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TOM TAT

Nghién ciru trinh bay thiét ké va déanh gid tinh kha thi ciia mé dun
thu phé twong tc tw dong ding quang phoé cdn hong ngoai (NIR)
aé danh gia do ngot qua quyt. H¢ théng tich hop co cau kep—xoay
mau, ddu thu tinh tién véi nguon sang vong va buong 16i, cho phép
thu phé tw dong tai nhiéu vimg do. So véi thu phé thii cong, thoi
gian do giam tir ~40 s xuong 17,7 s mdi qud, twong ing giam
55,75%, dong thoi cdi thién d¢ on dinh phé. M6 hinh di dodn dé
ngot (°Brix) tir 300 phé trung binh cia 75 qud quyt dat RPD cao
nhdt 1,65, cho thdy tiem néing vmg dung ciia hé théng trong ddanh
gid nhanh, khéng phd hity chat lwong trdi cdy.

Tir khéa: Dénh gid chdt lugng khong phd hily, do phé t dong, do
ngot cua quyt, quang pho cdn hong ngoai, quang pho tiong tdc

ABSTRACT

This study presents the design and feasibility evaluation of an
automated NIR interactance spectral acquisition module for
mandarin sweetness assessment. The system integrates a
clamping—rotation mechanism, a translational probe with a ring
light source, and a dark chamber to enable automated
measurements at multiple fruit regions. Compared with manual
acquisition, the average measurement time was reduced from ~40
s to 17.7 s per fruit, corresponding to a 55.75% reduction, while
spectral stability was improved. Sweetness prediction models
developed from 300 averaged spectra of 75 mandarins achieved a
maximum RPD of 1.65, indicating the system’s potential for rapid
and non-destructive fruit quality evaluation.

Keywords: Automated spectral measurement, interactance

spectroscopy, mandarin sweetness, near-infrared spectroscopy,
non-destructive quality assessment

1. GIOI THIEU

Viét Nam la quéc gia co diéu kién khi hau nhiét
déi thuan lgi cho sy phat trién cua nhicu loai cay an
qua, tai nhitng ving mién khac nhau lai c6 da dang

cac loai trai cay dac san, dic trung riéng va qua quyt
1a mot trong s6 d6. Tai Pong bang song Ciru Long,
quyt duong 1a mot trong nhimg gidng cam quyt co
chat lugng ngon, ndi tiéng clia ving. Viéc danh gia
chat lugng quyt dya vao do ngot thong qua ham
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lwong chit ran hoa tan (Soluble Solids Content —
SSC) 6 vai tro quan trong trong phan loai, nang cao
chat lugng trong thuwong mai héa san pham. Phuong
phap danh gia do ngot bang khuc xa ké c6 két qua
dang dugc su dung rong rai. Tuy nhién, phuong
phap nay ton thoi gian, phu thudc vao méi trudng,
khong phit hop cho kiém tra s lugng 16n va cin phai
ép liy nudc trai cdy (Magwaza & Opara, 2015).
Trong bdi canh dé, cac k¥ thuat danh gia khong pha
huy ngay cang dugc quan tam (Nguyen et al., 2020;
Nghiém va ctv., 2021) dac biét 1a phuong phap
quang pho cén hdong ngoai (Near-Infrared — NIR)
nh¢ kha ndng phan anh chinh xac dac tinh hoa hoc
va cAu tric bén trong ciia qua ma khong can pha hity
mau do.

K§ thuat danh gia khong pha hiy dya trén quang
phd can hong ngoai (750-2500 nm) 1a mot phuwong
phap sir dung quang phd NIR twong tac véi qua dé
phéan tich va do luong dd ngot cua qua quyt sau thu
hoach ma khéng can pha huy mau. Khi co mot
ngudn anh sang chiéu t6i qua quyt, 4nh sang tac
dong 1én cac lién két C—H, N—H, O-H c6 trong céc
chat hiru co lién quan téi d ngot. Tin hiéu pho thu
dugc mang cac dac trung do cod tuong tac vai cac
chét hiru co bén trong ciia qua (Ozaki et al., 2021).
Nhing gia tri phd thu dugc cua timg miu dugc sir
dung dé huan luyén cic mé hinh hoc may dé phan
tich cac dac trung cua phé, sau do6 cho ra mot mo
hinh c6 kha nang dy doan duoc gia tri d§ ngot cua
qua dua trén dit liéu phd dau vao (Mei & Li, 2023).

