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TOM TAT

7Bdi bdo nay huwéng dén phiwong phdp nghién ciru cach thire ché tao, mé phong va diéu
khién mgt mo hinh canh tay robot 3 bdc di chuyén linh hoat trong mgt mat phang. Dau tién,
qud trinh thiét ké moé hinh canh tay rqbot 3 bdc dwoc thuc hién trén nén tang Solidworks. Tiép
theo, mé phong va tinh toan bo diéu khiéen PD cua canh tay robot dwoc thuc hién trén
Matlab- Simulink véi thuw vién Simscape Multibody dé dénh gid hiéu qua ciia mé hinh va bo
diéu khién. Sau dé, mé hinh thwc ciia cdanh tay robot dwoc ché tao ciing véi ti diéu khién.
Cudi cung, mo hinh canh tay robot da duwoc diéu khién di chuyen bam theo tin hiéu dat trong
mat phang bang bé diéu khién PD dwoc nhing trén vi diéu khién STM32F4 va thu thip dir
ligu vé may tinh. Bang viéc dp dung quy trinh trén trong thiét ké robot, né khong chi giip

gidm thiéu chi phi va thoi gian ma con ndng cao hiéu qua trong viéc thiét ké b diéu khién
cho robot.

Tir khéa: bo diéu khién PD; phan tich dong hoc; Simscape Multibody, canh tay robot néi tiép
3 bdc tu do trong mat phang; vi diéu khién STM32F4 .

ABSTRACT

This paper aims to study how to fabricate, simulate and control a 3-degree of freedom
(DOFs) robot arm that moves flexibly in a plane. First, the design process of the 3-DOFs
robot arm model is done on the Solidworks platform. Next, the simulation and calculation of
the PD controller of the robot arm are implemented on Matlab-Simulink with Simscape
Multibody library to evaluate the effectiveness of the model and the control design. Then, the
real model of the robot arm is fabricated with the control box. Finally, a real robot arm was
controlled to move following the reference in the plane with the PD controller embedded on
the STM32F4 microcontroller and collected data about the computer. By applying this
procedure in robot design, it helps to not only minimize the cost and time but also improve the
efficiency in the controller design for the robot.

Keywords: PD Control; kinematic analysis; Simscape Multibody; 3-DOF planar robotic
manipulator; Microcontrollers STM32F4

thiét 1ap mot mdi quan hé cong sinh giita

1. GIOI THIE ;
Glo EU robot va con nguoi. Chau Au kich thich ting

Cong nghiép robot théng minh 1a mot
tiéu chuan quan trong dé danh gia mure do tan
tién vé cong ngh¢ va cap do san Xuit cao
nhat cia mot qudc gia. Mot s6 quoc gia phat
trién da Gmg dung robot nhu: Ké hoach robot
quéc gia 2.0 dd dwoc Hoa Ky thuc hién,
nham tao ra hang loat robot cong tac gitip

Doi: https://doi.org/10.54644/jte.64.2021.87

dung robot vio san xuat, nong nghiép, chim
soc stic khoe, van chuyén, an toan va gia
dinh. Chién lugc mdi vé robot d3 duoc Nhat
Ban ban hanh, nhim tich robot v6i cong nghé
may tinh, dir liéu 16n, mang va tri thong minh
nhan tao. Han Qudc tap trung vao chién lugc
phét trién robot ctru hg, robot y té, robot cong
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nghi¢p thong minh va robot st dung trong
nha [1].

Tai Viét Nam: Tong Giam ddc ABB
Viét Nam, 6ng Brian Hull cho biét, san luong
cua ABB (mét trong nhitng thuong hi¢u 16n
trong nganh robot thé gidi) tai Viét Nam
trong 3 nam gan day da ting trudong 2 con sb
mdi nim. Tap doan nay da danh 50% sin
luong tai Viét Nam dé xuét khau, phén con
lai phuc vu tai thi truong ndi dia. Ngoai
ABB, mét s céc tén tudi trong nganh robotic
khéc cling xuat hién tai Viét Nam nhu
Universal Robots (UR), ABB, Yaskawa
Kuka... Chang han, Vinamilk da chi hang
ngan ti dong cho ty dong hoéa. Xu hudng nay
khong chi 4p dung cho cac doanh nghi¢p tu
nhan, Tap doan Dién lyc Viét Nam cling bat
dau tim hiéu cac giai phap ky thuat sé cho
céc tram bién ap va nha may dién [2].

