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Tom tit

Day chuyén phan loai hoa quda dwoe sir dung nhiéu & Viét Nam van con thii cong, ton nhiéu thoi

gian va can nhdn céng. Bai bdo trinh bay tong quan vé thiét ké day chuyén c6 kha nang phdn loai
hoa qua tw dong bang viéc sir dung tri tué nhan tao, dap vmg dwoc tang toc dé phan loai quad va cé
dé chinh xdc cao, giam chi phi va cdi thién chdt herong san pham néng nghiép, dép iing cdc yéu cau
vé chi phi dau tw, tinh linh hoat khi thay doi loai nong san theo mua vu tai Viét Nam.

Tir khéa: Phdn logi nong san hoa qud, tri tué nhan tao, ddy chuyén.

Applying artificial intelligence (ai) in fruit sorting line
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Abstract

Fruit sorting lines widely used in Vietnam are still manual, time-consuming, and requires labor.
This paper presents an overview of the design of modern lines and equipment capable of automatic
fruit sorting by using image processing technology combined with an artificial intelligence network

to increase speed. fruit classification and high accuracy. Meet the requirements of investment costs,

flexibility in changing the type of agricultural crops according to the season in Vietnam.

Keywords: Fruit and agricultural product sorting, artificial intelligence, production line.

1. Dit van dé

Céc day chuyén phan loai hoa qua pho bién
hién nay thuong dugc sang loc dua trén kich
thude, trong lugng, mau sic hodc bang nhan
cong, v.v.. Cac day chuyén nay, tuy di khic
phuc dugc cac nhuoc diém cua phuong phép
phan loai san phén truyén thong, nhung van ton
tai cac van d& nhu: Khoéng gian lam viéc 16n,

can nhan cong tham gia phén loai, thoi gian 1am
viéc lon, va co sai sot. Viéc ap dung tri tu¢ nhan
tao (AI) vao hd trg phan loai trai cdy bang hinh
anh s& 14 budc tién dua kinh té néng nghiép phat
trién, hoan chinh day chuyén phan loai nong san
tu dong hoan toan.

Noi dung chinh ctia bai bdo s& [am 13 nhiing
van dé sau: Ung dung cong nghé xir Iy anh va
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mang tri tu¢ nhan tao trong k¥ thuat nhan dang
hoa qua, tap trung phan loai cac loai hoa qua ho
nha cam quyt. Cing véi do, thiét ké hé thdng
day chuyén phén loai hoa qua theo kich thuéc,
mau séc (chin, xanh, thdi,...), hinh dang (bi di
tat, bé mit bi triy xudc). Day chuyén phu hop
ap dung rong rai voi gia thanh ré va don gian
trong qua trinh van hanh, thao tac.
2. Thu thap va tién xir Iy dir li¢u

Dé ¢ co so dit liéu cho phan mém hoc va
phat trién thu thap va tién xtr 1y 13 bude dau quan
trong khong thé thiéu. Dit liéu anh thu chup tir
cac loai hoa qua ho nha cam quyt trén cac ngudn
dit liéu mo thudng c6 sb lugng anh khong nhiéu,
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dac biét cac loai trai cay ¢ Viét Nam la tuong déi
hiém va khong duoc phat hanh cong khai. Dé
kiém nghiém két qua nghién ctru, dé tai tiép can
thu thap dir liéu theo hai cach:

Thir nhdt, thuc hién thu thap mot sb
mau trén thuc té khi chup anh mau vat thuc
nghiém tai dia diém vuon trong, cic nha may
ché bién va trai cdy da dong hop ché bién tai
cac dia diém ban.

Thir hai, dé tang tinh da dang thyc hién bién
dbi dir liéu qua cac phép xoay anh, 1at anh, thay
doi ti 1¢ ddi tugng chiém chd, thay ddi nén, bo
sung nhiéu v.v..

