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GENETIC ALGORITHM

Luu Thi Hué!, Nguyén Pham Thuc Anh?
'Pai hoc Pién Luc
2Truong Pai hoc Bdach khoa Ha Néi

*Téac gia lién hé: anh.nguyenphamthuc@hust.edu.vn
(Nhan bai: 14/01/2022; Chap nhan dang: 24/3/2022)

Tém tit - Bai toan thiét ké quy dao t6i wu 12 mot van dé can duoc
giai quyét trong tmg dung robot. Quy dao dugc thiét ké t6i uu vé
thoi gian di chuyén ddng thoi phai thoa mén cac rang bude khac
nhau nhu gi¢i han mé men, pham vi di chuyén cta cac khép trong
khéng gian 1am viée ciing nhu téc do chuyén dong cia cac khap.
Bai bao trinh bay cach thirc thiét ké quy dao t6i wu st dung GA.
Khac véi cac nghién cuu trude, quy dao tham chiéu dugce cho 1a
gidng quy dao thyc. Do d6, mé men tac dong tai cac khép duoc
tinh toan béng cach st dung dong hoc nghich va dong luc hoc
thuan ctia robot. Bai bao d& xuat dua thém bo diéu khién vao khi
thiét lap quy dao t81 wu, m6 men tai cac khop robot dugc tinh toan
tir du ra ciia bo didu khién. Cach thiét ké nay dam béo twong
ddng gitra thiét ké quy dao va viéc trién khai trong thyc té. Cac
két qua mé phong véi cac loai quy dao khac nhau da ching minh
tinh kha thi ciia phuong an dwoc dé xuét.

Tir khéa - robot; thuét toan di truyén (GA); quy dao toi vu; thoi
gian t0i uu; thiet ké quy dao

1. Gidi thi¢u

Trong thoi gian gan day, thuat toan di truyén (GA) da
duogc &p dung trong mot s6 linh vuc nhu didu khién, nhan
dang h¢ théng, robot, nhan dang mau...Bai viét nay dé cap
dén linh vuc robot, cu thé 1a thiét ké quy dao cho khau tac
dong cubi cua robot trong khong gian lam viéc.

D3 ¢6 nhiéu nghién ctru cho van d& thiét ké quy dao.
Nghién ctru ciia Shigang Yue va cong su [1] da thiét ké quy
dao diém — diém cho tay may robot. Sir dung k¥ thuat GA
dé dé xuit quy dao chuyén dong dua trén yéu cau do rung/
hoic thoi gian di chuyén tdi thiéu. Céc tac gia sir dung da
thirc bac bon va bac nam veé thoi gian dé biéu dién quy dao
cho timg doan két ndi diém dau, diém trung gian va diém
cubi trong khong gian khép. Nhitng giéi han rang budc vé
goc khép, vén toc chuyén dong va md men cua khép duge
xem xét trong qua trinh t6i wu. Pires va Machado [2] dé
xuit mot phuong phap thiét ké duong di dya trén GA trong
khi 4p dung dong hoc truc tiép va dong hoc nghich déo.
Quy dao tdi wu 1a mot quy dao giam chidu dai duong di,
v6i thoi gian va nang luong di chuyén theo yéu cau ma
khong c6 bat ky va cham nao véi chudng ngai vét trong
khong gian lam viéc. Con Pires va cong sy [3], st dung GA
dé t6i uu hoa quy dao chuyén dong ciia robot planar. Muc
tiéu GA la giam thiéu khong gian quy dao /thoi gian ma
khong vuot qua mo-men t6i da xac dinh trude. Cac tac gia
st dung dong hoc truc tiép dé tranh cac diém ky di. Trong
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Abstract - The optimal trajectory planning is a problem that needs
to be solved in robotic applications. The trajectory is optimally
designed in terms of travel time, at the same time must satisfy
different constraints such as limited torque, range of movement of
joints in workspace and velocity of joints. This paper presents the
design of optimized trajectory using genetic algorithm. Being
different from previous researches, the reference trajectory is
assumed to be the same as the real one. Therefore, the controlled
torque is calculated by using the inverse kinematic and dynamic
equation of robot. This paper proposes adding the controller when
the optimal trajectory planning is designed, the controller torque is
caculated from controller outputs. This proposed calculation
guarantees the similarity between design and implementation
processes. Simulations with different types of trajectories have
been done to verify the effectiveness of the proposed approach.
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bai [4], da d& xuat mot phuong phap thiét ke quy dao diém
— toi diém duya trén GA khi st dung truc tiép dong hoc va
dong luc hoc. Quy dao ti wu 1a quy dao giam thiéu ca thoi
gian di chuyen va khong gian di chuyén ma khong vuot qua
mé men tdi da xac dinh trude, khong va cham véi bat ky
truéng ngai vat nao trong khong gian lam viéc. Hay trong
[5], Stanislav va cong su trinh bay phuong phap thiét ké
quy dao dua trén GA cho tay may robot véi viée tdi uu
nhiéu tiéu chi khac nhau. Phuong phap dugc mo ta dua trén
dong hoc ngugc va quy dao t6i wu 1a giam thiéu thoi gian
di chuyén va giam thiéu mirc nang luong tiéu thy.