Trén thé gidi, cac giai thuat diéu khién
nang cao nhu diéu khién PID [3], diéu khién
trugt [4], diéu khién cudn chleu [5],... da
dugc trién khai dé giai quyet van dé dleu
khién bam cho robot dudi su ton tai cua cac
thong s6 khong chic chan. Ngoai ra, cac bo
diéu khién tro khang (impedance control) [6],
diéu khién kiém sodt 18i [7,8], diéu khién lyc
[9] va diéu khién t6i vu [10] da dugc phat
trién va ap dung cho canh tay may dé cai
thién do tin cdy, tudi tho va an toan khi céac
canh tay may hoat dong cung nhau hay cung
v0i con nguoi [11]. Tt nhimg két qua nghién
clru trén, ta c6 thé thiy cac van dé lién quan
té1 robot da va dang thu hut dugc su quan
tim ciia rat nhiéu nha nghién ciu & céc
truong dai hoc, vién nghién clru va cac cong
ty cong nghé & trén thé gioi.

Con ¢ Viét Nam, robot cong nghi¢p da
dugc quan tdm nghién ctru nhung méi chi
dung ¢ viéc dua ra mo hinh va di tim thuat
todn giai bai todn dong luc hoc cho robot
phuc vu diéu khién chuyén dong, chwa chu
dong duoc qua trinh thiét ké va ché tao robot
dap tmg yéu cau cu thé. Robot noéi chung va
robot cong nghiép thong minh noéi riéng dang
dugc st dung tai Viét Nam phf?m 16n duoc
nhap khéu. Robot duoc ché tao tai Viét Nam
con rat it va hau hét sir dung cong nghé cii

cta thé gi6i, chua c6 du kha ning lam cha
cong ngh¢ ciing nhu phat trién cong nghé
phu hop. Co rat it cong ty san xudt va phan
phdi san pham trong nude. Néu c6 thi hau hét
san pham thudc phan loai robot cong nghiép
truyén théng, han ché vé tinh thong minh,
bac tu do, k¥ nang dong luc hoc nang cao.

Dé hiéu rd vé ban chat cua cac két cau
co khi, cach thirc tao ra mot mo hinh robot,
cach 1ap trinh va diéu khién mot canh tay
robot do minh tu ché tao ra va xa hon nita 1a
lam chu k¥ thuét ché tao robot trong tuwong
lai, bai bao nay s& phan tich qua trinh thiét ké
canh tay robot bang phian mém Solidworks
sau d6 mo phong canh tay robot da thiét ké
trén Simscape Multibody va tién hanh thi
cong phan cimg ciia robot. Cudi clng 1a diéu
khién mé hinh thuc cua robot di chuyén
trong mit phang bam theo tin hiéu dit thong
qua vi diéu khién STM32F4 bang bo diéu
khién PD roi gri tin hiéu vé mdy tinh.

Céu trac cua bai bao duoc td chic nhu
sau: ph'?m 2 miéu ta vé dong hoc thuan dong
hoc nghich cta robot 3 bac tu do va bo diéu
khién PD. Phan 3 trinh bay cac budc trong
qua trinh thiét ké robot. Phan 4 va phan 5
trinh bay va thdo luan vé cic két qua dat
duoc 1an luot trong md phong va trong thuc
nghiém. Cubi ciing, phan 6 dua ra két luan vé
nhiing van dé dat dugc va can phat trién.

2. MIEU TA ROBOT 3 BAC TU DO

Canh tay robot 3 bac tu do di chuyén
trén mot mat phang thong qua ba khdp xoay,
mdi khop nay duoc din dong bang day dai
t6i cac dong co tuong Gng dat ¢ dé, ciu truc
nay duoc thé hién ¢ Hinh 1.

Hinh 1. M6 hinh Robot
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2.1 Pong hoc thuan tay may

¥3

X3

¥

o -

Hinh 2. M6 hinh gdn truc tay mdy 3 bdc tie do

Mo ta dong hoc cia canh tay robot dua
trén quy tic Denavit - Hartenberg (DH), quy tic
gitp x4c dinh sb bac tu do va s khau lién két.
Hinh 2 12 md hinh gin tryc cta canh tay robot
¢6 3 khép lién két, hé truc toa do duoc gan &
moi khép xoay, truc z c6 hudng tring voi
hudng cua truc khép xoay (c6 hudng tir trong
ra ngoai), truc x c6 hudng cua khau trudc.

