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TOM TAT

Muc tiéu cGia nghién ctru nay 13 thiét k&, mé phdéng va ché tao thtr nghiém thiét bi cAm tay do di¥ liéu quang phd
ctia mot sb loai rau an la phd bién & Viét Nam nhw cai xanh, cai chip va xa lach. Thiét bi dwoc thiét k& bang phan
mém AutoCAD va mé phéng 3D bing phadn mém Sketchup. Dé thu thap di liéu quang phd cua thiét bi cAm tay, mot
giao dién dwgc nhédm nghién clru phat trién bang phan mém Matlab GUI. D liéu phé thu dwoc tir thiét bi cAm tay
dwoc so sanh véi di liéu phd thu dwgrc bang may do quang phd Ocean Optics va phé tiéu chudn. Két qua thu dwoc
cho thay hinh dang phé phan xa clia mau |4 rau twong tw nhw phd thu duwgc tir may Ocean Optics va phd tiéu chuan
theo tai liéu tham khado. Tuy nhién, di liéu phd thu dwoc tr thiét bi cAm tay van chwa dwoc hiéu chinh va ap dung
cac phwong phap tién x& Iy nhw: lam min, loc nhiéu. Nghién ctru tiép theo ctia nhém nghién ciru 1a (ng dung cong
nghé tién xt& ly sb liéu va téng do chinh xac cla thiét bi cAm tay. Ddng thoi d6 chinh xac va do tin cay cla thiét bi
dwoc danh gia do tin cay cla thiét bi dwa trén sw khac biét va sy twong quan v&i may do quang phd Ocean Optics.
Dir liéu thu thap dwoc tr thiét bi cAm tay sé dwoc str dung dé dinh lwong ham lwvong dw lwong thubc béo vé thuc vat
trong rau &n 14 trong cac nghién ctru sap téi.

T khéa: Thiét bi do quang phd, rau an 14, quang phd phan xa, nanolambda.
Development of a Handheld Spectrometer for Vegetables in Vietham

ABSTRACT

The objective of this study was to design and fabricate a handheld optical reflectance device on some common
vegetables in Vietham such as cabbage, lettuce, and bok choy. The handheld device was designed by AutoCAD
2019 software (Autodesk Inc, CA, USA). 3D modeling was performed by Sketchup 2019 (ver. 19.0.685, Trimble Inc,
CA, USA). An interface designed by Matlab GUI was used to collect reflectance data from the handheld device. The
collected data from the handheld device was compared with the data from a spectrometer of Ocean Optics. Results
showed that the shape of the collected data from the handheld device and the spectrometer was similar. However,
the collected spectral data of the handheld device were not jet adjusted and applied with pre-processing techniques
such as smoothing, removing outliers and errors. Further studies on the effects of pre-processing and spectral
calibration methods are needed for improving the accuracy of the handheld device. Additionally, assessments of the
similarity and stability of reflectance over the wide range of vegetable leaves are required. The results of the present
study provide meaningful design guidance for pesticide residue monitoring for leafy vegetables.

Keywords: Handheld spectrometer, vegetables, reflectance, nanolambda.

rai trén nhiéu linh vuc, dic biét trong linh vuc
khoa hoc cay trong va néng nghiép, dé phén tich

Ngay nay, viéc tUng dung phudng phap va dinh lugng cac ch4it dinh dudng trong rau, cu,
quang hoc hién nay dang dudgc st dung kha rong qua. Phuong phap quang hoc ¢é nhiing uu diém

1. DAT VAN DE
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nhu: thol gian thuc hién nhanh, hiéu suét cao,
don gian, chi phi thap, khong pha huy mau do...
(Wu & cs., 2008). Trén co sé d6, phuong phap
quang hoc dudc tng dung dé ché tao cac thiét bi
cam tay nhé gon, tién lgi dé cung cap cac thong
tin can thiét vé gia tri dinh dudng cta cac loai
san pham néng nghiép nham cai thién stic khoe
con ngudi va bao vé mdi truong. T nhiing vu
diém trén, ching téi da va dang tng dung
phuong phap quang hoc vao viéc dinh lugng cac
chat dinh dudng cé trong 14 rau cai bip va cai
xoan, dac biét 1a chat glucosinolates (hoat chat
c6 kha nang phong chéng ung thu), carotenoids
(vitamin A), chlorophyll (chat diép luc), amino
acid, duong... (Ngo & cs., 2019). Trong cac
nghién ctiu truée cia ching t6i, may do quang
ph8 Ocean Optics duge st dung dé xéac dinh
phuong phap 14y mAiu, do mau 14 rau (Ngo & cs.,
2015a; 2015b; Ngo, 2015). Cac mau la rau su
dung 1a 14 cai bap Trung Quéc (Chinese
cabbage, Brassica rapa, subspecies pekinensis
and chinensis) va cai r6 (kale, Brassica oleracea
var. alboglabra Bailey). Bang viéc so sanh thong
ké, phuong phap 14y mau khi st dung may do
quang phd thong qua s6 lugng 14 miu, s6 diém
do mau, vi tri do mau (thit 14, xuong 14) dudc
xéc dinh cho d6i tugng 14 cai bap Trung Quéc va
cai r6. Két qua chi ra ring do quang phé 6 phan
thit 14 trén t6i thiéu 12 diém do d6i véi cai bap
Trung Quéc va 9 diém do véi cai r6 cho két qua
61 uu.

