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Tém tit— Trong qué trinh tap luyén phuc hoi chirc
ning, viéc phat hién sém cac dau hiéu nguy co bét thudng
trén khuoén mat dong vai tro quan trong nhim dam bao an
toan trong diéu tri. Bai bao nay tap trung vao viéc ing dung
céc ky thuat hoc may va xur 1y anh dé nhan dién va phan
loai cac déu hiéu bat thuong trén khudn mat, bao gdm bién
dang 68 diém trén khudén mit, du hiéu cang théng hodc bét
db6i xtg khong ty nhién. Dir liéu hinh anh thu thap tir cc
budi tap luyén dugc phén tich va xur ly dé xdy dung mo
hinh nhan dang, gitip cung cip canh bao sém va hd trg diéu
chinh phuong phép tap luyén. Két qua nghién ctru gop phan
néng cao hiéu qua cta hé thong hd tro phuc hdi chirc ning,
cai thién cham soc nguoi bénh va giam thiéu rui ro trong
qua trinh diéu tri.

Tvw khéa—SVM, CNN, Facial Landmark Detection

l. GIOITHIEU

Nhan dang khuén mat 1a mot linh vuc pho bién trong
cong nghé nhan dang va bao mat, véi nhiéu tng dung tir
xac thuc ngudi ding cho dén nhan dién hanh vi bat thuong.
Céc phuong phap truyén thdng nhu nhan dang khudn mat
dua trén dac trung hinh hoc d3 dugc st dung rong rai,
nhung voi cac k¥ thuat hoc may va hoc sau d@ mé rong kha
nang nhan dang va phan loai khudén mat, mang lai hiéu qua
¢6 tinh thyc tién cao. Mot phuong phéap chuan hoa, khach
quan dé ghi lai cac chuyén dong biéu cam khudn mat sur
dung cac don vi hanh dong (AU) dé mé ta cac chuyén dong
co mit nho nhét c6 thé quan sat dugc, dya trén nguyén tic
giai phau. Mdi AU c6 thé dai dién cho mot co hodc nhom
co, tuy theo muc do khéd phan biét chuyén dong. Nho kha
nang mo ta day di moi biéu cam khuén mit ciia con nguoi,
phuong phap nay di trg thanh cong cu hitu ich trong nhidu
linh vyc nhu tdm 1y hoc, nhén dién khuén mat va nghién
ctru hanh vi [1].
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Mot nghién ctru gidi thi€u mot co sé dir licu chuén hoa
v& hinh anh va video cia bénh nhén bi liét mit, bao gom ca
liét mém hoan toan va liét khong mém sir dung dit liéu thu
thap gébm anh va video dugc danh gia bang cac thang do
chuyén bi¢t nhu eFACE, House-Brackmann va
Sunnybrook. Dong thdi, biéu cam cam xuc cia bénh nhan
khi thuc hién video tiéu chudn dwoc phan tich bang thuat
toan tri tu¢ nhan tao nhan di¢n cam xuc tu dong [2].

Céc phuong phap hoc may, hoc sau c¢6 thé hoc va ty
dong trich xuét cac dic diém cu thé cua chung liét, bét ddi
xtng cta khuén mit bang cach ap dung mang no-ron tich
chap (CNN) Ién hinh anh li¢t mat dé ty dong trich xudt cac
dac trung riéng biét cia bénh nhan 1iét mat. Cac déc trung
nay sau d6 dugc st dung dé phén loai 5 muc d¢ liét mat
[3]. Bén canh d6, m6 hinh Histogram of Oriented Gradients
(HOG) da duoc chirng minh 1a hiéu qua trong viéc nhan
dién cac dac trung hinh hoc va cAu trac cua khudn mat.
HOG 14 phuong phap hiéu quéa trong viéc trich xuat dic
trung hinh anh, dac biét phan tich cac dédi tugng c¢6 hinh
dang rd nhu khuén mat nguoi. Miac da HOG c6 thé trich
xudt cc dic trung hinh anh kha t&t nhung hiéu qua ctia mod
hinh nay phu thudc vao thudt toan phan loai dugc sur dung.
Céc thuat toan nhu CNN, K-Nearest Neighbors (KNN) va
Support Vector Machine (SVM) déu dwoc ap dung rong rii
trong nhan dang khuén mit, moi thuat toan co6 nhitng uu
diém va han ché riéng [4]. Cach tiép can nay cho phep hé
thong tap trung vao viéc phat hién va danh gia cac yéu tb
cu thé nhu muc do bat dbi xung gitta hai bén khuon mat
hoic cac biéu hién bét thudng trong cAu tric co mat. Thong
qua viéc phén tich chinh xéac cac diém dic trung, hé thong
khong chi cai thién kha ning nhan dién ma con hd tro céc
d6i ngil y té trong viéc diéu chinh phuong phap tap luyén
phu hop.

