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Tom tat:

Trong nhitrng nim gan diy, ng dung cong nghé hoc may trong chin doan tiéu dwdng theo
phwong phap xam lin tré' thanh mdt linh vue nghién ciru quan trong trong y hoc. Trong giai
doan nghién ciru hién tai, chiing t6i tao ra cic mau dung dich glucose véi 14 mirc khac nhau
dua trén nong dd mol ciia glucose trong dung dich, trwée khi chiéu tia laser dé thu thip quang
pho Raman. Dya trén két qua tich cure tir nghién ciru truée, chiing téi tai sir dung phwong phap
ting quy mé bd dir liéu bing k¥ thuat tao dit liéu 40 thém nhiéu jitter. Tir d6 mot bd dir li¢u méi
dworc tao ra, gom dir li¢u that va dir liéu 4o c6 s6 mau 16n hon gip 100 lin. M hinh mang no-ron
dugec sir dung 12 mé hinh tich chiap mét chiéu véi muc dich xac dinh mire glucose trong cic mau.
Két qua cho thiy, ky thuat tao miu gii thong qua phwong phap thém nhiéu jitter niang cao dd
chinh xic ré rét trong viéc giam thiéu hi¢n twong qua khép ciia md hinh hoc siu, dong thoi dat
do chinh xdc cao trong viéc phin loai tin hiéu tin xa Raman.

Tir khéa: chan doan tiéu dwong, mang no-ron tich chap, nhan ban dir liéu, nong dd glucose,
quang phé Raman.

Application of jitter augmentation in classification of Raman scattering from glucose
liquid with several machine learning models
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Abstract:

The utilisation of machine learning technology for invasive diabetes diagnosis has emerged
as a prominent research area in the medical field in recent years. The study employs Raman
spectroscopy of a glucose fluid sample to ascertain glucose levels. We produce glucose-liquid
samples with 14 varying ratios of glucose to pure water to replicate the 14 glucose concentrations
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found in human blood and acquire the corresponding Raman spectra. With the optimistic
result of the previous study, we also design the jittering augmentation approach to enhance the
dataset and the dataset size was increased by a factor of 100. We employ a 1-D Convolutional
Neural Network to ascertain glucose levels in samples. The result proves the positive effect of
jitter augmentation for improving the performance of the deep learning model as well as high
accuracy of these models in classification of Raman scattering.

Keywords: artificial intelligence, convolutional neural network, glucose concentration, jitter

augmentation, Raman scattering.

1. Dat van de

Viéc phat hién kip thoi bénh tiéu duong c6 thé
duoc thuc hién thong qua cac phuong phap theo
ddi glucose mau chi phi thip. Hién nay, phuong
phap phat hién dudng huyét xAm 1an van pho bién
do tinh don gian, lién quan dén viéc thu miu mau
dé phan tich in vitro. Céc thiét bi theo ddi glucose
truyén théng st dung phuong phéap dién hoa, yéu
cau ldy mot lugng mau xac dinh tir bénh nhén
thong qua viéc chich ngoén tay hodc s dung kim
cdy dudi da. Hau hét nhitng ngudi méc bénh tiéu
duong cam thay khong thoai mai khi phai kiém
tra mirc duong huyét thuong xuyén, do can lay
méu nhiéu 1an mdi ngay dé xét nghiém.

Nghién ciru nay ap dung chién luoc hoc sau
nhiam giai quyét kho khian do, ké thura tir cac
nghién ctru trude cua ching t6i. Mang no-ron tich
chap mot chiéu (viét tit 1a 1-D CNN hoidc CNN)
duoc str dung dé phan tich méi twong quan gitta dir
liéu quang ph6 Raman va muc glucose. Dé giam
thiéu hién twong qua khép (overfitting) trong qua
trinh hudn luyén, chung t6i ap dung chién lugc
tang cuong dir liéu bang cach thém nhiéu jitter
nham tao ra cac mau twong duong, gdp phan mé
rong tap dir liéu. Két qua thu duoc cho thay hiéu
qua 10 rét, do chinh xac dat trén 96%.

