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TiNH TOAN HE THONG LAI TU DONG CUA ROBOT THONG MINH
CANH TAC NONG NGHIEP

TS. Hoang Ha'; ThS. Bui Thi Thuy °

TOM TAT

Bai bdo ndy gidi thiéu két qua xdy dung mé hinh, thiét ldp phwong trinh dong luc hoc cia hé
théng lai tw dong ciia Robot théng minh canh tic néng nghiép. Két qud tinh todn la co sé
khoa hoc dé tinh todn thiét ké ché tao hé ldi tw dong cua Robot thong minh canh tac nong
nghiép

Tw khéa: H¢ théng lai tu dong Robot thong minh; Bdng lyc hoc hé théng 1ai ty dong; Robot
thong minh canh tac nong nghiép

CALCULATION OF THE AUTOMATIC STEERING SYSTEM FOR SMART
AGRICULTURAL CULTIVATION ROBOTS
ABSTRACT

This paper presents the results of developing a model and establishing the dynamic equations
of the automatic steering system for smart agricultural robots. The results provide a scientific
basis for designing and fabricating the automatic steering system for smart agricultural
robots.

Keywords: Smart Robot Automatic Steering System; Automatic Steering System Dynamic;

Smart Agricultural Cultivation Robot

1. PAT VAN DE

Viét Nam 14 nuéc co nén néng nghiép
dang phat trién, kim ngach xuat khau nim
2023 khoang 55 ty USD, song viéc ap dung
Robot vao trong san xuit néng nghiép & Viét
Nam con han ché. O mot sd nudc nong
nghiép phat trién nhu Nhat ban, Han Quéc,
phat da st dung Robot thong minh vao trong
qué trinh san xuét rau nhu Robot tu dong duc
16 mang phu, Robot x6i dat, Robot ty dong
lam c6, phun thudc bao vé thuc vat, khi ap
dung cac Robot thong minh vao trong san
xudt rau cho ning suét va chit luong rau cao,
dac biét 1a gidm chi phi nhan cong lao dong
trong nong nghi€p, trong khi dé lao dong
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trong nong nghiép cd6 xu hudng giam vi
nguoi lam nong nghiép c6 xu hudng dich
chuyén 1én thanh phé dé lam viéc trong cac
cong ty, cac nha may xi nghiép.

Viéc ap dung cong ngh¢ cao noi chung
va ap dung Robot thong minh vao trong san
Xuit néng nghiép néi chung va vao trong san
Xudt rau qua noi riéng 1a tit yéu va c6 tinh
thoi sy, vi né mang lai rat nhiéu lgi ich. Song
viéc nhap khau Robot cila nudc ngoai rat dat
tién, khong phu hop véi dicu kién cay trong
ctia Viét Nam. Dé lam chi dugc cong nghé,
pht hop véi diéu kién canh tac, vdi cdy trong
0 Viét Nam, déng thoi thiét bi co6 vdn
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dau tu ph hop vai san xuat nong nghiép ciia
dia phuong thi can thiét phai c6 nghién ctru
thiét ké ché tao Robot thong minh phuc vu
cho san xut rau qua cong nghé cao, dap tmg
yéu cau tiéu dung trong nudc va xuat khau.
Xudt phat tir nhitng 1y do nhu da phan
tich & trén, nam 2020 S& Khoa hoc va cong
nghé thanh ph Ha Noi da giao cho Truong
Pai hoc Pién lyc thyc hién dé tai cap thanh
phd: “Nghién ciru thiét ké ché tao Robot
théng minh phuc vu san xudt rau & thanh
phé Ha Ngi ”, ma s6 01C-02/001-2020-3,
Robot thong minh dugc van hanh béng hé
thong lai tw dong diéu hudng bang dinh vi vé
tinh, dé c6 so c& khoa hoc cho thiét ké ché
tao hé thong l4i tw dong can thiét phai nghién
ctru dong hoc, dong luc hoc hé théng nay.
Bai bao nay gidi thiéu két qua tinh toan dong
hoc hé théng lai tu dong cua Robot thong
minh canh tac nong nghiép.
2. POI TUQONG VA PHUONG PHAP
NGHIEN cUU

