0010 ADV_NONCONN_IND AD 0 000 AD N
0011 SCAN_REQ

0100 SCAN_RSP _

0101 CONNECT_REQ

0110 ADV_SCAN_IND ..
AD Length  AD Type AD Data

Length Bytes.

{ (] o [ ..
i 224 Taseadrsveuiamnadoyadmsy BLE Tvua Advertising Data

(Argenox Technologies LLC, 2016)
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{ < 9 @ ..
1N d 224 Tassadrsveuiinmadoyad sy BLE Tvua Advertising Data
v d = < v oy Yy 9 H s &
ueraa Iy N wazReaveianIteya (Adw) wilszneualedeyanariua 31 lua davs
Uszneudig
. ' 9 < = J
1. iBeacon Prefix edauntnvauiamnaineuya 9 lua
o 4
2. Proximity UUID HungtavsHa UUID v 16 106
. 1 @ Y 4
3. Major Mupadu)sdoyaving 2 Tud
. 1 @ 9 4
4. Minor Anvasdauilsdoyaviia 2 lua

1w

5. Tx power AYDIRAIAIT QY10

fee1voya
Raw Data
d6 be 89 8¢ 40 24 05 a2 17 6¢ 3d 71 02 01 1a Ta ff 4c 00 02 15 €2 ¢5 6d b5 df fb 48 d2 b0 60 dO £5

a7 10 96 €0 00 00 00 00 c5 52 ab 8d 38 a5

d6 be 89 8e # Access address for advertising data (this is always the same fixed value)
40 # Advertising Channel PDU Header byte 0. Contains: (type = 0), (tx add = 1), (rx add = 0)
24 # Advertising Channel PDU Header byte 1. Contains: (length = total bytes of the advertising
payload + 6 bytes for the BLE mac address.)
05 a2 17 6e 3d 71 # Bluetooth Mac address (note this is a spoofed address)
02 01 1a 1a ff 4c 00 02 15 €2 c5 6d b5 df fb 48 d2 b0 60 dO0 5 a7 10 96 €0 00 00 00 00 c5 #
Bluetooth advertisement
52 ab 8d 38 a5 # checksum
02 # Number of bytes that follow in first AD structure
01 # Flags AD type
1A # Flags value 0x1A = 000011010
bit 0 (OFF) LE Limited Discoverable Mode
bit 1 (ON) LE General Discoverable Mode
bit 2 (OFF) BR/EDR Not Supported
bit 3 (ON) Simultaneous LE and BR/EDR to Same Device Capable (controller)
bit 4 (ON) Simultaneous LE and BR/EDR to Same Device Capable (Host)

1A # Number of bytes that follow in second (and last) AD structure



FF # Manufacturer specific data AD type

4C 00 # Company identifier code (0x004C == Apple)

02 # Byte 0 of iBeacon advertisement indicator

15 # Byte 1 of iBeacon advertisement indicator

€2 ¢5 6d b5 df fb 48 d2 b0 60 d0 f5 a7 10 96 €0 # iBeacon proximity uuid
00 00 # major

00 00 # minor

¢5 # The 2's complement of the calibrated Tx Power
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Repeater #1 J}I ............. .2.‘f .(.'H,. .............. >
»

2.4 GHz

“. Bluetooth Low Energy

h %‘\ Nepeater #2

Elderly #2 h‘

Elderly #1
NN 3-1 AI0619MTNNUVDITEUD

INNINN 3-1 LAAIAIBINNNTHINIUVBITE VL §0ﬂ161uﬁ1uﬂ$ﬂ‘i$ﬂﬂﬂﬁ,’w

[

e’:/l A v A Ia L) 4
gUnsalianuafaIunan Av gUnsalnamuAId T UAGI91Y (Elderly tag) 91ln3siniu

@

4 ad J 9 o '

