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Abstract. The development of non-contact health monitoring systems is becoming
increasingly essential in remote healthcare and early intervention support. In this paper, we
introduce HealthCam, a respiratory rate monitoring system using a Raspberry Pi 5 combined
with a 3.5-inch LCD and a webcam to capture real-time video. The HealthCam system
identifies the shoulder—chest ROl using MediaPipe Pose, extracts respiratory signals through
landmark displacement and optical flow, applies bandpass filtering (0.1-2.0 Hz), and uses
multi-method peak detection, including adaptive thresholding, Hilbert phase, and derivative-
based methods, to calculate BPM. By integrating edge computing, Firebase data
synchronization to an authenticated web dashboard, and a dual-chatbot system (Typebot for
surveys and Groq API for Al consultation), users can observe four charts: respiratory rate per
minute, breath count over the measurement period, average respiratory rate per minute, and
average breathing cycle. HealthCam supports time-based filtering (day, week, month, and 1—
2 years) and user profile storage. Validation over 50 measurement sessions showed a Pearson
correlation coefficient of r = 0.96 compared with the manual counting method, demonstrating
stability under different conditions. The proposed solution offers advantages in low cost, ease
of deployment, real-time operation, and Al integration to support early detection and
personalized respiratory management, providing high practical applicability.

Keywords: non-contact monitoring, Raspberry Pi, respiratory rate, MediaPipe, Firebase, Al
chatbot.
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Tom tit. Viéc phat trién hé thong giam sét sic khoe khdng tiép xtic dang tré nén cap thiét
trong cham soc y té tir xa va hd trg can thiép sém. Trong bai béo nay, chiing toi giéi thiéu
mot hé thong HealthCam giam sat nhip thé sir dung Raspberry Pi 5 két hop webcam dé thu
video thoi gian thuc. Hé théng HealthCam xac dinh ROI vai-nguc qua MediaPipe Pose, trich
xuat tin hiéu hd hap bang dich chuyén landmark va ludng quang hoc, ap dung loc bandpass
va phéat hién dinh da phuong phap dé tinh BPM. Thong qua viéc két hop dién toan bién, dix
liu ddng bo Firebase 1én dashboard web véi xéc thuc, va chatbot kép, nguoi stir dung cé thé
quan sat bon biéu do: nhip the mdi phut, sé nhip thé theo thoi gian do, trung binh nhip tho
mdi phat, va chu ky tho trung binh. HealthCam hd tro loc theo thoi gian va luu trit hd so
nguoi dung. Viéc kiém chimg trén 50 phién do cho thay hé sb tuong quan Pearson r = 0.96
s0 véi phuong phap dém thu cong va do 6n dinh trong cac diéu kién khac nhau. Giai phap dé
xuit c6 loi thé vé chi phi thap, dé trién khai, kha niang chay thoi gian thuc cling véi viéc tich
hop Al hd trg phét hién sém va quan ly hd hap c4 nhan héa mang dén tinh ang dung thuc
tien cao.

Tir khoa: giam sat khong tiép xuc, Raspberry Pi, nhip thé, MediaPipe, Firebase, chatbot Al.
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1. PAT VAN PE

Céc phuong phap truyén théng nhu day dai do bién dang 1d6ng nguc, cam bién ap luc hoic
thiét bi do luu luong khi tuy dat d6 chinh x4c cao nhung thuong gay kho chiu, han ché chuyén
dong tu nhién va kho &p dung trong giam sat dai han tai cong ddng [1]. Trong nhitng ndm gan
day, cac nghién ctru do nhip thd khong tiép xuc dua trén thi giac may tinh da nhan duoc nhiéu
su quan tdm, dic biét 1a cac phwong phép sir dung ludng quang hoc (optical flow) hoic phan
tich chuyén dong ving nguc—vai tir dir liéu khung xuong (pose landmarks). Vi du, mot s6
nghién ctru di khai thac chuyén dong ving than dé udc lwong nhip thd [2], trong khi cac phuong
phép phan tich tin hiéu hinh anh cho giam st hd hip ciing duoc dé xuat [3]. Tuy nhién, cac
phuong phéap hién tai van ton tai mot s6 han ché nhu nhay véi chuyén dong toan than, phu thudc
manh vao chat luong viing quan tim (ROI — Region of Interest, viing quan tam), hoic thiéu kha
nang van hanh tryc tiép trén thiét bi nhang chi phi thap. Cac cng trinh gan day da phat trién
nhiéu phuong phap do nhip thé khong tiép xtc dya trén camera, bao gém sir dung RGB camera
dé trich xuét nhip tho [4], phan tich hé théng giam sét tir xa cac chi s6 nhu nhip tha, nhip tim,
huyét &4p va SpO2 [5], camera d6 sau (depth camera) dé theo ddi nhip tha robust [6], fusion
multispectral video cho nhip thd va apnea [7], cling nhu giam sat nhip thd trong moi truong gay
mé khé khin bang depth camera [8]. Ngoai ra, cac nghién ctiu tong quan va tng dung vé do
ludng sinh 1y khéng tiép xtc bang camera [9,10] va trong mdi trudng nhidu [11] da chi ra tiém
nang 16n cua cong nghé nay cho giam sat cac chi s6 su sdng. Tuy nhién, it cong trinh xay dung
hé théng hoan chinh trén thiét bi nhdng chi phi thap véi tich hop edge computing, dong bo dam
may va Al hd trg.

