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TOM TAT

Nhiéu nghién ciru gan ddy cho thdy cam bién da phé gid thanh
thap dwoe quan tam nhiéu trong viéc phat trzen cdc ung dung
trong nong nghiép. Nghlen cibu nay danh gid tiém nang sir dung
cam bién da pho gla thanh thap trong viéc dy dodn do ngot cia
xodi, logi trdi cdy ¢6 gid tri xudt khdu cao. Dé phat trién dwoc mé
hinh diw dodn chinh xdc, mét sé gidi thudt tién xir Iy va lea chon
budc séng da dwoe ap dung. Két qud cho thdy dit liéu phé khéng
qua tien xir Iy trich xudt tir mueoi bon bude séng dwoce chon boi
gidi thudt “hé sé hoz quy” la phit hop aé xdy dung mo hinh hoi
quy binh phuwong 16i thiéu timg phan c¢é hé s6 twong quan bang
0,703 va sai so RMSE la 1,439 °Brix. Két qud nay cé thé so sanh
dwgc voi cdc nghién citu gan ddy sir dung ciing loai cam bién da
phé vi thé khing dinh tiem nang sir dung cam bién da phé gid
thanh thap trong viéc phat trién vmg dung va thiét bi cam tay dé
ddnh gid chat lwong trdi cdy.

Tir khod: Danh gid khéng pha hity, cam bién da phé, gid thap
ABSTRACT

Recent studies have shown that low-cost multispectral sensors
have attracted much interest in developing agricultural
applications. This study evaluated the potential of using a low-
cost multispectral sensor to predict the sweetness of mango fruit
with high export values. A few spectral data preprocessing and
wavelength selection algorithms were applied to develop an
accurate prediction model. Experimental results showed that
unprocessed spectral data of fourteen wavelengths selected by the
“regression coefficients” algorithm were suitable for developing
a partial least square regression model with a correlation
coefficient of 0.703 and a root mean square error of 1.439 °Brix.
These results were comparable to recent studies using the same
multispectral sensor, confirming the potential use of low-cost
multispectral sensors in developing applications and portable
devices for fruit quality assessment.

Keywords: Low-cost, nondestructive assessment, multispectral
sensor
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1. GIOI THIEU

Dé danh gia chat luong céac loai nong san, dic
biét 14 trdi cdy twoi, cac giai phap khong lam hur mau
va c6 thé ing dung trong cac hé thong ty dong
thudong duge quan tam. Két qua khao sat trong thoi
gian gan ddy cho thy giai phap phan tich quang phd
va thi giac may dugc dac biét quan tdm (Nghiém va
ctv., 2021). Uu diém cua thi giac may tinh 1a d& thuc
hién nhung chu yéu pht hop dé dénh gia chat luong
ciia d6i tuong dwa vao dic trung bén ngoai. Néu
khong c6 tuong quan du l6n gitra dic trung bén
ngoai va chat luong bén trong, giai phap thi giac
may tinh co thé ‘gap mét s han ché va kém chinh
xac. Khi can thiét phai danh gia chét luong trai cay
tuoi nhu d§ truong thanh va giai doan chin thong
qua do ngot, d0 chua, ham lugng chit kho,...
(Mishra et al., 2020), giai phap phan tich quang phd
¢6 nhidu vu thé hon vi cac chi tiéu danh gia nay phu
thudc vao ham luong cac thanh phan héa hoc cia
phan thit/vo trai ciy v6i kha ning héap thy anh sang
khac nhau tai cac budc song khac nhau. Vi thé, cac
danh gi4 chat lugng trai cay dua trén quang pho dan
tr¢ thanh giai phap thay thé khi xem xét yéu t6 toc
d6 va ban chat khong pha huy (Lu et al., 2020).

Theo théng ké boi Rogers et al. (2023), cac
nghién ciru 4p dung phuong phap quang phd khao
st cac vung phé v6i mirc 6 quan tam giam déan tir
ving phé kha kién va can hong ngoai c6 budc song
& khoang 400—1000 nm, ving phd can hong ngoai
¢6 budc song khoang 900-1700 nm va ving hong
ngoai budc séng ngan 1700-2500 nm. Cac ving phd
dugc chon phy thuge vao ung dung can quan tam.
Vi dy, viung hong ngoai phu hop hon cho cac tmg
dung lién quan dén d6 4m vi nude hép thu nhiéu 4nh
sang trong ving nay. Khi mau sic c6 su twong quan
dén dic tinh quan tim, cam bién trong ving 4nh
sang kha kién s& phu hop hon.

