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ABSTRACT

This project describes a design of an elder assisting watch based on
monitor and surveillance functions. The proposed watch is controlled by Wemos
D1 mini as a main microcontroller. The proposed watch divides for two parts,
internal watch subsystems and communication subsystems. Accelerometer sensor
is used to monitor and process elder fallen incident with also has emergency
button. The medicine scheduling alarm functions is given by user and alerting by
graphically display and vibrator. Heart rate monitoring is also provided and inform

to caregiver by using WiFi based on LINE and Blynk applications.
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AUALREAlUNITIn 16 U9

JUMN 2.3 GY-521
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A7 2.1 AUeasu1vee GY-521

21 o Anasune

1 |VCCN 115UlW +5 Taadluil Regulate 3.3 aast

g 33V 1l 3.3 Taad

3 GND 21 Ground

4 SCL IFRY Y IUUIANT vudE 12C

5 SDA ammmmaua UulE 12C

6 XDA(AUX_SDA) | ndaysyrnutioya uuda 12C( 12C Master Mode is enabled)
7 XCL(AUX_SCL) | ndfeysyrsuwnilinn vudia 12C( 12C Master Mode is enabled)
8 INT Interrupt

2.4 lulasaoulvnsaiaas Wemos D1 mini

oy o = T ) [

UsA Wemos D1 mini Aegun 2.4 \Wuveseiiimun ESP8266 lapanunsald
lawmiioudy NodeMCU anwnsalderu Arduine IDE lunswaunlusunsule @wnsa
\Pousofiupeuimaiiunein Micro USB ilasnse Tnenmawuifives Wemos D1 mini

LaRIlumIS 197 2.2

JUi 2.4 vesalilasroulnsaiaes Wemos D1 mini




a wa ¢ I3 i
NN 2.2 ﬂmauum‘ﬂQQUaim‘LﬁJIﬂiﬂQUIMiaL'ﬁ@i Wemas D1 mini

Microcontroller ESP-8266EX
Operating Voltage 3.3V

Digital I/O Pins 11

Analog Input Pins 1(Max input: 3.2V)
Clock Speed 80MHz/160MHz
Flash 4M bytes

Length 34.2mm

Width 25.6mm

Weight 10g

2.5 v9udnsna OLED

OLED (Organic Light-Emitting Diode) L‘U"LJ‘-\]E]LLﬁmNaﬂi’]WﬂW‘i‘iNﬁl’lﬂ‘]ﬁﬂﬂ’li
mmmauma (Organlc Semiconductor) Ingdnwuzues OLED azmwummwaaivmw
d2uan (Anode) uae $aau (Cathode) Smumuiutosuas A7 Tidslwifish ananse
Waswasdldidodindalvanu Fonnsrviunisidn si5aln samumua
(Electroluminescence) Tneluga OLED Miwnldeiiauinsanin 0.96 61 uaziinu
Aavldun 128x64 finlwa msUw 2.5 $99¢iidU SSD1036 mummummﬁmmu Tuns
\Fouse mmmwaumaima’[wa SPI w3e 12C neluiitasldidu 12¢ lumsidousie Tasan
vosluga OLED veiisteasdundsil

- vec Wurusaiuliidss 3.3 Thad

- GND w1 Ground

- SCL W 1/0 dwsu

- SDA 1¥u 170 dwmiu

LY

fysuId SCL (Serial clock) dmsu 12€
Fouru10d SDA (Serial data) dwisu 12C




B oa W &

_GND VCC SCL SDA

p
gﬂﬁ 2.5 99 OLED 128x64 Nnkwauuy 12C

2.6 lugaugns HC-05

Tugaugys HC-05 seguit 2.6 Wulugaitldlumsfeasuuuliaelnedeansiu
A8 Bluetooth SPP (Serial Port Protocol) %1 Serial Port \Uu Bluetooth V2.0+EDR
(Enhance Data Rate) 3 Mbps lagpaudldauie 2.4 GHz mmsamamaﬂuaﬂﬂimuam
8uqlé  Baud Rate Unfiflo 38400, 8 Data Bits, 1 Stop Bit, la#l Parity Bit $s5993U Baud
Rate 9600, 19200, 38400, 57600, 115200, 230400, 460800 'Lumuﬂmamm‘ua& HC-05
WARIAIRNSTNT 2.3 u,ausumamaiumauam HC-05 uanaisms197 2.4

wwrwgeR eV Jew g

3UM 2.6 lugaugws HC-05

A5 2.3 ﬂmamﬁﬁmaﬂu@auwﬁ HC-05

ANMURBUAUDIAEY1A -80 dBm

o ot 1 d - al } =i
Masderaineiulads +4 dBm

L9AU 1.8 - 3.6 1an
PIO Control
UART Interface wSaufiuanuisausuuss baud rate @

dianonialufi
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P < 1
MINN 2.4 vidpuselugaugys HC-05

Fon A1asU"e
State anugvesluna

RXD Fousan Tx vaslulasroulvnsalaes
TXD Fousaw Rx veslulasnoulnsaians
GND U1 Ground

VCC wsssulvies +3.3 wle +5 Tad

EN Feusausesu 5 Tas deldau AT Mode

2.7 U3 MANINTZULENTS

2.7.1 druusenauvoanaLma s INWINTELEASS

= '
U 2.7 daudseneavvasemesiwihinszuansse

1) anaaauidudivdn (Field Coil) A wnalnfinusd fudiudwanda

a w ¢ v do a o ' ¥ Yg v ' uq 4 o
Annulassawes dudinniatudwvidndauilowazaald aunwlifinoziadlesnewsesy

Tinawes

2) dausimdn (Pole Pieces) o unudmiusesiurnannauwivan
dnfinfulaswemesdniy imihilddudadrauuwiviniiniud ugegaunuds
AUNLIMENDS

3.) Imsauenes (Motor Frame) fie duiUdonsfuniousnvesueines
wazdndruegiufl (Staton) vawewmasly i ildunnivvesduusuivdnseving

Tulmdnlmdeauiunilivanasuiees
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a

4.) 0151905 (Armature) fia d1uiAdaud (Rotor) Badinfuiman (Shaft)
MaseHinanuNuman U Sadeuiugniwysesdudiug livuveaineisuees
(Armature Winding) fivansunannenimassdodniunouiiaames

5) Aauduanes (Commutator) fie drupdpuiisnduiidadfuens
leiuazwaT YinuiamesumsUsenaufiulugunseinssuen udaziviazueneenain
fusheauulufi vawiidutasunssiulnnsaiiansiduuussiudeddiunainens
L9935

6.) wlsagu (Brush) A shdudatuponduanesdnvausduuriadivaes
HARINATSUBUMS BuNI I HALN B ILAY Yt TisuLsaTunasnuvasTeTne ey
Timeuiames

2.7.2 AANNITHNILYBUBIND S INHINTLLER S

wanmsnuvemeweslinszuanszienuldlnonsinelnides davile
nszudlivaludiwnainausudminilianauaudmdndamde (V) waztald () n1see
ﬁuiw’iwiw%ﬂsxLLamaﬁ’UﬂmmquéﬂﬁﬂﬁuaLmaéuqu WnEuLTEaNIfiAnIa
Weriusvdwmaluiinsaaunuinussdnveened wasnssualurdiuaylualufineuia
wnesifialufnaanansiinesvi i Anauiusivgn NIyUYeIaTsIIIDsAoNImeS
Tivinau

2.7.3 wawosdunszudalunss

u@sAdu (Vibrating Motor) fie gunsalfildasranisduas fioudsguil 2.7
Tngnanmsyinuasmiioutuuowe i luusd et uiifurewane v ign vy
Do lalawsa WonowosmuazihliifausaviswihlfAnnsdy

'

U 2.8 wamesdunszualvings
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2.8 Battery Lithium Polymer

ad a a = € o o Y 7 . = .
wusLmosvndisunediaiuiaisuniuin LiPo/Li-Po %30 Li-Poly battery

feguin 2.8 Wununmediieulessulszianwis lnesiludwlnajesiifantadu Lco 3
) = ) O o o v, & o P [ Y]
Jutavan waziunsiilutiau lnedagihunlddudiuaneraduanseinduld Snwes

1 -:‘-: = = L] q'ﬂiq [ | a € 0
WuvauameaeuwedweasAen1sAdiBdnInsladdunfevesdiilounanlunediuasyin

va = o a v da s o - = a o v
Tnsidnivsladfianuvasiluaa vinliuwuswesTuwtnuinasiivuiadndedoutan iy
wdsdnglwlugunsalvuannn wu Insdwsidetie

