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Tom tat:

Nghién ctru nay trinh bay phuong phap tu dong hda qua trinh thu hoach va phan loai nho tryc tiép trén cay
bang cach két hop mobile robot va thi giac may tinh ¢ ung dung tri tué thdng minh nhan tao. Pau tién,
thong tin hinh anh vé nho séng va chin dugc thu thap, sau d6, dua vao mang dé huan luyén nhiam phan biét
nho séng va chin trén cay. Ké tiép, mot mobile robot di chuyén trong khu vire dé phat hién vi tri caa qua
nho thdng qua hé thong stereo vision, cdng nghé xir Iy hinh anh va két hop dit liéu da huan luyén dé phan
biét nho chin va séng. Vi tri ciia qua nho dugc tinh todn va tay méy gén trén robot di dong tién hanh thu
hoach. D6 chinh xac va tinh bén vitng cua hé théng va thuat toan duoc kiém tra, ching minh théng qua
thuc nghiém thuc té véi hé thdng mobile robot duoc tinh hop tay méay gan trén no.

T kKhoa: Thi gidc may tinh; Xur ly anh; Mobile robot; Stereo vision; Canh tay robot.

Abstract:

This study presents a method to automate the process of harvesting and sorting grapes directly on a tree by
combining mobile robots and computer vision with artificial intelligence applications. First, image
information about raw and ripe grapes was collected and then fed into the network for training to distinguish
between live and ripe grapes on the tree. Next, a mobile robot moves in the area to detect the location of
the grapes through a stereo vision system, image processing technology, and trained data combination to
distinguish between ripe and raw grapes. The position of the grapes will be calculated, and the manipulator
mounted on the mobile robot will be harvested. The accuracy and sustainability of the system and algorithm
were tested and proven through practical experiments with a mobile robot system integrated with a
manipulator mounted on it.

Keywords: Computer vision; Image processing; Mobile robot; Stereo vision; Manipulator.

1. Giéi thiéu doi nhu 1a mot cong cu hd trg nha ndng trong
viéc thu hoach — mot cong viéc ton rat nhiéu
thoi gian va cong suc [1]. Gan day, cac cong
nghé ndng nghiép dang va s& phat trién theo mo
hinh Noéng nghiép 4.0 [2]. Trong N6ng nghiép
4.0, c4c cdbng nghé “moi ndi” nhu robot,
internet van vat (1oT), tri tu¢ nhan tao va thi giac
may tinh duoc két hop véi nhau ¢6 muyc dich
chung 1 ti vu, nang cao nén néng nghiép [3].
Hon nita, véi su ra doi cua cac hé thdng tu hanh
thong minh da dan dén sy phat trién cua nhitng
robot ndng nghiép manh m¢, hay con dugc goi

