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Tém tit - Ung dung IoT trong linh vyc sirc khoe dang thu hut
nhiéu sy quan tim ciia cong ddng hoc thudt va doanh nghiép.
Trong khudn khé bai bao nay, nhom tac gia nghién ctru, thiét ké
va trién khai hé théng giam sat va canh bao stc khoe tir xa theo
thoi gian thuc tng dyng cong ngh¢ IoT, dac biét 1a cong nghé
LoRa (Long Range) két hop véi nén ting mi ngudn mo
Thingsboard. Hé théng dé xuit c6 kha ning thu thap dir liu vé
tinh trang stc khde ciia bénh nhan (nhu nhip tim, nong d6 oxy
trong mau va tin hi¢u dién tam dé), phén tich dir liéu dya trén
thudt toan duogc tich hop va dua ra canh bao chinh xac, phu hop
v6i tinh trang thuc té cua bénh nhan. Két qua trién khai thir
nghiém va ddi sanh vdi thiét bi y t& phd bién trén thi truong cho
thdy, hé théng dé xuét ciia nhom tac gia c6 do tin cdy cao va hoan
toan phi hop véi thuc tién.

T khoa - IoT; Cham séc stc khoe; LoRa; Nén tang ma nguén
md va thoi gian thuc

1. Giédi thiéu

Trong nhimg nim gan day, véi sy phat trién manh mé
cua cach mang cong nghiép 4.0 va két ndi van vat 10T, viéc
mg dung cong nghé thong tin va truyén thong dé hd trg
cac dich vu y té dang dién ra mot cach nhanh chong, manh
mé& va ngdy cang quan trong ddi v6i cac qudc gia trén Thé
gi6i noi chung va Viét Nam néi riéng. Diéu nay 1a hét sirc
can thiét, dic biét 1a trong bdi canh khi cac hé théng y té
dang phai d6i mat v6i nhiing thach thic vé nhu ciu ngay
cang ting cua nguoi dan dbi v6i chét lwong dich vu y té
cling nhu chi phi.

Thuét ngit IoT dwoc dé xuét 1an dau tién vao nam 1999
boi Kevin Ashton — nha sang lap trung tdam MIT Auto-ID
[1]. Theo @6, IoT 1a mét co sé ha t?mg mang thong minh
phan tdn, ma trong do, tit ca moi “vat (things)” hodc “ddi
tuong (objects)” dugc két ndi voi nhau thong qua Internet
nham thyc hién nhirng nhiém vu tur don gian dén phure tap
theo cac phuong thirc khac nhau [1, 2]. Vi khd nang thu
thap va trao dbi dit liéu, ToT tac dong 1én tit ca cac linh virc
ctia doi séng xa hoi, dic biét 1a trong linh vuc y té va cham
soc surc khoe. Viéc trién khai [oT trong linh vuc cham séc
suc khde mang lai nhiing lgi ich:

- Tang kha nang tham gia cta bénh nhén vao qua trinh
cham séc strc khoe. Thong qua cac tmg dung va phan mém,
bénh nhan cé thé truy cap di liéu stc khoe cua ban than
nhu: Nhip tim HR (Heart Rate), ndng d6 oxy mau Sp02,
dién tim dd ECG (Electrocardiogram) hay huyét ép,...;

- Céi thién kha nang thu thap, luu trit, phan tich va danh
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IoT technologies such as LoRa (Long Range) combined with the
open source platform namely Thingsboard. The proposed system is
capable of collecting data of patients’ health (i.e., heart rate - HR,
blood oxygen concentration — SpO2 and Electrocardiogram - ECG
signals), analyzing data based on integrated algorithms, and
offering accurate warnings in accordance with the actual situation
of the patients. Through testing results and comparing with popular
certified medical devices on the market, our proposal system is
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gia dir liéu ctia bénh nhan theo thoi gian thyc. Nho d6, nhan
vién y té ¢6 thé duara phac dd diéu tri kip thoi, chinh xac
va phu hop véi tinh trang thuc té cia bénh nhan;

- Giam thiéu chi phi kham chita bénh cho bénh nhan
thong qua viéc trién khai thiét bi va phan mém quan 1y sirc
khoe tir xa;

- Xay dung co so dit liéu 16n va tap trung dé nghién ctru
va phan tich chuyén siu, huéng dén cong tac ngan chan va
kiém soat bénh tat trong twong lai.