< da o = g
U 2.9 wummesAlBUNDAIIES

2.9 Battery Shield for Wemos D1 mini

Battery Shield for Wemos D1 mini fitgufl 2.9 Aelugasisauumnedaiiion
wedwesdmivueinlulasroulnsaiaas Wemos D1 mini lnetawiz anunsawnsalulaeld
a8 Micro USB sesiunszuavidnggn 1 woud ladvudasgn 10 Taad wuzirdl 5 Tad
Tdnusuuumeeiadisanedwedoun 3.3-6.2 Taas luvasandalnidness LED venaonug
Tunsv1359 LED Aunsuenaniusirdawnsauay LED Adpivdediniuvonaniugnisensa
i@Seduy

gﬂﬁ 2.10 Battery Shield for Wemos D1 mini



13

2.10 Blynk Application

U 2.11 dydnualvesueundindy Blynk

Blynk Wuneundinduitlidmiugunsal toT Faduuaundintudiiagy
ausninanldnulaglidendouweulag Tn Blynk uvenduisiuy Open Source
ansaldaulanslidealddn aunsndendegunsaimanfudumesidngy EsPs26s,
ESP32, NodeMCU 38 Raspberry Pi 5935Us¥uu 10S wag Android

2.10.1 #aNNI9YIN9UUD9 Blynk

Blynk Server {1 IoT CLOUD 83331370 loT Node #3aaaunsal loT
Tnewtousioriudumadidnannsodsionanituldlaonsafaguil 2.11 vildnsideuse
sswingunsaliuleundinduuuaniinuannsavlisgrsihouasannsaldonldnii

IPumasin

Blynk Server

Blynk app Blynk Libraries

Intermnet Access of your choice
Ethemet, Wi-Fi, 3G ...

gﬂﬁ 2.12 m3ieusta Blynk Server, Blynk App uas gunsal loT
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2.10.2 M3lgau
2.10.2.1 ms@nga fosan Blynk 1Juuaunaiaduniiiseadusa 105
LAz Android fefuTsansadlu Download 1¢lu App Store @195V 10S uay Google
Play Store dw¥u Android Tnefumdeusundindulaefius “Blynk”
2.10.2.2 Guduldau szdevinisamefoulagld8wd e susvia
TOKEN Tasvid TOKEN Hazlddmiussyfmumasgunditldlusy 1oT
2.10.2.3 wianensldau amasaadg Wideet Tunnldarule
vanvanemuiidesnislasiden Widget Wimunzan Tnefods Widget (9 Button 1Ju
Yuanansadluldanudu Wa/Un LED, Push iulunafiaUdessiy, Switch 1Wudunafinng
iU wIvawidun1sgaeneg wu ns qumad faiaw wie wivhamesiuea Wud
2.10.2.4 TAndmiuldau Blynk Tusus auth Tildidiu TOKEN #ilé
fuan dau ssID Wldifudte WIFI way PASS Tdifuswariuves WIFI
#define BLYNK_PRINT Serial
#include <WiFi.h>
#include <WiFiClient.h>
#include <BlynkSimpleEsp32.h>
char auth[] = "xooooooxx";

"

char ssid[] = "xooxxxxxxx";
char pass[] = "xxooxxoo”;
void setup() {
Serial.begin(115200);
//3un1s\Beusie Blynk Server
Blynk.begin(auth, ssid, pass);
1
void loop() {

Blynk.run();
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Tun1sdminUsagrdwusiaud §aavinlevinniseanuuvusinideiiodniuy
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nslinuiuggeany etiemdensliiinvesgeongsensiuiiniasaldindas
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3.1 mseanuuulaseaselnesau
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Buzzer
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Maoontroller Heart Rate Sensor
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Accelerometer
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Blynk Application
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3UT 3.1 ufenlaezunsuvenniintdmiutiumiedigeens
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NNgU 3.1 uamaudenlnosunsumitnuesimdmiuriomdergeny
Hinvilioenuuuliggeorganunsaldonlilasdelidudou nisiuvemniinidedie
dmivtmieggeeny lilulasaeulnsaaes wemos D1 Mini ilugunsaiussunanandn
143y EsP-8266EX Tumsiensodyaradumedidnldans maud 2.4 GHz Tnedusiaan
Accelerometer and Gyroscope dmiumsaadunisanluggeeny Yunavenuthemied
ansaudnieuludwaundndu Line wag woundiadu Blynk n1elddvansveeMIT #i
ansaldlduuanininurisssuuufiRng 0 uae Android shuiadetiedumedidn 4
JDUARINAYDIUIRNIVLUANNIAININTEIU (GMT+07:00) Asia/Bangkok Wiauwaanunsa
udafountsiuelddlefianan Tnedléaunsadaawdaiiouls 4 nan iuweundiady
Blynk uanmnﬁlﬁqawmsni’mﬁmwmm’fwaaﬁﬂwmaﬁé’qemqmmﬁdlﬁ wiAndmiu
temdedgeogias@anhlesaluifidedindriluuuane? Fsawnsasalwls

wumna3lélaeldane Micro USB Type B
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v
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3.1.1 Tassaseuniinidmiutemaedgeeny

]

3.1.1.1 MI9ALUVULIRN

1) UIRNIEUUU

14 = !
UM 3.3 wisnidiuuu

ddminlaeanuuuuiinilaeldlusunsusenuuvauia
elAldgunuUnuiems Ao sauania wunaniae 1.48 wuRtms 810 2.66 U
PoudEUABY139 Micro USB Type B uaztunateninutiomde vuiaduriugugnans
3.50 wuiuins udnhluTugulneldindeiuianuiii dauvuvesunfnifouinnia 4.4
LYURAS 817 4.9 lWURILAT 2.6 lwuRlums uaziivdmiuldarouniing vdsainnisuszney

2/

meluaziigunsaiviaundildlunisvinuvesunin

2) wIAnd@1uand

JUN 3.4 wikmaauang
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3) Usanauiiile

P =
3U# 3.5 Yaenauiinile

[ 1 lﬂi al - = v 1 &
Wumuiuweneeninanduninifivdusinugudnas 3.04
= a oA A = ¢ W v o v v
. uazazil Pulse Sensor finag Wonvzuailvesdnsnisiuvesilave gyl

1 ] q' e - < E73 d‘ 1 1 v
AUz AT TR-Uale tiNadesenisldey

3) @1guUIEN

= =
JUN 3.6 anguniing
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3.1.1.2 M59ankuuNeg

Vibrator
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SUN 3.7 29as7ildvinenu

3.1.2 mslduindeusedyyiudumeiiinliaie

Tumsvhawvesgunsaldnduseadinis@ensefudyaadumesdniedey

(g}

sielufiuaundindu Blynk uisinissudeyanardegtuiunaansgnoessema

Iny (GMT+07:00) Asia/Bangkok uazld5udoyanaudadiouduen ievmssutoyaiase

v i
= @ <

uwiMasaamsieusedyy ndumefidauazddganiuswisuldiu seviinsivouse

P

s

yyradumeiiiandsanidrganuznseulduidedeiimsnaduvemiutiewde wie

| [

ulia1dinn9dy vSeTeuNanITTadnes uIRn1A @ aude s

o @

€ LY

G
2UNTaIAII9Y
8

k2 =

€ @ o wea ) = ' oo o e (3 LY [ | [
uwmesilalaednlulidduniotefiderililiiugunsal uaLInpeulUdaua JanIs

oy

Wendedyyiudumesidnldaunsallulasaoulnsaians Wemos D1 Mini \Huniqe

Ussmnanananddvlunisisensedygyrudumesidnlianelush Ao ESP-8266EX



FuRy

nsTUUNSaURD WIFi

!

Starting...
Connecting WiFi

AIIVADU ssid LAY

Delay time

0.5 Ju

password

A

\iauna Blynk server

SINADUTHAN ST OURE
10 3udi

Connecting
to Blynk...

