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LOINOI PAU
Cong ngh¢ Internet van vat (IoT) hién dugc ng dung trong rat nhiéu linh
vuc cta doi song. Tur nhiing trién khai quan 1y giam sat theo ddi tir xa qua hé
thdng Internet cho cac day chuyén san xuat hién dai, nhitng nha may thong
minh, nha thong minh, thanh phé thong minh cho t&i nhitng 4p dung tai cic nha
vuon théng minh, nong nghiép céng nghé cao. Ngoai ra, IoT con tng dung rét

hi€u qua trong linh vuc y té, cham soc sttc khoe con nguoi.

Vi nhitng hiéu biét cia em va nhan thay sy phat trién cua IoT trong vy té,
em da thyc hién tim hiéu va sir dung IoT trong viéc do tin hiéu dién tim va nong
do oxy trong may. Mot hé théng do sir dung cam bién MAX30100 d3 duoc thiét
ké va ché tao thanh cong. Tin hiéu do c6 thé hién thi tai chd qua man hinh

OLED hoac qua tng dung trén Internet.

Trong qua trinh thyc hién d6 4n em di dugc thdy Poan Hiru Chirc tan
tinh hudng dan. Mic du di ¢d ging nhung do kinh nghiém thuc té, kién thirc
con han ché, thoi gian chwa cho phép nén khong tranh khoi con thiéu sot va
chua day di. Vay em rit mong nhan dugc nhiing y kién dong gop cua cac thy

va cac ban dé hoan thién ban than cling nhu ban do6 an nay.
Em xin chan thanh cam on !

Hai Phong, ngay  thang nam
2024

Sinh vién thuc hién

Vi Trung Dang



Chuwong 1. TONG QUAN TiN HIEU PIEN TIM
1.1. Tin hi¢u dién tim

Tim 1a t6 chirc co rong, tai d6 su co bop mot cach co thir tu cac co sé tao
ra ap luc ddy mau di qua cac bd phan trén co thé. Mdi nhip tim duoc kich thich
bdi xung dién tir cac té bao niit xoang tai tAm nhi. Cac xung dién truyén dén cac
bd phéan khac cua tim va lIam cho tim co bdop. Viéc ghi tin hi¢u dién tam dd 1a
viéc ghi lai cac tin hi€u di¢n nay. Tin hi¢u dién tam dd mo ta hoat dong dién cua
tim, va co thé dugc phan tich thanh cac thanh phﬁn dac tinh c6 tén 1a séng: P, Q,
R, S, T [1,2]. Mdi thanh phan nay c6 dic trung riéng, dap tng riéng, dau hiéu
ctia nhip tim riéng nhung c6 chung ngudn gdc 13 cac hién tugng dién sinh vat.
Hién tuong dién sinh vat 1a qua trinh hod ly, hod sinh phtrc tap xay ra bén trong

va ngoai mang té bao
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Hinh 1.1. Dang song tin hiéu dién tim

Téng hop tat ca cac thanh phan suit dién dong tir moi té bao trong tim
da tao ra mot tin hi€u phan anh hoat dong cua co tim , nguoi ta goi la tin hiéu
dién tim. Tin hi¢u dién tim c6 dd 16n thay ddi theo thoi gian va khac nhau tai
cac diém trén co thé nguoi. Bang cach do mot sé diém trén co thé va theo ddi
hinh dang séng thay d6i theo thoi gian, nguoi ta ¢ thé gip nhan biét dugc
mot sd tinh trang bénh 1y, hoac chan thuong. Cac nghién clru veé tim trong [1,3]
da chi ra ré“mg tin hiéu dién tim c6 thé dugc coi nhu td hop cua cac song c6 dai

tan tr 0 Hz dén oo. Tuy nhién dé 1ay du thong tin cho viéc chan doan ctia bac



sy, thong thuong dai tan duoc chon 1a 0.05Hz - 80Hz. Song dién tim c6 bién do
nho, dinh 16n nhét ciing chi ¢& 1.5mV dén 2 mV.

Nhip tim chinh 14 nhip dap cua tim, xac dinh dua trén sb 1an co that cua
tim trong vong mot phit. Nhip tim duoc ki hiéu bang nhip/ phit hodc bpm.
Nhip tim cung véi ndng d6 oxy trong mau, nhiét do, huyét ap, nhip tho 1a 5 dau
hiéu sinh sdng quan trong nhét trong co thé.

Tuy vao do tudi, thé trang, gidi tinh,... ma mdi nguoi ¢o nhip tim binh
thuong khac nhau. Thong thudng, nhip tim chuan sé roi vao khoang 60 - 100
nhip/ phit, v6i bat ky su thay d6i nao vé nhip tim ciing c6 thé 1a canh béo tinh
trang stc khoe dang gap van dé.

Nhip tim ctia mot nguoi1 khoe manh duoc cac nha khoa hoc xac dinh nam
trong khoang 60 - 80 nhip/ phut. Mot sb nguoi c6 nhip tim nhanh hodc cham
hon nguoi binh thuodng trong tinh trang tu nhién, hoac viéc luyén tap thé duc thé
thao déu din giup tim khoe hon va dap nhanh hon khoang 40 - 50 nhip/ phat
cling xuat hién. Néu khong thudc trudng hop nay va cé nhip tim thip hon 40
nhip/ phut hoac cao hon 120 nhip/ phut, thi d6 chinh la d4u hiéu canh bao tinh
trang sirc khoe bat thuong cia ban.

Qua trinh do tin hi¢u dién tim duoc cho ¢ hinh 1.2.
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Hinh 1.2. M6 ta viéc ghi tin hi¢u dién tim
Tin hi¢u dién tim nhan duoc tir cac dau do dugc dua ti bd khuéch dai vi
sai. Tin hiéu sau khi khuéch dai di qua cac mach loc thong thap, thong cao va
mach loc chin dai dua t&i bo bién doi tuong tu s6 AD. Trudce khi dua vao may
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tinh dé xur 1y tin hiéu sé dugc cho qua bo cach ly dé cach ly ngudn tin hiéu dién
tim va ngudn nudi cho hé thong may tinh dam bao an toan cho ngudi duoc do.

Nhu da néi & trén, song dién tim ¢ bién do nhod, cho nén rat dé bi anh
huéng boi nhidu. Cac can nhidu chinh anh hudng dén chat luong ghi tin hiéu
dién tim la:

Nhi€u tir mang cung cap dién cé tan sé thay déi ngau nhién;

Nhiéu séng co do bénh nhan mat binh tinh khi do gy ra;

Nhiéu do tiép xuc khong tot giita dién cuc va bénh nhan gay ra;

Nhiéu tan sb thip gay troi duong nén;

Nhiéu do ton tai 2 nguén tao tin hi€u dién tim trong cung mot co thé

nhu ghép tim hodc do mang thai.