Hién nay, viéc xac dinh ham lugng dinh
dudng, du lugng thudc bao vé thuc vat trong rau
hau hét déu st dung phuong phap pha huy, tic
1a @€ xac dinh duge ham lugng dinh dudng trong
rau ching ta phai xt Iy mau rau truée khi dua
di phan tich (tach nudc, nghién thanh bot, két
hop véi dung moéi, chiét tach...). Do d6 qua trinh
phan tich tén rit nhiéu thoi gian va chi phi,
ngodi ra nhiing mau rau da 14y di thi nghiém
khoéng thé tai st dung tiép. Ngoai phuong phap
pha huy, phuong phap khong pha hiy phd bién
hién nay dang st dung rong rai 1a st dung cam
bién sinh hoc phit hop dé xac dinh ham lugng
ctia mot nhém ch4t nhit dinh. Diéu dé dan téi
su thi€u linh hoat trong qua trinh phan tich néu
thay déi nhém chét. Trong mét nghién ctu cta
tac gia Ngo & cs. (2019), cac chat dinh dudng

trong 14 rau dugc dinh lugng bang phuong phap
khong ph4 huy st dung di liéu thu thap duge ti
may quang phé Ocean Optics. Tac gia st dung
phuong phap héi quy mdt phan binh phuong
nhd nhat (Partial least square regression) va
phuong phap hoéi quy tung budéc da bién
(Stepwise multiple linear regression). Cac tac
gia két luan rang cac chat dinh dudng trong rau
cai xanh c6 thé dinh lugng dudc bing phuong
phap khong pha hiy st dung di liéu thu thap
duge tit may quang phd. 0] mot nghién ctu khac
cua tac gida Chowdhury & cs. (2021), hop chat
glucosinolates va anthocyanins trong 14 cai xoén
ciing dude dinh lugng bang phuong phap khéng
pha huy st dung may quang phé. K&t qua cho
thdy ring phuong phap héi quy tliing budc da
bién cho két qua tét hon phuong phap héi quy
mot phan binh phuong nhé nhat.

Trén thé giéi da c6 nhiing cong trinh nghién
ctiu duge thuc hién véi muc dich giam chi phi
thiét bi, tién dung trong qua trinh st dung dsi
v6i thiét bi quang phd. Trong mét nghién ctu
ctia Das & cs. (2016), cac tac gia da nghién ciu,
ché tao thiét bi quang phd cAm tay dé danh gia
d6 chin ctia trai tdo. Cac tac gia thuc hién cong
viéc thu thap dit liéu quang phd trén bé mat trai
tao va dinh lugng chat diép luc (Chlorophyll) c6
trén bé mit trai tao dé danh gia chat lugng trai
tao. Két qua céc tac gid thu duge tuong doi tot
v6i hé s6 xac dinh (R? déi véi tdo xanh/vang
dbng nhat 1a 0,65%, d6i véi tao db 1a 0,61% va
doi véi tdo c6 mau khong déng nhat 1a 0,74%.
Koohkan & cs. (2020) ciing ché& tao mét thiét bi
quang phé dé danh gia chat lugng thudc nhudm
hitu co. Dit liéu dude thu thap béng thiét bi két
ndi md rong véi dién thoai thong minh. Cac tac
gia da danh gia rang thiét bi c6 d6 tin cay kha
cao khi ma ham lugng c6 thé phat hién duge 1a
t6i 1 mg/l. Ham ludgng dudng cua qua 1é dudgc
danh gia trong mét nghién ctiu cia Yu & cs.
(2016). Cac tac gia st dung bd loc tuyén tinh
(linear variable filter) va cam bién CMOS
(complementary metal-oxide-semiconductor) dé
danh gia d6 ngot cua l1é.

Tuy rang, cAc phuong phap danh gia chat
lugng noéng san khong pha hiy da va dang duge
nghién c@tu nhiéu hién nay, nhung gia thanh
cia may do quang phd trén thi trudng kha cao
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(khoang 10.000%). Cac may do quang phé dang
c6 trén thi truong lai kha céng kénh, khong tién
loi trong viéc do quang phd khi di thuc dia,
khéng phu hop véi thu nhap ctia ngudi dan, tiép
can khé khan, phtic tap trong qua trinh su
dung. Vi vay, viéc ché tao mdot thiét bi nhd gon,
c6 thé cam tay dé thu thap di liéu quang phd
phuc vu viéc danh gi4, nghién ctiu chat ludng
néng san 1a can thiét. Trong khudén khd nghién
cliu nay, ching téi tap trung vao viéc thiét ké,
mo phong va ché tao tht nghiém thiét bi cAm
tay dé thu thap dit liéu quang phé phan xa va
thi nghiém trén mot s6 loai rau &n 14 phé bién &
Viét Nam nhu cai xanh, cai chip va xa lach.