Bai bao nay duoc to chic thanh bon phan
chinh: Gidi thiéu, phuong phép, két qua thuc
nghiém va két luan. Phan giéi thiéu trinh bay tong
quan vé vin dé nghién ctru va tim quan trong cta
n6. Phan phuong phap mé ta cac chién luge va
quy trinh duogc sir dung dé xay dung mé hinh 1-D
CNN va xir ly tap dir liéu. Trong phan két qua
thuc nghiém, ching t6i phan tich va théo luan cac
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phat hién cua nghién ctru, bao gdm hiéu qua cia
mo hinh CNN. Phan két luan tong hop cac két qua
chinh, danh gia tac dong cuia chiing va dé xudt cac
hudéng nghién ctu trong tuong lai.

2. Nghién ciiu lién quan

Do nhiing han ché ciia cac phuong phap xét
nghiém dudng huyét truyén thong, nhiéu phuong
phap khong xam lan da duoc phat trién nham cung
cip danh gia nong d6 glucose mdt cach chinh
x4c. Gan ddy, quang phd Raman di duoc nghién
ctru nhu mdt cong cu dé danh gia mirc glucose.
Quang phé Raman, dua trén hién tugng Raman
duogc phat hién vao nam 1928 [1], hoat dong nhu
mot k¥ thuat tan xa. Tan xa anh sang xay ra do sy
tuong tac giira cac phan tir trong mau vdi tia laser
don sic. Anh sang bi tan xa & mot tan sb khac vai
tan xa dan hdi s& tao nén phé Raman, phan anh
su tuong tac khong dan hoi gitra phan tir mau va
anh sang don sic. Thiét bi s dung trong quang
ph6 Raman, goi 1a may quang phd Raman, thuong
bao gém bdn thanh phan chinh: ngudn phat laser,
budng chira mau, budng quang phd sir dung cach
tir nhiéu xa va bo phan thu nhan tin hiéu. Quang
phd Raman c6 thé duoc tmg dung dé do nhiéu loai
hop chat hoa hoc khac nhau [2]. M6t phat hién
dang cht y vé mdi lién hé gitra dit liéu pho Raman
thu duoc tir co thé ngudi va mire duong huyét da
dugc trinh bay trong [3]. M6t s6 nghién ctru trong
nhitng nam gan day da xay dung chién lugc hodc
phuong thirc do glucose khong xam 14n bang phd
Raman trén nguodi dd cho thiy tiém ning tng
dung. Nghién ctru cia I. Rehan va cs (2024) [4]
da ap dung ky thuat hoc may co ban la may vecto
hd trg (viét tit 1a SVM) dé phan tich dit liéu phd
Raman tir nude tiéu dé danh gia xem ngudi dé co
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bi tiéu duong khong, két qua dat duoc dang ké 1a
ty 1¢ chinh xac 1én t&i 94%. Trong nghién clru ctia
L.A. Duc va cs (2023) [5], bénh tiéu duong tuyp 2
cling da dugc phat hién thong qua sy két hop giira
phd Raman va cac k¥ thuat hoc may. Tuy nhién,
thach thirc trong viée sir dung phd Raman 1a dam
bao hiéu qua du doan muic glucose mot cach on
dinh. Nhiéu yéu t c6 thé anh huong dén két qua,
chang han nhu cuong do tin hiéu Raman yéu va
dic diém phtc tap cia co thé ngudi khi co cau
trac day ddc gom cac mo va chét long [6]. Trude
tinh hinh d6, mot s nghién ctru da c6 nhirng cach
tiép can don gian hon khi thu thdp Raman tir dung
dich glucose thay vi thu tryc tiép trén da nguoi,
nham danh gi4 hiéu qua hoc may khi trich xuét
glucose. Nghién ciru ctia Gonzélez-Viveros dé
xudt giai phap ap dung Mang no-ron tich chap dé
phan loai ndng do duong trong dung dich nudc
duong véi do chinh xac cao [7].