Trong ky thudt quang phd, c6 ba ché do thu
quang pho phd bién 13 phan xa (reflectance), tuong
tac (interactance) va xuyén thiu (transmittance). O
che d6 do phan xa, anh sang chiéu tir bén ngoai Ién
mau, dau thu pho khong can cach ly va khong tlep
xtc voi mau. Ché do xuyén thdu yéu cau mot ngudn
anh sang manh hon dé anh sang c6 thé xuyén qua
mau va di vao dau thu phd ¢ hudng déi dién, ddu thu
phd c6 thé khong can tiép xtc véi miu. Trong ché
do phan xa, anh sang chiéu vao mau, dau thu ph6
dugc dat canh bén nguon sang, cach ly v6i nguon
sang va ap sat vao mau. Ché d¢ tuong tac c6 su két
hop gilra phan xa va xuyén (Schaare & Fraser, 2000;
Pasquini, 2003). Ché d6 tuong tac c6 yéu cﬁu ky
thuét cao hon hai ché do thu phé con lai. Tuy nhién,
trong nghién ciu trén qua kiwi cuia Schaare
andFraser (2000) ché do twong tac co hiéu qua tot
nhét trong moi truong hop du doan SSC, mat do
(density) va goc séc thai thit qua (Flesh Hue Angle)
ctia qua kiwi vang Actinidia chinensis tai thoi diém
thu hoach. Do d6, ché d6 thu phé tuwong tac duoc su
dung trong nghién ctru nay dé thu phé va thiét ké mo
dun thu phé twong tic tw dong.
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Trong nghién ctru nay, mét moé dun thu phd
teong tac ty dong dugc thiét ké va phat trién nham
chuén hoa diéu kién do va cai thién tinh 1ap lai cua
dir liéu phé thu duoc tir qua quyt sau thu hoach.
Nghién ctru tap trung danh gia tinh kha thi budc dau
ctia md dun thong qua ba tiéu chi chinh: (i) hiéu suét
cai thién cta quy trinh thu phd tu dong so véi
phuong phap thu cong, (ii) ¢ 6n dinh va do lap lai
ctia pho thu dugc va (iii) kha nang hd tro xdy dung
cac md hinh du doén d6 ngot tir dit licu ph6 (Sun et
al., 2014; Santos et al., 2021; Luo et al., 2024; Xiao
et al., 2025). Véi muc ti€u cua nghién ctru 1a danh
gi4 kha nang hoat dong ctia mé dun thu phd tu dong,
pham vi khao sat m6 hinh dy doan dugc giéi han ¢
mot s6 phuong phép tién xir ly pho phd bién va hai
mo hinh hoc may co ban nham kiém chung kha nang
khai thac dit liéu phd cia mé dun d& xuét trong cac
hé théng phan loai chét luong trai cdy ty dong dya
trén phan tich phd can hong ngoai.

2. PHUONG PHAP NGHIEN CUU

2.1. M dun thu phd twong tac

Dé danh gia tinh kha thi cia mé dun thu phd
tuong tac tu dong dugc dé xuit, cac phép thu phd
duoc thuc hién béng hai cAu hinh: mé dun thu phé
véan hanh thi cong va mé dun thu phd ty dong. Mo
dun do thu cong dugc sit dung lam co so so sanh,
trong khi mé dun ty dong duoc thiét ké nham chuén
hoéa diéu kién do va cai thién do ldp lai cua qua trinh
thu pho.

2.1.1. M6 dun thu phé thii cong

Viéc thu phé tuong tac thu cong dugce thuc hién
bang mo-dun thu phd thu cong, dugc b tri nhu thé
hién trong Hinh 1. M6 dun gdm bén thanh phan
chinh: phd k& NIRScan Nano EVM (1), nguon sang
halogen MI-152 (2), déu thu quang pho (3) va dau
ra ngudn sang dang vong (ring light) (4).

Nguon sang halogen MI-152 (Dolan-Jenner) c¢6
cong sudt 150 W duoc sir dung dé cung cap ngudn
chiéu sang 6n dinh véi phd nam trong dai budc song
phu hop véi phd ké duoc st dung. Cong suat cua
nguon sang du 16n dé anh sang 6 thé thim nhap mot
phan vao mo qua, dap ing yéu cau k¥ thuat ciia phép
do pho theo che d6 tuong tac. Anh _sang tir nguon
duoc dan téi mau thong qua day dan quang MA4
Ring light, trong d6 dau ra dang vong cho phép
chiéu sang dong déu 1én ving do. Tin hiéu phd
tuong tac tir mau dugc thu nhan boi dau thu quang
phé va truyén vé phd ké thong qua day dan quang
LLG5-4Z (Thorlabs). Vi kich thuéc dau thu soi
quang tuong dbi nhé nén bé mat dau thu co thé ap
sat 1én bé mat qua quyt véi kich thude khac nhau.
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Phé ké st dung trong nghién ctru 1a DLP NIRScan
Nano EVM (Texas Instruments), c6 kha nang thu
pho trong dai budc song 9001700 nm.

Quy trinh thu thap phd bit dau bang viéc xac
dinh bon ving do cach déu nhau trén duong xich dao
clia qua. Vung do dau tién dugc chon ngau nhién boi
mot diém trén duong xich dao, tir d6 hai diém do ké
tiép cho ving do dugc xac dinh trong d6 hai diém
do lién ké cach nhau khoang 1 cm (Hinh 2a). Phd
trung binh tir 3 diém do nay duoc s dung dé xay
dyng mé hinh dy doan d6 ngot vi phd trung binh c6
thé gitip giam nhidu do va ting cuong tinh dai dién
ctia pho tai ving do (Manley, 2014; Be¢ et al., 2025;
Xiao et al., 2025).