AU (Repeater) 1NALIY (Gateway) wazixsWines (Server) Tﬂﬂﬁjﬁjﬁ@1§%$ﬂ1ﬂ1iﬁ’m1ﬁ
7a v Aqg =t Yy 3 s
ginsaiaamudnlsma Tuladugys 4.0 meluvzilsznouaresuisosauuny
4 a 4 a Jd
(Accelerometer sensor) qﬂﬂsmﬂszmawamemiwzwmmﬂiiuﬁ%msamﬁmq g
4 v qgj/ o 1 @ [ t4 v

vesmsiaeu lasumevesdgeerg mimiveziimsdetoyanay ldsgunsainiudygw

o 1

4 vy [ P @ dgl A 9
uaz’q‘ﬂﬂimmuﬁﬂmmmzmmmeya"lﬂﬂqmmL’Jﬂmg’ﬂwwmmumm@iwmmm

[

A VA ' Y 091} o v 9 ~ 9}; <3 Y
@]ﬂ@]@ﬁﬂﬁTﬁWWUﬁiyﬂJTfMan‘ﬁqﬂ inﬂuuﬂ$ﬂ1ﬂ1§ﬁﬂﬂlﬂyjaﬂﬁgﬂﬁjum']hlﬂsllulﬂllllilllu

ey



59

=1

9 o 9 o 1 o 3 & '
Agenghodenieluthuiinegaauldgunsalvuaandgazeglugiiuy

q

'
A A

Y ] P Y A a s a v
YONFAIOYAD (NUTNIUNUIDN) Iﬂﬂqﬂﬂimuﬂzﬂiﬁu1ﬂﬁlum’iDlﬂ’iwﬂWi]GlﬂﬁﬁiJ‘U@mqmiq

o ] § @ 1 @ o a 1 4 @ 4
uazvenduviavedgeoigiondoadgnieluthuin lasegimsAasedeaisnuginsainiu

v
(3 a o 1

o 4 J [ 1 {
doyanm Taeglnsaimudyanuazgnaadsegluuaazyavestuinuindesnssey

g9 Q

Y
Y o Y Y

o [ 1 o 1 [ 3 3 y o a g
A 1wy Hestiuau weai wosueu veeni iludu gunssitiaziimsinsgiviima
] o A w o v W A a A A ~ " Y '
Youfgeorglumsineialszsriumlinsedlunnssuntianudsdodgeong wu
Yy I v 9 ~ A Aa P 2 A o o
mMsvnay 1udy Tagazlsmaluladuazmatans AATIZHNAANLIVUN 11H1NTATINNY

Y A A A A \ ) 9o o Y A
N1l mamimaau‘wﬂ§mmmﬂmNaﬂszmm@@qqmq%uu FUUVITNINTLUIUADU

o A

o o Y & Y Y Ay Y
ﬂau"lﬂENmumwaimmwwmaa@qqmq”lwum

d
91/n30! (HARDWARE)
o 4 aa/l 9 = a 1

Mananszubuazglnsaiianuass lsma TuTagveaugns 4.0 lumsaade
d' 1 4 1 9 1 {d’ 1 o ]
doansszninglnsaiusaziszian Teedgeorgazanldglnsanansodadyanariuig

v 4 & W ya o s o w .
m”lﬂ (ANND 2.4GHz) 1intiu latimswamnanduesaguoInailedi (Raspberry Pi Board)
A o Y A g P ) o @ o ] ~ A ' 9 A 4
mehmihndunandmeluthuwnoidei Inszuuianusargulumslsaumnngaan
o v A 1 9 J 42’
mzilagiuinmsunsvateveans Isauausn luunay
9 =\ I dy a A 1 ] c’z

M3 lmaTulagugys 4.0 Wunugiumsaadedoalsseninealgilnsaiiu
A = = @ 9 @ ¢ A A @ 1 9
esnnma TuTadugys 4.0 imsianu lsnunuginsaiindeunluilagiiuediandnewing

v [ 1 4 1 a 4 1 4 1 [} 4
1Azl 3z nIANFINUIIANINNMTHUABFUADY ) 195U MIFeuADNUaNITN 19U (Android,
i0S)

' I~ ' ) g ¥ o o A Sa o
meluszuvvzmiseontluauaiunan o 1lrgnsaiiinu fe gilnssidanudd

[

o 9 o o 4 ad 4
TUITUHFI01Y (Elderly tag) Qﬂﬂim‘ﬂﬁu W (Repeater) 1NALIY (Gateway) taztysWios

9
~

(Server) c‘ﬁwsa%mmwaz@mﬁm

1. gunsalAaauddmsudaieng (Elderly Tag)
gunsaldanuidmsudgeetgiaun TaouSinwaay (BAESLab Co., Ltd.)

