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THIET KE VA DANH GIA HE DINH DUGNG CHUYEN SAU
EATCLEAN KET HGP TRi TUE NHAN TAO

DESIGN AND EVALUATION OF AN AI-INTEGRATED INTENSIVE EATCLEAN NUTRITION SYSTEM
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TOMTAT

Trong béi canh chuyén d6i s y t€ va nhu cau cham soc stic khde ca nhan hoa
gia tdng, nghién cttu nay phat trién hé thng béc si Al hé trg dinh duting theo md
hinh EatClean. Hé thong gém: thiét bi deo thu thap dif liéu thé trang thai gian
thuc; md hinh Al (KNN, Random Forest, CNN, LSTM, hybrid recommender,
Reinforcement Learning) phén tich dit liéu, nhén dién mon an, du bdo nhu cau
nang lugng va dé xudt thuc don ¢ nhan hda; nén tang tu van tryc tuyén két ndi
chuyén gia dinh dugng. Ung dung trién khai trén web va di dong, gidp nqudi
dung quén Iy ché d an linh hoat, hiéu qua. Danh gia ban dau cho thay hé thong
cdi thién su hai long, hd trg diéu chinh 16i song va cd tiém nang ting dung trong
cham sdc dinh dung cdng ddng, bénh vién thdng minh tai Viét Nam.

Tirkhéa: Eatclean, hé thdng dinh dudng chuyén sdu, bdc sy Al.

ABSTRACT

In the context of digital transformation in healthcare and the growing
demand for personalized healthcare, this study develops an Al-powered doctor
system based on the EatClean model to support nutrition. The system includes:
wearable devices that collect real-time physiological data; Al models (KNN,
Random Forest, CNN, LSTM, hybrid recommender systems, and Reinforcement
Learning) that analyze data, recognize food items, predict energy needs, and
propose personalized meal plans; and an online consultation platform that
connects users with nutrition experts. The application is deployed on both web
and mobile platforms, enabling users to manage their diets flexibly and
effectively. Initial evaluations indicate that the system improves user
satisfaction, supports lifestyle adjustments, and shows strong potential for
application in community nutrition care and smart hospitals in Vietnam.

Keywords: Eatclean, intensive nutrition system, Al doctor.
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1. GIGI THIEU

Trong nhiing thap ky gan day, cham soc stic khoe
khong con chi tap trung vao diéu tri bénh ly ma da mé
rong sang hudng ti€p can du phong, trong dé dinh
dudng doéng vai tro trung tam [1, 2]. Cac nghién ctu da
chiing minh rang ché d6 an uéng hgp ly nhu ché dé bia
Trung Hai [2] hay ché dé an it carbohydrate [3] c6 kha
nang cai thién sutic khde téng thé, kiém soat can nang va
lam gidm nguy cd mac cac bénh man tinh nhu tim mach,
tiéu dudng va béo phi, dac biét & nhém ngudi cao tudi [4].
Dong thai, su phat trién cla linh vuc "dinh dudng ca nhan
héa" (personalized nutrition) véi su hé trg tir phan tich
chuyén héa (metabolomics) dang ngay cang khang dinh
tam quan trong cla can thiép dinh duéng dua trén dac
diém sinh hoc riéng biét [5].

Su bung né cua tri tué nhan tao (Al), cdng nghé deo
théng minh va dirliéu I6n (Big Data) dang tao ra mét budc
ngodt trong mé hinh “cham soéc suc khée cd nhan héa” [6,
8]. Cac thuat toan hoc may cé kha nang phan tich khéi
lugng dit lieu khéng 16 tir cdm bién sinh hoc, thiét bi di
dong, ho so suc khde dién tir va dir liéu gen dé du doan
nhu cau dinh dudng, phat hién xu huéng bat thusng trong
hanh vi an uéng va tur d6 dua ra khuyén nghi phu hop [8,
10, 13, 21]. Cac thiét bi deo théng minh, bao gém cam bién
nhip tim, do néng dé glucose, cdm bién chuyén déng va
thiét bi theo déi gidc ngu, da dugc cai tién dang ké vé do
chinh xac va tinh lién tuc trong theo d6i [7, 9, 26, 27].

M6 hinh tuong tac ngudi - mdy (human-in-the-loop)
dang néi Ién nhu mot chién lugc hiéu qua nham két hop
Igi thé cUa tri tué nhan tao va chuyén mon clia con ngudi.
Trong dé, hé thong Al ddm nhiém vai tro phan tich va dé
xuat khau phan ca nhan héa, trong khi chuyén vién dinh
dudng ki€ém ching va diéu chinh khuyén nghi dua trén
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yéu t6 di tng, bénh nén, thoi quen va van hoa cla ting
canhan 12,13, 17, 18, 29]. Diéu nay dac biét quan trong
trong boi canh cham séc dinh duéng lam sang - noi ma
tinh chinh xac, d6 tin cdy va tinh thich ung la nhiing yéu
cau tién quyét.