2.1. Péi twong va thiét bi nghién ctru
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Péi tuong nghién ctru 1a Robot thong
minh phuc vu san xuit rau & thanh phd Ha
Noi, mi s6: 01C-02/001-2020-3
2.2. Phuwong phap nghién ctru

Phuong phap nghién cou dugc st
dung 13 ap dung 1y thuyét co hoc hé nhiéu
vat, 1y thuyét dong luc hoc may dé thiét lap
mo hinh, thiét 1ap hé phuong trinh vi phan
dong luc hoc ciia Robot thong minh khi di
chuyén dé canh tac nong nghiép trén canh
dong.

3. KET QUA VA THAO LUAN
3.1. M6 hinh dong hoc cua robot thong
minh khi quay vong

Pé thuc hién md hinh dong hoc, can
phai biét mdi quan hé giira cac gbc bén ngoai
va bén trong cua banh xe khi quay. Tham
chiéu tong thé duoc biéu thi bang céc truc X
va Y. Tham chiéu vi tri dugc biéu thi bang
tam khéi luong (CM) nam trén Robot. Trong
truong hop nay, vi tri cia CM nim & giita
Robot do cau hinh mo-dun va dbi ximg.
Hinh hoc lai cia Ackermann dugc xac dinh
boi goc 1ai cia Robot (o) so véi trong tdm
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Hinh 3.1. M6 hinh dpng hoc ciia Robot thong minh khi quay vong
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Vi didu nay, ban kinh cong tirc thoi
cua xe (Cr ) dugc xac dinh nhu trong Hinh
3.1 va dugc mo ta boi phuong trinh 1.

cr-(:2) + ()

Tt ca cac phuong trinh duoc trinh bay
trong nghién ctru nay 13 ham cua chiéu dai
(C ) va chiéu rong ( L ) cua twrong tng. Goc
danh 14i t6i da bi gi6i han boi cac thong sd
co hoc cua Robot. Céac goc lai 1on nhit cia
banh xe trong cua banh o; dd duoc thiét lap

o = acrtan([(ﬁ 2) — %])

Oe = acrtan([(ﬁ 2) + 5])

Céc phuong trinh tir 4 dén 7 biéu thi ty
1¢ téc d6 quay, tinh bang phan trim, ctia mdi
banh xe cua robot trong chirc nang cua goc
lai cua n6. Cac phuong trinh 4, 5, 6 va 7

(3.1)
14 45°, do d6, gia tri t6i thiéu, goc 14i ciia xe
cling nhu ban kinh 1i ttc thoi nho nhét cua
do cong.

Phuong trinh 2 va 3 biéu thi goc lai cta
banh xe bén trong cua banh o; va goc lai xe
bén ngoai a. trong ung.

(3.2)

L (3.3)
ching minh tdc d6 cta bén trong banh trudc
(ws ), banh trude bén ngoai ( Wi, ), banh sau
bén trong ( Wi ) va banh sau bén ngoai ( wo
) tuong rng.

(==t

Wi = — (3.4)
C (G Y )
wp = 100 (3.5)
[((5522) - £)100]
Whi = B 2 (3.6)
(T ]
l(Ez2) + o] 5

[

3.2. M6 hinh déin dgng banh xe trén Robot
thong minh canh tic nong nghiép

Xét trong hé quy chiéu gin véi moi

truong canh tac, 9x{Orxz Yz} gan tai tim R

VR=Qp

ctia robot véi gia thiét robdt di chuyén theo
quy dao canh tac & voi van tbc V, theo
phuong tiép tuyén nhu hinh 3.2

