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Tém tit - Hién nay, viéc lam dung hoa chit diét co khéng chi gay
tac dong x4u dén méi trudng va sirc khoe con ngudi ma con dan
dén viéc hinh thanh ngay cang nhanh cic loai co c6 khi ning
khang thudc. Do d6, viéc nghién ciru cac phuong phap diét co
khong str dung hoa chat dang ngay cang dwoc quan tam. Trong bai
bao nay, nhém tac gia d& xuit mot thiét ké robot nhd c6 tw dong
dwa trén phan tich hinh anh. Tir d6, ché tao mot nguyén mau dé
kiém thtr va danh gia. M6 hinh hoc sau duoc 4p dung véi co sé dit
lidu dugc thu thap thuc t& dé phat hién cac di tuong cdy tréng va
6 dai. Nhém tac gia d& xuit phuong phéap dé xac dinh toa do 3D
cua ddi tuong quan tdm dya trén mo hinh camera. Két qua thuc
nghiém cho thdy, hé thong co d chinh xéac cao trong phat hién,
phén loai va xac dinh toa d¢ 3D cua cac dbi tuwong quan tam.

Tw khoa - Hoc sau; Phat hién dbi tugng; Diét co tu dong;
Robot

1. Gi6i thi¢u

Trong thé ky trudc, san xudt ndng nghiép di dat duoc cac
thanh tuu vuot troi nho vao viée canh tac trén dién rong | két
hop véi co khi hoa cac cong cu san xuat. Ngoai ra, cac giéng
tang truong va bién débi gen, ciing nhu thudc trir sau, diét co
va phén bon ciing da gop phan nang cao nang suét san Xuét.
Tuy nhién, xu huéng ndy ciing gay ra mot so véan dé. Viéc
str dung cac hoa chat dé trir sau va diét co trén dién rong tac
dong x4u dén moi truong va din dén tinh trang khang thudce
& chc dong thyc vat lién quan. Theo thong ké & bao cao [1],
tinh trang co khang thudc da lam ting chi phi san xuét 1én
27% trén mot mau Anh tai Australia do tang chi phi diét co
va thiét hai vé ning suét cdy trong. Tai My, cac nong dan
phai tra thém 150 USD trén mot mau Anh dé nhd co thi cong
khi cac bién phap diét c6 bang hoa chat khong con hiéu qua
do ¢6 khang thubc. Tuy chua c6 thong ké cu thé tai Viét Nam
nhung mét s6 nghién ctru trong nuée ciing di danh gia muc
d6 co khang thude va dua ra cac khuyén céo [2].

Nhim giai quyét van dé nay, bén canh cac bién phép sir
dung thudc diét cé hop 1y thi viéc 4p dung cac k§ thuat va
cong nghé tién tién dé thay thé mot phan hodc hoan toan
phuong phép str dung hoa chit dang duge quan tim nghién
ctru. Gan day, cac robot diét cé ty dong voi kha nang phan
loai cdy trong va co dai cho phép cit giam lugng hoa chét sir
dung vi khong phai phun trén dién rong [3-5]. Mot s6 nghién
ctru khéc d& xuét céc thiét ké két hop giita xe ty hanh va may
bay khong nguoi 1ai dé phat trién mot nén tang robot quan
ly cy trong va co dai [6]. DAi véi cac mo hinh nay thi khdi
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phat hién va phan loai cac ddi twong cdy trong, co dai dong
vai tro quan trong. Viéc phat hién cé dai thuong duoc tién
hanh théng qua hinh anh thu hoac tir camera mau thong
thuong hodc két hop voi camera can hong ngoai. Viéc st
dung camera thong thudng c6 wu diém vé gia thanh. Tuy c6
gi4 thanh cao nhung camera can hong ngoai lai c6 loi thé
hon do btic xa trong dai tin nay dugc phan xa manh boi 14
cdy. Phuong phap chung dé phat hién cay trong, co dai la
phan ving anh theo mau séc trong cac khong gian mau khac
nhau nhu HSV, Lab, ... [3]. Tuy nhién, phuong phap nay bi
anh huong nhiéu béi sy da dang va phirc tap vé mau sic cua
cdy trong va nhidu 4nh sang tir méi trudng. Viéc phan loai
cdy trong va co dai duoc thyc hién théng qua cac md hinh
hoc méy (machine learning) véi cac dic trung dau vao lién
quan dén hinh déng, cau trac, gradient, ... [4, 5].