Tuy nhién, hién nay phan Ién cac hé thong ho trg dinh
dudng con tén tai nhiéu han ché, nhu kha nang phan hoi
theo thdi gian thuc, mic d6 ca nhan héa sau, kha nang
tich hgp thiét bi va két néilién nganh [13, 20, 31]. Cac nén
tang hién c6 nhu hé théng dé xuat thuc don bang hoc sau
[15], tng dung theo déi bénh nhan ung thu sau diéu tri
[16] va hé thong tu van ché dé an kiéng tu dong [14] da
mang lai nhitng két qua ban dau nhung van chua dat
dugc muic do trién khai réng réi trong cong dong.

Do d6, nghién ctru nay dé xuat mot moé hinh tich hgp
g6ém ba thanh phan chinh: (1) thiét bi deo theo déi dinh
dudng chuyén sau tich hgp cam bién sinh hoc; (2) hé
théng béc si Al str dung mang no-ron sau dé phan tich dir
liéu sinh hoc va hanh vi &n ung nham dua ra khau phan
t6i uu; va (3) nén tang tu van truc tuyén phoi hgp cling
chuyén vién dinh duéng nham hé trg ngudi dung moi luc,
moi noi. M6 hinh hudng t&i muc tiéu hién thuc hda "Cham
soc dinh dudng 4.0", nai ngudi dung cé thé cha déng
kiém soat ché d6 an udng, nhan dugc tu van y té€ chinh
xdac va ca nhan hoéa theo thai gian thuc [19, 22, 25].

Théng qua viéc xay dung, trién khai va danh gia hé
thong, nghién ctu khong chi cung cap bang ching vé
hiéu qua Ung dung Al trong cham séc dinh duéng, ma
con gép phan hinh thanh nén tang cho cac hé théng y té
théng minh - phu hop véi muc tiéu chuyén déi sé y té
qudc gia trong ky nguyén hau COVID-19 [6, 20, 28].

2. THIET KE HE THONG DINH DUGNG CHUYEN SAU
EATCLEAN KET HOP TRi TUE NHAN TAO
2.1.Co sé ly thuyét

2.1.1. Dinh duéng cd nhdn héa va vai tro trong chém
soc stic khée

Dinh dudng ca nhan hoa (Personalized Nutrition) la xu
huéng néi bat trong y hoc hién dai, nham xay dung ché
dé an t6i uu theo dac diém sinh hoc, stc khoe va hanh vi
I6i séng tling ca nhan [17]. Khac vai khuyén nghi dinh
dudéng dai tra, m6 hinh nay diéu chinh khau phan dua
trén dit liéu thai gian thuc nhu BMI, BMR, bénh ly nén, yéu
t6 di truyén, hoat dong thé chat va tam ly xa hoi [18].
Nhiéu nghién ctu cho thdy dinh dudng ca nhan hoa
khong chi céi thién hiéu qua diéu tri cac bénh man tinh
nhu tiéu dudng, tim mach, ung thu ma con hé trg phong
ngUia sém rdi loan chuyén hoa va gidm chi phiy té cong
déng [19, 20].
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2.1.2. Tri tué nhén tao trong hé tro ra quyét dinh
dinh duéng

Tri tué nhan tao (Al) trong y té dang dat nhiéu tién bo,
dac biét trong phan tich di liéu sic khée phuc tap va ho
trg quyét dinh lam sang. Cac mé hinh hoc may (ML) va
hoc sau (DL) khai thac d liéu I6n ti hé s bénh an, chi s6
sinh hoc, hanh vi an uéng dé xay dung hé théng du doan
va khuyén nghi dinh duéng [21]. ML truyén théng (SVM,
Random Forest, KNN) dugc dung phan loai thé trang va
phan nhém ngudi dung theo muc tiéu dinh duéng (tang
o, giam can, diéu tri bénh...) [22]. Mang na-ron tich chap
(CNN) hé trg nhan dién moén an, phan tich thanh phan
dinh dudéng tr hinh anh [23]. Mang hoi tiép (RNN, LSTM)
du doan nhu cau nang lugng theo chudi hanh vi van
dong va tiéu dung, diéu chinh thuc don thai gian thuc
[24]. Hoc tang cudng (Reinforcement Learning) toi uu
kh3u phan an dai han qua phan héi ngudi dung, huéng
dén cai thién stic khoe bén ving [25]. Cac hé théng Al
khong chi dua trén dir liéu dinh lugng ma con hoc va
thich nghi vai s thich, hanh vi, diéu kién van hoa - xa hoi
- kinh té ca nhan, tir d6 nang cao muc dé ca nhan héa
trong cham séc dinh dudng.

