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TOM TAT

Tay may ty dong thu hoach dira 13 mot tay may robot dugc gin trén khung xe cta lién hop may thu hoach hoat
dong trong moi truong nong nghiép, tay may c¢6 3 bac tu do (3DOF-Degrees of Freedom), dugc thiét ké dé
chuyén dong theo ba truc toa dong X, Y, Z. Bai viét nay gioi thi¢u dong luc hoc chuyén dong tay may c6 xét téi
cac yéu t tac dong tir moi trudng lam viée va thuat toan didu khién chuyén dong tay may Robot thu hoach dira.
Noi dung giéi thiéu thuat toan diéu khién PD két hop vdi wdc tinh nhiéu méi truong dé dua vao thanh phan bu
nhiéu khi lién hop may hoat dong trén canh dong thyc té. Tinh 6n dinh trong qua trinh 1am viéc khi sir dung thuét
toan didu khién dwoc chirg minh thong qua tiéu chuin 6n dinh Lyapunov. Tir két qua thu nghiém thu hoach trén
canh ddng dira thudc xa My Phudc, huyén Tan Phudc, tinh Tién Giang cho thay: tay may di di chuyén t6i vi tri
trai dira can cat dat 95% trong 36 chu ky hoat dong. Piéu d6 ching minh dugc do tin cay va tinh chinh xac ctia
thuat toan diéu khién.

Tir khéa: Pong luc hoc chuyén dong, lién hep may thu hoach, tay may tw dong (robot), thuit toan diéu

khién PD.

1. PAT VAN DE

Co gi6i hoa trong cac hé théng thu hoach
nong san: lua, mia, rau, cu, qua... da dugc
nghién ctru nhiéu trén thé gidi, cac hé thong nay
thuong thu hoach cic san phim néng nghiép
cho phép thu hoach ddng loat. Tuy nhién, véi
mot s loai trai cdy noi chung va dira noi riéng
¢ tinh chét chin khong déu, viéc thu hoach
dong loat khong con phi hop vi nhiéu trai chua
chin s& khong dam bao duoc chat lugng hoa qua
khi cung cap cho thi truong.

Dé thu hoach duoc dira, mot loai trai cay co
yéu cau thu hoach tuyén chon do thoi diém chin
1a khong ddng déu (chi thu hoach nhiing trai da
du chin, trai xanh chua thu hoach) thi h¢ théng
co gii hoéa can phai nang 1én murc tu dong hoa
can thiét. Ty dong hoéa va nong nghiép thong
minh 13 xu hudng tat yéu ctia su phat trién néng
nghiép. Viéc thu hoach chon loc, yéu cau sy tich
hop gilra cong nghe tay may robot va th1 giac
may trong hé thong. De biét trai dtra ndo can thu
hoach, hé thong may can duoc trang bi camera,
c6 kha ning phat hién, nhan biét dung trai dira
can thu hoach, xac dinh vi tri (toa do) trai dua
do; tiép theo tay may duogc didu khién di chuyén
toi toa do d xac dinh ciia trdi dra, tién hanh
thao tac cat va di chuyén trai dtra da cit toi vi tri
thung chtra ri dat trai dira vao thung trang bi
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trén lién hop may.

May thu hoach ty dong dau tién duogc phat
trién boi (Schretz, 1968). Tir sy khoi dau do,
nhimg nam gin ddy co cac nghién ctru vé céc
robot thu hoach ty dong g@)m: Robot thu hoach
trai chanh (Mehta, 2014), Robot thu hoach tao
(Silwal, 2017), Robot thu hoach anh dao
(Tanigaki, 2008), Robot thu hoach dau (Kondo
N., 2000). Mic du co rit nhidu cic cong bd
trong hang chuc nim qua vé cac hé thdng robot
hogc lién hop may thu hoach tu dong; tuy nhién
su tac dong 1on ngoai mong muon dén tir moi
truong lam viéc (nhiéu moi truong) 1a rao can
k¥ thuat dan téi it c6 cac robot thu hoach trai
cay dugc ung dung.