Nhu vy, cac nghién ctru trude bo diéu khién dang mo
khong ¢ phan hoi duge sir dung. Quy dao tham chiéu duoc
cho 1a gidng quy dao thyc. Do d6, md men tac dong tai cac
khdp duoc tinh toan bang cach: Str dung dong hoc nghich
dé tinh quy dao tham chiéu ciia cac khép tir quy dao tham
chiéu cta khau tac dong cudi, sau d6 quy dao tham chiéu
nay dugc sir dung dé tinh mé men dwa vao phuong trinh
dong luc hoc cta robot. Tuy nhién, do tit ca cac robot déu
duogc didu khién boi bo didu khién dang phan hoi dé 6n dinh
hé thdng va chdng nhiu, nén quy dao dit va quy dao thuc
s€ khong hoan toan giéng nhau. Do vay, momen thyc tai
cac khép robot ciing khong gidng véi tinh toan dung
phuong trinh dong luc hoc. Bé khéc phuc cac nhuge diém
trén, bai bao s& dua thém bo diéu khién vi tri trong khong
gian lam viéc vao h¢ thong khi thiét ké quy dao tdi wu cho
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khau tac dong cubi cua robot. Lic nay bai bao giai quyét
dugc ca hai van dé: Bai toan quy dao tdi uru va bai toan bam
quy dao. Khi d6, momen tac dong 1én cac khop duoc lay tir
dau ra cua bo diéu khién. Gia tri do cua vi tri, van tdc
chuyén dong cac khdp, gia tri moé men dugc dua vao GA
dé xem xét véi cac diéu kién gidi han cia robot.
2. M6 hinh dgng lyc hoc va by diéu khién ciia robot

Dé diéu khién vi tri ctia tay may ta can biét dugc tinh chat
dong luc hoc va gid tri lyc can thiét tac dong. Lyc qua lon co
thé khién robot va cham véi cac vat thé bén ngoai hodc dao

dong xung quanh vi tri mong mudn. M6 hinh dong luc hoc
cta robot dugc mo ta nhu phuong trinh sau [6, tr. 180]:

H(@)d+C(a,4)g+G(a) =7 oy
voi:

H(qg) 1a ma trin quan tinh c6 kich thudc nxn;

C(9,d) 1a ma tran twong hd va ly tam, duoc xac dinh
tir ma trdn H(q) dua vao tinh chat H(q)—2C(q,q) 1a tran
d6i xtg léch, co kich thude nxn;

G(q) 1a véc to trong trudng co6 kich thudenx1;

7 1a véc to md men tac dong 1én cac khop cua tay may
¢o kich thudc nx1;

0,4,§ 1a véc to vi tri, van tdc, gia toc ctia cac khop co
kich thudc nx1.

Voi gia ‘ghiét céc tham sb cua robot biét duge mot cécl}
chinh xac. O day tac gia st dung thuét toan don gian dé
diéu khién quy dao chuyén dong ciia robot, thuat toan JT
(Jacobi chuyén vi)- PD bu trong truong trong khong gian

lam viéc duoc lya chon. Thuat toan dugc mo ta nhu phuong
trinh (2).