2.1.3. Hé théng cam bién sinh hoc va do luéng trong
dinh duéng

Cac cdm bién sinh hoc (biomedical sensors) gil vai trd
then ch6t trong hé théng cham séc dinh dudng thai gian
thuc. Cdm bién luc (Loadcell) do khéi lugng co thé, tinh
toan BMI va theo déi thay d6i trong lugng [26]. CAm bién
nhip tim PPG (Photoplethysmography) danh giad tuan
hoan va muc dé van dong, hé trg diéu chinh thuc don
phu hop [27]. Thiét bi deo (wearables) ghi nhan lugng
calo tiéu hao, chat lugng gidc ngl, muc van dong va déong
b6 véi hé so stic khde ca nhan [28]. Su két hgp gilra cam
bién sinh hoc va Al tao nén hé théng theo déi dinh dudng
lién tuc, khdng xam 1an va hiéu qua.

2.1.4. Mé hinh bdc si do va hé théng chuyén vién truc
tuyén

Trong hé théng cham séc stic khoe théng minh, mo
hinh bac si 4o (Al-doctor) két hop chuyén vién tu van truc
tuyén dang trd thanh xu hudng cha dao. Al ddm nhiém
thu thap, xt ly dit liéu va dé xuat giai phap, con con ngudi
dong vai tro diéu phoi, hiéu chinh va tuong tac tu nhién
[29]. M6 hinh human-in-the-loop nay dugc chiing minh
hiéu qua véi cac iing dung yéu cau dé chinh xac va muc
dé tuong tac cao [30]. Bén canh d6, nén tang web va tng
dung di dong giup chuyén vién theo déi dir liéu suc khoe
tu xa, tu van truc tuyén va dong hanh lién tuc cing bénh
nhan trong qua trinh diéu chinh 16i song.
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2.1.5. Tich hop hé théng loT - Al - Mobile Health

Su hdi tu clia Internet of Things (loT), tri tué nhan tao
va ung dung y té di dong (mHealth) tao ra moét hé sinh
thai cham séc stic khde théng minh, trong d6 dinh duéng
la mét tru cot quan trong [31]. Cac thanh phan két néi qua
mang khong day, APl mé, hé théng di liéu phi tap trung
(cloud + local) va cdng cu phan tich thai gian thuc giup
dam bao tinh lién tuc, chinh xac va hiéu qua trong tu van
dinh dudng.
2.2. Thiét ké phan ciuing hé théng

Hé théng cham soc dinh dudng thong minh dugc
thiét k& nhu mot nén tang tich hgp da 16p gom: tang thu
thap dir liéu cdm bién, tang xu ly tri tué nhan tao (Al
layer), va tang giao tiép ngudi dung (UI/UX layer). Cac
tang nay dugc két noi bang kién trac client-server véi co
ché trao d6i du lieu thdi gian thuc (real-time
synchronization) qua API RESTful. Hinh 1 1a mo ta chi tiét
tung I6p cong nghé.

Ap-p.nmbm ‘:‘\\ - [ Cén ]._ [ Vi diu khién ] — [ Cam bién can ]
@ Do uhip tim ]-k {Vidiéu Kkhién ] -—[Cam nhgpﬁm]

Hinh 1. S¢ d6 cdu trdc hé thong

2.2.1. Phdn cing do luéng sinh hoc (Biomedical loT
Layer)

Hé théng phan cing dugc xay dung nham thu thap
cac chi s6 sinh hoc phuc vu cho phan tich dinh duéng.
Cau truc bao gom:

Load Cell 50kg + Module HX711: Cam bién luc
Loadcell dugc mac theo cau tric cdu Wheatstone dé do
khéi lugng co thé chinh xac. Module HX711 thuc hién
khuéch dai tin hiéu va chuyén déi ADC 24-bit, ddm bao
do phan giai cao khi truyén dit liéu vé ESP32 (hinh 2).

=
@
/7 R

(@)

HX711 Pinout

Hinh 2. Gdm bién can ndng (a) va so d6 dau ndi mach can (b)
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Cam bién PPG (HW-827): Dung phuang phap quang
hoc do nhip tim dua trén phan xa anh sang ti mach mau,
cho phép danh gid tinh trang tim mach va muc d6 van
dong (hinh 3).

Hinh 3. Cdm bién do nhip tim (a) va So d6 dau néi mach do nhip tim

Vi diéu khién ESP32: La b6 x( ly trung tdm, st dung
16i x{r ly Xtensa LX6 dual-core, téc d6 1én dén 240MHz, hé
trg Wi-Fi + Bluetooth. ESP32 thu nhan di liéu cdm bién,
xly sa bo, ma hda va truyén dén may cht qua HTTP hodc
MQTT (hinh 4).