Véi nhu cau ngdy cang ting trong viéc trién khai cac
dich vu cham soc strc khoe thong minh tir xa, nhiéu thiét bi,
hé théng chim soc stc khoe dya trén su két hop giira [oT,
dir lidu 16n va tri tu¢ nhan tao da dugc phat trién. Chéng
han, thiét bi chén doan strc khoe Apple Watch [3]; Miéng
dan Zio Patch véi kich thuéc nhé c6 kha nang do chinh xac
nhlp tim va dién tam dd [4]; SleepBot [5]; Mydario [6];
Thiét bi xét nghiém dong mau nhim giam nguy co dot quy
hoidc chay mau [7]. Mot s6 hé théng nhu Smart Healthcare
¢6 chirc nang do va phan tich huyét ap, nhip tim, nhiét do
va dua ra canh bao néu phat hién cac déu hiéu bat thuong
[8]; Hé thong We-care c6 thé phat hién nga, do cac ddu hiéu
sinh ton dé guri toi thiét bi giam sat va canh bao trong truong
hop khan cép [9]. Trong nghién ctru [10], céc tac gia dé xuat
giai phap IoT y té MIoT (Medical IoT) dya trén cong nghé
LoRa két hop véi dién toan bién dé thu thap dit liéu tai bénh
vién va tai nha. Tuong ty, Wu va df“)ng su da d& xuat mot hé
thong lai ghép dua trén nén tang dién toan bién, céc routers
¢6 kha nang hd trg két néi BLE (Bluetooth Low Energy)/
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LoRa, va IoT gateway (hd tro giao thirc BLE, LoRa va
Zigbee) dé giam sat cac tham sé ECG va HR [11].

Tai Viét Nam, vi¢c nghién ctru, xay dung va trién khai
céc hé thong giam sat va canh béo sirc khoe tir xa g dung
cong nghé ToT dang dugc chi trong va co tiém ning phat
trién rat 16n. Tuy nhién, s6 luong nghién ctru chua nhiéu.
Nghién ciru [12] dé xuét thiét bi deo c6 kha ning do nhiét
d0, nhip tim, gidm sat van dong ctia nguoi cao tudi va dua
ra canh béo hién tuong nga va dia diém xay ra ngi. Trong
nghién ctru [13], cac tac gia xay dung hé thong tu dong
giam sat va cham soc strc khoe tir xa cho nguoi cao tudi
(nhiét do, nhip tim, huyét ap), giri dir lidu téi website ciia
béc sy va canh bao bang tin nhin SMS. TMA Innovation
phat trién giai phap hd trg giam sat strc khoe ngudi cao tudi
— Elder Care sir dung thiét bi deo tay thong minh, ghi nhan
chi sb stc khoe nhu nhip tim, huyét ap, Sp02, dién tam dd
ECG, sb budc chan, chét luong giéc ngu [14].

Cac hé théng néu trén cung cép nhiéu loai hinh dich vu
cham séc stic khoe va nang cao hi€u qua cham séc bénh
nhan. Tuy nhién, van con ton tai mot sb han ché chinh:

- Hoat dong trén nén tang riéng biét, khong dam bao
tinh tuong thich véi thiét bi cam bién va hé thong cua cac
nha san xut khac nhau;

- Chlic nang giam sat va canh bao suc khoe tir xa theo
thoi gian thyc chua duge bd sung kip thoi;

- Kién trtic hé thdng twong ddi phtc tap, do tin cay con
phu thudc nhiéu vao ha tﬁng mang.