Tuy nhién qua khao sat cac loai nhiéu anh huong dén chét luong ghi tin
hiéu dién tim, M.Akay di chi rd rang loc nhidu tir mang cung cip dién 1a cip
bach nhat vi tinh chit phd bién va khé kiém soat ctia loai nhidu nay. Cac loai can
nhiéu con lai do c¢6 dai tAn 6n dinh nén co thé giai quyét triét dé bang cac bo loc
c¢d dinh.

Vi song di¢n tim c6 bién d6 nho va chiu nhiéu anh huodng cta nhiéu nén
mach khuéch dai can dugc thiét ké dac biét. Phan tiép sau s& trinh bay chi tiét vé
mach khuéch dai tin hi¢u dién tim.

1.2. Mach dién tir do tin hi¢u di¢n tim

Tin hiéu dién tim cé gia tri rat nhod trong dai tor uV dén mV. Vi tin hiéu
nho nhu vy tin hiéu do duoc can duoc khuéch dai dé co thé hiéu duoc né.
Thong thudng cic mach khuéch dai trong dién tir y sinh duoc thiét ké co tro
khang 16i vao rat 16n va van dé an toan dugc dit 1én hang dau. Boi vi ching ta
lay tin hiéu tir con ngudi hodc tir sinh vat séng khac nén can c6 cac bién phap dé
ngan ngira nhitng ¢t sé¢ vi md va vi md. Cac mach cach ly va bao vé duoc ding
dé han dong qua cac dién cuc dam bao murc an toan cho phép. Hon thé nita

mach phai c6 hé s6 khuéch dai 16n. Thong thudng 13 trén 1000 1an. Cudi cing



yéu cau cac bo khuéch dai tin hiéu dién tim can st dung kiéu mach vi sai dé loai
b6 cac tap nhifu ngay tir dau vao.

Mach dién co ban dugc str dung rong rai trong cac mach khuyéch dai tin
hiéu y sinh dua trén cdu hinh ba khuyéch dai thuat toan goi 1a mach khuéch dai
cong cu (mach instrumentation amplifier) c6 hé s6 khuyéch dai thap va cac tang
khuyéch dai/loc tiép theo c6 hé sb khuyéch dai 16n hon.

So d6 nguyén ly mach khuéch dai tin hiéu dién tim co ban duogc duara &
hinh 1.3 [3].
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Hinh 1.3. Mach khuéch dai cong cu

Dac trung co ban trong mdt bd khuyéch dai tin hiéu dién tim la:

- Bang tan tir 0.05 dén 250Hz, loc thong cao bac nhat;

- Cho phép c6 dung sai ¢ dién ap DC dau vao (mic do tuy thudc loai
dién cyc) ma khong lam bao hoa tﬁng khuyéch dai dau ra;

- Hé sb khuyéch dai toan mach trong khoang 200-1000 (46-60dB),
dién ap tin hi¢u khoang £5mV khong lam bao hoa dién ap ra;

- Tro khang dau vao >10MQ;

- Hé sd nén dong pha >90dB.



Dé dat dugc hé s6 nén nhidu dong pha (CMRR) 16n thi giai phap dua ra la
thiét 1ap hé sé khuyéch dai cao ¢ ting dau bang cach st dung mot tu dién ndi
tiép v6i dién trd trong mach xac dinh hé s6 khuyéch dai ¢ tang khuyéch dai vi
sai. Ngoai ra nguoi ta con dung cac mach opto va mach tich phan trong vong
hoi tiép am dé bu dién ap DC dau vao va loc thong cao. Phuong phap nay bu
dugc dién ap offset cua opamp va dién cuc, tuy nhién vi dic tinh ctia opto la
khéng tuyén tinh nén phuong phap nay c6 hé s truyén dat dong dién-dong dién
khong 6n dinh va tan sd cit cua khau loc khong chinh xac.

Bo khuéch dai cong cu trén gdm hai tang 13 ting vao va tang khuéch dai.
C6 thé tach bd khuéch dai trén thanh nhu vay dé dé tinh toan phan tich. Hinh 1.4

[3] minh hoa diéu nay.
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Hinh 1.4. Phan téng mach khuéch dai cong cu
Hé s6 khuéch dai cua téng vao duogc tinh boi:

c = v,—v, _ 2R2+R1 (1)
in [ R,

Tu d6 hé sb khuéch dai toan mach s& duoc tinh bﬁng:

2R2+R1 R4

G = R R—3 (2)

Cac mach khuéch dai cong cu cling co thé duoc tich hop trén madt chip

don. Diéu nay gitp nguoi thiét ké tranh duoc cac 16i xay ra khi thiét ké mach.
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Mot IC loai nay 1a INA333 dugc hing Taxas Instruments (TI) san xuat. Day 1a

IC c6 mtrc tiéu thu cong suat thap va do chinh xac cao. Hinh 5 dua ra so do khoi

cua IC nay.
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Hinh 1.5. So d6 khéi IC INA333 ciia TI
Ngoai mach khuéch dai cong cuy, trong hinh 2 ciing chi ra rang con c¢6 cac
mach loc va mach diéu khién chan phai dé hoan thién mot mach do tin hiéu dién

tim hoan chinh. Hai mach nay du¢gc minh hoa ¢ hinh 1.6 va 1.7.
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Hinh 1.6. Mach loc loc nhiéu 60Hz tir mang dié¢n ludi.

Vi
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op amp I

Hinh 1.7. Mach diéu khién chan phai.
Cubi cung vé co ban mach do tin hiéu dién tim bao gém cac thanh phén

trén duoc cho ¢ 1.8[3].



Filtering

R 2k Al
— |_
. Instrumentation Amp
A
A \j\; 52,4 RO 3.4
. WY Tt
:':_:“ll ECiGp ] ::.'
L ek
o oo& |
i
| { :"I:I RE 1 2 s
+ f LGa = [ L
o r e
()E =
e AIOEI4K| Ri1B34E
L4 47n iy ” "y
’_\
!
! Rz 11 AT TR
l _"'\.l_'.‘."'\. ."'\._.l"'l-

Wref '
: [ _\.'\'\.l"‘.'_
36 1k | R3 100
A ek hs -
.