Déi véi tay may Robot thu hoach dira khi lam
viéc tai moi truong dong ruong s€ bi tac dong
khong mong muon tur nhiéu moi truong nhu:
map mo bé mat rugng gy nén sy bién dbi luc
trong truong; sy map mo nay ciing gay nén su
khong cimg virng cua khung cong tac cling dan
dén su rung lic khi hai canh tay cung lam viée
mot lac, dan t6i tac dong khong mong mudn
trong chuyén dong; tac dong cua gio cung la
nguyén nhan dan dén lyc can chuyen dong...
Céc tac dong nay thuong bién d6i ngiu nhién,
khong xac dinh duoc chinh xac nhiéu dé co
phuong an bu nhiéu khi tay may chuyén dong.
Céc hé thong robot dwoc nghién ctru trong (Bin
Li, 2010; Bin Li, 2013) chu yéu dugc nghién
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ctru va phat trién trong moi truong phong thi
nghiém, do vay cac ycu t6 nhiéu méi truong
chua duogc dé cap toi, vi vay cac Kkét qua nghién
ciru nay van chua du diéu kién dé dua ra hoat
dong trong thuc té.

Dé hoan thién tay may tu dong thu hoach dura
va dua lién hgp may vao hoat dong thuc té, bai
bao nay giadi thiéu dong luc hoc tay may Robot
thu hoach dira ty dong véi thuat toan diéu khién
PD, cac nhiéu méi trudng va phuong phap udc
tinh nhiéu moi truong, thyc nghiém lién hop
may trén dong dé 1dy sb liéu mo phong va chimg
minh d¢ tin cdy cua mo6 hinh nghién ctu.

2. PHUONG PHAP NGHIEN CUU
2.1. Phuong phap nguyén ciru ly thuyét

Tir ciu tao va nguyén Iy hoat dong cua lién
hop may va hé théng tay may tw dong thu hoach
trai dira, nghién ctru st dung co hoc 1y thuyét va
1y thuyét dong luc hoc tay may dé xay dung mo
hinh, thiét lap phuong trinh dong luc hoc co cAu.
Str dung camera xu ly anh dé nhan dién va xac
dinh toa do trai dira can thu hoach. Sir dung ly
thuyét diéu khién ty dong dé xay dung hé thong
diéu khién va truyén dong cho tay may thu
hoach dua trén thuét toan PD két hop véi udc
tinh nhiéu moi truong, st dung phan mém
Matlab — Simulink dé khao sat cac phuong
trinh vi phan dong luc hoc cua tay may trong
qua trinh chuyén dong thu hoach diwra, anh
huong t6i cac thong sd thoi gian, vi tri, diém

dat qua dwra, van tde.
2.2. Phuwong phap nghién ciru thyc nghiém

Str dung cac thiét bi do va cac phﬁn mém xir
1y s6 liéu hién dai dé xac dinh cac thong s6 phuc
vu cho khao sat bai toan 1y thuyét nhu vi tri tay
may theo truc X, Y. Nghién ctu str dung ti€u
chuin Cochran va tiéu chuan Fisher dé kiém tra
tinh dong nhat cua phuong sai mau.
3.KET QUA VA THAO LUAN
3.1. CAu tao hé théng lién hop may thu hoach
dira

Hinh 1 mé ta cdu tao chung cua lién hop may
bao gédm: may dong luc (1) co chira ta diéu
khién trong cabin, thing xe (2) phia sau chira
may phat dién va binh nhién liéu, khung cong
tac (3) duoc gin 02 canh tay may Robot ding
dé thu hoach trai dira.

Hinh 2 mé ta cu tao cua bd phan lam viéc
gom: 02 tay may robot (3, 4) duoc di chuyén
trén khung cong tac (1); by phan thi giac la
camera (2) duoc gan trén khung cong tac (1) co
chirc nang nhan dién trai dora can cit, x4c dinh
toa do trai dira lam dau vao cho bai toan diéu
khién chuyén dong 02 canh tay robot; trén mdi
canh tay dugc thiét ké ban tay c6 dao dé cit roi
cudng trai dia ra khoi than cay, déng thoi ban
tay c6 bd phan bao dé giir va dua trai dira duoc
cit tha tai vi tri bang tai dé van chuyén to1
thung chtra.