Trong qua trinh thu phd, qua dugc giir bang tay
va 4p sat bé mat vao dau thu quang phd dé dam bao
thu tin hiéu theo ché do twong tac va han ché anh
sang moi truong xam nhdp vao dau thu. Qua trinh
thu phd duoc didu khién bang phan mém NIRScan
NanoEVM GUI va mdi phé sau khi thu duoc luu
dudi dang tép CSV dé phuc vu cho qua trinh tong
hop dir liéu. Quy trinh nay dwgc thuc hién cho ba
diém do tai vung do déu tién va duoc 1ap lai cho cac
ving do tiép theo trén dudng xich dao clia qua.

M6 dun thu phd thu céng c6 ciu trac don gian
va dé trién khai trong cac thi nghiém ban dau. Tuy
nhién, do chinh x4c va tinh déng nhét cua dir liéu
phé van phu thudc dang ké vao thao tic cua ngudi
van hanh. Thoi gian trung binh dé thu phd tai ba
diém trén mot qua khoang 40 s, trong do phan 16n
thoi gian dugc su dung dé xac dinh vi tri diém can
do va nhap thong tin tép dir liéu. Do do, khi can thu
phé tai nhiéu diém lan can dé tinh gia tri trung binh,
qué trinh thu mau tr¢ nén ton thoi gian va lam giam
hiéu suat thu thap dir liéu. Bén canh dé, trong qué
trinh do thu c6ng, nguoi van hanh phai thao tac lip
lai nhiéu lan véi ngudn sang ¢ cuong do cao, co thé
gy kho chiu cho mat khi 1am viéc trong thoi gian
dai. Sau mot thoi gian thao tac lién tuc, cac yéu to
cht quan nhu lyc tiép xuc gitta ddu do va mau, goc
ddt mau va d6 6n dinh cua thao tac c6 thé thay doi,
dan dén su sai léch trong dir liéu phé thu duoc. Vi
vay, viéc phat trién mo dun thu phé tuong tac tu
dong 1a can thiét nham chuan hoa diéu kién do, giam
anh huong cua cac yéu t6 chii quan tir ngudi van
hanh va nang cao hiéu suét thu thap dir liéu phé.

2.1.2. M6 dun thu phé tw déng

Mb hinh thiét ké 3D ctia mé dun thu phd twong
tac tu dong dugc trinh bay trong Hinh 3. M6 dun
dugc bd tri trong budng t6i (1) nham cach ly anh
sang moi truong va bao dam diéu kién chiéu sang 6n
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dinh trong qué trinh do. Bén trong budng téi, md dun
thu pho gom hai cum chitc nang chinh: moé dun kep
va xoay mau va md dun thu pho tich hop ngudn
sang.

Day dan dau

ra nguon sing Neguén sing

Gia da gin dau ra
nguon séng va day
dan thu quang pho
NIR scan Nano

Day dan thu
quang phé

Hinh 1. M6 dun thu phd theo ché do twong tac
bang phuong phap thu cong

(a)

(b)

Hinh 2. (a) Panh diu diém thu phd (b) Thu phd
theo ché do twong tac trén mé dun thi cong

Trong mé dun kep va xoay, cam bién tiém cén
(2) dugc str dung dé phat hién sy hién dién cua qua
trong ving do. Hai xi lanh di¢n (5) diéu khién cac
dau kep cong (3) 4 ap sat vao qua dé c6 dinh mau trong
qua trinh thu phé. Cong tic hanh trinh tich hop trén
dau kep (4) xac dinh thoi diém tiép xtic voi bé mat
qua va gui tin hiéu ding co cdu chdp hanh nhim
dam bao luc kep 6n dinh va tranh gay hu hong mau.

Mb dun thu phf} gém dau thu 4nh sang tuong tac
(6) két ndi voi pho ké NIRScan Nano EVM thdong
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qua day dan quang long (liquid light guide — LLG5-
4Z) va nguon sang dang vong (7), dugc lap trén co
cAu tinh tién din dong boi xi lanh dién (8). Co céu
nay cho phép dau thu ap sat bé mit qua dé thyc hién
phép do phd theo ché d6 twong tac. Cong tic hanh
trinh (9) két hop vai 16 xo giam chan (10) duoc sir
dung dé gi¢i han hanh trinh tinh tién va giam lyc ép
1én bé mat qua, dam bao dicu kién tiép xtc 6n dinh
trong qua trinh thu ph.

Hinh 3. Thiét ké 3D ciia mé dun thu phé twong
tac tuw dong

Ghi chii: (1) budng 16i, (2) cam blén tiém cdn, (3) dau tay
kep, (4) xi lanh tay kep, (5) cong tic hanh trinh dau tay
kep, (6) dau thu pho twong tdc, (7) nguon sdng vong, 8)
xi lanh dau thu phé, (9) cong tic hanh trinh cum thu pho,
(10) o xo, (11) dong co xoay tay kep.

