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TOM TAT

Nghién cizu nham phat trién hé thang phan logi tw dong trdi xodi sau khi da thu hoach. Tréi
xodi dwge dwa vao buong chup anh nham trich rit cdc ddc trung phdn logi: Chu vi, dién
tich, dg chin. Chon ra nhitng trdi xodi dat Cac tiéu chi duwoc dat trwéc, anh két qua duoc
hién th; 1én man hinh va LED b&o phan logi. Hé théng duoc xay ding trén may tinh nhiing
Raspberry Pi 3 B+ Véi toc dé xir Iy 1.4 GHz dwoc cai dat trén hé diéu hanh Debian,
Camera Logitech C920 véi dé phan gidi 15 MegaPixel dicoc ding dé thu thdp anh dau vao,
anh két qua duoc hién th; théng qua man hinh 7 inch HDMI LCD. Ther nghiém trén 40 mau
trai xoai cat Hoa Lgc vai 80 anh trai xoai mét mat. Két qua hé thong da trich rit thanh
cong cac thong s6 vat Iy: Chu vi, dién tich... B¢ chin cia trdi xodi dwoc xdc dinh thong qua
Mau sdc duwoc trich rat tr dién tlch vung trai. Nghién cizu da xdy dung thanh cong hé thong
phan logi trai xoai Véi toc do xir ly 1 2.3 s cho méi mdu danh tréi xoai.

Tir khoa: Pdc trung vat Iy, dé chin trai xoai, hé thang phan logi tir dong, phan logi trai
xoai

Trich dan: DS Chi Tam, Nguyén Vinh Thanh va Lé Tan My, 2021. Thiét 1ap mé hinh phan
loai trai xoai su dung cong ngh¢ anh trén h¢ thong nhung. Tap chi Nghién ctru
khoa hoc va Phat trién kinh té Truong Pai hoc Tay D6. 12: 321-346.

"Ths. D6 Chi Tam — P. Truéng Khoa Ky thudt-Céng nghé, Triong Pai hoc Tay Pé
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1. MO PAU

Viét Nam, xoai duoc trong khap ca
nuéc tir Nam téi Bac, ving trong xoai tap
trung tir Binh Binh trd vao, va duoc trong
nhiéu nhit & cac tinh Dbng bing Séng
Ctru Long nhu Tién Glang, An Glang,
Pong Thap, Vinh Long, Can Tho, Bén
Tre... Ngoai ra, xoai con dwoc trong ¢
Khanh Hoa, Pong Nai, Ba Ria Viing Tau,
Son La, Lang Son va khu vuc dong bang
Séng Hoéng. Dién tich trong xoai cua ca
nudc khoang 87.000 ha, san lugng hon
969.000 tan/nam. Viét Nam dung tha 13
vé san xuat xodi trén thé gisi nhung sb
luong xuat khau thi con khiém ton va
khong thudoc 10 nudc xuit khau xoai.
Nhitng nudc ¢6 nhu cau 16n nhit d6i voi
trai xoai la My va Lién Minh Chau Au
(EV) - hai thi truong dugc xem la kho trén
tinh thé gidi. Pé c6 thé xuat khau hoic
tiéu thu trong nudc thi viéc danh gia va
phén loai trai xoai la mot cong doan quan
trong va anh huong truc tiép dén gia tri thi
trudng Ccua trai xoai thuong pham. Tuy
nhién, qua trinh phéan loai trai xoai ¢ Viét
Nam hién nay cha yéu duoc thuc hién
bang phuwong phép thi cong bai ngudi lao
dong pho théng. Trong qua trinh nay, trai
xoai dugc phan loai dya trén cac tiéu chi
nhu d6 chin, kich thudc, va hinh dang,
v.v. Thong qua danh gia chu quan caa con
nguoi dua trén cac giac quan. Pay la cong
viéc doi hoi rat nhiéu thoi gian va cong
siac. Khong nhiing thé, viéc phan loai trai
xoai dya trén thi giac cta con nguoi
thuong ¢ nhiing han ché nhu tinh khach
quan trong phan loai khong cao, nang suét
lam viéc thap va khdng thé dap tmg duoc

nhiing yéu cau phan loai doi hoi dg chinh
xac va dong nhat cao dé c6 thé xuat khau

sang nudc ngoai, dac biét Ia cac thi truong
kho tinh.