Trong thoi gian gan day, voi su phat trién cta ki thuat
hoc sau (deep learning), cac bai toan phat hién va phan
loai d6i twong dwoc giai quyét hidu qua. Cac nghién ciru
[7-12] da d& xuat cac mo hinh phat hién d6i tuong, phi
hop vai céac tiéu chi ung dung khac nhau nhu d¢ chinh
xéc, toc d6 xtr 1y, ... Cac mo hinh phat hién ddi tuong dua
trén ky thuat hoc sau dugc chia thanh 2 loai co ban nhu
sau [7]: Thr nhét, cac md hinh nhu R-CNN [8], Fast R-
CNN [9], ... dua ra cac vung dé xudt va thuc hién phan
loai ddi twong cho cac ving nay; Thir hai, cdc mo hinh
nhu YOLO [10, 11], SSD [12], ... thuc hién phép hdi quy
dé du doan cac thong tin vé vi trl va phan loai ddi tuong
dua trén cac dac trung phan tich dugc tir anh thong qua
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mang no-ron tich chap. Cac mo hinh dya trén ving dé
xut c¢6 loi thé vé& d6 chinh xac déi véi dinh vi ddi tuong
nhung ¢6 téc do xir Iy cham. Trong khi d6, cac md hinh
dua trén hdi quy ¢6 wu diém vé toc do xir Iy nhanh va do
chinh xac d6i voi phan loai ddi tugng.

Trong bai b&o nay, nhom tac gia dé xuat mot thiét ké
robot diét co ty dong voi khéi phat hién, phan loai va dinh
vi @i tugng duoc xay dung dira trén mé hinh hoc sau. So
v6i cac nghién ctru lién quan [3-6], nhom tac gia ¢6 3 dong
g6p chinh trong nghién ctru ndy. Cu thé nhu sau: Thir nhat,
nhom tac gia dé xuat mot thiét ké khung robot véi co cau
dau kep dé nhd c6 nham tranh st dung hoa chét diét co.
Duya vao thiét ké nay, ché tao mot nguyén mau dé kiém thir
va danh gia; Thu hai, 4p dung mo hinh hoc sau v6i co so
dir liéu dugc thu thap thyc té dé phat hién va phan loai d6i
tugng ddi twgng cdy trong, co dai; Thi ba, d& xuat phuong
phép xéc dinh toa dd 3D cua cac diém quan tam tur toa do
anh tuong ing dua vao mo hinh camera.

2. Tong quan vé hé thong

So d6 khdi ciia hé théng dwoc mé ta ¢ Hinh 1. Hinh anh
thu dugc tir camera s& sir dung dé phat hién co dai. Mot mo
hinh hoc sau dugc 4p dung dé phan tich hinh anh va dwa ra
du doan vé phat hién ddi tuong trong anh. Cac dbi twong
s€ dugc dinh vi trong anh boi mot hdp gioi han (bounding
box) voi kich thudce va toa do tam.

RGB Camera
J Image: RGB
Phit hién co dai

[ e

Xdc dinh toa d
3D

[ List:
Piéu khién co
cfiu chip hanh

Hép gidn han
I'oa d6 3D

l Binary: Tin hi¢u dieu khién

Co chiu tic vu

Hinh 1. So' d6 khéi ciia mé hinh robot diét cé tir dong
Tt thong tin vé toa do tdm cta doi tugng, tinh toan toa
do cua doi tugng trong khong gian 3D. Thong tin nay dugc
st dung d€ di€u khién cac dong co dé dich chuyén co cau
tac vu dén vi tri can thiét.

3. Thiét ké co khi

Phan thiét ké co khi cho robot bao gdm 3 thanh phan
chinh sau: Khung robot, khdi dong co va truyén dong, co
céu kep. Phan thiét ké va mo phong dugc thuc hién bang
phan mém SolidWorks (Hinh 2).