Két qua dugc thé hién ¢ Hinh 4 cho the“iy lru d6
hoat dong cuia hé théng thu phd tuong tac tu dong.
Qua quyt dwoc dat vao gitra mo dun kep cb dinh va
xoay. Khi cam bién tiém can trén mé dun kep va
xoay phat hién c6 qua quyt, tin hiéu kich hoat dugc
guri vé vi diéu khién, hai xi lanh dién dong thot ap
sat hai ddu kep vao qua quyt. Khi ca hai dau kep tiép
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xtc voi qua quyt, hai cong tic hanh trinh ngay lap
tirc gl tin hiéu dirng hai xi lanh, giir lyc kep 6n dinh,
tranh gdy hu hong qua quyt. Sau khi qua quyt dugc
giit ¢6 dinh, xi lanh dién ciia md dun tich hop dau
thu ph6 va dau ra ngudn sang dugc kich hoat. Dau
thu dugc ap sat 1én bé mat qua quyt dé thu phd turong
tac. Sau khi hoan thanh thu ph tai diém do dau tién,
xi lanh dién nay lai duoc kich hoat dé kéo dau thu
pho ra khoi bé mat qua quyt mot doan du ngin
(trong g khoang thoi gian 0,5 s) dé tay kep c6 thé
xoay qua quyt toi diém do ké tiép. Qua trinh nay
duoc 13p lai dé thu thém pho cia 2 diém lién ké ké
tiép, trong d6 2 diém do lién ké cach nhau 1 cm. Phd
trung binh xéc dinh tir phd cta 3 diém do lién k& nay
dugc s dung dé dy doan do ngot qua quyt trong
thue té ing dung.

Tuy nhién, dé c6 nhidu mau dit liéu phd phuc vu
cho viéc xay dung mo hinh dy doan do ngot phé
trung binh dugc thu thap trén bon ving do cach déu
nhau trén duong xich dao ctia qua quyt. Vi thé, sau
khi thu du phé tai 3 diém ciia mot vung do, dong co
xoay tay kep duoc kich hoat dé xoay qua quyt dén
diém do phé ciia viing do phd tiép theo. Do bon viing
do cach déu nhau trén duong xich dao, ving do tiép
theo duoc xac dinh bang cach diéu khién dong co
xoay tay kep mot goc 90 do. Quad trinh thu phd lap
lai cho dén khi thu du phd ctia bdn ving do. Khi phd
ctia bbn ving do duogc thu thap, dau thu phé dugc
kéo ra khoi be mat qua quyt. Dong thoi, tay kep
dugc xoay vé vi tri ban dau.

2.2. Thu thap dir liéu pho

Pé 1am 16 dic diém cua bo dit lidu phuc vu cho
qué trinh phén tich, thong tin chi tiét vé dit liéu phd
thu thap bang phuong phap do thu cong va bang mo
dun thu phé tu dong dugc trinh bay trong Bang 1.
Téng cong 75 qua quyt dugc sit dung trong thi
nghiém thu phd. Déi véi mdi qua, phd dugce thu tai
bdn viing do khac nhau, do d6 mdi phuong phap thu
pho tao ra 300 miu phd trung binh. Hai bo dir lidu
duoc ky hi¢u lan luot 13 bo dit liéu A (do thu cong)
va b dir liéu B (do tu dong).

Khi x4y dung m6 hinh hoc may, mdi bé dir liéu
dugc chia thanh hai phan theo ti 16 8:2, bao gom tap
hiéu chuén (calibration set) dung dé xdy dung mé
hinh va tap du doan (prediction set) dung dé danh
gia kha nang dy doan ciia mo hinh.
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Bét dau ”

Mo diu thu Dau thu 4p sat

ap sat qua quyt qua quyt?

Phat hlén qué qu}'/t? Dflng x1 lanh
Sai &p sat du thu 1én qua quyt
» Dung The 0 Hou ghi
Kep qua quyt N i
Limg; xi fanh kep Liuru file dit Tiéu phé
Lui dau thu phd
Qua quyt
Sai da duoc kep? Ding
Sai

Xoay qua qujt Do dit 3 didm?

dén diém do ké tiép

Xoay tay kep )
vé vi tri ban dau Mo keep
Hinh 4. Lwu d6 hoat dgng ciia md dun thu phd twong tic tu dong
Bang 1. Thong tin bd dir li¢u sir dung trong thi khoang céch giita diém dau tién va mot diém lién ké,
nghiém R =3,35 cm 1a ban kinh trung binh cta qua quyt va
P < < 1a gbc quay tinh tir tim ciia qua quyt dé khoan
B§ dit . Ph ha 6 5 @ 1a goc quay qua quy g
A Ngay do rong phap Sov S;) cach hai diém do lac / = 1 cm. Goéc quay giira hai
liéu do qua mau O SR . N ;
- diém lién ké nhau dugc tinh theo cong thuc sau:
20/07/2025 Do thi cong 25 100
A 21/07/2025 Pothiicong 25 100 o =180 180Xy oy 0
22/07/2025 Do thiicong 25 100 rxz 3,357
20/07/2025 Do twdong 25 100 Khung kep dugc quay nho bo truyén dong dai
B 21/07/2025 Do ty dong 25 100 Vg’ri ti sO truyén i =1/2 va str dung dong co budce voi
22/07/2025 Potydong 25 100 s0 budc moi vong la N = 800 budc. Be quay qua

