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Abstract

Application of artificial intelligence in food quality control has been a new trend,
bringing a complete change to the traditional way of food quality control, helping to shorten
analysis and detection time and carrying out real time analysis due to nondestructive sample
preparation, simpler operations because of using of sensors, collecting a large amount of
information thanks to taking all measurement data ... This article provides a preliminary view
of identification, discrimination and classification of food samples based on using machine
learning and deep learning models coupled with analytical data obtained from spectral
measurements, using sensors instead of the nose (electronic- nose), camera and image
analysis (computer vision) for food quality control purposes such as determining food
freshness, authenticating origin as well as detecting adulteration of foods. The published
studies show that the application of machine learning models especially in rapid analysis and
sample-free analysis has great potential as an alternative to targeted analysis methods with
specific analytes in samples.
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Applications of machine learning coupled with computer vision ...

Mot sd ting dung ciia hoc may két hop vai thi giac may tinh, miii dién ti va phan
tich khéng muc tiéu trong kiém soat chat luong thuc pham

Nguyén Manh Son!, Nguyén Pirc Phong?, BUi Xuan Thanh?, Ta Thi Thao!,

Lé Thi Hong Hao'?, Nguyén Pirc Thanh'**

Khoa Héa hoc, T ruong Dai hoc Khoa hoc Ty nhién-DHQGHN, Ha Ngi, Viét Nam
2Vién kiém nghiém an toan vé sinh thyc phcfm quéc gia, Ha Noi, Viét Nam

*Hoc vién quan y, Ha Noi, Viét Nam

Tom tat

Ung dung tri tué nhan tao trong kiém soat chat lugng thyc pham di va dang 1a xu
hudéng mdi mang dén su thay doi hoan toan cach kiém soat chat luong thuc pham theo kiéu
truyén thong, giup rat ngan thoi gian phan tich cling nhu phat hién theo thoi gian thuc do
khong phai xir Iy mau, thao tac don gian hon Vi sir dung cam bién, thu thap dugc lugng thdng
tin 16n nho léy toan bo dit liéu do. .. Bai viét nay cung Cép mét cai nhin so bd vé& nhan dang,
phan biét va phan loai mot sé d6i tuong thuc pham trén co s& tng dung cac mo hinh hoc
may va hoc sdu dé x&t 1y cac dir liéu toan phan thu duoc tir cac phép do phd, st dung cam
bién thay cho mili (mili dién tir - enose), chup anh va phan tich hinh anh (thi giac may tinh)
véi cac muc dich can kiém soét chét luong thuc phém nhu xac dinh d6 tuoi cta thuc phém,
xac thyc ngudn gdc ciing nhu phat hién sy pha tron cac loai thuc pham cho thay viéc tmg
dung m6 hinh hoc may dic biét trong phén tich nhanh va phan tich khong xir Iy mau c6 tiém
nang 16n thay thé cho cc phuong phap phan tich muc tidu voi cac chat phan tich cu thé trong
mau.

Tir kh6a: kiém sodt chdt lwong thwe phdam, hoc mdy, hoc sdu, thi giac may tinh, pha
tron.

1. PAT VAN PE

Trong linh vuc thyc pham noéi chung, viéc san pham kém chét lugng, khong dam bao
an toan (dén ttr nhidu mbi nguy hai nhu: vi sinh vat, vi khuén, ndm méc, chit bao quan...)
gdy ra anh huong nghiém trong d6i véi stic khoe con ngudi va dong vat, co thé dé lai hau
qua lau dai cho stc khoe con nguoi nhu gay ung thu, suy giam hé mién dich va céc ri loan
noi tiét... Viéc giam sat nhitng mdi nguy hai tiém an ddi voi thue pham dang 1a nhiém vu
quan trong duoc chu ¥ trong hé thong bao quan, phan phéi thuc pham.

Céc phuong phap truyén thong dé kiém tra chat luong thyc pham thudng dira vao phan
tich céc chi tiéu chat luong ctia mau dai dién sau san xuét, khi d6 cac van dé rui ro chi duoc
xéc dinh sau khi san pham da dugc phéan phdi hodc tiéu thy. Cach tiép can mang tinh dbi pho
nay cho thy khong co sy can thiép chu dong, din dén cac sy cd 6 nhiém tiém an hodc phai
thu hoi san pham. Hon nita, cac phuong phap kiém soat chat lugng truyén thong nay thuong
bao gom céac quy trinh kiém tra thi cong, don 1é timg mau, khong chi tén thoi gian ma con
d& xay ra sai s6 do con ngudi, ton nhan cong nén khong chi 1am tang chi phi hoat dong ma
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con 1am tang yéu cau giam sat hoic khong nhat quan trong cac thua tuc kiém tra. Cac phuong
phap truyén théng gip rat nhidu khé khan khi phai phan tich s6 luong 16n dit liéu rdi rac
duogc thu thap thong qua cac phuong phap thu cong nén thuong dan dén sy cham tré trong
viéc ra quyét dinh hodc khong day du cac thong tin sin c6. Qua trinh phan tich dir liéu tha
cong co thé bé qua cac md hinh hodc xu hudng bién d6i dic biét ciia mau thuc pham.

Hién nay, véi su phat trién manh cta khoa hoc va cong ngh¢, viéc danh gia va giam
sat chat luong an toan thuc phém da c6 nhirng tién bd dang ké, dic biét viée ung dung nhirng
thiét bi thong minh nhu miii dién tir (e-nose), ludi dién tur (e-tongue), tu dong hoda dac bigt
1a tri tué nhan tao (Artificial intelligence- AI) nhu cic mé hinh hoc sau két hop véi thi giac
may tinh phuc vu kiém soat chat luong vé do tuoi cua thue phém, muc d6 an toan cua moi
truong khu vuce xung quanh va phat hién sém mam bénh theo thoi gian thyc. ... Nhiéu nghién
clru ciing chi ra tiém nang cua cac md hinh Al trong viéc dinh danh va truy vét ngudn gbc
dia 1y cia mot s6 loai qua nham kiém soat chat lugng ctia qua khi két hop véi cac phuong
phap phan tich nhu quang phd viing tir ngoai- kha kién (UV-Vis), hong ngoai gan (NIR) va
cong huong tir hat nhan (NMR). Khong chi mang lai loi ich kinh t& nhu tiét kiém chi phi,
giam bot $6 lugng nhan lyc va thoi gian ma Al con dem lai hi€u qué cao khi thuc hién cac
nhiém vu gidm sat chét lugng thuc phém phtc tap.

