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GIAI PHAP MOI CHO THIET BI PEO CO TAY PO SpO;
A NOVEL ANSWER FOR FORWRIST-WEARABLE DEVICES FOR SpO; MEASUREMENT

Lai Phuée Son!, Nguyén Thi Anh Thu?, Nguyén Trung Kién?
Trwong Pai hoc Bach khoa, Pai hoc Pa Néang; Ipson.tth@gmail.com, {ntathu?, ntkien® }@dut.udn.vn

Tom tat - Voi nhu cau cham séc strc khoé ngay cang tang, viéc
theo ddi cac chi sb strc khde, trong dé d6 b&o hoa oxy trong mau
(Sp0,) 1a mdt théng s quan trong van ludn dwoc quan tam nghién
cu. Tuy nhién, viéc tich hgp tinh nang nay trén cac thiét bi deo ca
nhan van con nhidu han ché bdi phuong phap do va vj tri do gay
bét tién cho ngudi ding trong sinh hoat hang ngay, chéang han do
trén tai, ngén tay va chan,... Bé giai quyét van dé nay, bai bao
nghién ctru L’Png dung phucyng phap phan xa anh sang dé thye hién
do SpO, tai cb tay. Tt dd, tac gia nghién ctru thiét ké bo mach deo
tay nho gon tich hgp chirc nang do SpO,, ddng thoi hd tro kha
nang két ndi giam sat di liéu tir xa. D liéu thwe nghiém do duoc
tir thiét bi dwoc phan tich va so sanh véi thiét bi SpO, thwong mai.
Két qua do SpO, c6 sai léch chudn 4,4 % cho thay tinh kha thi cta
giai phap.

Tir khéa - may do ndng do oxy trong mau; thiét bj deo tay; SpO;
phan xa anh sang; hé thong theo doi giam sat tir xa; jQuery; Web
service.

1. Dt van dé

Chi phi va nhu ciu chiam soc stc khoe ngay cang tang
trén thé gioi 1a dong luc manh mé thiic dy cac sang kién
khoa hoc k¥ thuat, khong loai trir cac san pham cham soc
suc khde ca nhan, di dong va khong day. Nam 2015, riéng
My chi khoang 3,6 nghin ty USD, du kién dén nim 2020
con s nay s& vuot 4,5 nghin ty (theo Trung tdm Dich vu y
té va Cham soc stc khoe ctia M) [1].
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Hinh 1. Mirc chi cho cham soc sirc khde hang nam ¢ My lén dén
hang nghin ty USD, va tiep tuc tang [1]

Nho ¢6 su phét trién manh mé ciia cong nghé tich hop,
nhiéu cong ty di cho ra doi nhitng thiét bi y té thong minh,
nho gon, dugc trang bi thém cac chuc nang theo doi stc
khoe va c6 thé mang theo hodc deo hang ngay. Mot vai
thiét bi nhu 1a 40 quan véi cac cam bién duoc tich hop bén
trong céc 16p vai nham do cac théng sé vé nhiét 6 va nhip
tim [2]; dong hd deo tay co chirc nang do nhip dap, nhiét
d6 va phat hién té nga [3]; kinh mét ap trong cho mat dugc
tich hop chirc ning phong to 1én 2,8 1an [4], ... Nhidu san
pham thwong mai thdm chi con hd trg truyén dit liéu khong
day dén dién thoai thong minh hodc dén mot co so dit lidu
trén internet dé nguoi ding c6 thé theo dbi tinh hinh strc
khoe ctia minh dé dang va nhanh chong.

Mot trong cac théng sé quan trong vé strc khoe ma hién
nay van dang dwoc nghién ctru dé tich hop ngay trén thiét

Abstract - Asthe demand for health care has been increasing,
monitoring of health indicators including blood oxygen saturation
(SpO;), an important parameter, has always attracted interest from
researchers. However, integrating this feature on personal wearable
devices has been still limited due to measurement techniques and
positions such as on the ears, fingers and legs, and so on causing
inconvenience for the users in everyday activities. In order to solve this
problem, this paper focuses on studying applying light reflection
method to measure SpO; at users’ wrists. There by, we propose an
own-designed compact circuit board for wearable devices aiming at
SpO, measurement function. In addition, remote data monitoring
function is also investigated and built. Measured experimental data
collected from the device is analyzed and compared with data from a
commercial SpO, meaurement device. The results of maximum
standard deviation value of 4.4% show the feasibility of the answer.