2. PHUONG PHAP NGHIEN CUU
2.1. Poi tugng nghién cttu

T danh muc rau &n 14 phé bién, 03 loai rau
an 14 pho bién dé tién hanh nghién ctu gém: xa
lach, cai cai xanh va cai chip. Vi day 1a mot
nghién ctu trong dé tai cia nhém nghién ctiu
nén rau dude thu mua tit 03 nguén khac nhau
1a: chg dan sinh, ctia hang rau sach va siéu thi.
Rau dugc phan loai va rda sach rdi dé khé réo
sau khi mua. Nhiing 14 rau dat tiéu chuidn dé
tién hanh thi nghiém phai dat nhiing tiéu chi
sau: 14 trudng thanh, khéng bi sdu bénh, bé mit
14 khéng c6 bui ban va khong héo da. S6 lugng
la dudc lua chon dé thuc hién thi nghiém 14 110
14 d6i v6i modi loai déi tuong. Viéc thu thap di

liéu quang phéd cta tiing mau 14 rau dude thuc
hién trén 12 diém tai phén thit 14 nhu béo céo &
cac nghién ciiu trudc ciia nhém nghién citu (Ngo
& cs., 2015a; 2015b; Ngo, 2015). Sau dé di liéu
quang phd tai 12 diém do sé duge 14y trung binh
dé thé hién quang phé cho miu 14 rau d6. Mau
la rau sau khi thu thap di liéu quang phé sé
duge chuyén cho phong nghién ctu héa duge dé
thuc hién cac nghién ctiu tiép theo.

2.2. Thiét k&, ché& tao thiét bi cam tay

Nhém nghién ctiu st dung cam bién quang
phé Nanolambda (model: NSP32m W1, National
NanoLab Center, Daejeon, South Korea) lam bd
phan chinh cta thiét bi cAm tay véi uu diém la
c6 dd chinh xac tuong déi cao va gia thanh hgp
Iy (298 $/bo). Bang 1 trinh bay cic théng sé co
ban cta cdm bién quang phd Nanolambda. Tu
cac thong s6 ky thuat ctia cam bién quang phé
Nanolambda, cac linh kién chinh dugc lua chon
bao gdm: ngudn cdp dién va ngudn sang.

Dua theo théng s6 kj thuat ctia cac linh
kién da dugc lua chon, ban vé thiét ké cua thiét
bi dugc tién hanh trén phan mém AutoCad
2019. Sau d6 md hinh héa 3D cta thiét bi dudc
mo phong trén phin mém Sketchup. Sau khi mo
phdng va hiéu chinh cac kich thudc cho phu hgp,
mo hinh ctia thiét bi duge in 3D trén may in 3D
Cgen (Model: 3D cgen V1). Vat liéu in dudc st
dung la nhya PLA véi 16p in 1a 0,25mm, nhiét
do dau phun 210°C.

(A)

(B) (C)

Hinh 1. Rau 4n 14 pho bién & Viét Nam: Xa lach (A), cai chip (B) va cai xanh (C)
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Hinh 2. CaAm bién quang phé Nanolambda

Bang 1. Thong s6 ky thuat co ban ctia cam bién do phd Nanolambda

Thong sb ky thuat Chi sé
D&y quang phd (Wavelength range) 350 ~ 1.050nm
D6 phan giai (Resolution) 10 ~ 30nm
Budéc song (Repeatability) 1nm
Ti s6 tin hiéu trén nhiéu (SNR) > 100:1
Dai dong (Dynamic range) >1.000:1
D6 phan giai A/D (A/D resolution) 12 bits

Thai gian tich phan (Integration time)
Ti 1é€ khung hinh (Frame rate)

Goc nhin thdy (FOV)

Ngudn (Supply voltage)

Nhiét do hoat dong

210is ~ 180ms @5MHz clock
Lé&n nhét 150 @5MHz clock
>+ 50°
3.3V singer power supply
0 ~60°C

