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TOM TAT

Thwe phdm nhi&m kim loai nang gay ra nhiéu hau qua nghiém trong cho strc khde con ngudi, ludn dwoc cac co
s& giam sat chat lwong an toan thuc phdm (ATTP) kiém tra bang cac qui trinh va phwong phap cén than, tham chi
tbn kém tlr viéc ldy mau dén wédc lwong thanh phan chét gay hai duoc tich trong d6. Trong nghién cru nay, ching toi
hwéng dén str dung séng siéu am dé& danh gia mirc d6 lién quan véi s tich iy kim loai néng trong khoai lang. Séng
siéu am an toan v&i thwe phdm va vi thé khéng anh hwéng dén chét lwong thwe phdm cha mau kiém tra. Cung véi
di liéu thu dwere, chung téi st dung mang hoc sau nhw mét bé phan 16p hiéu qua va dang dwgc quan tam cla nhiéu
nha nghién ctvu hién nay cho viéc nhan biét sy khac nhau gitra cac cac mau khoai trudc va sau khi cho qua dung
dich chi sunfat. V&i 31 bd di liéu siéu am vé cac mau khoai thu dwgc va st dung hai mang noron (NN) va mang
Deep Boltzmann Machine (DBM) d& nhan dang hai nhém mau khoai lang trwé'c va sau khi cho qua nhi&m chi sunfat.
Két qua cho thay viéc nhan dang gi¥a 2 nhém mau chwa cho nhiém va cho nhiém chi sunfat ctia mang NN 1a 62%
v&i di liéu huén luyén va 55% véi di liéu kiém tra, va cGa mang DBM la 68% v&i div liéu huén luyén va 65% véi
kiém tra.

Tw khéa: An toan thuc phém, kim loai nang, tri tué nhan tao, hoc may, mang noron, may Boltzmann, hoc sau.

Application of Ultrasound and Deep Networks
in Recognizing the Presence of Heavy Metals Contaminated in Sweet Potatoes

ABSTRACT

Food contaminated with heavy metals causes serious consequences for human health, it is always the prime
concern of any food safety control systems, even required through costly processes from sample collecting and
evaluating contaminated components in the food samples. This study aimed to use ultrasound coupling with deep
networks to assess the presence of heavy metals in sweet potatoes, while ultrasound is safe. To classify the acquired
ultrasound data sets, we used deep networks that presently become a powerful tool and attract many researchers in
order to recognize the data associating with the presence of lead sulfate in samples of sweet potatoes. For the 31
ultrasonic data sets of sweet potato samples acquired, the application of Neuron Network (NN) and Deep Boltzmann
machine (DBM) as our target deep networks yielded the results showing that the accuracies of the NN was 62% for
training set and 55% for testing set, and of DBM was 68% for training set and 65% for testing set, respectively.

Keywords: Food safety, Artificial intelligence, machine learning, neural network, Boltzmann machine, deep learning.

mtic ATTP vi thé 1a van dé chinh yé&u cho su on
dinh an ninh, x4 héi va su phat trién kinh té&

1. DAT VAN DE

Nhom bénh gay ra béi thuc phdm khéng an
toan dang la mot ganh ndng cho xa hoi va kinh
t& ctia moi quoc gia (WHO, 2017; Young & cs.,
2016), va cac nuéc trén thé gidi dang ngay cang
quan tam chi trong dén van dé nay. Nang cao

ctia méi nude. Do tinh trang 6 nhiém moi trudng
ngay cang nghiém trong hon lam cho thuc pham
c6 thé nhidm bi doc ¢ bat ct khau nao ti san
xuét dén tiéu dung. Thém vao do, su phat trién
manh mé ctia hé thong van tai toan cau ma thuc
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pham c6 thé dugde van chuyén trén thi trusng va
gifia cac quéc gia mdt cach nhanh chéng, vi thé
viée kiém tra phat hién thuc phdm cé nguy co
gy hai dén stic khoe 1a mot viéc quan trong va
can dudc giam sat chit ché & cac khau caa chudi
cung tng thuc phdm.