Futioyaraan

v

/ wanaandagiu /

] o = i -
3U% 3.8 fn1siyaue WiF]

3.1.2.1 lénweusodyyrudumesilinlSaedliaSuduldiu

char ssid][] "WiFi-Username";
char pass[] = "WiFi-Password";
void setup ()
{
Serial.begin(115200);
WiFi.begin(ssid, pass);
while (WiFi.status() != WL_CONNECTED)
{
delay (500) ;
Serial.print ("™.");

}
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v oW A " a a s W Y
3.1.2.2 lAnsnnisitiause mmﬂELIE)‘L!LV]E]‘iLﬁﬁlli?lﬂULLﬁSL‘U’]QlTﬁ&Jﬂ
Usendanasanu

WiFi.disconnect () ;
WiFi.mode (WIFI_OFF);
WiFi.forceSleepBegin () ;

3.1.2.3 lanweusodyaadumesidaliaedlensanunisan wie
nAUuANIAY N30518UNANMTINTNDS

void connectinternet ()

{
WiFi.forceSleepWake () ;
delay (100) ;
WiFi.mode (WIFI STA) ;
WiFi.begin(ssid, pass);

while (WiFi.status() != WL_CONNECTED)
{

delay (500) ;

Seid]l Tpring"\ )Y

}
Blynk.begin(auth, ssid, pass);
}

L | | e a ¢ o
3.1.2.4 myaiaitennedyadunesidinlsay
) o AN - Vo a ¢ 4 Yy v

AlduansaidsupietnnsdendedynaBumesinlias s
1 a  w = a v oqu & a o " w o] &
NIULDUNRLATY Blynk ‘ENIUﬂ']3L'§3Jﬂu1'lf\ﬂuﬂiaLLiﬂUWWﬂWT\]SQﬂLﬁﬂNmﬂﬂUtﬂiﬂ’U’]ﬂWUﬂ']u

P W & & A o a 1 G a  w

(Default) uazazifaumeriuiaiavietu Walnsivuaasetrelnuiuweundindu Blynk

- e 4 1 a € & 14 1 2/ ) o X &/
wiRnzansaienseriuintetiedumesidnlsaelvalidldmudunuimuatiueds

3.1.3 n1sasannuenlaslvieundindu Blynk

o XY & a va .

Blynk Wuuwanvesuiamnsaldldiuaunsvlvuislussuuufdanns ios uas

Android lngn1sauaunsldeunulusunsy Arduino MumiaiaIatnedumesidn WiFi
aunsafimuanaiinguuuunisliswlaiedasilsidunisvirnuszeglusuuuvredindalu
nsldauamsadinaudadiouiueludandnild 4 nat Tnedeswadudiananlunis
v oo v Y - v oo w = ] v o a v o o a v
WILABY WIBNYNENASAIRBNTUTIRBIN TNazLTuRauld Talaeundudrdmiunisuds
ieumsiugnagdeadentiuniaiiounniu venaniluneundindussiiveuanuariiodudu

& = & a o =3 =l 1 a Vo @ wa o
msmaan Wedwaluueundinduiaiaifeusesduineslifudeyalaesnlusifile
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a o & ] o o Y A oa o & w iy
U']Wﬂqwqﬂquﬂluﬂﬁﬂﬁﬂ LLC‘]'W"Dﬂ"U3W']ﬂT§LUﬁUuuﬂa@na’]ﬂ’ﬁu@ﬁ%mE]UHUEJ'T‘U’]LUUG]ENHWU}]?

= ) P o as o 1 = ar o @t < 1 a AJ
L‘TIG]‘VIUWWT’HLWE]WTﬂ'li'e)WLf?’IWIJE]J.IuﬁIﬂﬂJ IHLLBUWZ‘iLﬂ“ﬂutLNu‘Wﬁ’]ﬁ‘iULLﬂ@ﬂW@Q"UB\‘JU’IWﬂ']LlJE]

1 1 o

TPUUATIINUNSAN wIelinmInaduvenrutiomadsiintuiedazgndiiadeuluduey

YU Y

WalAdu Line wavaunsaidnluluweundiadu Blynk Teaiufu

3.1.3.1 waUwaATY Blynk

5Ul 3.9 wiuounaladu Blynk
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SR

Y

Sutiayanianan

Blynk server

Y

MauuaUszudangaanu

.k/l\‘
>

AFIVFADULIAN

waaLRauiuen

wAARURUEN

UDLaSauUYinIU

y

=
/ WARIFUNINLINYN /

A

Delay time 10 U1

4 o o 14 -
3U7 3.10 Mamsyiuudniouaiiue

3.1.3.2 Tansidenseludmaundindu Blynk W1y WiFi

char ssid][] "WiFi-Username";
char pass[] = "WiFi-Password";
char auth[] = "Authentication from Blynk";
void setup ()
{
Blynk.begin (auth, ssid, pass);
}
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[ % v < a
3.1.3.3 Wdnildmunumsudadioudlefuiariuen

1) Waitlflunssueanths ON-OFF vaamskanianiuen

BLYNK _WRITE (V10)
{
if (param.asInt() == 1)
{
timer.setTimeout (50, checklastbuttonpressed);
timerl = 1;
schestate = 1;
}
else
{
timerl = 0;
schestate = 0;
drugtimel=90000;
stopdrugtimel=90000;
}
}

2) lansuAna ks i auue1anuaUnaiadu

BLYNK WRITE (V1)
{
if (timerl==1)
{
TimeInputParam t (param);
drugtimehl = t.getStartHour ()*3600;

drugtimeml = t.getStartMinute()*60;
drugtimel = (t.getStartHour ()*3600) +
(t.getStartMinute () *60) ;

stopdrugtimel = (t.getStopHour ()*3600) +

(t.getStopMinute () *60) ;
}
}

1% P o v oo
3)Iﬂﬂmﬁﬁﬂﬂ@iﬂ?ﬂqUWBWWﬂWiHQQLm@h

void senddata ()

{

if ((nowseconds==0) || ((drugtimel==0) && (stopdr
ugtimel==0)) || ( (drugtime2==0) && (stopdrugtime
2==0)) || ((drugtime3==0) && (stopdrugtime3==0))
[| ({drugtimed4==0) && (stopdrugtimed==0)))

{

}

else

{
if(((nowseconds>drugtime1)&&(nowseconds<stop
drugtimel)) || ( (nowseconds>drugtime?2) && (nowse
conds<stopdrugtime2)) | | ( (nowseconds>drugtime
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3) && (nowseconds<stopdrugtime3)) | | ((nowsecond
s>drugtimed) && (nowseconds<stopdrugtimed)))
{
for (int count=0;count<=100;count++)

{
digitalWrite (led, HIGH);
delay (100);

}

digitalWrite (led, LOW);

}

3.1.4 nsldiwuies GY-521 asrvduntsduludgeany uazdunavaaaiy
Yrnae

3.1.4.1 mslgnueuewas GY-521

- e
Ef BAA
L [;L] T
e o e O v« ()
."" EZEEL'H:SN '\" O GND
RO | ]
® 0 I B Fority O scL AR
o IGEEEBEE . O sDA 8
9 oy £C - D
® = 4 c — QO xDA &g
® | & - O xcL
N A0S
*w I v wu ® _ O
oz ﬁ;ﬁ " ® O INT

()}

Selnl

<

< - ' ' ¢ ) s
3N 3.11 mafeusasynitusuees GY-521 Aulilasreulvsaiaes

wua$ GY-521 anunsalilunsinauswisanuunulddu Ax, Ay,
Az ruddagisasunulfidu Gx, Gy, Gz LazwAueLNaAveIrITAlY AM way
uazuoundgavosnnuiudamdu 6M Filumsesnuuvazinisufuanliia AM uas
GM frlndiAes 0 unfigauiiedngdanisinse Taendsannnisusuasldan AM i o
uay GM 10y 4 lumsileusiesdunisideuselasldguuuy 12¢ fiv1 D1 Ae SCL uas D2

Ao SDA vaslulasmaulnsaiaossumnues
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1) Tanmsldauues GY-521

void setup()
{
Serial.begin(115200);
MPU6050 Init();
1
void senddata ()
{
Read RawValue (MPU_addr,
MPU6OSO_REGISTER_ACCEL_XOUT_H);

27

//divide each with their sensitivity scale

factor

Ax = (double)AccelX/AccelScaleFactor;

Ay = (double)AccelY/AccelScaleFactor;

Az = (double)AccelZ/AccelScaleFactor;

(R = (double) Temperature/340+36.53;
//temperature formula

Gx = (double)GyroX/GyroScaleFactor;

Gy = (double)GyroY/GyroScaleFactor;

Gz = (double)GyroZ/GyroScaleFactor;