Twr cac nghién ctru trude, nhém nghién curu da
thuc hién toan bo cac budc, tir thu thap di ligu
dén dé xuit cic mo hinh hoc may dé giai quyét
bai toan phan loai dya trén dir li¢u phé Raman c6
dic trung ndng do6 glucose. Theo T.N. Quang va
cs (2024) [8], cac mau gia lap duoc tao ra véi gia
tri mong mudn thay vi sir dung miu sinh hoc, do
gap nhiéu han ché trong viéc thu thap mau theo
cach khong x4m lan hodc xdm lan & cac ving
khac nhau trén co thé ngudi [9], cling nhu cac van
dé dao duc lién quan dén thir nghiém trén nguoi.

Trong nghién ctru trude, chiing t6i da tién hanh
toan bo qua trinh tir thu thap dir liéu dén dé xuit
md hinh hoc may dé phan loai dir li¢u phé Raman
v6i didc trung ndong do glucose [8]. Mot may quang
phé Raman kich thudc 16n dugc st dung dé thu
thap dir liéu tir vat liéu. Cac mau duoc téng hop
bang cach pha tron glucose tinh khiét véi nude
khir ion theo ty 1¢ chinh xac nhim mo phong mau
mau c6 cac mirc glucose cu thé trong moi trudng
phong thi nghiém. Chiing t6i thiét 1ap cong sut
laser & mirc 115 mW va cdu hinh pham vi do dé
bao phu budc song 792,3 nm trong 300 gidy. Sau
d6, ching t6i nhé 3 ml dung dich glucose vao vi
tri can do dé thu nhan phé Raman. Tin hiéu tan
xa nay dugc s6 hoa thanh dit liéu co thé tién xu

Iy va dua vao mo6 hinh hoc may. B chinh xac ¢
cdp mau dong vai tro then chdt trong viée danh
gia kha nang dy doan muc glucose ciia mo hinh
trong nghién ctru nay. Ching t6i cling st dung
mod hinh CNN 4 16p cung voi cac md hinh hoc
may don gian nhu SVM, Random Forest va Extra
Trees. Tuy nhién, do ) luong dit licu van con han
ché, chung t6i da ap dung ky thuét ting cudng
dir liéu jitter dé tang s6 lwong mau, qua do6 tranh
hién tuong qué khop trong cac md hinh hoc may
phtrc tap nhu CNN [10]. Két qua cho thiy hiéu
qua 10 rét voi do chinh xac cao trén tat ca cac mod
hinh hoc may, dac biét la mo6 hinh CNN. Pang chu
y, hiéu suét ctia md hinh khi su dung tap dir li¢u
da ting cuong cao hon so véi tap goc, diéu nay
cho thay hiéu qua cua k§ thuat jitter augmentation
d6i véi dit liéu Raman tir mau tinh khiét. Do do,
trong bai bao nay, chung toi ap dung ky thuat jitter
augmentation v&i quy mo 16n hon va dé xuat mot
mod hinh CNN ¢6 kich thudce lon.

3. Tao dir liéu 4o véi thém nhiéu jitter

Ching t6i st dung tap dir li€u Raman tu
nghién ctru trude duge thu thip bang thiét bi phd
ké quy mo 16n [8]. Tap dit liéu géc, duoc tao ra tur
céc phép do thuc nghiém, bao gdm 14 nhén twong
tng v6i 14 muc ndong d6 glucose tir 5,0 dén 7,5
mmol/l. Méc du khoang gié tri glucose nay khong
bao phu toan b dai chi sb glucose ciia bénh tiéu
duong, muc ti€u cua bai bao nay cling nhu nghién
ctru trude [8] 1a nhdm ching minh tinh kha thi
ctia md hinh CNN va viéc sir dung cac ngudn dir
liéu khong lay tir nguoi. Do d6, pham vi glucose
giéi han nay khong 1am anh huéng dén tinh toan
ven ctia nghién ctru. Cac khoang nong do glucose
duoc gan nhan mot cach déu dan, trung binh tu
0,1 d&én 0,5 mmol/l. Mdi mau chira nhiéu cip dir
lidu budc song - cuong do trong phdé Raman, cac
cip niy duge danh chi s6 va sip xép theo thir tir
tang dan ciia do dich budc song.