Muc tiéu cua nghién ctru 1a t6i wu hoa hiéu qua nhan
dang diu hiéu bt thuong trén khudn mat trong bdi canh
phuc hdi chirc ning, dong thdi danh gia hiéu nang ciia mo
hinh HOG két hop véi cac thuat toan CNN, KNN va SVM.
Bai b4o nay trinh bay phuong phap nghlen ctru, két qua
thuc nghiém va phan tich, cing cac d& xudt cai tién trong
tuong lai.
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Quy trinh tap luyén trong phuong phap nay dugc thuc
hién nhu so db trong Hinh 1. Qua trinh tp luyén va giam
sat dugc thyc hién trong pham vi nhit dinh nhu mét phong
tap chuyén biét, cac déi tugng tap luyén s€ dugc ca nhan
hoéa dit liéu vé tién st bénh 1y; ché do, bai tap duoc khuyén
c4o tir y bac s¥; thong tin nguoi than can lién hé...
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Hinh 1. So dé hoat dong cua hé théng
Quy trinh ctia phwong phap co ban gdm 4 budce sau:

- Thu thép thong tin ca nhan hoéa dir li¢u.

- Kiém soat qua trinh dang nhép tap luyén.

- Tap luyén cung trg 1y do.

- Giam sat nhitng bat thuong qua khudn mit.

Il. NOIDUNG PHUONG PHAP THU'C HIEN

Mot nghién ctiru danh gia li€t mat ngoai bién mot bén
(UPFP) — mét dang tén thuong day than kinh mat — bang
phuong phép khach quan va ty dong thong qua chudi hinh
anh khuén mat dugc ghi lai khi ngudi bénh thyc hién cac
biéu cam tiéu chuin. Céac dic diém khudn mat duoc trich
Xuét tu dong tur anh bé“mg phén tich diém méc khudn mit,
sau d6 chon loc nhitng dac trung c6 tuwong quan cao voi
thang diém House-Brackmann (HB). Cudi cung, cac dic
trung dugc dua vao mo hinh may vecto hd trg (SVM) dé
phan loai mirc d6 liét mat. Két qua cho thiy phuong phap
dat d6 chinh xac cao (t6i 90,01% sau tang cuong dit li¢u),
chimg minh tiém ning cia mot hé théng danh gia UPFP dé
trién khai thong qua camera web [5]. Bén canh d6 mot mo
hinh hd tro phat hién liét mat tw dong bang cach két hop
hai mé hinh hoc sau dé phat hién khudén mat va diém méc,
cung voi CNN da duoc t6i uu tham sd dé phan loai tinh
trang 1iét mat. Hé théng dugc thir nghiém trén tap dir liu
video YouTube c6 ngudi bénh thuc té, cho thdy kha ning
phat hién liét mat hi¢u qua [6].

Trong bai bdo nay, nhom str dung camera RealSense cua
Intel va két hop céac thuat toan hoc mady CNN, SVM, mang
no-ron nhiéu 16p (MLP- Multi-layer perceptrons) dé dat
dugc do chinh xac cao trong nhan dién va phan tich cam
xuc, dy doan bat thuong dong thoi giam sat, canh béao cac
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dau hiéu bat thuong néu xay ra thong qua giong ndi cia trg
1y 4o.
A. Thu thdp ca nhdn hoa dir liéu

O budc nay nhom sir dung PCA (Principal Component
Analysis) va mang no-ron dé trich xuét ddc trung va phan
16p khuén mat dé giam sé lwong mau [7], ngudi tap thuc
hién cac tu thé ty nhién & nhiéu g6c do nhu khi tap luyén,
nham dam bao dir liéu da dang va day du. Tién st bénh an
cling dugc ghi nhan dé hé thng theo ddi va diéu chinh bai
tap phu hop.