Bén canh do, phan 16n cc cong trinh trude day chu yéu tap trung vao thuat toan xu ly tin
hiéu ma chua xay dung duoc mot hé théng hoan chinh bao gdm thu thap dir liéu tai bién (edge
computing), dong bé dam may, hién thj dashboard (bang diéu khién) truc quan va tich hop tro
ly Al nham hd tro giai thich két qua cho nguoi ding cudi [12]. Biéu nay lam giam kha niang
g dung thuc té trong cac mdi trudong nhu gia dinh, ky tic x4 hodc cac nghién ctu thuc dia.
Xuit phat tir c4c han ché trén, nghién ciru nay dé xuat HealthCam — mot hé thdng giam sét nhip
tho khong tiép xtc st dung Raspberry Pi 5 két hop webcam va man hinh cam @ng 3.5-inch. Hé
thdng sir dung MediaPipe Pose dé xac dinh viing vai-nguc, trich xuét tin hiéu hd hap théng qua
dich chuyén landmark va phan tich dense optical flow, sau d6 ap dung cac budc xur ly tin hiéu
va phat hién chu ky thd dé udc lwong nhip thé theo thoi gian thuc. Dit liéu do dugce dong bo
Ién nén tang Firebase dé hién thi trén dashboard va hd tro tu van thong qua chatbot Al. Hé thong
HealthCam duoc thiét ké dua trén bon tidu chi chinh: (1) do chinh xac va on dinh trong moi
truong thuc té, (2) kha nang van hanh thoi gian thuc trén thiét bi nhang chi phi thap, (3) bao
mat dir liéu nguoi dung thdng qua xé&c thuc va phan quyén, va (4) kha ning ma rong cho cac
ng dung cham séc stic khoe ca nhan hoa. Céc noi dung tiép theo cua bai béo trinh bay chi tiét
thiét ké phan ctng, pipeline xu 1y tin hiéu, kién tric hé théng va danh gia thuc nghiém.
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2. PHUONG PHAP NGHIEN CUU

2.1. Phin citng

Hé théng HealthCam dwoc trién khai trén nén tang nhiing Raspberry Pi 5, cho phép xir ly
video thoi gian thuc véi muc tiéu thy dién ning thap (5-7 W), phu hop cho cac méi trudng han
ché ngudn cap [13]. Thiét bi chay Raspberry Pi OS Lite 64-bit nham téi vu tai nguyén cho tac
vu thi gidc may va mé hinh hoc sau nhe. Man hinh LCD cam ng 3.5-inch (480 x 320 pixel,
giao tiép SPI/12C) dugc tich hop truc tiép va giao dién diéu khién dugc xay dung bang Tkinter,
cho phép van hanh hoan toan qua cam tng ma khong can thiét bi ngoai vi [14]. Hé théng st
dung webcam USB chuan V4L2 véi toc d6 30 FPS va do6 tré dudi 50 ms, phi hop cho nhén
dang chuyén dong ving nguc-bung trong bai toan do nhip thé khdng tiép xdc. Dit lidu duoc
truyén qua Wi-Fi 6 hoic Ethernet Gigabit Ién Firebase Realtime Database va hd trg tich hop
Groq API cho chac nang tu van. Thiét bi ding nguén USB-C 5 V-5 A, luu trit bang the
microSD 64 GB, va vo dugc in 3D bang PLA véi chan dé diéu chinh goc camera. Hé thong
duoc téi wu dé duy tri tée do xur Iy thyc té tir 27—32 FPS trén Raspberry Pi 5, dap ung yéu cau
thoi gian thuc cho bai toan giam sét nhip tha khong tiép xuc. Thiét bi ¢ khdi lugng dudi 350
g, kich thuéc 12 x 8 x 6 cm, ¢d thé hoat dong doc 1ap ma khdng can may tinh di kém, phu hop
trién khai tai gia dinh, tram y té co s va cac nghién ctu thuc dia (Hinh 1).

o i

(b)

Hinh 1. C4u hinh phdn cimg va ciu tric co khi ctua hé théng HealthCam. (a) Hé thong HealthCam thuc
té gdm Raspberry Pi 5, webcam USB, man hinh LCD cam {ng 3.5-inch va vo thiét bi in 3D v&i chan
dé diéu chinh goc quan sat. (b) M6 hinh 3D cac khdi cau thanh thiét bi: (1) khéi vo trudc, (2) khéi vo
sau, (3) tru dé dung, (4) khdi nang ha chiéu cao, (5) thanh cb dinh d6 cao, va (6) khéi ga camera phia

trén.

2.2. Phin mém

2.2.1. Xw ly tin hiéu ho hé'p thoi gian thuc trén thiét bi nhing

Hé théng duoc trién khai trén Raspberry Pi 5 chay Raspberry Pi OS 64-bit, st dung Python
cung cac thu vién OpenCV, MediaPipe, SciPy va NumPy. Kién triic da ludng hd trg truyén dir
liéu qua hang doi gitp duy tri tbe d6 xu ly thuc té tir 27-32 FPS va d6 tré dudi 40 ms mdi khung
hinh trén Raspberry Pi 5. Hinh 2 trinh bay luu d6 giai thuat do nhip thg, trong d6 qua trinh bt
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dau bang viéc nhan dang cac méc giai phau cua MediaPipe Pose va xac dinh tdm ving quan
tam (ROI) tir trung diém hai vai theo cong thic:

c = L11;L22 1)
Chiéu rong ROI duoc thiét 1ap bang 1,6 1an khoang cach hai vai:
W =16 L11 — Lz || (2)