AM
pow (pow (Ax, 2) +pow (Ay, 2) +pow (Az,2) ,0.5) ;
GM
pow (pow (Gx, 2) +pow (Gy, 2) +pow (Gz,2) ,0.5) ;
delay(100);
}

2) Waildlunisasnasunsay

void falldetection()
{
emergency () ;
senddata () ;
pulse () ;

if ((AM >= 4.00) && (GM >= 354.85) && (Gy <=

-250) && (Gz>= 250))
{

Serial.println ("FALLDETECTION DECISION1");

ledOn () ;
check = 1 ;
for (int TA = 0; TA <=75; TA++) //75
{
senddatal) ;
delay (100) ;
if(((intlé t)AM<=1.05) &s& ((intlé_t)GM
= 75) && (check==1))
{
if ((TA >=45))
{
Pkt
}
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YE ( (B == 27)Y L/

{
Serial.println ("FALLDETECTION SURE"):;

ledOn () ;
fallNotify ()
P =20 ;
check = 0;
}
}
}
P = 0;

}
Tunsasrdunmsaulaeldanldonsuesiuasyiinisussuianamnuandss
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U7 3.14 damehauveslunavenutiamie

D lAamMsviureslunevenutismae

int button = D7;

int buttonState = 0;
vold setup()

{

Serial .begin(115200);
pinMode (button, INPUT);
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}
void emergency ()
{
buttonState=digitalRead (button) ;

if (buttonState == 1)

{

connectinternet () ;
Serial.println("Emergency pushed");
delay (1000) ;

}

3.1.5 M3l YUY INonsINTIsIduvawiile

3.1.5.1 msl997u Pulse Sensor

&
e
€
i
®
‘e
@
‘o

o < i ) 1)
JUM 3.15 Malfeusesendng Pulse Sensor i lulaspoulnsaiass

2/

wIRNdmsutIsmioffganganinsaindnsimsaiiuvesilalime

v P P 1 ) -
N34 Pulse Sensor 3nMsildsundasuosuas LED fiagviounduinanvasadonvazun
wavvered Adldldudeyauuvsudenazifeusaiuy A0 vedlilasreulnsaaedlng

elWides 3.3 V 99091 DO 1un Pulse Sensor wiveanaslday

1) T@mn151497u Pulse Sensor

int pulsee = D3;

void setup()

{

pinMode (pulsePin, OUTPUT) ;
}

void calBPM ()

{



digitalWrite (pulsePin, HIGH) ;
int j = 0;

for (unsigned int i=1; i<numReadings; i++)

{
if (checkBPM == ()
{
value[i] = analogRead (AQ);
}

2) 1ARNSATUIAAIMILIRSINTISIP TR

void calBPM()
{
if (valuel[i] > value[i-11])
{
ptimed00++;
if (ptimed00 == 1)
{
previouscount = millis();
}
} .
if(ptimed400 == numperiod + 1)
{
gountosani NS 2
period = count - previouscount;
F:

BPM[j] = (60/ (period/ (numperiod*1000)));

ptimed00 = 0;
i=1;
if (BPM[J] >= 200)

j=0;
}
&7 (1==3)
{
(abs (BPM[§]-BPM[j=-1]) >=5)

if(
[ | (abs (BPM[Jj]-BPM[j-2]) >=5)
|| (abs (BPM[j-1]-BPM[j=2])>=5))
{
3=0;
}
else
{
BPM[j+1] = (BPM[j]+BPM[j-1]+BPM[]j~-
21)./3500;
}
}
}
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3.1.6 N15b¥9u8 OLED
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Period = 1 Fefiod: =3 Period = 5

Real | Sensor Y%error Real | Sensor %error Real | Sensor %error

82 87 6.097561 | 78 76 7 2.564103 | 80 87 8.75
81 78 3.703704 | 80 76 5] 79 § 2.531646
85 87 2352941 | 83 81 2.409639 | 81 78 3.703704
84 81 3.571429 | 79 79 0| 79 76 3.797468
82 84 2.439024 | 78 75 3.846154 | 78 78 0
96 92 4.166667 | 82 79 3.658537 | 89 91 2.247191
88 82 6.818182 | 79 76 3.797468 | 87 85 2.298851
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Period = 1 Period = 2 Period = 3
Real | Sensor Y%error Real | Sensor %error Real | Sensor %error
82 74 9.756098 | 81 80 1.234568 | 92 89 3.26087
82 84 2439024 | 77 75 2597403 | 96 94 2.083333
84 81 3571429 | 77 74 3.896104 | 90 90 0
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Abstract—Most of people likes lving independently at home.
Some activity in our daily life is prone to have some necidents,
such as falls, Falls can make people in fatal conditions, even
death, A prototype of fall detection system using accelerometer
and gyroscope based on smartphone is presented in this paper,
Accelerometer and  gyroscope  sensors  are embedded in
smartphone to get the result of full detection more accurately,
Automatic call as an alert will be sent to family members if
someone using this applieation in fatal condition and need some
help. This research also can distinguish condition of people
between falls and activity dally living. Several scenarios were
used in these experiments, The result showed that the proposed
system could successfully record level of accurncy of the fall
detection system till 93.3% in nctivity duily living and errvor
detected of fall was 2%.

Keywords— fulling detection, accelerometer, gyroscope,
smartphone

L INTRODUCTION

Falling is an accident that threats the health, especially
happened to older people. Caused by reducing levels of
strength and stability of the body of a person. Fall detection is
very important to monitor someone, especially if the person is
elderly.

Many applications fall detector or sold in the market but
the reality is that these tools are not widely used. There are
several reasons why research on biomedical increased in
recent years, However, especially for fall detection is still
lacking special attention. In 2008 the work Noury et al [1] can
be considered the first in this field.

According to N. Noury, more than 33% of people with
over 65 years fall each year [2]. Dangers arising from fall like
a minor injury, serious injury, dehydration and even death if
there is no fast treatment. Falling is a common problem, but it
is quite difficult to define accurately. Since fall is usuafly
characterized by a greater acceleration than the day-to-day
activities, the methods are used to measure acceleration
usually happens just by using the accelerometer,

Monitoring is necessary for the elderly with a high degree
of potential fall. Monitoring can be done by family members

978-1-4799-6432-1/14/831.00 ©2014 IEEE
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or significant others. Surely someone who oversees the elderly
should always be near of them so that when the elderly will
soon be able to help. But this is it hard for people who care for
24 hours a day. Therefore, monitoring can be done indirectly
by utilizing communications technology today that is the
smartphone.

Smartphones have been chosen because they are relatively
small size with lightweight, This is become added value
because it will not charge the elderly because it just simply
only put in the pocket. Smartphones do not require additional
electronic device has embedded therein for a wide variety of
sensors  such as an accelerometer, gyroscope, GPS,
microphone, camera and others [3]. Additionally in terms the
price of smartphone is relatively affordable.

With the gyroscope technology embedded in smartphones,
we expect that the use of an accelerometer coupled with a
gyroscope can generute betler accuracy rate. Gyroscope is
used to measure the angle when someone falls, while the
accelerometer is used to see the acceleration that oceurs in the
fall.

This study uses a smartphone with android operating
system, While the sensors used are accelerometer and
ZYroscope sensor,

Il LITERATURE REVIEW
There are several approaches that can be used for fall-
detection such as by using the camera like the research done
by Koray Ozcan [4]. The Ozean's study makes the camera
attached to the body. So, if there is a change in the orientation
of the camera it can be concluded that the person fell. From
his research obtained quite good results, it is 86.66%.
Nevertheless some improvements must be considered as there

are still quite a lot of positives false occurs,

But in another case, some research conducted by Anh Tuan
Nghiem by using of the kinect camera that placed in the corner
of the room to monitor the movement of a person [5]. The
camera will capture the movement of a person and as the
camera find a rapidly change in position and end up in the



Here is a flowchart of the application made.
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Fig. 2. Flowchart of the Falling Detection Algorithm

In this study, the smartphone that became the monitor is
placed in the left shirt pocket. This is done to find a well-
positioned condition to capture the data [7][10]. Further, this
does not burden the user so the user can still feel comfortable.
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IV. CALIBRATION

In order to evaluate the accuracy of the proposed models
and prototypes, some scenarios were experimented. Evaluation
was done in three different scenarios to observe the
performance of the proposed approach and its implementation
of the smartphone, equipped with an accelerometer and
ZYrOScope sensors.

