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Abstract

This study utilizes the data published on the website https://data.mendeley.com/
datasets/46htwnp833/2, which includes visible-near-infrared (Vis-NIR) spectral data at
wavelengths ranging from 309 nm to 1149 nm for 11691 mangoes in Australia, collected from
10 mango varieties across 2 different growing regions. The research developed machine
learning models with open-source programming language Python such as: principal
component analysis (PCA) combined with support vector machines (SVM), decision trees
(DT), random forests (RF), and artificial neural networks (ANN); partial least squares model
combined with discriminant analysis (PLS-DA); and a deep learning model 1-dimensional
convolutional neural network (LD-CNN). The preprocessing steps were carried out based on
the full spectral data with second derivative, smoothing using the Savitzky-Golay algorithm,
and data balancing via a new Synthetic Minority Oversampling Technique (SMOTE). The
results demonstrated that applying the SMOTE data preprocessing technique before running
the machine learning models significantly enhanced classification accuracy. Furthermore,
using a 1D-CNN model with a complex structure provided higher classification efficiency than
conventional machine learning models. The accuracy of the 1D-CNN model in classifying
mango ripeness, mango Vvariety, and growing location was 99.40%, 94.35%, and 96.92%,
respectively. The 1D-CNN deep learning model is well-suited for sample classification when
dealing with large datasets containing tens of thousands of samples based on spectral data.
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NIR spectra.
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Machine learning and deep learning models applied to ...

Ung dung ma hinh hoc may va hoc sau trong nhan dang va
phan loai qua xoai
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Ta Thi Thao’, Nguyén Thi Van Anh? Lé Thi Hong Hao*, Nguyén Pirc Thanh'**
7 ruong Pai hoc Khoa hoc Ty Nhién - DHOGHN, Ha Noi, Viét Nam

2Hoc vién Y duoc hoc Co truyén Viet Nam, Ha Noi, Viét Nam

Vién kiém nghiém vé sinh an toan thuc phcfm quéc gia, Ha No¢i, Viét Nam

*Hoc vién Quan Y, Ha Noi, Viét Nam

Tom tit

Nghién ciru nay ké thira cac s lidu da cong bd trén trang https://data.mendeley.com/
datasets/46htwnp833/2 vé dir liéu pho ving kha kién - hong ngoai gan (Vis-NIR) ¢ khoang
budc song tir 309 nm dén 1149 nm ciia 11691 qua xoai tai Uc, ldy tir 10 gidng xoai, thudc 2
ving trong. Nghién ciru da phat trién ciac mo hinh hoc may véi ma nguén mé Python nhu:
phan tich thanh phan chinh (PCA) két hop v6i may vector hd trg (SVM), cdy quyét dinh
(DT), rimg ngiu nhién (RF) va mang than kinh nhan tao (ANN); mé hinh binh phuong t6i
thiéu ting phan két hop v6i phan tich biét thire (PLS-DA), ciing v&i mé hinh hoc siu mang
than kinh tich chap 1 chiéu (1D-CNN) véi cac budc tién xir Iy dit liéu phd toan phan bao
g6m dao ham bac hai va 1am min bang thuat todn Savitzky-Golay, can bang dir liéu thong
qua k¥ thuat tao mau tong hop méi cho mau thiéu sé (SMOTE). Két qua cho thiy sir dung
thém ki thuat tién xur 1y s6 liéu SMOTE trudc khi chay cac md hinh hoc may da lam ting
dang ké kha nang phén loai. Ngoai ra, mé hinh 1D-CNN cho hiéu qua phan loai cao hon so
v6i cac mo hinh hoc may thong thuong véi do chinh xac (qua phan trim s6 mau nhan dang
dung) ctia md hinh 1D-CNN trong phén loai d6 chin cua xoai, gidng xoai, va dia diém trong
lan luot 1a 99,40%, 94,35% va 96,92%. Mo hinh hoc sdu 1D-CNN thich hop cho viéc phan
loai d6i tuong khi c6 lugng 16n hang chuc nghin miu dya trén dit liéu phd.