'
o 9 Aaa

d 1 o 1 [ C4 (%
Hmhnannzideyavesdanldaasanamazszimsdedoya ldginsaimudygw
a VA 9 = A 9 ] A a ~ ~ a a 4

msaadodes ma Tuladnmsdeeans 15aerunauinginnud 2.4 Anzidsad (2.4 GHz)

Y 5 ¢ =
moluldmielszurana nRF51822 1 lulnsaonInsamosnszga ARM Cortex-M0Tagi
= o [] a J d' 9 a 9 A d'd [ J . d! 9
Imsihdmvesmsaadedes Pneluwaleniefiseniudi System-on-chip (SoC) #41@

Y )
Warnnvuu TaguTHN Nordic semiconductor HUIAUDIHUIBANNS WU TY o 19 luns



60

@WeouTdsunsuuaziufindoyavuia 256/128 kB (Flash program memory) finingnusman
YA 16/32kB (RAM) Idaumsaaaedoaisodneludiuuiasgiuugns 4.0 awnsni
9 v 9 . d! a Y dy [ d? d‘ [} Y d' [ =

MIsadoya AES vi1a 128-bit Faxdrtigniannvunuieyaninginuma Tulagve

o ° < @ 1 @ @ a
AWGYFNANIUAT (Bluetooth low energy) 1T UnaNLAz 1INYAMURUNAINIUAIIOATINTAY

Y] 1 o o a o a @ 1

wasnulsznadesni 3 pA Tuaaumsaiinulnd vazdasinunasauiesndn 15 ma

[ 1 o v a | ll ' ) { [
Tums1¥sudetoya lv1dsuanudeuniluediann wu maildHnerdugdnsel 1¥ane

AN 9

nRE51822 Accelerometer
Sensor

Antenna

Button

9 [
(M meludumnih () malumumnds (m) neusngilnsal

[

d' a d' 1 da ) 9
M 3-2 3995959008 lumelugilnssifaaudidmiuggey

| @ Ia @
INNINN 3-2 LLﬁﬂQﬂWWﬂWﬂuﬂﬂﬂlﬂQﬁ’JQﬂﬂiﬂl@lﬂ@ﬂﬂ@l’) (G?]}TLJGU’N) wazannelu

[

Ia v o 9 9 Ia (% S 1 Y]
voagnsalaamuAIdMIVAge1Y (Muse) Tesginsalaamudiazidivilsznoumnan o

T
LB}

pgadIunan Av nidellszurana (nRF51822) Tfuna ieemadmiuaaaedods

< o [
UASIHULEDTIAANUIITTIULNY (Accelerometer sensor)

<3 d o [ o Aa o
I ULEDTIAANNLIITT1ULUNY (Accelerometer sensor) wwuﬂmmum NXP
Semiconductors FaTigaiauveIMsszndandsnuguazinnuazideagalumseudoya
Y

(14-bits) M115015VaanNNazIBeAad 1A (8-bits) HNAIEDBNAINU TAGA 1.95 D4 3.6

4 H 1
Trad ansadonanuazdeald £2g/+49/48¢ AMUAVDINTOIUTONA (Output data rate:

g/+4g/+8g Y p
a 4 y o < o, o v A
ODR) 1.56 84 800 13350 uonnimelududumesinmsiannliausonsradunngsy
9 A @ a Y . v o d

Taaualsznn Ae evsoasrdumsanuuudase 1§ (Freefall detection) MIATIIIVWALT

X ™ ' t4 .
(Pulse detection) 15399UM3E10981/N301 (Jolt detection)



61

l Earth Gravity

{ o 1 <3 4 .
NN 3-3 MAWLUAZA WK UIVDITTNUNUUDIUFULEDT (Data sheet: Technical data, Document

Number: MMA8451Q, Rev: 10.1, 05/2016)

Jd o o Ja
HenFumshauuesginsainaniu

Via RF Transceiver

(2.4 GHz)