The first scenario involved immediately sitting down.
Sitting down was one of the conditions, in which previous
researchers’ system have failed to differentiate with falling.
However, by adding the orientation of the gyroscope position,
this situation can be prevented.

The second scenario was running, Running is an activity
that causes similar acceleration to a fall. But a gyroscope can
also prevent it.

The third scenario is falling, which used a combination of
the two sensors (accelerometer and gyroscope). It could be
detected. Here is a visualization of the data recorded.

Accelerometer 3 Axis
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Fig 3 Accelerometer data raw

The data displayed above is a 3-axis accelerometer data, x,
y and z. the data is to be processed so that the threshold can be
determined during a fall,
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Fig 4 Magnitude accelerometer data




Having obtained the raw data that was processed by

formula AT, Jac‘cX,z + aceY,® + accz,® the magnitude

value was able to be gained. It is then filtered with a high pass
filter to eliminate the value of the amount of gravity that is 9.8
m/s”,

7

V. EXPERIMENTER SETTING
In this research, experiments was carried out by a test
subject with a height of 170cm with a threshold listed in the
following algorithm: ¢4, = 4.2, 1,;, = 3.4y = 60 and 1y, = 9.

This research was conducted in the laboratory of the
electrical engineering department of computer networks and
information technology UGM. In this experiment the

Gyroscope 3 Axis
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“Z Axis (Yaw)

Radians (rad)
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researchers used mobile devices such as smartphones with
specifications as follows:

: Smartphone
: Android 4.4.2

: Samsung Galaxy S4

Device type
Operating System
Brand

In this study the sensors used an accelerometer and
gyroscope. These have been embedded in the mobile device. In
this research, experiments have been conducted 330 times.
They divide 120 times falling and 210 experiments on activity
daily living (ADL).

big 5 Gyroscope data raw

These data were taken using a gyroscope sensor. Gyroscope
sensor function determined the orientation angle that provided
information on whether the user fell down,

VI RESULTS AND DISCUSSION

The testing for fall detection was done on the matt, the
subject of the research was carried out by a man who weigh 58
ke with a height 170 em. The smartphone was placed on the
lefi chest. Here is a scenario of the fall,
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fig 6 Magnitude gyroscope data

Once the raw data is obtained from the gyroscope, the next
magnitude will be sought by formula

GT, =

system can determine whether the user fell down or ran.

ngm)i’t"’ +gyraY,t + gyroZ,*. Using this data the

We proposed a prototype system that runs on smartphones
with an Android operating system. Here is a picture of the
system that we have created. The use of smartphones has been
most casily perceived in its implementation. Nowadays, the
smartphone is no longer a luxury item that is hard to come by.
From there, we designed a system based on android
smartphones.

B

Fig 7 The position of smartphone

TABLE | FALLING SCENARIO

Category Scenario

Walked - fell forward- ended
face-down

Fall Forward

Walked - fell backward -
ended laying on the floor

Fall Backward

Walked - fell to the left -
ended with laying on the
floor

Fall to the left

Walked - fell to the right -
ended with laying on the
floor

Fall to the right
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Several falling scenarios were exhibited by 1 person who
experimented on it 30 times in each scenario,

Fig &  Scenario of fall
TABLL 11 ACTIVITY DALY LIVING(ADL) SCENARIO
Caregory Scenario
Walk Walked
Run Ran

Sit down quickly

Stood up straight - sat down

Lying on bad

Sat on a bed - laying on a bed

Bow

Stood up straight - bowed

Up Stairs

Walked upstairs

Down Stairs

Walked downstairs

ADL Experiments was used to determine the accuracy of
fall detection algorithm.

FABLE 11

FALLING RESULT TES]

Alarm
Category Toral Accuracy
Yes No
Fall forward 30 29 1 96,67%
Fall backward 30 26 4 86.67%
Fall to the left 30 29 1 96,67%
Fall to the right 30 28 2 93,33%
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Table 1 showed the accuracy of fall detection algorithm
that was applied. Each scenario were carried 30 times for
maximum clearance.

TABLE IV ACTIVITY DAILY LIVING RESULT (ADL)

Alarm
Category Total Aceuracy
Yes No

Walk 30 0 30 100%
Run 30 2 29 93,33%

Sit down quickly 30 0 30 100%
Lying on bed 30 2 28 93.33%

Bow 30 0o | 30 | 100%

Up stairs 30 0 30 100%
Down stairs 30 3 27 80.67%

Based on Table 11, the algorithm still detected the
occurrence of falling in some daily activities. For instance,
during the ADL experiment, 2 of 30 attempts at running were
detected as a falling state. When laying down there were 2 of
30 attempts that were detected as a falling state. In another
case, moving down the stairs was also detected as a falling
state due to the gravity level affecting the acceleration of the
detector device.

VI CONCLUSION

In this paper, a fall detection system prototype for smart
phones was proposed. Sensor data was sampled from a smart
phone user who had it placed on their left chest.

Falling detection based on threshold detection algorithm
was modified. The prototype system gave promising results,
the results of tests that were conducted obtained an accuracy of
93.33% of the 120 trials fall, and an average accuracy of 98%
of the ADL 210 times the total experiment.

The moment a person fell, the system will detect and
activate an alarm system. However, further work is still needed
in order to handle different types of falling situations that could
happen.

This research is still limited to detection. Future
development can be done with the addition of several features
such as sending short messages (SMS) and position
determination using GPS,
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Fall Detection System for Labour Safety
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Abstract - This study is based on the development of fall
detection  system which can identify and inform  both
unconscious and conscious falls of u person from heights above
ground level (for e.g. labour working at high-rise buildings,
misbaluncing while walking, clders/kids fall from bed during
sleep). The background research shows that the major cause of
injuries and death during construction of high rise building are
due to full when proper medical attention is not given on time.
This work s aimed to design and construet a real-time system
which can detect human fall and notify the concerned person on
time to minimize the death-rate due to any mishap during
building construction or industrial environment and embed the
whole system into a wearable, rigid and low-cost gadget using a
MEMS motion sensor (MPU-6050) along with GSM/RF protocol
to transmit the data, This gadget will be installed at a location so
that the system can detect any changes in the subject’s center of
gravity and process and analyze the data to detect the type of fall
by comparing from already stored databuse ie. tested
previously.,

Keywards —full safery, MEMS, mpu6054, industrial fall detection,
labour safety.

L. INTRODUCTION

As the world is advancing towards the technology, the fashion
of constructing high-rise building being adapied in many
developed countries. To contrast these building, high skilled
labour is required along with high safety procedures as well.
The only safety procedure on construction sites where labours
are working on very high heights is a safety belt tied to them
whose task is lock them in a position but any mishap can
happen during the work and can make their life in danger if
timely medical attention is not given due to head injuries or
any other serious injuries,

World Health Organization (WHOQ) has classified the fall as
the sccond largest (unintentional) cause for injuries causing
death. Every year, approximately 645 thousand individuals
lose their life due to the fall worldwide in which 80% are from
low to middle income countries, They have defined a fall as an
unexpected, uncontrollable and involuntary cause resulting a
person to impact on a ground or some lower level. The damage
is dependent on the height difference and angle at which the
person is fell.

The proposed system is aimed to deliver a real-time
monitoring facility so that the timely medical attention is given
to the victim in the case of fall. In order to increase the
clficiency of the system, several tests are conducted to model
the fault through a gyroscope by inspecting the change in
center of gravity of a subject. There can be several techniques

978-1-5386-4956-5/18/831.00 ©2018 IEEE

Mohammad Shan
Department of Mechatronics Engineering
Shaheed Zulfikar Ali Bhutto Institute of Seience and
Technology (SZABIST)
Clifton, Karachi - 75600, Pakisian

that can be implemented to detect the fall which are listed as

follow:

. By image processing technique - In this system, a
camera can be installed to a particular location to
record the body posture using difTerent algorithm, but
this is not an ecfficient way as camera can be
obstructed easily by any flying objects, dust, etc.

. By using ambient sensors - This approach utilizes
sensors that are placed in the surrounding of the
subject to detect any unintentional fall with the help
of neural network classifiers. This system is also
limited to a specific location and need to be moved
along with the working site or a person. This is good
for installing at specific working site where person is
stationary but not suitable for moving subject.