Key words - Pulse Oximeter; Wearable devices; SpO,; Light
Reflection; Remote Monitoring System; jQuery; Web service.

bi deo, d6 1a d6 bao hoa oxy trong mau-SpO,. Viéc do va
theo ddi thong sb SpO» tai cac vi tri truyén théng nhu ngon
tay, dau ngon chan, dai tai, mii, ... gy bét tién trong sinh
hoat khi cam ndm, di lai, n6i chuyén [3, 6].

Hinh 2. Mot 56 vi tri do mire do bédo hoa oxy trong madu dong
mach dwa theo nhip dap (SpO2) thuong thay [5]

Két hop két qua nghién ctru trude day cia cling nhom
tac gia [7] vé viéc khao sat ving do SpOa tbt nhit tai cb tay
theo phuong phap phan xa anh sang, ké thira 1y thuyét tinh
toan phan cimg do SpO, theo phuong phap xuyén thiu c6
trong nghién ctru [8] va tmg dung cac bo thu vién v& dd thi
mi ngudn mé cho cho viée xdy dung giao dién website
dugc dé xuét trong nghién ciru [9]. Bai bao nay gidi thiéu
mot giai phap méi cho thiét bi deo tay voi thiét ké phan
ctrng nho gon hon véi kha nang do duge SpO, theo phuong
phap phan xa 4nh sang ma khong cin phai théo ra do tai
dau ngon tay nhu vong deo tay Withings Pulse O2 ciia hing
Withings [10], hay st dung dau cam bién kep nhu
WristOx2 3150 cua hang Nonin [11], dong thoi hd trg tinh
nang theo doi tir xa thdng qua giao dién website vdi giao
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dién web truc quan va co tinh tuwong tdc nguoi dung cao
dugc xay dung tir cac bo do thi ma ngudn mo [9]. Két qua
thue nghiém duogc thu thap, tinh toan va so sanh vaéi Kkét qua
do duoc tir bo mach mau dé phan tich tinh kha thi cua giai
phap va thiét bi da dé xuat.

2. Khio sat va xay dung thiét bi do
2.1. Do SpO: theo phwong phdp phdn xa

Dé do do bio hoa oxy trong mau tai dong mach, khi ma
may do Pulse Oximeter (PO) véi dau do dung 4nh sang xuyén
thiu “transmission PO” khong thé sir dung dugc trén mot )
vi tri ctia co thé, luc nay Pulse Oximeter v6i dau do ding anh
sang phan xa “reflectance PO” dwoc dung dé giam sat SpO,
dua trén cuong d6 anh sang phan xa lai dau thu. Y tudng st
dung 4nh sang phan xa thay cho 4nh sang xuyén thiu dugc
dura ra dAu tién boi Brinkman va Zijlstra vao nam 1949.

LEDs

£Ds Photodiode
Rable .
Finger ik'”
g So

N

Tissue
-

Photodiode Reflected light

Hinh 3. Dau do xuyén thiu “transmission Pulse Oximeter” bén
trdi va phan xa “reflectance Pulse Oximeter” bén phdi [12]. Y
twéng sik dung dnh sang phan xq thay cho dnh sang xuyén thiu

dwge dwa ra ddu tién béi Brinkman va Zijlstra vao nam 1949

Khi chiéu mét chum tia sang don sdt vao mot mdi
truong vat chit ¢ day 1a cac mo té bao cua co thé, qua trinh
truyén sang dién ra nhu sau: DAu tién anh sang xuat phat tir
ngudn phat di dén moéi trudng vat chit, mot sb tia sang khi
di ngang qua moi truong vat chét gap phai cac phan tir vét
chét hoic bi hép thu hodc bi can tré gdy tan xa. Sy tan xa
nay hodc c6 khuynh hudng di tiép dén duoc dau bén kia
hoédc c6 khuynh hudéng bi bé cong theo hi€u tng “qua
chudi” rdi quay tro lai moi truong ban dau [13].
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Hinh 4. Hiéu img “qud chudi” ciia chimm sang tan xq