Duya trén mo hinh ga':ln truc tay may ba
bac tu do, bang thong s6 D-H duogc lap ra
nhu trong Bang 1.

Bing 1. Bing théng so Denavit-Hartenberg

(D-H)
Ii ai ai di 0,
1 L, 0 0 0,
2 L, 0 0 0,
3 L, 0 0 0,

Trong do, ai la khoang cach tir truc z; dén
z;_, doc theo truc x;, oi 1a do xoan tir truc z;
dén z;_, quanh truc x;; di 1a khoang cach cua
truc x;_, dén x; doc theo truc z; 6 1a goc
xoay tir truc x;_, dén x; quanh truc z;.

Ma trén téng quat dong hoc

Tin=
c(8;) —s(B)c(ay) s(Bi)s(a;) ajc(8;) (1)
s(@) c(®)c(oy) —c(B)s(ay) a;s(6;)
0 s(a;) c(a;) d;
0 0 0 1

Trong d6: s(6;) = sin(6;); s(a;) = sin(a;);
c(8;) = cos(8,)); c(a;) = cos(a;).

Ma tran chuyén doi tir hé 0 dén hé 3 (3T)

ST =T ;T 3T @)

Vi °Ty, 1T, 2Tz duoc tinh nhu sau :

-C1 _Sl 0 L1C1_
o — |51 €1 0 Lisy 3
1 0 0 1 0 @)
| 0 0 0 11
-CZ _52 0 L2C2-

17 — |52 C2 0 L,s, 4
z 0 0 1 0 @
[ 0 0 0 11
[C3 —S3 0 L3C3-
2m _ |3 C3 0 L3s3 5
5T 0 0 1 0 ®)
[ 0 0 0 14

Trong do, s; = sin 6;, va ¢; = cos6; vaoi (i =
1,2,3).

Tt phuong trinh (2) suy ra I7:

Ci2z3 —Si23 O Py

gT _ [S123 €123 0 Py (6)
0 0 1 P,
0 0 O 1

Trong do S12 = Sin(61 + 92), Ci2 =

cos(0; +0,);  Ss13 = sin(B; + 6, + 03);
C123 = €0s(01 + 0, +03); P, B, P 1a vi tri
cua Robot trong h¢ toa d§ Oxyz, gia tri cua
mdi bién sd nay dugc thé hién ¢ phuong
trinh (7), (8) va (9).

Pe = Licy + Lycip+ Lscyaps (7)
Py = Lysy + Ljsiz + L3Sia3 8
P,=0 9)

Hudng cua Robot duge xac dinh théng
qua cong thuc:

Y = 01+ 02+ 93 (10)

Trong d6 v 12 hudng cta robot. 01, 62, 03 lan
luot 1a gbc xoay cua tirng khép.

2.2 DPong hec nghich tay may

y

L1 ra

e/et x

Hinh 3. M6 hinh gén truc tay mdy 3 béc tir do
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Tur phuong trinh tinh dong hoc thuan dat:
X =px — Lgcos(y) = Li;.cq; + Ly.cip (11)
y =py — Ls.sin(y) = Li.s; + L,.s, (12)

x%2+y% =L+ 1,* —2L,L,c(180  (13)
+6,)

bat: a =c¢,

a_xz +y2 —L,% —L,? (14)
2L, L,

Suy ra: 8, = atan(a; +V1 — a?) (15)

Tacod:pB = atan2(y, x) (16)

bat: b = cos(y)

. _xP+y? + L% —Ly° 17

2L,%\/x2 + y2

Y = acos(b) (18)

6=ty (19)

0, = atan(a; im) (20)

O3=y— 6:— 6, (21)

2.3 B diéu khién PD

Tin hiéu dit cho vi tri va huéng & diém
cubi ciia canh tay robot s& dugc tao ra tiy
vao tng dung cu thé. Pé dam bao diém cubi
cua canh tay robot bam theo tin hi¢u dat, bd
diéu khién PD cho robot dugc thiét ké nhu
Hinh 4.

1(f) e(t)
—»(»%——» PD

Hinh 4. B¢ diéu khién PD
Khau ti 1€, khau vi phan dugc cong lai véi
nhau dé tinh toan dau ra ctua by diéu khién, gia
tri nay dugc thé hién & cong thuc (22).