- - - quyt mot goc a thi sé budc déng co can quay duogc
Khi thu thap pho trong tac bang moé dun thu pho tinh nhu sau:

tu dong, diém thu phd ban dau cia ving thu phd dau

tién ciing duoc x4c dinh ngau nhién. Dya vao khao n=

sat, dudng kinh trung binh cta qua quyt duong duoc 360i 360x 2

sir dung dé thu phd xép xi 6,7 cm. Pat /=1 cmla

N _800x171 o )
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2.3. Danh gia dd twong dong cia phd

Dé danh gia budc dau d6 6n dinh cua qua trinh
thu phé, mot khao sat so bd dugc thuc hién dua trén
cac phép do ldp lién tiép tai cing mot ving do. Tai
mot diém do, phd twong tac dwoc thu bon lan lién
tiép trong ciing mot phién do, sir dung ciing phé ké
NIRScan Nano EVM. Do muc tiéu cua thi nghi¢ém
nay chi nhim quan sat mirc do dao dong ngan han
giita cac 1an thu phd, sb lan do lap dugc gioi han &
bon lan. Viéc phan tich nay khong nham danh gia
day du d¢ lap lai cta hé thong ma chi cung cip mot
chi bao ban dau vé tinh 6n dinh ctia phép do.

Do twong ddng giita cac phd do lap duge danh
gia thong qua d¢ 1éch chuén cua bién do tai dinh phé
¢ cudng do 16n nhit trong dai bude song khao sat.
Trude hét, bude séng twong tmg v6i dinh phd cao
nhét duge xac dinh trén phé trung binh cuia cac lan
do lap. Sau do, gia tri bién d9 tai budc song nay dugc
trich xudt tir timg phd do 13p va dung dé tinh do léch
chuén. Gia trj d6 1éch chuén cang nho cho théy bién
d6 phd giita cac 1an do c¢6 su dao dong cang thép, tir
d6 phan anh muc d6 6n dinh cao hon cta qua trinh
thu pho.

Do 1éch chudn duoc tinh theo cong thuec:
3)

Trong d6, x; la bién 4o phé tai budc song dinh
ctia lan do thu i, X 1a gia tri trung binh cua cac biet:n
dova n la so lan do lap. Gia tri o ge‘mg nho cho thay
cac pho do lap c6 muc d6 tuong dong cao hon.

2.4. Xay dung mo hinh du doan dj ngot

Trong nghién ctru nay, viéc xay dung mo hinh
du doan chi nhim danh gi4 budc dau kha ning st
dung dir liéu pho thu dugc tir mo dun thu pho tu
dong. Do do, pham vi khao sat dugc gioi han & mot
sO phuong phép tién xir Iy phd phd bién va hai loai
mo hinh hdi quy co ban 1a PLS (Partial Least
Squares) va SVR (Support Vector Regression). Cac
mo hinh dugc xay dung 14n lugt trén hai bo dit lidu:
phé do thii cong (bd dir liéu A) va phd do ty dong
(b6 dir liéu B). Hiéu qua cia moé dun dé xuat duoc
danh gia gian tiép thong qua kha nang cai thién hiéu
suét du doan do °Brix cta cac md hinh nay.

Do hiéu suit du doan cua cac mé hinh phu thude
dang ké vao viée lya chon phuong phap tién xur 1y
phd, mot sb ky thuat tién xir ly phé phd bién da duoc
ap dung, bao gdm: bién chuin hoa (standard normal
variate SNV), hi€u chinh tan xa nhan
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(multiplicative scatter correction — MSC), loc
Savitzky—Golay (SG), dao ham béc nhit sau khi loc
SG (first derivative — FD) va chuin hoa min-max
(MM). Céc cong thirc toan hoc ctia mot sb phuwong
phap tién xi I chinh dugc sir dung trong nghién ctru
nay duogc trinh bay nhu sau.

Giai thuat SNV duoc st dung dé giam anh
hudng cua tan xa va sy khac biét vé cuong do tin
hiéu trong dit liéu ph6 (Mishra et al., 2020). Phuong
phap nay chuian hoa mdi phd bang cach trir gia tri
trung binh va chia cho d¢ léch chuan ctia pho theo
cong thic (Lu et al., 2020):

x;(SNV) = : (4)

trong d6 x;, x;(SNV) lan luot 1a bién d¢ tin

hiéu tai budc song thi j ctia pho thir i trude va sau
khi xtr Iy SNV, m 1a s6 budc song va x; la gia tri
trung binh ctia pho tht i, dugc xac dinh boi:

Y % (5)

Giai thuat MSC xem moi phf) 1a két qua cua mot
phép bién ddi tuyén tinh ctia phd tham chiéu, thuong
la pho trung binh cua tap dir liéu. Cac tham s6 dich
chuyén va hé sb ti 1& dugc udc luong bang hdi quy
binh phuong t6i thidu va dugc sit dung dé hiéu chinh
ph theo phuong trinh:

(x a),

trong do x la pho ban dau, Xco 1a phé sau khi
hiéu chmh a va b 1an luot 1 tham sb dich chuyén
va hé sb ti 1& dugc xac dinh boi thuat toan MSC
(Mishra et al., 2020).