Chiéu cao ROI dugc x4c dinh theo khoang cach vai — héng nham bao dam ving quan sat
lubn bao phu dao dong nguc-bung trong nhiéu tu thé khac nhau. Sau khi xac 1ap ROI, hai
ngudn tin hiéu hd hap doc lap dugc trich xuat song song. Tin hiéu thi nhat dya trén dao dong
doc cua hai vai, trong d6 vi tri theo truc y duoc tinh bang trung binh hai vai:

Yshoulder(t) = M (3)

Pé giam nhidu do chuyén dong toan than, hé thdng sir dung thém co ché kiém tra do tin
ciy pose (pose confidence) va do on dinh landmark. Khi phét hién bién thién 16n bat thuong
vuot qua ngudng MAD trong ctra s6 ngan, cac khung hinh twong tng sé& bi loai khoi qua trinh
tinh chu ky th. Ngoai ra, dé xir ly cac tinh huéng mat landmark tam thoi do quay ngudi, cUi
xuéng, hoac vat can che khuat viing nguc (vi du: tay che, 40 khoéac day di chuyén), hé théng ap
dung co ché temporal persistence cho ROI. Cu thé, néu landmark vai trai/phai (leftspourder VA
rightsnoulder) CO Visibility < 0,5 hodc khong dugc phét hién (results. posejandmarks 1S None
hoac landmark.visibility thap), hé théng giit nguyén toa d6 ROI (x1, y1, x2, y2) tir khung hinh
gan nhat c6 pose hop 1&. Co ché nay duoc gisi han chit ché dé tranh trdi ROI (RO drift) khi
ngudi dung thay doi tu thé manh: ROI chi dugc duy tri tdi da 12 khung hinh lién tiép (tuong
duong khoang 0.4 gidy ¢ toc d6 xir ly thuc té 27-32 FPS). Néu mat landmark vuot qué ngudng
nay, phién do dugc danh dau I1a khéng hop 1& (invalid session), hé théng tam dirng tinh toan
BPM, hién thi canh bao trén giao dién Tkinter ("Vui ldng ngdi thang, giit viing nguc rd rang
trugc camera') va yéu cau nguoi dung diéu chinh tu thé dé tiép tuc do. Co ché temporal
persistence giup duy tri tinh lién tuc tin hiéu trong cac gian doan ngan (< 0,5s), dong thoi ngin
chan tich lity 16i dai han. Trong thuc nghiém trén 50 phién do ban dau, ty I phién bj invalid do
mét ROI kéo dai chi chiém khoang 7,7% (twong ng voéi ty 16 ROI hop 1é 92,3%), chu yéu tir
cac truong hop quay ngudi dot ngot hodc che khuat hoan toan ving nguc.

Bén canh d6, dé xir ly cac chuyén dong toan than du nho nhung gay bién thién tin hiéu lon
(vi du: ngdi khong yén, cir tay nhe, rung nhe co thé), hé thong ap dung co ché “MAD-based
outlier rejection”. Co ché nay hoat dong trén cira s6 truot ngan (5-10 khung hinh): tinh median
absolute deviation (MAD) cua tin hiéu két hop; bat ky bién thién nao vuot qua ngudng 3*MAD
s€ dugc coi la outlier va khung hinh twong ung bi loai khoi qua trinh phéat hién dinh/chu ky hé
hap. Phuong phéap nay loc dugc nhiéu I6n ma khong anh hudng dén bién d6 hd hap nho (thuong
<5 pixel/frame). Két hop véi viéc trir vi tri miii (cong thic (4)) dé loai bo dao dong dau, hé
théng giam dang ké anh huong caa chuyén dong khdng lién quan. Trong thuc nghiém trén 50
phién do, co ché nay gilp giam sai sé BPM trung binh 12—18% trong cé4c phién c6 chuyén dong
nhé, so vai phién ban khdng ap dung “outlier rejection”. Bo bén viing duoc chang minh qua ty
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16 IQR,orm < 0,5 & 81% phién hop 1é, ngay ca khi c6 nhidu chuyén dong nhe. Dao dong dau
duoc loai bo bang cach trir vi tri mili, tao thanh tin hiéu landmark:

51(t) = Yshoulder (£) — Yo (t) (4)
Tin hiéu thi hai m6 ta chuyén dich thang ding caa ROI giita hai khung hinh lién tiép:
$2(t) = Yroi1(t) — Yro1(t — 1) )

Hai tin hiéu nay duoc két hop tuyén tinh véi trong sé hiéu chinh nhim ting d6 nhay véi
dao dong nho caa thanh nguc:

s(t) = wysi () + wys,(t), wi + wy =1 (6)