Tir khéa: phan logi xodi, hoc mdy, hoc sdu, 1D-CNN, phé Vis- NIR.

1. PAT VAN PE

Qua xoai (Mangifera indica L.), loai trai cdy nhiét d6i phd bién va duoc yéu thich, co
ngudn gdc tir Nam A, dic biét 1a tir khu vue An P va Myanma, nhung ngay nay duoc trong
rong rai & cac khu vuc nhi¢t ddi va can nhiét doi trén toan cau nhu My Latinh, Chau Phi, va
Pong Nam A. Nhu cau str dung xoai ngay cang ting khong chi do huwong vi thom ngon ma
con vi nhiing g1 ich sttc khde ma né mang lai. Qua xoai co thé duoc tiéu thu tuoi nhu mot
moén trang miéng ngon, hay ché bién thanh nhiéu san pham khac nhau nhu nuéc ép, sinh td,
kem, salad, mut... va cac mén an chin khac. Vé thanh phﬁn héa hoc cua xo0ai, c6 thé quan
tam dén ba nhom chat chinh gém: i) chat dinh dudng da luong (carbohydrate, protein, lipid,
chat béo va acid hitu co); ii) vi chat dinh dudng (vitamin va khoang chat) va iii) chét thuc

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




Nguyen Duc Phong, Nguyen Manh Son, Nguyen Manh Ha, ... Nguyen Duc Thanh

vét (phytochemicals) nhu cac hop chét phenolic, polyphenol, sic td va cac thanh phan d&
bay hoi [2]. Qua xo0ai chira carbohydrate tao cu tric nhu pectin va cellulose, cc acid amine
chu yéu gdm lysine, leucine, cysteine, valine, arginine, phenylalanine va methionine. Ham
lwong lipid ting 1én trong qué trinh chin, dic biét 1a acid béo omega-3 va omega-6. Cac sic
t6 quan trong nhat ciia qua xoai gdm diép luc (a va b) va carotenoid. Céc acid hitu co nhu
malic acid va citric acid tao nén tinh acid dic trung cta loai trai cAy nay. Cac hop chét d&
bay hoi gdp phan tao nén huong thom dic trung cia xoai [3]. Ham luong cac chat hoa hoc
trong qua xoai c6 thé thay ddi do nhiéu yéu t6 nhu gidng [4], diéu kién canh tac [5], giai
doan chin ctia qua [6], nhiét d6 tai thoi diém thu hoach [7] va diéu kién bao quan [8]. Do do,
thong tin vé cac thanh phan hoa hoc trong xoai nay khong chi gitp tdi wu hoa viée st dung
dinh dudng qua xoai ma qua dé cho phép nhén dang, phan loai tir d6 lya chon dugc cac qua
x0ai ¢6 chét luong.

Trong phan loai qué xoai, néu nhu con nguoi thudng st dung cam quan thong qua cac
dac trung vat ly ciia qua xoai nhu mau sdc, khdi luong, kich thudce, hinh dang thi véi su phat
trién ctia cong nghé thong tin, viéc tmg dung thi gidc may tinh (computer vision) két hop véi
cac thudt toan tri tu¢ nhan tao (Artificial Inteligent- Al) nho co s¢ dir li€u dnh chup qua xoai
v6i camera CCD trong phong thi nghiém theo thoi gian thuc [9] hodc hé do cam tay két hop
v6i phan mém [10] 13 thong tin quan trong gitip du doan dugc do ngot va do chin cua xoai.
Trong s dit liéu thu thap tir cac thiét bi phan tich thi phd hong ngoai gan (NIR) hoic ving
trung voi ki thuat do truyén qua hodc phan xa khuéch tan két hop véi cac thuat toan hoc
may da duoc str dung dé xac thuc va phan loai gidng xoai [11] hodc phan loai chat luong
qua xoai theo mui vi (nhu ngot, va chua, chua va nhat) phuc vu cho kiém soat chat luong
qua trudce khi dugce ban ra thi truong [12, 13].