Tuy vao d phan giai phd cao hay thap, cam bién
¢6 thé duoc phan loai 1a siéu phd hay da phd. Uu
diém ctia cam bién siéu phd 1a d6 phan giai cao hay
kha nang do duoc tin hiéu ¢ dai tan hep nho d6 thu
dugc nhiéu thong tin pho dac trung (Noguera et al.,
2022). Véi d6 phan giai pho thip cia cam bién da
phd, cac ing dung phat trién dua trén cac cam bién
nay c6 thé dat 6 chinh xac khong qua cao. Vi thé,
cam bién da phd thuong co gia thanh thap hon so
v6i cam bién siéu phd. Tuy nhién, nhiéu cam bién
da phé gia thanh thép lai dugc phat trién cho vung
pho anh sang kha kién, rit c6 thé vi day la ving phd
phit hop cho nhiéu g dung thuc té. Phat trién cac
g dung trong ndng nghiép dua trén cac cam bién
nay ciing tro thanh chi dé thu hat nhidu quan tim

12

Tép 60, S6 44 (2024): 11-19

(Walsh et al., 2020). Mot s6 nghién ctru ciing cho
thdy cam bién da phd co thé dwoc sir dung dé phat
trién giai phap hay thiét bi cAm tay v&i d6 chinh xéac
phit hop dung cho viéc danh gia chit lugng trai cay
(Nguyen et al., 2020; Tran & Fukuzawa, 2020;
Noguera et al., 2022; Mohammed et al., 2023;
Srinivasagan et al., 2023).

De ng dung phuong phép phan tich quang pho,
mdt sO van dé di duoc xem xét giai quyét nhu loai
bo b6t nhiéu do hién tuwong tan xa anh sang bi anh
hudng boi cau triic mo ciia phan thit trai cay (Lu et
al., 2020) thong qua tién xir 1y dit liéu phd (Mishra
et al., 2020; Luka et al., 2024), sy anh hudng cta
nhiét 6 (Golic et al., 2003; Mishra et al., 2020).
Viée chon lwa bude song quan trong dé loai bo cac
bude song khong dong gop dang ké cho do chinh
xac cua mo hinh ciing can thiét dé giam thoi gian xur
ly va tang tinh bén vimng cta giai phap khi xay dung
mo hinh hdi quy da bién (Rogers et al., 2023).

Nhim danh gia kha ning s dung cam bién da
phé gia thanh thap dé phat trién cac ung dung hay
thiét bi danh gia chat luong trai cdy dua trén phuong
phap phén tich quang phd, nghién ctru nay thyc hién
du doan d ngot cua trai cdy trén co s¢ dir lidu phé
thu thap tir cam bién da pho gia thanh thap véi (101
tu’ong nghién ctu la tral X0ai tuoi vi tiém nang Xudt
khau va gia trj kinh té ctia xoai kha cao. Mot s6 giai
thuat tién xur 1y dir liéu ph6 va lya chon budc séng
dugc khao sat dé tim ra giai thuat phi hop nham phat
trién mo hinh danh gia do ngot ctia xoai (thong qua
d0 Brix) dat dugc dd chinh xac cao. Két qua nghién
ctru & 1a co s& cho viée sir dung cam bién da phé
gia thanh thip dé phat trién cac Ung dyung va thiét bi
cam tay trong viéc danh gia chat luong trai cay.