E':::- C :ti CC Sf
Right Leg Drive Circuit

Hinh 1.8. Mach do tin hiéu dién tim.
1.3. Gidi thiéu vé cam bién nhip tim MAX30100
Cam bién nhip tim va oxy trong mau MAX30100 dugc st dung dé do nhip
tim va ndng do Oxy trong mau, thich hop cho nhiéu ing dung lién quan dén y
sinh, cam bién str dung phuong phap do quang pho bién hién nay véi thiét ké va
chat liéu mat do chuyén bié¢t tr chinh hang Maxim cho dg chinh xac va do bén
cao, cam bién st dung giao tiép 12C véi bd thu vién sin co trén Arduino rat dé

st dung.



Hinh 1.9. Cam Bién Nhip Tim Va Oxy Trong Mau
MAX30100.
1.3.1. Théng s6 ky thuit:
e Cam bién nhip tim va oxy trong mau MAX30100
e [C chinh: MAX30100
e Do duoc nhip tim va néng do Oxy trong mau.
e Dién ap st dung: 3.3VDC.
e  Nho gon, siéu tiét kiém ning luong, thich hop cho cac thiét bi do
nhé gon,Wearable Devices.
e Giao tiép: 12C, murc tin hiéu TTL.
e Kich thudc: 5.6 cmx 2.8 cmx 0,12cm.
1.3.2. Xac dinh chi s6 SPO2
Hemoglobin 1a gi: (viét tit 1a Hb) 13 mot protein phirc hop duoc tim thiy
trong cac té bao hdng ciu c6 chira mot phan tir sit. Chic nang chinh cua
hemoglobin 1a van chuyén oxy tir phoi téi cac md ciia co thé, va trao doi oxy
cho carbon dioxid, va sau d6 van chuyén carbon dioxid tré lai phéi, noi nod trao
d6i oxy. Phan tir sat trong hemoglobin gitip duy tri hinh dang binh thuong cua
cac té bao hong cau.
P bio hoa oxy la gi: 13 ti 16 ctia Hb c6 oxy trén tong s6 Hb
e Hemoglobin ma khong c6 oxy goi 1a Deoxy Hb

e Hemoglobin c6 oxy goi 1a oxy Hb

10
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Hinh 1.10. Ti 1€ d6 bao hoa oxy.

Mot phéan tir Hemoglobin (Hb) co thé két hop vai 4 phén tir oxy, khi da gin
dua 4 phan tor oxy dugc goi l1a bao hoa oxy. Po bao hoa oxy trong mau con duoc
goi 14 chi s6 SpO2, biéu thi cho ty 16 Hemoglobin c6 oxy trén tong luong
Hemoglobin trong mau. Néu tat ca cac phan tir Hemoglobin trong méau déu gan
v6i oxy thi dd bao hoa oxy la 100%.

Chi s6 SpO2 duoc xem 13 mot trong nhitng déu hiéu sinh ton cua co thé,
bén canh cic dau hiéu nhu: nhiét do, mach, nhip thd va huyét ap. Khi bi thiéu
oXy mau, cac co quan nhu tim, gan, ndo... s€ chiu tdc dong ti€u cuc rat nhanh.
Vi vay, can theo ddi chi s SpO2 thuong xuyén dé kip thoi can thiép néu xay ra

tinh trang nguy hiém.
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Hau hét cac phan tir Hb s& gin véi oxy khi chung di qua phéi. Mot nguoi
khoe manh binh thuong khi thé & khong khi trén muc nudce bién s& c6 do bio
hoa oxy dong mach 1a 95% - 100%.

Néu luong oxy trong mau hoa tan & khoang 97% - 99%: oxy trong méau tot.

Néu luong oxy trong mau hoa tan & khoang 94% - 96%: oxy trong mau
trung binh — can cho thd thém oxy.

Néu luong oxy trong mau hoa tan & khoang 90% - 93%: oxy trong mau thap
—nén c6 y ta hodc bac si theo ddi hodc dén bénh vién gan nhat.

Néu Sp0O2 dudi 92% khong thd oxy hodc dudi 95% cé thé oxy: day 1a cac
dau hiéu suy ho hap rat nang.

Do bao hoa oxy thap hon 90% la mot cap ctru trén 1am sang.

Chi s6 SpO2 & tré so sinh ciing giéng nhu nguoi 16n: trén 94%. Néu chi s6
SpO2 cua tré giam xudng dudi mic 90% thi can thong béo cho y bac si dé dugc
hd trg can thiép kip thoi.

1.3.3. Nguyén ly vat Iy dwoc sir dung dé do SPO2.

Cam bién st dung nguyén tic do quang phd dé do do bio hoa, anh sing
LED s& dugc phat ra va thu lai boi cam bién ddi dién, ngdn tay s€ dugc dat vao
giita ngudn sang va cam bién. Trong phuong phap phan chiéu s& c6 mot sé phan
xa anh sang ¢d dinh trd lai cam bién do ngon tay. Vi mdi nhip tim sé& co su
tang thé tich mau trong ngon tay, diéu nay s& din dén phan xa anh sang trd lai
cam bién nhiéu hon.

Do do, néu ching ta théy dang song cua tin hiéu anh sang nhan dugc, no sé€

bao gdm céac dinh & moi nhip tim.

™ BRIGHT LED

LIGHT o ”
DETECTOR

12
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Hinh 1.11. LED va LDR dung trong cam bién.
1.4. Toéng quan vé ESP8266
NodeMcu8266 1a mdt bang phat trién dugc tich hop trong mo-dun wifi
ESP8266. NodeMcu8266 1a mdt thiét bi phan cimg ngudn mo.

NodeMCU ESP-12 development kit v1.0
PIN DEFINITION

Hinh 1.12. So db pinout NodeMCUS8266.

Gi6i thitu vé NodeMCUS8266 va cac budc dé nhdp thu vién bang ESP:
NodeMcu8266

Thiét bi phan cing ngudn mé cho IOT 1a NodeMcu8266. N6 cé thé dugce
lap trinh bang Arduino IDE va ciu trac ma hoa van tuong tu nhu ciia Arduino.
Nhung Arduino IDE khong di kém véi cac bang duoc hd trg ESP duoc cai dit
san trén nd, vi vy nguoi ta can thém nhdp cac tép dinh kém bang vao IDE
truée khi 1ap trinh. N6 rat don gian dé 1am. Cac bo mach dong ESP ban dau
khong dugc phat trién dé tuong thich véi Arduino IDE, do d6, trong Arduino
IDE, mdi chan trén NodeMCU tuong tmg védi cac chan GPIO khac nhau cho
IDE. Pay la anh xa chéan cua cic chan GPIO NodeMCU. Trong Ma hoa, ban c6
thé viét truc tiép cac chan ky thuat s6 cua NodeMCU dudi dang D1, D2, D3
hodc pin GPIO tuong tng. Dac trung:

e M3 nguén mé

e Tuong tac

Lap trinh
Gia thap

Don gian
13



Thong minh
Két ndi Wi-Fi

1.4.1. Thong sob ki thuit:

WiFi: 2.4 GHz hd tro chuan 802.11 b/g/n

Dién ap hoat dong: 3.3V

Pién ap vao: 5V thong qua cong USB

S6 chan 1/O: 11 (tit ca cac chan 1/O déu ¢
Interrupt/PWM/I2C/One-wire, trir chan DO)

Sb chan Analog Input: 1 (dién ap vao toi da 3.3V)

B0 nho Flash: 4MB

Giao tiép: Cable Micro USB ( twong duong cap sac dién thoai )

HO trg bao mat: WPA/WPA2

Tich hop giao thuec TCP/IP

Lap trinh trén cac ngdn ngtr: C/C++, Micropython,...