Véi Q 1a van téc goc ctia robot, p [a ban kinh cong cla &
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Hinh 3.2. Moi quan hé thong sé dpng hoc ciia robot
Nhu vay, van tdc V; cua banh xe theo V; dugc cho bdi:
{VA1 = Vrp1(p) ™"
Vaz = Vep2(p)™*
| Vas = Vrps(p)™
, kVA4 = Vrps(p)~? ,
Do do ta c6 van toc goc cac banh xe theo ban kinh p cua quy dao canh tac & va van toc
mong mudn Vy ap dit 1én robdt:
4

Trong do:

pi = \/pﬁ + p? = 2prp cos y;

Véiy; = arctan (%), p; khoang cach tir tdm truc cang dén tdm van téc tic thoi I(i=1-
4), pla khoang cach tir tim G trén robot dén tim cang, L- 1a khoang cach giita hai banh, d —
1a khoang cach hai truc co s6.
3.3. Diéu khién danh ldi cic cang mang cac goc danh 14i timg banh 1a B;. Vé&i ky higu
banh xe dén djng quy udc trén cac goc danh lai B; (1 =1+4)

Xét tai thoi diém tirc thoi twong tmg  didu khién cac khép xoay cang mang banh
v6i timg vi tri robdt di chuyén tir Hinh 3.2 xe duoc xéc dinh nhu sau:
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(

b1 =n—arccos( 2Lpg

(L2+p%)-p
e 2
Ba=m arccos( Loy
L2+p3
2Lp3

(L2+p%)-p%
2Lpg

Phuong trinh (3.8) va (3.9) xac dinh 8
thong s6 diéu khién cac khdp ndi ctia Robot.

B3 =n—arccos<

b&;:n—arccos(

Trong do, 4 thong sd duoc diéu khién doc
lap dé dinh huéng, va 4 thong s6 khac diéu
khién téc d6 quay cia 4 banh xe doc 1ap. Qua
trinh diéu khién s& dua trén van toc mong
mudn V; va quy dao dan duong &.duoc thiét
lap trude.

Bon thong s diéu khién huéng cho
phép Robot di chuyén linh hoat trén céc
ludng canh tac, trong khi 4 thong sé din
dong doc 1ap cho ting banh xe giup diéu
chinh toc d6 va hudng di chuyén phu hop voi
van téc mong mudn va quy dao dan dudng
da duoc 1ap trinh san. Viéc sir dung cac
thong s nay cho phép Robot hoat dong mot
cach hiéu qua va chinh xac trén canh dong.
3.4. Thuc nghi¢m kiém chieng ldi tw dpng
cuia Robot thong minh
3.4.1. Thong s6 mo hinh thwe nghiém

V&1 muc dich mo6 phdng thuat toan va
cac thong sé diéu khién, tién hanh ché tao
mdt mau robot va sa ban thu nho, véi cac
thong s6 ciia md hinh nhu sau:

(2 +ot)-o}

3

2

)
)
~)
)

(3.9)

Kich thuéc sa ban: Chiéu dai 1200
mm, chiéu rong 900 mm. Trong d6, chiéu
rong mdi luéng 1a 150 mm, khoang cach
giita cac tdm ludng ciing 1a 150 mm. Kich
thudc co ban cua robot: Khoang cach gitra
hai banh xe (d) 1a 220 mm, khodng cach tu
truc banh xe tdi1 tdm robot (L) 1a 160 mm,
ban kinh ctia banh xe (r) 1a 20 mm, va chiéu
day cua béanh xe (a) 1a 10 mm.

Vé hé théng diéu khién, robot str dung
dong co Servo dé dan dong cac banh xe va
danh 14i. Bo diéu khién trung tdm cua hé
thong 1a bo mach Arduino UNO R3.

Viéc ché tao mau robot va sa ban thu
nho nay gitp dé tai co thé thyuc hién cac thir
nghiém va minh hoa thuat todn dan duong
zigzag mot cach cu thé, dong thoi ciing cho
phép diéu chinh cac thong sé diéu khién bién
khép dé phu hop véi tirng méi trudng canh
tac khéac nhau.

3.4.2. Tham sé cai dit

Thong s sinh ban d6 dan dudng cai
dit vao bd nhé ctia Robot: Ax = 150 mm, s
ludng 5, S6 diém trich mau theo phwong
ngang 1a 11. Van téc dat Vr = 0,83m/gidy.