2.3. Thu thap di liéu quang phé

DPé thu thap di liéu quang phd tit thiét bi
cAm tay, nhém nghién ctu thiét ké giao dién
Matlab GUI dé tién hanh. Thiét bi cAm tay do
quang phé sau khi hoan thién viéc ché tao thiét
bi thi nghiém sé& dudc bat cong tic dé cung cip
nguédn cho cam bién quang phd va ngudn sang.
Anh sang duge chi€u tit ngudn sang t6i bé mat
14 rau, khi t6i b& mat 14 rau anh sang sé dién ra
03 trang thai 1a xuyén qua, phan xa va hap thu.
Phan anh sang hap thu 1a phan dudc cac hoat
chat c6 trong 14 rau hap thu 6 nhiing buéc séng
nh&t dinh. Khi 4nh sang c6 dai rong thi cé
nhiing buéc séng khong dude cac hoat chat hap
thu va khong bi can tré thi goi 1a hién tugng
xuyén qua. Trang thai phan xa 1a trang thai khi

anh sang chiéu t6i mau 14 6 nhiing buéc séng
nhat dinh cac hoat chat khong hap thu ning
lugng ciia 4nh sang va can tré anh sang xuyén
qua thi 4nh sang sé& bat khdi bé méit d6. Nhu
vay, anh sang phan xa khi nguén sang chiéu t6i
mAu 14 sé suy gidm cudng d6. O nghién ctiu nay,
cuong d6 anh sang phan xa dudc cam bién
Nanolambda thuc hién viéc do. Do c6 mot phan
anh sang xuyén qua la va phan xa lai néu gip
bé mit hodc ranh gi6i can sé xay ra hién tugng
phan xa lai, cho nén phia duéi bé mit 14 c6 mot
tdm nén den dé khi 4nh sdng xuyén qua dudc
h4ap thu va khong phan xa nguge lai gy nhiéu
dit litu. Anh sang phan xa lai tit b8 mit 1a duge
cam bién do dugc va truyén dii liéu vé may tinh.
Sau khi thu thap dudc dit liéu, biéu @b hién thi
dit liéu sé duge hién trén may tinh.
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3. KET QUA NGHIEN CUU
3.1. Thiét ké&, ché tao thiét bi caAm tay

Nguyén ly hoat dong cta thiét bi do quang
phé duge trinh bay & hinh 4. Khi nguén sang
chiéu t6i 14 mau, cac hién tugng xay ra la anh
sang bi hap thu, xuyén qua va phan xa nhu da
trinh bay & trén. Phan anh sang phan xa lai
duge cam bién quang phé Nanolambda thuc
hién viéc do va truyén dii liéu vé may tinh thong
qua cong két néi bon day (SPI - serial peripheral
interface) bang tin hiéu lién tuc analog.

Cong nghé co6t 161 cia cam bién
Nanolambda dya trén cac bo loc plasmonic duge
tich hop véi kich thuée rat nhd (nano) dé tach
cac séng quang tuong tu nhu cdm bién ban dan
kim loai oxit bu (CMOS - complementary metal-
oxide semiconductor) (Hinh 5). Vi vay, cac bd
phan chinh cta thiét bi cAm tay dugdc lua chon
bao gbm: ngudn sang, ngudn cap dién niang, cam
bién quang phd Nanolambda.

TU cac thong s6 k§ thuat co ban ctia cadm

Nguén séang

bién do quang phé Nanolambda va nguyén ly
hoat déng cta thiét bi do quang phd, nhém
nghién ctu dé ra thiét k& tdng quat thiét bi cAm
tay do quang phé gom 03 thanh phéan chinh:

- Phan dau do (budng t6i): Budng t6i dugc
thiét k& nham tao khong gian dé thuc hién viec
do quang phé cta rau. Budng t6i dudc thiét k&
dé tranh lot anh sadng bén ngoai vao trong
budng t6i dé giam thidu su anh hudng cta dnh
sang bén ngoai téi viec do quang phd. Khi anh
sang chiéu tit ngudn sang t6i bé mat mau la rau,
anh sang sé bi tdn xa xung quanh bé mit 4.
Cam bién sé& thuc hién cong viéc do phan anh
sang phan xa lai tit 14 rau. Budng t6i bing vat
litu mau den sé& hap thu toan bd nhiing anh
sang tan xa dé khéng anh hudng t6i phan anh
sang dudc cam bién thu thap.

- Phan than may: Phan than may dudc thiét
ké& dé c6 dinh nguén sang va cam bién do quang
phé Nanolambda tranh viéc xé dich thiét bi anh
hudng téi két qua do duge. Phan than may dugc
thiét k& sao cho anh sang chiéu téi trong vung
“Géc nhin thay - FOV” cia cam bién quang phé.

Phén xa

Xuyén qua

Hinh 3. Cac trang thai cia anh sang khi chiéu t6i mau

Ngudn

Cam bién quang
sang pho Nanolambda

Hinh 4. Nguyén ly hoat dong ctia thiét bi cam tay do quang phd
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Nguén: Chen & cs. (2020).