Hinh 4. Vi diéu khién ESP32

Ngoai ra hé théng con c6 Man hinh LCD 1602 12C dé
hién thi di liéu BMI, BMR, nhip tim t& d6 ngudi dung theo
déi tai ché, vdi giao tiép 12C giutp tiét kiém chan giao tiép
va nang lugng. Pin 18650 Li-ion dé cap ngudn di déng
cho toan b6 hé théng, dam bao hoat déng lién tuc it nhat
24 gi® vGi mét lan sac.
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Hinh 5. Man hinh LCD 1602 12C (a), va Pin 18650 Li-ion (b)

2.2.2. Hé théng tri tué nhdn tao (Al Engine Layer)

Cau trdc tri tué nhan tao ctia hé théng dugc phan lam
3 phan:

Phan th nhat la trung tam xa ly tri tué nhan tao (Al
Engine), n6 déng vai tro trung tam trong hé thong cham
soc dinh duéng théng minh, thuc hién phan tich chi s6
sinh hoc, phan loai thé trang, dé xuat thuc don ca nhan
héa, du bao nhu cau ndng lugng va diéu chinh ché d6 an
theo hanh vi thuc té. Hai thuat toan hoc may dugc su
dung: K-Nearest Neighbors (KNN), phan loai thé trang
dua trén khodng cach Euclidean gita dac trung ngudi
dung va d liéu huan luyén; va Random Forest (RF), két
hgp nhiéu cay quyét dinh nham tang dé chinh xac, giam
overfitting va xt ly dir liéu phi tuyén [34, 35]. D{ liéu dau
vao gom:

- Chi s6 sinh hoc: BMI, BMR, ty |é m& cg thé, lugng
nudc, chiéu cao, can nang.

- Nhan khau hoc: tudi, gidi tinh.

- Hanh vi dinh duéng: tan suat an sang, lugng nudc
udng/ngay, théi quen an vat.

Tu d6 dau ra sé dugc gan nhan:

Nhan phan loai: ['Underweight, 'Normal’,
'‘Overweight', 'Obese’, 'Athlete’, 'Chronic Patient'].

Vi chi s6 BMI dugc tinh theo cong thic (1) sau [32]:

BMI="1 1)

|2

Trong d6: m la can ndng (kg); | la chiéu cao (m)

Phan thi hai la hoc sau (Deep Learning - DL): Thuat
toan hoc sau dung dé nhan dién moén an tirhinh anh (néu
hé théng tich hgp camera), udc lugng thanh phan dinh
dudng (carb, protein, fat, calories), du doan nhu cau calo
va nang lugng tiéu hao cé nhan theo chudi thai gian. Hoc
sau ta st dung 2 thuat todn: CNN (Convolutional Neural
Network) dé xtr ly anh mon an — trich xuat dac trung thi
gidc — phan loai tén mén an va dinh lugng dinh dudng
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va RNN / LSTM (Long Short-Term Memory) dé dy doan
nhu cdu calo ca nhan theo lich si an uéng - van déng
trong chudi thai gian.

Cac dac trung dau vao cua thuat toan:

+) Hinh dnh mén dn (tu camera tich hgp hodc tai Ién
app).

+) Chuéi dirliéu dinh duéng hang ngay: [lugng calo tiéu
thu], [luong van dong], [trang thai thé chat].

Daurasé la:

+) Tén mén an, khéi lugng udc luong, thanh phan dinh
dudng (gram + kcal).

+) Du doan calo can thiét cho ngay tiép theo.

M6 hinh kién trdc CNN:

Input Image — Convolution Layer — RelU —
MaxPooling — FC Layer — Softmax

Hé théng ggi y khau phan dn (Recommendation
System): Dé xuat thuc don ca nhan hoa phu hgp vaéi thé
trang, bénh nén, sa thich an uéng va hanh vi tiéu dung
thuc phdm. Hé théng ggi y két hop (Hybrid
Recommendation System) gém: Collaborative Filtering
st dung trong Khai thac dt liéu ngusi dung tuong tu dé
goi y mon an (s& thich cong dong) va Content-Based
Filtering dung phan tich dac trung dinh duéng moén an
(chat béo, calo, thanh phan...) dé goi y theo nhu cau ca
nhan. Hé théng st dung dir liéu dau vao gom: lich st lua
chon thuc dan, hé so stc khée (thé trang, gidi tinh, nhu
cau calo), va danh gia mén an (rating hodc tu chéi). Dua
trén d6, Al tao danh sach mén an ggi y cho tung bia
(sdng, trua, t6i) va xdy dung thuc don ca nhan hoéa cho 7
ngay. Vi du: Néu ngudi dung tiing chon “com gao Iut, ca
hap, rau luéc”, hé théng sé gai y “stp yén mach, thit tc ga
hap” thay vi mén nhiéu dau/ma [36, 371.

Phan thi ba 1a hoc tiang cuéng (Reinforcement
Learning - RL) si dung trong t6i uu hoa ké hoach dinh
dudng lau dai théng qua co ché phan héi (feedback loop)
tu ngudi dung va chuyén vién dinh duéng. M6 hinh hoc
bao gom: Agent la Al dé xuat thuc don va ché dé an uéng,
Environment |3 ngudi dung, trang thai stic khoe thay déi,
va Reward la muc dé hai long, chi s6 stic khoe cai thién,
phan hoi chuyén vién [38].