(6)

Xeorr =

Trong dit liéu phd NIR, tin hiéu do thuong chira
nhidu ngau nhién va cac dao dong tan s6 cao do dic
tinh ctia dau do va diéu kién do. Do d6, cac k¥ thuat
lam tron phd (spectral smoothing) thuong dugc ap
dung nham giam nhiu va cai thién chét luong tin
hiéu (Be¢ et al., 2025). Loc SG 1a phuong phap lam
tron dir liéu pho dua trén viée xap xi cuc bd cac diém
dir liéu bang da thire bac thap trong mot ctra sb trugt
theo phuong phap binh phuong t6i thiéu (Zhang &
Mouazen, 2023). Gié tri phé sau khi loc dwoc tinh
theo cong thirc:
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m

Vi = Z Ck Vivk

k=—m

(7

Trong do6: y,,, va y; 1a gia tri phd ban dau va
sau khi loc; ¢; lahé ) loc va (2m + 1) la kich thuéc
cua sb loc.

2.5. Chi tiéu d4nh gia hiéu sudt mé hinh

Hiéu suét cua cadc mé hinh du doan d6 ngot dugc
su dung dé danh gia hiéu qué cua viéc su dung md
dun thu phd ty dong va do thu cong. Hiéu suat mo
hinh dugc danh gia thong qua cac chi s thong ké
pho bién, bao gdm hé sé tvong quan (R), cin bac hai
sai s6 trung binh binh phwong (Root Mean Square
Error — RMSE), sai s tuyét ddi trung binh (Mean
Absolute Error — MAE) va ti s§ du doan d6i v6i do
l1éch (Ratio of Prediction to Deviation — RPD). Cac
chi s6 nay duoc sir dung rong rai trong danh gia cac
mo hinh dy doan dya trén dit liéu quang phd va duge
tinh cho tap hiéu chuén (c) va tap du doan (p) (Loc
va ctv., 2024).

3. KET QUA VA THAO LUAN

3.1. Panh gia hi¢u suit cai thién khi ty dong
héa quy trinh do pho tw dong cho qua
quyt sau thu hoach

bé danh gia hiéu suit hoat dong cua md dun thu
phé tu dong, thoi gian ciia timg budc trong chu trinh
do dugc xac dinh thong qua céac thi nghiém lap lai
trong diéu kién véan hanh thuc t& cia hé théng. Thoi
gian cia mdi giai doan (kep mau, ap sat dau thu pho,
thu phd va xoay mau) dwoc ghi nhan tw dong trong
qué trinh diéu khién ctia hé thong va tinh trung binh
ttr 80 1an do lap. Do co cAu kep dugc diéu khién theo
hanh trinh cua xi lanh dién két hop véi cong tic hanh
trinh, thoi gian kep mau cha yéu phy thude vao toc
d6 tinh tién ciia co cdu chap hanh va gan nhu khong

Lui dau
thu phd
0,5s

Ap sat
dau thu phd
0,5s

Ap sét

Kep Thu phd

thay d6i dang ké ddi véi cac qua co kich thude khac
nhau trong pham vi thi nghiém.

Truc thoi gian hoat dong ciia md dun thu phd
tuong tac ty dong dugc trinh bay trong Hinh 5. Tong
thoi gian trung binh can thiét dé thu pho tai ba diém
trén mot qua quyt la 17,7 s, giam 55,75% so voi
phuong phap thu pho thii cong (=40 s). Chu trinh do
bao gém cac budc chinh: kep ¢6 dinh mau (=3,3 s),
ap sat dau thu phd (=1 s), thu phd bang pho ké
NIRScan Nano (*2,7 s) va xoay qua den diém do
tlep theo. Céc budce nay duoc thuc hién tuén tu va tu
dong hoa hoan toan.

Trong phuong phap thu cong, phan 16n thoi gian
bi tiéu ton vao viéc xac dinh diém thu phd, thao tac
4p sat mau vao du thu va nhap dir liéu. Nguoc lai,
trong mo dun ty dong, cac budc nay dugc chuén hoa
va thyc hién theo mét trinh ty ¢d dinh, gitp rat ngén
dang ké thoi gian do va loai bo sy phu thudc vao
thao tac cua nguoi van hanh.

Két qua cho thay viéc tw dong hoa khong chi cai
thién hiéu suit thu thap di liéu ma con giup chuén
héa quy trinh do, tao diéu kién thuan loi cho cac thi
nghiém thu thap dir liéu phd véi quy mé 16n va trong
thuc té img dung.