Hinh 1. Céu tao chung ciia lién hop may thu hoach dia ty dong

1- Thung xe 2- May phat dién 3- Khung cong tac

4- Hai tay may hai dira

Hinh 2. Ciu tao tay may Robot thu hoach dira
1-Khung cong tac, 2-Camera dé nhdn dang trai diva; 3, 4- Hai tay may hdi dvea;
5-Ban tay may gan dao cat dira.
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3.2. Pong luc hoc tay may Robot thu hoach
dira
3.2.1. M6 hinh dong lyc hoc tay mdy trong
truwong hop ly twong

V61 m6 hinh dong luc hoc ly tudng, nghién
ciru bo qua anh hudng cta nhiéu mdi trudong:
map moé bé mit rudng lam anh hudng t6i tac
dung cua trong lyc, mép md bé mit ruong lam
anh huong téi rung lic khung cong tac, tac dong

cua gio va cac tac dong khac... Do vay, mé hinh
quy ddi cho viée tinh toan dong luc hoc duoc
thé hién trén hinh 3.

bé xay dung dugc mo6 hinh dong luc hoc cho
tay may, nghién ctru sir dung hé toa do gbc cho
tay may {o,x,v,z,} dugc xac dinh tir m6 hinh
dong hoc (hinh 3-c).

End —
Effetoc

¢) M6 hinh gan hé toa do tay may
Hinh 3. M hinh quy déi cho viéc tinh toan dong hoc, dong luwc hoc

Tai vi tri P bit ky trong hé {0,X,Y,2,} ta cO
vecto

B=[r n ] (1)
va bién khop
T N S @)

Goi khdi lugng ciia cac khép hay khdi lwong
cac khop cua canh tay may 1a: m; (i=1+3), vi tay
may c6 3 khdp tuong ing vdi 3 bac tu do.

Goi lyc tac dong 1én cac khop dé di chuyén
canh tay theo 3 truc OXo, OYo, OZo trong
truong hop 1y tudng la:

E=[Fr, £, £] 3)

St dung phuong phap Euler-Lagrange II,
phuong trinh dong luc hoc tay may dugc xay
dung tai hé phuong trinh (4):

£y = (my +my +my)is
E, =(m,+m)F, 4)
F, =mj. +mg
He phuong trinh dong luc hoc (4) ciing c6 thé
viét dudi dang ma tran (5) nhu sau:

F,=H,j+G, (5)
v6i F=[F, F, F,]1a ma trn biéu dién lyc
1én 3 khop dé di chuyen ban tay méy (diém tac
dong cuoi, chura dao cat) chuyén dong theo 3
truc toa do; G,=[0 0 mg] 1a ma tran biéu thi
tac dong cua trong luc 1én céac thanh ctia tay may
trong truong hop 1y tuong; 61'=['r; 7, 'r'j la ma
tran bién khép;

H. =

o 0 my+m,; 0

0 0 m,

my +m, +m, 0 0}
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1a ma tran dac trung cho quan tinh cua céc khop
tay may trong truong hop 1y tudng.

Do khop 1 va khép 2 canh tay duoc truyén
dong thong qua dong co di¢n, khép 3 duogc
truyén dong qua hé xilanh khi nén, do vay mo
hinh dong luc hoc quy ddi ra mé men dau tryc
dong co dugc viét nhu sau:

Mdo :Hdoéj+Gd0 (6)
voi:

M, =M, M, F] 1a thanh phin chia
mémen dau truc hai dong co va cua xilanh khi
nén. Tic momen 2 dong co va luc xilanh can
sinh ra dé tao chuyén dong cho tay may;

[ m, +m, +m, 0 0
kX
H, - 0 mtm
0 k
y
0 0 m,

1a ma trén dic trung cho quéan tinh dugc quy doi;
G, =[0 0 -mg] la ma tran biéu thi thanh phan
trong luc duoc quy ddi; .. k,la cac hé s6 quy
d6i tir lyc di chuyén khop sang momen dau céc
truc dong co, cac hé¢ sb nay dugc xac dinh thong
qua ty s6 chuyén cta cac bd phan co khi c6 chire
nang chuyén tir chuyén dong quay cua dong co
thanh chuyén dong tinh tién cta hai khép 1,2.
3.2.2. M6 hinh dong lwc hoc tay mdy trong khi
lam viéc trén canh dong dira

Khi lién hop may lam viéc trén rudng dira,
do bé mit map mo tao ra 46 nghiéng cua khung
(hinh 4-a), chiu tac dong do rung lac, chiu tac
dong gio... sau day goi la nhiéu moi trudong tac
dong 1én mo hinh dong lyc hoc. Do vay, md
hinh quy d6i dé x4c dinh phuong trinh dong luc
hoc trong trudng hop nay duoc thé hién trén
hinh 4-b,c.