Ky thudt hoc st dung Q-Learning / DQN (Deep Q-
Network) trong lap bang phan thuéng va dan hoc chinh
sach an uéng t6i uu qua chubi thoi gian véi Reward
Function dugc tinh theo cdng thuc (2) sau [33]:

Rt =ax AShealth + B X Suserfsatisfaction + Y X Cexpertffeedback (2)
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Trong d6: AShearn & muc cai thién thé trang,
Suser_satisfaction Ia muc dé h?‘:\l |bn9 ngUC‘fi dUng, Cexpert_feedback
la ghi nhan diéu chinh ti chuyén vién.

Tu dé Al khéng chi dé xuat tot & thai diém hién tai ma
con thich nghi theo thai gian va ca nhan héa sau hon cho
tung hanh vi va 16i s6ng.

Bang 1.Vai tro cc thudt toan Al trong hé thong

Thanh phan Al Thuat toan sit dung Chic nang chinh
Phéan loai thétrang | KNN, Random Forest Phan nhom nquoi dung
Nhandiénménan | CNN Xily anh, trich xuat

thdng tin dinh dudng
DE[ dodn nhu cau LST™M Du béo theo chuoi
nang lugng
Goi y thyc don Hybrid Recommender | Khdu phan cé nhan hoa
Tm UU héa ké hoach RL (Q-Leaming, DQN) Tu hoc va cdi tién thuc
an uong don

2.2.3 Nguyén ly hoat déng cua hé théng

Hé théng cham séc dinh dudng thong minh van hanh
theo mot chu trinh khép kin, lién tuc va phan héi dong,
dam bao tinh ca nhan héa - thich nghi - théi gian thuc.
Quy trinh dugc t8 chiic thanh nam giai doan chinh, moi
giai doan ddm nhan mot nhiém vu cu thé trong chudi
cham séc dinh duéng, so d6 cau trdc hoat ddng hé théng
nhu hinh 6.

Thiethi |} popgp || Mavtinhlou-,
cim bién trit dir ligu
Al phan tich .| Goiy thye don theo
thé trang ! phén tich
Phén hoi ngwi ding —

Hinh 6. So @0 cau tric hoat dong hé thdng

Giai doan 1: Thu thap va xt ly dit liéu dau vao (Data
Acquisition & Preprocessing)

Ngudi dung tuong tac véi thiét bi phan cing dé do va
cap nhat cac chi s6 sinh hoc. Cac dir liéu dugc thu thap
bao gém:

- Dii liéu sinh hoc: can nang, chi sé BMI, nhip tim, ty |é
mé& co thé, lugng nudc, chu vi vong bung (hinh 7).

- Théng tin ca nhan: do tudi, gigi tinh, muc dé van
dong, bénh ly nén.

- Hanh vi &n uéng: théng qua ting dung mobile/web,
ngudi dung nhap ditliéu mén an, thai gian an, khau phan,
muic d6 hai long...
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Hinh 7. Hinh anh can sinh hoc va thiét bi do nhip tim khi thuc hién lay
thong so

Tin hiéu ti cdm bién (can nang, nhip tim) dugc doc bai
ESP32, xt ly sa bo (loc nhiéu, chuyén déi tin hiéu), va sau
dé dugc ma hoa theo dinh dang JSON dé gui qua Wi-Fi
dén may chu backend. Dir liéu dau vao dugc luu trii trong
co s dt liéu SQL dé phuc vu cac giai doan xr ly ti€p theo
(hinh 8).

€ C %= hosti26uvietn:

10 tables  Sum

Hinh 8. Hinh anh xay dung co s di liéu luu tri cho trang web

Giai doan 2: Phan tich thé trang va phan loai ngudgi
dung (User Profiling & Classification)

Al nhan dir liéu sinh hoc da tién x& ly va st dung cac
md hinh hoc may (KNN, Random Forest) dé phan loai
ngudi dung vao mot trong cac nhém thé trang: Gay
(Underweight), binh thudng (Normal), thta can
(Overweight), béo phi (Obese), van dong vién (Athlete),
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ngudi cé bénh nén (Chronic patient). M6i nhom sé dugc
gan vGi bo quy tac dé xuat dinh duéng riéng, bao gom
muc calo tiéu chudn/ngay, ti 1& chat dinh duéng
(carbohydrate, protein, fat), khuyén nghi mén an va han
ché thuc pham (hinh 9).

Hinh 9. Hinh anh hién thi, tinh toan, dé xudt luong kcal/ngay

Vi du: Nhém "béo phi" ¢ thuc don uu tién thuc pham
giau chat xo, it tinh bot nhanh, nhiéu nudc; nhom "van
dong vién" dugc khuyén nghi tang protein va calo.

Giai doan 3: Ggiy thuc don ca nhan héa (Personalized
Diet Recommendation)

Dua trén hé sa ngudi dung, Al trién khai hé théng
khuyén nghi thuc don theo hai huéng:

- Thi nhat, ngan han (biia an hién tai / trong ngay):
dua trén trang thai sinh hoc tuc thai va hanh vi gan nhat.