bé khic phuc mot s6 han ché néu trén, nhém tac gia
tién hanh nghién ctru va thiét ké hé théng giam sat va canh
bao strc khoe tir xa theo thoi gian thyc ng dung cong nghé
IoT, dac biét 1a cong nghé LoRa va WiFi. H¢ théng cho
phép thu thap va giam sat mot sé chi sb sinh hoc cta bénh
nhan nhu HR, Sp0O2 va ECG. Pic biét, v6i sy hd trg clia
giao thirc Websocket, chirc naing ECG khong day (ECG
Wireless) duoc tich hgp vao hé théng nhim ty dong hoa
quy trinh do ECG tai cac co s¢ y té hay giup cho ngudi
dung do ECG ngay tai nha. Trén co s& phan tich dir liéu,
nhimg canh bao phu hop dugc giri dén y bac sy ciing nhu
chinh ban than nguoi bénh thong qua cac ung dung trén
web hay dién thoai. So v6i cac hé théng hién nay, hé théng
dé xuét c6 nhimg diém mai chinh nhu sau:

- Thu thap, giam sat va quén ly dit li¢u tur dong tur xa
theo thoi gian thyc. Dit li€u dugc hién thi truc quan véi
giao dién than thién, thuén ti€n cho cong tac giam sat, phan
tich va danh gia;

- Trién khai trén nén tang ma ngudn mo dé giai quyet
van dé tich hop hé thong va tinh twong thich v&i cac thiét
bi cam bién va hé thdng khac nhau;

- C6 kha nang trién khai & cac quy mé khac nhau: Trén
thiét bi di dong cua bénh nhan; Tai nha bénh nhan; Tai cac
phong kham ciia bac s§; Tai cac trung tim y té va bénh vién.
2. Co s6 Iy thuyét
2.1. H¢ théng giam sdt swrc khoe tir xa va loT

Hé théng giam sat stic khoe tir xa dua trén nén tang
cong nghé ToT can tudn theo kién trac 3 16p nhu minh hoa
¢ Hinh 1:

- L6p cam bién: Chiju trach nhiém két ndi cac thiét bi

cam bién dé thu thap dir li¢u vé tinh trang suc khoe bénh
nhan. Cac cam bién bao gdm: HR, Sp0O2, ECG, duong
huyét, huyét ap, nhiét do, ...;

- L6p truyén thong: Chiu trach nhiém két ndi, truyén dir
lidu tir cac thiét bi 10p cam bién va trung tam xir Iy dit liéu
thong qua cac cong nghé truyén thong phd bién nhu LoRa,
WiFi, 2G/3G/4G/5G, Bluetooth;
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Lép cam bién Laép truyén théng Lop dién toan dam|may (Cloud)

Hinh 1. Kién triic chung cua hé théng cham soc sire khde dua
trén nén tang loT [11]

- Lop dién toan dam may: Bao gdm cic méay chu va
trung tdm dir liéu véi khéd nang tinh todn manh va luu triv
lon. Lép nay chiu trach nhiém luu trit toan bo dir li¢u tu
cac 16p dudi. Céc thuét toan x1ir ly va phan tich dir liéu duoc
trién khai tai ddy. Trén co s& d6 s& dy doan va dua ra quyét
dinh chinh xac vé tinh trang sttc khoe ciia bénh nhén.

2.2. Cong nghé LoRa (Long Range)

LoRa 1a mot chudn khong day duoc thiét ké cho cac
mang dién rong cong sudt thap LPWAN (Low Power Wide
Area Network) nham két ndi cac thiét bi voi bang thong va
toc do dir liéu thap (0,3 — 30kbps), dong thoi tap trung vao
hiéu qua vé ving phu song (hang km ma khong can cac
mach khuéch dai cong suat) ciing nhu hiéu suat nang lugng
(thoi gian hoat dong bang pin cua thiét bi LoRa la
3 - 10 nam). Chuan LoRaWAN dugc phat trién boi LoRa
Alliance dinh nghia 16p diéu khién truy nhap phuong tién
MAC (Medium Access Control) va LoRa lam viéc ¢ 16p
vat Iy trong kién traic LoORaWAN. LoRa hoat dong & dai tin
s0 vO tuyén Sub-GHz (nhé hon 1GHz) mién phi, bao gdbm
433MHz, 868MHz (chau Au), 915MHz (Australia va khu
vic Bic My), 865 — 867MHz (An Do) va 923MHz (khu
vuc chau A). Tai Viét Nam, B Thong tin va Truyén thong
quy dinh LoRa hoat dong & tin s6 433MHz [15] hodc ¢ dai
tan s6 920 - 923MHz [16]. C6 ba thong sd quan trong khi
cAu hinh cho céc thiét bi LoRa:

- Hé s6 trai phd SF (Spreading Factor, SF =7 - 12). Hé
sO SF sé& tac dong dén tdc do, khoang cach truyén dan va
ning lugng tiéu thu cia cac thiét bi trong hé théng LoRa.
Viéc tang gia tri SF s€ lam tang gia tri ToA (Time on Air)
va khoang cach truyén dan. Tuy nhién, toc d¢ truyén dan
s& giam va thiét b s& tiéu tén nhiéu nang lugng. Tuy theo
yéu clu cu thé, gia tri SF s€ duoc lua chon phu hop [17].

- Bang thong BW (Bandwidth): LoRa str dung cac kénh
tan s két hop voi bang thong 125kHz, 250kHz hodc
500kHz. Bang thong BW 1a mét trong cac tham sé quyét
dinh dén toc d¢ dit lidu cua cac thiét bi LoRa.

- Téc dd mi héa CR (Coding Rate): La sb luong bit
dugc thém vao trong trong tai ctia goi tin LoRa nham phuc
hdi lai mot s bit dit liéu nhan sai. Gié tri CR 16n lam tang
kha nang nhan dir li€u dling tai phia thu. Tuy nhién, 4 tré
truyén dan giita cac thiét bi dau cudi ciing sé tang 1én [17].
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2.3. Nén ting IoT mi nguéon mo - Thingsboard

bé luu trlr, quan ly va hién thi dit liéu thu thap, viéc lua
chon nen tang IoT phu hop ¢6 y nghia quan trong. Gian day,
nhleu nén tang thuong mai va mé nguén mo da duoc deé
xuit dé dap tng nhu cau phat trlen cua céc tng dung IoT.
So sanh véi cac nén tang ma ngudn mé Thingio, Sitewhere,
WS02, Kaa IoT..., Thingsboard dwoc danh gia 1a mot nén
tang r?it hiéu qua dé giai quyét nhu cau vé thu thap, xir 1y,
truc quan hoa dir lidu va quan 1y thiét bi. ThingsBoard cho
phép tich hop céc thiét bi voi cac hé théng cii va bén thir
ba bang céc giao thic hién co [18].
2.4. Giao thirc Websocket

La giao thirc hd trg giao tiép hai chiéu giira client va
server nham trao doi dir liéu. Websocket cung cip giao
thirc giao tiép hai chiéu manh mé, c6 do tré thap va dé xu
Iy 18i. Vi vdy, giao thirc Websocket dugc sir dung dé trién
khai ng dung ECG Wireless va Realtime (thoi gian thyc)
ECG giira thiét bi cam bién va Gateway.
2.5. Giao thirc MQTT (Meassage Queuing Telemetry
Transport)

MQTT la giao thirc tin nhin dang Publish-Subscribe.
Giao thuc nay sir dung bang thong thap, nén day 1a mot giao
thire Iy tuong cho cac img dung [oT. Trong hé thong sir dung
giao thirc MQTT, nhiéu client két ndi t6i mot server (MQTT
Broker). Mbi client s& ding ky theo ddi cac kénh thong tin
(topic) hoac gri dir li¢u 1én kénh thong tin d6. Qua trinh dang
ky nay goi la “subscribe” va khi client gui dir liu 1€n kénh
thong tin goi 1a “publish”. Mdi khi kénh thong tin d6 dugc
cap nhat dir liéu, nhiing client nao da dang ky theo doi kénh
nay s€ nhan dugc dir liéu cap nhat d6. Trong bai bao nay,
giao thire MQTT duoc st dung dé gii dit lisu HR, SpO2 va
cac thong tin canh bao gitra Gateway va Thingsboard.