2. MQT SO VAN PE CHUNG KHI UNG DUNG ML TRONG KIEM SOAT CHAT
LUQNG THUC PHAM

Al dugce coi 1a su bat chudc tri thong minh cta con nguoi dugc thuc hién bang may
tinh [1]. Hoc méay (Machine learning- ML) 1a mdt linh vuc con ctua Al, tap trung nghién ctru
va phat trién cac thuat todn nham hoc va dy doan dit lidu. C6 ba kiéu ML pho bién dugc mo
ta & so do phan loai trong Hinh 1, gém:

i) Hoc c6 giam sat (Supervised learning) sir dung cac thuét toan dé hoc cach anh xa
ham tir cac bién dau vao dén cac bién dau ra. Muyc tiéu cia phuong phéap nay 14 wéc luong
chinh xac ham du doan cac bién dau ra khi co dit liéu dau vao mdi. Phuong phép nay tuong
tu nhu viéc hoc dudi sy gidm sat ciia ngudi hudng dan. Cac cau tra 1oi ding da dugc biét
trudce va thudt toan hoc s€ du doan dir licu luyén, sau do dugc sura chita boi ngudi giam sat.
Khi thuat toan dat duoc két qua dau ra chinh xac, qua trinh hoc s& két thuc. Dit liéu duoc
dan nhan c6 xu hudng tao ra mé hinh 6n dinh va chinh x4c hon, nhung ciing yéu cau nhiéu
tai nguyén tinh toan hon [2].

i1) Hoc khong gidm sat (Unsupervised learning) 1a mot phuong phap ML duoc st dung
khi chi c¢6 dir liéu ddu vao ma khong co bién diu ra trong tmg. Phuong phap ndy nhiam muc
dich kham pha va hiéu sau hon vé c4u tric hodc phan phéi cua dir liéu, bao gém viéc nhan
dién cac miu, nhom, hodc quan hé an trong tap dir liéu ma khong can sy hudéng dan hay
giam sat tir bén ngoai, khong yéu cau cac cau tra 10i diing dwuoc cung cap trude do. Vi vay
hoc khong giam sat cho phép cac thuét toan ty dong kham pha va phan tich céc cau trac tiém
an trong dir li€u, tir do tao ra cac mo hinh va phan loai méi. Cac ky thuat phé bién trong hoc
khong giam sat bao gdm phan nhom (cluster analysis- CA), giam chiéu dit liéu théng qua
viéc phan tich céc cdu tir chinh (principal component analysis — PCA) [3].
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iii) Hoc ting cuong (Reinforcement learning-RL) bat chudc quy trinh hoc thir va sai
ma con nguodi st dung dé dat duge muc tiéu da dit ra, cho phép robot va cac hé théng tu
dong giao tiép va hoan thanh muc tiéu trong nhitng méi trudng da dang va kho ludng. Hoc
tang cuong da dugc sir dung trong viéc lua chon thuc phém, xay dung ché do dinh dudng,
1én thyc don theo nhu cau va thoi quen dn udng [4]. Tuy nhién, hoc ting cudng con it dugc
str dung trong xur 1y dir liéu cta linh vuc kiém soét chit lwong thuc pham.

Hoc khéng

Hoc cd giam sat
oc o giam giam sat

Ene

Phan logi Gidm chiéu

Hol quy Phan cum

Hinh 1. Cdc phwong phdp hoc may va mét sé g dung

Hoc sau (Deep learning) 1a mot linh vic con ML, lién quan dén viée st dung cac thuat
toan duoc ldy cam himg tir chirc ning clia ndo bd va mang neuron nhan tao, cho phép cac
mé hinh tinh toan cua nhiéu 16p xtr Iy khac nhau hoc cach biéu din dit liéu v6i nhiéu mirc
d6 triru tuong khac nhau. DL dugc xem nhu cong cu phan tich dit liéu c6 thé giai quyét cac
véan dé va thach thire trong linh vyc thuc phém nhu nhan dang thuc phém, udc tinh lugng
calo, danh gi4 chat lugng trai cay, rau, thit, thity san, chudi cung tng thuc phdm va 6 nhiém
thuc pham [5].

Quy trinh thuc hién ddi v&i cac mé hinh hoc méy, hoc sau trong cac linh vuc noi chung
va tng dung chung trong linh vuc kiém soat chat lugng thuc phim néi riéng thuong c6 5
budc chinh, bao gom:

(1) Thu thap dir li¢u: D 1i€u nay co thé bao g@)m céc tham s6 nhu nhiét 39, dd ém, do
pH, dit liéu kiém soat chat luong (ham luwong cac chét héa hoc) ... [6]. Dit liéu ciing c6 thé
thu thap tir cac s liéu tho 14 tin hiéu do cua céc thiét bi phan tich trong phong thi nghiém,
cac thiét bi va may cam tay phan tich nhanh, cac thiét bi phan tich sir dung camera, sensor,
conductor ... phan tich mau nguyén trang, phan tich gidm sat trong qua trinh san xuét, phan
tich online va ghi nhén tin hi¢u tir xa ... Nhitng dit liéu nay dugc goi 1a nhirng dir liéu tho.