. By using wearable gadger - In this method, the use of
MEMS along with some signal transmitting system is
implemented which can be placed on different
position of body to detect the change in position in
any three dimensions, The data is processed on the
system and alarm is gencrated on a remote location.
This gadget can be in form of a wrist walch or some
belt that can distinguish between the actual fall or
usual motion during working or walking.

It is not enough just to detect the signal from one individual
and alarm the concerned person because in the faclory
environment, hundreds of labours are working and are prone
to the risk of falling, With the cxpansion of internet, and
seamless interaction between physical objects, sensor and data
acquisition devices, the concept of internet of things (loT)
arises. The development of smart fall detection system is
based on design and development of an efficient scheme for
personnel safety in industrial, domestic and hospital errnarine
This can be conceived by a low-cost device whii

a means of sharing subject’s body signal whi

different tasks on high-rise building with health

or other concerned personals for monitoring purpuse u reimow
location. This system can be developed using three scctions
i.c. sensor module, transmission and receiver part.

1L BACKGROUND

As per the statistics provided by WHO, approximately 37.3
million people suffer from severe injuries due to fall and need
medical attention on time. Those falls are responsible for



making 17 million DALY's (disability-adjusted life years) lost.
The largest case is seen in the people above 65 years age then
young adults aged from 15-29 years and children younger than
15 years old [1]. The report published by the Occupational
Saflety and Health Administration (OSHA) in 2016, stated (hat
total 5190 workers were died on the job, on average 14 deaths
every day worldwide. Out of 4693 workers casualties in
private industry, 21.1% were died in construction sites i.c. 6
works deaths during 2016. The leading cause of death was fall
from heights followed by striking with object, caught in
between and clectrocution. Eliminating thesce lives could have
saved 631 workers if treated on time [2]. The estimated
expenditures for the treatment of injuries due to the fall in U.S.
were approximalely $0.2 billion annually for fatal injuries and
$19 billion for non-fatal injuries [3]. The death rate due to fall
in U.S. was increased from 29% (o 41% during 1999 to 2004
per 100,000 population [4]. As it has been already discussed
previously that a fall is an unexpected, uncontrollable and
involuntary cause of hitting ground, so it is impossible to stop
il. But non-fatal injuries due to fall can be treated if medical
attention is giving on time to avoid any further damage such
as blood loss or tissue rupture. Because the non-fatal injuries
can lead to disability later or functional impairment. It also
increases the fear of falling again which reduces the autonomy
of an individual which can contribute in social and economic
burden [5]. For addressing these issues, medical science is
conducting enormous researches to develop a system that can
monitor the patient’s condition continuously to deliver the
timely aid.

Eduardo C. et al developed a system using two android devices
connected via Bluetooth communication. Their system was
based on an algorithm by simple thresholding and
simultaneous crror gencration from smart watch to smart
phone. The system was tested on 4 subjects in different
scenarios but due to (he limited range of Bluetooth, system was
not adapted in industrial scenarios [6].

Dongha L. et al developed a system based on simple
thresholding and using hidden markov model on the data
received on the remote (erminal using Zigbee and 3-axis
accelerometer. They involved 4 healthy males and 2 females
to test the system 7).

Thanh H. N. et al in 2016 deployed tri-accelerometer for
detecting fall. The data from the sensor is (ransmitted via
nRF24L transceiver module. Based on SVM and PCA
techniques ADLS were distinguished from fall. Their work
involves only 1 volunteer [8].

In another research, Falin W. et al proposed an algorithm that
only depends on 3-axis accelerometer. The system worked on
comparing the threshold value with the received value and
produces an alarm when the value exceeds the threshold value
irrespective of the type of the fall [9].

111 METHODOLOGY

The [ull detection system can provide real-time monitoring of
the several parameters of the object such as yaw, pitch and roll
to determine the subject’s current position in space. The data
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can be continuously transmitted via wireless communication
protocols such as RF modules, Bluetooth or Zigbee web
server. This data can be being examined by the algorithm
which can detect the values from gyroscope and if they exceed
the threshold limit in specified pattern then system will
generate a message to the person or nearby hospital. This will
allow the monitoring of the labour working on a height without
help or attention of another person. The health and safety staff
can have the central server to provide timely aid if any signal
is made. The main task of this rescarch is to differentiate
between usual activitics such has drilling, hammering from fall
incident from a remote location which improves and ensure the
timely medical attention to the victim, Figure 1 shows the
flowchart of the algorithm that can be used on a sofiware
which is running continuously on the microcontroller.
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Figure 1: Flowchart of the foll detection program

The system can be implemented by embedding both
hardware and softwarc components. Hardware can be placed
on the subject in form of a discrete system which can be built
on Arduino for testing purpose and later on can be embedded
on a wearable gadget. The softwarc is to monitor the pattern
of human activities and alarm the corresponding person for
help.
A. Hardware description

The aim of this system is to develop a flexible and a portable
solution which is capable enough fo sense and transmit the
data in real time and can be casily installed to the subject.
The best solution is to fabricate a wearable gadget such as a
wrist watch but as the arm of the worker is always in
movement, it would be difficult to differentiatec between
usual work and real fall. Therefore, the initial testing can be
done on a discrete system in which sensor is not connected



to any subject body but to an object which is subjected to fall
from a height. The hardware is classified into following three
parts.
1) The sensor module:

The sensor that can be used for achieving the said purpose
should contain a gyroscope and accelerometer-based chip and
Arduino controller to process the data before transmitting. The
best position where the center of gravity of human body lics is
the waist arca, so in this study, we will consider that the sensor
in installed on the waist area and the results are obtained
accordingly while performing daily routine activities utilizing
MPU-6050 sensor chip. This sensor is based on MEMS and
develop by invensense which integrated both gyroscope and
accelerometer on a single chip which can give six paramelers
ol the movement in space. The main features of this sensor are
described as below:
. This sensor helps in reducing the overall system size

which is one of the desirable feature of the system as

the sensor is to be wore by the person.

. The MPU-6050 is a MEMS bascd chip has less power
consumption and can provide longer life span on a
single battery.

. The complexity and programming of the sensor
becomes casy duc to combination of gyroscope and
accelerometer on a single chip and open-source
libraries.

In order 1o sense the changes in the signals oblained from
motion sensor MPUGOS0 and to issue a response in return of
the sensed parameter so that the physical world objecis can be
controlled, a microcontroller is required. For this purpose, an
Arduino Uno is employed due to its following characteristics;

. It can be casily programmed using open source
libraries and compatible with the sensor used in this
syslem,

. Arduino is also available is wearable package which

can make the system size compact.

. Compatible with modern wireless communication
protocols required for transmitting data.

Connection diagram of Arduino Uno and MPUG050 sensor is

shown in Figure 2 which can be used as a prototype and moved

with the objecl.

Figure 2: Arduino UNO connection with MPUG050 sensor
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2) The transmitter module:
We have an option to process the data on the sensor module or
transmitting module. Consider that the data is completely
processed on Arduino controller, the sensor module only has
to transmit the signal of the fall. For this purpose, any wireless
communication can  be implemented according to the
requirement. For industrial purpose we can use RF module due
to its long range and low-cost features, Since the proposed
system is just a study. so the hardware can be tested using a
pair of Xbee for establishing communication between
transmitter and receiver. The Xbee used RF protocol and can
casily transmit the signal by configuring them appropriately.
This communication can signal the alarm without any delay
hence minimizing the effect of injuries due to fall. For
practical purposes, a dedicated sensor along with transmitter
can be developed for stable and better values.

3) The receiver module:
On the receiving side, there should be another Xbee connected
1o the computer via Arduino serial terminal to record the
changes in data. The purpose of this communication is to
transfer the values from sensor (placed remotely within range)
to the computer system using wircless serial link. The data can
be analyzed on the computer system in this method.