CAu trac tap dit liéu dugc mo ta nhu sau:

Hinh 1. Céu trac tap dir licu str dung cho mo hinh
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Qué trinh tién xu Iy tap dit liéu bao gdm sip
xép hinh anh theo trai cay, loai trtr hinh anh ¢6 d6
phan giai thap va bi hong, nhom hinh anh thanh
céc 16p, thay doi kich thudc hinh anh dé vira nén
den v&i khung vé 640 x 640 pixel va chun hoa.
Mang no-ron tich chdp (Convolutional Neural
Network) yéu cau hinh anh dau vao phai ¢6 kich
thudc ddng nhét, didu nay can thiét dé mang

xtr ly ching mot cach hiéu qua va giam ganh
nang v& mat tinh toan. Su thay ddi 16n vé kich
¢ hinh anh c6 thé 1am ting tai tinh toan trén
mang, lam cham qua trinh dao tao va suy luan.
Sau khi thuc hién thay ddi thanh cac anh c6 kich
thudc dong nhat, ta thuc hién chuan hoa hinh
anh. Viéc chudn hoa cac gia tri pixel thanh mot
pham vi chung (vi du: [0, 1] hodc [—1, 1]) giup
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6n dinh va tang toc do tra két qua. Piéu nay dam
bao rang trong s cia mang duoc cap nhat thong
nhat, ngan chan sy bao hoa cia cac ham kich
hoat. Cu thé, chuan hoa ciing gitp giam thiéu tac
dong cua su khac biét vé 4nh sang va do tuong
phan gitta cac hinh anh, lam cho mang tré nén
manh m& hon, truéc nhimng thay dbi trong dir
liéu dAu vao. Ap dat cac rang budc vé trong sb

va kich hoat ciia mang, 1am cho mé hinh c6 kha
nang chdng nhidu tt hon.

Sau cung, qua trinh tong hop cac dir liéu
miéu ta cu thé tai Béang 1, céc ngu{“)n anh tham
khao tai dit liéu mo néu trén. Trong do, $6 luong
céc mau c6 sy twong dong vé s6 luong dé tranh
hién tuong mét can bé‘mg dir liéu, dé gay hién
tuong over/under fitting.

Béang 1. B dir li¢u khi dao tao

Loai trai ciy S6 lwgng anh trén toan bd tap dir liéu Téng
Cam mét On Chau 1226
Cam Canh 1356 4927
Cam Vinh 2345
Chanh ta 1344
Chanh khong hat 2045 4024
Chanh dao 635
Budi nam roi 965
Budi da xanh 2645 4821
Budi dién 1211
Téng s6 lwgng anh toan bd tap dir liu 13772

3. Xay dung chwong trinh

Truéc khi thyc hién hoc chuyén giao
(Transfer Learning), d6 1a mé hinh ban dau
nhan dién ho YOLO (You Only Live Once).
bay 1a mot mo hinh hoc sau (Deep Learning)
phé bién cho cac nhiém vu phan loai dbi
twong v6i wu diém chinh xac va hoat dong

trong thoi gian thuc. Trong d6, YOLOvS la
phién ban méi nhét cta thuat toan YOLO cai
thién so v6i cac phién ban trudc bing cach
gi6i thiéu nhiéu cai tién khiac nhau vé tinh
ning va ngit nghia méi truong nham phat
hién chinh xac hon so vdi cac phién ban
trudce day.

Hinh 2. CAu triic m6 hinh YOLOv8

FPM

Feature Pyramid

Tuong ty cac md hinh nhan dién khac
nhu SSD (Single Shot MultiBox Detector),
YOLOVS cling thuc hién dy doan xac suat do6i

tuong phat hién trén nhiéu ban d6 dic trung
(Feature map). Nhitng ban dd dac trung ban
dau co kich thudce nho gitp du bao duoc cac
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véat thé kich thuéc 16n. Nhitng ban d6 dic
trung sau co kich thudc 16n hon trong khi hop
neo (Anchor box) duge giit ¢é dinh kich thude
nén s€ giup du bao cac vat thé kich thudc nho.
Hop neo chinh 1a co s¢ dé wdc lugng cac hop
gi6i han (Bounding box) chinh xac cho cac
vat thé. Mat khac, mo hinh ciing du bao ra rat

nhiéu hop gi6i han trén mot bic anh nén ddi
v6i nhitng khung dy doan co vi tri gan nhau,
kha ning bi chong 1ap 14 rt cao. Trong truong
hop d6, YOLO s& can dén trc ché khong t6i da
(Non-max suppression) dé giam bot s6 lugng
céc khung hinh dugc sinh ra mot cach dang ké
véi so dd thuat toan nhu Hinh 3.