2. PHUONG PHAP NGHIEN CUU
2.1. B0 tri thu miu

Dé dam bao tinh tong quat ctia nghién ciru, xo0ai
sir dung trong nghién ctru dugc thu hoach ¢ nhiéu
thoi diém khac nhau, tir 70, 75, 80, 85, 90 va 95
ngay sau khi dau trai (Days after fruit set — DAFS)
(Bang 1). Cac mau xoai déu duge thu hoach tai
Néng trudong Séng Hau, huyén Co Do, thanh phd
Cén Tho dé dam bao chét lugng xo0ai khong chiu anh
huéng boi ving trdng va tip quan canh tac. Doi véi
mdi mau xoai, dit liéu do Brix va phé twong tac dugc
do tir ba vi tri trén mat bén cia xoai, 1a mat c6 dién
tich 16n nhat ctia x0ai nhu md ta & Hinh 1. Mot mo-
dun do phd sir dung cam bién phd AS7265x (ams-
OSRAM AG) dé thu phd tai 18 budc song trong
ving anh sang kha kién va can hong ngoai tir 410
dén 940 nm (Hinh 2). Mé-dun nay dugc thiét ké dé
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thu phd & ché d6 twong tac (interactance mode),
nghia 14 thu tin hiéu 4nh sang tir bén trong mau xoai
truyén ra khi chin hoan toan sy anh hudng ctia 4nh
sang bén ngoai, dya trén mot s6 két qua mang tinh
kha thi va thiét ké truéc d6 (Nguyen et al., 2020;
Tran & Fukuzawa, 2020; Tran et al., 2021).

Bing 1. Thong tin s6 lwong va thoi diém thu
hoach xoai dugc sir dung trong nghién

cliru

Thoi diém Ngay sau khi ddu trii ~ Tong
thuhoach 70 75 80 85 90 95
05/2021 11 12 12 12 12 11 70
03/2022 24 19 07 00 00 00 50
04/2022 08 19 30 37 24 12 130
03/2023 05 04 00 00 00 00 09
04/2023 00 00 13 16 07 03 39
Téng 48 54 62 65 43 26 298

/ Mango samples \
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Mé-dun do phd sir dung
cam bién AS7265x
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Hinh 2. Phé trung binh theo ngay sau khi dau
trai (DAFS)

2.2. Xay dung mé6 hinh
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Hinh 3. Luu d6 xdy dung mé hinh dy do4n do
ngot cla xoai

Trong nghién ctru nay, mo hinh hdi quy dwoc
xay dung dé du doan do ngot cua xoai dya trén dir
liéu phd. Phwong phéap hdi quy binh phuong tdi thiéu
timg phan (Partial Least Square — PLS) duoc 4p
dung vi PLS la mdt giai thuat hoc may hiéu qua khi
xdy dung cac mo hinh héi quy sir dung dit liéu phd
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(Flynn et al., 2023) va duoc tng dung phd bién dé
danh gia chat lugng trai cdy dya trén quang phd
(Zhang & Yang, 2024). Cac giai thuat tién xu ly dir
liéu va lya chon budce song phd bién dugce ap dung
dé phat trlen md hinh hdi quy c6 hiéu suét cao nht.
Giai thuat tién xt 1y dir liéu va Iya chon budc song
phu hgp duogc lya chon dya trén co s& so sanh hiéu
suét cia md hinh PLS khi ap dung cac giai thuat tién
xur ly dir liéu va lya chon budc song khac nhau nhu
duoc tom tit ¢ Hinh 3.
2.2.1. Tién xu Iy dit liéu

Dir liéu phé thong thudng 1a két qua cua viée hap
thu va tan xa anh sang (Lu et al., 2020), lan luot do
cac thanh phan héa hoc c6 trong phan thit trai cay
va cAu trac vat 1y cua phan thit va vo cua trai ciy
quyét dinh (Mishra et al., 2020). Vi thé, hién tuong
tan xa anh sang anh huong dén két qua du doan dic
tinh cua trai cay (nhu do ngot, 6 chua) chu yéu phy
thudc vao cac thanh ph?ln hoéa hoc cua thit qua (nhu
luwong dudng, lugng axit). Trong nghién ctru nay, hai
giai thudt tién xtr 1y 1a Bién chuén hoa (standard
normal variate — SNV) va hi¢u chinh phéan tan nhan
(multiplicative scatter correction — MSC) dugc chon
vi hai giai thuat nay duoc ap dung phd bién dé loai
b6 cac sai 1éch trong dit liéu phd do anh hudng cua
hién tugng tan xa anh sang.