Nho va cac san pham tir nho cé nhiéu tac dung
rat Ion trong doi séng hang ngay, ngoai viéc tao
nén thu nhap cho néng dan, nho ciing 1a mat
ngudn thuc pham dbi véi con nguoi. Trong qua
trinh canh tac va trong trot, chat luwong nho bi
anh huang boi nhidu yéu té, mot trong s6 do 1a
cac hoat dong trudc, sau va trong qua trinh thu
hoach dugc coi 12 anh huong dang ké dén chat
lwong san pham. Pic biét 1a rugu vang dugc
lam tir nho. Robot thu hoach nho dugc mong
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la Agrbot [4], [5], [6]. Argbot linh hoat, c6 thé
xir Iy t6t nhitng nhiém vy do sy da dang cua cay
tréng ndng nghiép. Do d6, giam dugc nhirng tac
dong dén moi truong, dong thoi, ting ngudn
cung céap luong thuc, thyc phdm va cai thién
bén vitng nén kinh té. Cac nghién ciru thuong
tap trung vao nhirng tuong tac cua robot vai cay
trong c6 nhitng tinh nang xu Iy linh hoat thudc
ting nhiém vu cu thé nhu 1am c6, thu hoach,
phun thudc, cat tia, tudi nudc,... Rong va cong
su [7] phét trién robot thu hoach ca chua bi, hé
théng bao gom mot bo “stereo-vision” vai muc
dich thu thap data cho viéc xu 1y dau vao, bo
phan cong tac cudi “end-effector”, tay may, bo
phan thu giit trai cay va bo diéu hudng. Hoac
véi robot thu hoach trai kiwi qua nghién ctru
cua Scarfe va cong su [8], robot c6 kha nang
truyén dan tin hiéu qua lién két vo tuyén, tu
dong diéu hudng két hop véi hé thong dinh vi
toan cau (GPS) va thi giac may tinh. Robot thu
hoach dau tay cua Sogaard va cong su [9] la mét
hé théng bao gébm mot camera (RGB-D),
gripper va canh tay robot dugc gan trén mot
mobile robot. Dy &n Argbot ctia Feng va cong
su [10] 12 mot hé thdng robot thu hoach ca chua
bi. Robot bao gdm mat stereo camera, bo phan
cdng tac cudi, canh tay may, gio dung ca chua
va duong. Véi cdu hinh nhu trén, stereo camera
cho phép robot phéat hién dugc ca chua trén cay,
c6 thé nhan biét duoc ca chua song hay chin dé
thu hoach. B¢ phan cong tac cudi dé giir va tach
ca chua khoi cudn. Ngoai ra, nghién cau robot
c6 thé di chuyén trong vudn nho véi quy dao da
duogc dinh sin cling cac thanh ray. Nhuogc diém
cuia robot 12 hiéu suat thu hoach con thap, chua
phu hop cho thuong mai va ti I robot thu hoach
thanh cong chi 83%. Robot cua Lopez va cong
su [11] c6 thé theo ddi duoc stuc khoe caa cly
trong, xac dinh duong di trong vuon nho va
phan phdi cac chat dinh dudng vi luong cho
nho, tuy nhién, robot khéng di chuyén duoc
nhanh va linh hoat quanh khu vuon. Dos va
cong su [12] phét trién robot c6 thé tu hanh va
diéu hudng, thuc hién cac nhiém vy giam sét va
thu hoach & nhitng vudn nho co6 do déc 16n.
Robot cd thé thuc hién cong viéc & cac diéu kién
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anh sang khac nhau nhu ban dém hoac ban
ngay. Botterill va cong su [13] nghién cau mot
robot ty hanh duoc thiét ké dé ty dong cit tia
canh nho, ding hé thong “stereo-vision” dé
trich xuat mé hinh khong gian ba chiéu (3D)
cua cay nho va mot canh tay robot vai nhiém vu
cit tia. Coad va cong su [14] phét trién robot cd
tén la VineRobot. Pay la mot robot tu hanh
trong vuon nho, duoc Iap cac cam bién can thiét
dé c6 thé di chuyén theo 16i di, kiém tra theo doi
siec khoe, dd am, sy phat trién cia nho, danh gia
diéu kién dinh dudng va nang suat cua cay. Tat
ca nhitng théng tin nay dugc giri dén man hinh
dién thoai hoac may tinh bang cua ngudoi néng
dan theo thoi gian thuc. Tir d6, ndng dan cé thé
chu dong trong viéc cham soc ciy trong. Tuy da
duogc ang dung trong thyc té nhung nhuoc diém
ctia C&c robot nay la gié thanh rat cao.

Pé lam chu cong nghé ciing nhu ha gia thanh
san pham phu hop véi diéu kién Viét Nam,
nghién ctru nay dé xuat phuong phap str dung
mobile robot két hop vai cac camera gia ré va
mang tri tué théng minh nhan tao dé phat hién
va xac dinh vi tri caa nho trén gian.

2. Huin luyén va nhan dang
2.1. Chuin bi dir liéu

YOLOV5 la mot m6 hinh thugc mang CNN cho
viéc phét hién, nhan dang, phan loai d6i tuong.
YOLO duoc tao ra tir viéc két hop gitta cac
convolutional layers va connected layers.
Trong d6, cac convolutional layers trich xuat
cac feature cua anh, full-connected layers du
doan x4c suat va toa do cua ddi tuong. Yolo
chia mét buc anh thanh S x S 6 1udi (grid cell),
thuong 1a 7 x 7. Trong tdm cua vat thé dugc tim
trong cac 0 ludi d6 (duoc hoc théng qua viéc
gan nhan va dao tao). Néu trong tdm cua ddi
tugng nam trong 6 ludi bat ky, thi n6 (6 ludi
chira trong tdm cua d6i twong) s& chiu tréch
nhiém tim vat thé 6. YOLO dy doan trong mdi
0, liéu ton tai object vai diém trung tdm roi vao
6. Va du doan diém trung tam, kich thudc va
X4c suat object d6 13 object can xac dinh. Trong
nghién ctu ndy, dya trén khuyén nghi caa ndng
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dan: 1500 hinh anh nho séng va chin dwogc thu
thap, tién hanh gan nhén thong qua phan mém
RoboFlow nhu Hinh 1.

chinh xac. D6 thi “Train Bbox_Loss” do sai sd
gitta khung box dy doan va nhin dan. B thi
“Train Objectness_Loss” do xac suat khi muc
tiéu nho ton tai trong ving quan tdm. D6 thi
“Train Classification Loss” thé hién kha ning
cua thuat toan du doan chinh xac loai nho. Cac
thong s6 caa md hinh huan luyén va két qua caa
qua trinh huan luyén duoc trinh bay tai Bang 1
va Hinh 2.