1.4.2. Cai dat NodeMCU ESP8266 WIFI:

Khoi dong Arduino IDE, click vao File trén thanh cong cu chon

Preferences. Chén mot dudng Link dé Arduino IDE c6 thé nhan Board.

5% pIR_Relayhungcao | Arduino 1.8.9 -
'File it Sketch Tools Help

MNew Ctri+M

Open... Ctrl+ O

Open Recent »
»

Sketchbook
Examples
Close Ctrl+W
Sawve Ctrl+S
Sawve As... Ctrl+Shift+5S
Page Setup Ctrl+Shift+P curput
Print Ctri+P
I Preferences Ctrl+ Comma I
S input
Quit Ctri+Q
Hinh 1.13. Giao dién trén Arduino IDE
Copy Link tai day:

http://arduino.esp8266.com/stable/package esp8266com index.json
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Sketchbook locaton
€2 Wbsers WomaHurg Docurments Y Arduns " Browee. |
Editor banguage: System Defmilt w  (requires restart of Arduing)
Editor font sine: 12
Enterface scale: o Automatc | 100 <% (reguires restart of Arduing)
Theme: Defaut theme v (requres restart of Arcunc)
Show werbose output during: | compilaton | uplcad
Conmprier virrangs: Hone =
| Duspilay ke rumbers:
| Enable Code Folding
(7] Wenify code after upload
Lige excternal editor

] Aggressively cache compiled core

(] Chescke for updiates on startup

| Update sieich files to new extension on save ([.pde => .ing)
] Save when verifying or uploading

More preferences tan be edted deectly in the e
C:'sers'Cackiung \AppData L ocal\Andund | Fipreferendes. bxdt
{edt oy when Srduno 5 not runreng)

________

Hinh 1.14. Giao dién trén Arduino IDE
Tiép theo, Tools > Board > Boards Manager

Seach Esp8266 dé tai danh muc cia cac Board vé. Nhan Install dé tién

hanh cai dat.

@ Boards Manager =
Type (Al = = |
espB266 by ESPI266 Community A

Boards included in this package:

Ganeric ESPB266 Module, Generic ESPB28S Module, ESPDuino (ESP-13 Module), Adafruit Feather HUZZAH ESPB266, Invent Ona,
XinaBox CWO1, ESPresso Libe 1.0, ESPresso Lite 2.0, Phoenix 1.0, Phoenix 2.0, NodeMCU 0.9 (ESP-12 Module), HodeMCU 1.0
(ESE-12E Modula), Glimex MOD-WIFI1-ESPE266(-DEV), SparkFun ESPBZ66 Thing, SparkFun ESPA2ES Thing Dev, SreetPea
ESP-210, LOLIN{WEMOS) D1 R2 & mini, LOLIN(WEMOS) D1 mini Pro, LOLIN{WEMOS] D1 mini Lite, WeMos B1 R1, ESPino (ESP-12
Module). ThaiEasyElec's ESPina, Wiflnfo, Arduino, 40 Systems gend oD Range, Digistump Oak, WiFiduino, Amperka WiFi Slot,
Seeed Wio Link. ESPectro Core.

Qoling help

More info

250 +[rea )

Hinh 1.15. Giao dién trén Arduino IDE

1.4.3. So lwge vé chuén giao tiép 12C:
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I12C, viét tit cua tir Inter-Integrated Circuit, 14 mot chuan truyén thong do hing
dién tir Philips Semiconductor sang 1ap, cho phép giao tiép mot thiét bi chi voi

nhiéu thiét bj t& véi nhau.

Master SDA Slave Master SDA Slave
Transmitter Receiver Receiver Transmitter
e =
SCL SCL

Hinh 1.16. Truyén dit liéu theo chuan I2C.
- SCL (Serial Clock line) La xung dong hd phat ra tu chip lam cha
(Master).
- SDA (Serial Data Line) 1a dudong dir li¢u vé1 7 bit dia chi cac vi mach
tham gia (vi mach chu va t6).

- R, la dién tr6 n6i1 1én ngudn nudi VDD.

+5V
% THIET THIET THIET
- BI 1 BI 2 BI 3
SDA . 1
SCL

Hinh 1.17. Hé théng cac thiét bi giao tiép theo chuan
I2C.

Chuan giao tiép 12C c6 2 duong tin hiéu tén 1a SDA (serial data) co chirc
nang truyén tai dir liéu va tin hiéu SCL (serial clock) truyén tai xung clock dé
dich chuyén dir liéu. Trong hé théng truyén dir liéu I2C, thiét bi nao cung cap
xung clock thi dugc goi 1a chu (master), thiét bi nhan xung clock dugc goi 1a té
(slave).

Mdi day SDA hay SCL déu dugc ndi véi dién ap duong cta ngudn cap
thong qua mot dién tré kéo 1én (pull-up resistor). Su can thiét cua cac dién tro
kéo nay 1a vi chan giao tiép 12C cua cac thiét bj ngoai vi thuong 1a dang cuc

mang hd (open-drain or open-collector). Gia tri ciia cac dién tré nay khac nhau
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tly vao timg thiét bi va chuin giao tiép, thudng dao dong trong khoang 1KQ
dén 4.7KQ.

Thiét bj chii chi ¢6 1, thit bi t& thi c6 nhiéu, mdi thiét bi t& s& c6 1 dia chi
doc lap, chuan truyén ban dau dung dia chi 7 bit nén c6 thé 1 chuan giao tiép
v6i 128 thiét bi t§. Cac thiét bi sau nay ting thém sb bit dia chi nén co thé giao
tiép nhiéu hon. Dja chi cua thiét bi t& thuong do nha ché tao thiét bi thiét lap
san.