Trong nhﬁ’ng nim gan déy, céng nghé
thi giac may va xu ly anh ngay cang phat
trién va dugc tng dung nhiéu trong hau
hét cac linh vuc khoa hoc va doi séng xa
hoi va dac biét 1a trong viéc thay thé vai
trd cta con ngudi trong cac day chuyén
phan loai ty dong va giam sat. Nguyén
Vian Ving (2014) da st dung thuat toan
Valley — Emphasis cling nhu 1a mang no -
ron nhan tao dé phan tich, nhan dang va
phan loai thanh cong khuyét diém trén anh
chup mot mat cua 219 mau anh trai xoai
dau vao. Tomas (2014) ciing da tién hanh
nghién ctu xu ly anh chup mét mat trai
x0di va dé xuat ba tiéu chi dung dé phan
loai 14 dién tich bé mat va khuyét diém
cua vo, do tron cua trai. Nam 2014, Ankur
da thyc hién phan loai 400 mau anh chup
mot mat trai xoai dau vao dua trén mau
sic va cac dic trung kich thudc voi do
chinh x&c trung binh la 90.57%. Cac
nghién ciru ndy c6 mot diém chung 1a déu
chi dung lai & mirc d6 xur ly va mé phong
trén phan mém dua trén mot tap hop dix
liéu anh dau vao 1y twong vi thé van chua
thé tng dung dugc vao thuc té dé giai
quyet yéu cau phan loai trai xoai cua thuc
tién san xuat dat ra. Nandi et al. (2014) da
dé xuat xay dung mo hinh hé¢ thong phan
loai ty dong va mo6 phong thanh cong giai
thuat phan loai trai xoai dua trén kich
thudc cua trdi va mace do truong thanh caa
vé st dung phan mém MATLAB va
LabVIEW.
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Hinh 1. Md hinh phan loai chat lweng trai xoai

Hé thong nhing va Diéu khién tu
dong 1a linh vuc nghién cau, thiét ké va
phét trién cac hé théng phan cang va
phan mém tich hop. Hé thdng nhing va
Piéu khién ty dong duoc (ng dung rong
rai: tir viéc thiét ké mach dién tir don
gian dén thiét ké vi xir ly, hé théng
nhang, hé thong diéu khién PLC.

Vi vay, viéc nghién ctru va xay dung
thanh céng mot md hinh hé théng nhing

dung dé phan loai chat luong trai xoai
dwa trén cac két qua ciing nhu khic phuc
cac han ché cua cac cong trinh nghién
ciu trude déy c6 y nghia quan trong
trong viéc xay dung hé théng c6 kha
nang giai quyet yéu cau phan loai tréi
x0ai cho xuat khau cua Viét Nam.

2. THIET KE HE THONG

Cac budc thuc hi@n cua nghién cau
dugc trinh bay qua biéu do dudi day:

Chup anh ﬁi g;‘lh Hién thi dnh
Xay d}rng dau Vz‘tq, trung vé LIy Xac dinh do ket qua,
okt P e ] B e [ e
T trai xoai: PO
(1) anh trai xoai o (4) chap hanh
P S, %
2) h (5)

Hinh 1. Cac buwdéc thyc hién cia nghién ciu
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2.1. M hinh hé théng

Hé thdng phan ciing cua bai bao duoc trinh bay cy thé qua hinh bén duéi:

Hinh 2. Ban vé ky thuat caa hé thong (a) Camera; (b) dong co DC; (c) budn chup
anh; (d) dén chiéu sang; (e) cong tic hanh trinh; (f) co ciu phan loai

Dé giai quyét bai toan “Nghién ctu
moé hinh phan loai chit luong trai xoai
mot mat sir dung cong nghé anh trén hé
thdng nhung” trong bai bdo nay dugc
chia nho thanh cac bai toan nhu sau:

- Xay dyng hé thdng thu nhan anh.

- Phat hién va chup anh trai xoai trong
buong chup.

- Loc bd nén anh xoai dau vao dé thu
dugc anh chira vung tréi xoai.

- Xac dinh gia tri cac dac tinh vat ly
cua trai xoai.

- Xac dinh d6 chin cua trai xoai.

- Xay dyng hé thdng phan loai tréi

Xo0ai.

2.1.1. Hé thong thu nhgn dnh déi
tuong

Hé thdng thu nhan anh duoc thiét ké
theo dang budng chup anh véi kich
thuéc dai, rong, cao lan luot 1a 30cm x
30cm x 30cm. Véi chét liéu dugc chon
1a Aluminium dd bén cao, chiu dugc va
dap. Bén trong budng chup bd tri thém
cac LED siéu sang nham hd tro sang khi
Camera chup anh.
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Hinh 3. Budng chup anh

Hinh 4. Camera Logitech C920

Trong nghién cau nay, Iénh chup anh  ngoai thuc té). Bo xur ly trung tam sé ra
s& duoc lap trinh sin, khi nhan nat di  1énh cho Camera chup anh va luu anh lai
duoc lap trinh cu thé 1a nt S’ trén ban  dé phuc vu cac cong doan phia sau.
phim (diéu nay gia lap tin hiéu cam bién

Hinh 5. Ban phim mini Bluetooth
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2.1.2. Loai bé nén, thu dnh trdi xodi
trén bang tai

Anh dau vao c6 duoc tur cong doan
phia trén thi khoéng chi chaa hinh anh
cua trai xoai ma con chua ca hinh anh
ctia bang tai. Vi thé ta can thyuc hién viéc
loc b6 nén anh cua bang tai chi chira lai
ving anh trai xoai diéu nay gilp cho
viéc nhan dang va tinh toan cac dac
trung vat ly sau nay dugc chinh xac va
dé dang hon.