¢) M6 hinh tinh todn déng hec hoc tong qudt
Hinh 4. M hinh quy ddi khi xét dén tac dong ciia nhiéu trong lwc trong trudong hop khung cong tic
nghiéng do mip md mit rudng
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Tuong ty nhu truong hop ly tudng, goi luc
tac dong 1én cac khép dé di chuyén canh tay
theo 3 truc OX, OY, OZ la:

F=[F. F F] (7)

Ap dung phuong phép Euler-Lagrange II c6
phuong trinh dong luc hoc khi 1am viéc trén dong
ruong dudi tac dong ctia nhiéu mdi trudng la:

F,=(m, +my +m) 7, —(m +m, +m,) g.cosa +d (1)

F, =(m,+m,)i,—(m, +m,)g.cos B +d (1) (8)

F.=mj. —mg.cosy +d_(t)
VOl «,p,y 12 goc nghiéng cua khung so voi
khung tao d6 chuan ban dau {0,X,,2,} 5
d.(0),d (11,40 |2 cac lyc ngdu nhién tac dong 1én
chuyén dong cta tay may dai dién cho tac dong
ctia rung lac khi hai tay may hoat dong cung luc
trong khi khung cong tac khong 6n dinh, va tac
dong cua gio cung véi cac yéu td tir moi trudng
thuec.

Hé phuong trinh (8) ciing c6 thé duoc viét
dudi dang ma tran (9).

F=Hij+G+D(t) 9
Vo1
m, +m, +m, 0 0
H = 0 my,+my; 0
0 0 m,y

1a ma tran déc trung cho quén tinh khi xét dén
anh hudng ctia nhiéu maéi truong;

a=[i 7 i]

la ma tran bién khép.

G:[—(m]+mz+m3)gcosa —(m, +m,)gcos 8 —mSgcos;/]T

la ma trdn thanh phén trong luc khi xét té1 anh
huong cua nhiéu do méi truong lam viéc.
D(r) :[dx(t) d @) dz(t)T la ma trén dac trung cho
anh huong cua rung lic, ma sat (1a thanh phan
ngau nhién).

Twong tu quy doi ra momen dau truc dong
co khop 1 va khop 2 ta dugc:

M, =H,j+G,+D,(1) (10)
voi: M, =[M, M, FZT 12 ma trn biéu dién
momen truc dong co khdp 1, momen truc dong
co khép 2 can phai sinh ra dé tao ra chuyén dong
cho hai khdp va lyc do truc cua xilanh can phai

sinh ra khi xét t6i anh huéng cta nhidu moi
truong lam viéc;

my+m, + my

0 0
ky

H, = 0 mz; ™o
0 0 m,

1a ma tran dac trung cho quan tinh cua céc khop
tay may da quy vé truc dong co.

Nhan xét 1: Cac goc nghiéng «,5,, cung voi
D) 1a cac bién thay déi ngﬁu nhién, do phu
thudc va diéu kién lam viéc thuc té, viée xéc
dinh cac bién nay 1a kho va khong chinh xac. Do
vay, vi¢c xac dinh chinh x4c mo hinh dong luc
hoc trong trudng hop thyc té 1 khé va khong
chinh xac vi mé hinh (10) 1a mé hinh bat dinh,
viéc nay gay nén kho khédn trong qué trinh
diéu khién chuyén dong canh tay Robot thu
hoach dtra.