Khung robot duoc thiét ké theo hé Prusa (Hinh 2a). Dua
trén cac khao sat thuc té, dua ra kich thudc cua robot nhu
sau: 0,75m (D) x 0,7m(R) x 0,7m (C). Phan co cau kep
¢6 thé dich chuyén theo 3 truc tw do (Hinh 2b). Ba dong co
budce dugc su dung dé dich chuyén co chu dau kep thong
qua cac day cua-roa dugc lap trén céc ray truot (Hinh 2c).
Céc mach driver didu khién dong co dugc bd tri doc lap
trén ting dong co. Co ciu kep dugc diéu khién bang khi

nén, duoc duy trit trong binh chtra va duoc dua tdi co cau
chap hanh ctia dau kep thong qua cac van diéu khién. Khi
nhén duoc tin hiéu diéu khién tir vi didu khién, cac van s&
dong mo dé van hanh co céu kep. Chi tiét gan co cdu kep
dugc thiét ké dé co thé dé dang thay thé boi cac co cau tac
vu khac tuy theo muc dich.

a)

b)

c) s .
Hinh 2. Thiét ké 3D: (a) Khung robot; (b) Chi tiét dau kep;
(c) Chi tiét ray truot

4. Phat hién va xac dinh toa d 3D ciia ddi twong
4.1. M6 hinh phat hi¢n doi tugng

Qua khao sat mot s6 nghién ciru lién quan [7], nhom tac
gia Iya chon mo hinh YOLO dé ap dung cho khdi phat hién
dbi twong. YOLO c¢6 uu diém vé tdc d6 xir Iy nhanh. Khéc
v6i cac mo hinh dya trén viing dé xuat, mo hinh YOLO chi
dya trén mdt mang no-ron duy nhét v6i ddu vao 1a mot anh
va dau ra 1a thong tin vé vi tri va kich thudc cta hop gidi
han va phan loai cia déi tuong phat hién dugc. Anh dau
vao dugc chia thanh cac 6 (cell), mdi 6 s& dy doan cac
thong tin v& hop gi6i han va phan loai cia dbi twong (Hinh
3a). M6 hinh YOLO st dung céc 16p ctiia mang no-ron tich
chap co ban dé trich xuét cac dac trung cta anh. Sau do,
mo hinh YOLO thuc hién bai toan hdi quy véi dit lidu vao
la cac dac trung anh va dir li¢u ra 1a cac cac thong tin vé
hop gidi han va phéan loai d6i twong thong qua céc 16p lién
két day du (fully-connected layer) (Hinh 3b).
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Final detections

a) Class probability map
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Hinh 3. M6 hinh YOLO: (a) Nguyén Iy, (b) Kién triic mang [10]
Ham mat mét ciia mo hinh YOLO bao gom nhiéu thanh

phan dé danh gia viéc du doan kich thudc va vi tri cia hop

gidi han va viéc phan loai doi tugng. Ham mat mat c6 dang

nhu sau [10]:
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ceclasses
1
v6i, 1/thé hien su c6 mit cia dbi twong trong 6 thir i;
"b’ thé hién két qua du doan ctia hop gidi han thi j trong
0 thu i;x,y,w,h lan Iuot 1a toa d0 tdm va kich thudc cug
hop gigi han; € 1a d¢ tin cay (confidence); p(c) la xéc suat
phan loai; Acoora = 5, Anoopj = 0,5 — trong so.

4.2. Xac dinh toa do 3D

Do anh thu dugc tir camera chi chira thong tin 2D trong
khi khong gian thue 12 3D nén ta khong thé xac dinh dugce
toa do cua dbi twong quan tam trong khong gian 3D néu
khong c6 thdng tin thém. D6i véi mé hinh robot nay, ta giir
) dinh vi tri cia camera so voi hé truc toa do gén vO1 mat
day cua robot nén duya trén cac thong tin vé khoang cach

nay, ta co thé xac dinh dugc toa do cua cac vi tri quan tam
trong khong gian 3D tir toa d6 ctia diém anh. Tuy nhién, do
anh hudng cua méo dang quang hoc (optical distortions) va
sai s trong viéc do khoang cach nén ta can c6 phuong phap
hiéu chuan (calibration) dé tang do chinh xac cua viéc xac
dinh toa d6 3D. Trudc hét, ching ta can mo hinh héa cho
camera va udc lugng cac hé s6 cia mo hinh nay.