Pé loc bo nén bang tai ra khoi anh
trong bai bdo su dung thuat todn phén
ngudng tu dong Otsu. Tu do loc duoc
viing anh trai xoai ra khoi nén bang tai.

Otsu la tén médt nha nghién ctru nguoi
Nhat da nghi ra y tuéng cho viéc tinh
ngudng mot cach ty dong dua vao gia tri
diém anh cua anh dau vao nham thay thé
cho viéc str dung ngudng cé dinh.

Pau tién sir dung luge do Histogram
biéu dién tan suat xuat hién mac xam:

LZ_l n;

p- =

' =0 (M+N)
Trong do:

ni: L1a s6 lugng diém anh cua gia tri i
L:1,2,3,...256
po+pl+p2+...+pL-1=1.

Chon mot ngudng Tk = Kk, (O<k<L-1)
dé phan anh dau vao thanh 2 16p C (tap
hop cac diém anh c6 gia tri <k) va
Cz (tap hop cac diém anh c6 gia tri Ién
hon k). Ti 1& 16p C1Véi sé lugng diém
anh k vai téng s luong diém anh duoc

ky hiéu Py(k), twong tu Co ky hiéu la
Pa(k).

K
A9=2 p

Pk = 5 p=1-P (K)
20 g T

Sau d6 ta tinh gia tri trung binh
my cua lop Ci:

(k)—%ipl——g
R IO YO

Tuong tu tinh m2;

m= soipl 4=t S
277 i |Gy ) Py ik !

Theo Otsu, ta sé tinh nguong k* ma
gia tri tai do su chénh léch gitra hai doan
(mau nén va mau ky tu) dat gia tri cuc

dai, ky higu o3 (k*), dugc tinh:

o2 (K*) = Maxog 2(K)
B - B
O0<k<L-1
Trong d6 oB la phuong sai hai 16p
ClvaCz2. Taco:
2 2
2
=Ry (my-mg |+ Py (my ~mg )
2
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Tir cong thuc trén ta suy ra: ngudng k*, sau do ta thuc hién nhi phan
2 bién so6 theo theo ngudng.
20 L M6AM -] 9x,Y) =Liff (x,Y) < VA g(x ) =0 ff (x,y)
B P (k) 1-P (k)
« . Trong do:
Trong d6: mG la gia tri trung binh cua . .
anh. g(x,y) la anh dau ra.
L1 f(x,y) 1a anh dau vao.

Z ip, < Mg +P m,
"6 "% M x=0,12,... N-1.

_ , y=0,1,2,...,M-1.
mk la gid tri trung binh dén ngudng 7 )
N _ Anh két qua md phong khi ap dung
K.-Voim =3 ip; thuat toan Otsu dé phan ngudng trén
=0 phan mém Matlab:
Néu c6 nhiéu gia tri @ = 16n nhat bang
nhau, ta s& chon k c6 gia tri 16n nhat 1am

)| Figure 1 S
File Edit View |Insert Tools Desktop Window Help k]

_]*_l‘dﬁr} R 0\—\.9..‘";,-@\‘.',3’{.@ D@ :l

Hinh 6. Anh xam dau vao
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Figure 2 = =

File Edit View Insert Tools Desktop Window Help u

O de | | AKRODELL- |G| 0E i

Hinh 7. Anh sau khi phian ngwdng Otsu

Ap dung thuat toan Otsu vao h¢ thdng dé phan ngudng anh trai xoai dau nham
loai bé nén bang tai:

(a) (b)

Hinh 8. Dung thuét toan Otsu dé loc bé nén bing tai:

(a): anh goc; (b) anh da loc nén bang thuat toan Otsu

2.1.3. Xdc dinh cdc gid tri diic trung ~ Viéc nady nham muyc tich chi thu nhan
vt ly cua trdi xoai nhitng vung chaa trai xoai cac thao tac
Sau khi da tach vung anh trai xoai ra tr;?hhrut, (1‘.ac trung vat Iy duoc thuc hién
khoi nén bang tai, tac gia tién hanh xac C©NNN Xac:
dinh duong bao quanh trai xoai. Cong
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(a) (b)

Hinh 9. Anh trai xoai dwoc xac dinh dwong bao tréai

Cac dic trung vat Iy can thiét cho vigc s 47 X :
phan loai trai vodl Iin lwot 1a: chu vi, -~ PO tron: R=—--100%, p la chu vi
dién tich va @6 tron duoc tinh boi céng
thirc sau:
- Chu vi dung tréi: p,=>'C, C duong AAp,dun_g cac cong thirc tinh toan néu

trén tac gia tim duoc cac dac trung vat
dugc trinh bay nhu hinh bén dudi day:

clia vung trai.

bao trai.

- Dién tich ving trdi: S=>p,, p; la

pixel thir 1 cta vung trai.