- Thir hai, dai han (ké hoach 7 ngay - 30 ngay): dua trén
lich st sic khde, muc tiéu sutic khée (gidm can, tang co,
kiém soat dudng huyét...).

Cong cu dé xuat s dung Hybrid Recommender
System, két hop:

- Content-based filtering: dua vao thanh phan dinh
dudng clla mén an

- Collaborative filtering: hoc tir dit liéu va phan hoi
cla ngudi dung c6 hé sa tuong déng.

DPau ra la mot danh sach mén an va thuc don ggi'y, c6
thé tuy chinh Iya chon theo khau vi, van héa vung mién,
hodc chi phi véi han 700 mén an khac nhau (hinh 10).

nnnnnnnnnnnn

el BN

Hinh 10. Hinh anh ggi y thuc don va chi sd calol cGia mon an
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Giai doan 4: Tu van va phan héi qua hé théng chuyén
vién (Human-in-the-loop Feedback)

Sau khi nhan dugc goi y tir hé théng Al, ngudi dung cé
thé: Trao d&i vai chuyén vién dinh duéng qua nén tang
web/mobile (chat, goi video, tin nhan) va c6 thé gui phan
hoi vé khdu phan, cdm nhan, tinh trang co thé sau bia an.
Céc chuyén vién c6 quyén diéu chinh khau phan an, giai
thich logic dé xuat cta Al va dua ra I6i khuyén sau hon
dua trén kinh nghiém lam sang, bénh ly ca nhan hoac yéu
t6 van héa. Phan héi tir ngudi dung va chuyén vién dugc
luu trir d€ cai thién mé hinh Al trong tuang lai.

Ngudi dung c6 thé dung dén Al dé xin su hd trg nhanh
chéng va tién dung, chinh xac 1én dén hon 90%. Al c6 thé
doc dugc 3 loai théng tin dau vao: van ban, hinh anh,
giong doc va cling cho ra 2 loai thong tin dau ra la van
ban va giong doc (hinh 11).

Hinh 11. Hinh dnh man hinh giao tiép gitia nguoi ding véi chuyén vién
dinh dudng

Giai doan 5: Tu hoc va diéu chinh qua thoi gian
(Adaptive Learning & Optimization)

Hé théng Al lién tuc hoc tir dit liéu méi thong qua co
ché hoc tang cudng (Reinforcement Learning):

- Do ludng hiéu qua thuc don thong qua cac chi sé suc
khée thay d6i va cdm nhan cht quan ngudi dung.

- Diéu chinh thuc don dé t6i uu hoéa céc chi s6 nhu:
muc nang lugng, cdm giac no, hiéu suat van dong, chi so
dudng huyét...

- Ghinhan cac mon an bi tur ch6i hodc khong phu hop
dé loai bo khéi danh sach ggiy.

Sau 1 - 2 tuan, hé théng c6 thé tu diéu chinh theo s&
thich va hiéu qua thuc té, giup Al "hiéu" ngusi dung ngay
cang chinh xac hon.

2.3. Thiét ké giao dién web va xay dung mobile app
trén Android Studio

2.3.1. Thiét ké giao dién Web

Giao dién ngudi dung clia hé théng cham soc dinh
dudng chuyén sau dugc phat trién nham dam bao tinh
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truc quan, dé st dung va than thién véi ngusi dung, déac
biét la cac d6i tugng co kién thic cong nghé han ché nhu
ngudi cao tudi hodc bénh nhan man tinh. Trang web
dugc xay dung véi cau tric da I16p, bao gém:

- Giao dién nguadi dung (Front-end): st dung HTMLS5,
CSS3, JavaScript két hop vai thu vién Bootstrap dé tao bd
cuc phan héi (responsive layout) va ti uu hién thi trén
nhiéu thiét bi (hinh 12).

Hinh 12. Hinh anh giao dién khi méi bat dau trang web

- Giao dién quan tri (Admin Panel): dugc thiét ké
riéng danh cho chuyén vién tu van va quan ly hé théng
dé theo doi dit liéu ngudi dung, x( ly cac truy van tu van,
diéu chinh thuc don va phan tich théng tin stic khoe (hinh
13).

TEN BAIVIET TRANG THAI THAD TAC

M Cu Mg Lugrg Va C3z Codt Bina Dudgn Dinh CroNg Hoat Bing

. =
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208020 Lo 3 amh Cho Py G Ko G
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Hinh 13. Hinh dnh giao dién quan tri
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Hinh 14. Giao dién hién thi chi s6 BMI va BMR ciia ca nhan khi ddng nhap
vao hé théng
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Giao dién web gém céc chiic nang chinh: Dang ky /
dang nhap tai khodn ngudi dung, nhap di liéu ca nhan
(chiéu cao, can nang, chisé sinh hoc...), hién thi chi s8 stic
khée (BMI, BMR, ty lé co - mé...), xem thuc don ca nhan
hoa dugc dé xudt bdi Al, tu van tro chuyén véi chuyén
vién qua chatbot hodc khung chat that, xem cong thuc
nau an, meo dinh dudng, uu lich si bia dn va theo doi
tién trinh cai thién suc khoe (hinh 14).