Trong thuc nghiém, céc trong sé duoc thiét 1ap ¢ dinh véi wy= 0,7 va w, = 0,3 nhim wu
tién tin hiéu “landmark displacement” vén 6n dinh hon trong diéu kién anh sang yéu, trong khi
optical flow giup ting d¢ nhay vai cac dao dong nho cua thanh nguc. Viéc lya chon nay dya
trén thir nghiém so bo trén nhiéu phién do va cho thdy d6 6n dinh chu ky cao hon so véi cac
cau hinh trong sé khac. Cac gia tri nay duoc chon duya trén danh gia do 6n dinh chu ky hé hap
thong qua chi s6 IQR o (ty 6 gitra IQR va median cua khoang céch giita cac dinh phat hién),
véi cau hinh 0,7/0,3 cho két qua IQR,,,rm trung binh thap nhat (< 0,5 & khoang 81% phién do
hop 18). Hé thdng khdng sir dung trong sé thich nghi theo diéu kién do (vi du: dua trén do séang
hodc do bién thién tin hiéu) nham giam do phac tap tinh toan va dam bao tdc do xu ly thoi gian
thuc 6n dinh trén Raspberry Pi 5 (27-32 FPS). Tin hiéu dugc luu trong cira s6 20-60 gidy dé
xt ly theo 18. Pipeline tién xir Iy bit dau bang viéc loai bé xu hudng tuyén tinh:

Sd(t) = s(t) — §1inear(t) (7)
Sau d6 tin hiéu dugc loc median cta sé6 ba mau:
S, (t) = median{s,(t — 1),s4(t),s4(t + 1)} (8)

Tiép theo, 1am muot bang bd loc EMA:
Se(t) = asy,(t) + (1 —a)s,(t —1),a = 0.05 9)

Tin hiéu sau d6 duoc noi suy va tai lay mau déu tai 30 Hz:
s,(t) = Resample(s,(t),30 Hz) (10)

Bo loc thdng dai Butterworth bac ba 0,1-2 Hz dwoc &p dung bang ky thuat loc hai chiéu
nham duy tri pha:

sp(t) = filtfilt(B, 4, s, (1)) (11)

Trong céc cong thic trén, y_ROI(t) biéu dién chuyén dich trung binh theo truc doc cua
viing ROI giira hai khung hinh lién tiép; 8jinear(t) 12 thanh phan xu huéng tuyén tinh duoc udc
luong bang hdi quy tuyén tinh trong cira s6 truot; o 1a hé s6 1am muot cua bo loc EMA; 0 1a
ngudng bién d6 duoc xac dinh dua trén do 1éch tuyét ddi trung vi; va k 12 hé sb diéu chinh duoc
chon thuc nghiém trong khoang 0,8 — 1,2 dé t6i wu do 6n dinh chu ky. MAD (median absolute
deviation — d6 léch tuyét dbi trung vi) duoc st dung dé phat hién céc bién thién bat thuong cua
tin hiéu va phuc vu chuan héa robust trong cong thtre (12). At biéu dién khoang thoi gian gita
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hai chu ky ho hap lién tiép dwoc phét hién tir tin hiéu da loc. IQR_norm 1a chi s6 danh gia do
6n dinh chu ky, duoc tinh theo ti s6 gitta IQR(At) va median(At), trong d6 gia tri nho hon thé
hién tin hiéu ho hap 6n dinh hon. Cubi cuing, chuan héa robust bang median va MAD duoc thuc
hién nhu sau:

sp(t)-median(sp)
1,4826 median(|sp(t)—median(sp)|)

Snhorm t) = (12)

Giai doan phat hién chu ky thé va wéc luong tan sb duogc trién khai qua ba nhanh doc 1ap.
Nhénh thir nhét sir dung phat hién dinh thich nghi véi khoang céch téi thiéu duoc xac dinh dong
dva trén:

Smin = k. IQR(At) (13)
Trong nhanh Hilbert, tin hi¢u giai tich dugc xay dung:
z(t) = Snorm(t) +j H {Snorm ()} (14)
Pha dugc trich xuét tur:
¢(t) = arg(z(1)) (15)
va dinh duoc phét hién tai cac diém thoa man:
diit) =0 A cos(¢(t)) <0 (16)

Nhanh thir ba st dung zero-crossing cua dao ham:
d
S,(t) = E Snorm(t) (17)

Chu ky dugc xac dinh tai thoi diém:
s'(t) = 0, Isnorm ()] > 6 (18)

Ba nhanh dugc danh gia bang d6 6n dinh chu ky:

1OR _ IQR(4t) 19
QRnorm = median(4t) (19
Nhanh c6 do 6n dinh cao nhat dugc chon dé tinh tan sb hd hap theo:
BPM = 60 20
" median(At) (20)
Khi tin hiéu bién thién manh, hé théng ap dung ctra s6 truot trong khoang:
Twindow € [5'5’ 60] S (21)

Toan bo pipeline tir trich xudt tin hiéu, tién xu ly, phat hién chu ky d&én wéc lugng BPM
duoc thuc thi theo thoi gian thuc trong 16p phan mém chuyén dung, bao dam do tré xu 1y ludn
duy tri dudi 40 ms mdi khung hinh. Cac budc xir Iy va cac cong thire twong wng trong pipeline
dugc minh hoa trong Hinh 2. Cu thé, giai doan x4c dinh viing quan tdm (ROI) sir dung céc cong
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thirc (1) - (2); giai doan trich xuét tin hiéu ho hap tir dit liéu landmark va ludng quang hoc tuong
g véi céc cong thire (3) - (5); viéc két hop hai nguon tin hiéu dugc thuc hién theo cong thirc
(6); giai doan tién xu ly tin hiéu bao gdom céc budc loai bo xu hudng, loc trung vi, lam muot
EMA, néi suy — tai lay miu va loc thdng dai theo céc cong thic (7) - (12); cudi cing, viéc phat
hién chu ky thé va ude lugng nhip thé dugc thuc hién theo cac céng thuc (13) - (21).