Hé thdng quay video khudn mit ctia ngudi ding trong 5
gidy va luu trit cac khung hinh duédi dang anh xam
(Grayscale Conversion) dé don gian hoa qua trinh xur ly
hinh anh.

Gray =0.299xR+0.587xG+0.114x B, (1)
R, G, B la cac gia tri kénh mau do, xanh 14 cay, va xanh
dwong cua ting pixel. Sau khi chuyén d6i, mdi pixel chi

con moét gia tri cuong d6 sang.

2!‘:’; The Thip DF Udu 20

Nhain dién khudn mat aé dang nhap

Hinh 2. Dinh vi diém méc (Facial Landmark
Detection).

Sau khi khuén mat dugc nhan dién trong anh, cac diém
mbc khudn mit (facial landmarks) — 13 cac toa d6 xac dinh
duong vién cua ham, miéng, mii, mét va 16ng may —
thuong duoc trich xuét. Su dung thu vién Dlib dé phat hién
va dinh vi 68 diém mdc trén khudén mat, khoang cach va
goc gitra cac diém mdc nay co thé dwoc sir dung dé biéu
dién biéu cam khudn mat va suy luan trang thai cam xtc,
chang han nhu cam giac dau don [8].

(x,,¥,) = predictor (face_rectangle). ®))
M&i diém mdc duge biéu dién dudi dang toa do (x;,y;)
trén anh.

Tich hgp PCA va Mang no-ron trong phan 16p khuon
mat:

Pau tién, PCA duoc st dung dé giam chiéu dit liéu, loai
b6 nhiéu va giir lai cac dic trung quan trong nhét ciia khuon
mat. Sau do, cac dac trung nay dugc dua vao mang no-ron
dé hoc va phan loai.

Cong thire tich hop:
Z= WPTCAX > (3)

Output = f* (iwiZi +b), 4)
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v6i Wy, 1a ma trén cac thanh phan chinh duoc chon tir
PCA, Z, 1a dau vao d giam chiéu qua PCA, f1a ham kich

hoat trong mang no-ron.

Viéc tich hop nay dong vai tro quan trong trong vi¢c
trich xuat dic trung va phéan loai khuén mit trong qua trinh
thu thap va c4 nhan hoa dir lidu. Sy két hop giira PCA va
mang no-ron gitp t6i ru hoa qua trinh xir 1y, giam thiéu sai
sOt va nang cao hiéu suét ctia hé thong.

Chuén bi dix liéu: Dit liéu duge chia thanh cac tap huén
luyén, kiém tra va dénh gia véi ty 1& 70% danh cho huin
luyén, 15% danh cho kiém tra va 15% danh cho d4nh gi4
mo hinh.

Téng s6 mau huan luyén: sir dung bo dataset ma ngudn
mo “CASIA-WebFace” bao gdm 494,414 hinh khu6n mat
cua 10,575 nguoi va 25 nguoi khac tham gia dy an nay,
trong d6 7,413 mau s& duoc sir dung cho huén luyén, tong
s mau kiém tra va danh gia twong tmg 1a 1,600 mau kiém
tra va 1,600 mau danh gia.

Bdng 1: Két qua déanh gia hiéu sudt mé hinh.

n-Fold Correct Errors Accuracy
1-fold 1204 396 75.26%
2-fold 1446 154 90.38%
3-fold 1432 168 89.50%
4-fold 1423 177 88.94%
5-fold 1439 161 89.93%
Overall 6944 1056 86.80%

M0 hinh phan loai thong qua phuong phap K-fold cross-
validation cung cdp thong tin vé hiéu suit cuia mé hinh
trong tirng 1an khi thyc hién qua trinh kiém tra chéo (cross-
validation). Piéu nay giup xac dinh xem mé hinh ¢ on
dinh hay khong khi dit liéu thay doi.

Két qua thyc nghiém cho théy mo6 hinh nhan dién khuén
mat hoat dong hi€u qua véi d6 chinh xac téng thé dat
86.80%. Qua 5 fold kiém thtr, md hinh thé hién su én dinh
cao dac biét tir fold 2-5 voi d9 chinh xac dao dong tir
88.94% dén 90.38%. Mic du fold 1 ¢6 hiéu suit thap hon
(75.26%), nhung cac fold con lai déu duy tri d chinh xéc
trén 88%, cho thay kha ning hoc va thich nghi tét ciia mo
hinh. Véi tong s6 6944 mau dugc nhan dién ding trén 8000
mAu thir nghiém, két qua nay cho thay tinh hiéu qua va do
tin cdy cua md hinh trong viéc nhan di€n khuén mat, dap
{mg tdt cho cac tmg dung thyc té.