(i) Tién xtr 1y dir lidu: viéc sir dung truc tiép dit liéu tho co thé chira nhitng yéu td
nhiéu hay dinh dang chwa phu hgp véi cac mo hinh hoc mdy va s& gy anh hudng tiéu cuc
t6i két qua, do chinh x4c ctia md hinh. Can tién hanh chuyén d6i dit liéu tho thanh dinh dang
phil hop dbi véi timg thuét toan, 1am sach, loc ciing nhu xtr Iy nhing dir liéu con thiéu hay
bi méat trudce khi dua vao bat ki moét mo hinh ML va DL.

(ii1) Phan chia tap dir liéu: Thong thuong, bd dir li¢u sau khi xtr Iy s€ dugc chia thanh
3 nhém bao gom tap di liéu huén luyén, tap dir lidu kiém tra va tap dir lidu xac nhan gia tri
st dung cua mo hinh. Tap dit li€u xac nhan gia tri sit dung ctia mo6 hinh 1a tap dir liéu quan
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trong nham tinh chinh céc siéu tham s duoc cai dit bén trong cac thuat toan va cai thién
hiéu suat mé hinh. Vi vay, tap dit liéu ndy thuong duoc dung dé danh gia hiéu qua, ciing nhu
danh gia kha nang hoc tap va du doan cua md hinh trong cac tap dir li¢u thuc té.

(iv) Lua chon mo hinh hoc may: Viéc lya chon s dung mo hinh hoc may hay hoc sau
tuy thude vao ban chét dit liéu dau vao, luong dir li¢u va nhu cAu dau ra clia san phém. Trong
truong hop dit liéu dau vao thé hién dudi dang bang nhu céc tin hiéu cam bién, théng sé anh
huong, tin hi¢u phé, v.v... nén uu tién vi¢c xay dung cdc mo hinh hoc may. Cac mo hinh
hoc may khéng c6 do phirc tap cao nhu cidc md hinh hoc sdu, vi vdy trong trudng hop sd
lwong mau dir liéu it va vira thi cac mo hinh hoc may van c6 thé c6 duoc kha niang phan
loai/hdi quy mét cach kha d& dang. Trong trudng hop dir liéu duoc 6 chirc & cap d6 cao hon,
vi du dir li€u anh, dir li¢u dang dd thi, ... nén xem xét viéc xay dung cadc mo6 hinh hoc sau.
Véi céu trac phtrc tap cac mo hinh hoc sau c6 thé thu nhén cac thong tin ddc trung mot cach
hi€¢u qua hon, d@)ng thoi d6 chinh xéac va hiéu suét thuong tdt hon ddi véi cac mo hinh hoc
may trén cac ddi tuong dir liu phtrc tap. Tuy nhién do cAu tric ¢6 chira mot lugng 16n tham
sd nam trong cac 16p 4n, cic md hinh hoc sau c6 thé dé dang xay ra tinh trang qua khop
(overfitting). Vi vay, cac mo hinh hoc sau thuong duogc st dung khi da co san mot luong 16n
dir liéu.

(v) Huén luyén va danh gid mo hinh: Muc dich cia viéc huén luyén mo hinh 1a str dung
dit liéu da c6 dé tim ra mdi quan h¢ gitra cac bién dau vao va két qua dau ra (chét lugng thuc
pham). Sau khi dugc huan luyén, mé hinh s& dugc st dung dé du doan cac thong s6 dau ra
trong tap mau kiém tra. Cac thong sd danh gia mo hinh gém: i) hé sé twong quan Pearson
(R?) mo ta tuong quan gitra tap dir licu biét trudce va tap dir liéu tim dugc theo mo hinh; ii)
cin bac hai sai s6 binh phuong trung binh (Root Mean Square Error, or RMSE) cho biét sy
sai khac gitra tap dir liéu biét trudc va tap dit liéu tim dugc; va iii) nhu do chinh xac cua mo
hinh. Céac dai lugng nay dugc tinh theo cac cong thue (1, 2, 3).

R2—1.35RES _q_ E?=1(Yi-3?‘1)z 1)
SStor ¥Li(vi¥)

_v:)2
RMSE=_ |3, 220 (9)

S6 dw doan ding

P06 chinh xac = , 3
; Tong s6 dw doan ( )

Trong d6: yi 1a gia tri thuc (gia tri biét trudc) thir i), ¥, 1a gia tri y du doan thur i va
y, la gid tri trung binh cua cac gia tri yi.

Khi phét hién c6 sai 1éch so vdi tiéu chuin chét lugng mong doi, cadc canh bdo sém
nay s& cho phép cac bién phap can thiép chi dong dé giam thiéu rai ro. Mot vong phan hoi
dugc thiét 1ap dé lién tuc cai thién mo hinh phén tich du doan theo thoi gian. Tir cac két qua
thuc té nhu kiém tra, kiém soat chat lugng, phan hoi ctia nguoi tiéu dung va thu hoi san
pham... s& dugc két hop vao md hinh dé tinh chinh kha ning du doan ciia n6. Bang 1 mo ta
thong tin tom tit vé img dung ctia ML va DL trong kiém soat chit lugng thuc pham dua trén
dit liéu phan tich tho (raw data) tir cc thiét bi phén tich.
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Bdng 1. Mgt sé ing dung ciia ML va DL trong kiém soat chdt lirong thuc pham