3.2.3. Quy doi mé hinh dpng luc hoc tay mdy
trong khi lam viéc trén cdnh dong dira vé mé
hinh ly twong

Tt viée kho va xac dinh khong chinh xac mo
hinh dong luc hoc tay may Robot khi hoat dong
trong thuc té, can phai quy d6i mé hinh thyc té
vé mo hinh Iy tuong dé lam co s& cho thiét ké
bd diéu khién chuyén dong. Tir (10) va (6)
chung ta ¢ thé quy d6i mé hinh dong luc hoc
tay may trong thuc té vé dang mé hinh 1y tuong
nhu sau:

M, =M, +w,0)=H,5+G, +w,n (11)
voi:
w,(t)=AG, +D,(t) (12)
13 thanh phan sai léch giita mo hinh 1y tudng va
mé hinh thuyc té; trong do:

__(m1 +m, +m,)gcosa |
k

(m, +m,)gsin
AG,=G,-G, =| ———2=—" li

myg(1—cosy)

y
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Dd (t) = -

bl

d.(t)

Nhan xét 2: Tt cac nghién cuu (8, 9, 10)
chung ta c6 thé thdy thanh phan sai 1éch mé hinh
Xuét phat tur trong luc c6 dac diém:

AG, <af +af|q|; af >0 (13)
va
|D,®|<a; af>0 (14)
do vay
o)< by + b7 all: by > 067 >0 (15)

Néu dat 6= max(i|g]) V& b = »*, + 5 thi ching ta c6:
[w, @) < b6 (16)
trong (16) thi 6= max(,|¢|) 1a gia tri da biét théng

¢) Buoc 2
Hinh 5. M6 ta chu ky thu hoach dira
Chung ta nhan thdy ring budc 1 13 budc

chuyén dong quan trong nhét, n6 anh huéng toi
dd chinh xé4c cua thao tac hai trai va chat luong
trai dira can duogc hai. Budce 2 ¢6 chic nang ha
xuéng dé cit sau khi vi tri tay da dugc xac dinh
chinh x4c phia trén trai dira do vay hoan toan cé
thé diéu khién theo tin hiéu logic dugc lay vé tir
cam bién tiém can lp tai 10ng ban tay may.
Budc 3 1a chuyén dong tuong tu nhung nguoc

qua bién khop ¢ =[rx 7, rz]T . Do vay thanh phan
sai l1éch gitra hai m6 hinh luén tdn tai gi61 han trén.
3.3. Pé xuit thuét toian diéu khién chuyén
dong tay may robot thu hoach dira
3.3.1. Phdn tich hoat déng va yéu ciu diéu
khién chuyén dpng

Hoat dong cua tay may trong mot chu ky hai
mot trai dira duoc thuc hién qua ba budc gém:
buéc 1 tay may di chuyén tr gbc tao do
{0,%,%,2,} (hinh 5-a) t6i vi tri trdi dira can cat
theo hai truc XY, két thic budc 1 khi ban tay
may nam dung phia trén trai dira (hinh 5-b);
budc 2 tay may ha ban tay theo truc Z, déng ban
tay dé dao cét cit dut cudng trai dira va nhac 1én
vi tri cii theo truc Z (hinh 5-¢); budc 3 tay may
chuyén dong vé gbc tao d6 va mé ban tay dé trai
dira roi vao bang tai van chuyén (hinh 5-d).

d) Buoc 3

lai ctia bude 1. Do vay, thuat toan diéu khién
duoc tién hanh nghién ctru dé ap dung cho budc
1 cua chu ky hai trai dua.

Dé diéu khién chuyén dong tay may trong
bude 1 chinh xéc, thuit toan diéu khién can phai
bu dugc thanh phan nhiéu méi truong w, ()
xuét hién trong moé hinh dong luc hoc. Do budc
1, tay may di chuyén thong qua khép 1 va khép
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2, vi vady mo hinh dong lyc hoc (11) dugc viét
lai thanh (17, 18) nhu sau:

My=M, +w,0)=H,i+G, +w, 0 (17)

w,(t)=AG, +D,(t) (18)
m;+m, +m, 0
e k,
VO1: Hdn = ’ s Gdo =0;
0 m, + my
k

T

9

k k

X v

AGdZI:_(m1+mz+m3)gcosoz _(m1+mz)gsinﬂ}
cq=[r, ]

3.3.2. Thiét ké thudt todn diéu khién PD két
hop vdi wéc tinh nhiéu méi truwong (PD + DE;
Proportional

X

mm}

Dd (Z) = l: X k_},.