3.2. Két qua danh gia d twong dong ciia phd

bé danh gia mic do on dinh cua tin hiéu phé
trong diéu kién do lap lai, cac pho tuong tic thu bang
phuong phéap thu cong tai cing mot diém do, st
dung cing pho ké NIRScan Nano EVM, dugc trinh
bay trong Hinh 6a. C6 thé quan sat thay su dao dong
dang ké giira cac 1an (do. Su khac biét nay chu yéu
xudt phat tir cac yéu t6 chu quan trong qua trinh thao
tac nhu lyc tiép xuc gitta mau va dau thu, goc dat
mAu ciing nhu sw 6n dinh cua diu thu phé trong qua
trinh thu phd.

Lui dau
- thu phd
Ap sat Is

Lui dau

dau thu phd

33s 1s

2,7s

Xoay
ls

dau thu phd
0,5s

thu phd
0,5s Thu 2 xi
lanh kep

33s

Thu phé
2,7s

Thu phd
2,7s

Xoay

ls

Xoay vé vi
tri ban dau
2s

Hinh 5. Truc thoi gian hoat dong ciia m6 dun thu phé twong tac tw dong
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Hinh 6. (a) Biéu dé pho twong tac thu bang phuong phap thi cong, (b) Biéu do pho twong tac thu
bang mo dun thu phd tu dong

Bién do tai dinh phd trong cac lan do thu cong
c6 gié tri trung binh 940 + 56 a.u., cho thiy mirc do
dao dong tuong ddi 16n giira cac lan do. Didu nay
phan anh sy thiéu 6n dinh ctia qua trinh thu phd khi
thao tac thu cong, mic di hinh dang tong thé cua cac
phé van tuong ddi twong dong.

Mic du cac sai 1éch nay cé thé duge hiéu chinh
bang cac thuat toan xir Iy duong nén, ching han nhu
baseline correction, ban chét cua van dé 1a phd thu
dugc da bi bién dang do sy khong 6n dinh cua thao
tac thu phé thu cong. Do do, ngay ca sau khi xur 1y,
céc phod nay van kho phan anh chinh xac cac dac
trung phd ndi tai ciia miu so vdi cac phd duge thu
thap trong diéu kién do dd dwgc chuan hoa.

Nguoc lai, Kkét qua dugc thé hién tai Hinh 6b cho
thdy cac phé thu duoc bang mé dun ty dong c6 do
trung khop cao gitta cac 1an do. Bién d6 tai dinh phd
¢6 gia tri trung binh 973 + 6 a.u., véi d6 1éch chuén
nho hon khoang 9 1an so véi truong hop do thi cong.
Két qua nay cho thay muc d6 dao dong ctia phd giira
céc lan do da giam dang ké khi stir dung mo dun thu
phd tu dong.

Két qua trén cho thay mb dun thu phd ty dong co
kha nang dam bao didu kién do lap lai nho co chu
kep co dinh mau va co ciu tinh tién caa du thu pho
duoc diéu khién véi luc va g6c tiép xtc 6n dinh. Su
6n dinh ciia pho do tai cing mot diém cho thdy mo
dun c6 kha niang dép ung cac yéu cau k¥ thuat cia
phép do phd tuwong tac trén qua quyt.

3.3. Mo hinh du doan d§ ngot

Két qua dugc trinh bay & Bang 2 trinh bay mb
hinh PLS khi 4p dung trén hai ngudn dit liéu véi cac
phwong phép tién xir Iy khac nhau. Nhin chung, hiéu
suat du doan phu thudc manh vao ca chét luong di
liéu phd va phuong phép tién xir Iy duoc st dung.
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Dbi véi dit liéu do thi cong, mo hinh PLS xay dung
tur dir 1i€u tho cho do chinh xac du doan trung binh
(Rp= 0,581, RPD = 1,23). Viéc ap dung cac phuong
phap tién xir ly gitp cai thién nhe hi¢u suat du doan,

trong d6 MSC cho két qua t6t nhit véi RPD = 1,30
d6i voi dir lidu do thu cong. Trong khi d6, ddi véi
dit liéu do ty ddong, mo6 hinh PLS cho Kkét qua 6n dinh
hon. M6 hinh xay dung tur dit li¢u tho dat R,= 0,753
va RPD = 1,46, cho thdy dit liéu phd thu bang mo
dun ty dong co chét luong cao hon va it nhiéu hon
so voi dir liéu do thu cong. Piéu nay cho thdy viéc
chuan hoa diéu kién do thong qua mé dun ty dong
gitip cai thién tinh 6n dinh cta dir liéu phd dau vao.

Két qua cia mo hinh SVR dugc trinh bay & Bang
3. Tuong ty nhu mo6 hinh PLS, hi¢u suit du doan
ctia SVR ciing phu thugc vao chit lwgng dir liéu phd
va phuong phap tién xur 1y. Pbi v6i dir lidu do thu
cong, moé hinh SVR st dung dir li¢u thd dat
R,=0,704 va RPD = 1,395. Khi ap dung bd loc
Savitzky—Golay, hiéu sut du doan duoc cai thién
v6i RPD dat 1,628, 1a gié tri cao nhét trong nhom dir
liéu do thu cong.

Dbi véi dir lidu do ty dong, mo hinh SVR tiép
tuc cho két qua tot hon so véi dir liéu do thi cong.
M6 hinh sir dung dir liéu thé dat R,=0,735 va
RPD = 1,468, trong khi khi ap dung tién xtr Iy SG,
gia tri RPD dat 1,648, cao nhét trong toan bd cac
truong hop khao sat.