Mot camera thong thuong c6 thé md hinh hoa bang mé
hinh camera 16 kim (pinhole camera), tirc camera dugc xem
nhu mot hop kin ¢ mot 18 v6i khau do nho dé anh sang tir
vét di qua va tao anh trén cam bién [13]. P& m6 hinh héa
chinh xac camera thuc t&, md hinh camera day du dugc bd
sung thém cac méo dang quang hoc xuyén tdm (radial
distortions) va tiép tuyén (tangential distortions) sinh ra do
céc thau kinh cta camera.

Dé thuén tién cho viéc md hinh hoa camera, ta thém vao
mot mit phang anh chuan hoéa (normalized image plane)
song song v&i mat phang anh vat 1y (physical image plane)
va cach 16 kim mot don vi khoang cach (Hinh 4). Goi
P=XYZDT,p=Eyp 1" vap=(xy 1T lan luot 1a
chc toa do dong nhat (homogeneous coordinates) cua diém
vat trong khong gian 3D, diém anh trén mit phang anh
chuén hoa, va diém anh trén mat phang anh vat ly. Mé hinh
camera md hinh héa phép chiéu tir diém vat trong khong
gian 3D dn diém anh trén mat phang anh vat 1y nhu sau:
Trudc tién, tia sang tir diém vat P tao anh p trén mat phang
anh chudn hoa theo mdi quan hé sau:

1R ot 1
_Z(OT 1)P—ZTP, @)
V6i, R, t —ma tran xoay va vector tinh tién dé bién déi diém
P tir hé truc toa d6 cua khong gian 3D sang hé truc toa do
cua camera; T dugc goi la ma tran hi¢u chuén ngoai.

— /Mt phiing anh
"'\\_;_‘-J chuin hoa
/Mt phang inh

7 vhLy

Hinh 4. M6 hinh camera
Do anh huong ciia méo dang quang hoc xuyén tam va tiép
tuyén nén tao d¢ diém anh bi anh hudng theo biéu thirc sau [14]:
Pa= A +kr?+ kr* + ksr®)p + dx, 3)
voi, kl, k,, k3 1a cac he ) meo dang xuyen tam, va k,, ks
1a hé s6 méo dang tiép tuyen r? = %% + $2; dx 1a vector
méo dang tiép tuyén, c6 biéu dién sau:
2k,X9 + ks(r? + 2X2)
dx = ( 2 52 AA)' (4)
k,(r* + 29°%) + 2k:x9
Cubi cing, tia sang tao anh trén mat phang anh vat Iy,
Toa do diém anh p dugc xac dinh nhu sau:

a —acotf x,
p= <0 B/sin@ y0>15d = Kbq, ®)
0 0 1

Véi a, B — tiéu cy theo phuong x va y (don vi la pixel);
6 — gbc gitra 2 tryc cua cam bién (do hé truc toa do cia
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camera c6 thé bi méo, tic khong hop goc 90 d6); (xO, Vo)
—toa do cua thm cua cam bién; K - ma tran hiéu chuén noi.

DPé xac dinh cac hé s6 cua ma tran K va 7', nhdm tac
gia thyc hién hiéu chuin camera, tuong tng v6i bai toan
tdi wu hoa, véi cac dir liéu vao 13 toa do biét trude cua cac
diém trong khong gian 3D va dir liéu ra 1 toa do cac diém
anh tuong ng:

N
1
argminNZHpi - F(P, 03, (6)
© i=1

v6i, O — 1a cac hé sb cia md hinh; {P;, p;} 14 cip diém 3D
va diém anh; F(-) 1a m6 hinh camera, dwoc mé ta boi cac
phuong trinh (2-5).

Céc thuat toan t6i wu nhu Levenberg- Marquardt c6 thé
duoc ap dung dé giai bai toan t6i wu (6). Khi udc lugng duge
céc hé s6 clia mo hinh camera, ta c6 thé khoi phuc duoc tia
sang t6i tir diém vat dya trén toa do diém anh cho trudc bang
cich thuc hién phép chiéu ngugc (back-projection) tir
phuong trinh (5) dén (2). Trong d6, dé xac dinh duoc toa do
p tir toa do Pa> twong ing vdi viée khir méo dang quang hoc,
ta can giai bai toan t6i wu don gian nhu sau:

arg{nland - S D3 @)
P

Véi, S(-) — ham bién d6i dugc mo ta boi cac phuong trinh
(3) va (4); Q — cac hé s cua cac phuong trinh (3) va (4).
Pé xac dinh duoc toa dd 3D, nhom tac gia st dung mot
s6 diém dir liéu 3D vdi toa d6 biét trude, nam trén mat day
ctia robot khi thuc hién hiéu chudn camera. Nho do, ude
luong dugc cac hé s6 ctia ma tran hiéu chuén ngoai T, tirc
thong tin vé vi tri tuong dbi gitra hé truc toa d§ cuia mat day
(vung hoat dong cua robot) va hé truc toa do cua camera.