Hinh 10. Anh két qua sau khi trich rat cac diic trung
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2.1.4. Xac dinh dj chin cua trdi xoai

Pé xac dinh dugc d§ chin cua trai
X0ai ta c6 nhiéu phuong phap cé thé ké
ra nhu la: xac dinh d6 chin théng qua
mui cua trai xoai, tdc dung luc vao trai
xo0di, thong qua ham lwong este co trong
trai xoai. Nhung phuong phdp duoc st
dung nhiéu nhat dé xac dinh do chin cua
tréi xoai la dung chi s6 mau sic cua
viing Vo trai dé nhan blet dugc do chin
cua trai xoai. Khi con séng mau sic cua

trai xoai da phan 1a xanh 14, khi chuyén
dén giai doan nita song nita chin thi mau
sic cua trai xoai co su chuyén doi tur
mau xanh 14 sang mau vang nhat, dén
giai doan chin thi mau sic cua trai xoai
da phan 1a mau vang.

Phuong phap thuc hién cua bai béo la
xac dinh do6 chin cua trai xoai théng qua
mau sic dic trung cta hai kénh mau a*
va b* trong khéng gian mau CIE
L*a*b*.

White (+L%)

Theo nghién ctu trudc day vé viéc
xac dinh thoi diém thu hoach cua trai
xoai cat Hoa Loc, tai xa Hoa Hung,
Huyén Cai Be, tinh Tién Giang, Tran
Vian Hau, va ctv. Viéc xac dinh do chin
cua trai xoai cat Hoa Loc théng qua viéc
trich xuat cac gia tri L*, a*, b* trong
khong gian mau CIE L*a*b*.

CAc gié tri chi mau sic nhu L*, a*, b*
khac biét co y nghia thong ké ¢ giai

Black

Hinh 11. Khéng gian mau CIE L*a*b*

doan 70-95 NSKPT ¢ ca ba vu thuan,
muodn va nghich. Po sang téi (L*, tir 0
dén 100) giai doan 70 NSKPT cua vo
trai bién dong tir 47,1 (vu muon) dén
65,3 (vu nghich). Gia tri L* ting dan khi
trai thu hoach nhung trong vu mudn co
I& thu hoach trong mua mua nén L* van
thip hon so v&i vu thuan va vu nghich.

Chi s6 a* (bicu thi mau sac tir xanh I4
cdy dén do, bién dong tir -60 dén +60)
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cling gia ting O giai doan 70 dén 95
NSKDT nhung gia tri van chua qua gia
tri dwong. Su bién dong cua gia tri a* &
ca ba thoi vu déu twong tu nhau.

Chi s6 b* (bién dong tir -60 dén +60,
biéu thj tr mau xanh da troi dén mau
vang) cua Vo trai ciing ting dan khi thu
hoach ¢ giai doan 70 NSKDT va dat gia
tri gan nhu t6i da khi thu hoach & giai
doan 95 NSKPT. Két qua nay cho thay
mau Sic vo trai xodi cat Hoa Loc khi
chin thay doi rat rd clng véi tudi trai va
c6 mau vang dam véi gia tri b* t6i da
khi thu hoach & giai doan 95 NSKDT.

Theo Medlicott et al. (1990), trong
thoi gian chin, diép luc trén vo qua bién
mat, dac biét 1a diép luc td a va co su
tbng hop thém céc sic t6 méi nhu:
Lycopene, anthocyanin; dong thoi cac
sic t6 carotenoid, xanthophyl Chlem uu
thé 1am cho mau xanh bién mat hinh
thanh nén mau vang dac trung ¢ xoai cat
Hoa Lac, tr d6 cho thdy khi tudi tréi
tang thi c6 sy thay ddi mau sic cua vo
trai tr xanh sang xanh vang va tir xanh
sang vang do hinh thanh nén mau vang
dac trung cua tréi.

Bang 1. Tri sé L*, a* va b* ca vé trai xoai cat Hoa Léc giai dean tir 70-95 ngay sau
khi dau trai ¢ vu thuan, mugn va nghich tai xa Hoa Hung, huyén Cai Be, tinh Tien

Giang
2. L. L-}: a* b*
&gog;; Yu Vu Vu Yu Yu Vu Yu Yu Vu
thuin  mujn nghich  thuin muén nghich  thuin mudén  nghich
70 5340 47,1¢ 65,34 -8,7" -8,7¢ 8,57 47,7° 49,0¢ 48,8f
75 65,8° 55,14 75,4¢ -5,6° -6,0° -5,5¢ 52,0¢ 52,74 50,6¢
80 74,69 65,5 77,3° -4,8¢ -2,4° 444 556° 54,2¢ 54,44
85 78.4° 69,8 78,40 -3,3¢ -2,1° -3,5¢ 55.8¢ 55,1¢ 56,5¢
90 80,8> 71,5 81,0 2,3 -2,1° 2,50 5760 56,6° 58,3°
95 82,8 71,7 82,6 -1,8° -1,6* -1,60 58,9 58,1° 59,4
F * * * * %* * * * *
CV (%) 1,11 0,92 2.01 6,80 5,95 7,71 1,65 1,84 0,90
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Hinh 12. Trai xoai cat Hoa Loc & cac dd tudi tir 70-95 ngay sau khi dau trai tai xa Hoa
Hung, huyén Céi Bg, tinh Tién Giang