Trinh tir truyén bit trén duong truyén: Thiét bi chii tao mot diéu kién start.
Diéu kién nay thong bao cho tit ca cac thiét bi t& ling nghe dir liéu trén dudng
truyén. Sau d6, thiét bi chi s& gui di mot dia chi cta thiét bj té ma thiét bi chu
mudn giao tiép va cd doc/ghi dit liéu. Thiét bi té mang dia chi d6 trén bus 12C
s& phan hdi lai bang mot xung ACK. Khi d6, viéc giao tiép gitra thiét bi chu - t&
bit dau. Bo truyén giri 8 bit dit liéu dén bd nhan, bd nhén tra 1oi véi 1 bit ACK.
Dé két thiic, thiét bi chii tao ra mot diéu ki¢n STOP.

Bus 12C chuan truyén 8-bit dir liéu c6 hudng trén duong truyén véi toc do
13 100Kbits/s — Ché d6 chuan (Standard mode). Téc do truyén cé thé 1én t6i
400K bits/s — Ché d6 nhanh (Fast mode) va cao nhét 13 3,4Mbits/s — Ché d6 cao
téc (High-speed mode).

Mt bus 12C c6 thé hoat dong & nhiéu ché do khac nhau:

- MGt chu mot t& (one master — one slave)

- Mot chu nhiéu té (one master — multi slave)

- Nhiéu chi nhiéu t& (Multi master — multi slave)

A g]Zd)dA
1T 1T . T IT— &CL
e 2SO C DAC s
Master Slave Slave Slave

Hinh 1.18. Ché d6 mét chu nhiéu t6.
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|
Master 1

vdd Typical I°’C Bus
< <
= =
| ] SO
_| S
I’c 1’c Pc
Slave 1 Slave 2 Master 2

Hinh 1.19. Ché d6 nhiéu chu nhiéu t&.
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CHUONG 2. THIET KE HE THONG PO TIN HIEU NHIP TIM
2.1. So' @6 khéi va chirc ning ciia tirng khoi
2.1.1. So’ d6 khdi
Trén co so st dung cam bién MAX30100 dé do nhip tim va SpO2, bd
diéu hién trung tdm dung ESP266, két qua do hién thi trén man hinh OLED, em
xay dyng so do khéi hé théng nhu hinh 2.1 dudi day.

Khéi neud 1 Khéi hién thi
ot nguo”J 1én OLED
Khoi xir ly 1 T
(NodeMCU
ESP8266)
r
r r ‘.
Khoi cam bién
(do nhip tim
va Sp02)
- |

Hinh 2.1. So d6 khéi ctia hé théng
2.1.2.Chirc nang

e Khoi ngudn: c6 chirc nang cung cip ngudn cho toan bd mach hoat
dong.

e Khoi cam bién max30102: c6 chirc ning do nhip tim va ndng d6 SpO2
cua con ngudi va gui gia tr1 do dugc cho NodeMCU ESP8266 khi co6 tin
hiéu yéu cau.

e Khdi xir Iy trung tim: c6 chic ning diéu khién cam bién max30102,
d6ng thoi diéu khién hién thi dir liéu trén khdi hién thi.

e Khoi hién thi: c6 chirc ning hién thi gia tri nhip tim va ndng d6 SpO2
trong mau do duogc.

2.1.3.Hoat dong ciia hé thong
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Tin hi€u nhip tim s€ duogc thu thdp va xu 1y dé tinh toan gia tri heart rate

(HR) ndng do oxy trong mau (Sp0O2) thong qua hai khéi 13 khdi cam bién nhip

tim va khdi xtr 1y trung tdm. Gia tri HR, SpO2 sau khi duoc tinh toan s& dugc

hién thi ra man hinh cung véi dong hé thoi gian thyc dugc cip nhat théng qua

sever online va gia tri HR, SpO2 dong thdi dugc giri 1én hé thong website dé

nguoi dung co thé theo doi tir xa.
2.2. Thiét ké chi tiét
2.2.1. Khéi ngudn.

Trude khi 1am mach ngudn ta phai tinh toan dong hoat dong cia tat ca cac

linh kién trong mach dé biét dong tong ma tir 6 thiét ké mach ngudn.

Bang 2.1: Thong sb st dung ngudn ctia cac thiét bi trong mach

Dong lam ,
STT | Tén linh Kkién N Dién ap lam viéc Tong dong
viéc
1 Esp8266 300mA 3.3v 312mA
2 Man hinh OLED 12mA
3 Max30100 I2mA 3.3V 12mA
3
Hinh 2.2. IC nguén ASM117.
1- Ground
2-VOUT 3-VIN

Dién ap ngd ra: 3.3V
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e Dongratdi da: 1A
e Apngd vao: 1.5 < Vin-Vout < 12V (4.8-8.7VDC

o Nhiét d6 hoat dong: am 40 dén 125 46 C.

Ul

i)

2.2.2. Khdi xir li trung tAm

Hinh 2.3. Mach ngudn 6n ap

VIN

3
VOUT p—

ADJGND

AMSI11

7-3.3

=
| 4. Tuf

—CA
1uf

|
|

Q1
gl

Str dung ic 6n 4p AMS1117-3.3V cb dinh dién ap dau ra 3.3v
Tu C1 C2 C3 C4 cac tu loc ngudn

Cung cip dién ap mot chiéu ¢ dau ra khong d6i trong hai truong hop

dién ap dau vao thay doi hodc dong tiéu thu cua tai thay doi, tuy

nhién sy thay doi nay phai c6 gidi han.

Cho dién &p mot chiéu dau ra cé chat lugng cao, giam thi€u duogc

hién tuong gon xoay chiéu.
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[ Z T GPI b= TXD0
! GPIOI = AXDD

iRl GRS = 50T
[TREE e FID A di = PI0A e=d G0 |
[SCIR T GPinT4 BT GPIO0 b FIASH |
MBS0 = GPio1? - GPIO2 - TXD1
TMICAT b GPIO1E g GRIOTS HES 4 TXD2

WCC

=1 G011

0 4 GPIOT
EO0E 4 GPICO

L8003 GPIO10

[

|

=

L

[TEE0 T GRinX
_SDOLE - GPDE

Hinh 2.4. esp8266.

Puoc két ndi voi man hinh oled va cam bién max30102 théng qua chuén
giao tiép [2¢ & chan SCL va SDA, vi xtr Iy esp8266 duogc 1ap trinh doc dix
liéu cam bién max30102 giri vé man hinh oled va websever.