3. M6 hinh h¢ théng giam sat va canh bao sirc khoée tir
xa theo thoi gian thuce

Dua trén kién trac dugc md ta trén Hinh 1, nhém tdc
gia dé xuét hé thong giam sat va canh béo strc khoe tir xa
ung dung cong nghé IoT, dac biét 1a cong nghé LoRa va
WiFi nhu minh hoa trén Hinh 2.
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Lép cam bién Lép truyén nmng Lép Cloud
Hinh 2. M6 hinh hé thong gidm sat va canh bdo sirc khée theo
thoi gian thuc wng dung cong nghé loT

Heé thong thu thap dit liéu nhu HR, SpO2 va ECG. Dit
liéu nay dugc xtr Iy va phan tich thréc khi bao cao dén bénh
nhén va nhan vién y té. H¢ thong ciing cho phép dua ra
canh bao vé tinh trang suc khoe bénh nhéan théng qua loa,
tin nhan SMS hodc cudc goi thoai. H¢ thong thiét ké dam

bao cac yéu cau:

- Thu thap va gidm st cac chi sd sinh ton theo thoi gian
thuc véi dg tin cdy cao. Dl li¢u dugc hién thi truc quan,
thuén ti¢n cho gidm sat va canh bao;

- Thiét ké nho gon (dic biét thich hop v6i bénh nhan
khi di chuyén) va gia thanh thap;

- Céc thiét bi trong h¢ théng hoat dong & ché do tiéu thu
nang luong thap va c6 kha nang hoat dong lau dai.

3.1. Thiét ké phin cieng
3.1.1. Khéi cam bién Sensor Node

Khdi cam bién Sensor Node gdm Kit Heltec WiFi LoRa
32 [19], két ndi véi cam bién MAX30100 (giam sat dir liéu
HR va Sp02) [20] va cam bién AD8232 (do dién tim dd
ECG) [21]. Cac dir liéu HR va SpO2 tir cac Nodes cam bién
thudng c6 tc do thap (96bps) va phu hop voi ket ndi bang
cong ngh¢ LoRa. Dir liéu ECG can tdc do truyén cao hon
s& duoc truyén v6i WiFi thong qua giao thirc Websocket
(nhu mb ta & phan 2.4).

Trong bai bdo nay, két ndi LoRa dugc cai dat mac dinh
dé Sensor Node guri dir liéu HR va SpO2 nhim muc dich
tiét kiém nang luong va ting khoang cach truyén dan. Khi
ngudi dung nhin phim chon chirc nang do ECG thi két nbi
WiFi dugc kich hoat va Sensor Node sé€ gui dir licu ECG
dya trén su két hop gitra WiFi va giao thirc Websocket.
Ngoai ra, Sensor Node con tich hop module thoi gian thuc
DS3231, giao tiép thé nhé va canh bao rung. Khéi cam bién
dugc thiét ké dudi dang vong deo tay thong minh linh hoat
va pht hop vdi truong hop bénh nhan nim tai givdng hay
di chuyén trong pham vi khu6n vién ctia toa nha.

Hinh 3. Khoi cam bién Sensor Node thuc té
3.1.2. Khéi Gateway va xit Iy trung tim

Hinh 4. Khéi Gateway thiec té

Khéi Gateway (GW) ¢6 chtc nang luu trit, giam sat,
hién thi va canh bao dit liéu stc khoe thu thap dugc. Viéc
canh bao dugc thuc hién bdoi am thanh bé’mg loa tai chd, tin
nhin SMS, goi dién cho y bac sy hay ngudi than. Khdi GW
gdm Kit Heltec WiFi LoRa 32, module giao tiép 4m thanh
DFR0299, man hinh hién thi LCD2004 va module SIM
800L (hd tro 04 bang tan 850/900/1800/1900MHz).
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3.2. Thiét ké phan mém