V& nguyén tic ca hai hinh thirc phan xa hay xuyén thau
déu dua trén nguyén 1y do cuong d6 dong dién ¢ ngd ra
(dau thu) photodetector dé xac dinh d6 hap thu cua HbO,
va Hb. Trong phuong thirc sir dung 4nh sang xuyén thau,
LED (Light Emitting Diode) phat va LED thu thuong duoc
kep & nhitng vi tri da mong, dé dang cho 4nh sdng xuyén
qua cua co thé nhu dai tai hay ddu ngén tay. Do vay, co ché
truyén anh sang duoc mé ta nhu sau: Anh sang tir cac LED
d6 va hong ngoai lan luot phat ra va xuyén qua cac mo té
bao, mot phﬁn bi hép thu, mot phﬁn bi tan xa, phﬁn con lai
truyén dén dau thu photodetector. Trong khi d6, véi
phuong thirc st dung anh sang phan xa, do dau thu

photodetector dat cung phia vdi cac LED phat nén chi thu
nhan duoc phan anh sang sau khi bi tin xa va quay nguoc
tro lai theo hiéu trng “qua chuéi Do vy tin hi¢u thu duoc
tir phuong phap phan xa yéu hon nhiéu so v6i phuong phap
xuyén thau. Xét truong hop cu thé nhu sau, khi cac mo té
bao dugc chiéu roi boi ngudn sang 1, ¢6 dén 93 - 97% cua
anh sang hodc 12 bj hip thu (a) hodc la bi tan xa (b), 3 - 7%
con lai bi phan xa boi su di chuyén cua cac té bao mau do
(c, d) va cudi ciing dén dugc photodetector 2[14].

Skin surface

Hinh 5 Khuynh huéng lan truyén ciia cdc tia sang bén dudi
I6p da [14]
Dua vao nghién ctru truge day cua tac gia vé viéc khao
sat vung do tot nhat trén co tay [7], vung do tot nhat dugc
xac dinh 1a vung B3 nhu mo ta trong Hinh 6.
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Hinh 6. M6 ta cac ving do dya trén cac duong dong mach
(mau do) trén co tay [7]

Bdng 1. Xé’p hang vi tri do trért dua trén viéc so sanh bién do

tin hiéu thu dwoc tee cam bién tai cac vi tri do khac nhau [7]

o Bién C!(f) {3ién do tru;lg Bién d9 Vi
Vitrido trungquh binh LI'ZD hong tr}mg th
LED dé (mV) ngoai (mV) binh

Cb tay 1,1 2,3 1,7 3
Ngon tay 53 6,9 6,1 1
Ban chan 0,5 0,8 0,65 6
Miii 0,8 2,2 1,5 5
Dai tai 1,7 2 1,85 2
Tran 0,9 2,2 1,55 4
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Trong nghién ctru trén, tin hiéu SpO, do dugc tai co tay
¢c6 d6 16n 1a 1,7mV, chi thua vi tri dau ngon tay va dai tai,
va chi bang 27,9% so véi do tai ddu ngon tay. Tuy nhién,
nhd vao thiét ké bao gf”)m khdi mach khuéch dai va mot bo
chuyén d6i twong ty sang s6 (ADC) 12 bit, viéc ldy mau
véi dién ap tham chiéu ndi 1a 2,5V va sai s6 luong tir 1a
2,5/4096/2 = 0,3mV, mAu tin hiéu thu duoc khi do tai 6
tay 1a twong d6i chinh xac.

Nhu vay, viéc thiét ké thiét bi do SpO, deo ¢b tay hoan
toan c6 thé thuc hién duoc va duoc trinh bay trong phﬁn
tiép theo.

2.2. Thiét ké mé dun mach do SpO: kich thwéc nhé
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Hinh 7. So do6 khéi chire ning ciia mé dun do SpO2
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Hinh 7 mé ta so dd khéi chirc ning cia mé dun do
Sp0,. Co so danh gia d6 bao hoa oxy trong mau lién quan
dén Hb va HbO, dua trén viéc do mirc do hép thu cda 2
thanh phan ndy voi anh sang. Vi vay bude song 660nm (do)
va 940nm (hong ngoai) duoc st dung boi 1€ tai hai bude
song nay su khac biét vé kha ning hap thu anh sang cua