Hinh 3. Thuat toan Non-max suppression [1]

L

Area of Overlap
Area of Union

Ham mét mét dwoc st dung [2] chia thanh 2 thanh phan: Lloc do luong sai sb ctia hop gisi han

va Lcls do luong sai s6 cta phan phdi xac suét cac 16p phan loai theo cong thirc sau:
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Trong qué trinh phat hién trai cay, nhan thay rang, bén canh cac loai qua dé phat hién nhu cam va

budi thi chanh kho phat hién hon va c6 thé gdy nhdm 1an. M6 hinh MPCA (Multiplexed Coordinated
Attention) [3] 1a mot cai tién cia mé hinh CA (Coordinate Attention), nim bit thong tin lién kénh,
cling nhu thong tin nhan thirc vi tri va hudng, dé dat duoc viéc dinh vi va nhan dang muyc tiéu chinh
xac hon.

Hinh 4. Thuat toan Non-max suppression [1]
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Nhu minh hoa trong Hinh 4, co ché chu
¥ MPCA cii tién khac véi CA bao gom ba
kénh, trong do, git nguyén kénh X va Y cua
CA gbc, va hai kénh nay dua cac ban dd dic
trung di qua qua trinh trung binh tich iy
theo hudng chiéu cao va chiéu rong. Dé ting
cudng cac dic trung chi tiét cua chiéu cao
va chiéu rong, ching t6i thuc hién mdt budc
tich chap tiép theo, sau d6, phan doan qua
ham sigmoid. Cac két qua phan doan sau d6
duoc nhan voi cac két qua tich chap ban dau
riéng 1¢, do do, ting cuong trong sb. Nhanh
kénh thtr ba dugc thém vao, GAP (Global
Average Pooling) nhan manh viéc thuc hién
mdt 16p giam mau trén toan bo thong tin dic
trung, do d6, bao ton nhiéu thong tin nén cia

hinh anh hon. Qua trinh nay cua ba kénh &

Hinh 5. Ciu

cac giai doan thuc hién song song khong chi
nim bat thong tin lién kénh, ma con thong
tin vi tri lién quan dén huéng, gitp mé hinh
dinh vi va nhan dang muc tiéu t6t hon, du
linh hoat hon.

OREPA (Online Re-

parameterization) la mot cau triic moé hinh cho

Convolutional

viée tai tham sb hoa tich chap truc tuyén, st
dung mot quy trinh hai giai doan dé giam bat
khdi lwong dao tao 16n bang cach nén cac khi
phtic tap cuia thoi gian dao tao thanh mot lan
tich chap duy nhat. Diéu nay rét can thiét cho
viéc dao tao cac mang no-ron tich chap quy
mo 16n véi cac ciu triac phirc tap va cho phép
chtng t6i tai tham sé hoa mé hinh theo cach
tiét kiém chi phi hon. Céu truc cia phuong
phap OREPA [3] dugc hién thi trong Hinh 5.

tric OREPA [3] v6i

(a) Protoype Block, (b) Linearized Block, (c) Traning Block
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Nhu dugc minh hoa trong cac giai doan
a dén b coa Hinh 5, giai doan dau tién cua
OREPA duogc goi la tuyén tinh héa khéi, bao
gdm viéc loai bo tat ca cac 16p BN phi tuyén
va thém vao cac 16p ty 1& tuyén tinh. Mac du
cac 16p nay chia sé cac thudc tinh tuong tu
v6i 16p BN, chung gitp t6i wu hoa su da dang
gitta cdc nhanh khic nhau. Tir b dén ¢ cho

thiy giai doan thtr hai cia OREPA dugc goi

12 nén khdi, giam su phirc tap cua cac khdi
tuyén tinh nhanh xudng thanh mot 16p tich
chap duy nhit. Giai doan nay giam do phuc
tap ctia mang trong khi van giir dugc thong tin
quan trong. Giai doan thir hai bao gém viéc
nén cac tich chap nhiéu 16p va cac tich chap
nhiéu duong thanh mot tich chap duy nhit.
Sau cung, thyc hién phén loai trai cay

theo mo hinh mo ta chi tiét tai Hinh 6.
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Hinh 6. M5 hinh phén loai dé xuit
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Hinh 7. Két qua theo ddi qua trinh dao tao véi (a) két qua theo ddi 20 epoch dau tién
va (b) két qua theo ddi 20 epoch tiép theo
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Sau khi thyc hién dao tao va go bo khoa cac 16p trudc do, st dung tap dir licu huén luyén dé dao

tao toan bd mo hinh di dugc dé xuat, két qua dugc thé hién tai Hinh 8.

Hinh 8. Két qua theo dbi qua trinh dao tao mé hinh dé xuét
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Dya vao Hinh 8 cho thiy, mat mat trong
qua trinh hudn luyén (Training Loss) va mat mat
trong qua trinh kiém tra (Validation Loss) ctia
tap dir li¢u train va valid déu dang hoi tu véi sai
sO rat bé. Sai s6 giam twong dong trén ca 2 tap
cho thay, mé hinh da tranh duoc hién tuong qué
khép (Overfitting).