Bang 1. Thdng s6 cua mang huan luyén.

Hinh 1. Qué trinh gan nhan chim nho chin va
sbng trén phan mém RoboFlow.

2.2. Panh gia mo hinh huin luyén

Céc dir liéu sau khi dan nhan dugc dua vao méo
hinh mang dé huan luyén, cac dudng cong mo
ta duong di ciia ham loss trong qua trinh huan
luyén (train) va xéac thuc (validation) duoc thé
hién qua ba ham mat mét. Gia tri ham mat mat
cang nho, 15i cang nhoé va cang nhiéu dyu doan

Tham sé Giatri
Input size 640x640
Batch size 64
Class 2
Epoch 250
Learning rate 0.001
Conf-thres 0.8
loU- thres 0.5

Grape Detection Loss Graphs

Train Bbox Loss Train Objectness Loss
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Hinh 2. Céc két qua cua qua trinh huan luyeén.

Théng qua Hinh 2 c6 thé thiy, db thi ham loss
giam rat nhanh tir 10 dén 50 epoch dau tién va

Két qua nhan dang anh that sau khi huin
luyén mo hinh dugc minh hoa nhu Hinh 3.

cling hoi tu kha nhanh. Trong giai doan nay, do
chinh xéc, thu hdi va mAP tang nhanh, cho thay
hiéu qua hoc mé hinh cao. Véi viéc dao tao lau
hon (s6 epoch > 50), d¢6 déc cua dudng cong
dao tao giam dan va vé co ban 6n dinh sau 200
chu ky dao tao. Gia tri mat mat dao dong quanh
mirc 0,011. Do d6, diu ra caa md hinh sau 250
chu ky dao tao dugc xac dinh dat dwgc muc tiéu
dao tao.

Hinh 3. Két qua cua qué trinh huan luyén.
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Tir Hinh 3 nhan thdy, md hinh c6 thé nhan dang
dugc chum nho chin va séng trén cay c6 do
chinh x4c cao, ddng thoi, tbe d6 nhan dang mot
lic cho nhiéu chuim nho mét cach nhanh chéng
vé6i 15.5 FPS, téc do nay phu hop véi viéc thu
hoach nho that trén gian.

3. Chuyén déi toa d anh sang toa dé robot

Sau khi nhan dang, str dung ki thuat Al, két qua
¢6 duoc 14 toa do cua vat trong hé toa do anh. Dé
tay may trén robot di dong c6 thé sir dung, cac toa
d6 anh nay can dugc chuyén sang hé toa do that
trong hé toa do canh tay may cua robot. Qua trinh
ndy gém hai budc chuyén doi hé truc toa do 12 tir
anh sang camera gan trén robot va tir camera sang
tay may.

3.1. Tinh toén toa d9 anh sang toa d9 camera

Stereo vision 1a ky thuat sir dung hai camera dé do
khoang cach giita cac ddi twong. Cau hinh don
gian nhat (cau hinh stereo chuan) sir dung hai
camera thang hang va cach nhau theo phuong
ngang. St dung camera stereo nay, c6 thé thu
duoc hinh anh cua déi twong tai hai vi tri khac
nhau: Anh bén tréi va anh bén phai ctia ddi tuong
(su chénh léch). Cac anh cua cac camera duoc
phén tich dé tim nhitng diém chung. Str dung quy
tac tam giac dong dang va do léch cia cac diém
chung dé x4c dinh khoang cach (46 sau) so V6i
camera nhu Hinh 4.

T(X\Y.2)

—_
T

el Eoes

Camera
trai

= = [
\\‘ Camera
TTeead phai

Hinh 4. Cau hinh stereo camera.
Toa d6 chiéu (mm) cua diém T trén camera trai:

(XL, YL, Z)=(X-b/2,Y,Z) ()
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Toa d6 chiéu (mm) cua diém T trén camera
phai:
(Xr, Yr: Zr)=(X+b/2,Y,Z)  (2)

Toa d6 diém anh cua diém T trén camera trai va

phai:
Ur =(X

|

Toa do thuc diém T (X, Y, Z) duoc tinh tir toa
do anh pixel:

f

X+9j
2)7Z

(3)

7 bf :b_f
u-u d
_b(up +ug) _b(ug +ug) 4)
2(UL—UR) 2d
UL—UR d

Véi d 1a sy khac nhau gitra hai diém anh
(disparity).