B. Kiém sodt qud trinh ding nhdp

Trong qué trinh tap luyén, cac chi s6 va dit liéu vé thong
s6 thu thap dugc ghi nhan dé phuc vu cho viéc danh gia cua
d6i ngii y té, do d6 khi ca nhan tham gia vao qua trinh tap
luyén ma chua c6 thong tin, hé théng s& yéu cau thu thap
dit liéu c4 nhan nguoi d6. Didu nay dam béo rang qué trinh
tap luyén ludn dugc theo doi va danh gia chinh xac. (Hinh
3).

SO 02 (CS.01) 2025

22.:‘ Thu Thip D& Ligy gn: Khéng nhan dién duoc khudn mat. Can thu thap ol liéu

Hinh 3. Kiém sodt qud trinh dang nhdp.

Pé nhén dién khudn mat, mé hinh CNN duoc ap dung,
cho phép trich xuit cac dic trung tir cac diém mdc khuon
mat. M6 hinh nay ty dong hoc va phan loai dya trén cac
dac trung nhan duogc tu dir lidu dau vao. Qua trinh nhan
dién bao gdm cac budc chinh nhur sau:

Biéu dién dir liéu diém mdc khudén mat: Cac diém mébe
khuon mit duoc biéu dién dudi dang toa d6 (x;, y;) véii=
1,2, ..., n, trong do n la sb luong diém méc. Dix liéu nay
dugc chuyén dbi thanh heatmap hodc hinh anh nhj phan
lam d4u vao cho mé hinh CNN.

+ Cau trac md hinh CNN:
- Lop tich chap (Convolutional Layer):

Trich xuét cac dic trung khong gian tir dit liéu diém mbe.

Zi,j,k = %;(1) Zg;(} Xi+m,j+n- Winnik + b (5)

Trong do, X(; j): Gia tri pixel tai vi tri (i,/) cua dau vao,
W) Trong s6 cua kernel (bd loc) tai kénh k va by
Bias cta kernel k.

- Ham mét mat (Loss Function)

Pé t6i uu hoa mé hinh CNN, ham mat mat phd bién duoc
st dung 1a Categorical Cross-Entropy:

1 ~
L= —52?21 XS yilog ) (6)

Trong d6 N : S6 lugng mau trong tap luyén, C: s6 16p, Yij
: nhan thyc té (ground truth) cia mau i cho 16p j, Pi,j: xac
xuit dy doan ctia mé hinh cho mau i thudc 16p j.

- Khoang cach Euclidean dé so sanh dic trung: Sau khi
trich xuét dic trung tir CNN, khoang cach Euclidean duoc
sir dung dé so sanh vector dic trung cua khuén mit cn
phan loai véi cac vector trong tap huan luyén:

d(x,x;) = Z;'nzl(xj - x5)? (7)
Trong d6 x = (x1 X5, ..., X;y): Vector ddc trung cua diém
can phan loai, x; = (i1 X3, ..., Xiy): Vector ddc trung cua
mau trong tdp huan luyén, d(x,x;): Khoang cach
Euclidean.

Thong qua cac budc trén, mo hinh CNN gitp nhén dién
khuoén mat chinh xéc, hd trg trong qua trinh kiém soét va
quan ly thong tin trong cac bai tép luyén.
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C. Xay dung tro ly do

Chtre nang nay sé tich hop véi dit liéu hd so bénh an cia
bénh nhan dé phat trién thong tin bai tap diéu tri ciing nhu
cac khuyén céo cta bac si danh cho bénh nhan. Pong thoi
hé théng dua trén két qua nhip tim so véi hd so bénh 4n s&
canh bao ¢ 2 murc: Mirc cao dé diéu chinh hoat dong va
murc rit cao dé canh bao nguy hiém va goi sy hd tro tir
nguoi than hay bac si.