Thuc ph4m nhiém déc béi cac kim loai ning
thuoc nhém can quan tdm nhat cho viéc bao vé
stic khée nhu da dudge chi ra trong cac bao cao
(WHO, 2017; Rahman & cs., 2014), béi vi kim
loai nang tich lily trong thuc phdm cé tac dong
nghiém trong dén stic khée con ngudi. Ude lugng
mic do nhiém kim loai nang tich lily trong thuc
phdm truée khi st dung 14 mot yéu cu quan
trong cho vidn dé ATTP. Thuc phdm c6 thé bi
nhiém kim loai ti cAc ngudén nhu dat, nuéc,
khong khi cho dé&n cac khau ché bién va chuédn
bi truée khi an (Toth & cs., 2016; Gan & cs.,
2017). Thong thuong, phan tich thanh phan héa
chat sé chi ra cac nguyén t6 kim loai ning cé
chiia trong thuc phdm. Tuy nhién, vai trdo dam
nhiém phan tich chi dudc thuc hién & cac co
quan chtic ning dit é mot s6 vung trung tdm &
Viét Nam.

Trong bao cdo gan day cua Ngan hang Thé
giéi vé quan 1y nguy co ATTP & Viét Nam (WB,
2017) da chi ra rang vdn d& ATTP nam trong
moi quan tdm rat 16n clia ca ngudi tiéu dung va
ngudi lam chinh sach an toan. Sé khong thé giai
quyét bai toan ATTP néu khong c6 su kiém soat
chit ché va mot hé thong giam sat an toan chudi
thuc phdm diy du va hiéu qua. Béo céo ciing
nhan manh nhiing céng viéc chinh cin lam dé
nang mtc ATTP. Diac biét, cAn thiét lap mdot
chuong trinh déng bd ti bd phan tu nhan dén
nha nudc cho viéc nang cao hé théng giam sat
ATTP ¢4 Viét Nam.

O dia phuong, theo bao cao vé ATTP va
chuong trinh hanh doéng trong nidm 2018 cua
Tinh Quéng Ninh (Quangninh, 2017), thuc
phdm nhiém kim loai ning nim trong danh
sach nhiing nhiém vu quan tdm giam sat dé
dam bao ATTP trong pham vi tinh trong giai
doan 2016-2020. Hé théng giam sat ATTP hién
tai cia tinh cAn thiét 1ap manh hon nita dé kiém
soat su phan phoi thuc phdm khéng an toan
dong thoi nang cao nhan thiic cia ngudi tiéu
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dung vé van dé giii gin vé sinh ATTP. V& cong
viéc hang ngay, hé thong giam sit ATTP caa
tinh thu thap nhiing mau thuc phdm va gti
mau di phan tich cac thanh phan gay hai cho
stic khée & trung tAm kiém dinh ATTP ctaa vung
theo chi dinh ctia Nha nudc. R6 rang cong viéc
nay can thoi gian van chuyén miu ma khong
thé théng bao ngay két qua chit lugng mau tai
noi 14y méiu duge, viéc d6 khong thé dap tng
ngay dudc v6i yéu cau cua thi trusng phan phoi
thuc phdm cin xt Iy nhanh.

Thém nia 14, tinh trang 6 nhiém kim loai
c6 nhiéu nguy co tiém &n trén dia ban tinh
Quang Ninh. Quang Ninh hién dang c6 rat
nhiéu mé than, tham chi ca cac céng trudng mo
dang khai thac 16 thién. Su khai thac mé la
nguyén nhan chi yéu dan dén 6 nhiém ngudn
nudc, dat va khong khi. Véi nén cong nghiép
khai thac md phu rong trén dia ban tinh, cac
vén dé hé qua chéng han nhu thuc phdm nhiém
doc dang 1a m6i quan tAm rat 16n. Cho dén nay,
6 nhiém kim loai trén dia ban tinh thu hut
nhiéu quan tdm. Nhiéu nghién ctu nhu danh
gia mtic nhiém kim loai va nguy co cho stic khoe
dan cu trén dia ban tinh (Ha & cs., 2018) hoic
nghién ctu danh gia sy anh hudng ctia 6 nhiém
kim loai dén ting trudng ctua lda gao trong gan
khu vic m6 Quang Ninh (Marquez & cs., 2018)
da dudc tién hanh.

Nghién ctiu danh gia vé van dé nay, é trong
nuéc ¢6 nhiéu nghién citu quan tAm dén 6 nhiém
kim loai ning va nguy co dén stc khée ngudi
dan nhu nghién ctiu cia Ha & cs. (2018).
Nghién cttu nay da chi ra van dé 6 nhiém khéng
khi ¢6 chita kim loail néng gay ra nhiing nguy cd
anh hudng dén stc khoe ngudi dan. Hay nghién
ctiu cua Marquez & cs. (2018) con xem xét su
tich liiy ctia kim loai ning anh hudéng dén su
sinh trudng ctua cay lda gao. VAn dé 6 nhiém
kim loai ning con nam trong méi quan tAm rat
16n cha cac co quan quan ly, diéu d6 thé hién &
cac bao cao hang nam (WB, 2017; Quangninh,
2017) & ca trung uong va dia phuong.