Trong nghién ciru trudc cua T.N. Quang va
cs (2024) [8], thuat toan tang cuong jitter dugc
st dung dé tao ra cac mau dir liéu méi, dua trén
su twong dong giita pho tan xa Raman va dir liéu
chudi thoi gian ma dic trung ctia cac nhan glucose
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dugc xac dinh boi mbi twong quan ty 1& giira cac
gi4 tri cuong do 1ién ké [11]. Trong bai bao nay,
cong thirc tong quat dé tao dir liéu chudi thoi gian
moi bang phuong phap jitter [12] dugc p dung
cho phd Raman nhu cong thirc (1), véi mot mau
Raman thyc I={I,L, ..., Ij, N I

Lp)={,te,L+e, . .,Ite, ... [ +e} )

trong do: I (p,): mau 4o thtr i duoc tao tir mau
that I; I Cuong do o tzu('rc song thir j; n: S6 budc
song tro~ng quang phd Raman; € Gia tri nhicu
jitter ngau nhién ¢ cuong do dugc thém vao budce
song thu j.

Trong nghién ctru ctia T.N. Quang va cs (2024) [8],
kich thudc dir liéu sau khi sao chép bang ky thuat
tang cuong jitter da ting 1én gap 20 1an, tir 70 mau
ban d4u 1én thanh 1400 miu. Twong img, mdi muc
glucose trong tap dit liéu gbc bao gdbm 5 mau,
trong khi tap dit liéu di ting cuong chira 100 mau
gdm 5 mau gdc va 95 mau gia 1ap. Trong nghién
ctru nay, kich thudc dit liéu dwoc nhan 1én 100 lan
(tir 70 1én 7000 mAu). Cuy thé, mdi muc glucose
trong tap dir liéu ting cudng bao gébm 500 mau,

Bang 1. S6 lwong mau twong ng v&éi mdi mivc
glucose v&i moi bo dir liéu.

S6 mau moi nhan mire glucose

Miirc

dwong  Bg dirligu B dii lidu B.ﬁ‘dﬁ' ll;,éu tdﬁg
huyét  gde ting cuong cuons 0"ngh1en

curu trude [8]

3,0 5 500 100

5.2 5 500 100

5.4 5 500 100

5,5 5 500 100

5,6 5 500 100

5.8 5 500 100

6,0 5 500 100

6,2 5 500 100

6,4 5 500 100

6,5 5 500 100

6,6 5 500 100

6,8 5 500 100

7,0 5 500 100

7,5 5 500 100
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trong d6 ¢6 5 mau gdc va 495 mau gia lap. Bang
1 trinh bay s6 lugng mau tuong tmg & mdi mirc
glucose trong tung tap dir ligu.

Chuing t6i ciing luu ¥ trong bang 1 rang, ma
nhan dugc st dung nhu mot dinh danh trong qua
trinh huan luyén va kiém thir ciia mé hinh hoc sau.
Do dac trung cua bai toan phan loai, mirc glucose
cua mdi mau dugc xac dinh dua trén ma dinh
danh nay thay vi gi tri thuc té ciia no.

4. Thit nghiém véi mé hinh hoc may
4.1. Pé xudit mé hinh CNN

Trong nghién ctru trude [8], chung toi da dé
xuat mot mo hinh CNN gom 4 16p va két qua thu
duoc kha kha quan véi tap dir liéu da dugc ting
cuong. Trong nghién cuu nay, kich thudce tap dir
lidu duoc tang 1én gp 100 1an va dit liéu cua mdi
mau c6 kich thudc rat 16n véi 2030 gia tri, do do,
mot mo6 hinh CNN 16n hon ciing dugc dé xuat. Cu
thé, mot mang 1-D CNN véi 7 16p no-ron duge
xay dung, bao gém 5 16p tich chap, 1 16p dau vao
va 1 16p dau ra.

Lé6p dau vao c6 nhiém vu tiép nhan gia trj cua
mau dudi dang mang gdom 2030 phan tir, tuong
tng v6i s6 luong gia tri cudng do cua phd Raman.
Lé6p dau ra c6 nhiém vy 1am phing va tra vé nhan
thudoc tap 14 nhan. Cac dac tinh cua tung l6p
no-ron dugc mo ta trong bang 2.