TROLY AO

[ X ly giong néi J { Phan hdi giong noi J Giam sat nhip tim J

|

{Nnptmwotnguonghoac |
¢ biéu cdm bét thuong :

[ Lién hé bac si ] [Llén hé ngurai than ]

Hinh 4. So do gidi thudt Tro Iy do

O ndi dung nay nhom sir dung cac ky thuat nhan dang
giong ndi (Speech Recognition), xtr Iy ngdn ngt tu nhién
(Natural Language Processing - NLP), xt 1y truy vén
(Query Processing), phan hoi (Response Generation). Sau
khi xac dinh dwoc phan hdi phu hop, Tro 1y 4o tao ra cau
tra 101 cho ngudi ding bang cach sir dung mé hinh tao ngén
ngir dé tao ra cau tra 101 tu nhién va rd rang, dinh dang lai
ciu tra 101 dé phu hop véi ngir canh va yéu cau ciia nguoi
dung.
Bdng 2: D tré trung binh ciia API

STT | Do tré Google- | Do tré Google- | S6 tir
STT (s) TTS (s)
0 1.06 0.43 10
1 1.68 0.42 20
2 2.62 0.62 30
3 3.43 0.54 50

Do tré cia Google-STT ting dan khi s6 lugng tir ting
1én: tir 1.06s (10 tir) 1én 3.43s (50 tir). Piéu nay cho thiy
rang hiéu sudt nhan dang giong néi bi anh huéng dang ké
bai d6 dai cua cau noi.

Do tré ciia Google-TTS (Text-to-Speech) twong dbi on
dinh, dao dong tir 0.42s dén 0.62s khi sb lugng tir ting tir
10 1én 50. Sy 6n dinh nay cho thay kha nang chuyén ddi
van ban thanh giong néi ctia hé thong it bi anh huong boi
dd dai cua cau, dam bao thoi gian phan hdi nhanh va hiéu
qua.

Bdng 3: Két qua hiéu sudt thuc nghiém

STT | Kich ban Truée bo | Sau bd
sung (%) | sung (%)
0 Kich ban :Nh’ip tim 78% 85%
vuot ngudng
Kich ban ‘Nhip tim
1 |va cam xuc bat 72% 88%
thuong’
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O kich ban "Nhip tim vugt ngudng", hi¢u sudt cia hé
thong da tang tir 78% lén 85% sau khi bd sung dit lidu hoc
truge. O kich ban "Nhip tim va cam xuc bat thuong", hiéu
suét cling ting dang ké tir 72% 1én 88%. Su cai thién nay
cho théy viéc sir dung dir liéu lich str tir cac budi tap trudc
khong chi gitip hé thong hiéu rd hon vé trang thai strc khoe
cta tung bénh nhan ma con tang kha nang nhan dién chinh
xéc cac dau hiéu bat thuong.

Hé théng dat dugc murc do c4 nhan héa tdt hon, phan anh
kha ning xtr 1y dir liéu theo timg trudng hop cu thé, viée
tich hop dir li¢u tir cac budi tap trudc da cai thién do tin cay
dic biét trong cac tinh hudng phirc tap két hop ca nhip tim
va cam xuc bt thudng.

D. Gidm sat, danh gid dau hiéu bdt thwong qua khudn
mat:

Mot hé thong danh gia va phan loai liét mat st dung mo
hinh hoc t6 hop dwa trén SVM, két hop ca k¥ thuét stacking
va bagging, dong thoi xir Iy dit liéu mat can bang. M6 hinh
dugc danh gia qua cross-validation 5 1an, cho thdy d6 6n
dinh va kha nang khai quat cao cho viéc danh gia su bét
thuong qua khuon mit [3]. D6i v6i nghién ctru cia bai bao
nay, ta can trich xuat dic trung khong gian va thoi gian: sir
dung cac diém méc trén khuon mat dé tinh toan cac khoang
cach va goc do giira chiing, cac dic trung nay bao gém vi
tri va ty 1¢ ciia 16ng may, mét, miéng va miii. Sau khi trich
xudt cac dic trung khong gian, thoi gian tir video, SVM
duogc st dung dé phan loai cac chudi video dya trén sy hién
dién cua biéu cam dau. Pong thoi sir dung cong cu ma
ngudn mé viét bang Python nham hd trg viéc phat hién,
tién xur ly, phan tich va tryc quan hoa dit liéu biéu cam
khudén mat, Py-Feat con tich hop cac m6 hinh phat hién
cam xtc duoc huin luyén tu cac biéu cam khudn mat cam
xuc do con ngudi tao ra hoac dugce khoi goi ty nhién [9].