Robot

v

—0(t)—>

0(t) = Kpe(t) + Kp %e(t) (22)

Trong d6, r(t) € R**! la tin hiéu diéu khién
& cac khép cua robot, 8(t) € R3** la tin hiéu
diéu khién duogc sir dung dé diéu khién vi tri
dong co DC servo, e(t) =r(t) — B(t) €
R¥1 1a sai sb gitra goc dat mong mudn va
ngd ra.

Luuy 1: Vi Kp (d0 loi ti 1€) gid tri cang
16n thi dap Gmg cang nhanh do d6 sai s6 cang
16m, bu khau ti I¢ cang 16n. Mdt gia tri do loi
ti 16 quéa 16n s& dan dén qua trinh mat 6n dinh
va dao dong. Kp (do loi vi phan) gia tri cang
16n cang giam do vot 16, nhung lai 1am chdm
dap tng qua d6 va co thé din dén mit 6n
dinh do khuéch dai nhiéu tin hiéu trong phép
vi phan sai s6.

3. QUY TRINH THIET KE MO HINH

VA BO PIEU KHIEN

Mo hinh canh tay robot va bo diéu khién
duoc thiét ké qua cac budc sau. Bwée 1:
Thiét ké mo hinh trén phan mém Solidworks;
Buwéce 2: Str dung Simscape Multibody
chuyén d6i moé hinh canh tay robot tir
Solidworks sang Matlab-Simulink; Buéc 3:
Tinh todn dong hoc thuan-nghich; Bwée 4:
Lap quy dao cho canh tay may; Buwdce S: St
dung Matlab-Simulink 18p trinh, 4p dung bd
diéu khién PD vao mo phong va danh gia, 1ap
trinh cho board STM32F4; Buwéc 6: Thi
cong, lap rap mo hinh canh tay, v& so do
nguyén 1y va két ndi phan dién cho hé théng,
thi cong va lap réap ta diéu khién; Buwée 7:
Tién hanh chay thuc nghiém va danh gia mo
hinh. Tat ca qué trinh nay duoc thé hién chi
tiét qua lwu d6 Hinh 5.

Budc 1  Budc 2 Buéc3  Budc 4
F N Y SR
E e Y ws P Y | ,
SIMULINK' = \
‘Bu(vc 5

Budc 6

Hinh 5. Luwu dé thue hién

4. KET QUA MO PHONG TREN
SIMSCAPE MULTIBODY

Nhu da dugc trinh bay ¢ phan trugc,
robot duoc thiét ké bang phin mém
Solidworks 2017, tur solidworks thong qua
nén tang simscape multibody first generation
chuyén d6i vé phian mém Matlab-Simulink
2017b dé tién hanh thyc hién mo phong theo
so d6 khoi ¢ Hinh 6.
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Quy |,] Dong hoc PD [+ ROBOT
dao nghich

Hinh 6. So do khéi mé phong

Dua vao so d0 khéi, chuong trinh mod
phong dugc 1ap trinh trén Simulink va dugc thé
hién & Hinh 7. Céac thong sb ky thudt robot
dugc trinh bay ¢ Bang 2, thong sb bo diéu
khién PD dit vao mdi khép xoay c6 gia tri nhu
& Bang 3 va thoi gian 14y mau cua hé 12 0.001s.

Bing 2. Thong s6 canh tay robot

Robot | Kich thwéc (m) | Khoi lwgng (kg)
bé 0.3x0.2x0.15 1.2
Khau 1 0.16 0.32
Khau 2 0.16 0.18
Khau 3 0.128 0.22
Bing 3. Thong s6 bg diéu khién PD
Khép Kp Kd
98 0.25
80 0.25
3 85 0.5

o [

»
v
HY
L]
H

1 P {Thetal

3
h 4

w 4 e
fon

PID{s) [ P2 {Theta2]

i)
HUHUL

1

[Thetad] 3 DOF Manipulator

PiD{s 13 P3 {Theta3]

Trajector K Function

Hinh 7. Chuwong trinh mé phong

Vé6i quy dao di chuyén cta canh tay
robot 1a mot dudng tron trong mit phang oxy
véi tam 1 (0.15; 0.2) ban kinh r = 0.1m va
goc y=0° dugc thé hién ¢ Hinh 5.