Trong phan nay, nhom tc gia tién hanh xdy dung céc
thuat toan dé thu thap dir li€u tai khoi Sensor Node, xir 1y
dir liéu tai GW, va dac biét 1a thuét toan canh bao tinh trang
suc khoe bénh nhan dya vao tin hi¢u SpO2.

tin g6m Nhip tim,
S8p02 bang LoRa

G dif lign ECG bing
giae thirc WebSocket

Hinh 5. Luu d@6 thudt todn tai Sensor Node

Chirnhin goi tin + Chia
khe thi gian, g g61 tin
yéu cdu cip nhit cic tham
s0: nhip tim_ Sp02

h 4

W2 X Iy ngit, thc hign cude goi,
canh bao bang Loa, tin nthin trén
Dién thoai

>
.

Kiém tra Data (Sp02) nhin dwoc tir cic
NODE

5 Sp02: Tét Oxy trong
mau t6t

Sp02 > 06%

Hinh 7. Luu d6 thudt todn canh béo dywa vdo gid tri SpO2

4. Thuc nghiém va danh gia
Nhom tac gia tién hanh trién khai thuc nghiém mé hinh
hé théng dé xuét trong khudn vién Truong Pai hoc Quy
Nhon. M6 hinh hé thong thir nghiém gdm 1 Gateway dong
vai tro 1a don vi xr Iy trung tim va 4 node cam bién. Cac
tham s6 cau hinh cia hé théng thuc nghiém dugc minh hoa
6 Bang 2. Trong bai bao nay, nhom tac gia cai dat Gateway
theo phuong thirc Polling véi cac khe thoi gian khac nhau
nham muc dich dam bao ty 1 nhan géi tot nhét.
Bing 2. Céu hinh hé thong thuc nghiém

Tham s Ky hiéu Gia tri
Tén s6 hoat dong f 433MHz
Hé sb trai phd SF SF 12

Ti 18 mi hoa CR 4/8
Bang thong BW 125kHz
Cbong suit phat Tx 14dBm
Cam bién HR va SpO2 MAX30100

Cam bién ECG ADS8232

Node va GW Heltec WiFi LoRa 32
Nguén cung cép cho cac Node | Pin Lithium (3.7V, 1000mAh)

Nhip tim, SpO2
bit thutmg

2% Canh bio bang
Loa, tin nhin trén
Dién thoat

G va hién thi goi
tin 16n Thingsboard

|

Hinh 6. Luu do thudt toan tai Gateway
Bing 1. Bang tham chiéu chi tiéu SpO2 [22]

Sp02 (%) Y nghia Canh bao
97 - 99 Oxy trong mau tdt
Oxy trong mau trung | Cin cho thé thém
94 - 96 ]
binh OXy
X Cén dugc theo ddi
90 -93 Oxy trong mau thap Kip thori
Oxy trong mau cuc £
<90 thap Cap ctlru

M6 hinh thuc nghiém duoc trién kha,i theo hai (02) kich
ban (véi cac tham so SF, CR va BW giong nhau):

- Kich ban 1: Thur nghiém khoang cach phu song trong
madi truong tam nhin thang LOS;

- Kich ban 2: Thu nghiém khoang cach phu song ¢ moi
truong khong tam nhin thang NLOS nhu mé ta ¢ Hinh 8:
Nodel va Node4 bi che chan boi cac d':ly’ nha ¢6 chiéu cao
trung binh 12m. Vi tri Node2 bi che chan bai tdoa nha 15
tang (~50m). Khu vuc Node3 c6 kha it vat can.

Nguyén ThiBinh 9
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Hinh 8. M6 hinh trién khai kich bén 2
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4.1. Két qua thir nghiém viing phii song
- Kich ban 1: Két qua vung phu dat dugc ddi véi mo

hinh hé thdng: 1,36km;
- Kich ban 2: Két qua thir nghiém mé ta ¢ Bang 3.