Séng siéu am la ky thuat duge tng dung
trong nhiéu thiét bi bao quan thuc phdm vi su an
toan ctia né véi stic khoe con ngudi. Trong nghién
ctiu cia Danh & cs. (2017), nhém nghién ctu da



sti dung séng siéu Am trong viéc ria rau ci qua
va vé sinh ATTP. Lién quan dén st dung séng
siéu Am trich xu&t thanh phan thuc phdm, Ly &
cs. (2018) da ting dung séng siéu am dé xac dinh
thanh phén protein trong gao. Trong kiém soat
ATTP, séng siéu am da duge ding dé phan tich
tuong quan gitia cic tinh chat 1y sinh caa thuc
phdm trong cic nghién ctu cia Young & cs.
(2016), Awad & cs. (2012) va Sheshrao & cs.
(2018). Tuy nhién, di liéu thu duge dé phan tich
1a rat phtc tap va can c6 phuong phap phan tich
hiéu qua dé tim ra méi tuong quan gita thanh
phan héa chat trong thiic 4n v6i cac mau séng
siéu Am quan sat dugc. Diéu nay da dudc nghién
ctiu va danh gia trong cac nghién ciu trén.

Gan day, cac phuong phap ctia hoc may va
mang hoc sdu c6 nhiéu cai tién cung véi cong
nghé ho trg tinh toan da c6 nhiéu ting dung hiéu
qua trong viéc phan tich dii liéu 16n va né dang
cuén hut nhiéu quan tam (Bengio, 2016). Trong
cac nghién ctiu cua Kuong & cs. (2017, 2018a,
2018b), da st dung phuong phap cua hoc may
dé nhan dang cic mAu séng siéu 4m trong y té.
V6i nhiéu phuong phap hiéu qua trong khoa hoc
may tinh dudc nghién cttu va chiing minh gan
day giai quyét cho bai toan cé dii lidu 16n, diéu
d6 huéng ching téi dén st dung séng siéu Am va
phuong phap hoc sdu cho bai toan nhan biét
mic d9 tich lily thanh phan kim loai nang trong
khoai lang trong phong thi nghiém.

2. PHUONG PHAP NGHIEN CUU
2.1. Thu thap du liéu

Trong nghién ctiu gdn day cua Roro & cs.
(2019), da xem xét mtc d6 tich liy cta kim loai
nang tich trong khoai lang 6 ving ma hé thong
thtiy 1gi ¢6 su anh hudng cua cong nghiép dét
may va nhiing hé qua dén stc khde ctia nguoi
dan xung quanh. Nghién citu d6 cho thay su tén
du kim loai nang gay hai nhu Co rém (Cr), Pong
(Cu), Chi (Pb), Kém (Zn) trong khoai lang sau
thu hoach. Tuong ty, § Viét Nam, sy phat trién
cla cac khu céng nghiép, nha may xi nghiép dét
may trong nhiing nim gan diay da dugc danh
gia trong cac nghién ctiu ciia Ghaly & cs. (2014)
va Duy & cs. (2019) vé tinh hinh 6 nhiém ti nén
cong nghiép dét may. Diéu d6 khién ching toi di
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dén xem xét nghién ctiu buéc dadu nhiing mau
khoai lang véi su tich liy kim loai gy hai nay.

Trong nghién ctiu nay, ching téi tién hanh
14y dit liéu séng siéu 4m truyén qua cac mé cua
khoai lang bdi may siéu Am Chison Eco. Thiét bi
siéu Am sé phat ra séng siéu d&m va nhén tin
hiéu phan hoéi lai tit cAc mé khoai. Trén mébi
mau, dii liéu ching t6i thu dudc 1a cac séng siéu
am phan hoéi lai nhu vay. Muc dich cta ching
t61 12 nhan biét su khac biét clia cAc mau séng
siéu Am nay gitia cdc mAu khoai lang trudc va
sau khi cho hap thu chi sunfat (ngdim mau
khoai lang trong dung dich chi sunfat).