O nghién ctu nay ciing dya Vvao
phuong phap dung chi sé6 mau sic dic
trung cua vlng vo trai dé xac dinh do
chin cua trai xoai. Bé lam duoc diéu nay
thi sau khi c6 anh dau vao chi chira dbi
twong duy nhét Ia tréi xoai (anh da loc
bo nén bang tai). Tac gia tién hanh
chuyén d6i khong gian mau caa anh tir
khéng gian mau RGB sang khdng gian
mau CIE L*a*b*, vi trong khdng gian
mau CIE L*a*b* gilp ta dé dang trich
xuat, phan tich mau sic ving vo tréai
xoai. Trong khdong gian mau CIE
L*a*b* ta trich xuat gid tri mau dic
trung cua hai kénh mau la kénh a* va
kénh b*. Khi da thu dugc cap gia tri dac
trung cta hai kénh mau la kénh a* va

kénh b*, dya vao biéu dd gia tri mau
trong khéng gian mau CIE L*a*b* ta co
thé xac dinh duoc mau sic chu dao cua
d6i twong anh dau vao.

Khi thuc hién bai bao dé dam bao tinh
khach quan tac gia ¢a mua cac mau xoai
tai nhiéu diém thu mua xoai khac nhau,
khi mua mdi miu xoai déu nho nguoi
ban xac dinh xem mau xo0ai da mua
thuoc nhom nao trong cac nhom: chua
chin, nita song nita chin, chin. Viéc doé
nham xic dinh tng voi mdi nhém xoai
khac nhau s& co cac ngudng mau sic
khac nhau. Sau d6 tong hop lai va hinh
thanh cac nhom duoc chia theo hinh
dudi day:
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» UR =Un Ripe e SR

(Con séng)

» SR = Semi Ripe

(nira song,

nita chin)

» R =Ripe
(Chin)

» E =Empty
(Trong)

Hinh 13. Biéu dé c4c nhom xoai trong khong gian mau CIE L*a*b*

C4c gia tri mau sic dic trung cta anh
trong khong gian mau CIE L*a*b* duoc
tinh toan tuy dong. Anh két qua duogc
hién thi cung véi biéu d6 caa hai kénh
mau la kénh a* va kénh b* duogc trich

xuat 10 phan tir c6 gia tri nhiéu nhat
trong anh. Vi tryc tung cua biéu d6
biéu dién sb Pixel, va truc hoanh biéu
dién gia tri mau twong Gng cta vlng trai
XO0Ai:

Hinh 14. Anh diu vao trong qua trinh xac dinh d9 chin
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Channel a in Lab Space Color
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Hinh 15. Biéu @6 kénh a* ciia anh dau vao trong khong gian mau CIE L*a*b*

Channel b in Lab Space Color
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-3
S
o
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Hinh 16. Biéu dé kénh b* caa anh dau vao trong khéng gian mau CIE L*a*b*
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Hinh 17. Két qua qua trinh x4c dinh dd chin caa trai xoai

2.1.5. H¢ théng phan loai trdi xoai

O bai bao cac tiéu chi dé phan loai
trdi xoai bao gom: dién tich trai xoai
(Type Size) va do chin cua trai xoai
(Type Ripeness). Tir cac bién dién tich
trai xoai va do chin cua trai xoai c6 dugc

& cac cong doan phia trén ta thuc hién
xéy dung tap luat phan loai cho hé
thong.

Viéc phan loai trai xoai dau ra duoc
trinh bay nhu Iuvu ¢6 Hinh 18.
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Hinh 18. Téng quan viéc phan loai trai xoai dwa vao cac dic trung vat ly

Pé phan loai vé kich thudc (Type
Size) duoc tinh & don vi cm. O dé tai
chia thanh cac nhom: Nho, Vira, Lon.
Vi luat phan loai kich thudc nhu sau:

- Néu 0 cm < dién tich vung trai < 5.0
Cm thi dugc xem la Nho.

- Néu 5.0 cm < dién tich ving trai <
15.0 Cm thi dugc xem la Vira.

- Néu dién tich ving trai > 15.0 cm thi
dugc xem la trai Lén.
Pé phan loai vé d6 chin (Type

Ripeness) dugc tinh sau khi ta thu dugc
cap gia tri a* va b*. O deé tai chia thanh

cac nhom: Séng, nira song nira chin (ban
chin), chin. Véi luat phan loai o chin
nhu sau:

- Néu -100< a* <-80 va 0 < b* <+20
thi dugc xem la tréi song.

-Néu -80 <a* <-60 va 0 <b*<+20
thi duoc xem la tréi song.

-Néu -60 <a* <-40 va 0 <b* <+20
thi dugc xem la tréi song.

Néu -40 <a* <-20 va 0 <b* < +20
thi duoc xem la tréi song.

Néu -20<a*< 0 va0<b*<+20
thi dugc xem la vung trong.
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Néu -100< a* < -80 va +20 < b* <
+40 thi dwoc xem la trai song.

Néu -80 < a* < -60 va +20 < b* <
+40 thi dwoc xem la trai song.