Relative Intensity

Wavelength (nm)

Hinh 5. CAu tao ctia cam bién quang phé Nanolambda

- Phan ngudn cdp: Phan ngudén 1a phan
chita ngudén cung cdp dién ning cho cdm bién
quang phé va ngudn sang. Ngoai ra ngudn sang
dugce tich hgp thém 01 bo mach sac xa tich hgp
cho pin tich tri va 01 cong téc gidp tat/md
ngudn sang. Mach x4 c6 tich hgp tang ap 1én toi
da 5V/2A dé cung cap cho cam bién. Pin dugc st
dung 14 pin lithium 450mAh 3.7V nhim cung
cdp dt cho ngudn sang va cam bién quang phd.

Tu thiét k& tong quat cac bd phan cta thiét
bi cAm tay nhu trén. Nhém nghién ciéu thuc
hién viéc lua chon cac bd phan chinh st dung
cho thiét bi cAm tay do quang phé trong rau an
14 nhu sau:

- Nguédn sang: Chip LED du phd véi cong
sudt 1W duge st dung trong nghién ctiu nay.
Dai phé cta chip LED 1a tit 400 t6i 840nm véi
ngudn cdp trong khoang 3 ~ 3,4V. Quang phd
cia chip LED dudc phan bs nhu sau: 70% do,
20% xanh bién va 10% mau khac (Hinh 6).

- Cam bién quang phd: Cam bién quang phd
dudge st dung 14 cAm bién NSP32m W1 véi dai
phd c6 thé do dugc trong khodng 350 ~ 1050nm.

- Pin: Ngudn cung cap dién ning cho chip
LED la pin lithium-ion (model: 403035) véi dién
ap dinh mtc 3,7V va dung lugng pin 1a 450mAh,
¢6 mach bao vé pin kém theo.

- Mach sac/xa: D& c6 thé tai st dung ngudn
dién cap cho chip LED, mach sac/x4 18650 dugc
st dung. Mach sac/xa c6 dong sac t6i da 1a 2A va
dong xa to61 da 14 2,4A, c6 mach chdng cham
chap khi sac.

- Cong téc tat/bat: Dé tiét kiém ngudn dién
khi khéng st dung, trong thiét bi cAm tay cé
tich hgp thém cong tic tat/bat 2 chan.

Dua vao cac thong s6 cua cac linh kién va
viéc sdp x€p cac linh kién sao cho thiét bi cé
kich thuéc tdi uu, nhém nghién ctu da thuc
hién thiét k& chi tiét cac phan cta thiét bi bing
AutoCad nhu sau:

- Phan dau do:

+ Hinh dang: Hinh tru tron dudc lga chon véi
cac vwu diém nhu tiét kiém nguyén liéu ché tao,
khong tao thanh cac géc sic canh, dé cAm nim...

+ Kich thude: Puong kinh @32mm x cao
10,5mm.

+ Phan budng t6i c6 2 khoang hd cho ngudn
sang va cam bién quang phd. Phan cho nguén
sang ¢6 hinh ban nguyét, duéng kinh @328mm.
Phan cho cam bién quang phé c6 dudng
kinh @6,4mm.

+ Phia mat trén ctia phan dau c6 mot 16
hinh chii nhat 13 phan ghép néi véi phan than
may. Phan 16 chit nhat c¢6 kich thudc dai x rong
la 7,6mm x 3,7mm, sdu 3mm.
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1,0 |

0,5 4

460 540

P phd

Do =70,9%
Xanh=20,8%
Mau khéc=8,3%

630 700

Hinh 6. Quang phé cua chip LED du phd

35 mm |

E I%h”l“llllldlﬁﬁﬁ;ﬁﬁ
1
+ 3.7V 450mAh Sl e

Hinh 7. Pin li-ion 403035

- Phan than may:

+ Hinh dang: Hinh tru tron

+ Kich thudce: Pusng kinh @32mm x cao
16,5mm

+ Phia dudéi thdn may c6 moét ngam chii
nhat kich thuée dai 6 x rong 2mm x sdu 2,5mm
dé ghép nédi véi phan dau do caa thiét bi

+ Trong phan than may c6 mét ranh chii
nhat kich thuée dai x rong la 21,6mm x 10,2mm
dé giti cam bién quang phd c¢§ dinh trong phan
than may.

+ Trong phan than may c6 mot 16 chii nhat
kich thuée dudng kinh ©8,2mm dé c6 dinh chip
LED cta nguén sang.

+ Phia trén phan than may c6 02 ranh chii
nhat kich thudc dai x rong x sdu la 5,5 x 3,6 x
3,2mm. Muc dich ciia 02 ranh nay la dé gén phan

1654

Input +

|
Micro USB
Input DC 5V

Qutput +

Input - Qutput -

Hinh 8. Mach sac/xa pin

chan ngam cta mach sac/xa nham c¢6 dinh mach
sac va tao lién két v6i phan ngudn ctia may.

- Phan nguén:

+ Hinh dang: Hinh tru tron

+ Kich thudc:
cao 26mm

DPuong kinh @32mm x

+ Phan ngudén cua may dudc thiét k& kha
don gian bao gdm 02 ranh dé chia va c6 dinh
phan mach sac, pin va phan céng téc tit/mé caa
thiét bi.