Pé xac dinh noéng d6 cua dung dich chi
sunfat cho phu hgp, ching t6i dua theo nghién
cac nghién cttu cia Thanh & cs. (2019) va Huong
& cs. (2007), cac nghién ctiu d6 danh gia mic do 6
nhiém cta cac thanh phan héa chat gay hai
trong ngudén nuéc 6 mot s6 khu vuc Ha Noi. Theo
két qua d6, ham luong dung dich cta chi (Pb)
trong ngudn nuéc séng dude danh gia d quanh
khu vyc Ha Noi 16n hon miic 1 mg/l, tham chi c6
thoi diém dén hon 6 mg/l. Trong thi nghiém nay
chiing t6i 14y dung dich chi sunfat véi néng do 4
mg/l va cho cadc mau khoai ngdm trong dung dich
dé6. Sau khoang thaoi 24 gi6 lai dude chiing toi dua
ra thu di liéu séng siéu Am dé xem xét kha niang
khac biét cta cac miu séng trude va sau khi cho
h4p thu v6i dung dich chi sunfat.

Dii lidu cac séng siéu Am trén moéi mau sau
khi tién xt 1y loai bd cac vung gan chiu coéng
hudng cta thiét bi, di liéu dude biéu dién cho
quan sat ducc thé hién ¢ dang anh B-mode.
Hinh 1 biéu dién anh B-mode cta 3 truong hdp
trong s6 cac mau ching téi xem xét.

2.2. Mang hoc sau

Vé6i muc dich st dung mang hoc siu nhu la
b6 phan 16p muc tiéu cho viéc nhan biét cAc mau
siéu Am. Trong phan nay, chiing téi trinh bay vé
mang noron truyén thing (Hagan & cs, 1996)
duge xem nhu mang hoc sdu co ban danh cho
viéc hoc ¢6 giam sat da duge phat trién tit lau.
Tiép dén 14 mang DRBM (Hilton, 2012; Hugo &
cs., 2012; Lecun & cs., 2015) dugc phat trién gan
day, né thu hudt sy quan tdm cua nhiéu nha
nghién c@u trong viéc hoc giam sat va hoc khong
c6 giam sat.
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Trwdc ngdm

Sau ngdm

Hinh 1. Anh B-mode ctia dit liéu séng siéu Am tit cac mau

2.2.1. Mang no ron

Hinh 2 m6 td ciu tric mang noron nhiéu
tang, 6 @6 x 1a dit lidu dau vao (input) c6 nhan 1a
y ndm & tang trén cung. Gitia x va y dudc két
néi thong qua nhiéu tadng h (tit h, dén h,) con goi
1a tang 4n. K&t ndi gitia cac tdng dugdc thé hién
bdi cac trong s6 két noi w* =W§, g do WE 1a
trong s6 két tit ndi don vi noron i § tAng k — 1
dén noron j & tang k (véi k = 0 1a tdng input,
k =n +1 14 tAng nhan y).

Viéc huin luyén cho mang ndron dua trén
nguyén 1y cuc tiéu héa ham chi phi bdi cong
thiic F(f*(x) — y) = min, ¢ d6 F 12 ham chi phi
x4c dinh sy sai léch gitia gia tri nhén dau ra cua
mang v6i gia tri nhan caa di liéu, f 14 ham kich
hoat. Chi tiét vé mang va thuat toan huin luyén
cia mang noron dugc trinh bay cu thé bdi
Hagan & cs. (1996).
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2.2.2. Mang restricted Boltzmann machine
(RBM) chuén

Mang restricted Boltzmann machine (RBM)
12 mét kiéu mang noron hoc phan bd xac suit
cua dii liéu dau vao, 6 d6 vé kién tric, nd su
dung cac bién trong tang a4n h = (h,, hy,.., hy) dé
hoc phén phéi ctia cac bién biéu dién di liéu cin
hoc hay dii liéu input x = (x;, Xs,..., Xy). Mdi don
vi x; ¢6 su két néi véi trong s6 w;; t61 mdi don vi
h;. Khong c6 su két néi gitia cac don vi trong
cing tang 4n hay cung tang dit liéu. Cac trong
6 b; va ¢; phan anh mutc d§ tac dong cua moi
don vi x; va h; tuong tng trong mang. Mang
RBM hoc thong qua viéc diéu chinh ham n#ng
lugng xac dinh bdi cong thiic (1):

E(x,h) = —iZj:wijxihj —Zi:bixi —Zj:cjhj (1)