-

Khoi tao camera, MediaPipe
Pose, tham sé loc va buffer

Xac dinh vai
trdl/phal, mal MedlaPipe Pose Landmark
Detection ¢

tin higu

Chuén hoa robust bang
median & MAD {12)

Xac dinh ROI (vaingwc) (1),(2) - .
Tinh tam ROL: C = (L1 +L12) /2 Bt dhu vong 14p dgo khung pr—— - Nhdnh 1: “Phat hign dinh
Tinh W, H va cét viing nguc-vai hinh (while running) BPM (3 nnanh: Peak e Fytberd  |-re...CnON(13) iert
v l Loal xu huréng tuyén tinh ~ Zera-crossing) (143, (15), (16}
Nhénh 3: "Nhanh dao ha
Tin higu 1: Tinh tin higu landmark 510t ( : | 2 — {aetrend) (7} i Zorocrossing T, 18]
Dao dong vai (3),  f--------{ (dao dong doc hai vai trir
frir mi (4) > GT {4) mai) 9c khung hinh tir camer: Chon nhanh es IGR_norm
I nho nhét, 1Ay median(At) va |-« Panh gia IQR_norm (19)
tinh BPN = 60 / median(at) Chen nhanh c6
IQR_norm thép nhit

oc med
Tin higu 2; Tinh tin higu optical-flow ¥
Chuyén dich ROI (8) f--------- s2(t) (dich chuyén thang Chuyén a8i khong gian mau,
—> CT(5) ding trong ROI) dra khung hinh vao Lam muwot EMA (a = 0,05)
¥ MedlaPipe Pose T

K&t hop s1it), s2(ty - s(h) =
wi-s1+w2s2 (8)

Hién thi BPM Ién giao dign
vathogc ghi log / giri Firebase,

N9i suy & tai ldy miu v 30
Hz {10}
J' BPM = 60 / median(At) (20)

Chu ky trung binh
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Them méu sit) va thoi gian
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hinh, gice BPM <a
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Hinh 2. Luu d6 thuat todn udc lugng nhip tho ctia hé thong HealthCam.

2.2.2. Ung dung trén thiét b

Giao dién ng dung duoc phat trién trén nén Tkinter va CustomTkinter, t&i wu cho man
hinh cam wng 3,5-inch cua Raspberry Pi 5 nham bao dam kha ning thao tac thuan tién trong
moi truong thuc dia. Hé théng tich hop co ché ding nhap/dang ky bang Firebase Authentication
va hd trg ché do “offline fallback”, cho phép tiép tuc do va luu trit dir liéu tai chd khi mat két
ndi mang; toan bo dit liéu cuc bo s& duoc tu dong dong bo 1én may cha ngay khi két ndi duoc
khdi phuc. Trong ché do do, giao dién hién thi ludng video thoi gian thuc vai 16p phi ROI gilp
dinh vi chinh xac viing nguc—vai, dong thoi cap nhat gia tri BPM lién tuc theo thai gian thuc.
Mot biéu d6 matplotlib nhing trong Tkinter trinh bay tin hiéu hd hap hozc bién thién nhip th
trong 60 gidy gan nhat, hd tro nguoi dung theo ddi xu hudng mot cach truc quan. Ngudi ding
c6 thé tay chon thoi luong ghi do tir 20-60 gidy; sau khi hoan tat, dit liéu dwoc luu dudi dang
CSV va ty dong dong bo Ién Firebase Realtime Database khi tai khoan di dwoc xéc thuec.

Cac tién trinh nén duoc quan 1y thong qua co ché da ludng két hop véi nit Start/Stop va bo
xt ly su kién dong trng dung, giup giai phong an toan camera va pipeline pose estimation, tranh
hién tuong treo hé théng hoac ro ri tai nguyén. Bén canh do, giao dién dugc thiét ké véi bd cuc
don gian, phdng chir 16n va cac nat chirc nang rd rang, phu hop cho ngudi dung khéng chuyén
k¥ thuat va thao tac nhanh trong diéu kién anh sang hoic khong gian han ché. Giao dién thuc
té ciia tng dung duoc trinh bay trong Hinh 3.
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Hinh 3. Giao dién ing dung HealthCam trén man hinh cam ung.

2.3. Hé thong dam may va tu van Al
2.3.1. Kién triic web va co sé dii liéu

Hé théng trién khai kién triic web trén nén tang Firebase vai mo hinh serverless, khong yéu
cau may cha chuyén dung. Backend st dung Firebase Authentication dé xac thuc ngudi dung,
Firebase Realtime Database dé luu trit dit liéu do thoi gian thuc, va Cloud Functions dé xir ly
tac vu phia server nhu thong ké theo ngay/tuan/thang hoic tao canh bao bat thuong. Frontend
dugc xay dyng bang HTML5 va Bootstrap 5, tich hgp Chart.js 4.4 dé truc quan héa dix liéu va
DataTables dé hién thi bang thong tin vai tinh niang tim kiém, phan trang. Ung dung dugc host
trén Firebase Hosting, cho phép két néi truc tiép voi Authentication va Realtime Database ma
khéng can cau hinh ha tang phuc tap.