Pham vi émg dung L nuomg  Matran - Phwongphap . o osn ML/ DL
phap do dir li¢u chuan bi mau
1. Phén tich nhanh, Ph6 UV-  Dohdp Chiétbangdung 1. Céc thuat toan ML
phén tich sang loc, Vis-NIR  thu quang- mdivado UV-  khong giam sat dé giam
phén tich khéng pha budc song Vis- NIR chiéu dir lidu, phan cum va
hay mau danh gia chat ) o dé phan biét thuc pham
lugng thuc phérn: Pho ATR- Cuongdd Nghién mau r,én nhu:
- Phan tich thanh phan FTIR  taphinxa vadotructi®p K Nearest Neighbor (k lan
hoa hoc thuc pham - 80 song can gan nhat)
i Xj” cTinh Céf thér{h Phé Raman Cudng do- Nghién miu rin Prin_cipal (iomp onen‘t
phan d1r;1h dudng cua sbsong  vado truc tidp anzillysw’ (Phén tich thanh
thyc pham phan chinh) , K-means (k
-Phén tich cic chat gdy ~ Phd NMR Cudng do-  Chiét mu voi trung binh)
0 nhiém, me”}t an toép d6 chuyén dung moi 2.Cac thuétt toan ML gé
v6i thuc pham (thude dich hoa giam sat dé tim céc bién
trir sau, kim loai nang, hoc déu ra vé chét luong thuc
chat gay di tmg, chat i pham hoic phan loai thuc
cam...) Anh siéu Gia tri Chup anh siéu pham
2. Kiém tra tinh xé4c phd HSI phd mau nguyén Multiple Linear
thuc ngudn gdc, pha trang Regression (Ho6i quy tuyén
tron...cua thuc pham , . . . o tinh boi), Principal
3. Phanbiét vaphan ~ Anhchuptir Cudngdd  Chup anhsiéu o)) h0nent Regression
loai mau thyc pham dé camera RGB pho mau nguyén (Phan tich thanh phan
xac thyc ngudn gbe dia trang chinh), Partial Least square
ly, tinh nguyén ban AnhSEM  Anh mau Mau nguyén (Hoi quy binp phuong toi
(pha tron hay khong)..., X&4m trang hodc _th_iéu) _
Vélqcéc su khac biét nghién Lpglstlc Regression
kiém soat duoc. (Hoi1 quy Logistic)
Tin hiéu I-U Chiét mau véi - Support Vector
dién hoa dung méi Machine (May vector hd
tro)

Linear discriminant
analysis (Phan tich biét
thirc tuyén tinh)

3. Hoc sau
Naive Bayes, Decision
Tree (Cay quyét dinh)
Random Forest (Rirng
ngau nhién), Gradient
Boosting (Tang cuong do
dbc), ANN (Mang no-ron
nhan tao), SIMCA (M6
hinh doc 1ap mém bang
cach loai suy 16p)
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3. UNG DUNG ML/DL VA THI GIAC MAY TiNH, MUI PIEN TU VA PHAN TICH
KHONG MUC TIEU TRONG PHAN LOAI CHAT LUQNG THUC PHAM

3.1. Ung dung thij gidc may tinh trong phén loai qua theo mau sic

Mau séc caa mot vat thé c¢6 thé duoc md ta béng nhiéu mau trén hé toa do, phé bién
nhit 12 hé RGB (d6, xanh luc va xanh lam), dugc st dung trong man hinh video mau. Cac
cuong do mau do, luc va lam twong ng la gia tri dugc ky hi¢u 1a X, Y, Z trén hé toa do 3
chiéu [7]. Cac loai qua khac nhau c6 thudc tinh quy dinh mau khac nhau va dugc xay dung
trén co s& do mau thuc té. Vi du cam Navel c6 thang do mau tor 3-13 vdi chi s6 3 1a mau
xanh d4m va 13 12 mau vang cam [8]. Dya trén mau sic cua cac loai qua, cac nghién ciru
mg dung da phat trién cac thuat toan phan loai qua duya trén thi gidc may tinh.

Thi giac may tinh (Computer vision) tir nhiéu nam trudc di dugc sir dung dé thu thap
thong tin tir hinh 4nh dugc chup tur thé gidi thuc theo thoi gian thuc. Vé ban chét, muc dich
ctia n6 14 nhan d6i hidu Gmg thi gidc ctia con ngudi bang nhan thirc dién tir, ghi nhan va phan
loai cac hinh anh [9]. Ung dung phd bién 14 dva trén mau sic, két ciu va dic diém hinh thai,
thong qua thi gidc may tinh c6 thé xéac dinh bénh, do chin va phan loai chét luong qua theo
phuong phép cham diém. Cac thuat toan phan loai thuong tmg dung trong thi gidc méy tinh
nhu phan cum dir li¢u (cluster analysis), logic mo (fuzzy logic), mang no-ron nhan tao
(artificial neural network), may vecto hd trg nhiéu mo (support vector machine) va mang
thich ing hé théng (adaptive network-based fuzzy inference system) [10]. Mot s6 nghién
ctru theo hudng thi gidc may tinh nhu phan loai dau xanh, tdo, chanh ngot, cam va xoai vdi
dd chinh xac trén 90% khi sir dung 1000 hinh anh cua ting loai qua, sau dé st dung cac
thuat toan da duogc phat trién trén co s trich 18 mau va 27 dic diém dic trung cua anh. Hinh
anh RGB sau d6 duoc chuyén d6i thanh mo hinh HSI (hue (H ), saturation (S), intensity (I))
va tach cac thanh phan dic trung dé nhan dang [11]. Mot nghién ctru khéc ciing da phan loai
nam loai tréi cay (tdo, chudi, ca rot, xoai va cam) dua trén dic diém hinh thai dé phan biét
nhimng loai qua c6 hinh déng va kich thuéc twong ty nhau. Pic diém mau sic dugc st dung
dé loai bo phan loai sai gitra tdo va cam hoac chudi va ca rét va tang d¢ chinh xéc 1én 79-
90% [11]. Hinh anh thu dwgc tir camera ciing dugc sir dung thuat toan sap xép va phan loai
qua chanh dua trén mau sic va kich thude. Khéi luong anh mau da duoc tinh toan va gia tri
RGB hinh 4nh dugc chuyén dbi thanh hinh anh HSI. Gia tri HSI 1& uc tinh va nhitng dit
lidu nay dugc luu trit trong co s¢ dir lidu. Trong thoi gian phan loai, khdi lugng tinh toan va
mau sic dugc so sanh voi thong tin da luu trong co so dit lidu. Hé thong tong thé da dua ra
do chinh xac phan loai tdi 94,04% [12].