Bang 2. M6 hinh CNN dé xuét.

Thir twlép  Kich thwéc nhan S6 bd loc
Lép 1 48 1152
Lép 2 24 576

Lép 3 12 144

Lép 4 6 36

Lop 5 3 9

Tuong tu nhu trong nghién ciru trude [8], 16p
lién ké 16p dau ra co kich thude kernel nhd hon
mot cach ty 18 so voi cac 16p & xa hon, diéu nay 1a
do co ché pooling von c6 trong mang 1-D CNN.
Gi4 tri cua 16p trude d6 (gan 16p dau vao hon) co
kich thudc kernel gip doi so vai 16p lién ké phia
sau, tic 16p O gan 16p dau ra hon. Ngoai ra, dé
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nang cao hi¢u suét ciia mo hinh CNN, s luong bd
loc tai mdi 16p duoc xac dinh bang binh phuong
cua gia tri kich thude kernel tuong ung. Ching t6i
sir dung ham kich hoat ReL U va ap dung phuong
phép chuan héa L2 véi hé sé diéu chinh 13 0,05 ¢
tat ca cac 16p.

Chuong nay trinh bay cau trac va ndi dung
cua tap dir liéu dugc str dung cho mé hinh CNN,
cung v6i kién tric cia chinh mé hinh CNN. Trong
chwong tiép theo, chiing t6i sé& trinh bay qua trinh
trién khai mo hinh CNN, quy trinh huan luyén va
mo ta thiét 1ap thuc nghiém.

4.2. Qud trinh hudn luyén va kiém thi

Yéu to cbt 15i trong viéc danh gid mo hinh
CNN la xac thue cach mé hinh hoc trong qua trinh
huén luyén va hoat dong nhu thé nao trong qua
trinh kiém thir. Ngoai ra, chiing t6i ciing so sanh
hiéu suat cia mé hinh CNN. Do dé, mét loat thi
nghiém dugc thiét ké v6i phuong phap tao tap dir
lidu riéng biét cho huin luyén va kiém thir, lich
trinh hudn luyén va két qua tir qua trinh kiém thir.

Trong nghién ctru trude [8], ky thuat kiém
dinh chéo K-fold dugc stir dung, theo do tap di
liéu duge chia thanh 5 phan bang nhau, trong d6
mot phén duoc chon lam tap kiém thir, bon phén
con lai duogc dung cho huén luyén.

Véi cach phan chia nay, tap kiém thir bao gdm
1330 mau dugc chia déu cho 14 ma nhén, tirc mdi
nhdn c6 95 mau. Tuong tu, tap huin luyén co téng

cong 5320 mau, trong d6 mdi nhan c6 380 mau.
S 1an l3p lai qua trinh 14 50. Dé giam thiéu hién
tuong qua khép, ching t6i ap dung kiém dinh
chéo K-fold voi thu vién Sklearn, mot k¥ thuat
trong d6 mdi phan dugc luan phién lam tap kiém
thtr, trong khi cac phﬁn con lai dugc st dung cho
huin luyén. Ngoai ra, sau khi dua vao md hinh
hoc may, qua trinh chia dir li¢u cling ty dong tién
hanh véi thu vién Tensorflow. Hinh 1 md ta cac
budc thuc hién thi nghiém gdém hai bude 1a: bude
(1) dua dir liéu vao mang 1-D CNN phuc vu viéc
huén luyén, diéu chinh trong sb cac 16p tich chap
va budc (2) 1a cho mang CNN da “duogc hoc”
thong qua tdi wu hoa trong sb cac 16p tich chap
thi nghiém véi dit liéu doc 1ap. Ban than budc (1)
cling bao gém nhiéu dot véi mdi dot duge thuc
hién theo chu trinh tuan hoan 14 (1.1) huén luyén
va (1.2) kiém thtr. Luu ¥ rang kiém thir & bude
(1.2) khac vai kiém thir K-fold ¢ bude (2). Kiém
thir budce (1.2) duoc thue hién sau mdi 1an huén
luyén ¢ bude (1.1) va thyc hién nhiéu lan theo
timg dot v6i muc dich t6i uu hoa trong sb 16p tich
chap trong khi kiém thir K-fold duge thuc hién
duy nhét mot 1an sau khi mé hinh da duoc t6i wu.