Derivative +  Disturbance
Estimation)

Tir két qua nghién ctru m6 hinh dong luc hoc
tay may Robot hoat dong trong thuc té va bién
d6i né vé dang mo hinh 1y tuong. Dé dap ung
dugc yéu cau diéu khién chuyén dong trong
budce 1, thut toan diéu khién chuyén dong duoc
nghién ctru dé xuét 1a PD+DE nhu sau:

M, =K,e+Kyé+ () (19)

Trong cong thirc trén, 7. 1a thanh phan
bién d6i theo thoi gian c6 chirc ning bu nhidu
duoc dinh nghia nhu sau:

(b0)' g

.](u(t)z_ ~ .
bold|+v*

(20)

v6i b 1a gia tri wdc tinh cta b voi luat thich
nghi la:
b=r6ldl

b(0)=0 (21)
n>0

va
l/./ ==7Y
w(0)=0 (22)

7, >0

Chirng minh tinh 6n dinh ciia thuit toan:

Chon ham nang lugng duong Lyapunov
nhu sau:

v :%qm%q %STKFH%W? %y;.,,z >0(23)

voi: Vq,e,by

. N Y A s .

q=[rx ry] la toc d6 cac khop

e =gq,-q lasaisoOvitri cia canh tay

b=b-b 1a sai s6 udc tinh ciia b

Sau cac phép bién do6i tuong duong chung
minh dugc rang:

4

V<G Kyg———"t—<0 24
C el v 4
Theo dinh 1y Lyapunov thi hé thong 6n dinh.

Tir (24) ta thy, khi - » thi im» 0. Theo (23)

thi dong thoi limg—0, lime -0, limb—>0, va
>0 {0

1—0

limy —0. lime »0 cO nghia 1a sai I¢ch vi tri

bang 0, hay tay may s& di chuyén t6i vi tri trai
dira mong mudng q=[rx ryT : limtlix —0 c6 nghia
Ia 1a sai léch ude tinh bing 0 hay 5—b |, tic 1a
ching ta da uoc tinh dugc gidi han trén cua
nhidu w, ;) ma khong can phai tién hanh do dac,
dam bao tinh kha thi trong trién khai thuc té.
Mé phéng kiém chirng két qua thuit toan
diéu khién

DPé danh gia kha ning diéu khién chuyén
dong cua thuat toan PD+DE dé xuét, nghién ctu
tién hanh mo phong trén phan mém Matlab véi
thong sb sau:

Gia tri dit dau vao ¢, =[x, v,] =[1 15| (m) su
bién thién ctia qa theo quy dao 2-1-2 trén hinh 6
voi 1, =[4 47(s), ¢,=[X, %] =[0 0 ; khdi luong
hai khép duoc xéac dinh tir hé thong co khi m; =

B _ 100 5 0] 3
38 (kg), m2=9,5 (kg); KP‘{O 10}KD_[0 5}’Va

nhiéu ngiu nhién tic dong Ién tay may tai 2(s)
td1 6(s) nhu hinh 7.
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Hinh 6. Quy dao dit diu vao chuyén dong khép 1, khép 2

T
£ 0
$ sk 4
ERUS 4
H
|
2 5 6

Time ) 3 4

Time s) 3 4

Hinh 7. Tinh hi¢u ngiu nhién dic trung cho nhiéu méi treong dwa vao mé hinh

Két qua mé phong duoc thé hién trén hinh 8
va hinh 9, thuét toan diéu khién chuyén dong
dam bao hai khop tay may bam sat voi quy dao
dat, dic biét khi co nhilu tac doc tir thoi diém
gidy tht 4 thi thuat toan diéu khién van dam bao