=J7 (Kp(eq -9)- Ky i)+ Glg) @)

Trong do, zgq : Quy dao vi tri va hudng dat cia khau tac
dong cubi cua robot; z,7 : Quy dao vi tri, huéng va tdc do
thuc cua khau tac dong cubi cua robot; Kp, Kg : Tham sb
clia b diéu khién, 1a ma trén hé s6 xac dinh dwong; J : Ma
tran Jacobi cia robot

3. Thiét ké quy dao

Quy dao chuyén dong vi tri cua khau tac dong cudi cia
robot duoc thiét ké trong ving lam viée cia chiing, véi bo
diéu khién duoc sir dung trong Muc 2. Cé nhiéu dang quy
dao chuyén dong duogc thiét ké cho vi tri cua khau tac dong
cubi. Ta c6 thé dam bao tinh lién tuc nay bang cac quy dao
da thuc bac ba cua vi tri khau tac dong cudi [6], dugc cho
badi phuong trinh:

2 3
zg(t) =ag +a(t-tg) +ax(t—tg)” +ag(t—tp)” (3)
voi, tg St<ts, ty va ts 1a thoi gian diu va thoi gian cudi
cua chuyén dong;

ai (i=0-3) 1a cac vec to hé sb cta quy dao, co kich
thude 3x1.

Céc véc to hé sb ai, trong phuong trinh (3) dwoc xac

dinh nhu sau [6]:

ao ZZO
a1=20
. :—3(20—Zf)—(220+2f)(tf —to) .
’ (tr —to)? @
2(zp—z¢)+ (2o + 25 )(ts —to)
agz = 3
(tr —to)

VGi, Zg,Zq lavitri, van tdc ban dau cua khau tac dong cudi;
Z¢,2¢ lavitri, van toc tai diém két thic ctia khau tac dong
cudi.
4. Thiét ké quy dao sir dung GA
4.1. Cic thong s6 cin xdc dinh

Tac gia xem xét mot vi du 1a robot planar ba bac ty do

trong viéc thiét ké quy dao ciia khau tic dong cudi. M6 hinh
cta robot planar dugc minh hoa nhu Hinh 1.

AY

Hinh 1. M6 hinh robot planar
0XY: 1a khung toa do gbc gin voi khop thi nhat;

d1, d2, ds: Chiéu dai cac khau ndi gitra cac khop;
01, 2, 3: Goc khop;
X, Y, 6 : Vitri, huéng cia khau tac dong cudi;

g = [XO! yo,go ]T Vi tri déll,
Z; :|:Xf Yi.6% ]T vi tri cudi.

V6i thiét ké quy dao chuyén dong cho khau tac dong
cuoi cua robot trong khong gian lam viéc va quy dao
chuyén dong duoc thiét ké nhu phuong trinh (3), thi cac
tham s0 can phai xac dinh 1a cac hé s0 cua quy dao
8j =2, =[ayi;8yi;84], v6iz1a chi s6 chi quy dao chuyén
dong theo truc X, y va huéng cia khau tic dong cudi
(z=x,Y,6) , i la chi s6 chi cac hé so ciia quy dao chuyén
dong can thiét ké i=0-3.

Nhu vay, c6 thé thiy ring, cAn x4c dinh muoi hai tham
s0 cho cac quy dao dugc thiét ké tam thoi. Cac tham so cua
cac quy dao can duogc xac dinh ddm bao muc ti€u cia bai
toan dé ra.
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4.2. Thugt todn di truyén

Con nguoi trong tu nhién phat trién nho twong tac voi
nhau. Moi ca thé dugc déc trung boi mot kiéu gen doc 1ap
Vo1 moi trudng noi ho song Céc toan tir di truyén lam viéc
trén co so kiéu gen, co ché chon loc ciia chiing hoat dong
trén co s& kiéu hinh, GA 1a co s& cta céc thuat toan tdi uvu
ngau nhién.