Phan phéi dong thoi P(x, h) caa x va h dudc
xac dinh bdi phuong trinh (2):



[QOOO}
LQOOOO]

Hinh 2. Mang noron

exp(—E(x,h))

Z

P(x,h)= (2)

& d6 Z 1a hing s6 chuin hoéa. Xac sudt cé
diéu kién cho cac don vi h; va x; duge xac dinh
dua theo phan phoi Boltzmann béi (3) va (4)

P(hj ‘x) = sigm(Zwijxi + cj] 3)

N

va

P(x,[n)- sigm[Zwﬁhi + bij (4)

& do6 sigm(x) = la ham sigmoid.
l+e™
Mang RBM chuén dudc mé ta nhu 6 hinh 3.

Mang RBM chuén dudc trang bi thuat toan
CD-k (Hilton, 2012), né cho phép mang c6 thé
hoc khong giam sat (unsupervised learning)
phan phdéi dong thdi gitia cac don vi tAng 4n va
tang input. O mét nghia nao d6 thi tdng 4n
tham gia vao hoc phan phéi ctia input va déng
vai tro lam rdt ngén s6 chiéu cia tang input.

2.2.3. Mang restricted Boltzmann machine
phan I6p

Mang RBM
restricted Boltzmann machine- classRBM) la

phan 16p (classification
mot truong hgp md rong cia RBM bang cach
thém cac don vi ma héa cho nhan tuong @ng véi
2012). Cu thé, néu cac
input x c6 nhén 13 k trong s6 K 16p cua dii liéu

cac input (Hugo & cs.,
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» [©OO00)

OOOO0)

Hinh 3. Mang RBM

thi 16p cho nhan gom K don vi xac dinh béi qui
tic “one-hot”, hay don vi thi k c¢6 gia tri bang 1
con lai biang 0. Khi dé tuong tu nhu mang RBM
chuén, ham nang lugng dudc cho bdi cac phucng
trinh (5) dudi day:

E(x,h,yk) ZWU b, Zb
- chhj - Z:Ukjhj —-d,
] ]

6 d6 Uy, d, 1a cac trong s6 két néi véi cac

®)

don vi 4n va trong s6 ctia don vi nhén tuong
tng. Khong c6 két noi gitia cac don vi nhan véi
cac don vi input. Phan phéi déng thdi caa cac
don vi dugc xac dinh béi:

exp(—E(x,h,y))

P(x,h,y)= (6)

6 @6 Z 1a hang s6 chuédn hoéa. Cac xac sudt co
diéu kién dugc xac dinh bdi:

P(hj ‘x, yk) = sigm(Z:WﬁXi +Ukj + cj] (7

va

P(x, |h) = sigm(Zwijhj + biJ ®)
j

exp(Z:jUk]hJ +d )

P(yk |h) = ZleXp(Z‘”_Uh_hj +d1)

Xac sudt hau nghiém cho viéc xac dinh

)

phéan 16p la:
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exp[dk + Z:jf(ziwijxi + Ukj +c, )J
Zyl exp [dl + ZJ{(Ziwini + U, +c, )]
(10)
d d6 f(x) = log(1 + exp(x)) 1a ham softplus.
Mo hinh classRBM dugc minh hoa 6 hinh 4.
Nhu vay, khi trang bi thém tidng nhan y thi
mang classRBM phuc vu cho viéc hoc c6 giam
sat (supervise learning). ClassRBM da dudgc
chiing t6 kha ning hudn luyén hiéu qua véi cac
thuat toan dugc trang bi nhu da duge trinh bay
bdi Hugo & cs. (2012).

Pvfn)-

2.24. Mang deep Bolzmann machine va
hoc sau

Mang deep Boltzmann machine (DBM) la
su xép chdong cua nhiéu RBMs (Lecun & cs.,
2015). Vé6i thuat toan hiéu qua CD-k, né cho
phép tang 4n h tham gia vao hoc phan phéi caa
input, déng thoi tAng 4n lai tham gia nhu 14 mot
input cho tang &n ti€p theo. D6 1a co sé day
manh su phat trién mang hoc sdu. Trong nghién
ctiu nay ching téi stt dung mang DBM véi 2
ting 4n 6 d6 tAng 4n thia hai c¢6 su tham gia cta
mang classRBM, nghia 13, viéc huan luyén &
mang thi 2 14 hoc ¢6 giam sat két hop véi nhan
dé nhan dién cac doan mau 4m. M6 hinh mang
DBM dugc st dung trong nghién cttu nay dudgc
mod ta ¢ hinh 5.