Nhu vay, c6 thé thiy viéc phan chia tap dit liéu
dién ra hai lan, mot lan thuc hién dé phuc vu viéc
danh gia hiéu nang theo co ché K-fold, mot lan
dé mang 1-D CNN diéu chinh tham s6 sau huan
luyén. Vi co ché K-fold, tap dir liéu dugc chia
thanh 5 phan bang nhau, trong d6 mét phan dugc

64% 16% 20%
(1.1) (1.2) (2)
(1.1) Huan (1.2) Kiém ::> (2) Kiém thir
luyén CNN thir CNN K-fold
(1) bura vao
mang CNN

I

Tap dir liéu

Hinh 1. Phan bé tap dir liéu vao cac bwéc trong mdi 1an van hanh mang 1-D CNN.
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chon 1am tap kiém thir va bn phan con lai ding
cho huin luyén. Nhu vay dit li€u phuc vu mang
1-D CNN la 80%. Mot lan nira, ty 1€ chia trong
mang 1-D CNN duoc thiét lap theo chuin 12 0,2,
tuong tu ty 1& véi co ché K-fold. Viéc phan chia
tap dir liu s€ dugc truc quan hoa ¢ hinh 1, voi ty
18 64% phuc vu huan luyén CNN, 16% phuc vu
kiém thir CNN va 20% phuc vu kiém thu K-fold.
Luu y rang, do kiém thir va huan luyén CNN dugc
thuc hién nhiéu 1an trong mot lan van hanh, dir
lidu phan chia vao hai tap kiém thir va huén luyén
trong CNN sé& duoc ty dong sip xép, phan chia
lién tuc trong tdp dir li€u dua vao mang CNN
(chiém 80%) con dit liéu phuc vu kiém thir K-fold
s& 1a ¢6 dinh.
4.3. Tiéu chi do dac

Trong pham vi nghién ctru, mot sé tiéu chi
phé bién trong linh vuc hoc may duoc st dung dé
danh gia nhu: do chinh xac (accuracy) va do sai
sd. Trong cac chi s nay, do chinh xéac 1a gia tri
quan trong nhét phan anh hiéu suat cia mé hinh
hoc may voi mot tap dir liéu cu thé.

Trude khi tinh toan d¢ chinh xéc, ching toi
xac dinh cach thirc danh gia hiéu sut cia mo
hinh. Trong bai toan phan loai, nhi€ém vu chinh Ia
mo hinh s& du doan mét nhin cho mot mau phé
Raman, sau d6 kiém tra két qua bang cach so sanh
vO1 ma nhan thuc té. Do do, két qua d4u ra cia mo
hinh s€ c6 hai trang thai: dung hodac sai.

Do chinh xéc 1a ty 18 gitra s6 1an du doan dang
trén tong sO lan phén loai, dugc tinh theo cong
thtrc (2):

Ny x 100%

Accuracy (%) = NI N (2)
T+ Np

trong do: N.: S6 lan phan loai dung; N.: S6 lan
phén loai sai.

Vi tidu chi ham sai s6, chung toi str dung ham
mat mat entropy dang Categorical dé do do sai
khéc giita phan phdi xac suat dy doan ciia mo hinh
dbi voi cac 16p va phan phdi thuc té cua nhan.
Ham mat mat nay duoc tinh theo cong thirc (3),
nham do luong mirc d khac biét giita hai phan
phéip va q[13]:

H(p,q) = — X;p;ilog(q;) (3)
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Trong pham vi nghién ctru, d chinh xac dugc
tinh theo cong thuc (2) va (3) cho tung vong lap
trong tong s6 50 vong lap, trude khi tinh gia tri
trung binh cudi cing.

4.4. Két qua

Bang 3 trinh bay gia tri trung binh cua hai tiéu
chi danh gia: ty 1€ chinh xac tinh theo cong thiic
(2) va do sai sb tinh theo cong thic (3) cua md
hinh CNN vdi 5 1op tich chap trén ba loai tap dir
lidu: tap dir lidu gbc, tap dir liéu di ting cudng
trong nghién ctu trude [8] va tdp dir ligu da tang
cuong trong nghién ctru nay.