Nguyén 1y hoat dong ctia GA: GA 1a mot k¥ thuat t6i
uu hda va tim kiém dya trén nguyén Iy cta di truyén va
chon loc tu nhién. Mot GA cho phép mét quén thé gobm
nhiéu ca thé tién hoa theo cac quy tac lya chon dugc chi
dinh dén trang thai toi uu hoa “fitness” (ham chi phi nhé
nhat) [7-10].

Méi chu ky trong GA tao ra mot thé hé méi cac giai phap
kha thi cho mot van dé nhét dinh. Trong chuky ¢ dau, mot quan
thé ban déu mé ta cc dai dién cua giai phap tlem nang duoc
tao ra dé bit diu qu4 trinh tim kiém. Cac yéu t6 cua quan thé
dugc ma hoa thanh chudi bit dugc goi 1a nhiém sic thé.

Su thyc hién cac chudi dugc goi la tdi wru, sau d6 duoc
danh gia boi mot so6 ham chure nang, cac rang budc cua van
de. Dua trén sy toi uu ctia nhiém sac thé, chiing duoc lua
chon cho mot qué trinh di truyén ti€p theo. Qua trinh chon
loc dam bao chon nhitng ca thé phu hop nhat. Khi chon loc
quan thé két thuc, qua trinh di truyén gom hai bude dugc
thyc hién. Bude dau tién két hop chéo (lai ghép) cac bit
(gen) cua hai chuodi (nhiém séac thé) duge chon. Co6 hai loai
lai ghép: Lai ghép mét diem va lai ghep hai diém. Cac diem
lai ghép cuia hai nhiém sac thé 1a bat ky dugc chon mot cach
ngau nhién. Budc thir hai trong thao tac di truyén dugc goi
l1a dot bién, trong d6 cac bit tai mot hodc nhiéu vi tri cia
nhiém sac theé dugc chon mot cach ngau nhién bi thay doi.
Qua trinh dot bién giup khac phuc hién tuong cuc dai cuc
bd. Cac con dugc tao ra bai qua trinh di truyén 1a quan thé
tiep theo dugc danh gia.

4.3. Ham muc tiéu

Viéc thiét ké quy dao t6i uu cho khau tac dong cubi tap
trung vao viéc tao ra cac chuyén dong ngoai tuyen dé thyc
hién cac nhiém vu da biét trong mdt moi trudong xac dinh.
Bai toan thiét k€ quy dao toi wu co thé tudn theo cac tiéu
chi toi uvu khac nhau

- Thoi gian thyc hién t6i thiéu;

- Ning luong tdi thiéu;

- P giat tbi thiéu.

Quy dao duogc thiét ké s dung tiéu chi thoi gian thuc
hién t61 thi€u chiém mot vi tri quan trong trong cong nghiép
nham giam chu ky san xuat, diéu nay rat co y nghia kinh té
do tang nang suat trong cong nghi¢p. Ham muc tiéu thoi
gian di chuyén cua khau tac dong cuoi nhu sau:

fress =Tt )
6i, T¢ 1a thoi gian ma khau tac dong cudi ciia robot di
chuyén tir vi tri dau t&i vi tri cudi.

Mot s6 thuat toan dé tinh toan quy dao ti wu thoi gian
cho robot can xem xét tdi cac loai rang budc. Do véi moi
mot robot, cac goc khdp déu c6 gi6i han chuyén dong nhat

dinh. Téc d6 chuyén dong cua cac goc khop ciing trong mot
giéi han. Ngoai ra, md men diéu khién tic dong 1én cac

khdp cuia robot khéng dwoc vuot gigi han mé men 16n nhét
cung cip boi dong co. Cac gi6i han nay 1a diéu kién rang
budc cua goc khop, tdc dd va md men ciia khop khi thiét
ké quy dao chuyén dong va chung dugc biéu thi nhu sau:

Amin <9 = Umax

Amin <0 < dmax (6)
ZTimin < 7%i = Timax
Str dung thudt toan GA xac dinh duqcﬂTf ti wu, dua vao
ham muyc tiéu (5) va cac rang budc (6) d¢ xac dinh. Khi Ty
dugc xac dinh, s€ xac dinh duge cac thong sO agi cua quy
dao t6i vu dya vao phuong trinh (4), do céc thong s6 ayi la
ham cta T (Tr = t; — to).