HbO; va Hb 1a 15 rang nhét. Do d6, LED d6 va LED hdng
ngoai duogc chon st dung trong nghién ctru. Hai LED nay
dugc kich ddn mot cach luan phién nho vao khéi diéu khién
“LED Driver Circuit”. Khoi nay dua vao cac tin hi¢u tham
do mirc DC tai cam bién “Photodiode” hdi tiép dé ting
giam cudng d6 dan cta 2 LED, sao cho mic DC thu dugc
1a xdp xi bang nhau. Cam bién photodiode c6 chirc ning
nhan cac hat photon phan xa tr hai LED va san sinh ra cac
hat dién tt tu do dé tao nén dong dién 6 ngd ra. Dong dién
nay dugc khéi “I/V converter” chuyén thanh dién ap dé
khdi ADC (Analog Digital Converter) ciia vi diéu khién c6
thé doc duoc. Tuy nhién, tin hi€u dién ap & ngd ra bd “I/'V
convert” van con qua nho va bi tac dong bdi nhiéu, do vay
chua thé dua tryc tiép dén MCU dé 1dy mau ma can phai di
qua cac b loc va khuéch dai trude khi dén MCU. Cac khdi
b loc thong thap (LPF) va thong cao (HPF) s& lam nhiém
vu loc tin hi¢u tai ngd ra khéi “I/V convert” trong dai thong
tir 0,5Hz dén 5Hz tuong tng véi dai nhip tim kha rong tir
30 dén 300 nhip/ phtt. Luc nay tin hi¢u da dugc loai bod
phan 16n nhiéu va c6 thé dugce 1dy miu tai MCU nho vao
hai bo chuyén dbi twong tur sang sé6 ADCO va ADCI. Cac
gia tri léy mau thu duge 1an luot duoc su dung cho muc
dich diéu chinh c4n bang DC cua hai LED phat tai hai budc
song va dé tinh gia tri SpO,. Két qua cua viée tinh toan s&
duoc thé hién day du trén man hinh hién thi “Display”. Ly
thuyét tinh toan cac khdi mach chtc ning ciing da duoc
gidi thiéu chi tiét trong nghién ctru trude day [8].
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Hinh 8. So do thiét ké mach cu thé cho cdc khéi chire ning

Dé phu hop vai kich thude ciia mot chiée vong deo tay
nho gon, bo mach dugc thiét ké véi kich thude 55mm x
35mm nho vao viéc Iua chon cac linh kién dién tré, tu dién
v6i kich thudc siéu nho 10x05 mm (04x02 inch) va st dung
cong ngh¢ thi cong 4 16p.

Hinh 10. Bo mach thiét bi va module cam bién dugc tich hop
ngay trén thiét bi deo co tay
2.3. Xdy dung giao dién website theo doi tir xa

Tinh ning theo ddi cac thong sb stic khoe tir xa ciia thiét
bi rt can thiét. Vi vy nhom tac gia ciing da xdy dung mot
hé théng website dich vu cho phép ngudi dung ciing nhu
ngudi nha c6 thé theo doi tir xa tinh trang strc khoe clia ngudi
deo thiét bi qua giao dién website nay. Viéc giam sat tir xa
thong qua website yéu cau phai thé hién duoc chinh xac cac
thong sb strc khoe va than thién véi nguoi dung thong qua
viée sir dung hiéu qua cac biéu dd, do thi thong ké truc quan.
Trong nghién ctru truée ddy [9], nhom tac gia cling da dwa
ra mot s bd thu vién md ngudn mé nhu Google Chart,
Morris, ChartKit, Flot, NVD3, Rickshaw, Xcharts,
Elycharts, ... dé hd trg thyuc hién tinh ning nay.

Dt liéu sau khi dugc thu thap va xtr 1y tinh toan tir bo
mach thiét bi s& dugc gui dén co so dit liéu cua may cha
thong qua mot thiét bi co két ndi internet. Thiét bi do nay
s& giao tiép khong day véi thiét bi c6 két ndi internet do.
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Dir li¢u dugc gui dén nay phuc vu cho viéc tao dung nén
céc biéu do trén website. Hinh 11 thé hién mot phién ban
website cho phép hién thi mot trang thong tin stc khoe ciia
mdt bénh nhan véi ddy du cac thong tin strc khoe nhu nhip
tim, muc do bdo hoa oxy trong mau, huyét ap tdm thu,
huyét 4p tim truong, nhiét do co thé, ndng do dudng trong
méu. Mot biéu dd nhip tim dugc tao dung trén dir li¢u do
duoc tir thiét bi cling duoc thé hién rét truc quan cho chung
ta biét d6 sau va déu dan cua nhip thd, v.v...