Tap so liéu sir dung trong nghién ctru nay dugc trich tir bai bao cia tac gia N.T.
Anderson va cong su vé danh gia tinh on dinh cua ham lugng chét khé cua qua xo0ai con
nguyén ven theo cac yéu t6 nhu mua thu hoach, dia diém va giéng x0ai trén co s¢ thu thap
dir liéu do hap thu quang trong phd NIR cia timg ddi tuong (timg qua) [14] dugc cong bd
trén trang web https://data.mendeley.com/datasets/46htwnp833/2. Trong cbng trinh nghién
clru cia cac tac gia, ham luong chit kho di dugc dy doan voi mé hinh hoc may co giam séat
v6i thuat toan hoi qui tuyén tinh PLS va phi tuyén tinh ANN. Trong nghién ciru ndy, thay vi
du doan ham lugng chét kho trong qua xoai nhur bai bao trich dan, myc tiéu ciia nghién ctru
nham xay dung cdc mo hinh hoc may va hoc sau, sir dung k¥ thuat SMOTE [15] dé lam can
bang dir liéu trén ngdn ngit 1ap trinh ma ngudn mod Python dé tryc tiép phén loai qua xoai
v6i cac chi tiéu gdm do chin, gidng xoai, va ving trong (cac thong sd nay da duoc dé cap
trong tap s liéu cua tac gia) dua trén toan bo dit liéu phd ving Vis-NIR. Két qua phan loai
v6i ngdn ngir 14p trinh ma ngudn mé hudng t&i co thé tich hop thuét toan vao céac thiét bi do
cAm tay, phuc vu cho viéc kiém dinh, kiém tra va xéac thuc truée khi qua xoai dugc dua ra
thi truong.
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2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1 Phuwong phap ldy miu xoai va thu thap s6 liéu pho

Téng s miu (qua xoai thu thip tai Uc) cac tic gia cong bd 1a 11691 (mdi qua 1a 1
hang dit liéu). M&i qua di kém thong tin gdm: i) 4 vu (ndm) thu hoach (gan nhin 1 dén 4 véi
cac nam tir 2015-2019); ii) 2 ving ldy mau (gan nhin NT (Northern Territory ) va QLD
(Central Queensland) (thudc ving nhiét doi va can nhiét doi); iii) 10 gidng Calypso™ (Caly),
Honey Gold (HG), Keitt, Kensington Pride (KP), Lady Grace (LadyG), Lady Jane (LadyJ),
R2E2 va ba giéng xoai thudc Chwong trinh nhan giéng Quéc gia Uc bao gdbm NMBP1201,
NMBP1243 va NMBP4069 va iv) 2 loai x0ai (xanh, chin) va cac thong tin khac vé nhiét do
khi phan tich mau[14].

M&i qua xo0ai duge chup phd Vis-NIR trong viing budc song tir 309-1149 nm, khoang
cach céac diém do 3 nm, trén thiét bi cAm tay F750 (Felix Instruments, Camas, USA) vé1 do
phan giai pixel khoang 3,3 nm, dJ phan giai quang hoc 10 nm, va d¢ 1ap lai khoang 1 don vi
mADbs. Mdi qua dugc do hai 1an & phan rong nhat ciia moi mat (khoang giita qua), vudng goc
v6i mat phang hat, tai ba mic nhiét do thap-trung binh-cao 1a ~ 15, 25, 35°C. Cai dat mic
dinh trén thiét bi do bon lan quét phd trén mdi mat qua rdi tinh trung binh cho mdi lan do
mau.