Bing 3. Két qua thiwec nghiém — Kich ban 2

RSSI (dBm) SNR (dB) |Khodng cach (m)
Nodel -80 >-70 12,75->14,05 151,44
Node2 | -106 >-70 | 12,75->13,25 399,65
Node3 | -102->-65 | 12,05->13,15 257,41
Node4 -95->-69 12,15>13,25 181,33

Két qua do dac tin hi¢u RSSI va SNR cua cac Nodes
dugc mo ta trén Bang 3. So véi cac Nodes con lai, Node2
¢6 diéu kién truyén séng kém nhét, véi gia tri RSSI nam
trong khoang -106dBm dén -70dBm. Tuy vy, gié tri RSSI
nay van nim trong ngudng cho phép (tir -120dBm dén -
30dBm) dé Node2 truyén/nhan dir liéu véi Gateway.

4.2. Ty 1¢ mit géi va dp tré goi

Pé danh gia ty 18 mat goi va do tré goi khi truyén tin
bang cong nghé LoRa, tac gia tién hanh thu thap dir lidu tir
cac Node lién tyc trong 3h. Cac Node duogc di chuyén dén
céc vi tri duge danh diu nhu mo ta trén Hinh 8. Két qua &
Béng 4 cho thay ty 16 mét goi dit liéu cao nhit 1a 2.29% dbi
v6i Node2 (nguyén nhan 1a do Node2 ¢ didu kién truyén
song kém nhat: khoang cach xa va bi che chén boi toa nha
15 tang). Poi v6i Node3 dat ty 16 mat goi thap nhit 1a
0.33% la do c6 kha it vat can. Vi tri Nodel va Node4 c6 ty
1¢ mat g6i tuong tng 13 0.49% va 1.14%. Dong thoi, do tré
g6i d6i voi Node2 1a cao nhit (0.792s) so véi 0.658s
(Node3), 0.632s (Node4) va 0.502s (Nodel).

Bing 4. Ty lé mat goi va dg tré goi

Thoi gian thu | Tongsd | Sbgoi | Tyl Db tr
dir liéu (3h g6i dir dir lidu mat v6i
lién tuc) liéu giri bi mat goi g
Nodel 810 4 0.49% 0.502s
Node2 1091 25 2.29% | 0.792s
Node3 603 2 0.33% | 0.658s
Node4 961 11 1.14% 0.632s

4.3. Trywc quan hoa div li¢u va canh bao trén Thingsboard
va Mobile app Blynk

Thong tin canh béo vé nhip tim HR hay SpO2 bét
thuong cling duoc hién thi trén Thingsboard v6i quy dinh
ve mau hién thi canh bao (mau dd).
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Hinh 9. Truc quan héa dir liéu surc khoe trén Thingsboard

o Toimplrmir 11

Hinh 10. Tich hop ECG Wireless trén Thingsboard

Hinh 11. Hién thi dit liéu véi app Blynk
Trong hé théng dé xuat, canh bao dugc dua ra khi co
déu hiéu bat thuong dbi vai tinh trang strc khoe cua bénh
nhan. Canh bao dwoc thyc hién bang 4m thanh (loa), bang
app Blynk trén dién thoai, Thingsboard, hodc bang cudc
goi khan cép.

SOS Call

Hinh 12. Canh bdo trén Thingsboard va cudc goi khin
4.4. Poi sanh két qua

Trong phin nay, nhom tac gia tién hanh thyc nghiém
ddi sanh chire nang do nhip tim va SpO2 cua thiét bi dugc
sir dung trong mo hinh hé thdng dé xudt (goi 1a thiét bi A)
v6i thiét bi da duoc kiém dinh va sir dung phd bién trén thi
trlmng nhu Medally PRO-F8 (goi la thlet bi B) [23]. Nhém
tac gia danh gia dua trén mirc 40 sai sd giita hai thiét bi A
va B. Sai s6 clia mdi lan do (gira thiét bi A va B) dugc xac
dinh nhu sau:

|Asn—Ap,|
Asn

AA, = x100 (1)
Trong d0, Agyla két qua do trén thiét bi B va A 1akét qua
do trén thiét bi A trong lan do thu n.