2.2.3 Khéi cim bién

Assuming voltage connections have been corrected

AD

HHHHHHHY
AAAAAARARAR®

?0 &4 9¢ SO QON9 EAE hd EQC 20 TC D04 .

e @ ®
ON9 0 0dI LNI WaST3S NIN

CLK DO CHD SDL SD2 SD3 RSV RSV

Vin GND RST EN 3V3 GND

<
FLASH

Oe@

Hinh 2.5. So dé két noi max30100 véi esp8266
a. S0’ d6 chirc niing cam bién MAX30100:
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______ LR L.
| |
| | i
| |
1 | . 1
' AMBIENT LIGHT ) |
| RED R CANGELLATION | MALDG V. 81
! RED+R '
| ‘s:‘ ‘sz‘ e DIGITAL i E
l‘| h. —
| ADC - CATA —
| ‘2& S FLTER REGISTER COMMLIICATION \WT
| Gee BAF — T
[ E ADG [
i [
i i
[
l { r |
: | CECILLATOR i LED DRIVERS :
| |
i ¥ i
i L i
R bRV | IR DRV ) FGND
Hinh 2.6. So dd chirc nang.
(1.8-5.5V)
Uz
‘5‘ c+  EM
= cjyweawn ——lr 33V
3 . | &
’_I __I RCWL-9183 4 —Lcs 4
(13925 |1c|5 o 106 104 = |3
I | I 1
1 ’_l | e '||| GND
” vIN | 104 R2____ =
5CL e — g |3
; SDA e T
: TNT Ry 472 %
;‘ RD U1
RD 1 14 C7
2 HC HC
1 Lil i 5CL NT B —-”—<
CON7 = 7 e e 11 104
: A|[[—=— ronp VDD — »
IR_DRV IR LED+ i
2 R DRV R _LED+ —zT C\ﬁ “,’9
NC NC -|| /l_ -
WLAX30100 106

Hinh 2.7. So d nguyén 1y cam bién max30100.
MAX30100 tich hop trinh diéu khién LED d6 va IR dé diéu chinh xung
LED cho phép do SpO2 va HR. Dong LED c6 thé duoc lap trinh tir 0 dén

50mA voi dién ap cung cip phu hop. Do rong xung LED c6 thé dugc lap trinh

23



tir 69us dén 411us dé cho phép thuat toan tdi uu hoa do chinh xac ctia SpO2 va
HR va murc tiéu thu dién dya trén cac truong hgp st dung.

b. Phwong phap theo doi dp bdao hoa oxy trong mau va nhip tim:

Heart Rate

Trong mot phép do do nhip tim va ndng do Oxy trong mau duogc thiét 1ap,
dén LED chiéu sang mé da va tin hiéu phan xa duoc phat hién boi photodiode.
Tin hiéu phan xa nay chira anh sang duoc diéu ché quang hoc béi nhiing thay
d6i thé tich ctia dong mach va mao mach. Tin hiéu quang hoc (PPG) nay cuc ky
quan trong trong viéc xac dinh nhip tim va muc SpO2. Tin hiéu PPG c6 thanh
phan DC va thanh phan AC két hop v6i nd, nhu ¢6 thé thiy bén duéi trong Hinh
3.9.

Systole
Diastole
AC signal $ I ! pulsatile arterial blood
1
<+ ;
: : Non pulsatile arterial blood
£ '
= j=—-———
S s 2 ) Cardiac ) Venous blood
signa L cycle
2
2
—_ time
Hinh 2.9. Thanh phan DC va AC cua tin hi¢u PPG.
SpO2

Cac phép do MAX3010x SpO2 st dung hai den LED budc song khac
nhau dé xac dinh ty 1& hemoglobin c6 oxy hda véi hemoglobin khong cé oxy.
bén LED mau do va héng ngoai dugc st dung dé xac dinh tin hiéu PPG riéng
biét. Vi cac thanh phan DC va céc thanh phan AC cta hai LED c6 bién d¢ khéc
nhau, chiing phai duoc chuan hoa dé so sanh hitu ich.

2.2.4. Khéi hién thi trén OLED
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Oled 1a viét tat ctia “Organic Light-Emitting Diode” ttrc 1a “Diode phat
quang hitu co”. Cong nghé Oled sir dung cac tdm vat liéu lam tir hop chat hiru
co, va cac diém trén tim nén ndy s& tuy dong phat sang khi c6 dong dién chay
qua, mang lai kha nang tai tao hinh anh ré nét véi do sang cao. Tuy nhién,
nhirng diém nay s& tu dong tat khi khong can st dung nén cong nghé nay gitp
tiét kiém dién ning rat dang ké.

Ciu tao ciia mdt man hinh Oled

Cac Diode phat quang hitu co trén tim nén Oled 13 mét thiét bi ban din
dang rin c6 d6 day trong khoang 100-500 nanomet.

MGt tdm nén man hinh Oled gom cdc phin sau:

Tam nén: Thuong dugc lam tir nhya trong hodc thuy tinh, nhi€ém vu chinh
ctia nd 1a chéng d& cho cac phan khac ctia man hinh Oled.

Anode: Hay con goi 14 anot (cuc duong) sé tao ra cac 16 trong mang dién
duong mdi khi dong dién chay qua thiét bi.

Lép dén hivu co: Phan nay gdm c6 16p dan va 1p phat sang. Lop dan c6
nhiém vu truyén tai cac 18 trong tir cuc dwong (anot), con 16p phat sang co
nhiém vu truyén tai cic electron tir cuc 4m (cathode).

Cathode: Hay con goi 1a Catot hodc cuc 4m sé tao ra electron mdi khi c6

dong dién chay qua thiét bi.
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Hinh 2.10. Cu tao man Oled va so sanh véi LED.

Man hinh Oled 1.3 inch giao tiép I12C s& duoc st dung trong dd an c6 kha
nang hién thi dep, sang trong, rd nét vao ban ngay va kha ning tiét kiém ning
lwong t6i da véi mirc chi phi phu hop, man hinh str dung giao tiép 12C cho chat
luong dudng truyén 6n dinh va rat dé giao tiép chi véi 2 chan GPIO.

Thong s6 ki thuit

Dién ap str dung: 2.2~5.5VDC.
Cong suét tiéu thy: 0.04w

Géc hién thi: 16n hon 160 do
S6 diém hién thi: 128x64 dieém.
D0 rong man hinh: 0.96 inch
Mau hién thi: Trang

Giao tiép: 12C

Driver: SSD1306

Uu — nhwoe diém ciia man hinh OLED
Man hinh OLED c¢6 nhiéu wu diém so v&i man hinh LED va LCD:
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- Ching nh¢ hon va méng hon man hinh LCD.

- Chiing linh hoat, cho phép san xuat man hinh video cong.

- OLED sang hon dén LED truyén thng.