2.2. Phwong phap xir Iy tin hi¢u pho va xay dung mé hinh phén loai

Dit liéu phd toan phanVis-NIR tir 309 nm dén 1149 nm duoc xu 1y voi ngon ngir 1ap
trinh Python phién ban 3.11. Tap dit liéu dugc chia ngau nhién theo ty 1& 80:20, tic 1a sd
lwong mau trong tap huén luyén moé hinh chiém 80% con s6 lwong miu trong tap kiém tra
chiém 20% toan bo dir liéu twong duong véi 9352 mau luyén va 2339 mau kiém tra. Toan
bo dir liéu phé duoc tién xu ly bz‘ing dao ham bac hai toan dai phé va lam muot véi thuat
toan Savitzky-Golay [16], chuan hoa bang cach 1ay gia tri dir liéu ciia mot s6 dinh dic trung
trir di gid tri trung binh toan khoang phd va chia cho d¢ léch chuan ctia cac dinh déc trung
do.

Bdang 1. Kich thuéc ma trdn dir liéu phé cua diz liéu ban dau (None) va di lidu can bang
theo ting tiéu chi phan logi (SMOTE)

Cian bang dir ligu D¢ chin Gidng xoai Ving trong
None 11691 x 281
SMOTE 15536x281 27680%281 13024x281

Xay dung cac thuat toan hoc méay dé phan loai ddi twgng sau khi da tién hanh cic phép
giam chiéu dir liéu (nham giam sb bién can hoc cho mo hinh) bang PCA bao gém PCA-
SVC, PLS-DA, PCA-DT, PCA-RF, PCA-ANN va thuat toan hoc sdu 1D-CNN. Céac tham
s6 can thiét cuia mo hinh hoc may duoc khao sat va ti wu bang phuong phap danh gia chéo
str dung k¥ thuat GridSearchCV [17]. D6 chinh x4c cua cac mo hinh duoc tinh bang ty 16
gitra s6 mau doan dang va s mau dy doén.

Sau khi khao sat c6 duoc cac tham s t6i uu nhat ciia timg mé hinh, tién hanh xay dung
mé hinh ¢6 cac tham s6 da tdi uu, tr do tién hanh cho mo hinh huin luyén trén toan bo dir
liéu huan luyén 10l phan loai trén dir liéu kiém tra.
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3. KET QUA VA BAN LUAN
3.1 Tién xir Iy dir liéu phd

Dit liéu ddu vao 1a tin hiéu Vis- NIR trong ving tir 309 - 1149 nm phé dang bang (kich
thudc 11691 mau x 281 cot gia tri Abs) tur file dit liéu dang Excel; cac dir liéu thong tin dau
ra 1a cac bién roi rac, bao gdm ngudn gbc dia 1y (2 nhin cho ving trong), 6 chin (2 nhén
cho qua xanh, chin), giéng (10 nhén cho 10 giéng) dé xay dung mo hinh va kiém tra d chinh
xac ciia mo hinh phan loai. Phé Vis-NIR cua 100 miu dau tién duoc hién thi trong Hinh 1.

06

04

Absorbance
o
°

Wavenumber

Hinh 1. Phé Vis- NIR ciia 100 mdu xodi dau tién trong tdp dit liéu

Hién tuong tin hi¢u nhiéu xuét hién & cac khoang budc song 350 - 390 nm va 1065 -
1155 nm, céc peak trong viing 390 - 630 nm bi chong chéo 1én nhau, ddng thoi do sir dung
thiét bi cam tay dé 1ay tin hiéu cia mau nén cac anh hudng cua thiét bi ciing thé hién trén
pho dit lidu. Cac yéu t6 nay chinh 13 cac nguy co dan dén viéc gay kho khin cho kha ning
phan loai mé hinh, khién m6 hinh khé t6i wu va lam giam tdc d6 hoi tu cia mo hinh. Dé khic
phuc diéu nay, tién hanh dao ham bac hai va lam muot phd sir dung thuat todn Savitzky-
Golay thu dugc pho trén Hinh 2.