Thuét toan GA dugc x4y dung nhu sau: Khi chuong
trinh duoc bit dau, thi quan thé Tr ban dau duogc tao ra va
duoc danh gia, voi mdi mot ca thé T; trong quﬁn thé ban
dau xac dinh dugc cac bo thdng sb cua quy dao ban dau
(chc thong s6 ctia quy dao xac dinh theo phuong trinh (4)
1a ham cua T¢), chinh 1 xdy dung dugc quy dao ban dau,
quy dao nay dugc dua téi bo diéu khién. Momen tac dong
1én cac khop duoc ldy tir dau ra cta bd didu khién, sau do
duoc danh gia bdi rang budc moé men (6). Van tde va vi tri
do thuc cta cac khép cling dugc danh gia boi rang bude
(6) Qua trinh danh gia quan thé ban dau néu gap dugc gen
t6t, tirc tim dugc Ty t01 uu thi qua trinh tim kiém dimg lai.
Néu khong, dya trén t81 wu cua nhiém sic thé, cac T; duoc
Iwa chon cho mdt qué trinh tiép theo, qué trinh chon loc
dam bao nhitng T¢ phi hop nhat. Sau d6 cac qua trinh di
truyén s& duoc thuc hién, nham tao ra cac con cho quﬁn thé
tiép, quan thé tiép theo tiép tuc duoc danh gia. Qua trinh
tim kiém gia tri ti wu cua Tt clr tiép tuc duoc thuc hién nhu
vay cho dén khi tim duoc gia tri cia Ty tdi wu, hodc thuc
hién dén hét s6 thé hé theo yéu cu. Thuat toan tim kiém
gia tri t6i wu duge thé hién qua luu d6 thuat toan Hinh 2.

Quf?m thé Ty
ban dau

l

Kiém tra,
» danh gia cac
rang budc

Gép duoc gen
tot nhat ?

Ap dung lya chon, lai ghép
cho tirng nhlem séc thé
ctia quan thé

!

Thé hé tht i+1= Ca thé ot thé
hé thir i+cac ca thé madi duoc
tao ra

Hinh 2. Luu dé thudt toan tim kiém
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Vi ham muc tiéu (5) va diéu kién rang budc (6), ta st
dung thuat toan t6i wu nhu GA [11] dé xac dinh thoi gian
di chuyén t6i wu ctia khau tic dong cudi cta robot (Ty tbi
wu), tir 46 xay dung dwoc quy dao t6i wu cho khau tac dong
cubi clia robot.

5. M6 phéng
Str dung robot planar ¢6 ba bac tu do c6 tham s6 nhu
Bang 1 d€ mo phong cho thudt toan GA t6i wu thoi gian
chuyén dong cta khau tac dong cuoi cua robot
Bing 1. Théng sé robot planar

m 1,5kg
moy 1,2kg
m3 1kg
dp 1m
ds 0,8m
d3 0,6m

So dd mo ta hé théng dung GA dé téi wu thoi gian
chuyén dong cua tay may nhu Hinh 3.

J
l L=
Xay d y :
ay dung quy | 7, + e Y 2 T DBong luc hoc j
dao chuyen dong Bo dle(uZ;(hlen ctia robot d
(3) - [©) q
z Dong hoc
robot
Thuat toan
Ti o
4 GA (i wu
thoi gian Ty)

Hinh 3. So'd6 mé ta hé thong sir dung GA dé t6i wu thoi gian
chuyén dong

So d6 hé thong Hinh 3 1am viéc nhu sau: V&i thoi gian
di chuyén cua khau tac dong cudi cia robot duge lay tir
quan thé Ty cta thuat toan GA, xay dung duoc quy dao
chuyén dong tham chiéu (3), quy dao nay dugc dua téi bd
diéu khién (2). Vi tri va huéng thuc ciia khau tac dong cudi
duogc xac dinh dua vao dong hoc cla robot ciing dugc dua
vao bo diéu khién. Lic ndy moé men tac dong 1én cac khop
cua robot duogc léy tr dau ra cua bo diéu khién dé diéu
khién robot, md men nay dugc dua vao thuat toan GA dé
kiém tra xem xét v6i diéu kién rang budc gii han vé mo
men chuyén dong cho cac khép clia robot. Dong thoi vi tri,
van tde thyc ctia cac goc khop cling duge dua vao thuat
toan GA dé kiém tra cac diéu kién giéi han chuyén dong
khi t6i wu thoi gian di chuyén cua tay méy