Giai thuat SNV 1a mot gidi thuat phd bién dé
chudn hoa dit liéu phd nham loai bo cac hiéu tmg sb
nhan (multiplicative effects) do tan xa anh sang va
hi€u trng cong (additive effects) do cac khac biét vé
cuong do tin hiéu toan cuc (global signal intensities)
(Barnes et al., 1989; Mishra et al., 2020). SNV sua
sai phd bang cach trir cho phd trung binh sau d6 chia
cho d6 1éch chuén cta phd tin hiéu nhu sau (Luka et
al., 2024):

x; (SNV) = , (1)

trong do x;, x; (SNV) lan luot 1a bién do cua tin

hiéu tai budc song thir j ciia mau phd thi i trude va
sau khi diéu chinh boi SNV, m 1a so budc song va
gia tri trung binh ctia mau pho thir i dugc tinh boi

m
inj .

J=1

.X'[.Z

1
— 2
m

Giai thuat MSC xem phd nhu két qua tong hop
cua tan xa va hap thu anh sang. Giai thuat sir dung
mot pho tham chiéu thong thudng la tri trung binh
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va dich chuyén cac mau phd gan nhét dén phd tham
chiéu thong qua viéc chia ti 18 va doi phd. MSC xem
tan xa khuéch tan 1a nhu nhau cho tit ci mau phd va
tai tit ca cac bude song tir 46 ap dung hdi quy binh
phuong cuc tiéu dé ude lwong do dbc va do léch caa
mot ham tuyén tinh ding dé diéu chinh ting mau
phé theo phuong trinh

xcarr :%(x_a)’ (3)

voi x,

chua diéu chinh, a 1a tham sb d6 1éch va b 1a d6 dbc
tim dugc béi MSC (Mishra et al., 2020).

2.2.2. Phan chia dit liéu

_ 1a mau phd dugc didu chinh, x 1a phd

Dé xay dyng va danh gia hiéu suit cia mé hinh
duoc xay dung, dir liéu phé va d6 Brix duogc chia
thanh tap dit liéu hudn luyén va tap dir liéu kiém tra
voi ti 1€ 7:3. Giai thuat Kennard-Stone (KS), mot
giai thuat phd bién dé phan chia dir liéu phd, dugc
st dung trong nghién ctru. Giai thudt nay chia dir
lidu sao cho t6i da hoa khoang cach Euclidean giira
cac mau dir liéu. Giai thuat KS duoc trinh bay chi
tiét boi Luka et al. (2024).

2.2.3. Lwa chon budc song

Céc dic trung phd c6 thé chira thong tin phd du
thira, khong lién quan dén bién dép tmg ctia m6 hinh.
Céc dic trung nay can duoc loai bo dé ting d6 chinh
xac cua mo hinh, gidm bét d6 phure tap ciia mo hinh
toan va tranh hién tuong qua khop ddi khi xay dung
md hinh hdi quy da bién. Trong nghién ctru nay, giai
thuat “LAy mau co trong sd thich ing canh tranh”
(competitive adaptive reweighted sampling —
CARS), “Hé s6 hoi quy” (regression coefficients —
RC) va “M6 hinh ring cay” (random forest — RF)
duogc ap dung.

Giai thuat CARS duoc tng dung rat phé bién
trong viéc lya chon budc song (Rogers et al., 2023).
CARS duogc phat trién trén co s¢ thuyét tién hoa cua
Darwin va ing dung phuong phap chon mau Monte
Carlo. CARS chon tap con cac bién thong qua cac
chu ky tién hoa va canh tranh dua trén ham mil suy
bién va viéc ldy mau co trong sd thich tmg (Luka et
al., 2024). Théng tin chi tiét hon vé giai thuat dwoc
trinh bay boi Li et al. (2009).

Ciing giébng nhu CARS, giai thuat RC ciing 1a
mdt trong nhiing giai thuat pho bién nhat dé Iyra chon
budc song (Rogers et al., 2023). So voi giai thuat
CARS, giai thuat RC c6 d¢ phuc tap it hon khi sir
dung cac hé sd hdi quy dé phat hién cac budc song
c6 dong gop nhiéu cho sy thay d6i ctia bién dép ting.