Ngoai ra, dé danh gia khach quan bén canh
theo doi két qua dao tao qua cac lan duyét, thuc
hién tinh toan cac chi s [4] cho toan bd qua
trinh dao tao.

Do chinh xac cua mo hinh dugc tinh theo
cong thuec:

accHracy =

IP+IN
TP+IN + FP+FN

Trong d6, TP 1a s6 lugng du doan ding
duong, TN 14 s6 lugng du doan dung am, FP s6
lugng du doan 16i duong tinh gia, FN 13 s6 lugng
duy dodn 16i 4m tinh gia.

D¢ chinh xac cho cac du doan dung duong
chinh x4c dugc mo ta baoi:
TP

IP+FP
Do nhay cho cac phat hién diing chinh xac

precision=

cua mo hinh:
_P
TP+FN
Hiéu suit mo hinh dugc danh gia qua chi
s6 mAP nhu sau:

recall =

1N
mAP = — T AP,
i=1

Chi s6 mAP khi dat trén 0.9 da c6 thé nhan
dién tét trén thuc t€, mo hinh cta chung toi dé
xudt da dat mAP = 0,99 (quan sat Hinh 8) cho

th&y mé hinh da dat d¢ chinh xdc cao trong
viéc phén loai cac doi tugng.

Hinh 9. Anh huén luyén d4 dugc gan nhan
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Bang 2. Hi¢u suAt mo hinh nhan dién
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Loai trai cay precision recall mAPS0 MAP50-95

Cam 0.960 + 0.034 0.971 +0.090 0.991 + 0.040 0.985+0.014
Chanh 0.930+0.016 0.942 £ 0.017 0.941 + 0.060 0.978 +0.006
Buoi 0.910 +0.025 0.945 +£0.011 0.935+0.100 0.969 £ 0.012

4. X4y dung md hinh diy chuyén

Mb hinh gdm b diéu khién trung tam la PLC, khéi thu tin hiéu hinh anh tir bén ngoai 1a Camera,

sau do, diéu khién hoat dong cua cac dong co va hién thi két qua trén man hinh.
Hinh 10. So d6 khéi hé thong

Chiic ning cua timg khdi:

Khoi it diéu khién (PLC): C6 chirc ning nhan
tin hiéu hinh anh tir khdi camera da duoc tién hanh
xir Iy va phén tich nhan dang trén khéi may tinh,
ddng thoi, nhan tin hiéu tir cac cam bién cua khdi
bang tai sau do ra 1énh cho cac co cau chap hanh
thuc viée phan loai va déng goi theo yéu cau.

Khéi camera: Co chirc nang thu thap tin hiu
hinh anh tir thyc t& chuyén vé tin hiéu dién va giii

Khoi

camera

dit liéu cho khdi may tinh.

Khoi may tinh: Co chirc nang xtr Iy va phan tich
cac dir liéu hinh anh duoc thu thap tir khdi camera,
két ndi dir liéu voi b diéu khién va co chirc ning
hién thi két qua nhan duoc tir khdi ti diéu khién.

Khoi béng tdi: La phan co khi ciia hé thong
nhan nhiém vy phan loai va déng go6i hoa qua.
Nhan lénh tir b xir 1y khdi bang tai thuc hién
nhiém vu ctia minh.

Hinh 11. Xay dung ban v& 3D m6 hinh day chuyén phan loai

5. Két luan

M6 hinh dat d§ chinh xac cao trén cac loai
trai cay thugc ho cam quyt (cam, chanh, buoi), voi
chi s6 mAP dat 0,99. Do chinh xac (precision) va
d6 nhay (recall) ciing dat mac vuot trdi, dac biét
v6i cam (precision = 0,960; recall = 0,971). Mo
hinh khong chi nhan dién t6t cac loai trai cay, ma

Tai liéu tham khao

con xac dinh chinh xac vi tri cua chung trén day
chuyén. Téc do xir Iy trung binh dat 12-20 FPS
trén thiét bi hd trg GPU, phut hop véi yéu cau phan
loai theo thoi gian thyc trong cac ddy chuyén cong
nghip. Mo hinh tmg dung cong nghé xtr Iy anh va
mang no ron Al ¢6 thé mé réng va phat trién dé ap
dung vao thuc té cho céc loai hoa qua khéc.
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