B. Software description
For supporting the hardware 1o work effectively and to
implement the algorithm shown in Fig.1, it is necessary to
develop a software which should acquire value [rom the
sensor, interpret it in to readable values and generate a signal
il they exceed some threshold value i.e. already set afier
performing different trials on an object falling from the
lieight. The main objective of the program is to differentiate
the fall from routine activities of a labour.
To test the working of a prototype, Arduino IDE can be used
10 program the system which will show real-time values on
its serial monitor. For transmission of the data Xbees can be
setup using two Xbee sl modules connected wireless using
a RF signal and configured with same PAN ID. To make the
task casier, two Arduinos can be used along with Xbee in
which one acts as a sensor parts connected to the subject and
other at the user end who is monitoring the data transmitted
from the sensor part. Xbees can be configured using XTCU
software which is shown in Figure 3.

e X-CTU -

P Setrgs | Flange Tout | Tomwsl | Modem Confgutstion |

Com Port Setug.
S elect Com Poit
' Com testf Query Modem
Commmurs ation veth mosdem OF

Modern typs = XB24
Moden fefmeare verzon = 106 C

Rewy | oF | |

Hou 4

Figure 3: XCTU interference for connecting Xbees



Arduino provides an open source environment and librarics for
most of the sensor modules including MPU-6050 is available
online. It dircctly gives the values of roll, pitch and yaw from
the sensor in form of RAW data. The programmer just has o
compare these values from threshold values and generate a
signal if they exceed certain limit. There can be two scenarios
for evaluating data. either at sensor side or at receiver side.
The code can be developed in lollowing sequence:

. Reading values from sensor

. Comparing data on sensor side/ transmit data to
receiver side

. Evaluate data on transmitter side/ generate signal

Both cases have its own advantages and disadvantages. if the
data is processed on the sensor module, then high power is
required in a wearable gadget which will increase the size and
the weight of the sensor. On the other hands, there would be a
dclay in transmitting data then processing will also take time
which may result in a delay in medical attention. So. it has to
be taken in account what is feasible in required case.

Iv. DATA ANALYSIS

To analyze the data, a parallel data acquisition system is
required which can read the data on real time for all the three
values and compare simullancously. A simplificd test has been
conducted on different objects fallen from different heights
and data is evaluated in excel which shows that falling from
heights changes the values of yaw, pitch and roll abruptly. The
sensor was placed near the center of gravity of the object to
determine the fall data correctly. Two of the result from the
sensor is shown in Figure 4 and Figure 5 which shows the
abrupt change in the data when the object is fallen from
different heights. These abrupt changes can alarm a signal to
the receiver side for help.

™

Figure 5: Change in gvroscopic values on falling (Test 2)
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The highlighted arca in the above figures shows the abrupt
change on a single object tested from different heights. To
improve the accuracy of the system, we need to test the system
on different objects such as human dummies (Mannequin).
Also changes in the value can be occur due to usual movement
of the labour which needs to be separated from the actual fall.
A certain threshold has to be sct for detecting the change and
differentiation of old and new value.

CONCI.USION

This study of designing and development of a fall detection
system can be proven to be an innovative solution to reduce
the injury and death-rate by giving proper medical attention
in case of fall. This system is not only suitable for labour in
industrial environment but can be implemented in hospital for
patient’s bed or can be worn by an elderly person who is prone
to fall due to disbalance or slipping on wet surface. The
application of this system is unlimited in many ficlds, for ¢.g.
an important chemical that should always be kept upright or a
structure which should not bend to a certain angle. The only
challenge is to design a compact and a wearable gadget which
should produce an alarm or alert the emergency contact.
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Teadtldlunnsldeu

#define BLYNK PRINT Serial

tdefine BLYNK_DEBUG

#include <BlynkSimpleEsp8266.h>
#include <ESP8266HTTPClient.h>
#include <ArduinoJson.h>

#include <ESP8266WiFi.h>

#include <SimpleTimer.h>

#include <TimeLib.h>

#include <WidgetRTC.h>

#include <EEPROM.h>

#include <Adafruit_GFX.h>

#include <Adafruit_SSD1306.h>
#include <Wire.h>

#define OLED_RESET 0
Adafruit_SSD1306 display(OLED_RESET);
#define EEPROM_STATE_ADDRESS 1 128
#define EEPROM STATE ADDRESS 2 144
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#define LINE TOKEN 1 "Q709U891Vi07goekrNV4w37BKTmgBBOtze4 TASCPUlT" // LINE Notify

token 1 &
SimpleTimer timer;
WidgetRTC rtc;
WidgetTerminal terminal (V9);
WidgetMap myMap (V5) ;

char Date[16];
char Time[16);
char auth[] =
//char pass[]
char ssid[] = "ACYSKUB";
char pass[] = "58010444";
leng startsecondswd;
long stopsecondswd;
long nowseconds;

bool isFirstConnect =

"df03b706eed443fe91bea7637a50d12c" ;
= "06032540";

true;

String displaycurrenttime;

int wifisignal;

int oldstatus;

int timerl,timer2,timer3, timer4d, resetbutton;
long

stopdruqtimel,stopdrugtime2,stopdrugtimeB,stopdrugtime4,druqtime1,drugtimeZ,drugtimeS
,drugtime4,drugtimehl,drugtimeml,drugtimehz,drugtimem2,drugtimehB,drugtimemB,druqtime

h4,drugtimem4,
drugtimesl,drugtimes2, drugtimes3, drugtimes4;

char schestate = 0;
int checkd4 =0;

int check5 =0;

int led = D6;

int pulsePin = D3;
int button = D7;

int buttonState = 0;
int check = 0;

int P = 0;

const uint8 t scl = 5;

const uint8 t sda = 4;

const uint8_t MPU6050SlaveAddress = 0x68;

// sensitivity scale factor respective to full scale
const uintl6é_t AccelScaleFactor = 16384;

const uintl6é_t GyroScaleFactor = 131;

setting provided in datasheet



// MPU6050 few configuration register addresses
const uint8_t MPU6050_REGISTER_SMPLRT DIV = 0x19;

const uint8_t MPU6050_REGISTER USER_CTRL = O0x6A;
const uint8_t MPU6050_REGISTER PWR MGMT 1 = Ox6B;
const uint8_t MPU6050_REGISTER_PWR MGMT 2 = 0x6C;

const uint8_t MPU6050 REGISTER CONFIG = O0x1A;

const uint8_t MPU6050_REGISTER GYRO CONFIG = O0x1B;
const uint8_t MPU6050_REGISTER ACCEL CONFIG = 0x1C;
const uint8 t MPU6050_REGISTER FIFO EN = 0x23;

const uint8 t MPU6050_REGISTER INT ENABLE = 0x38;

const uint8_t MPU6050_REGISTER_ACCEL XOUT H = 0x3B;

const uint8_t MPU6050_REGISTER SIGNAL PATH RESET = 0x68;

intl6_t AccelX, AccelY, AccelZ, Temperature, GyroX, GyroY, GyroZ;
double Ax, Ay, Az, T, Gx, Gy, Gz, AM, GM;

void Line Notifyl(String messagel) ;

String messagel = "Emergency pushed";

void Line_Notify2 (String message2) ;

String message2 = "Fall detected";

void Line_Notify3(String message3} ;

String message3 = "https://www.google.co.th/maps/place/";
const char* Host = "www.googleapis.com”;

String thisPage = "/geolocation/vl/geclocate?key=";

String key = "AIzaSyCo7UjuP29KRMgHOxNzKz0hsSqmNbri2Ik";

int status = WL_IDLE_STATUS;
String jsonString = "{\n";

double latitude =
double lengitude

double accuracy = Y

int more_text = 1; // set to 1 for more debug output

;

i

]
ooo
o oo

#define UpperThreshold 600
tdefine LowerThreshold 547 //diu lowerthreshold #u lkesssuundy
int AdjustThreshold = 0; // dnesssezun
unsigned long count;
unsigned long previouscount = 0;
float period;
int numperiod = 1;
int ptime400 = 0;
int ptime399 = 0;
const unsigned int numReadings = 500;
int value[numReadings];
const unsigned int numBPM = 3;
float BPM[numBPM];
int bpmTime;
int checkBPM, checkinBPM;
int x=0;
int lastx=0;
int lasty=0;
int LastTime=0;
void setup()
{
pinMode (led, OUTPUT):;
pinMode (pulsePin, QUTPUT);
pinMode (button, INPUT);
Serial.begin(115200);
delay(10);
display.begin (SSD1306_SWITCHCAPVCC, 0x3C);
Wire.begin(4, 5);
MPU6050_Init();
display.clearDisplay();
Serial.println("\Starting");
display.clearDisplay();
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display.setTextSize (1)
display.setTextColor (WHITE) ;
display.setCursor(0,0);
display.print("Starting...");
display.setCursor(0,9);
display.print ("Connecting WiFi");
display.display();
WiFi.begin(ssid, pass);
while (WiFi.status() != WL_CONNECTED)
{
delay (500) ;
Serial.print(".");
}
Serial.println("");
Serial.println("WiFi connected");
Serial.println("IP address: ");
Serial.println (WiFi.localIP());
Blynk.begin (auth, ssid, pass);
int mytimeout = millis() / 1000;
while (Blynk.connect () == false) // try to connect to server for 10 seconds
{
display.clearDisplay();
display.setTextSize (1) ;
display.setTextColor (WHITE) ;
display.setCursor (0,0);
display.print ("Connecting to Blynk...");
display.display():
if ((millis() / 1000) > mytimeout + 30)
{
break;
}
}
rtc.begin() ;
timer.setInterval (1000L, activetoday); // check every 10 SECONDS if schedule
should run today
// timer.setInterval (5000L, reconnectBlynk); // check every 20s if still connected
to server
timer.setInterval (10000L, clockvalue); // check wvalue for time
digitalWrite (pulsePin, LOW);
}
void ledOn ()
{
digitalWrite (led, HIGH) ;
delay (1000) ;
digitalWrite (led, LOW);
}