0.006
0.004
0.002
0.000

-0.002 {//

-0.004

Derivative of Absorbance

-0.006

-0.008

-0.010

~~~~~~~~~~

Wavenumber

Hinh 2. Phé sau khi dao ham bdc 2 va lam muot (smoothing) ciia 100 méu xodi dau tién
trong tap dir liéu

Sau khi dao ham va lam muot, cac hién tuong nhidu phd da bién mat, dong thoi cac
dic trung ctia mau sé duoc thé hién rd hon béng dao ham bac 2, diéu nay lam cho moé hinh
dé nhan dang cac mau theo nhan hon. Pdng thoi cac anh huong cua thiét bi va moi truong
da dugc loai bo dé khién viée phan loai cua md hinh tré nén on dinh hon. Sau d6 tiép tuc
chuan hoa dir liéu phd bang StandardScaler dé tdi da hoa hiéu suat cia cic mo hinh. Trén
cac tap dir licu huén luyén mo6 hinh va kiém tra mé hinh véi phé dao ham béc 2, s dung tin
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hiéu toan phd, st dung cau lénh train_test_split cua thu vién scikit-learn voi tham sd
stratify=y dé phan bd cac 16p trong tap kiém tra s& gan gidng voi phan bd céac 16p trong tap
di liéu ban dAu, tir d6 c6 thé danh gia m6 hinh mdt cach khach quan nhat.
3.2. Phan bd s6 lwgng miu xoai theo cac tiéu chi din nhin

Su phan bd sb lugng mau xoai dugc thé hién trén Hinh 3 theo céac chi tiéu phan loai
cua xoai theo d¢ chin (xoai xanh, xoai chin), theo giéng (1201, 1243, 4069, Caly, HG, KP,
Keitt, LadyG, Ladyj, R2E2) va theo vi tri Vl‘mg trff)ng (NT, QLD).

"‘Lhkd'ﬂ‘) & miu theo gidng

okt

Hinh 3 Phan bé mau do theo lan liwot do chin, giong xoai, ving trong

O céc chi tiéu phan loai vé d6 chin, gidng, ving trong phan b sd lugng xoai theo timg
chi tiéu xdy ra hién tugng mét can bz‘ing mét cach trim trong, néu ap dung cac mo hinh phan
loai duoc thiét ké hién hanh c6 thé xay ra su thién vi phan loai ddi véi cac nhan c6 sd lugng
mau 16n hon. Vi vay viéc lam can bé“mg dir liéu (sir dung thuat toan SMOTE) 1a can thiét dé
khién cho sb lugng mau ¢ cac nhin phén loai tré nén dong déu nhau.

3.3. Két qua phan loai xoai

Céc két qua phan loai danh gia trén céc tiéu chi vé do chinh x4c thong qua phan trim

cac mau phan loai dung trong tap sb liéu kiém tra dugc trinh bay & Bang 2.

Bdng 2. Két qua phan logi cua cac thudt toan hoc may va mo hinh hoc sdu 1D-CNN ¢
trieong hop sir dung diz liéu ban dau (None) va can bang di liégu SMOTE

) Can
Tieuchi . PCA - PCA-  1D-
ing di PLS-DA PCA-DT PCA-RF
phén loai bal'i'égud“ SVC S c c ANN  CNN

Do chin None 97,90%  98,11%  95,68%  97,30% 98,60% 99,02%
SMOTE  98,18%  98,29%  96,32%  98,10% 98,50% 99,40%

Gibng None 73,92% 3,42% 69,4% 85,12% 81,74% 92,00%
SMOTE  73,94% 3,84% 71,01%  8510% 82,3% 94,35%

Vung None 87,60%  87,17%  82,60%  90,17% 91,10% 96,37%

trén
8 SMOTE  87,08% 85,53% 83,53% 91,36% 89,52% 96,92%
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Khi phan loai giira xoai chin va xoai xanh, cdc mo hinh hoc may va hoc sau déu dat