3.2. Tinh toan toa d9 camera sang toa d¢ tay
may

Do camera dugc dit cd dinh trén mobile robot c6
gan tay may nén khi diéu khién tay may c6 thé gap
duoc vat, can chuyén doi hé toa do camera vé hé
toa do tay may. Mot cach tong quat, dé chuyén
mot diém tir hé toa do nay vé mot hé toa do khac,
can tim ma tran chuyén M. Lan luot thu thap it
nhat bon diém trong toa do tay méay tuong tng Voi
toa d6 cua camera, tir d6 suy ra cong thac sau:

X Riu Ri2 Rz Tx || X
Yi| _|Rau Roo Roz Ty |1
Z; Ry Rep Rez Tz ||zi| (B)
1l Lo 0o 0 11]
< PR =MPC
Trong do:

i: CO giatri tir 1 dén 4;

Pr: Toa d6 diém trung gian dd biét trudc
trong hé toa do robot;

Pc: Toa do diém trung gian da biét trudc
trong hé toa do camera.
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4. Thuc nghiém

Téng quan khéng gian thyc nghiém: Thuc nghiém
trong mdi truong anh sang binh thuong ban ngay.
Khoang cach gitra mobile va gian nho la 300 mm.
Chiéu cao gian nho 12 340 mm. Chiéu dai gian nho
la 1000 mm. Sé lwong nho chin 1a 07, nho séng 1a

Chum
nho song

Chum
nho chin [

Jetson Nano

02. Cac chiim nho dugc b tri ¢ cac vi tri cao, thap,
xa, gan dé kiém tra kha niang thu hoach nho cua
robot. Phan cing caa robot bao gém phan diéu
khién str dung Jetson Nano BO1, camera stereo
IMX219-83, tay may ba bac ty do dé thu hoach
chum nho nhu Hinh 5.

I

Tay may

Hinh 5. M6i truong thyc nghiém.

Qua trinh nhan dang va thu hoach nho trén gian
nhu sau: Bang céch sir dung mang neural da
duoc huan luyén robot di vao khu vuc thu hoach
va nhan dang chum nho nhu Hinh 6a, sau do, hé
thdng tinh toan vi tri cia chum nho chin va

5
B
=
=

truyén vé cho tay may gin trén robot tién hanh
cat cudng nhu Hinh 6b. Robot tién hanh bo
chum nho vao khay dat trén robot nhu Hinh 6¢.
Qua trinh thu hoach cir thé tiép dién cho dén khi
hét chum nho chin trén gian.

Hinh 6. Qua trinh robot nhan dang va thu hoach nho trén gian.
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Nhan xét:

e Robot c6 kha nang thu hoach nho ¢ cac vi tri
khac nhau trén gian nho;

e Qua qué trinh thuc nghiém, thay dugc robot
thu hoach dugc 07 chum nho trong vong 4,5 phut.
Nhu vay, trong vong mot gio, robot thu hoach
duoc 105 chum nho véi khdi lwong chim nho
trung binh la 50 g, twong duong vai 5,25 kg.

Diéu nay, c6 thé thiy rang, robot dap ung
ning suat dé ra & dau bai toan vai Skg/h. Robot
¢6 kha nang phan biét nho chin va nho séng dé
thu hoach nho.

5. Két luan

Nghién ctru da trinh bay mot phuong phap hig¢u
qua dé thay thé nguoi thu hoach nho, gitp cho qua
trinh thu hoach nhanh hon, hiéu qua hon. Bing
cach tng dung ky thuat mai nhat hién nay 1a tri tué
thdng minh nhan tao, chiim nho chin va song dugc
nhan dién chinh xéc, d& dang. Hé théng c6 chi phi
thap, khéng qua phac tap, ¢ thé san xuat tng
dung hang loat. Thoi gian cho qua trinh nhan dang
va truyén tin hiéu cho robot dap tmg duoc yéu cau
téc do thu hoach. Ngoai ra, mé hinh van con nhiéu
tiém ning dé phét trién nhu: Thém cac mo hinh
xac dinh do chin, phéat hién bénh cho cay nho hay
két nbi robot véi nguoi ding théng qua cac tng
dung trén dién thoai hoac may tinh bang. Tur do,
nguoi ding cd thé theo dai, giam sat cac qué trinh
hoat dong cua robot.

Lol cam on

Nhom tac gia xin cam on Truong Dai hoc Béch
khoa - Pai hoc Quéc gia Thanh phd H6 Chi

Minh d hd trg thoi gian, phurong tién va co s¢
vat chat cho nghién cau nay.
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