Thi giac may tinh ciing duogc ding dé danh gia chat lugng thyc pham nham trich xuat
dic diém ciu truc bé mat cia thue pham sir dung phuong phap dong pixel, do dai va biéu d6
khac biét. Bién ddi Fourier cling dugc dung dé trich xuét dic diém dit liéu dua trén tich chap
ctia song hinh sin, nhung c6 han ché 1a chi dung khi c6 mét s6 luong nho tan sé c6 thé tai
tao hinh anh bé mat. Trong mot nghién ctru khéc, tiép can dua trén hoc may da dugc dung
dé phan loai va xac dinh 10 loai qua khac nhau véi tap dir liéu chira 6847 hinh anh sir dung
4793 hinh anh dé luyén m hinh, 1027 hinh anh dé xac thyc va 1027 hinh anh dé thir nghiém.

Trong cac mo hinh Al, DL bt chude cach con nguoi dat dugc mot s6 loai thong tin
nhét dinh kién thue. Trong hoc sau, moi cép d0 hoc cach chuyén ddi dit 1iéu dau vao caa nod
thanh mot biéu dién tong hop va triru tugng hon mot chit. Thuat toan ML ciing da dugc ap
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dung rong rai dé nhan dang hinh anh. M6 hinh may hoc dugc luyén thanh cong cho dg chinh
x4c 100% trén bo mau thir, chirng minh tinh kha thi ctia phuong phap nay mic du hinh anh
duoc thay dbi kich thudc thanh 128 x 128 dé tinh toan nhanh hon nhung khéng anh huéng
dén chét luong dir liéu [13]. Trong tmg dung nhan dang hinh anh, dau vao dir liéu thé c6 thé
la ma tran pixel; 16p biéu dién dau tién co thé triru tuong hoa cac pixel va ma hoda cac canh;
16p thir hai c6 thé soan va ma hoa cach sip xép cac canh; 1p thir ba c6 thé ma hoa cu thé
cac dic diém dic trung; va lop tha tu co thé nhén ra réng hinh anh ¢6 chtra vat miu. Diéu
quan trong 13 qua trinh hoc siu c6 thé tim hiéu nhimg tinh ning nao dé dat & cap d6 nao mot
cach t8i wu. Tt nhién, diéu nay khong loai bé hoan toan nhu cau diéu chinh béng tay; vi du,
s6 lugng 16p va kich thude 16p khac nhau c6 thé cung cdp cac mirc d6 khac nhau triru tuong
[14].
3.2. Panh gia dj twoi (freshness) ciia thue pham

Viéc giam sat thuc phém hu hdng theo thoi gian thyc nham ngan chan ngd doc thuc
pham d6i voi ngudi tiéu dung 1 nhiém vu khé va thach thirc. P tuoi cia thyc pham c6 thé
duogc xac dinh bang nhiéu k¥ thuat khac nhau, thong qua mot sb tiéu chi nhu cam quan, dic
tinh vat 1y, hoa hoc va vi sinh. Viéc danh gia d¢ tuoi dya trén ti€u chi cdm quan dugc coi la
mat trong nhitng phuong phap tiét kiém thoi gian nhat bai khi chat lugng thuc pham thay
d6i do bi hu hong thi mau sic bén ngoai s& 1am thay d6i mau sic bén ngoai ctia chiing.

Thong thuong khi mot loai thuc pham xay ra qua trinh hu hong, vi khuan va enzyme
s& hoat dong din t6i sy hinh thanh cta cac amin dé bay hoi [15]. Bang cach st dung cac cam
bién chup d4nh mau tai hién truong nho st dung dién thoai thong minh sau d6 trich xuat dir
liéu hinh anh RGB [16] va st dung céc thuat toan ML dé mo hinh héa méi quan hé v6i ndng
d6 amoniac [17] hodc néng dd cac amin sinh hoc cac amin sinh hoc dua trén su thay doi
huynh quang cta dau do huynh quang kép CD@Fe/Zr-MOF [18]. B6 tuoi hodc muc do thdi
rita clia cac loai qua ciing duge danh gid mot cach hiéu qua bang phuong phap phéan tich
khong pha htty mau sir dung hinh anh siéu pho (Hyperspectral) phan xa hodc truyén qua [16]
va xir 1y tin hiéu bang thuét toan hoc sau voi mang no ron tich chap (CNN). K§ thuat siéu
phd 1a phuong phap phan tich nhanh, xanh, khong pha hily. Hinh anh siéu phd chtra hang
tram dai phd (trong khi anh mau thong thudng chi chira ba dai phd do, xanh 14 cdy va xanh
nude bién (RGB)) chira thong tin quang phd dang 3 chiéu va tai mot budc song nhat dinh c6
su phan anh rd rang vé khuyét tat ctia qua, do d6 duogc coi 12 phuong phap thuan tién kha thi
dé phat hién cac chéat doc dang vét. Do phan xa clia hinh anh siéu pho c6 lién quan dén mot
s lién két hoa hoc, chi yéu lién quan dén cac lién két don C-H, N-H, cac nhom chuc lién
O-H do su kéo dan, udn cong hoic dao dong bién dang ciia hydro. Mot trong nhing thach
thirc quan trong nhat v4i hinh anh siéu pho 14 trich xuat thong tin hiru ich tir dit lidu siéu phd
nhiéu chiéu (hypercube) chira thong tin khong can thiét khi bi anh hudng boi nhidu ctia cam
bién, sy thay ddi vé do sang va cac yéu té moi trudng, tinh khong dong nhat ciia mau va tinh
di huéng. Do d0, can co cac thuat toan va phép do héa hoc hiéu qua dé giam chiéu cua dir
liéu siéu phd nham cai thién kha ning thich tng ctia HSI trong cac Gmg dung thue pham theo
thoi gian thye. Hinh 2 mo ta tom tit luoc dd nghién ctru tng dung cta hinh anh siéu phd
trong nhan dang d6 tuoi ctia san phém [19].