Hé théng co s& dit liéu MySQL dugc xay dung dé luu
tr{r théng tin ngudi dung, thuc don, lich st tuong tac va
dirliéu sinh hoc. Giao thic API RESTful dugc trién khai dé
lien két phan mém web véi mé hinh Al (tri tué nhan tao)
va hé thong tu van (hinh 15).
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Hinh 15. Bang luu trif d liéu thong tin ngudi ding

Dac biét, hé théng cé tich hgp OpenAl API (ChatGPT)
dé hé tro tra I6i nhanh cac cau hai lién quan dén dinh
dudng va suic khde, gidp ngudi dung nhan dugc thong tin
tuc thi va dang tin cay.

2.3.2. Phdt trién uing dung di déng (Mobile App)

Song song véi giao dién web, nhém nghién cdu da
phat trién ting dung mobile app trén nén tang Android
Studio (hinh 16), nhdm hé trg ngudi dung c6 thé truy cap
hé théng moi ltc moi noi qua thiét bi di déng.

Ban Dia Tung Ghé Qua

Chua

Diang Ky (ai Khoan

Cin Nang (K

Chidu Cao (€M)

Hinh 16. Hinh anh giao dién phan dang nhap
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Ung dung dugc xay dung bdng ngén ngl Java va
XML, hoat dong trén hé diéu hanh Android 8.0 tré lén,
vGi cac chiic nang tuang tu nhu ban web, bao gom: Déang
nhap va déng bd héa dit liéu ca nhan véi tai khoan web,
nhan théng bdo nhdc nhé an uéng, uéng nuéc, tap thé
ducg, truy cdp nhanh thuc don hang ngay, khau phan dinh
dudng theo Al, do ludng va theo déi cac chi so suc khoe
thong qua két néi Bluetooth véi phan ciing cadm bién (can
do, nhip tim... tro chuyén truc tuyén vai chuyén vién qua
nén tang tich hgp nhu hinh 17.

Hinh 17. Giao dién chinh cla hé thong

Thiét ké giao dién theo chudn Material Design, dam
bao tinh hién dai, mugt ma va dé tuong tac. Dt liéu gilra
iing dung mobile va server dugc déng bd théng qua
Firebase hodc APl HTTP (Retrofit), ddm bao cap nhat
theo thdi gian thuc.

Viéc phat trién dong thai ca web va mobile app (link:
https://hethongchamsocsk.4devvn.com/) khéng chinang
cao kha nang tiép can ctia hé thong t6i nhiéu nhém nguoi
dung khéac nhau, ma con gop phan hién thuc héa mé hinh
cham séc stic khée da nén tang, gilip ca nhan héa toan
dién qua trinh tu van dinh duéng dua trén di liéu lién tuc
dugc thu thap va phan tich.

3. KET QUA THUC NGHIEM VA HUGNG PHAT TRIEN

Hé théng dugc trién khai thi nghiém trong 12 tuan
trén 150 ngudi dung tinh nguyén, dé tudi ti 18 dén 60,
tai hai khu vuc: thanh thi (Ha N6i) va ban d6 thi (Hung
Yén). Ngudi tham gia dugc cung cap thiét bi do, tai khoan
truy cap Ung dung, va dugc huéng dan sitdung hé thong.
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Trong sudt qua trinh, hé théng thu thap di liéu chi s6 sinh
hoc, hanh vi an u6ng va phan héi dinh ky qua bang hoi.

Cac chi s6 hé théng danh gia:

- D6 chinh xac phan loai thé trang (so sanh véi danh
gia cGia chuyén gia dinh dudng).

- MUic d6 hai long clia ngudi dung (theo thang Likert 5
muc).

- Ty 1& tuan thd kh3u phan (trudc va sau 8 tuan st dung
hé théng).

- Chi s6 sinh ly (BMI, huyét ap, vong bung) trudc va sau
can thiép.

Két qua dinh lugng thu dugc sau 12 tuan thirnghiém:

- PO chinh xac phan loai thé trang: 92%, kiém dinh
bang confusion matrix véi chuyén gia.

- Muc do hai long trung binh: 4,4/5; nhém tu 25 - 45
tudi c6 muc hai ldbng cao nhat (4,6).

- Ty lé tuan tha khau phan: Tang tir 51% lén 86% sau 8
tuan (tang 35%).

- Chi s6 sinh ly: BMI trung binh gidm 1,3 (p < 0,01),
vong bung gidm 2,4cm; huyét dp tam thu gidm nhe &
nhom béo phi.