Co s dit liéu to chirc dang cdy: nhanh /data_nhiptho/{uid}/{timestamp} luu thong tin tiing
phién do (BPM, chu ky trung binh, sé nhip, thoi gian do); nhanh /users/ {uid}/profile luu hd so
ngudi dung dé hd tro phan tich va tu van chatbot ca nhan héa. Bao mat dugc dam bao qua
Firebase Security Rules voi diéu kién request.auth.uid == uid nham bao vé dir liéu stuc khoe
[15]. Dashboard cung cip bdn nhém biéu db chinh: nhip thé theo thai gian, phan bé BPM theo
ngay/tuan/thang, s6 nhip tha theo phién do, va xu hudng chu ky thé trung binh (Hinh 4).
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Hinh 4. Giao dién website va dashboard web cung cap 4 nhém biéu do chinh.

2.3.2. Chatbot tw vin sirc khée thong minh

Hé thong HealthCam tich hop chatbot hai 16p dé két hop tu van y khoa chuan héa véi phan
hoi Al thoi gian thuc, ca nhan hda dwa trén dit liéu do va hd so nguoi ding. Lop tha nhét sir
dung Typebot (self-hosted trén Railway/Vercel), cung cap kich ban hi thoai cé dinh da bién
soan va kiém duyét dé dam bao tinh chinh xac 1am sang [16]. Noi dung bao gom: giai thich sinh
ly nhip tha, ngudng nhip thd binh thudng theo do tudi (theo WHO va Bo Y té), mbi lién hé
gitta rdi loan nhip thd véi bénh Iy hd hip-tim mach, cac yéu té nguy co (thude 1a, béo phi, tu
thé ngu), va cac bai tap tha cai thién chirc nang ho hap. Lop tht hai sir dung mé hinh Llama-
3.3-70b-versatile (Meta Llama 3.3 70B) trén Groq Cloud dé xir Iy cu hoi mé véi do tré thap.
Truy van duoc guri qua endpoint https:/api.grog.com/openai/v1/chat/completions, tuan thu day
du cac tham sb API (model, messages, temperature, max_tokens, stream, ...). Thtr nghiém cho
thay thoi gian phan hi trung binh 0,9-1,4 gidy, nhanh hon dang ké so véi Llama 3.1 70B nho
t6i wu hoa ctia Grog. System prompt duoc thiét ké dong bo véi Typebot, nhic lai ngudng BPM
sinh ly, goi ¥ tham kham khi co dau hiéu bét thuong, va st dung ngdn ngit tu nhién, d& hiéu
cho nguoi 16n tudi. Giao dién hop nhét caa hai 16p chatbot dugc minh hoa tai Hinh 5 [17,18].
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Chao ban!!! Téi rdt vui duge hé trg ban vé cac
Chao ban! T6i ¢6 thé giup gi cho ban? Chao ban! Téi c6 thé giup gi cho ban? van dé lién quan dén nhip thd va hé hap. Ban

cén tim hiéu théng tin nao?
Théng tin vé Nhjp Thé va Cham Séc Stc Thong tin vé Nhip Thd va Cham Séc Suc
Khoe Khoe dao nay tdi khé thd nén 1am gi cho thd tét

hon ?
Chufc Néng Cuia Bot Chat Nhip thd la gi? Céc chi s6 quan trong?

Dé cai thién nhip thd, ban nén thir cac
Lién hé mua san phdm may do nhip thd MG lién hé gidfa nhip thd va céc bgnh Iy phuang phap sau:

1. Tap thd sdu: Thyc hanh hit vao sau qua
mai va thd ra ti tU qua miéng.

2. Tap thé duc thudng xuyén: Hoat dong
thé chét gitp tang cudng sufc khoe phéi
va tim mach.

3. Gilr méi trudng sach sé: Tranh 6 nhiem
khong khi va gilr méi truégng xung quanh
sach sé.

4., Udng du nudc: Giup gilr phdi va dusng
hé hap sach sé.

Néu kho thd kéo dai, ban nén tham khao y
kién cua bac si dé dugc tu van cy thé.

TRUONG & TU TRUONG & TU TRUO e gy

(D) Made with Typebot (0 Made with Typebot [0 Made with Typebot

Hinh 5. Giao dién thyc té cua chatbot HealthCam véi hai I6p Typebot va Grog Al Advisor hoat dong
song song trén nén web.

3. KET QUA VA THAO LUAN

3.1. Piéu kién va doi twong thir nghi¢m

Thir nghiém duoc tién hanh tir thang 9 dén thang 11 ndm 2025 véi tong cong 50 phién do
thu thap tir 40 tinh nguyén vién gdom sinh vién, nguoi truang thanh va mot s6 ngudi cao tudi
trong gia dinh nhém nghién ctru. Do ddc thit moi trudng dao tao, phan 16n ddi tuong 14 sinh
vién nam trong d6 tudi 21-23, diéu nay duoc xem la mot han ché cua nghién ctu va s& duoc
ma rong trong cac nghién ctu tiép theo. Sau budc kiém tra chat lugng dir liéu, cac phién do gap
13i nhan dién khudn mit tir Google Fit hodc c6 chuyén dong Ién gdy mat 6n dinh tin hiéu duoc
loai b6 khoi phan tich twong quan. Tap dit liéu cudi ciing dung cho danh gia dinh luong gom
26 phién do hop 18 va duogc sir dung dé xay dung céc biéu db trong Hinh 6.