Tap chi Khoa hoc Pai hoc Can Tho

Hé s hdi quy dugce tinh khi xay dung mo hdi quy
PLS. Céc bude song c6 hé s6 hdi quy 16n dwoc xem
nhu chira dung nhiéu thong tin hon va cic budc song
¢6 hé s6 hdi quy nho s& duoc loai bo (Luka et al.,
2024). Vi thé, dir liéu twong tng vdi cac bude song
quan trong duoc st dung dé xay dung mé hinh PLS.
K§ thuat tim kiém tham s grid search v&i viée kiém
chung chéo trén 10 tdp con (10-fold cross
validation) duoc ap dung dé xdy dung mé hinh PLS
t6t nhat.

Thoi gian gan day, giai thuat RF dugc ing dung
hiéu qua dé lya chon budc song va xdy dung mod
hinh phan loai xo0ai dua vao d6 ngot (Nguyen et al.,
2020). Vi thé, RF ciing duoc tng dung trong nghlen
ctru nay. Véi mdi mot mo hinh RF, thong s6 Mean
decrease in impurity — MDI déu c6 thé dugc tinh va
xem la thude do cho mic d§ quan trong cua tung
dac trung (hodc bién doc 1ap) cua mo hinh (Li et al.,
2019). Mot dic trung c6 thé xem nhu quan trong néu
thong s6 MDI cua dic trung d6 vuot ngudng duge
tinh boi gia tri nghich dao cua ) lugng dac trung.
Béng cach thyc hién giai thuat tim kiém tham s grid
search nhiéu 1an, nhiéu mé hinh RF tbi uu duoc tao
ra. Mot dac trung hay bién doc lap duoc xem 1a quan
trong va dugc lua chon néu hon mot nita s6 mé hinh
RF duoc tao ra déu cho thay dic trung d6 1a quan
trong dua trén thong s6 MDI cua dic trung d6. Cach
chon lga dac trung duoc trinh bay chi tiét boi
Nguyen et al. (2020).

2.3. Tiéu chi danh gia mo hinh

Hiéu sudt mé hinh udc luong d6 ngot cua xoai
duoc xac dinh thong qua hé s6 tuong quan R, cin
bac hai cia trung binh binh phuong sai s& (Root
Mean Square Error — RMSE), trung binh sai s6 tuyét
dbi (Mean Absolute Error — MAE) va ti 1¢ dy doan
ddi véi do 1éch (Ratio of Prediction to Deviation —
RPD).

4)

)

(6)
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RPD = Sb. (7
SEP
voi
SEP = ®)
b=— )
trong do,

e 3,y vax lan luot la gia tri du doan, gia
tri do va phd cua mau do thir i;

e X va y lagia tri trung binh ctia n miu phd
va gia tri do.

e SD 1a dd léch chuin cta gia tri tham chiéu
cua tap dir liéu kiém tra va SEP 1a d6 1éch chuan cta

sai s& dy doan thyuc hién trén tap dir liéu kiém tra
(Cayuela & Garcia, 2017).

e 1, 1as0 mu trong tap dir lidu kiém tra.

La mot ti€u chi dwoc st dung phé bién dé danh
gid cac mo hinh wéc lugng tir dir liéu phd, gia tri
RPD ciing dugc sir dung trong nghién curu nay. Gia
tri RPD c6 thé dugc chia thanh ba vung gia tri [1,5;
2,01, (2,0; 2,5] va (2,5; o) 1an luot thé hién kha ning
ctia md hinh c6 thé phan biét dugc cac gia tri cao va
thap, dua ra du doan dinh lugng mang tinh chat tho
(coarse quantitative prediction) va du doan xudt sic
gia tri quan tdm (Nicolai et al., 2007).