- Chung c6 thé duoc 1am mdi nhanh hon nhiéu so véi LCD, lam cho ching

pht hop véi video tdc d6 cao va tée d6 khung hinh cao.

-OLED c6 thé dugc nhin thiy trong nhiéu méi trudng 4nh sing, ca trong

nha va ngoai troi.

- Cling ¢6 mot vai nhugc diém doéi véi man hinh OLED:

- Man hinh OLED s6m c6 van dé€ vé tudi tho. Piéu nay da duoc cai thién,

tuy nhién OLED mau xanh vin cé tudi tho ngan hon so véi dén LED tuong

duong.

- OLED c6 thé bi hong do nudc. DPidu nay loai trir chiing tir nhiéu tng

dung ngoai troi.

-Gia thanh cao.

u

VCC
L=
4K7

N
SW1 3
; e ; 21'/
—0 O 14
reset e
" - 3

3 — 3
B —

- GND 10

SCL 3 s
(GND2 —ﬁ}r::
VCC 1 15"
SSD1306 | ||' GND 20,

VCC 1]
R4 i

AK7
vee —— R5
4K7

Hinh 2.11. Khoi hién thi két ndi trung tam.

So do két noi:
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RESET
EN
RXD
SCLK
CS0
MOSI
MISO

100
102
104
105
109
1010

VvCC

TXD

ADC

1012
1013
1014
1015
1016

GND

ESP8266-12E/ESP-12E

veo



Bang 2.2. Cach két ndi ciia man hinh OLED sir dung giao thirc truyén thong
12C

PIN ESP8266
Vin 3.3V

GND GND

SCL GPIO 5 (D1)
SDA GPIO 4 (D2)

2.2.5 Khdi hién thi trén ing dung Blynk
a. Gidi thiéu :
Blynk 1a mét nén tang véi cac ing dung dién thoai thong minh cho phép
ban co6 thé dé dang twong tac v&i bd vi diéu khién nhu: Arduino, Esp8266,
Esp32 hodc Raspberry qua Internet.
Blynk App 1a mot bang diéu khién k¥ thuat sé cho phép ban c6 thé xay
dung giao dién dd hoa cho du 4n cua minh bang cach kéo va tha cac widget
khac nhau ma nha cung cip thiét ké sin.
Blynk khong bi rang budc véi mot s6 bo hodc shield cu thé. Thay vao do, no
hd trg phan ctng ma ban lya chon. Cho du Arduino hodc Raspberry Pi ca
ban dugc lién két voi Internet qua Wi-Fi, Ethernet hodc chip ESP8266,
Blynk sé& gitip ban két ndi va sin sang cho cac du an IoT.
Blynk Server — chiu trach nhiém vé tat ca cic giao tiép gilta dién thoai
thong minh va phan cung. Ban c6 thé sit dung Blynk Cloud hodc chay cuc
b6 may chu Blynk riéng ctia minh. N6 1a ma ngudén mo, c6 thé dé dang xur
Iy hang nghin thiét bi va tham chi c6 thé duogc khoi chay trén Raspberry Pi.
Thu vién Blynk — danh cho tit ca cac nén tang phan ctng pho bién — cho

phép giao tiép v6i may cha va xir Iy tat ca cac 1énh dén va 1énh di.
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MGdi khi ban nhin mét nut trong ing dung Blynk, thong diép s& truyén dén

khong gian cuia dam may Blynk, va tim dudng dén phan cimg ctia ban.

Hinh 2.12. Ung dung Blynk.

b. Tinh nang :
API va giao dién ngudi dung tuong tu cho tat ca phan cimg va thiét bi duoc
ho tro
Két nbi véi dam may bang cach sir dung:
Wifi
Bluetooth va BLE
Ethernet
USB (Néi tiép)

GSM

Bo Widget dé sir dung
Thao tac ghim truc tiép ma khong can viét ma

D@ dang tich hop va thém chtrc ning mdi bang cach st dung ghim o
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Theo doi dir 1i€u lich sur qua tién ich SuperChart
Giao tiép gitra thiét bi voi thiét bi str dung Bridge Widget
Gui email, tweet, push notification...

Hoat dong app Blynk
Blynk dugc thiét ké cho IoT. N6 c6 thé diéu khién phan cimg tir xa, n6 ¢o
thé hién thi dir liéu cam bién, nd c6 thé luu trit dit liéu, truc quan hoa va lam
nhiéu thir hay ho khac.
C6 ba thanh phan chinh trong nén tang:
Ung dung Blynk — cho phép ban tao giao dién cho cac dy 4n ctia minh bang
cach str dung cac widget khac nhau.
Blynk Server — chiu trach nhiém vé tat ca cac giao tiép gitra di¢n thoai
thong minh va phén cung. Ban co thé sir dung Blynk Cloud hoac chay cuc
bd may chu Blynk riéng ciia minh. N6 1a ma ngudn mo, c6 thé d& dang xur
Iy hang nghin thiét bi va tham chi c6 thé dugc khoi chay trén Raspberry Pi.
Thu vién Blynk — danh cho tit ca cac nén tang phan cing pho bién — cho

phép giao tiép v6i may chu va xir Iy tat ca cac 1énh dén va 1énh di.
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CHUONG 3. XAY DUNG HE THONG VA THU NGHIEM
3.1. So d0 nguyén li
Thiét ké hé thong do bang phan mém Fritzing ta dugc so d6 nhu trén hinh
3.1 dudi day.

Hinh 3.1. So dd hé théng thuc hién trén Fritzing.

3.2. Giai thich so' @6 nguyén ly

Esp8266 duoc thiét ké két ndi voi cam bién MAX30102 qua chuin giao
tiép 12C. Tuong ty, man hinh OLED ciing dugc két ndi véi trung tdm qua
truyén thong 12C. Chan D2, D1 duoc két ndi voi chan SDA, SCL ctia man hinh
OLED 1.3inch dé hién thi cac dir liéu va thoi gian thyc Cam bién MAX30102
va man hinh OLED dugc cap ngudn 3.3V lay tir ngd ra cia ESP8266. Ngudn
nudi ctia ca hé thong co thé dugc cap tir cap USB hodc Adaptor 5V/2A.

Tin hiéu do duoc tir cam bién duoc giri vé trung tm 1a module ESP8266,
sau do cac thong s6 dugc xur 1y va cho hién thi 1én man hinh cho nguo1 sir dung.
Ngoai ra dit liéu s€ duogc déy 1én Internet va c6 thé duoc luu trix 1au dai dé st

dung trong chuan doan va di€u tri cia nguoi bénh.
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3.3. Lwu db giai thuat

KHOI LENH KHOI TAO
VA THU VIEN

!