Nnghién ctru clia bai bao nay st dung 02 bd dir liu [10]:
UNBC-McMaster Shoulder Pain Expression Archive: B
dit liéu nay bao gdm cac video biéu cam dau vai cia cac
dbi tuong, thudng dugc s dung trong nghién ctru nhan
dién dau. Cac video dugc ghi lai trong céc tinh hudng gay
dau vai ty nhién. Va BioVid Heat Pain Database: B0 dir
lidu nay chira cac video biéu cam dau gay ra boi nhiét o
cao. Cac video bao gém nhiéu murc do dau khac nhau, tir
nhe dén rat dau, do nhiét d6 cao gdy ra.

He¢ thdng sir dung thu vién DIib dé trich xuit cac dac
trung tir 68 diém mdc va ap dung cic md hinh hoc may dé
phan loai biéu cam, sy thay d6i trong pham vi sai sé vé dic
trung nay trén khuon mit dé dua ra két qua.

Nhom ciing st dung mang no-ron nhiéu 16p (MLP-
Multi-layer perceptrons) dé phan loai cic ctr chi khuon
mat. Mang no-ron nay dugc huén luyén v&i bo dir liéu cong
khai va c6 kha nang nhan dién sau ctr chi: trung tinh, nang
long may, nhim mét, cudi mo rong, cuoi khép miéng va
chu méi. Co sé dir li€u dugc st dung: Hé théng duoc danh
gia trén co s¢ dir liéu MEEI (Massachusetts Eye and Ear
Infirmary), bao gdm 480 hinh dnh ¢6 d6 phan giai cao tir
60 d6i trong, bao gdm ca ngudi khoe manh va bénh nhén
bi liét mat [11].
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Hinh 5. Trich xudt ddc trung véi 68 diém moc.

Trong mot mang MLP, mdi neuron thyc hién mot phép
tinh tuyén tinh theo sau la mét ham kich hoat phi tuyén:

= iw,g.“xf"“ +b", (8)
i=1
voi
- a]gl) : Pau ra ctia neuron thir j tai 16p L.
- Wi(].l) : Trong s6 két ndi tir neuron thir i tai 16p [ — 1
dén neuron thir j tai 16p L.
-1

- X : Pau vao ctia neuron thir i tai 1op [ — 1.

- bj(l) : Bias cuia neuron tht j tai 16p L.
Ham kich hoat (Activation Function)

Ham kich hoat quyét dinh dAu ra ctia mot neuron dua
trén dau vao tong hgp. Mot so ham kich hoat pho bién trong
MLP bao gom:

Ham Sigmoid:

1
9
o(x)=1- ©)
Ham Tanh:
e —e”
tanh 1
anh(x)=——— (10)
Ham ReLU (Rectified Linear Unit):
ReLU(x) = max (0, x). (11)

Truyén nguoc (Backpropagation)

Truyén nguoc 1a mot phuong phap dé tinh toan gradient
clia ham mat mat d6i véi cac trong sO trong mang no-ron.
bay 1a qua trinh chinh dé huin luyén MLP:

Ham mét mat (Loss Function): Ddi v6i bai toan phan
loai, mdt trong nhiing ham mat mat pho bién la Cross-

Entropy:
L(y,y) = —Z[yi log(yi ﬂ
i=l

- Gia trj nhan thuc té va Y, : Xac suét du doan.

(12)

voi y;

Gradient Descent (Giam Ddc) Gradient descent duoc
su dung d¢€ di€u chinh cac trong s6 nham gidm ham mat
mat:
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W(l
N amﬂ (13)

aL ., X
— 1a dao ham
ij

v6i i 1a tée d6 hoc (learning rate) va

ctia ham mat mat theo trong sd w( ),

Phan loai ctr chi khuén mat:

Dé phén loai cac ctr chi khudn mat va nhan dién sy bt
thuong, dau ra cia MLP s& 1a mot tap hop cac xac suat
tuong tng véi cac 1op cir chi hodc cam xuc khac nhau. Cu
chi ¢6 xac suit cao nhét s& duge chon lam du ra cia mod
hinh.