320 Vietham Journal of Food Control - vol. 7, no. 3, 2024




Nguyen Manh Son, Nguyen Duc Phong, Bui Xuan Thanh, ... Nguyen Duc Thanh

Lop ddu vao

O¢
o<
o€
ok

—_—
Phin logd

Vol

€ (*

B her héng  Khdng bl hw hong
bén trong béa bong

Hinh 2. So d6 mé ta itng dung ciia anh siéu pho trong nhén dang do twoi san pham [19]

Bdng 2. Ung dung mét sé thudt todn hoc may va anh siéu phé trong phan logi do twoi

Buédc Mé bo Tai
Miu séng Dit liéu thu dwge Ki thuat tlfu thap dw K1 thllaim ly hinh  chinh licu
liéu dir liéu ML AC tham
(nm) khao
Dau 900 - Anh siéuphd (kich Mau duoc quétbsi  Pao ham bac 2D-  99%  [20]
tdy 1700  thudc320x 640  camera NIR toc d6  nhit Savitzky—  CNN
pixel, d0 phan giai  khung hinh 20,0 Hz. Golay,
400 mm/pixel) Phén doan hinh
anh
Hat 900-  Anh siéu phd Mau duoc quét véi  Hiéu chinhkich SVM  100%  [21]
ngd 1700 tdc d6 khung hinh 10 thudc anh
mm/s, thoi gian phoi  (320x320x156),
sang la 5 ms. chon ving phd
(1150 - 1700 nm)
Qua 400-  Anhsiéuphd  Camera VNIR két hop Dao ham bac hai Decision 98%  [22]
tao 1000, (VNIR-ImSpector may quang phd hinh  Savitzky-Golay,  Tree
1000 - VIOEL: 12 bit, d0 anh ImSpector VIOE = Ngudng hinh
2500 phan giai 6,8 nm), va camera SWIR két  anh, phan doan
Anh siéu phd hop may quang phd hinh anh
(SWIR-N25E 2/3”  hinh anh N25E 2/3"
14 bit, d6 phan giai
10 nm)
Khoai 900-  Anhquangphd Camera Xenics Xeva, Phan doanhinh Random 97%  [23]
tdy 1700 (320 x 240 pixel) cam bién InGaAs két  anh, Lyachon  Forest
dugc chuyén d6i  hop may quang phd  tinh nang (budc
tao thanh anh kich ImSpector N17. song)
thude 320 x 320
pixel
C4& 400-  Anhsiéuphd  MAiuquabing truyén Chuin héatheo k-NN  100%  [24]
tuyét 1000 c6 may do vadénsoi  dién tich, Pao
dong quang cach bang ham bac nhit
goi truyén lan luot 1030 Savitzky—Golay,
nm va 150 nm, tbc @  Phan tich thanh
bang truyén 40 cm/s phan chinh
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Hién tai, viéc phat hién d¢ tuoi cta trai cay va rau qua chu yéu dua vao viée trich xuét
hinh anh dé thu duoc cac gia tri cuong do0 mau RGB sau d6 Kkét hop v6i cac mo hinh hoc
may truyén théng (Bang 2). Tuy nhién, viéc trich xut thu cong cac dic trung RGB ¢6 van
dé 1a kha nang thich ing kém, dan dén hiéu qua thap trong viéc phat hién do tuoi ciia rau
qua. Vi vy, gan diy mot s6 nghién ciru da gidi thiéu cac phwong phap hoc siu dé tw dong
tim céc dic trung cho d6 twoi cla trai cdy va rau qua nham dbi pho véi sy da dang vé hinh
anh do bién dbi dic diém bén ngoai cua trai cdy va rau qua ciing nhu tim mdi twong quan
giira cac vi tri khac nhau trong hinh anh thu dugc trén ciing mau, nham phat hién do tuoi cua
trai cdy va rau qua mot cach khach quan va chinh xac hon. Pau tién, kich thudc hinh anh
trong tap dit liéu duoc thay dbi kich thudc dé dap tng yéu ciu dau vao cia mé hinh hoc sau.
Sau d6, cac diac diém dic trung cho do tuoi cia trai cdy va rau qua duoc trich xuit bang mé
hinh hoc sau hop nhat. Cudi cung, cic tham sd cia md hinh duoc t6i uu héa dua trén hiéu
suat phat hién cia mo hinh hoc sau hop nhat va hiéu suat phat hién do twoi cia trai cdy va
rau qua da dugc danh gid. M6 hinh hoc sdu CNN_BiLSTM két hop giita mang no-ron tich
chap (CNN) va mang no-ron bd nhé dai han hai chiéu (BiLSTM), dugc két hop véi tdi uu
hoa tham s6.