KET NOI MANG WIFI VA
THIET LAP UNG DUNG

"
.

v

THU THAP DU LIEU

!

XU LY TIN HIEU NHIP
TIM VA SPO2

v

HIEN THI THONG SO RA
MAN HINH VA CAP NHAT
LEN U'NG DUNG

Hinh 3.2. Luu d6 thuét toan chuong trinh.

Ban dau khéi tao cac bién st dung trong chuong trinh, sau d6 s& hién thi
giao dién ciing nhu gia tri cta dit liéu. Tiép theo khdi xtr Iy trung tam s& két ndi
v6i mang wifi va thiét 1ap trang web dong thoi cap nhép thoi gian thuc. Sau d6
khéi xir 1y trung tdm s& xir 1y tin hiéu nhip tim va huyét ap dé c6 thé hién thi

thong s6 1én man hinh va cap nhap 1én trang web.

3.4. Két qua thwe nghiém
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Sau khi thiét ké va viét chuong trinh cho h¢ théng em da thuc hién test

thir hé thong va dat duoc nhimg két qua nhu trinh bay sau day.

Hinh 3.4. Thuc hién do

cach dat ngon tay 1én cam

Hinh 3.5. San pham sau khi dong goi.

33



Két luin

Sau thoi gian lam dd 4n tbt nghi¢p, voi su nd luc ctia ban than cung vo1 su
huéng dan tan tinh cta thay TS. Poan Hiru Chirc, em d hoan thanh dugc cac
ndi dung sau:

- Nghién ctru tong quan vé cac mach do tin hiéu dién tim;

- Nghién ctru tong quan vé Arduino, di sau tim hiéu module ESP 8266;

- Tim hiéu nguyén 1y ciu tao va hoat dong cia man hinh OLED;

- Tra ctru va sur dung cam bién do tin hiéu nhip tim ho MAX3010X;

- Thuc hién thiét ké va thir nghiém thanh cong hé thong do tin hiéu nhip

tim.

Pé hoan thanh duoc do an, em d3 nhan duoc sy hd trg giap do tu théy huong
dan ciing nhu céc thay co trong Khoa DPién — Dién tir, Trudng Pai Hoc Quan 1y
va Cong nghé Hai Phong. Nhan ddy em xin trin trong cam on céc thay co da

giang day va giup d& em trong sudt thoi gian hoc tap tai trudng.
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Phu luc
Code chuong trinh
#include <Wire.h>
#include "MAX30100 PulseOximeter.h"
#define BLYNK PRINT Serial
#include <Blynk.h>
#include <ESP8266wifi.h>
#include <BlynkSimpleEsp8266.h>
#include "Wire.h"
#include "Adafruit GFX.h"
#include "OakOLED.h"
#define REPORTING PERIOD MS 1000
OakOLED oled;
char auth[] = "N-8110StH83VwUeNuKHOzpLLVzqjFXhHO";
// ' You should get Auth Token in the Blynk App.
char ssid[] = "htc"; /I Your WiF1i credentials.
char pass[] = "88888888";
/! Connections : SCL PIN - D1, SDA PIN - D2, INT PIN - DO
PulseOximeter pox;
float BPM, SpO2;
uint32_t tsLastReport = 0;
const unsigned char bitmap [ PROGMEM=
{
0x00, 0x00, 0x00, 0x00, 0x01, 0x80, 0x18, 0x00, 0x0f, 0xe0, 0x7f, 0x00, 0x3f,
0xf9, 0xff, 0xcO0,
0x7f, 0x19, 0xff, 0xc0, 0x7f, 0xft, Oxff, Oxe0, 0x7f, Oxff, Oxff, 0xe0, Oxff, Oxff,
0xft, 0xf0,
Oxff, 0xf7, Oxff, 0xf0, Oxff, Oxe7, Oxff, Oxf0, Oxff, Oxe7, Oxff, 0xf0, 0x7f, Oxdb,
0xft, 0xeO0,
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0x7f, 0x9b, 0xff, 0xe0, 0x00, 0x3b, 0xc0, 0x00, 0x3f, 0xf9, 0x9f, 0xc0, 0x3f,
0xfd, Oxbf, 0xcO,
0x1f, Oxfd, Oxbf, 0x80, 0x0f, 0xfd, 0x7f, 0x00, 0x07, Oxfe, 0x7¢e, 0x00, 0x03,
Oxfe, Oxfc, 0x00,
0x01, 0xff, 0xf8, 0x00, 0x00, 0xff, 0xf0, 0x00, 0x00, 0x7f, 0xe0, 0x00, 0x00,
0x3f, 0xc0, 0x00,
0x00, 0x0f, 0x00, 0x00, 0x00, 0x06, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,
0x00, 0x00, 0x00
53
void onBeatDetected()
{

Serial.println("Beat Detected!");

oled.drawBitmap( 60, 20, bitmap, 28, 28, 1);

oled.display();

b
void setup()

{
Serial.begin(115200);
oled.begin();
oled.clearDisplay();
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 0);
oled.println("Initializing pulse oximeter..");
oled.display();
pinMode(16, OUTPUT);
Blynk.begin(auth, ssid, pass);
Serial.print("Initializing Pulse Oximeter..");
if (!pox.begin())
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Serial.printin("FAILED");
oled.clearDisplay();
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 0);
oled.println("FAILED");
oled.display();
for(;;);
b
else
{
oled.clearDisplay();
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 0);
oled.println("SUCCESS");
oled.display();
Serial.println("SUCCESS");
pox.setOnBeatDetectedCallback(onBeatDetected);
b
// The default current for the IR LED is 50mA and it could be changed by
uncommenting the following line.
//pox.setlRLedCurrent(MAX30100 LED CURR 7 6MA);

}
void loop()

{
pox.update();

Blynk.run();
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BPM = pox.getHeartRate();

SpO2 = pox.getSpO2();

if (millis() - tsLastReport > REPORTING_PERIOD_MYS)

{
Serial.print("Heart rate:");
Serial.print(BPM);
Serial.print(" bpm / SpO2:");
Serial.print(SpO2);
Serial.println(" %");
Blynk.virtualWrite(V7, BPM);
Blynk.virtualWrite(V8, SpO2);
oled.clearDisplay();
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0,16);
oled.println(pox.getHeartRate());
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 0);
oled.println("Heart BPM");
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0, 30);
oled.println("Spo2");
oled.setTextSize(1);
oled.setTextColor(1);
oled.setCursor(0,45);
oled.println(pox.getSpO2());
oled.display();
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tsLastReport = millis();
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