3. KET QUA VA THAO LUAN

Hiéu sut mo hinh PLS duoc xdy dung véi cac
giai thuat tién xir 1y khac nhau dugc trinh bay &
Béang 2. Mo hinh PLS x4y dung dya trén b dit liéu
huén luyén da qua budc tién xir Iy bang giai thuat
SNV va MSC khong cho thiy su khac biét dang ké
trong vi¢c cai thién sai s6 RMSE va MAE so v6i md
hinh dugc xay dung tir dit lidu tho. Ngoai ra, két qua
du doan ctia mé hinh PLS x4y dung tir ph tho déu
cho két qua t6t hon. Cuy thé, khi khong tién xu ly dit
liéu phd, sai s6 RMSE, chi khoang 1,4 so v6i 2,2 khi
thuc hién tién xur ly. Trung binh sai sé tuyét dbi
MAE, khi khong ap dung giai thuat tién xu 1y chi 1a
0,873 °Brix, nho hon khoang 28% so v6i dp dung
giai thuat MSC. Nhiéu nghién ciru ciing chi ra rang
md hinh hdi quy xdy dung dya trén dit liéu tho co
hiéu suat tot hon (Nordey et al., 2017; Malvandi et
al., 2022). Ngoai ra, viéc tim giai thuat tién xir Iy dir
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liéu phtt hop dé nang cao hiéu sudt mé hinh can thuc
nghiém thir-va-sai nhiéu lan (Engel et al., 2013).
Dua trén két qua so sanh hiéu suét cac mé hinh dugc
trinh bay ¢ Bang 2, phd thé dwoc s dung dé xay
dung cac md hinh PLS nhdm danh gia giai thuét lya
chon budc song hi€u qua. Hiéu suét cac mo hinh
duoc xay dung dua trén dit liéu phé da duoc ap dung
giai thuat chon lya cac budc song khac nhau dugc
tom tit & Bang 3. Két qua cho thay giai thuat RF
khong hiéu qua khi m hinh twong mg c6 sai s6 16n
hon va hé sb tuong quan, gia tri RPD déu nhé hon
so v6i mo hinh c6 4p dung giai thuat RC hay CARS.

Ca hai giai thuat RC va CARS déu hiéu qua ddi
v6i dir liéu phé trong nghién ctru nay vi hiéu suat
md hinh ¢6 4p dung CARS va RC déu twong dong
v6i mo hinh sir dung dit liéu phd cua tat ca 18 budc
song. Dir liéu phd thé hién mbi twong quan tot voi
dap tng ctia mo hinh voi R, = 0,703. Trong d6, mo
hinh 4p dung gii thuat RC t6t hon CARS khi xem
xét cac tiéu chi R., RMSE. va RPD.

Két qua lwa chon budc song duoc trinh bay &
Bang 4 ciing cho thiy su trong ddng cao gitra giai
thuat RC va CARS. Trong 14 budc séong quan trong
dé xay dung md hinh c6 hi¢u sudt cao, chi co su khac
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biét & 1 budc song. Trong khi CARS chon budce
song 680 nm, co lién hé véi sy hap thu Chlorophyll
0 budc song trong lan can 670 nm (Posom et al.,
2020), giai thudt RC chon budc song 810 nm vai sy
lién hé gan v6i mau sic cua thit xoai do thanh phan
B-carotene cua thit xoai (Rungpichayapichet et al.,
2015; Nordey et al., 2017). Ca RC va CARS déu
chon cac budc song c6 lien hé voi thanh phan ciia
thit xoai. Cac budc song 435 va 460 nm déu rat gan
v6i viung hip thy hep cua chiét xuat Chlorophyll a
(gan budc song 428 nm) va Chlorophyll b (gén budc
song 453 nm) (Alos et al., 2019) 1a cac thanh phan
¢6 lién hé chat ché vé6i thanh phan duong trong thit
x0ai ¢ cac giai doan chin khéc nhau (Gill et al.,
2017). Cac budc song tai 730, 900 va 940 nm déu
lién quan chat v6i ving hap thu cia duong do cac
dao dong cua cac gbec C—H and O—H (Golic et al.,
2003; Omar et al., 2012b). Budc song 860 nm gan
ving chiu anh hudng boi thanh phén axit citric (tai
budc song 850 nm (Omar et al., 2012a)) cd6 ham
luong giam dan khi lugng duong trong xoai ting do
qua trinh chin cta xoai (Maldonado-Celis et al.,
2019).