Phan tich paired sample t-test cho thdy su cai thién c6
y nghia théng ké vé BMI (p < 0,01) va tuan thd khau phan
(p < 0,005). Muic d6 hai long c6 tuong quan thuan trung
binh v&i muc tuan thu (r = 0,62), cho thay trai nghiém tich
cuc gop phan duy tri hanh vi lanh manh. Ngudi dung
danh gia cao tinh linh hoat va kha nang ggi y mén an phu
hop. Mot s6 y kién dé xudt bé sung kho thuc don theo
vung mién, cai ti€n nhan dién anh moén an va cai thién t6c
dé phan hoi giao dién. Nném nghién cttu ghi nhan cac
van dé vé dé tré dit liéu cdm bién trong diéu kién st dung
ngoai trdi. Nhin chung, két qua cho thay hé théng cé hiéu
qua thuc té, phu hop véi hanh vi ngusi dung Viét Nam,
déng thai cung cap bang chiing ban dau vé kha nang tng
dung Al trong cham séc dinh duéng cong déng.

Du dat dugc nhiing két qua kha quan, hé théng van
tén tai moét s6 han ché can khac phuc trong tuong lai:
Chat lugng va tinh nhat quan caa dii liéu dau vao:
Mot sé ngudi dung nhap di liéu thi cong hoac gui anh
mon an thi€u dnh sang, dan dén sai léch khi phan tich
bang Al; Kha nang nhan dién thuc pham bang hinh
anh chua én dinh: Thuat toan CNN dé bi anh hudng
b&i anh sang moi truong, géc chup, khién viéc phan
tich thanh phan dinh dudng khong chinh xac; Gigi han
vé thiét bi cAm bién: Cac cdm bién PPG va loadcell c6
sai s6 khi hoat ddéng trong maoi trudng thuc té€ (nhiét d6
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cao, rung déng...); Thiéu déi chiing 1am sang sau:
Nghién ctu chua bao gém nhém d6i ching doc lap,
han ché kha niang khang dinh hiéu qua vugt troi cla
hé théng.

Tu két qua dat dugc vai cac tén tai nhém nghién cdu
cling da dua ra huéng phat trién trong giai doan ti€p theo
nhu sau: Chuén héa dir liéu dau vao, xay dung bo cong
cu nhap di liéu ban ty déng (vi du: chatbot, nhan dang
giong nai) va huan luyén ngudi dung dau ky; Téi uu mé
hinh CNN, ap dung cac ky thuat tang cudng di liéu (data
augmentation), s&r dung mé hinh thi giac tién tién nhu
EfficientNet, Vision Transformer dé tiang do chinh xac
nhan dién mon an; M@ réng tich hgp cdm bién y sinh,
két n6i thém cam bién do dudng huyét, huyét ap, oxy
mau nham mé rong tinh nang theo doéi stc khoe toan
dién; Phat trién moé hinh Al ca thé héa sau hon, két hop
d liéu gen, hé so bénh ly dién t (EHR) va hanh vi tiéu
dung dé tdng muc d6 ca nhan héa; Tién hanh nghién
ciu 1am sang ¢6 nhém déi ching, ddm bao tinh xac
thuc khoa hoc clia cac két qua. Cac hudng di nay nham
hudng dén mot hé théng bac si Al dinh duéng hoan
chinh, c6 thé ap dung thuc tién tai bénh vién, trung tam
dinh duéng va cong dong.

4, KET LUAN

NOi dung bai bao xay dung mé hinh hé théng Bac si Al
ho trg cham séc dinh dudng thong minh, tich hgp cam
bién sinh hoc, tri tué nhan tao, hoc sau va tu van truc
tuyén. Hé théng thu thap, phan tich dir liéu suc khoe ca
nhan lién tuc, dua ra khuyén nghi dinh dudng ca nhan
hoa, thich nghi theo thoi gian thuc va hoc ti phan hoi
ngudi dung. Ap dung nguyén ly human-in-the-loop, hé
théng dam bao dé tin cay, linh hoat trong tu van, hé trg
ngudi dung cai thién suc khoe chi dong, bén ving. Két
qua thif nghiém trén 150 ngudi dung trong 3 thang cho
thay dé chinh xac phan loai thé trang dat 92%, muc hai
long ngudi dung dat 88%, chi s6 tuan tha ché dé an tang
35% so vGi trudc can thiép. Két qua nay khang dinh tinh
kha thi va hiéu qua cao trong iing dung Al cho cham séc
dinh dudng ca nhan hoa tai Viét Nam, véi tiém nang mé
rong ap dung tai co sdy té, trung tam dinh duéng va céng
doéng. Tuy van con mét sé han ché nhu sai s6 dit liéu dau
vao, gidi han cam bién va thiéu nhém déi ching lam
sang, hé théng da chiing minh tinh kha thi va tiém nang
ung dung rong rai. Trong tuang lai, viéc m& rong mé hinh
Al ca thé héa, tich hgp dit liéu chuyén sau va tién hanh
nghién cru déi chiing sé gitp hoan thién va nang cao
hiéu qua clia hé thong trong cham séc suc khoe cong
dong va lam sang.
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