RF Data Tranmission

Encrypt Data Packet Manager

Data Packet Manager

A
Status Report Fall Detection
A A

Preprocessing
Events

[

{ J o o Ia ¥ o
A 3-4 eddumsihnuvesginsaiaamudidsvdgeey (Elderly tag)

| J v o Ia ) o
INNINN 3-4 !Lﬁﬂ\‘lﬂ\‘lﬂ“ﬁﬂﬂ'ﬁﬂNWHﬂlﬂ\iQﬂﬂim@]ﬂ@ﬂﬂﬁ')ﬁTﬁi‘]Jé)qxiﬂ”lq
4 o {a r'd 4 [ 1 o [ [
Tagginsaivzimhndmszideyaninmamaeu lvisumevesdainld Tasiimseum
< @ 1 4 a a
i]Tﬂl“]fl!l“lf’f)io"JﬂﬂUWNESQﬁTNLLﬂL!L‘Wd@!ffhﬂig°JJ'J‘Llﬂ1i'Jlﬂ5"I$ﬁ%ﬂaal!ﬂﬂuﬂgﬂiglﬂﬂﬂlﬂﬂﬂﬂﬂiﬁJ
9 1 . A Y v a J o
GlJ’ENf{Jﬁ'JiJGlﬁ (Preprocessing events) Lilf)ulﬂNﬁaWﬁ%'lﬂﬂTi'J!ﬂ5131’?%3%1ﬂ15llﬂﬂﬂﬁglﬂﬂ
Y <3| 1 A a . A Y A
Guawauqaaemﬂuﬁmmuﬂa MITeuanIuzlng (Status reporting) Y130 N1TLIUADY

t4 :/l ) v J a 4
1AM IANTHNANUBIRFI01Y (Fall detection) MInuIhideyanadwivesmsinsIzid I



62

v Ay Yo v o ¥ o v
zﬂllﬂﬂﬂl@\ﬂl@y’a‘ﬂulﬂﬂ’]ﬂWﬁﬂﬂﬂll‘U‘Uul'] (Data packet manager) lla$u1mﬂuaﬂqwuﬂlm1ﬁ

U

N3EUIUMINT WA (Encrypt data packet manager) 1o 1m15i915Wadoya (AES 128-bits) 112

19 =

wihmsdenelidugainie Ao dauvesmidamsdidoyadargiimsdedoyangnidi

£ U U

A 1

FHAmUNIIUuUDvIdyaNaYansWAIIUAT (397138071 Beacon)

o 1 < ) @
msinuisesniudes Trnuamsiauranie
o a r'd o a 4 a 9
1.1 Truamsinulnd gunsalazimsimazinganssuuesdgeoy
A o a td 3 A 9 Y o t4 o 19 a J
aaeanal oM zrraaiuGeusoondidiglnialazihmsdetoyanamsnn sz
@ [ 4 @ y o L [ d
nav ldeginsaimudygraniewsouiimsderedoya lldunandas 11
Yy A o dy < o A o
12 Tnuamsudadou M Tnuaivzdumsiaundauanlnua
0 a o dy a 4? Ay Y A o A A
m3haulng mahauvesTnuaiivzinaduiiedgeergrnauriomnonssunil

{ 1 a va v 9 L4 Y o i o @
FAITHTULLI Lﬁﬂ\?@@ﬂ’]ilﬂﬂ@ﬂﬁkﬂﬁﬂﬂE!’GIQE]']EJ Qﬂﬂimﬁgﬂgﬂ']ﬂ'lﬁ!ﬂafJUﬂ'lfl'W'N’luf’UﬂQﬁ'J!@\i

q

<3| Y Y] wa
WuTnuamsudunou Tagos Tuia
4 [
2. gUnsaindudyal (Repeater)
4 [} a 1 4 1 1 $ [}
ginsainIudyaIa (Repeater) ANADTOAITHIUGIUANIND 2.4 GHz W1 Iag

@ 3

a o { A A [ o Ia @
USHMUAAY (BAESLab Co., Ltd.) fimthftiVeriiuszazmssudoyanindlginisiaaniuda
Y v o’d‘a 2

Tnnunandhaaasednieluhuinvesdgeery iiesninewszlvsdruvesihuineids

9 A o Ia @ [] 1 [ [ -4 9 Y] [
GU’ENQgﬂﬂ?ﬂﬂﬁﬂ]ﬂﬂﬂ!ﬂ?ﬂ@ﬂﬂiﬂ!ﬂﬂ@ﬂ‘hﬂ’)llllﬁ']ifliﬂﬁ'\‘]ﬂaﬂumﬂ\uﬂ@L’JfJﬂTEJﬂlu‘]JWMWﬂfNﬁEJ

] g9 ]
Y
4

Y d! [ =2 9 ] = [ a v o v 9 =
18 gawmnyuTasldnitelszmanafednuglnisidamuaidmiudgeely Ao nRF51822
1 = d’ 1Y Q' d‘ 9 1Y 9 [ 4 [ A = [
uaaziaungnianiie Iz dums lsmuiagilscasnaasaiu s Unswan
o [T 1 o [ a I a .
imemad s udsdeya lagiinsisuljenn@uilums19%ia101n1a (Chip antenna)
nlasuanlfaie meniuuLma (Monopole antenna) teiNUTE AN NI LEZ MU