Do tuoi thuc pham, thuong thuc hién thong qua cac phuong phap phan loai bién dau
ra theo phwong phap gan nhan theo nhém gdom thuc pham twoi, tuoi vira hoic khong tuoi.
Dit liéu dau vao thu tir 60 nghin burc anh ctia 11 loai trai cay va rau qua qua camera ctia dién
thoai thong minh sau do6 trich xuét sb lidu dudi dang cuong do mau RGB néu str dung mé
hinh may hoc thong thudng hodc trich cac dic trung cua birc anh chup néu st dung mé hinh
hoc sau nhu VGG-16 va YOLO, khi d6 mé hinh s& hoc dugc nhiéu thong tin phirc tap hon
d6i voi cac mo hinh hoc may truyén thdng co ban. Két qua cho thiy do chinh xéac cta hai
md hinh 1 rat tot 1an luot 13 82% va 84% [18]. Pbi voi cac miu hai san twoi sdng vi du nhu
cé, thong thuong do tuoi ciia né dugc xac dinh nhd cam quan bang cach nhin vao mat, ngiri
ca va kiém tra tuy nhién rat mat thoi gian va két qua phu thudc nhiéu vao kinh nghiém cua
ngudi thir. Bang cach st dung cac thuat toan hoc sau (SqueezeNet va InceptionV3) co thé
phan loai ca dua trén do tuoi ctia chiing bang cach st dung bo dir liéu gdm 4476 hinh anh vé
c4 sau d6 phan 2 loai 13 ca tuoi va ca khong tuoi. Cac két qua nghién ctru cho thdy cac mo
hinh SVM, ANN va LR mang lai ty 1& chinh xac 100% cho mdi phwong phap hoc sau [19].
Ngay ca v6i cac mau cé cling ¢ thé danh gia do tuoi théng qua viée dy doan sy suy giam
mau sic & mit c4 va mang ca. Cac mau ca duoc bao quan da 10 ngay sau d6 chup anh 2 mat
ca va mang ca sau do trich céc gid tri RGB, HSV va L*a*b*. ANN da 16p va SVM duoc su
dung dé phén loai theo thoi gian bao quan. Tuy nhién, phan tich phuong sai cho thay cac
thanh phan RGB ctia ca mat va mang déu co su thay doi dang ké theo hudng sang hon trong
qué trinh bao quan da. [25]. Do tuoi cla c4 cling duge danh gia bang cach xu 1y hinh anh
v6i phuong phap loc Gaussian két hop voi cac thuat toan hoc may nhu (k-NN) [26]. Ngoai
ra, mili dién tir cling duoc Gng dung dé danh gia do tuoi ctia cac san pham thuy san bién vao
mot trong hai lga chon 1a “dugc chép nhan” hay “bi tu chdi”, déng thoi xac dinh cac quén
thé vi sinh vat c6 trong hai san [28]. Di véi trai cay, mang than kinh tich chap dugc dung
dé xac dinh d6 twoi cua trai cdy, ngoai ra c6 thé phat hién nhanh cac doc td va co thé phat
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trién Gmg dung trong thuong mai [27]. Bén mau khac nhau duoc thu thap qua thiét bi do &
nhiét d6 phong trong 30 gid, véi toe d6 1y mau 1a 15 miu/gio va 60 ban ghi, tong cong thu
dugc 108 000 quan sat. Tin hiéu thu duge & bon cam bién khi MQ136, MQ137, MQ5, MQ8.
Tur d6 xay dung dugc ma tran dir li€u c6 dang 108 000 x 4, sau do tién hanh chia dit liéu
huin luyén - kiém tra véi ty 18 70%-30%. Két qua thu duoc cho thiy sau khi tién hanh t6i
wu héa cic siéu tham sd, thuét toan kNN cho théy kha nang phan loai tdt nhat v6i do chinh
xac 1a 100%, gia tri R? cia mo hinh kNN hdi quy dat duoc 1a 0,99 va RMSE 1a 0,003. Co
thé két luan rang phuong phap mii dién tir va thuat toan kNN v&i tinh ning t6i wu hoa siéu
tham s cho thy tinh hiéu qua trong ca nhiém vu phan loai va hoi quy lién quan dén danh
gia chét luong hai san.
3.3. Ung dung ML/ DL dé danh gia sw pha tron (adulteration) chat héa hoc vao cac san
pham ty nhién

“Gian lan thuc phém” la mot thuat nglr dugc str dung dé chi viéc cd y thay thé, bd
sung, pha tron lam giam néng d6 , hoac miéu ta sai thanh phén, bao bi hay cac cong bd sai...
vi loi ich kinh té. Cac hanh vi gian lan thuc phém bao g@)m pha tron voi cac thanh phén ré
hon, 1am gia thanh phan, két hop cac thanh phén ré tién voi cac thanh phan mic gia cao ...
lam giam chat lugng cta san pham, dénh lira ngudi tiéu dung va tham chi c6 thé tiém an
nguy co vé strc khoe.

Mot trong cac tng dung phd bién hién nay dé kiém tra gian 14n thuc pham la phat trién
mili dién tr e-nose trén co s¢ sir dung cac cam bién hoa hoc (nhu ampe ké, cam bién do do
dan...) két hop véi tach chat bang ky thuat sac ky va phat hién bang cac phuong phap quang
phd nhu quang phd UV-Vis, IR, Raman hay MS nham phat hién cac chat pha tap trong mau
thuc phérn, dac biét 1a cac hop chét dé bay hoi (ddc trung cho céc san phém thuc phém va
huong vi cua chung). Mot e- nose bao gém: hé théng léy mau, bd cam bién, hé théng thu
thap dir liéu dé xt 1y tin hiéu str dung cac thuat toan hoc may. So dd nguyén tic clia e- nose
dugc mo ta & Hinh 3. Bang 3 cung cap cac thong tin mo ta mot sb vi du trong cac nghién
ctru st dung mili dién tir dé kiém tra pha tron thuc pham.
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Hinh 3. So dé nguyén tdic ciia e- nose sir dung cdc cam bién khi [29]
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Bdng 3. Mgt 6 vi du vé miii dién tir 1ing dung trong kiém tra pha trén thiec pham