Néu -60 < a* < -40 va +20 < b* <
+40 thi dugc xem la trai song.

Néu -40 < a* < -20 va +20 < b* <
+40 thi dwoc xem la trai song.

Néu -20 <a* < 0 va+20 < b* <+40
thi dugc xem la vlng trong.

Néu -100< a* < -80 va +40 < b*
+60 thi duoc xem la ban chin.

Néu -80 < a* < -60 va +40 < b*
+60 thi duoc xem la ban chin.

Néu -60 < a* < -40 va +40 < b*
+60 thi duoc xem la ban chin.

Néu -40 < a* < -20 va +40 < b*
+60 thi duoc xem la ban chin.

Néu -20 <a* < 0 va +40 < b*
+60 thi duoc xem la tréi chin.

IN

AN

AN

IN

IA

Néu -100< a* < -80 va +60 < b*
+80 thi duoc xem la ban chin.

Néu -80 < a* < -60 va +60 < b*
+80 thi dugc xem la ban chin.

Néu -60 < a* < -40 va +60 < b*
+80 thi duoc xem la ban chin.

Néu -40 < a* < -20 va +60 < b*
+80 thi duoc xem la ban chin.

Néu -20 <a* < 0 va +60 < b*
+80 thi dugc xem la trai chin.

IA

IN

IA

IA

IA

Néu -100< a* < -80 va +80 < b* <
+100 thi dugc xem la ban chin.

Néu -80 < a* < -60 va +80 < b* <
+100 thi dugc xem la ban chin.

Néu -60 < a* < -40 va +80 < b* <
+100 thi dugc xem la ban chin.

Néu -40 < a* < -20 va +80 < b* <
+100 thi dugc xem la trai chin.

Néu -20 <a* < 0 va+80 <b* <
+100 thi dugc xem la trai chin.

Tiép dén tac gia xay dung mot tap
Iu;lt phéan loai cho ca bién kich thudc
g@m 3 loai: Nh(j), vura, Ic’wn.,Bién do chin
gom 3 loai: Song, nia song nia chin
(ban chin), chin. Tong hop lai ta c6 9
nhém duogc chia nhu sau:

- Néu kich thuéc: Nho va do
song thi la loai |

- Néu kich thuéc:
ban chin thi la loai 11

- Néu kich thuéc:
chin thi la loai 11

chin:

Nho va do chin:

Nho va do chin:

- Néu kich thudéc: chin:

séng thi 12 loai 1V
- Néu kich thudéc:
ban chin thi la loai V
- Néu kich thudéc:
chin thi 12 loai VI

- Néu kich thudc:
song thi 1a loai VII

Vua va do
Vua va do chin:
Vira va d6 chin:
Lén va do chin:

- Néu kich thuéc: Lén va do chin: ban
chin thi 13 loai V11
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- Néu kich thudc: Lén va do chin:
chin thi la loai IX.

Dén day thi tuy vao yéu cau nguoi
ding ma ta cd thé lay ra céac loai dung
theo yéu cau sir dung. Trong dé tai dé
phuc vu cho viéc xuat khau xoai thi cac
nhom duoc chon sé€ 1a; Nhdm V, Nhom
VI, va Nhom VIII.

2.1.6. Phian mém diéu khién

Phan mém diéu khién dugc xay dung
trén may tinh nhing Raspberry Pi 3, su
dung Camera Logitech véi do phan giai
1a 15 Mpixel. Hinh anh dugc chup s€ gui
vé may tinh nhiing Raspberry Pi 3 dé xir
ly, tir d6 ra 1énh diéu khién cac co cau
phan loai.

&) Applications  Places  system Qg

Raspberrypi 3 c6 kha nhiéu he dicu
hanh c6 thé ké ra nhu: Raspbian, Pidora,
openSUSE, OpenWRT, OpenELEC,...

Trong d6 hé diéu hanh duoc sir dung
nhiéu nhat 1a Raspbian. Pay 13 ban phan
phdi cua hé diéu hanh Linux dya trén
nén Debian (Gan giéng ubuntu) véi giao
dién LXDE (thay vi GNOME). C¢6 day
da web browser, media player, tools,
v.v... Hé diéu hanh nay danh cho nhiing
ngudi mudn dung Raspberry Pi nhu mot
cai may tinh thyc thu. Thém vao d6 co
thé dé dang thém céc thu vién can thiét
vi dy nhu: Thu vién OpenCV chuyén
dung dé xir ly anh.