d6 chinh xac cao, dac biét vdi mo hinh 1D-CNN dd chinh xac cao hon 99% gén nhu tuyét
ddi, tir do chung to réng vi€c phan loai nhi phan d¢ chin cta xoai c6 thé dat duoc truc tiép
bang cac thudt toan hoc mdy va hoc sdu ma khong can thong qua viée du doan ham lugng
chat kho nhu trong bai bao gbc.

Véi céc tiéu chi phan loai theo giéng, khi bai toan trd thanh phén loai da 16p thi cac
mo hinh hoc méy thé hién sy kho khan khi gia tri do chinh xac déu giam xudng dudi 90%,
dic biét mo hinh PLS-DA c6 d6 chinh xac thap dén bat ngd khi chi dat t6i 3,42% va 3,84%,
diéu nay co thé giai thich do khi ting sb luvong 16p phan loai 1én s& lam cho cac diém dit liéu
trong khong gian nam & cac vi tri trong ddi phtrc tap, dong nghia véi viéc mo hinh PLS-DA
gip cang nhiéu kho khan hon khi tim ra siéu phang t6i vu. Cac mo hinh dang tin cdy nhat
van 12 md hinh PCA-RandomForest véi do chinh x4c cao nhat véi gia tri 1a 85,10% va
85,12%, theo sau d6 1a mo hinh PCA-ANN véi d6 chinh xac 1an luot 1a 81,74% va 82,30%.
Su c6 mat cua thuat toAn SMOTE nhin chung van gitp cho cdc mo hinh hoc may tang do
chinh xéc, tir d6 c6 thé khang dinh rang ky thuat SMOTE van c6 ich trong truong hop nay.
Mb hinh 1D-CNN c¢6 d6 chinh x4c cao nhit 94,35% va 92,00% chirng minh sy phu hop khi
sir dung md hinh ¢6 cau tric phirc tap cho bai toan phén loai da 19p.

Dbi v6i truong hop phan loai dua theo tiéu chi ving trong, viée ap dung ky thuat
SMOTE so v6i khi khong ap dung cho ra hai két qua twong dbi gidng nhau. Thuét toan PLS
-DA va PCA -ANN sau khi duogc st dung dit liéu dugc 1am cén bang v6i SMOTE lai cho ra
két qua do chinh xac giam. Piéu d6 ¢ thé do trong qué trinh 1am can bang dir liéu, thuat
toan da vo tinh gid dinh mot s6 mau m&i bi nham 1an vao phﬁn dir liéu cua nhan khac va tro
thanh dir liéu nhiéu, dan tdi mo hinh hoc sai. Nhin chung, ba thuét toan PCA-RF, PCA-ANN
va 1D-CNN cho d¢ chinh xéc tot nhét, véi thuat toan 1D-CNN c6 do chinh x4c 1a hon 96%
cho thay sy phti hop clia mé hinh trong phén loai dya trén tiéu chi ving trong.

Trong hau hét cac truong hop phan loai, viéc sir dung k¥ thuat tién xur 1y dir lidu
SMOTE véi cac md hinh hoc may va hoc sau c6 do chinh xac cao hon so vai viéc khong st
dung k¥ thuat nay. Trong cac thudt toan hoc may, vi mé hinh c6 cau trac phirc tap nhu PCA
-RF va PCA -ANN thé hién kha niang phan loai t6t hon so v6i cc thuat toan hoc may don
gian. M6 hinh 1D-CNN véi cdu tric phirc tap ¢ cac 16p tich chap, 16p kéo va cac 10p két
ndi déy du cho két qua phan loai tt, do 6n dinh cao & cac tiéu chi phan loai. BJ chinh xéc
ciia m6 hinh 1D-CNN ¢ céc tiéu chi phan loai déu 16n hon 92%, thé hién tinh ung dung cao
trong thuc té khi mo hinh ¢6 thé nhin duoc toan bd phé dir liéu ma khong can tién hanh giam