—_

Hinh 8. Chuyén dgng ciia canh tay
theo truc X

3.4. Két qua thwre nghiém

Pé thuc nghié¢m kiém ching thuat toan diéu
khién chuyén dong dugc dé xuat dya trén mo
hinh dong luc hoc canh tay robot. Canh tay
robot thu hoach dura dugc tich hop vai lién hop
may thu hoach khom, lién hgp may duoc tién
hanh thyc nghiém trén canh déng dira thudc xa
M§$ Phuéc - huyén Tan Phuéc - tinh Tién
Giang. Hinh 10 mo ta toan bd lién hop may
duoc trién khai trén cai dong trong dira. Hinh
11 mé ta hé thdng diéu khién chuyén dong tay

quy dao di chuyén cua hai khép on dinh voi sai
s6 =g, —q=[X,-Xx Y,-7] =[25 4] (cm), sai s6
nay van dam bao ban tay may khi ha xudng theo
truc z van chup dung dugc trai dia can cit.

e

Hinh 9. Chuyén dgng ciia canh tay
theo truc Y

may robot bao gom: khdi thi gidc (camera);
khéi xir 1y trung tam PC cé chirc ning doc toa
d6 trai dua, diéu khién chuyén dong hai khép
tay may (X, Y) dua trén thuat toan PD+DE;
khéi thiét bi truong gom PLC, cic bd driver
cho dong co, dong co hai khdp 1, 2... Qua trinh
thir nghiém duoc tién hanh v6i 36 chu ky hai
dira (mdi chu ky gdm 3 budc nhu trén), két qua
chuyén dong theo hai truc X, Y cia tay may
dué6i tac dong cta nhidu méi trudng duge thé
hi¢én trong bang 1.
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Bang 1. Két qua thwe nghiém trén cianh dong dira tai Tién Giang

T Cic yéu tb nhjéu tac Vi tri Két qua thye nghiém
dong toi chuyén dong trai dira (di chuyén thwce te tay may Robot)
Goc Do rung . . .
nghiéng khung Lan 1 Lan 2 Lan 3 Trung binh
khung xe xe
o Van
Truc Truc “En toc Truc Truc Truc True Truc True Truc Truc Truc Truc
X Y H rung X Y X Y X Y X Y X Y
\4
Pon vi
(do) (do) ~ (mm) (mm/s) — (mm) (mm) — (mm) (mm)  (mm) — (mm)  (mm) (mm) (mm) (mm)
1 10 8 6 1,0 915 859 920 850 890 855 890 821 900 842
2 10 8 6 1,0 882 1398 910 1425 910 1425 874 1386 898 1412
3 10 8 6 1,0 615 874 635 910 635 910 614 856 628 892
4 10 8 6 1,0 159 941 150 910 155 910 124 946 143 922
5 10 8 6 1,0 766 1468 790 1495 795 1495 755 1465 780 1485
6 10 8 6 1,0 204 1483 210 1520 210 1515 237 1471 219 1502
7 10 8 6 1,0 395 172 395 160 390 165 370 131 385 152
8 12 15 8 1,4 635 271 630 255 635 255 610 228 625 246
9 12 15 8 1,4 333 1455 335 1490 340 1490 366 1457 347 1479
10 12 15 8 1,4 748 1476 750 1510 755 1510 778 1468 761 1496
11 12 15 8 1,4 164 272 190 300 180 300 167 267 179 289
12 12 15 8 1,4 681 801 665 780 680 775 659 803 668 786
13 12 15 8 1,4 116 831 115 805 105 805 86 832 102 814
14 12 15 8 1,4 559 1505 580 1510 580 1510 556 1549 572 1523
15 8 5 5 0,8 187 1601 185 1600 178 1600 162 1555 175 1585
16 8 5 5 0,8 250 623 245 600 245 590 221 625 237 605
17 8 5 5 0,8 311 1305 330 1310 310 1310 335 1340 325 1320
18 8 5 5 0,8 308 1949 330 1980 330 1990 309 1952 323 1974
19 8 5 5 0,8 634 687 660 700 660 710 630 735 650 715
20 8 5 5 0,8 723 1286 710 1270 710 1270 692 1237 704 1259
21 8 5 5 0,8 250 624 235 610 240 610 215 565 230 595
22 8 5 5 0,8 312 1313 335 1350 320 1355 344 1324 333 1343
23 5 8 5 0,9 309 1953 330 1990 330 1995 312 1958 324 1981
24 5 8 5 0,9 643 684 670 690 665 725 648 712 661 709
25 5 8 5 0,9 166 833 155 790 158 790 137 835 150 805
26 5 8 5 0,9 724 1291 715 1275 715 1275 694 1248 708 1266
27 5 8 5 0,9 249 1414 275 1450 275 1450 257 1423 269 1441
28 5 8 5 0,9 295 172 320 195 300 190 328 221 316 202
29 5 8 5 0,9 635 271 625 230 605 255 621 235 617 240
30 8 10 7 1,1 333 1455 360 1500 365 1500 340 1470 355 1490
31 8 10 7 1,1 748 1476 760 1490 780 1490 767 1541 769 1507
32 8 10 7 1,1 164 272 155 235 145 230 132 261 144 242
33 8 10 7 1,1 681 801 665 780 665 785 647 742 659 769
34 8 10 7 1,1 166 831 195 850 195 855 174 887 188 864
35 8 10 7 1,1 559 1505 570 1545 580 1550 593 1513 581 1536
36 8 10 7 1,1 187 1601 170 1580 180 1585 157 1542 169 1569
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T két qua thyc nghiém trong bang 1, dya
trén phuong phap théng ké thuc nghiém va ly
thuyét vé phuong sai ching ta nhan dugc do
chinh xé4c trong chuyén dong cia tay may theo
truc X 13 95% va truc Y 13 95%. Piéu d6 ching