Cac diéu kién thir nghiém bao gém nhiéu loai trang phuc (40 phéng, 4o so mi, 40 khodc
day), tu thé ngdi thang hoic nghiéng nhe (15-30°), khoang cach camera tir 0,6-1,2 m va cac
muc chiéu sang khac nhau nhu phong hoc (150-400 lux), phong Ky tuc xa budi t6i (40-80 lux)
va anh sang tu nhién gan cira s6. Ground truth dwgc xac dinh bang phuong phap dém thii cong
boi hai ngudi quan sat doc 1ap sir dung ddng hd bam gidy, két hop tham chiéu tir Google Fit
dya trén camera di€n thoai. Cac phién do co sai khac 16n gitra hai nguoi dém hoic Google Fit
khong tra két qua dugc loai khoi phan tich twong quan dé bao d¢am tinh nhat quén dit liéu. Do
mau thir nghiém chi yéu 1a sinh vién nam khoe manh (20-23 tudi), tap dir liéu chwa dai dién
day du cho cac nhom cé dic trung hd hip khéc biét nhu ngudi cao tudi hoac bénh nhan mac
bénh ly hd hap man tinh (COPD, hen suyén). Diéu nay c6 thé anh huong dén kha ning téng
quat hoa két qua va duoc thira nhan & phan 3.4. Ngoai ra, do han ché thiét bi y té chuyén dung,
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ground truth van c6 thé mang tinh chu quan do phu thudc vao dém thu céng va Google Fit
(khdng chuyén biét cho do nhip thd). Sai sb tiém an tir ngudn tham chiéu nay c6 thé anh husng
dén danh gia d6 chinh xé&c cua hé théng HealthCam; han ché nay duoc néu & phan 3.4 va s&
dugc cai thién trong céc nghién cau tiép theo bang thiét bi chuan nhu dai do 16ng nguc hoic
capnography.
3.2. Két qua chinh

Tap dit liéu phan tich cudi cing gdm 26 phién do tir sinh vién Truong Dai hoc Cong Nghiép
TP.HCM (d6 tudi chu yéu 20-23, bao gém ca nam va nit). Thoi luong do linh hoat theo thiét
ké wng dung (20, 25, 30, 35, 40, 45, 50, 55 hoic t6i da 60 gidy), véi phan 16n phién sir dung 30
gidy. Mdi phién thu thap ddng thoi ba ngudn dir liéu: Google Fit (tham chiéu gian tiép qua
camera dién thoai), hé théng HealthCam (xu ly video khdng tiép xtic), va dém thu cong bai
nhom nghién ciu. Mau thar nghiém c6 su da dang cao vé dic diém ngoai hinh va diéu kién do,
Vi 4 truong hgp mac ao day/hoodie, 3 truong hop deo kinh gay phan xa anh sang nhe, va 2
truong hop ngdi nghiéng khoang 15-30° so véi truc camera. Trong 26 phién do duoc sir dung
cho phan tich dinh lugng, hé thdng dat ty 18 ROI hop 18 100%. Khi xét toan bd 50 phién do ban
dau, ty 1& phét hién ROI trung binh dat 92,3%, chu yéu bi anh hudng bai cac trudng hop quay
ngudi hoidc che khuét viing nguc. Trong 50 phién do ban dau, c6 2 phién Google Fit khdng tra
két qua do 15i nhan dién khubn mit; cac phién nay dugc loai khoi phan tich twong quan nhung
van duoc sir dung dé danh gia d6 6n dinh ROI va tdc do xir ly hé théng. Biéu d6 twong quan
giita phuong phap dém tay, HealthCam va Google Fit dugc trinh bay tai Hinh 6, kém phan b
sai s6 cua ting phuong phap. Hé thong hoat dong 6n dinh véi céc chi s6 chinh: ty I phét hién
ROI dat 92,3%; toc d6 xir ly duy tri 27—32 FPS (d6 phan giai 640x480) trén Raspberry Pi 5; do
tré hién thi BPM dudi 1,1 gidy; 81% phién do c6 IQRorm < 0,5 sau chuan héa robust bang
median-MAD; thoi gian dong bo dix liéu 1én Firebase trung binh 0,87 gidy/géi. Khao sat ngudi
ding cho muc hai long trung binh 12 4,8/5 diém. Mot sé phién do dai dién duoc minh hoa tai
Hinh 7.

Binh thudng Ao day

= Manual == Manual
W HealthCam W HealthCam
mmm Google Fit 17.5 = Google Fit
2 15
15

nnnnn

Nhip thé/phat
Nhip thé/phat

10

Sai s6 trung binh HealthCam: 6,00
25 Sal s6 trung binh Google Fit: 5,67

Sai s6 trung binh HealthCam: 2,20 |
Sai s6 trung binh Google Fit: 1,55 |

QIR TR T K. TR, T TPt P, SR TP . SRS SR, S R Y Lén2
P SV O Y TP P B DA A A A Al o AR Ak D D A

T IF I I I P I TIPS S Lén do
Lén do
veo kinh Tu thé nghiéng nga

4i == Manual = Manual
20 m HealthCam z = HealthCam
20 == Google Fit 20 == Google Fit
7

15

Nhip thé/phut
Nhip thé/phit

51 |sai s6 trung binh HealthCam: 2,67 5
Sai s6 trung binh Google Fit: 2,00

Sai 6 trung binh HealthCam: 5,00 |
Sai s6 trung binh Google Fit: 3,33 |

Lan do Lén do

756



Transport and Communications Science Journal, Vol 77, Issue 05 (6/2026), 745-759
Hinh 6. Biéu d6 tuong quan giita dém thu cong so voi HealthCam va Google Fit, voi phan bé sai sb.