h OC/DOO

- [OO00Q) (COO®)r

Hinh 4. Mang classRBM

2.3. Két qua phan 16p

Trong nghién ctu nay, ching t61 thu thap
duge 31 mau dit liéu siéu Am gém dii lidu cuaa
cac mau khoai chua cho hap thu qua dung dich
chi sunfat va sau khi ngdm qua dung dich chi
sunfat véi thoi gian 24 gio va 48 gio. T4t ca cac
mau sau khi ngdm dugc chiing tdi xép vao mot
16p lam d6i chiing véi cac mau chua cho qua
dung dich. Trén mdi anh dii liéu tho, ching toi
14y 4nh c6 kich thude 200 x 200 6 gitia tAm lam
anh thudc tinh cho danh gia phan 16p.

Hai mang phéan 16p chiung t6i st dung la
noron va mang DBM, trong d6 chung téi dé
c&u hinh ai mang cung c6 2 tadng &n cé kich
thuée 14 300 va 100. Nghia 14 & tdng &n thu
nh&t c¢6 300 noron tham gia va tAng 4n tha 2
¢6 100 ndron tham gia. V61 mang ndron,
ching t6i st dung thuat toan backpropagation
(Hagan & cs., 1996). V6i mang DBM thi gita
tadng input x va tang 4n h' 12 mang RBM dugc
huidn luyén béi thuat toan CD-1 nhu giéi
thiéu bsi Hilton (2012). Gitta tdng 4n h' va
tang 4n h? c¢6 su tham gia cta 16p nhén y hay
la mang classRBM va dugc huin luyén béi
thuat toan hoc c6 giam sat cta classRBM dudc
trinh bay bdi Hugo & cs. (2012). O day cac
tham s6 dudc khdi tao ban dau rat nhd trong
khoang + 1075,

- (@000)
+([©000) [000)"
- (00000)

Hinh 5. Mang DBM

Bang 1. K&t qua do chinh xac trong huan luyén
va kiém tra cia DBM va NN

DBM NN
Do chinh xac véi div liéu huan luyén 68% 65%
Do chinh xac voi div ligu kiém tra 62% 55%
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Ching t6i st dung phuong phap 5-fold cho
viéc phan chia di liéu huan luyén va di liéu
kiém tra. Dé danh gia, so sanh két qua huén
luyén va kiém tra ctia hai mang, ching tbi st
dung d6 chinh xac nghia 1a ti 1& phan tram giiia
s6 miu duge nhan dang ddng trén téng s6 miu
dau vao. Két qua biéu dién kha ning hoc cta ca
hai b phan 16p muc tiéu trén dudc thé hién &
bang 1.

4. KET LUAN

Nghién ctiu nay nham st dung phuong
phap hoc may trong viéc nhan biét cic mau séng
siéu 4m trong viéc phat hién cac du lugng kim
loai ning tich liy trong khoai lang. N6 phan
anh tinh can thiét trong diéu kién cac van dé
ATTP dang dudc quan tdm ctia xa hoi cung vdi 6
nhiém méi truong. Méc du dit liéu cho nghién
ctiu con han ché, tuy nhién két qua ctia nghién
ctiu cho thay kha ning ting dung cic phuong
phap ctia mang hoc siu véi dii liéu séng siéu Am
trong viéc trg giup giam sat sy tich liy kim loai
gy hai trong rau ct.

St dung mang DBM trong nghién ciu nay
cling da chiing t6 dugc kha ning nhan dang t6t
hon so véi mang noron truyén théng. Cho du
vay, viéc so sanh véi cac phuong phap phéan 16p
khac cting 1a cin thiét cho su phat trién tiép
theo trong viéc di dén cai dit phuong phap phan
16p hiéu qua nham nang cao dd chinh xac cta
nhan dang cac mau.

LOI CAM ON

Nghién cttu nay dugc thuc hién trong khuon
khé ctia dé tai “St dung séng siéu Am nhan biét
su tich lay kim loai néng trong khoai lang”, ma
s6: T2019-10-56, cap bdi Hoc vién Néng nghiép
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caa TS. Stt Thanh Long quan 1y trung tAm Gaia
da tao diéu kién cho nhém nghién ctiu chiing t6i
trong viéc st dung thiét bi, thiét k& va thu thap
dit liéu séng siéu 4m cho nghién ctu nay.
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