Sai s6 trung binh sau cac phép do (gitta thiét bj A va
thiét bi dbi sanh B):

——  AA+AA - +AA,

AA @)

n
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Cin ctr vao két qua & Bang 5, c6 thé thay so véi thiét bi
B (may do PRO-F8), sai s trung binh trong cac phép do
nhip tim va SpO2 ctia thiét bi A 1an luot 12 0,95% va 0,55%.
Céc gié tri ndy nam trong ngudng cho phép +/- 5%. Vi vay,
thiét bi duoc sir dung trong mo hinh hé thong dé xuat dam
bao dugc d6 tin cay khi sir dung.
Bing 5. Két qua doi sanh

Lin Thiét bi A Thiét bi B SZ‘ 3‘; ‘;0(?72‘;'3
do | HR [spo2| HR |[sSpo2
(opm) | (%) | bpm) | (%) | HR | SpO2
1 94 97 94 96 | 00 | 1,04
2 96 96 97 96 | 1,03] 00
3 94 96 94 96 | 00 | 00
4 92 96 93 95 | 1,08 | 1,05
5 94 96 95 96 | 1,05 | 00
6 91 97 91 98 | 00 | 1,02
7 86 96 86 95 | 00 | 1,05
8 91 96 93 96 | 2,15 | 00
9 73 96 74 97 | 135] 1,03
10| 75 96 74 97 135 ] 1,03
11 88 97 86 97 232 00
12 80 97 80 97 | 00 | 00
13| 77 96 78 96 | 128 ] 00
14 | 76 96 77 97 [ 129 1,03
15 | 76 97 75 98 | 1,33 | 1,02

5. Két luan

Trong khuén khé bai bao, nhém tac gia da nghién ctru,
thiét ké, xay dyng va trién khai thir nghiém hé thong giam
sat va canh bao strc khoe tir xa thoi gian thuc ng dung cong
nghé LoRa va WiFi. Cac két qua dat dugc tir thyc nghiém
cho théy, viéc ing dung cong nghé LoRa vao hé théng chiam
soc strc khoe tir xa mang lai hiéu qua dang ké trén céc tiéu
chi: viing phu séng rong (1,36km trong moi truong LOS hay
399,65m trong mdi truong NLOS), do tré thap (0,792s, ddi
v6i Node2) va ty 1é mat goi thap (2,29%, ddi véi Node2).
Ngoai ra, so sanh véi thiét bi phd bién trén thi truong hién
nay, sai s cua thiét bj dugc d& xudt trong bai bao nay 1 nho
(2,32% véi chi s6 HR va 1,05% véi chi sb SpO2). Bén canh
d6, WebSocket cung cip giao thirc giao tiép hai chiéu manh
mé, c6 do tré thap va d& xur 1y 16i. V&i giao thire WebSocket
nay, chiic nang do ECG Wireless va Realtime ECG duogc
tich hop vao hé thdng mang lai nhiéu lgi ich khi mang Mesh
WiFi dang ngay cang phd bién nhu hién nay.

Trén co s6 nhitng két qua di dat dugc, nhom tac gia s&
tiép tuc phat trién va tich hop thém nhiéu cam bién giam
sat stic khoe. Dac biét, cac tinh nang phan tich dir liéu va
chén doan tinh trang stic khée bénh nhan theo do tudi/gici
tinh dua vao tri tu¢ nhan tao Al (Artificial Intelligence) s€
dugc nghién ctru va phat trién, gop phan nang cao kha nang
cham soc stic khoe cho nguoi déan trong tuong lai.

Loi cam on: Nhom tac gia xin chan thanh cam on Quy Doi
moai sang tao VinlF - Vingroup da tai trg kinh phi cho nghién
clru ndy, thong qua hop dong tai trg sb: VINIF.2020.ThS.85.
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