5. Piéu khién co' cAu chip hanh

Mdi khung hinh dwgc xir 1y trén mdy tinh nhiing
Raspberry Pi dé phat hién va xac dinh toa d6 3D cuia cac
dbi twong co. Thong tin nay dwoc truyén dén khéi dicu
khién co cdu chap hanh. Vi diéu khién ATMega2560 dugc
sir dung dé diéu khién cac dong co budc va cac van khi
nén. Luu dd thuat toan cua khdi diéu khién co cdu chép
hanh dugc mé ta & Hinh 5.

(Bt ) 1

Diéu khién dong co
clia cdc truc dén toa
dd cua doi tugng

l

Thye hi¢n thao
(ac gap co

K}u’fi tao‘c;’)c thong
$0 ban dau, UART

Quay vé vi tri gde

Nhién toa dé cua déi
tugng co tir khoi
phat hién doi twong

Hinh 5. Luu do thudt todn ciia khoi diéu khién co cau chdp hanh

6. Két qua thue nghi¢m
6.1. Nguyén méu robot

Tir thiét ké da dugc trinh bay & Muc 3, nhom tac gia da
thi cong mot nguyén miu ciia robot dé thyc hién kiém thir
va danh gia. Két qua thi cong duoc thé hién ¢ Hinh 6.
Nhom tac gia str dung céc thanh nhom cong nghiép dé lam
khung robot. Cac chi tiét khop ndi phuc tap va dau kep
dugc ché tao bang cong nghé in 3D (Hinh 6b&c). Nhém
tac gia st dung cac dong co budc voi moment xoin 0.6Nm
va cac mach driver TB6600. Camera Logitech C270 dugc
Iip dat véi quang truc vudng goc va cach mat day cua robot
khoang 50cm. Véi khoang cach nay, hinh anh thu dugce tir
camera bao quat dugc ving lam viée cta robot va cac ddi
tuogng co kich thudc du 1on dé co thé phat hién duoc bang
mé hinh YOLO.

<)
Hinh 6. (a) Nguyén mcft{ robot; (b) Chi tié'trdéng co, ray truot,
va khop noi; (c) Chi tiét co cau kep

Két qua thi cong cho thay, robot ¢6 két cau vimg chic;
ddng co va cac co cau truyén dong hoat dong 6n; hinh anh thu
dugce c6 chat luong t6t, dam bao cho viée phat hién dbi tuong.
6.2. Pdnh gid mo hinh phdt hi¢n déi twong
6.2.1. Co so dir liéu

Dé huén luyén mo hinh phat hién déi tugng, nhom tac
gia da thu thap dr liéu thuc té tir camera dugc le“ip dat trén
nguyén mau robot di dugc xdy dung. Véi muc dich kiém
tra va danh gia so by hi¢u qua ciia m6 hinh, nhom tac gia
tao co so dit liéu nho véi mot loai cay trong va hai loai ¢o
dai (Hinh 7). B4i v6i mdi anh, tién hanh gan nhan, bao gdm
thong tin vé hop gidi han va phan loai nhu da dugc trinh
bay 6 Muc 4.1. Co s¢ dit liéu thu dugc bao gf‘)m 4531 nhan.
Céc k¥ thuat tang cuong dir li€u (data augmentation) nhu
thay d6i d6 sang, thém nhidu, tinh tién anh, xoay anh,...
dugc ap dung dé ting sé luong mau cua co so dit liéu, dong
thoi tao ra sy da dang cua ddi tuong.
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6.2.2. Tiéu chi danh gid va méi truong hudn luyén

Nhom tac gia st dung cac tiéu chi mAP (mean Average
Precision) [10] dé danh gia mo hinh phat hién ddi tuong.
Huén luyén mé hinh trén may tinh c6 cdu hinh nhu sau:
CPU - Intel Core i5-7500 @ 3,4GHz, RAM - 16Gbh, GPU
- Nvidia GTX GeForce 1070Ti. Ngon ngir st dung la
Python. Ap dung phuong phap hoc chuyén tiép (transfer
learning) dé huan luyén mo hinh YOLO vdi co s¢ dir liu
thu thap duogc. Téc @6 hoc duoc sir dung 1a 0,001. Thoi
gian hudn luyén vao khoang 8 tiéng.