V6i cac théng s6 tit ban vé chi tiét, mo
phong 3D cua thiét bi duge thuc hién bdi phan
mém Sketchup. M6 hinh 3D cta thiét bi dudc
thuc hién bing phan mém Sketchup vi phéan
mém cé chiic ning xuat file in 3D tuong thich
v6i may in 3D Cgen ctia nhém nghién ciiu. M6
hinh 3D ctia thiét bi dude trinh bay 6 hinh 12.
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Hinh 9. Thié&t k& phan dau do thiét bi cam tay
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Hinh 11. Thiét ké phan nguén cta thiét bi cam tay
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(A)

(©)

Hinh 12. M6 phéng 3D cac phin cta thiét bi cAm tay do quang phd:
(A) Phan dau do, (B) Phan thin may va (C) Phan nguén

Hinh 13. Thiét bi do quang phé cam tay

1656



Ng6 Viét Birc, Hoang Lé Tudn Anh, Trdn Phwong Ha, Hoang Ngoc Lin, L& Canh Viét Cuong

Khi d3a thuc hién mé6 phdong 3D mé hinh
thiét bi cAm tay, nhém nghién ctu tién hanh in
3D mo hinh thiét bi bing vat liéu nhua. Vat liéu
in ching t6i st dung 14 nhua PLA. Bang viéc
xuit file in 3D trén phan mém Sketchup va diéu
chinh cic thong s6 in phu hdp v6i may in 3D
Cgen V1, ching t6i thuc hién viéc in 3D véi cac
théng s6 in nhu sau: s¢i in PLA dudng kinh
1,75mm; nhiét d6 in 200°C; chiéu cao 16p in dau
tién 14 0,3mm; chiéu cao cac 16p in tiép theo la
0,25mm; téc do in 40 mm/s. Thiét bi cAm tay sau
khi duge in 3D sé duge 14p rap cac linh kién
chinh va gin cac phan vao v6i nhau tao thanh
mot khoi lién két.

3.2. Thu thap dir liéu quang phé

Sau khi thiét bi cAm tay dudc hoan thién
phan ciing, nhém nghién ctu st dung phan
mém Matlab GUI dé phat trién giao dién cho
viéc thu thap dii liéu quang phé (Hinh 11).

Dii liéu quang phé dudc tinh toan dua trén
dii liéu thé thu thap dude tit mach chuyén doi
tuong tu ra s6 (ADC - Analog to Digital
Converter). Khoang dii liéu quang phé thu thap
duge ndm tit 400nm t6i 800nm véi xung nhip 1
kHz (tuong duong 1nm). Néu st dung xung nhip
1kHz va tdn s6 250Hz, cam bién sé mat 1,024
gidy dé thu thap toan bo dit liu (4/1000x256
pixels). Di liéu quang phé duge tinh toan bing
cong thiic sau (Shurrab & cs., 2019):

S -D

%R = =1 %100% 1)

R -D

A A

Trong d6:

R: Quang phé phan xa;

S,: Cudng d6 anh sang tai bude séng A;

D,: Cuong do t6i tai budc séng A;

R;: Cuong do6 sang toan phan tai buéc séng A.

D, dudc thu thap bang cach do quang phd
phan xa khi khong c¢6 miu véi t&m nén den dé
4nh sang c6 thé dugc hap thu toan phan. R, duge
thu thap tuong ty nhu D, nhung tdm nén su
dung 1a t4&m nén tring dé anh sang c6 thé phan
xa lai toan phan. S, chinh 1 cudng d6 ctia 4nh
sang ma ngudn sang chiéu téi mau la tai budc
séng A. Trong truong hop khong c6 mau 14 va

tdm nén la mau tring thi R, =S,. Khi d6 thiR =
1, tic 1a anh sang phan xa toan phan. Va ngudc
lai, trong truong hop khéng c6 mau la va tdm
nén 1a mau den thi R, = D,. Khi d6 R = 0, ttic 1a
anh sang dugc hap thu toan phan. Trong thuc té,
viéc phan xa toan phan va hap thu toan phan chi
mang tinh tuong d6i do vat liéu st dung lam tdm
nén, anh hudng ctia khung vd, nhiéu thiét bi, anh
hudng cia mdi truong anh sang bén ngoai lot
va0... Dit liéu quang phé sau khi thu thap c6 thé
Iuu tri vao may tinh duéi dang tép Excel (.xlsx)
dé c6 thé tién hanh phan tich sau nay. Di liéu
quang phd cta 03 loai rau da lua chon (xa lach,
cai cai xanh, cai chip) dudc do va so sanh véi dit
litu quang phé thu thap dude bing may do
quang phd Ocean Optics (USB2000, Ocean
Optical, FL, USA) trén thi trucng.