wwearn. TIAKE 7B CIMASL TR (IR O] e 0 S50 e, [ burgebaird

Cac thong sé stc khae theo théi gian thue

..... .,,

75 mmHg 37°C 9.2 mmoliL

Hinh 11. Sir dung cac bo thu vién ma nguén mo tgo nén nhitng
website giam sat surc khoe tir xa voi giao dién dep mat va tinh
twong tdc nguoi dung cao

3. Thye nghi¢m va két qua

Str dung bo mach thiét bj va cam bién phan xa do SpO;
do tai c6 tay, nhom tac gia da tién hanh khao sat do dat tin
hiéu thu duoc tai ngd ra ciia bo chuyén d6i I/V va tai ngd
ra sau cung khi dd qua cac bo loc va khuéch dai. Tai ngd ra
bd chuyén ddi I/V, tin hiéu dién ap thu duoc rit bé vai bién
d6 dién ap AC chi duéi 10mV, chira nhiéu nhidu rat kho dé
xac dinh. Tuy nhién, tin hi¢u thu duogc tai ngd ra cudi da
loai bé gan nhu cac nhidu va hién thi kha rd nhu Hinh 12
(bén phai). Tai day bién do dién ap AC dat x4p xi vai trim
mV, di dé bdo ADC12 bit véi sai s6 lwong tir 1a (2,5/4096)/
2 =0,3mV ctia MCU c6 thé doc duogc chinh xac.

Hinh 12. Thuc nghiém do dat trén thiét bi véi tin hiéu tNhu dwroc
truedc (trdi) va sau (phai) khi di qua cac bo loc nhiéu va
khueéch dai

Hinh 13. Két qud thu dwoc tai ngé ra cudi khi LED dé sang
Do dac dap tng tin hiéu SpO, cia LED d6 va LED hdng
ngoai, ching ta c6 hai bién d dap ung khac nhau. Trong
truong hop chi c6 LED do, véi dang song ngd ra dugc thé
hién trén Hinh 13, tin hi€u sau khi di qua cac cam bién dén
cac bo loc va bd khuech dai cho ra két qua nhu sau:

Muc dién ap DC : Dao dong xung quanh murc dién ap 1,65V

Miic dién ap AC : Xap xi 220mV

Tén sd tin hiéu : 0,8Hz

Nhiéu tin hi¢u : Rét it

Con trong chu ky chi co LED hong ngoai sang, voi dang
song ngd ra dugc thé hién trén Hinh 14, thi két qua thu
duogc co chat khac biét nhu sau:

Muc dién ap DC: Dao dong xung quanh murc dién ap 1,65V
Miic dién ap AC: Xéap xi 250mV

Tén sd tin hiéu: 0,8Hz

Nhiéu tin hiéu: Con gon nho nhiéu

b= 0]

Hinh 14.. Két qua thu duoc tai ngo ra cudi khi LED
hong ngoai sang

Céc két qud trén cho thdy dién 4p trung binh dinh dinh
cua tin hi¢u sau khi qua cac bd !(_)c va khuéch dai 1a 220mV
(d6i v6i LED do) va 250mV (doi véi LED hong ngoai). Tin
hiéu ngd ra cudi thu duoc kha rd rang va c6 thé lay mau tot
v61 by ADC 12bit. Theo [15], phuong trinh tuyen tinh xap
xi tinh SpO, dugc do theo phuong phap Pulse Oximetry —
SpO; ¢6 thé vict lai nhu sau:

SpO, =110 — 25 (R/IR) (%) (*)

Trong do, R/IR 1a ty s6 tin hiéu do duge gitta tin hiéu
thu duqc khi phat LED’dé voi tin l}iéu thu dugc khi phat
LED hong ngoai. Ty s0 nay c6 thé dugc dinh nghia bdi
phuong trinh sau:

R ACy
IR~ ACj;

V6i ACr 1a thanh phan AC duoc trich ra tir tin hiéu do
dgqc khi LED dé bat. Tuong tu ACr c6 dugc khi LED
hong ngoai bat.