sazansa lFurasnendinunieuen @ (USB power adapter) Aauaaslunini 3-5

nRF51822 USB Power

Antenna

A s a ¢ o
NINN 3-5 U@iﬂﬂiﬂﬂ]@ﬂq‘ﬂﬂim%’)u Y (Repeater)



63

[ o J @
V\l\‘]ﬂﬂf”ﬂ’]ﬁﬂ’l\ﬂumﬂ\‘]'@ﬂﬂiﬂlﬂju YU

Via RF Transceiver
(2.4 GHz)

RF Data Tranmission

Encrypt / Decrypt
Data Packet Manager

Data Packet Manager

Repeater Report

A J v o 4 o
A 3-6 Hendumsinuvesginsainiudygw

]
3 =

A J v o 4 o Y
1NNINN 3-6 LLﬁﬂQWQﬂ%uﬂ’lﬁvn\ﬂueU@QQﬂﬂimﬂ')uamﬂnmﬂﬂ1ﬂu1ﬂiuﬂ1iﬂ']u

o9

{ 1 Ia v o o @ nsll o t4
gnadeyangndunainglnssidemuiidmiudgeiy auiumsiauvesginiainau

U
2 A v o 1 I 1 @ A 1 A v 9 A 1
YIUINY ﬂymzmi‘mqmumaeﬂgﬂuﬁmmuwaﬂ@] A9 AIULINAD NITTUVDYANYNEN

k1)

Ia 1Y 4 o @ 1 Y] 1
wnnginsaiaamuda Taaioimssudeyadnriuniamssodedoya (RF Data

=1

.. ° T 9 [ Y 1 v 9 A 9 { 1 =
transmission) Iﬂil!ﬂihﬂzﬂTﬂﬁﬁﬂl@yjﬁﬂﬂﬂaTJhlﬂﬂﬂﬂiﬁ’cT"llﬂisljﬁ IUDIINUDUANY NIV

U EY

v [
msdsiadoya (Decrypt data packet manager) MUz doyaNgnooasHandIH Y

nszuIuMsneagiluvesdeyaiiedudunugnAeIvoIdelya (Data packet manager)
& o Y 3 o g y_ 9 T o A
L‘W@I‘ﬂiL!ﬂi3J“Imﬂ']i@]i’ﬁ]ﬁ'@‘ﬂﬂ'ﬂll@lﬂﬂﬂﬂlﬁii]!ifJ‘Ui’f)EJLLa’J mayjngﬂmﬂau"lﬂma
v Y o Y v 9 ' a 3 1 o s A g
%ﬂg‘ﬂu‘uusuawayjauazmmmﬁwamayjammmu i)”|ﬂuui]zgﬂmaaﬂ”lﬂmmmamwamu
Joyasol1/
4 a 1 4 1 1 $
3. 1NaI8 (Gateway) m@aﬁ@msmumummﬁ 2.4 GHz (Gateway)
4 a 1 4 ] 1 $ 4 s a 09}1 1
1N§1L8 (Gateway) mmﬁamsmumummﬁ 2.4 GHz LﬁﬂﬁﬂWﬂLﬂ@]L’JﬂﬁQﬂ@ﬂﬁﬂﬂg

'
o Y Ao

@ @ J [ Ia %
meluthuineiferzdesiminsudeyannglnssinudyaunioginisiaaniud?