Ham Softmax dugc sir dung dé chuyén ddi két qua tir
mo hinh thanh cac gia tri xac suat, voi cong thic:

exp (zi—c)

softmax(z;) = ¥C_, exp (zx—c)

, Vi c = max (z) (14)

z;: Gia tri dau ra tir mo hinh cho trang thai cam xuc i.
C: Tong sb trang thai cam xuc.

¢ = max (z): Gia tri 16n nhat trong vector dau ra z, dugc
st dung d¢€ on dinh s0 hoc.

Nhan dién su bét thuong :

Nhan dién su bat thudng co thé dua trén ngudng xac suét
hodc su két hop cia nhi€u yéu t0, chang han nhu xac suat
dy doan thap hodc mo hinh khong chac chan.

Ngudng xéac suat duoc xac dinh :

If max(Sof tmax(z)) < threshold, thi nhan dién bt
thuong

Ngudng (threshold) c6 thé dwoc xac dinh bang cach tdi
uu hoéa trén tap huan luyén hoac dya trén kinh nghiém.

ll. KET QUA NHAN DINH

Bai bao di trinh bay phuong phap tich hop dé nhan dién
khuoén mat, thu thap dit liu va phan tich cam xuc, sy bat
thuong do dau, cing thing. .. gdy ra tir sy thay ddi vi tri dic
trung trén khudn mit bang cach sir dung camera RealSense
va cac thuat toan hoc may. Hé théng da chirng minh dugc
tinh kha thi khi img dung vao linh vuc hd trg doi ngil y té
trong viéc giam sat, theo ddi trong qua trinh tap 1uyen phuc
hdi chirc ning. Viéc tich hop cac cong nghé tién tién nhu
Dlib va RealSense da mang lai d§ chinh xac 6n dinh va kha
niang hoat dong trong thoi gian thuc cho hé thong.

Bang 4: Két qua nhdn dién phan logi cam xuc.

Emotion Test Average
Angry 84.20% 85.50%
Disgust 80.40% 85.50%
Fear 77.10% 85.50%
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NHAN DANG DAU HIEU NGUY CO BAT THUONG TREN KHUON MAT TRONG QUA TRINH TAP LUYEN ...

Happy 98.40% 85.50%
Sad 82.00% 85.50%
Surprise 94.50% 85.50%
Neutral 89.00% 85.50%
Overall 86.51% 85.50%

Két qua thir nghiém cho thdy mo hinh dat d6 chinh xéac
tong thé 12 86.51%, tuy nhién, hiéu sudt giira cic cam xuc
khong dong déu. Cac cam xic "Happy" (98.40%) va
"Surprise" (94.50%) dat do chinh xac cao, nho vao dic
trung khuon mit dé nhan dién va phan biét. Trong khi do,
cac cam xuc "Fear" (77.10%) va "Disgust" (80.40%) c6 dd
chinh xac thap hon, chu yéu do sy trong ddng trong cac
dic trung khuon mat va kha ning bi nham 13n véi cac cam
xtc khac. Két qua nay phan anh nhimg thach thic trong
vi€c nhan dién cac cam xuc phuc tap hodc c6 dac diém
twong ty nhau.

Pé cai thién hiéu suit mo hinh nhom ap dung thuat toan
hop nhit dua trén hd so cam xtic cai tién (IEPs) va do tin
cay tdi da dugc dua ra dé nhan dién cam xtc [12], trong d6
can tap trung vao viéc mo rong va ting cudng nhiéu thém
bo dit liéu huan luyén cho cac cam xuc kho phan biét, dac
biét 1a nhitng cam xuc d& bi nham 1an. Viéc giam thiéu su
nham 14n gitra cac cam xtic ndy s& nang cao do chinh xac
va cai thién hi¢u qua ing dung ciia mo hinh trong cac tinh
hudng thuc té.

Bang 5 : Ma trdn nham lan.