Dii liéu quang phd cia may do quang phd
Ocean Optics dude thé hién bing phan tram (%)
trong khi dii liéu quang phé thu thap dude bang
cam bién Nanolambda duge thé hién bang cong
sudt tuong d6i. Moi lién hé giiia céng suat tuong
d6i va phan tram quang phd phan xa la:

Ry (%) = R?»tudng a6 < 100% + ¢ 2

Trong dé:

R, 14 quang phd phan xa tinh bdng phéan
tram tai budc séng A;

Riuong a5 12 quang phd phan xa tinh bing
cong suat tuong doi tai bude séng A;

¢ 12 hing s6 chuyén déi. Hang s6 chuyén déi
¢ 1a hing s6 sau khi 4p dung cac phuong phap
tién xu ly nhu: co gidn trung binh (mean-
normalization), lam tron (smoothing method),
dao ham Savitzky-Golay.. (Lee & cs., 2009;
Imanishi & cs., 2010). O nghién ctiu nay, ching
t61 khong st dung cac phuong phap tién xu 1y va
chuyén d6i sang phan trim quang phd phan xa.
Dii litu tho thu thap dugc tit cam bién
Nanolambda sé dudc st dung dé phéan tich va
thuc hién cac nghién ctiu sau nay.

Dii liéu quang ph6 thu thap dude bang cam
bién Nanolambda thé hién hinh dang tuong tu
nhu dit liéu quang phé thu thap duge tit may do
quang phé Ocean Optics va hinh dang phan xa
tiéu chuén cta 14 theo tai liéu tham khao (Hinh
12) (Croft & Chen, 2017). Tuy nhién cic thong so
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thu thap dude td may do quang phd cAm tay
Nanolambda lai ¢6 sy chénh léch vé cuong dd.
Cudng d6 phan xa cta may do quang phd
Nanolambda ¢6 cuong d6 cao hon hén so véi cudng
d6 phan xa do bing may quang phé Ocean Optics.
DPéng thoi ¢ khoang buéc séng 400 ~ 460nm, dit
litu quang phé cia may Nanolambda cé hinh
chép cao giong nhu bi nhiéu.

Su khac nhau giiia thiét bi cam tay do
quang phé ctia 14 duge nhém nghién ctéu phéat
trién va may quang phd Ocean Optics dudc
trinh bay & bang 2. Nguén sang cia may quang
phé Ocean Optics dugec st dung la den
Deuterium-Tungsten Halogen c¢6 quang phé
nhu trinh bay & hinh 16. Nguén sang nay c6 dai
phd kha déng déu & cac khoang mau va cao nhat
¢ dai 700 ~ 850nm. Ngudn sang cua thiét bi cAm
tay nhém nghién ctu phat trién 1a chip LED du
phé véi dai phé dude phan bd nhu sau: 70% do,
20% xanh bién, 10% mau khac (Hinh 6). Viéc st

dung ngudn sang khac nhau ciing anh hudng téi
cuong do ciia anh sang phan xa lai tai tiing buéc
séng cu thé. Do d6 viéc chénh léch vé cudng do
do dugc cia mau 14 rau tu 02 thiét bi 14 c6 xay
ra. Vat liéu st dung dé ché tao thiét bi cAm tay
hién nay dang la vat liéu nhya PLA véi gia
thanh ré, nén anh hudng ctia né ciing anh
hudng t6i lugng 4nh sang phan xa. O nghién
cu nay, nhém nghién c@u chi trong vao cong
viéc thiét ké&, ché tao thit nghiém thiét bi cam
tay va thu thap dii liéu tho. Cac yéu t6 anh
hudng t6i phé phan xa chua dude xét téi. Ngoai
nhiing yéu t6 d6, do chinh xac clia may quang
phé Ocean Optics 14 cao hon khi ti s6 tin hiéu
trén nhiéu cao hon so vé6i may Nanolambda. Ti
s6 tin hiéu trén nhiéu thé hién s lugng tin hiéu
ding ma thiét bi nhan biét dudc so véi sb lugng
nhidu. O may cAm tay Nanolambda c6 ti s8 tin
hiéu trén nhiéu khodng 100 : 1 trong khi d6 &
may Ocean Optics la 250 : 1.

Spectrum Graph
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Calculation

Hinh 14. Giao dién thu thap di liéu phd
cta thiét bi cAm tay Nanolambda bang Matlab GUI
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Hinh 15. D@ liéu quang phé thu thap bang may do quang phd Ocean Optics (A);
may do quang phé cAm tay Nanolambda (B); Hinh dang phd tiéu chuin cta la (C)

Bang 2. So sanh may do cAm tay Nanolambda va may do phé Ocean Optics

No6i dung May Nanolambda May Ocean Optics
Ngudn sang Chip LED da phd Dén Deuterium-Tungsten Halogen
Cam bién Nanolambda W1 (350 ~ 1050nm) Sony ILX511B linear silicon CCD array (200 ~ 1100nm)
Do phan gidi 10 ~ 30nm 0,3 ~10nm
Ti s6 tin hiéu trén nhiéu >100: 1 250:1
Phan mém Ty phét trién Spectrasuite (phat trién b&i nha cung cép)
Loc nhiéu Khéng str dung Cung cép b&i nha san xuét

D6 phan giai cia cam bién Nanolambda W1
12 10 ~ 30nm véi budc séng do dudge t&i thiéu 1a
1nm. Déi véi may quang phd Ocean Optics, may
c6 dd phan gidi khi cao la 0,3 ~ 10nm.