)

) o Y oA A 1 Aa S I A 19 < Yo o =R Y
ﬂ"lﬁﬁ‘llﬁq@ﬂ’]ﬂlla3ﬂ’]ﬂu1ﬂl%ﬂn@f]f]ltl!ﬂf]i!Ume@ﬁqmﬂyaqﬂ!ﬂuqﬁﬂﬂlcﬁwnﬂi ﬂ\?vlﬂllﬂ'lﬁ

@ 7 U o A ' & s . S qY 1
WmuTﬂ'lﬂ“Uf]ﬁﬂﬁuﬂiﬂﬁﬂﬁﬁﬁﬂliﬂﬂ’JW FNALUDINIBUDITA (Raspberry Pi) Iﬂﬂﬂ@iﬂﬁlcﬁﬁu’lﬂ

9

1/5237aMa Broadcom BCM2837 1.2 GHz 64-bit quad-core ARMvS8 18N 1INHIINTIUNST



64

A 1 9 A % dy A 1A L~ 9 . [ o'
Wouap 13medu q sl mIouaedunesiia 15d1e (Wircless LAN) Yanswaa1ud)
[ [ a a o
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1: LUNUAS (BUKTD)
2: LUAAUUBU (WauaIMTouauUrIY)
1.3 32AUNANU (Battery level)

[ [ I [ A A A cf/’ 1
FEAUNGINUIUMITBNUNAINUNHADVDAULUALADITUAIAILLA 0-100%
1.4 Y521aNNINITIU (Activity level)

A a 4 1 do o o ]
Uszinnnonssune nenssuidgeerganldglnsaimaensziiog s nanla
I 1% <3 4 1 a
Tagaziiuanbuzvosmsajidiedoyaninduiaes Pedometer 91810 Taglszinnionssu
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LUIAIY
-9 1 = 1 1 Q' ] d‘ 1
1: Wnweu wioeg lunimeii lumaeu Inasane
2: NINTIUMSIAU (Walking)
3: NANIIUNITN (Running)
a 9 a A A .
4: NINTTUNNAN (DINTTUNNUANWLFE) (Falling)
1.5 AANNSULNY X
(% 1 =1 (%] 9 1
aaulsauny X Meunuuseltiunlevealan
1.6 MANNTUIU Y
[ 1 = (% 9 1
aulsaunu Y teunuuse1tivaleves lan
1.7 AT Z
(% 1 = (% 9 U
aulsaunuy Z Meununse 1uyeeves lan
2. uuuuveIUoYA (Data packet format)
a 1 d’ 1 4 [ 9 = 1Y c;
MsnadadossznINglnsalvan 9 9z lmma Tulagveayansnasanum

(Bluetooth low energy) #331uuumsanaedodsizgnoduieasiadon 2.8 msddoyaniu

NMaYaNsNasua19z 1FaIuues Packet data unit (PDU) lumsdadoya

Preamble Access Address Packet Data Unit (PDU) CRC
1 Byte 4 Bytes 2-39 Bytes 3 Bytes
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2.1 Advertising Data duusnvesgatoyavzlvuiannua 19 Tud ¥y
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A9915197 3-1
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UUID a0U MMaves 32AL szanues
(128 bits) (4 bits) AN AU fanssu
(4 bits) (8 bits) (8 bit)
4A 030399000011 A001 06 00 01 02 64 03

4241455300

Mod1ndoya

02 # Number of bytes that follow in first AD structure

01 # Flags AD type

1A # Flags value 0x1A = 000011010
bit 0 (OFF) LE Limited Discoverable Mode
bit 1 (ON) LE General Discoverable Mode
bit 2 (OFF) BR/EDR Not Supported
bit 3 (ON) Simultaneous LE and BR/EDR to Same Device Capable
(controller)
bit 4 (ON) Simultaneous LE and BR/EDR to Same Device Capable
(Host)

1A # Number of bytes that follow in second (and last) AD structure

FF # Manufacturer specific data AD type

4C 00 # Company identifier code (0x004C == Apple)

02 # Byte 0 of iBeacon advertisement indicator

15 # Byte 1 of iBeacon advertisement indicator

4A 030399 0000 11 A0 01 06 00 42 41 45 53 00 # iBeacon proximity uuid

12 64 # major Status | Body Position
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a 79 a . . a 7Y a 4 .
N13AATIEHUDYALFINIAT (Time-domain) uazmiamiwmay‘mmmmﬁ (Frequency-domain)

AUNIND 3-15

a a ¢ Y
NAHANITAUAIICHVD YD

v :

a < Y a a J Y a a
MIAATSHUBYALFINIA NIAATSHUYIYALBIANITND
(Time-domain) (Time-domain)
- Angle - DC Component
- Maxima/Minima - Spectral Energy

- Derivative Operator - DFFT (Goertzel Algorithm)

- Signal Vector Magnitude
- Energy
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