Hinh 3.3 Réin dd thiwre nohidm dan dirrno cho Rohot
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khién huéng cia cac banh nhu trén hinh 3.4

3.4.3. Két qud mé phéng va thuwe nghiém
- 3.6.

Tur céac thong sd cai dat va thuc
nghiém, két qua thu dugc gboc cua khop diéu
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Hinh 3.4. Géc ciia khdp diéu khién hwéng ciia cdc banh
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Hinh 3.5. Vin téc géc diéu khién cdc banh xe din dong Robot di chuyén
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Hinh 3.6. Téc dp diéu khién cdc banh xe din dgmg robot di chuyén
V& sai s6 theo phuong ngang (phuong
y): Két qua cho thiy sai sé trung binh
khoang 1-2 mm so véi ludng thtr 4. Pidu nay

Nhén xét: Tu két qua mod phong thu
duoc trén cac d6 thi tr hinh 3.4-3.6, c6 mot

sO nhan xét sau:
15
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cho thay viéc diéu khién Robot dé di chuyén
dung theo cac ludng di dugc xac dinh 1a
twong dbi chinh xéc, it nhat 1a & cac ludng
dau tién. Sai s nho nhu vay cho thiy hé
théng diéu khién va can bang cta phuong
tién hoat dong tin cdy, co thé duy tri dugc
duong di theo cac ludng duoc dinh sin.

Vé sai s6 1éch so voi mép ludng: Sai sb
bat dau xuét hién tir luéng thir 2, v6i khoang
1 mm. Sai s6 nay ting dan 1én 1,5 mm &
ludng thir 3 va khoang 4 mm ¢ ludng thir 5.
Nguyén nhan chi yéu duoc cho 1a do su tron
trugt cia mat duong sa ban cung. Su tron
trugt cia mat dudng 13 mot yéu td quan trong
anh huong dén d6 chinh xac cia qué trinh di
chuyén. Mic du khao nghiém nay méi chi
tap trung vao dong hoc ma chua dé cap dén
ma sat, nhung két qua cho thay yéu t6 ma sat
s€ dong vai trO quan trong trong viéc xac
dinh chinh xac duong di cua Robot. Khi luc
ma sat thay d6i, thay doi diéu kién bé mit
duong, s& dan dén sy thay doi trong quy dao
di chuyén ctia cac banh xe, giy ra sai 1éch so
v6i ludng da dinh. Ngoai ra cac dong co dan
dong va danh lai bon cang dang duoc diéu
khién theo thong $6 dong hoc truc tiép, chua
c6 tin hiéu phan hdi va ddng bd hoa vai toc
d6. Piéu nay dan dén sai sb trong qué trinh
di chuyén.

Hé théng diéu khién truc tiép dua trén
cac thong sé dong hoc nhu goc quay, van tdc
goc, v.v. ma khong c6 thong tin phan hoi vé
vi tri thuc té ctia phuong tién so voi ludng da
dinh, ciing nhu khéng déng bo hoa cac thong
s6 diéu khién, s& din dén sai 1éch tich liy

16

trong qué trinh di chuyén. Khi phuong tién
di chuyén xa hon, sai s6 s& cang 16n.
4. KET LUAN

Tir cAu tao va nguyén 1y 1am viée cia
Robot thong minh canh tdc ndng nghiép, da
xay dyng mé hinh ddng hoc cua Robot khi
quy vong, md hinh din dong banh xe, thiét
lap dugc phuong trinh didu khién danh lai
cac canh mang banh xe dan dong Robot,
(3.8); (3.9), két qua thuc nghiém va md
phong cho thiy mé hinh va phuong trinh da
thiét 1ap co do tin cdy can thiét. Nhitng két
qua nghién ctru nay 14 co s& khoa hoc dé tinh
toan thiét ké va hoan thién hé thong 1ai tu
dong trén Robot thong minh canh tic ndng
nghiép.
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