Hinh 7. (a) Hinh dnh thu thép thuc té; (b) Anh vi du ciia doi twong
cdy trong; (c) Anh vi du cua doi twong co dai loai 1 va logi 2

6.2.3. Két qua hudn luyén va kiém tra

Su thay d6i ctiia ham mﬁit mat theo gé vong lap duge mod
ta ¢ Hinh 8. C6 thé thay rang, ham mat méat bat dau hoi tu
tir vong lap thir 1000.

500 -

200

Ham méat mat

100 A

‘0 10’00 20’00 30‘00 40‘00 5060 EO’OO
Vong lip

Hinh 8. D4 thi ciia ham mdt mat theo s6 vong Idp
Két qua mAP duogc thé hién & Bang 1 cho théy, d6 chinh
xac cua viéc phat hién va phan loai cac doi tugng cao. Gia
tri mAP trung binh cho tat ca cac doi tugng l1a khoang 0,95.
Keét qua nay dam bao cho viéc tu dong phat hién doi tugng

dé thyuc hién cac tac vu can thiét.
Bing 1. Két qui mAP trén tdp kiém tra

Doi trgng
Tiéu chi
mAP

Caytrdng | Cédail | Codai2

0,98 0.97 0,91

6.3. Pdnh gid sai 56 xdc dinh toa dp ciia déi twong

6.3.1. Pdnh gid sai s6 hiéu chudn camera
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Hil’lh¢9. (a) Anh bang ban co diing aé hiéu chudn camera
(cac diem goc dwoc danh dau X); (b) Hién thi truc quan vi tri
twong doi giita cdc bang ban co va camera; (c) Sai $6 khodng

cach giita diém anh qua phép chiéu va diém dnh thdt

Dé hiéu chuin camera, nhom tac gia sir dung bang ban
c0 (checkerboard) (Hinh 9a), véi hé truc toa do cho trude
gan v6i bang ban cd, chiing ta biét trudc toa do 3D cua cac
diém goc (corner) trong bang. Pong thoi, cling dé dang xac
dinh dugc toa d6 2D cua cac diém anh twong ing. Vi cac
dir liéu ddu vao va dau ra nay, thuc hién hiéu chuin camera
dé wdc luong gia tri ciia cac hé s ciia camera, va vi tri
tuong ddi gitta camera va bang ban co.

Hinh 9b biéu dién tryc quan vi tri twong ddi giira
camera va cac bang ban c¢. Pat bang ban co ¢ 20 vi tri
khéc nhau so v&i camera dé két qua chinh xac cia viéc hi¢u
chuin camera. Sau khi thu dwoc cac gia tri u6c lugng cia
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céc hé sb cua camera va vi tri twong ddi, thyc hién phép
chiéu tir cac diém goc cua timg bang ban ¢ 1én mit phang
anh dya trén mo hinh cla camera (dugc mod ta bdi cac
phuong trinh (2-5). Tir d6, tinh sai sb khoang cach giita
diém anh qua phép chiéu va diém anh that. Hinh 9¢ mé ta
sai s6 khoang cach d6i v6i 20 vi tri khac nhau ciia bang ban
¢ d6i voi camera. Co thé thiy rang, gia tri sai s6 trung binh
d6i chi vao khoang 0,14 pixel va gia tri sai s6 1on nhat
khoang 0,41 pixel. Két qua nay dam bao cho viéc xac dinh
toa d6 3D cuia vi tri quan tdm dugc chinh xac.
6.3.2. Danh gia sai $6 xdc dinh toa dp 3D