chiéu, tir d6 ting tinh tu dong hoa va dé dang tich hop vao céac thiét bi do cim tay phuc vu
phan tich hién truong.

3.4. Ban luan

Nghién ctru da chi ra su tién bo dang ké trong vi¢c nhan dang va phan loai xoai dya
trén dit liéu quang phd két hop véi cac md hinh hoc méy va hoc sau. Céc két qua cho thiy
rang viéc st dung dit liéu quang phd viing Vis-NIR két hop v6i cac phuong phap phan tich
dix liéu tién tién co thé mang lai hi€u qua cao trong vi¢c phan loai xoai dya trén cac yéu tb
nhu do chin, giéng, vung tréng. So v&i cac cong trinh nghién ctru dugce dé cap [4, 5, 9],
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nghién ctru ndy da xdy dung mé hinh don gian va hiéu qua hon, khong can tién hanh khao
sat khoang phd t6i wu ma sir dung toan bo dai phd do dwoc ma van dap ing duoc muc dich
phan loai. Pong thoi, két qua phan loai dat dugc (ddc biét 1a cac bai toan phan loai da 16p)
st dung mo hinh hoc sau 1D-CNN déu c6 dd chinh xac trén 95%, trong nghién ctru [4] do
chinh xé4c chi dat 91,49%, nghién ciru [5] d6 chinh x4c rét cao tuy nhién bit budc phai phan
loai theo cdp ¢ cac khoang budc song khac nhau va nghién ctru [9] chi du doan ham luong
chit kho DMC vdéi R? dat 0,89. Nhu vay, viéc sir dung mo hinh hoc sau két hop v6i dao ham
béc 2 va lam muot, déng thoi 1am giau dir liéu st dung thuat toan SMOTE khién cho c6 thé
loai bo di budc giam chiéu dit liéu, tir d6 mé ra tiém nang nghién ctru da dang va linh hoat
v6i dit liéu phd nhiéu chiéu.

Maic du nghién ctru da dat duogc Kkét qua dang khich I¢, van con mot sd han ché cin
dugc xem xét. Pau tién, bo dir liéu str dung trong nghién ctru 13 khé 16n va da dang, nhung
viéc md rong bo dir lidu dé bao gdm nhiéu giéng xoai va nhiéu ving dia Iy hon va cac diéu
kién maéi truong khac nhau c6 thé giup 1am ting do tin cdy va kha ning tong quat cta cac
mo hinh. Tht hai, viéc ti vu hoa cu triic va tham sd ciia md hinh hoc sdu 1D-CNN c¢6 thé
mang lai nhiing cai thién thém vé hiéu suat. Cudi cling, nghién ciru c6 thé mé rong tmg dung
ctia cac k¥ thuat phén tich nay cho cac loai tréi cdy khac va cac san pham nong nghiép khac
dé danh gia hiéu qua va kha nang ing dung rong rii hon.

4. KET LUAN

So v6i cac thuat toan hoc may thong thudng co két hop véi giam chiéu dir lidu, mo
hinh 1D-CNN d4 chung to 1a md hinh ¢6 cau trac t6i wu nhat dé phéan loai xoai dya trén dix
liéu phd Vis-NIR véi do chinh x4c cao trén 95%. Diéu d6 chimg t6 kha ning tmg dung cao
ctia mo hinh 1D-CNN cho viéc phan loai cac dic diém cta xoai, cung cip thong tin mot cach
téng quat vé viéc tng dung dir liéu phd toan phan va cac phuong phap hoc may, hoc sau
trong phan loai xoai, va mé ra hudng di mdi cho viéce cai thién quy trinh thu hoach va quan
Iy chét lugng san pham nong nghiép.
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