Hérsé tuong quan Pearson duoc tinh gitra gia tri BPM udc lugng tir HealthCam va phuong
phap dém thu cdng trén tap dix liéu 26 phién do hop I¢.

Hinh 7. Mot s6 phién do thuc té trén sinh vién (4o day, anh séang yéu, deo kinh, binh thuong).

3.3. Thao luin két qua

Két qua thuc nghiém cho thay phuong phap do nhip thd khdng tiép xtc cia HealthCam,
két hop chuyén dich landmark va optical flow, dat 6 chinh x4c cao trong méi trudng ty nhién
ma khdng can cam bién deo, giam thiéu can thiép vao hanh vi nguoi ding va phd hop cho sir
dung hang ngay (16p hoc, ky tic x4, phong tro). Sai s6 thap nhét khi d6i twong mic trang phuc
mong, ngdi 6n dinh, 4nh sang dong déu va viing nguc quan sét rd. Sai sé tang khi co 4o day che
khuat, phan xa kinh nhidu ROI, chuyén dong toan than hozc anh séang thap (<35 lux) 1am giam
chat luong optical flow. Tuy nhién, nhd chuan héa robust bang median-MAD va co ché chon
nhanh phat hién chu ky téi uu dua trén trén IQR o m, Né thong van duy tri d6 tin cay cao va
kiém soat sai s6 hiéu qua trong phan Ion phién do. So véi cac phuong phap optical flow thuan
tdy hoac rPPG phu thudc anh sang, phuong phap két hop landmark displacement va dense
optical flow cua HealthCam cho thiy kha nang chéng nhidu tét hon truéce cac dao dong nho cua
co thé. Tuy nhién, khi xuat hién chuyén dong toan than manh hoic anh sang dudi 35 lux, sai s6
¢6 xu hudng ting, cho thiy can b sung céc ky thuat on dinh hinh anh trong céc nghién ciu
tiép theo.
3.4. Han ché ciia hé thong

Mic du dat duoc cac két qua tich cuc va c6 tiém nang ¢ng dung rong réi, hé théng van ton
tai mot s6 han ché. Pau tién, do chinh x4c giam dang ké khi anh sang yéu hon 35 lux, khién
optical flow suy giam chét lwong va lam sai léch bién d6 dao dong hd hap. Thir hai, cac chuyén
d6ng manh cua phan than trén, dic biét 1a khi nguoi do cir dong tay hozc thay doi tu thé nhanh,
c6 thé gay mat 6n dinh tin hiéu va tao ra sai sb trong phét hién chu ky. Thtr ba, sé lwong mau
ther nghiém (50 phién tir 40 tinh nguyén vién) chua du 16n va chu yéu tap trung vao nhém sinh
vién tré khoe manh (d6 tudi 20-23, chu yéu nam). Diéu ndy dan dén han ché trong kha ning
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t6ng quét hoa két qua ddi véi cac nhom co dic trung ho hdp khac biét, chiang han nhu nguoi
cao tudi (nhip thé cham/nong hon), bénh nhan méic bénh Iy hd hiap man tinh (COPD, hen suyén),
hoic tré em. Viéc sir dung ground truth dya trén dém thu cdng va Google Fit thay vi thiét bi y
té chuyén dung (nhu dai do 16ng nguc hoic capnography) ciing gop phan vao sai sé tiém an.
Cac han ché nay s& duoc khic phuc trong cac nghién ctu tiép theo bang cach: (i) md rong mau
ther nghiém 18n it nhat 100-150 phién véi su tham gia ctia nguoi cao tudi va bénh nhan hd hap
thue té; (i) sir dung thiét bi tham chiéu y té chuan (dai do 16ng nguc hoic capnography) dé
danh gia do chinh xéac 1am sang; (iii) kiém tra thém trong méi truong thuc dia da dang (phong
bénh, xe buyt, khu vuc dong ngudi). Cudi cuing, hé thdng chua dugce danh gia trong cac moi
truong ¢6 nhidu nén dong manh, chang han nhu khu vyc dong ngudi, phuong tién giao thong
hodc phong tap thé duc, noi ma chuyén dong nén cé thé anh huong dén thuat toan phat hién
ROI va optical flow.

4. KET LUAN

Nghién ciu trinh bay mét phuong phap do nhip thé khong tiép xuc dua trén hinh anh, két
hop chuyén dich landmark va optical flow, van hanh thoi gian thuc trén nén tang nhdng chi phi
thap. Két qua thuc nghiém cho thay hé thdng dat sai sb trung binh 1,19 nhip/phit (6,94%) va
hé s6 twong quan r = 0,96 S0 VGi phuong phap dém thu cong, ddng thoi duy tri tbe do xu ly 27-
32 FPS va d¢ tré hién thi dudi 1,1 gidy. Két qua nay ching minh tinh kha thi cia phuong phap
cho céc tng dung giam sat nhip the thu dong va cac hé thong 10T, thiét bi nhiing hoic nén tang
giam sat khong tiép xuc trong nghién ctru tin hiéu y sinh. Hé théng HealthCam c6 thé trién khai
tai gia dinh, ky tic x4 hoac tram y té co s, ciing nhu hd trg cac chwong trinh sang loc hd hap
cong ddng hau COVID-19. Trong tuwong lai, hé théng c6 thé duoc mé rong véi chirc ning do
nhip tim, du doan nguy co bénh Iy bang mé hinh TensorFlow Lite va &ng dung giam sat sic
khoe tai xé giao thong.
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