void calBBM()
{
digitalWrite (pulsePin, HIGH) ;
int j = 0;
Serial_println(“ _________________ Kk ok K ok ok ke ok START Ve ek o e R R o ");
ptimed00 = 0;
delay(1000) ;
display.clearDisplay();
for (unsigned int i=1; i<numReadings; i++)
({
if (checkBPM == 0)
{
if(x>120)
{
display.clearDisplay();
x=0;
lastx=x;
}
value[i] = analogRead(A0);
display.setTextColor (WHITE) ;
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int y=563-(value[il); // m-:ﬁnurhs_mfu au aniu
display.writeLine (lastx,lasty,x,y,WHITE) ;
lasty=y;
lastx=x;
display.display():
X++;
if(i == 1)
{
value[l] = 600;
}
else
{
if (value[i] >= (LowerThreshold + AdjustThreshold))
{
value[i] = UpperThreshold;
}
else
{
value[i]

)

LowerThreshold + AdjustThreshold;

)
if (value[i] > valuel[i-1])
{
ptimed00++;
if (ptimed00 == 1)
{
previouscount = millis();
//Serial.print ("count11111111111 : "); Serial.println (previouscount);
}
}

if (ptimed00 == numperiod + 1) // 2= 1 aw 3 = 2 au
{
count = millis();
//Serial.print ("count22222222222 : "); Serial.println(count);
period = count - previouscount;
Serial.print("Period : "); Serial.println(period/ (numperiod*1000));
Serial.print ("Frequency : "); Serial.println(1/(period/ (numperiod*1000)));
ot
BPM[j] = (60/(peried/ (numperiod*1000)));
i https://prueksavedal.blogspot.com/p/blog-page 15.html # BEM und

Serial.primt (A Fkdkkkx PBPM skokk kikakakdeodk ko any o Serial.println(BEM[J]);
Sefldl.pringi i eszes Jaq ek kkedbhrx M) ; Bariad T Pnintln (i
ptimed400 = 0;

i=1;

if (BPM[]] >= 200)
{
Serial.println ("*****x*% NO DETECT ****%%xmuw) .

J=0;
}
if (§==3)
{
if ((abs(BPM[j]-BEM[]j-1]) >= 10) || (abs (BPM[j]1-BBM[j-2]) >= 10) ||
(abs (BPM[j-1]-BPM[j-2]) >= 10))
{
J=0;
}
else

{

BPM[j+1] = (BPM[j)+BPM[j-1]+BPM[]j-2])/3.00;

Serial.print ("BPM1l : "); Serial.print (BPM[j]); Serial.print(" BPM2 : ");
Serial.print (BPM[j-1]); Serial.print (" BEM3 : "); Serial.println(BPM[j-21);

Serial_print("******** BPM IEE SR SRS SRS EEEEES BPM kA Kk khkkkokok  okokokkokokokk
BEM: ¥RFrEsrEsdk: M) 2 Serdal.printin{int(BPM[j+1]1))7

display.clearDisplay();

display.setTextSize (2);

display.setTextColor (WHITE) ;



display.setCursor{0,9);
display.print ("BPM : ");
display.setCursor(65,5);
display.setTextSize(3);
display.print (int (BPM[j+1]));
display.display();

j=0;

checkBPM = 1;

checkinBPM = 1;

delay (5000) ;

}
}

Serial.print("value i+ "); Serial.print(i); Serial.print(": ");
Serial.println(value([i]);
delay(20);

}
)
)

void senddata()
{
Serial.println("void senddata");
Read RawValue (MPU6050SlaveAddress, MPU6050 REGISTER ACCEL_XOUT H);
//divide each with their sensitivity scale factor ssdwnmmdalididnidul 16384
Ax = (AccelX-6429)/15555.00;
Ay = (AccelY-1790)/15555.00;
Az = (AccelZ+2021)/15555.00;
T = (double)Temperature/340+36.53; //temperature formula
Gx = (GyroX+169)/131.00;
Gy = (GyroY-111)/131.00;
Gz = (GyroZ-19)/131.00;
AM = pow (pow (Ax, 2) tpow (Ay, 2) +pow (Az,2) ,0.5) ;
GM = pow (pow(Gx, 2) +pow (Gy, 2) +pow (Gz,2),0.5) ;
}

void falldetection()
{
Serial.println("void falldetection"):
//emergency () ;
senddata () ;
if ((AM >= 3) && (GM >= 255))
{
Serial.println("FALLDETECTION DECISION");
ledOn{() ;
check = 1 ;
for(int TA = 0; TA <=75; TA++) //75
(
senddata () ;
delay (100);
if(((int16_t)AM<:1] && ((inth_t)GM <= 70) && (check==1}))
{
if ((TA >=45))
[
P++;
}
if((P == 20)) //*n20
{
A Serial.println("AM3"); Serial.println(AM);Serial.println("GM3");
Serial.println(GM);
Serial.println("FALLDETECTION SURE");
ledOn () ;
fallNotify();
P=20;
check = 0;
}
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}

P =0;
}

else

{

if((nowseconds:=0)||((drugtimel==0)&&(stopdrugtimel::O))I\((drugtimez==0)&&(stopdrugt
ime2==0))lI((drugtime3==0)&&(stopdrugtime3==0))|\((drugtime4::0)&&(stopdrugtime4==OH
)
{
Serial.println("Wait for drugtime™);
}
else
{
while (WiFi.status() == WL_CONNECTED)
{
WiFi.disconnect ();
WiFi.mode (WIFI_OFF) ;
WiFi.forceSleepBegin () ;
Serial.println ("waanldamiuem wianhn") ;

)

if(((nowseconds>drugtimel)&&(nowseconds<stopdrugtimel))||((nowseconds>drugtime2)&&(no
wseconds<stopdrugtime2)) | |

((nowseconds)drugtimeBJ&&(nowseconds(stopdrugtimeB))l\((nowseconds>druqtimed)&&(nowse
conds<stopdrugtimed)))
{

for (int count=0;count<=100;count++)
{ .
emergencyquickly () ;
digitalWrite (led, HIGH);
display.clearDisplay();
display.drawBitmap (30, 0, myBitmap, 64, 32, WHITE);
display.display();
Serial.println(count);
delay (100);
)
digitalWrite(led, LOW);
),
else
{
Serial.println("Stand By");
}
if ((bpmTime <= minute()) && (minute() <= (bpmTime+l)) && (checkinBPM == 0))
{
if (checkBPM == 0)
{
Serial.println("START calBPM");
Serial.println(bpmTime) ;
Serial.println(minute()):
delay (1000) ;
calBPM() ;
Serial.println("STOP calBPM");
delay(1000);
displayclockvalue () ;
}
else
(
}
}
else if ((bpmTime <= minute()) && (minute() <= (bpmTime+1)) && (checkinBPM == 1))
/7 AnaSududdihinuathanaia

{
}

else // wwathamia



{
checkinBPM = 0;
}
checkBPM = 0;
}
}
digitalWrite (pulsePin, LOW);:
)

void I2C Write (uint8_t deviceAddress, uint8_t regAddress, uint8_t data) {
Wire.beginTransmission (deviceAddress) ;
Wire.write (regAddress);
Wire.write (data);
Wire.endTransmission();

}

// read all 14 register
void loop ()
{
//Serial.println("Void loop is running");
if (WiFi.status () == WL_CONNECTED)
{
if (Blynk.connected/()
{
Blynk.run():
}
}
timer.run();
falldetection();
emergency () ;
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