Confusion Matrix

o 0002 0041 0039 0060 0010 0062 10
«— 0057 QLT 0038 0015 0024 0007 0005
0.80
0.061 0.001 0722 (RIS 0083 0034 0063
0.60

N
2
[}
K
S ™ 0005 0000 0006 RGN 0010 0008 0018
2
2 - 040
< 0047 0001 0059 0042 [EONELNM 0008 0093
-0.20

n 0011 0000 0038

0.027 0.007 0016
-0
0.047 0.051 0.009 [EiRYE]

0 1 2 3 4 5 6
Predicted labels

© 003 0001 0.028

Biéu d6 ma trdn nham 14n cung cip cai nhin chi tiét vé
hiéu suét cia mo hinh nhan dién cam xuc. Céc gia tri trén
dudng chéo chinh thé hién ty 1& du doan diing, v6i "Happy"
dat d6 chinh xé4c cao nhét (98.4%) nho dic trung rd rang,
va "Surprise" dat 94.5%. Nguoc lai, "Fear" c6 d0 chinh xac
thap nhit (77.1%) do d& nhim 1n v&i "Surprise” (3.5%) va
"Sad" (5.4%). Cac cam xuc nhu "Disgust" (80.4%) va
"Sad" (82.0%) ciing c6 hiéu suét trung binh, trong khi
"Neutral" dat 89.0% nhung bi nham véi "Sad" (2.5%). Ty
1¢ nham 14n ngoai dudng chéo chinh cho thay thach thirc
trong viéc phan biét cdc cam xuc tuong ty, nhu "Angry"
(84.2%) thudng bi nham véi "Fear" (3.5%) va "Disgust”
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(2.5%). M6 hinh dat d6 chinh xac trung binh 86.51%, tuy
hiéu suét chua ddng déu giira cac cam xtc. Dé mé hinh cai
thién dat két qua cao hon, ta can phai ting cuong dir liéu
huén luyén va 4p dung cac ky thuat hoc sau. Ma tran nhdm
1an gitp xac dinh diém manh va yéu ctia mé hinh, tir d6 cai
thién hiéu suét béng cach diéu chinh mé hinh hodc thu thap
thém dir liu cho cac 16p kho phan biét.

il

Gt X B3 Susdmg Cam Xic 84t thwemg

Carh Bic: Cénh Bo:

Camxac: esimvorg
b i amuong cami py—— o s
f— N cinnin : Ao T

Hinh 6. Két qud nhdn dién bdt thuong.

Bai bao nay hudéng dén xay dung giai phap hd tro doi
ngu y té trong giam sat, theo dodi qua trinh tap luyén phuc
hdi chirc ning, han ché sy ¢b bat thuorng xay ra nho vao hé
thong nhén di¢n khuén mat. Cac yeéu t6 nhu dir liéu nghién
clru vé cac bénh nhu liét mat, dot quy...s€ anh hudéng kha
nhidu dén két qua nghién ctu, ciing nhu sy da dang ddi
tuong chua dugc thyc nghiém nhiéu ¢ bai bao nay.

Hudng phat trién tiép theo nhom sé& phdi hop cung cac
dO’Il vi lién quan dé cung xay dung co so dir liéu vé sinh
tric hoc cho di tugng co tién st bénh c6 anh hudng dén
su thay d6i dau hiéu khudén mat va tiép tuc phat trién cac
phuong phap t6i wu, phut hop trong linh vyc chiam soc sirc
khoe, gop phan Vao xay dyng thanh phé thong minh, cong
cudc chuyén doi s6, d6i méi sang tao trong y té.

Nhom téc gia ciing cam on nhitng dong gbp, nhimng két
qua thyc nghiém ma em Lé Nam Long, hoc sinh 16p 8A3
Truong phd thong chuyén Tran DPai Nghia di phdi hop
trong sudt qua trinh thuc hién cong trinh nay.
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DETECTION OF ABNORMAL RISK SIGNS ON
THE FACE DURING THE REHABILITATION
TRAINING PROCESS

Abstract: In the rehabilitation training process, early
detection of abnormal risk signs on the face plays a crucial
role in ensuring safety and optimizing treatment
effectiveness. This study focuses on applying machine
learning and image processing techniques to identify and
classify abnormal facial signs, including facial muscle
deformation, signs of stress, or unnatural asymmetry.
Image data collected from training sessions are analyzed
and processed to build a recognition model, which provides
early warnings and supports the adjustment of treatment
methods. The research results contribute to enhancing the
effectiveness of the rehabilitation support system,
improving patient care, and minimizing risks during the
treatment process.
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Key words— SVM, CNN, KNN, Facial Landmark
Detection.
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