Bang 2. Hi¢u sudt mé hinh véi cac giai thuat tién xir Iy dir li¢u khac nhau

Giai thuit tién xir ly

Két qua xay dung mé hinh

Két qua dy doan

R.  RMSE. MAE. R, RMSE, MAE, RPD
Khéng 4 i ho
thé‘)’“g ap dung (sir dung pho 0713 2534 1,501 0703 1434 0873 1405
SNV 0,704 2,391 1,572 0,677 2,188 1,232 1,358
MSC 0,711 2,428 1,569 0,582 2,165 1,208 1,230
Bang 3. Hiéu suidt mé hinh véi cac giai thuit lya chon buéc séng khic nhau
Giai thuat lya SO buéc song  Két qua xiy dung mé hinh Két qua du doan
chon bwéc song  dwgce chon R. RMSE. MAE. R, RMSE, MAE, RPD
Khong ap dung* 18 0,713 2,534 1,591 0,703 1434 0873 1,405
RF 3 0,611 2,860 1,915 0,538 1,665 1,023 1,186
RC 14 0,720° 2,508 1,596 0,703 1,439 0,890 1,407
CARS 14 0,701 2,577 1,594 0,703 1,458 0,870 1,407

@ M6 hinh khéng dp dung gidi thudt lwa chon bude song la mé hinh xdy dung véi dir liéu phé thé dwoe mé ta & Bang 2

b Céc gid tri in nghiéng thé hién két qua tét hon so véi mé hinh

Biang 4. Két qua lya chon buéc séng

khong ap dung giai thudt lva chon budc song

Giai Buéc song

thudt 410 435 460 485 510 535 560 585 610 645 680 705 730 760 810 860 900 940
RF - - - - - - - - - X X X - - - - - -
RC X X X X X - X X X X - X X - xXx X - X
CARS X X X X X - X X X X X X X - - X - X

“X” chi truong hop budc song dwoc chon
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Bang 5 trinh bay hiéu suét ctia cac mo hinh duge
xay dung dé du doan d6 Brix ctia mot s6 loai trai cay
dwa trén dir liéu phé thu thap boi cam bién AS7265x
trong cac nghién ctru lién quan. Két qua cho thiy mo
hinh du doan d¢ ngot cia xoai c6 sai sb RMSE, 16n
hon so v&i cac nghién ctru lién quan (tir 0,224 dén
1,031 °Brix). Tuy nhién, két qua nay c6 thé xem nhu
so sanh dugc voi cac nghién ciru cung st dung cam

Tép 60, S6 44 (2024): 11-19

bién AS7265x vi vo xoai twong dbi diy hon so voi
vO tao va nho. Ngoai ra, m6 hinh da xay dung dat
RPD = 1,407, bang véi két qua cong bd ciia mot
nghién ctru du doan do ngot cia ca chua khi sur dung
cam bién siéu phd voi do phan giai cao trong ving
400-1100 nm (Huang et al., 2018). Nhu vy, cac két
qua nghién ctru cho thiy tiém ning trong viéc sir
dung cam bién gia thanh thap, cu thé 1 cam bién da
phd AS7265x dugc sir dung trong nghién ciru nay.

Bang 5. Cac nghién ctru sir dung cim bién AS7265x dé dw doan d§ Brix ciia trai ciy

Nghién ciru Doi twgng Mb hinh Hiéu suit du doin

Tran & Fukuzawa (2020) Tao MLR ? le =0,861" RMSE , = 0,403
Noguera et al. (2022) Nho ANN ¢ R,ZI =0,7; RMSE, =1,210
Zhao et al. (2023) Téo PLS R,=0,8568; RMSE, =0,7753
Nghién ctru nay Xoai PLS R,=0,703 R= RMSE, =1,439

9 M6 hinh hoi quy da bién (multiple linear regression)

b Hg $6 xdc dinh (coefficient of determination)

¢ M6 hinh mang no-ron nhdn tao (artificial neural network)

M hinh PLS da dugc dé xuét dé budc dau danh
gia tiém nang Gmg dung cam bién gia thanh thap. Vi
thé, cac mé hinh hoc may khac can dugc xem xét
trong cac nghién ctru tiép theo dé co thé phat trién
dugc mé hinh c6 do chinh xac cao hon (Zhang &
Yang, 2024) nham tmg dung cac cam bién gia thanh
thap hiéu qua hon.
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