Quy dao cua khéu tac dong cubi dugc xdy dung
nhu Phéan 3, véi diém dau va diém két cudi cua chuyen
dong sir dung trong md phong, diém dau va diém cudi
chuyén dong cua robot planar duoc minh hoa & Hinh 1
cho nhu sau:

Xg =17m; yg =15m; 6, =1,0472rad

Xf =-1,2m; y¢ =0,78m; 6; =2,6180rad

Dbi véi cac diéurkién gi61 han trén va gidi han dudi cia
cac goc khdp, van toc khop va mé men cac khop cia robot
duoc cho trong Bang 2 tham khao [12].

Bing 2. Gioi han cia cac khop cuia robot
Khép | 1 2 3 1 2 3 1 2 3
Myc | G0 |92 | O3 |G |92 |d3 | 71|72 | 73
max | 4 3 |27|10|10 | 10 | 25| 25 | 25
min |-0,3| -3 |-2,7|-10|-10 | -10 | -25| -25 | -25

Str dung thuat toan GA, cac tham s6 ctia GA nhu sau:

S cé thé trong mdi quan thé 1a 20;
Qua trinh di truyén duogc thuc hién toi da 20 thé hé;
) Quan thé cta thé hé tiép theo s& ¢6 5 ca thé tot nhat cia

the hé trudce duogce giir lai;

Sai s6 cuia cac ham dénh gia 1a 10°8;

Str dung ham lai ghép: @crossoverscattered

Tac gia mo phong v6i hai loai quy dao cho khéau tac
dong cudi cua tay may: Quy dao béc ba va quy dao bac
niam. Véi méi loai quy dao thi thoi gian t6i uu di chuyén
ctia khau tac dong cudi s& khac nhau, cy thé:

<> Quy dao chuyen dong béc 3 cua khau tac dong cudi
voi thoi gian chuyén dong toi wu Te= 1 1290893 s. Quy dao
tbi rru vi tri va huéng ciia khau tic dong cudi xac dinh duogc
nhu sau:

x= 17317-5,2779t% + 2,7257¢3

y= 15853 — 1,4498t% + 0,7487t3

0= 1,0472 +2,8279t% — 1,4604t>

Két qua mé phong thiét ké quy dao bac 3 t6i wu thoi
gian di chuyén cua khau tac dong cudi cua robot trong
khong gian lam viéc vdi cac gioi han vé goc khop, van toc
chuyén dong va mé6 men lay tir by di€u khién tac dong lén
cac khép ctia robot dugce thé hién trong Hinh 4 — Hinh 7

— —-khop 1
wenkhop2| |
khép 3

2 3 4 5 6 7
tls]

Hinh 4. Quj dao chuyén déng ciia cdc goc khop

— — -Van téc khop 1
------- Vén téc khep 2|
Van téc khép 3

[rad/s]

0 1 2 3 4 5 6 7
tis]

Hinh 5. Vdn toc cia cdc khdp khi qui dao chuyén dong la bic ba
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— — -md men khép 1
------- mé men khop 2| |
mo6 men khép 3

[Nm]

3 4 5 6 7
t[s]

Hinh 6. M6 men tac dong lén cac khop khi
quy dao chuyén dong la bdc ba

[= = = - Quy dao aat Quy dao thyc |
| : :
1
E ol
w 0
El
. n ; n n n
0 1 2 3 Time [5) 4 5 6 7
-
16
140
EREL
= 1r
08}
06 . ! | \ !
0 1 2 3 ine [y 4 5 6 7
3 :
% of 7
N
1F 1 1
0 1 2 L4 5 6 7
Time [s