Nhin chung, cac m6 hinh xay dyng tir dir liéu
phé do ty dong cho két qua 6n dinh hon so véi dit
lidu do thu cong. Diéu nay cho thdy mé dun thu phd
tu dong gitp cai thién chat luong dir lidu dau vao
thong qua viéc chuan hoa diéu kién do va giam anh
hudng cua cac yéu td chu quan trong qué trinh
thao tac.
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Bing 2. Két qua tién kha thi tmg dung thuit toin PLS cho ché d9 do thii cong va do tu dong

Phuwong phap Phwong phap tién

B¢ dir liéu hiéu chuan

B§ dir liéu du doan

do xir Iy phé R. RMSE:. MAE. Ry RMSE, MAE, RPD
Khong ap dung 0,615 0,960 0,776 0,581 0,915 0,764 1,23
SNV 0,698 0,883 0,689 0,564 0,732 0,595 1,20
L MSC 0,670 0,927 0,732 0,647 0,669 0,53 1,30
Do thu cong
SG 0,547 1,010 0,806 0,612 0,950 0,812 1,25
FD 0,586 0,966 0,768 0,605 1,019 0,888 1,23
MM 0,611 0,960 0,779 0,595 0,920 0,746 1,24
Khong ap dung 0,661 0,924 0,713 0,753 0,693 0,565 1,46
SNV 0,614 0,940 0,742 0,757 0,838 0,641 1,45
MSC 0,647 0,938 0,728 0,651 0,791 0,631 1,30
Do ty dong
SG 0,643 0,923 0,733 0,679 0,883 0,733 1,34
FD 0,663 0,923 0,718 0,433 0,886 0,704 1,10
MM 0,504 1,026 0,816 0,698 0,927 0,760 1,32
Bing 3. Két qua tién kha thi img dung thuit toan SVR cho ché d do thii cong va do tw dong
Phuwong phap Phwong phap tién B dit liéu hi¢u chuin B§ dir liéu du doan
do xir Iy phé R. RMSE:. MAE. Ry RMSE, MAE, RPD
Khong ap dung 0,751 0,805 0,599 0,704 0,796 0,597 1,395
SNV 0,711 0,877 0,670 0,545 0,727 0,596 1,188
L MSC 0,706 0,895 0,686 0,636 0,680 0,548 1,265
Do thu cong
SG 0,693 0,877 0,691 0,801 0,715 0,571 1,628
FD 0,687 0,890 0,681 0,725 0,874 0,727 1,404
MM 0,795 0,740 0,538 0,763 0,730 0,549 1,546
Khong ap dung 0,808 0,730 0,506 0,735 0,758 0,559 1,468
SNV 0,741 0,838 0,619 0,770 0,660 0,532 1,476
R MSC 0,748 0,832 0,616 0,57 0,789 0,610 1,220
Do ty dong
SG 0,725 0,827 0,614 0,803 0,735 0,547 1,648
FD 0,775 0,784 0,661 0,716 0,866 0,716 1,405
MM 0,838 0,674 0,427 0,750 0,772 0,590 1,512

Gia tri RPD trong nghién ctru nay dao dong
trong khoang 1,10 — 1,65, nam trong mtc “kha thi”
d6i v6i cac nghién ctru tién kha thi vé& dénh gia chat
luong ndéng san. Pé dat duoc mtc RPD > 2.0,
thuong dugc xem la ngudng cho cac tng dung dy
doan dang tin cdy, cAn xem xét cac hudng cai tién
nhu Iya chon bude song tdi wu, cac phwong phap
hi€u chinh tan xa nang cao hoac cac mo hinh hoc
may phi tuyén phirc tap hon.
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4. KET LUAN

Mo dun thu phé tuong tac tw dong cho qua quyt
sau thu hoach dugc thiét ké va phat trién thanh cong
trong nghién ciru. Két qua thyc nghiém cho thdy mo
dun c6 kha nang chuén hoa diéu kién do, cai thién
dang ké d6 1ap lai cta phd thu dwoc va rat ngan thoi
gian thu ph so vdi phuong phap thu cong. Cac thir
nghiém budc dau v&i md hinh du doan do ngot cho
thdy dir liéu phd thu bang mé dun ty dong c6 chét
luong tdt hon va cho két qua dy doan 6n dinh hon
so voi dir liéu do thd cong.
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Tuy nhién, nghién ctu hién tai méi dung & murc
danh gia tinh kha thi budc dau véi quy mé dir liéu
con han ché va sb lugng phuong phap tién xir Iy phd
cling nhu mo6 hinh hoc may dugc khao sat chua
nhiéu. Cac nghién ciru tiép theo ¢6 thé mé rong thi
nghiém trén nhidu mau va nhiéu phién do khac nhau
dé danh gia day du do lap lai cua hé thdng do va
khao sat toan dién hon cac phuong phép tién xur Iy
pho, bao gdm céc t6 hop tién xir 1y, cac phuong phap
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