t6 thuat toan didu khién chuyén dong duoc
nghién ctu dé xuit dua trén mo hinh dong luc
hoc tay may dat do chinh xac va do tin cay khi
diéu khién tay may theo hai truc X, Y trong moi
truong rudng dira thyec.

fm————m—— o

CAMERA [ -—7
USB3.0
3 : e M

Piéu khién déng co X
( Motor driver)

Diéu khién dong co Y
(Motor driver)

4. KET LUAN

Bai bao nay tién hanh nghién ctru mé hinh
dong luc hoc tay may Robot thu hoach dwra khi
1am viéc trong méi truong thuc, cac yéu té nhidu
moi truong da dugc phan tich trong moé hinh
dong luc hoc. Tur dac diém phan tich vé gidi han
trén ctia nhi®ém méi trudng xuit hién trong
phuong trinh dong luc hoc, nhom tac gia da dé
xuét thuat toan diéu khién chuyén dong PD+DE
trong d6 c6 wdc tinh gidi han trén cta nhiéu
moi truong dé dua vao thanh phan bu nhiéu.
Tinh 6n dinh cta thuat toan diéu khién chuyén
dong dugc chimg minh thong qua 1y thuyét 6n
dinh Lyapunov. Két qua thyc nghiém trén
rudong dura tai xa My Phudc, huyén Tan Phuéc,
tinh Tién Giang cho do chinh xac dén 95% da
chimg minh tinh ding din ciia mé hinh dong
luc hoc va thuat toan diéu khién chuyén dong
ma nghién ctru dé xuit.
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RESEARCH ON DYNAMICS OF MOTION FOR ROBOTIC
MANIPULATORS HARVESTING PINEAPPLE IN THE FIELD

Bui Le Cuong Quoc!”, Hoang Son?
!'Binh Thuan province Vocational College
*Vietnam National University of Forestry

SUMMARY

The automatic pineapple harvesting manipulator is a robotic manipulator mounted on the chassis of a harvester
complex operating in an agricultural environment. This manipulator has 3 degrees of freedom (3DOF-Degrees
of Freedom) designed in the form of motions in three coordinate axes X, Y, Z. Through the analysis of the
dynamics of the movement of the manipulator, considering factors affecting the working environment and the
robot hand motion control algorithm for pineapple harvesting, this study has proposed the PD control algorithm
combined with environmental noise estimation to include noise compensation when the machine complex is
operating in the actual field. The stability in working process when using the control algorithm is proven through
the Lyapunov stability criterion. The results of the trial of harvesting pineapple fields in My Phuoc commune,
Tan Phuoc district, Tien Giang province show that the manipulator has moved to the position where the pineapple
needs to be cut is 95% in about 36 harvesting cycles. That proves the reliability and accuracy of the control
algorithm.

Keywords: Combine harvester, harvesting automatic manipulator, motion Dynamics, PD control
algorithm.
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