Hinh 7. Quj dao chuyén déng bdc ba cua vi tri va
huong cua khdu tac dong cuoi
% Quy dao chgyén déng bac 5 cua khau tac dong cudi
voi thoi gian chuyén dong t0i wu Tr=1,610158s. Quy dao
toi wu vi tri va hudng ctia khau tac dong cudi xac dinh duoc
nhu sau:
x=1,7317 - 7,0229 t® + 6,5424 t* — 1,6253 t°

y =1,5853 -1,9291 t3 + 1,7971 t* - 0,4464 t

0 = 1,0472 +3,7628t° —3,5054t* + 0,8708t°

Két qua mé phong thiét ké quy dao bac 5 t6i vu thoi
gian di chuyén ciia khau tac dong cudi cua robot trong
khong gian 1am viéc véi cac gii han vé& goc khop, van tbe
chuyén dong va mé men lay tir bo diéu khién tac dong 1én
cac khop ciia robot duge thé hién trong Hinh 8 — Hinh 11.

3 -
———-Kknop 1

251

[rad]

. . . . .
2 3 4 5 6 7
t[s]

Hinh 8. Quj dao chuyén déng bdc nam ciia cdc khdp

— — —-Van téc khop 1
--------- Van téc khop 2 | 4
Van téc khop 3

[rad/s]

4 é 7
t[s]

Hinh 9. Vén téc ciia cdc khép khi quy dao chuyén dong la bdc nam

— — — -m6 men khop1
--------- mé men khop 2| 7
mo6 men khép 3

[Nm]

3 s] 4 5 6 7

Hinh 10. M6 men tic dong lén cic khép khi qup dao chuyén
dong la bdc nam

[= = = - Quy dao dat Quy dao thye |
2 T T : : T
1
e
U
Kl
. T T r : T
0 1 2 3 5] 4 5 6 7
1.6 ' '
14
EREs
- 1F
08}
06 . . . . . .
0 1 2 3 s] 4 5 6 7
T
L . . . .
2 3 ] 4 5 6 7

Hinh 11. Quy dao chuyén dong bdc ndm’cu’a Vi tri va
hwong cia khdu tac dong cuoi
Tir d6 thi Hinh 4 — Hinh 11 cho théy, tat ca cac gidi han
vé goc khép, tée do chuyén dong cua goc khép va mo men
tac dong 1én cac khép nam trong giGi han cho phép. Hinh
6 va Hinh10 cho thiy, mé men cta khép thir nhit dat gia
tri gidi han 16n nhit, thoi gian chuyén dong cia khau tac
dong cubi ma GA dua ra la t6i wu. Két qua cho thdy, GA
hoat dong tdt, khong bi méc 151 hoi ty sém
Hinh 7 va Hinh 11 cho thdy, quy dao thiét ké theo cac
bac khac nhau ciia vi tri va huéng cua khau tac dong cudi
da bam véi quy dao va hudng dat. Véi d6 qua diéu chinh
2,56%.



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 20, NO. 4, 2022 79

6. Két luan

Vén dé thiét ké quy dao chuyén dong tbi wu cta robot
¢6 xem xét dua thém bo diéu khién vao hé thdng da dugc
nghién ciru trong bai nay. Dya trén GA, qué trinh t6i uu
thoi gian di chuyén cta khau tac dong cudi ciia tay may da
duogc giai quyét. Lic ndy, quy dao téi uu dang da thirc cua
khau tic dong cudi cua tay may da dugc xdy dung. Trong
qua trinh t6i wu, md men tac dong 1én cac khdp robot dugc
liy tir dau ra cua bo diéu khién, vi tri va van téc chuyén
dong cac khép dugce lay tir gid tri do thuc. Cac gia tri md
men, vi tri va van tdc nay dugc dua vao GA dé kiém tra cac
rang budc giéi han mé men va chuyén dong. Do d6, quy
dao thu dugc 1 t6i wu va thyc té, quy dao tbi uu cua tay
may da dugc xay dung dugc ma khong vi pham bét ky rang
budc nao cua bd truyén dong robot. Nhu vay, bai bao da
giai quyét dong thoi hai vin dé: Bai toan téi wu quy dao
chuyén dong va bam quy dao. Do quy dao duoc tdi wu doc
1ap véi hinh dang robot, nén noé cod thé duoc st dung trong
viéc didu khién bat ky loai robot nao.
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