Wed Jun 20, 9:58 PM

I § l\l i
E Fle Edit View Navigate Help

W\
Ca 2
-M? ﬂ '? [ @ httpypww.raspbian.org/

|[*§ search Googla | ‘

ﬂ;l/

raspb\;r?s H;

d
Trzish

i”+@ = Raspbian

N

Home

By Welcome to Ras

Donate

Images Raspbian Is a free operating sy
Installer set of basic programs and utilt]
Repository

Mirrors
Documentation
Forums

Bugs Raspbian Is still nder develop

IRC performance on the Raspberry|

to try Raspbian, early communi

Raspbian provides more than &
bundled in a nice format for ea

Theme |Background |Fonts

Appearance Preferences

[~
B ooo0 _[a[x] x
= Open B10pen ‘ ! Open|
Ze A @ ® | i
airlines AlaDelta Bamboo-zen
- o x Bl -DOx
G FES)
@ Qpen I Open
© F e XO® 0
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| 7 Customnize H Linstall.. |

Get more themes online

| @xek |

| % Close |

Changes
find download. Mest packages are
be run,
Help
Fle Edit Vi ‘ About
« About
Titles | Text
* Get Involved
Places \FAQ
- Donate
| raspbian ‘
i Desktop . Tecjnns
_ File System « Builders
% Network

© Tash
Done (1.85)

* Documentation + eLinux

2 items, Free space: 1.5 GB

\E\ \mﬂ |4 raspbian

|| @ FrontPage - Raspbian -... |

Raspbe [P V]

Hinh 19. Giao dién h¢ diéu hanh Raspbian
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3. KET QUA

Thi nghiém duoc thyc hién tai cac
vua xoai khac nhau, truée khi dé mau
trai xoai vao mo hinh thi nghiém tac gia
tién hanh do dac thuc té, ghi nhan két

qua do dac dung dé so sanh véi két qua
cua do dac md hinh, tiép theo nhd cha
vua XaC nhan mau sic mau trai xoai
thuoc nhém nao: Chin, nira séng nira
chin, chua chin.

Hinh 21. Lwa chon xoai dé thuc nghiém md hinh
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57N ik oy X LB T

Hinh 22. Tong hop céac y kién cia cac chii vra x0ai

Déi v6i 40 mau xoai tuong Gng voi  dugc két qua va tong hop nhu Hinh 23
80 mau xoai mot mat co6 kich thudc, va Hinh 24,
hinh dang, va mau sac khac nhau. Thu

Biéu dd két qua biéu dién theo kich thudc

m Chu Vi (Cm) mDién Tich (Cm)
160.0
140.0
1200

100.0

g

1 3 5 7 91113151719212325272931333537394143454749515355575961636567697173757779

Hinh 23. Biéu db két qua biéu dién theo bién kich thwéc
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Hinh 24. Biéu db két qua biéu dién theo bién kich mau sic

Nhu duogc trinh bay ¢ Hinh 23 va Hinh
24. Viéc phan loai trdi xoai vai cac tiéu
chi da duoc dat ra trude trén phan mém
c6 do chinh xac la 100%. Thoi gian xu
ly trung binh caa phan mém dbi voi mot
buc anh cé kich thudc 640x480 la
khoang 2.3 gidy. Cac thdng sé duoc lay
trung binh va cho két qua nhu sau:

- Chu vi_trung binh = 39.3 cm.

- Dién tich_trung binh = 85.7 cm?,

- Nhom kich thudce_trung binh 1a nhom:
Vira.

- Nhém do chin_trung binh 1a nhém:
Ban chin.

- Thoi gian st ly_trung binh 1a: 2.3 gidy.

(@)
Hinh 25. Hé théng phan cirng caa bai bao

(b)
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Nhu dugc thé hién & Hinh 25, bai bao
da thiét ké thanh cong hé théng phan
loai trai xoai tu dong thdng qua cdng
nghé xu ly anh

Khi da xir ly xong anh két qua dugc
hién thi voi day da céac théng sb: chu vi,

dién tich, do tron, do chin, nhdm xoai
dugc xép loai, thoi gian xu ly... Pong
thoi co ciu phan loai ciing duoc tac
dong theo tirng loai nhom xoai da duoc
lap trinh.

Hinh 26. Anh két qua trai xoai dwoc xép loai vao Nhém V

Hinh 27. Anh két qua trai xoai dwoc xép loai vao Nhom VI
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Hinh 28. Anh két qua trai xoai dwoc xép loai vao Nhom VIII

4. THAO LUAN

Nghién cttu da thuc hién thanh cong
viéc xay dung mot hé théng phan loai
xoai ty dong trén may tinh nhing
Raspberry Pi 3 gilp giam chi phi dau tu
ban dau cua hé thdng, hinh anh duoc
chup trong qué trinh van hanh thuc té
diéu nay gitip dam bao tinh khach quan
cua bai bao nay so vai céc bai bao trude
la str dung hinh anh c6 sin roi dua vao
may tinh xtr ly. Ngbn ngt lap trinh dugc
st dung la Python s& rat thich hop cho
viéc phat trién sau nay: Hoc may, tri
thdéng minh nhan tao, 1oT,...

Ké thira két qua cac cong trinh nghién
ctru trude ddy dé phan loai trai xoai dua
vao cac dac trung vat ly: chu vi, dién
tich, do tron, ti & phan traim khuyét
diém. Song song d6 ciing tim ra phuong
phap dé xac dinh do chin cua trai xoai
dua vao gia tri cua hai kénh a* va kénh
b* trong khdng gian mau CIE L*a*b*.

Tu doé ta c6 thém mot dic trung quan
trong trong viéc phan loai trai xoai tu
dong.