Bang 3. Két qua do dac va déi sanh.

A 1ot D) chinh D mit

CNN Tap dir liéu xic (%) bt
416ptich Raw [8] 90,08 9,53
chap [8]  Modest Enriched [8] 95,03 8,51

Tap dit liéu tho 88,73 11,02
516p tich )

OP U Modest Enriched [8] 95,92 8,16

chap

Large Enriched 96,81 7,87

Két qua bang 3 cho thiy, mé hinh CNN v&i
5 16p tich chap gdp phai hién twong underfitting
khi xtr Iy dir liéu quy md rat nho nhu tap dit lidu
gbc. Khi ap dung mo hinh CNN 16n hon 1én tap
di liéu c6 quy mo trung binh dugc sir dung trong
nghién ctru trude [8], do chinh xac ctia mo hinh cé
cai thién nhe so voi mo hinh CNN nhé hon trong
nghién ctru d6, song song véi do6 1a do sai sb thap
hon. Déi véi tap dit liéu da dugce ting cudng & quy
mo 16n trong nghién ciru nay, két qua thu dugc
rat tich cuc, voi dd chinh xac & murc cao nhit 1a
96,81% va do sai s6 & mirc thap nhat 14 7,87.

5. Két luan

Chung t6i danh gia tinh kha thi cua m6 hinh
mang no-ron tich chap mot chiéu (1-D CNN)
trong viéc phan loai cac murc ndng do glucose cu
thé dua trén dir liéu phé Raman thu dugc tir dung
dich glucose tinh khiét.

Trong qua trinh thu thap dir liéu, ching toi tao
ra mot tdp gdbm nim mau, mdi mau chira dir lidu
ctia 14 murc ndng do glucose, dao dong tir 5,0 dén
7,5 mmol/l. Tuy nhién, kich thuéc miu nhu vay
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la chua du dé giam thiéu hién tuong qua khép
thuong gédp trong cac mo hinh hoc sau. Vi vay,
chung toi ap dung k¥ thuat tang cuong dir 11eu
bang jitter dé tao ra cac mau mo phong. Tong s6
mau dugc tao ra sau qua trinh tang cuong dir liéu
14 7000 mau, voi mdi mirc glucose dugc dai dién
bdi 500 mau.

Trong nghién cru nay, chung téi hoan toan
kiém soat toan bd quy trinh tao tap dir li€u bao
gém viéc tao mau vat liéu, thu thap phé Raman
thong qua tuong tac gitta anh sang va vat liéu,
cling nhu thiét ké va trién khai thuat toan ting
cuong dir liéu jitter.

V& thiét ké mo hinh hoc sau, chiing toi trién
khai mang CNN mot chiéu véi bon 16p va st dung
ham mét mat dang entropy phén loai (categorical
entropy). Ky thuét kiém dinh chéo K-fold duoc
stir dung dé chia tap dir liéu da ting cuong thanh
cac phan huan luyén va kiém thir. M6 hinh dugc
huén luyén trén tip huin luyén va danh gia trén
tap kiém thir qua 50 lan lap lai.

Chung t61 sir dung thu vién TensorFlow voi
ngon ngit Python dé xay dung mo hinh CNN, va
st dung thu vién scikit-learn (sklearn) voi Python
dé trién khai kiém dinh chéo K-fold. Viéc dénh
gi4 hiéu suat mé hinh duogc thyuc hién dya trén bon
t1eu chi, trong do6 ¢o ty 1¢ chinh xac va gia tri ham
mat mat. Mic du co mot vai bét 6n trong mot sb
vong ldp, chang t6i van tiép tuc thir nghiém mo
hinh CNN voi tap dir licu thu duogc tr nguoi that
vbn didc trung boi muc nhidu cao va khong co gia
tri glucose xac dinh ro rang.

LOI CAM ON
Nghién ctru nay dugc tai trg boi Bo Khoa hoc

va Cong nghé theo ma sb dé tai DTDL.CN-25/23.
Cac tac gia xin chan thanh cam on.
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