Buéc séng t6i thiu do dude tit may Ocean
Optics 1a 0,3nm. Nha phat trién ciing phéat
trién phan mém thu thap di liéu t6i vu d6i véi
may quang phd Ocean Optics 14 phin mém
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Spectrasuite. Phidn mém c6 st dung cac
phuong phap loc nhiéu gitp ting d6 min va do
chinh xac ctia may. Do viéc phat trién kha
manh mé d6 nén maiy do quang phdé Ocean
Optics hién nay dang cé gia thanh khéa cao so
v61 cac loai may khac (~ 12.000%). Tuy nhién,
v6i viéc quang phé phan xa do bing may quang
phé Nanolambda c6 hinh dang tucng tu véi
quang phd phan xa theo tai liéu tham khéo va
may quang phé Ocean Optics, thi viéc thuc
hién nghién ctu va ché tao thi nghiém thiét bi
cam tay do quang phé phan xa cia mau rau &n
14 bang cam bién Nanolambda da cé nhiing két
qua ban dau kha quan.

Tu nhiing cong viéc nghién cu va phén tich
cac két qua cua may quang phd Nanolambda,
huéng nghién ctiu cia ching t6i trong tuong lai
14 st dung cAc phuong phap tién xu 1y va nang
cao d6 chinh xac ctua thiét bi. Déng thoi dii lidu
thu thap duge sé& dugc ap dung dé dinh luong
ham lugng du lugng thudc bao vé thuc vat trong
rau &n 14 bing dit liéu thu thap dude tit may do
quang phd cam tay Nanolambda.

4. KET LUAN

Trong nghién ctu nay, thiét bi caAm tay do
quang phd cAm tay cta rau 4n 14 bang cam bién
Nanolambda W1 dudc thiét k& va buéc dau ché&
tao tht nghiém. Mot giao dién dugc phat trién
bdi phadn mém Matlab GUI gitp thu thap di
liéu quang phé ciing nhu cac di liéu cAn thiét dé
thuc hién cac nghién ctu sip t6i. Di liéu quang
phd cta thiét bi cAm tay dudc so sanh véi di
litu quang phd thu thap duge tit thiét bi tham

khao 14 may do quang phé Ocean Optics
USB2000. Dt liéu thu thap duge ti may do
quang phd cAm tay Nanolambda c6 hinh dang
gidng v6i dit liéu thu thap dude tit may do quang
phd Ocean Optics. Tuy nhién, viéc st dung
ngudn sang, cam bién, phadn mém phat trién,
phuong phéap xt ly s6 liéu thé hién béi su khéc
nhau vé cudng d6 Anh sang phan xa va sy chinh
xéc cua dit litu phé thu duge tit miu 1a rau. Van
dé d6 dé ra cong viéc tiép theo cia nhém nghién
ctiu 1a danh gia d6 chinh xac va do tin cay cua
thiét bi cAm tay do quang phd. P& danh gia do
tin cay cta thiét bi cAm tay, su khac nhau va su
tuong quan cua thiét bi v6i may quang phé
Ocean Optics sé dugdc thuc hién. Pong thdi, su
anh hudng cta cac yéu t6 nhu: vat liéu, khéng
gian budng tdi, cudng dd ctia ngudn sang, dién
tich bé mit 14 t6i uu cho viéc thu thap dii lidu
phé... s& dude thuc hién trong cac nghién ciiu
sép t6i. Dit lieu quang phd dudc thu thap dé tng
dung vao viéc dinh lugng ham lugng du lugng
thudc bao vé thuc vat trong rau 4n 14 ma khong
pha huay 14 1a muc tiéu chinh cia nhém nghién
ciu trong tuong lai.

LOI CAM ON

Nghién ciu nay duge tai trg béi Hoc vién
Khoa hoc va Céng nghé, Vién Han 14m Khoa
hoc va Coéng nghé Viéet Nam Ma sé:
GUST.STS.DT2018-CHO1).

Nghién cttu phdi hgp véi Vién Nghién ciiu
Khoa hoc mién Trung; Trung tdm Nghién ctu
va Chuyén giao Céng nghé, Vién Han 1am Khoa
hoc va Cong nghé Viét Nam.

400 500 B0
| |

8OO0 800

Hinh 16. Quang phé ctia dén Deuterium-Tungsten halogen
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