Dit liéu tr tin hiéu sau khi duogc léy mau dugc xur 1y tinh
toan theo phuong trinh (*) dé tinh dugc gia tri SpOa. Két qua
cudi cting ctia qua trinh tinh toan dwoc hién thi 1én man hinh
ctia thiét bi. Sau mdi 25s gia tri hién thi lai duoc cap nhat.

bé danh gia do chinh xac Kkét qua do cua thiét bi, mot
bo mach chuan do SpO; ciia hing Texas Instruments (TT)
duoc dé xuét s dung. Hién tai hang da c6 2 KIT phat trién
(Evaluation Module) hd trg do SpO str dung chip chuyén
dung AFE44xx la AFE44x0 SpO, EVM va AFE4403
Watch EVM. Bang 2 thé hién su so sanh tinh ning va gia
thanh giira thiét bi cua dé tai v6i 2 thiét bi trén ctia TI. Pap
ung dugc tiéu chi do SpO, theo phuong phép phan xa anh
sang va gia thanh chap nhan dugc, thiét bi AFE44x0 SpO2
EVM duoc lva chon dé 1am bo mach chuén.
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Bdng 2. So sanh tinh nang va gid thanh giita thiét bi dé ti voi
cac KIT phat trién cia hang Tl

Tinh nin Thiét bido | AFE44x0 SpO: | AFE4403 Watch
! Bl ciia dé tai EVM EVM
Phuong , . . . , . 2
phép do bo ph;an xa tai | Po ph;an xa tai | Do phan xa tai co

Sp0» cO tay cO tay tay
Do nhip tim, Do nhip tim, |Po r}hip tim, cam
Tinh ning [ hd trg theo ddi | giao dién ngudi | bién gia toc 3
khac tir xa trén dung trén may | truc, bd nhd 256
website tinh (GUI) Mbit Flash, GUI
HOtrg giao) my ciooth 2.0 | UsB20 | USB20. BLE,
tiép SPI
Loai thiét bi Deo tay Dé ban Deo tay
Gia thanh $99¢ $149 $299

“HE7- Gig dy kién

Két qua trung binh da 1am tron do bai thiét bi ctia dé tai
dem so sanh voi ket qua do dugc khi sir dung KIT phat trien
Pulse Oximeter (AFE44x0 SpO2 EVM) cua hang TI, muce
phan tram sai léch dugc tinh theo cong thirc sau:

|(Két qua thiét bi — K&t qua bo mach TI)|

Sai léch = —
: Két qua bo mach T1

x100%

Bing 3. So sdanh két qua do dirge gitka thiét bi ciia dé tdi véi

bo mach TI

[ ] Tromaro [0
T | Ma 5
T HR | sp0: | HR | spo: | HR | spo:
1| Nl 64 90 60 89 6,7 1,1
21 N2 72 94 68 90 5,9 4,4
31 N3 96 97 100 99 4 2

“Ma”: Ma tinh nguyén vién

Nhin vao két qua bang trén, két qua ctia thiét bi dé tai
¢6 muc sai 1éch cao nhat so véi bo mach chuén cua hang
TI 1a 6,7% khi do nhip tim va 4,4% khi do SpO,. Pay la
cac mure sai 1éch c6 thé chép nhan dugc, van dam bao duoc
muc tiéu hoat dong cua thiét bi theo ddi 1a phat hién cac
truong hop dot bién bat thudng vé nhip tim va SpO,.

4. So sanh danh gia

Dé ¢ su nhin nhan khach quan vé kha nang thwong mai
cuia thiét bi dé tai va 1a co so cho nhitng thay ddi cai tién
cho phién ban tiép theo, nhom tac gid da khao sat va duara
mot ban so sanh ve€ hi¢u ndng, do phirc tap va gia thanh cua
thiét bi dé tai voi cac san pham thuo’ng mai khac.

Béng 4 da dua ra sy so sanh vé hiéu ning, d6 phuc tap
va gi4 thanh gitra thiét bi ctia dé tai v6i cac san pham thuong
mai khac cé tinh nang do SpO> 1a Pulse Oximeter ctia hang
Activ8rlives (bdt dau ban trong nam 2016), Withings Pulse

02 cta hang Withings (ndm 2015), Fingertip Pulse
Oximeter ciia hang ChoiceMMed (nam 2015), MightysatRx
cta hang Masimo (ndm 2015). Qua bang trén, thiét bi cua de
tai c6 loi thé 1a deo va do SpO, ngay tai ¢d tay ma khong can
phéi thao ra do tai dau ngoén tay nhu ctia nhitng hang khac
(day chinh 1a mot phan ndi dung ciia giai phap méi ma bai
béo dé xuét). Tuy nhién, thiét bi o sy thua kém so véi cac
san phim con lai vé hiéu nang va gi4 thanh. Do vdy, dé dua
thiét bi ra thi truong tiéu dung thi cdn phai c6 nhiéu thay dbi
cai tién mai cho nhimg van dé han ché trén.
Bang 4. So sanh tinh nang va gia thanh giita thiét bi dé tai voi
cac san pham do SpO: thwong mai khac