5. KET LUAN

Hé thong phan loai xo0ai ty dong da
duoc thiét 1ap, co cam bién phét hién vat
thé dé phét hién trai xoai dang di chuyén
va tién dén vi tri dat truéc trong budng
chup anh. Loc anh nén bang tai ra khoi
trai xoai gitp cho viéc nhan dang va tinh
toan cac dac trung sau nay duoc chinh
xac. Xac dinh dugc vung bao trai xoai tir
day ta co thé tinh duoc cac dic trung vat
ly cua trai xoai: chu vi, dién tich, do
tron. Tim ra phuong phap xac dinh do
chin cua tréi xoai trong khéng gian mau
CIE L*a*b* théng qua viéc danh gia
mau sic dic trung cua anh trong hai
kénh mau a* va kénh mau b*. Xay dung
hé théng phan loai dua vao cac bién vé
kich thuéc va do chin co thé chia thanh
nhiéu nhdm theo yéu cau ngudi sir dung.
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Bang viéc xay dung hé thong véi cac
phan cang c6 chi phi thip va phan mém
mién phi Debian, Python IDE, OpenCV
dé lap trinh thi nghién ctru nay da hoan
toan khiac phuc hai nhugc diém cua hé
thdng dugc dé& xuat boi C.S.Nandi et al.
(2014). Két qua thtr nghiém trén 80 mau
anh mot mat cua trai xoai ¢o kich thuéec,
hinh dang, mau sic khac nhau, d6 chinh
xé4c 12 100%. Hé thdng c6 kha ning thuc
hién phan loai mot mat trai xoai voi
ning suat dat 720 trai (mot mat)/h.
Pé xuit

Dua trén két qua thuc nghiém dat
duoc va yéu cau thuc tién caa hé théng,
tac gia dé xuat cac goi y dé khac phuyc va
hoan thién hé thdng cho cac nghién ctu
tiép theo nhu sau:

- Sur dung Camera c6 téc do xu ly va
d6 phan giai cao hon dé ting ning suat
phén loai cling nhu tang tinh nang chinh
Xac trong viéc nhan dang cac dac trung
vat ly, @6 chin cua trai xoai.

- Lap dat thém mot Camera dé chup
anh mat con lai cua trai xoai dé phat
trién hé thong thanh hé théng phan loai
hai mat trai xoai co6 kha nang tng dung
vao thuc tién.

- Thiét ké budng chup anh c6 chiéu
dai 16n hon va bo tri thém dén chiéu
sang trong buong chup anh dé d¢am bao
can bang sang trong chup chup anh.

- Xay dung thém co cdu dé ¢ dinh
trai xodi trén bang tai dé tranh trudng
hop trai xoai bi rung lic do quén tinh
lam giam chit lwong cua anh dau vao.

- Nghién cau lap dat thém co céu dat
trai xoai tu dong 1én bang tai & nhing
thoi hang c6 dinh dé hé thdng co thé
hoat dong hoan toan tu dong.

- Ung dung cong nghé may hoc dé
xac dinh cac dic trung vat ly cua tréi
xoai: chu vi, dién tich, d0 tron va do
chin.

M6t s6 han ché caa nghién ctu can
duoc tiép tuc khac phuc nhu: Thoi gian
xtr Iy cua chuong trinh van con cao dua
dén hiéu sut cua hé thong chua cao. Du
da xac dinh dugc d6 chin cua trai xoai
thdng qua mau sac dic trung cia vo trai
trong khéng gian mau CIE L*a*b*
nhung van con mang tinh chi quan do
ngudi 1ap trinh tu phan doan can c6 thiét
bi do chuin hoic bd dit liéu chuin dé so
sanh va ddi chiéu.
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SETTING UP CLASSIFICATION MODEL FOR MANGO FRUITS
BY USING IMAGE PROCESSING TECHNOLOGY
ON EMBEDDED SYSTEM

Do Chi Tam”, Nguyen Vinh Thanh and Le Tan My
Faculty of Engineerign Technology, Tay Do University
("Email: dctam@tdu.edu.vn)

ABSTRACT

The objective of our study was to develop an automatic sorting system for mangoes after
harvesting. Mangoes were brought into the photo booth to extract the classification
features: circumference, area, ripeness. Select the mangoes that meet the pre-set criteria,
the resulting image was displayed on the screen and the LED indicates the classification.
The system was built on an embedded computer Raspberry Pi 3 B+ with a processing speed
of 1.4GHz installed on Debian operating system. Logitech C920 Camera with a resolution
of 15 MegaPixel was used to collect input images, resulting images, displayed via a 7 inch
HDMI LCD screen. 40 samples of Hoa Loc mangoes were tested with 80 images of
mangoes on one side. Our mango classification system was performed with a processing
speed of 2.3s for one sample of mango image.The studied system successfully resulted in
extraction of the physical parameters of mango fruit. The ripeness of mango was
determined through the color extracted from the fruit area.

Keyword: Automatic classification system, classification of mango fruits, physical
parameters, ripeness
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