i Ki t’hu@t va Dt lidu thu Ki thuat ’ Tai liéu
Mau thiet bi sir ’ xu li dir Md hinh Ket qua tham
duworc . .
dung : liéu khao
Thit ciru 1. Po pH 1.GiatripH Step-LDA MLR,PLS BPNN (R?=0,97) [30]
phatron 2.Pomausic  trung binh PCA va BPNN
thitlon bang may quang 2. Gia tri
phd trung binh L*
3. E-nose (10 a*b
cam bién oxyd, 3. B¢ dir liéu
thoi gian thu  tin hi¢u miii
thap 80 gidy) dién tr
Dau 6 liu, E-nose tir Fox B9 dir lidu PCA PLS l.Phatrondaué  [31]
dauhat 4000 Alpha mang cam lwu voi dau hat cai
ciiva  MOS (babudng bién tin hiéu (R2= 0,989, sai s6
dau cam bién, mdi  mii dién tir 4,414%)
huéng  budng chira sdu 2. Pha tron dau 6
duong  cam bién MOS, liu v6i dau hudng
thoi gian thu duong (R? =
thap 120 gidy) 0,990, sai s6
4,203%)
Ruou thi E-nose dwatrén B dit li¢u PCA PCA C6 kha nang phan ~ [32]
cong, hé théng GC mang cam SIMCA loai v6i d6 chinh
rwou  (May quét mii  bién tin hiéu SQCva X4C cao
thuong HS 100) mili dién tir DFA
mai
Caphéty 1.Quangphd  Bodirlieu  Bién ddi PCA Phén loai dua trén  [33]
nhién,cd NIRbiéndéi  mangcam  Fourier, NIR: 100%
phé qua Fourier (12500 bién tin hiéu PCA, Pao Phan loai duya trén
xur ly va - 3700 cm™?) mui dién tr, ham béc E-nose: 81,83%
caphéré 2. E-nosecam  quang phd nhét
tay PEN2 (10 NIR Savitzky-
cam bién oxyd) Golay
Thitctru  E-nose (10 cam B dit liéu PCA  LDA, MLP D6 chinh xac phan  [34]
pha tron bién oxyd) mang cam loai 98,2% voi
thit vit bién tin hiéu LDA va 96,5%
miii dién tr voi MLP

324

Chii thich: Phén tich thanh phan chinh (PCA), phdn tich ham riéng biét (DFA), kiém
sodt chat lwong thong ke (SOC), mo hinh héa doc lap mém cua phép loai suy Iop (SIMCA),
hoi quy binh phirong t6i thiéu tirng phan (PLS)

Trong viéc dénh gia cic san pham nudc hoa qué ty nhién ¢ pha tron véi cac san pham
nhan tao hay khong, bén canh viéc phan tich tim céc chét danh diu cu thé nhu cac dong vi
bén (stable isotopes), cac chit hoa hoc nhu phenolics, carbohydrates, acids, proteins,

carotenoids...
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thu dugc tir cac phuong phap phan tich nhu LC/MS, NMR, IR, ICP/MS, huynh quang ... va
cac phuong phap phén tich kim loai ciing dugc st dung bang cach két hop voi cac ky thuat
xtr 1y s6 liéu nhidu chiéu (chemometrics). Ddu van tay héa hoc ciia mot s6 loai nude ép trai
cdy, tir dét tién (cam) dén nudc ép ré tién (tdo va budi) duge xac dinh boi LC-MS nhim xéc
dinh céc thong tin hoa hoc dic trung ciia cac mau. M6 hinh LDA dugc xdy dung c6 thé phat
hién viéc bd sung 15% nudc trai ciy gia ré vao nude trai cdy dat tién. Két qua tét hon ma co
thé phan biét nudc ép trai cay dich thuc va nude trai cay gia hdn hop di duoc giam xudng
muc pha tron 1%, da dat duoc khi xtr Iy dira, cam, budi, tao, nudc ép quyt va buoi [35].
Tuong tu phuong phap chuyén hoa da dugc chimg minh 1a c6 thé phan biét nude ép trai cay
bi pha tron & mirc d6 xudng 1% béi tao va nudce nho do [36]. Phuong phap FT-IR két hop
v6i cac phuong phap hoc may duge phat trién dé xac dinh ba loai nudc ép 100% (dira, cam
va tio) va pha tron vdi nude ép nho & cac ty 1€ (5%, 10%, 15%, 20%, 30%, 40% va 50%).
Két qua phan tich dit liéu cho thdy xu huéng phan cum 6 rang ciia cac miu theo loai nudc
¢p dugc phéan tich. Phan tich hoc c6 gidm sat, dua trén sy phat trién ctia cac mé hinh dé phat
hién su pha tron, da thu duoc két qua dang ké cho tat ca cac mo hinh gém SVM, RF va LDA
v6i do chinh xdc trén 97% trong tap kiém tra. V& dinh lugng, két qua t6t nhat thu duoc voi
hoéi quy vecto hd trg va hdi quy binh phuong nhé nhat mét phan cho thdy R? 16n hon 0,99
va RMSE nho hon 1,4 d6i v6i bo kiém tra.

3. KET LUAN

Trong nhiing ndm gan ddy, toan thé gidi phai d6i mat véi nhitng thach thirc phc tap
va yéu cau d6 chinh xéac cao trong viéc dam bao chét lugng thuc phém, cac cong nghé hién
dai nhu AI dang dan khang dinh tiém ning ing dung manh mé ctia minh. Céc thong tin tong
quan trong nghién ctru ndy cho thay c6 su tién bd vuot bac trong viéc danh gia chat lugng
thuc pham thong qua viéc két hop cac mé hinh hoc may véi thi gidc may tinh va mii dién
ta. Cac mo hinh hoc may khong chi c¢6 kha nang xur 1y va phan tich dir liéu phirc tap mot
cach hiéu qua ma con dat dugc hi¢u suit va do chinh xac cao ma con nguoi kho co thé sanh
kip. Pic biét v6i nhitng két qua cta viéc phan loai khong pha hay mau ¢ y nghia dic biét
quan trong dé kiém soat chét lwong cac san pham thuc pham trude khi dua ra thi truong. Cac
két qué cta nhiing nghién ctru da dugc trinh bay, dg chinh xac cua cdc mo hinh hoc may rat
cao trong ca nhiém vy phan loai va nhan dang ¢ da dang dbi twong mau. Nhugc diém cua
cac mo hinh hoc may 1a yéu cau lugng dir li¢u 16n va c6 du su khac biét trong b dit liéu thi
thi gidc may tinh va miii dién tir dong vai trd quan trong trong viéc cung cip thong tin chi
tiét v& mau thue pham giup khic phuc duoc van dé trén ma khong ton kém nhiéu chi phi. Su
két hop nay khong chi khang dinh tiém ning to 16n cta Al trong linh vuc kiém soat chat
luong thyc phdm ma con mo ra nhitng huéng nghién ctru ing dung méi, hira hen mang lai
nhitng budc dot pha dang ké trong turong lai.
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