Hiéu ning | D§ phire tap | Gia thanh
Do nhip tim (HR
Str dung Pin| - heart rate),
Thiét bi do cia sac, do lién | SpO2. Cam bien 999513
PO .z (Gid du
de tai tuc trong doSpOatai co -4
N X kién)
vai ngay | tay, ho trg theo
doi qua Website
Do HR, Sp0O2. | 55.82 USD
Pulse Sit dung 2 Cakrn ble’n do tai htt_p://vs_/ww.a
. . dau ngon tay. | ctiv8rlives.c
Oximeter - Pin 1.5V, x <. .
. . - Ho trg theo doi | om/devices/
Activ8rlives do khong A .
im2016) | lientue | 9uadién thoai | pulse-
(niim ; thong minh va | oximeter.ht
qua website ml
bo HR, SpOg,
St dune Pin Calo. Cam bién  99.95 USD
e g P o SpO: tai dau | http://www.
Withings Pulse | sac, do lién . ha thi
02 (nim 2015) | tuc trong 2 neon tay,. O trg| withings.co
" tuin theo doi qua |m/us/en/prod
dién thoai thong | ucts/pulse
minh
Fingertip Pulse| Strdung1 | Do HR, SpO2.
Oximeter — Pin 1.5V, Cam bién (jo \3}3}'\2}9;5;2])0
ChoiceMMed | mdi lando | SpO: tai dau n.com
(nam 2015) can 40mA ngon tay '
Sudung2 | DoHR, SpO..
MightysatRx - | b 1.3V | cambiendo i} 500 g,
. do khong | dau ngodn tay.
Masimo A X ~. | www.amazo
(nim 2015) lién tuc, do | HO tro theo doi neom
khoang qua dién thoai )
1800 lan thong minh

5. Két luan

Bai bao d nghién ctru thiét ké dugc thiét bi deo tay do
noéng do oxy trong mau bang phuwong phap phan xa anh
sang, dam bao cac dic diém vé do nho gon, vi tri deo thudn
loi, tich hop phan ctng hd tro truyén dit liéu khong day dén
thiét bi c6 két noi internet.

Két qua thuc nghiém cho thdy, bién d6 tin hiéu dinh
dinh tai ngd ra cubi thu dwoc trong cac chu ky LED d6 va
LED hong ngoai sang lan luot 1a 220mV va 250mV, va
dang song ngd ra nay rét rd rang. Thiét bi cho két qua do
c6 d6 sai léch so véi bo mach chuan 1a 6,7% (khi do nhip
tim) va 4,4% (khi do Sp0O,). Viéc dit cam bién tai cd tay
gitip ngudi ding tranh su bét tién trong sinh hoat hang ngay
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nhu 13 khi deo tai cac vi tri diu ngon tay, dau ‘ngon chan,
miii, v.v... Pong thoi bai bao ciing dd dé xuit moét mau
website d;ch vu di kém v6i viée st dung thiét bi. Website
nay thé hién cac thong sd suc khoe duoc giam sat tir xa
dugc thiét ké d& dang nho vao cac bo thu vién vé biéu dd
ma ngudn mo.

Thiét bi ctia dé tai dua ra giai phap do va vi tri do thuan
tién hon so véi cac thiét bi thuong mai khac, tuy nhién vé
gi4 thanh va hiéu nang st dung van con chua bang.

Nhiém vy tlep theo cuia nghién ctru nay 1a phat trlen phan
nhiing giao tiép khong day dén thiét bi <o két ndi internet
nhu dién thoai, gop phan vao viéc truyen dir liéu lén web
server, dong thoi tiép tuc nghién ctru cai tién bai toan vé ning
lwong dé thoi gian str dung thiét bi duoc 1au hon.

Loi cam on

Nhom tac gid xin chan thanh cdm on sy giup dd badi
céc thanh vién ciia Trung tdm Xuat Sic — Truong Pai
hoc Bach khoa — Pai hoc Da Nang, vé nhitng chi dan tan
tinh ciing nhu sy hd tro tdi da trang thiét bi, co s vat
chét, phong thi nghiém dé nhom c6 thé thyuc hién duoc
nghién ctru nay!
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