Dé danh gia sai s xac dinh toa d6 3D, thiét 1ap cac diém
v6i toa dd 3D biét trude trén mat day cua robot. Vi tri tuong
dbi gitra hé truc toa d6 cua mat day robot va h¢ truc toa cta
camera da dugc udc lugng thong qua hidu chuan camera. Tir
toa do diém anh tuong tng, thuc hién phép chiéu ngugc nhu
mo ta & Muc 4.2 dé xac dinh toa 6 3D cua vi tri quan tam.
Sai s6 xac dinh toa do cua cac diém 3D theo phuong x va
phuong y dugc biéu dién & Hinh 10. Sai s6 khoang cach
Euclid trung binh 14 dudi 0,1 mm. Vi sai s6 nho nay, ching
ta c6 thé thuc hién thao tac kep co chinh xac.
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Hinh 10. Sai 56 xdc dinh toa do ciia diém 3D theo phirong x vd
phuwong y; Duong nét dut thé hién gia tri trung binh theo
tung phuwong

7. Két luan
Trong bai bao nay, nhom tac gia da trinh bay mot hé
thong robot diét co ty dong dua trén phan tich hinh anh

béng k¥ thuat hoc sau; Pua ra mot thiét ké khung robot
theo hé Prusa véi co cdu kep dé nho co; Md hinh YOLO
duoc ap dung dé thyc hién phat hién ddi tuong. Nhom tac
gia da xay dung mot nguyén mau cua robot theo thiét ké dé
xuat. Két qua thi nghiém cho thay, hé théng c6 kha ning
phat hién di twong va xac dinh toa d6 3D cua dbi tuong
v6i d6 chinh xac cao. Huéng nghién ciru tiép theo s& phat
trién khéi dinh vi va dinh huéng dé robot ¢6 thé ty hanh.

TAI LIEU THAM KHAO

[1] Sinden J, Jones R, Hester S, et al., The economic impact of weeds in
Australia. Technical report, CRC for Australian Weed Management,
2004, 1-65.

[2] Ngqyén Vinh Truong, V& Khanh Ngoc, “Nghién ctru tinh khang
thudc trir co chira hoat chat pretilachlor cua cac quan thé co long vuc
6 Quang Tri”, Tap chi Khoa hoc va Cong nghé Nong nghiép, Truong
Bai hoc Néng Lam Hué, 3(1), 2019, 1175-1184,

[3] Bawden, Owen, et al., "Robot for weed species plant-specific
management"”, Journal of Field Robotics, 34(6), 2017, 1179-1199.

[4] Yu, Jialin, et al., "Weed detection in perennial ryegrass with deep
learning convolutional neural network", Frontiers in Plant Science,
10, 2019, 1422-1431.

[5] Chechlifiski Lukasz, Barbara Siemigtkowska, Michat Majewski, "A
System for Weeds and Crops Identification—Reaching over 10 FPS
on Raspberry Pi with the Usage of MobileNets, DenseNet and
Custom Modifications", Sensors, 19(17), 2019, 3787-3801.

[6] Lottes Philipp, et al.,"UAV-based crop and weed classification for
smart farming", 2017 IEEE International Conference on Robotics
and Automation (ICRA), IEEE, 2017.

[7] Jiao Licheng, et al., "A survey of deep learning-based object
detection", IEEE Access, 7, 2019, 128837-128868.

[8] Girshick Ross, et al., "Rich feature hierarchies for accurate object
detection and semantic segmentation”, Proceedings of the |IEEE
conference on computer vision and pattern recognition, IEEE, 2014.

[9] Girshick Ross, "Fast R-CNN", Proceedings of the IEEE International
Conference on Computer Vision, IEEE, 2015, 1440-1448.

[10] Redmon Joseph, et al., "You only look once: Unified, real-time
object detection”, Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, IEEE, 2016, 779-788.

[11] Farhadi Ali, Joseph Redmon, "Yolov3: An incremental improvement",
Computer Vision and Pattern Recognition, 2018, 1-5.

[12] Liu Wei, et al., "SSD: Single shot multibox detector”, European
Conference on Computer Vision, Springer, Cham, 2016, 21-37.

[13] Forsyth David A., Jean Ponce, Computer vision: A modern
approach, Pearson, 2012.

[14] Heikkila Janne, Olli Silvén, "A four-step camera calibration
procedure with implicit image correction"”, Proceedings of IEEE
computer society conference on computer vision and pattern
recognition, IEEE, 1997.