X
s

Hinh 8. M6 phong quy dao cdanh tay robot

Két qua mo phong trinh bay ¢ Hinh 9 va
10 1an luot 1a dap Gmg goc quay va sai s dap
g cua cac khop. Tir quy dao di chuyén theo
hinh tron nhu Hinh 8 thong qua dong hoc
nghich s€ tao ra cac goc dat 1a duong mau
xanh nhu & trong Hinh 9. Cac goc quay cua
khac khép dugc trinh bay bing cac dudng
mau do trong cac Hinh 9 s& dugc hdi tiép vé
bo diéu khién PD véi thong s6 dit nhu Bang
3. Két qua trinh bay trong Hinh 9 cho thiy
cac khop di chuyén va bam sét theo goc dit.

")

Géc (do)

: : : : !
4] 1 2 3 4 5 6
Thdoi gian (giay)

@)
—Goe dit
160 —Dip ing
140
120
S 100
2
< 80
60
40
20
0 1 2 3 4 5 6
Thaoi gian (gidy)
220 : =
——Goc dat
—Bap g

40+

=60 |

-80

-100 H£

Goc (d§)

0 1 2 3 4 5 6
Théi gian (gidy)

©
Hinh 9. Cdc dap ving ngé ra ¢ cac khop cua
canh tay may voi (a) khop 1, (b) khop 2, (c)
khop 3
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Hinh 10 thé hién sy sai sb céc khép so
vl gia tri dat, trong d6: duong mau xanh
duong thé hién sy sai s6 cua khép thir nhét ,
mau do thé hién sai sb cho khép thu 2 va
duong mau den 14 cdy thé hién sai s cho
khép thtr 3, thong qua d6 ta c6 thé d& dang
nhan thiy ring quy dao di chuyén theo hinh
tron c6 thoi gian xac 1ap nhanh (0.2s) tuy
nhién sai sb t6i da kha cao & ca 3 khép tha
nhit (9 d0), khép thi 3 (7 d0) va & khép thi
2 chi 1a (4 d9).

40

— Sai s0 theta |
~— Sai s0 theta 2
30 |—— Sai s0 theta 3/

Goe (dg)

0 1 2 3 4 5 6
Thai gian (gidy)

Hinh 10. Sai 56 ciia 3 khdp so véi gid tri dat
5. KET QUA THUC NGHIEM

Ti dieu khién Robot
eleleiirieleielelelalluieiy [ ekekeielelelellbioieisisielels X
May oy Vi qicu .MaCh; LN Encoder E
tinh |} khicn | | congsuat || || co |

Hinh 11. So dé khoi két noi

Sau khi da danh gia hi¢u qua cia mo
hinh canh tay robot va bo diéu khién PD
thong qua budc md phong, canh tay robot
dugc thi cong dua trén mo hinh thiét ké trén
Solidworks. Phan dé dugc ché tao tir vat liéu
mica, canh tay su dung chét liéu sit c6 do
day 2mm. M6 hinh dung 6 puly don GT2 20
rang va 3 puly d6i GT2 20 riang dé diéu khién
cac khép quay. Trong d6 c6 3 puly don 20
ring truc Smm dé gan vao truc dong co, 3
puly don 20 ring truc 8mm dé gin c6 dinh
vao cac khép quay, 3 puly déi 20 rang truc
8mm dé cho bing dai quay 1ong khéng & cac
truc. M6 hinh dung diy dai GT2 dé truyén
luc cho céc puly ¢ cac khép, trong d6 co 3
day dai GT2 200mm dé truyén luc tir dong
co dé cac puly & tryc thir nhit. 2 day dai GT2

45

400mm dé truyén luc cho puly & truc thu 2
va 1 day dai GT2 400mm dé truyén luyc cho
puly & truc cudi. Vé phan thiét bi dién mo
hinh st dung 3 Pong co JGB37-520 DC
Geared Motor, 1 board diéu khién STM32F4
discovery, 2 mach cong suit L298N 2A V2
va 3 encoder cam bién tir truong Hall duoc
tich hop sin vao dong co. Tat ca thiét bi
duoc két ndi theo so d6 khéi Hinh 11 va két
qua cua qua trinh ché tao duoc thé hién &

Hinh 12. M6 hinh thuc té cia dé tai

CART Tx1

Read uart

Angle2)|
rapecice i3] it
Main — MOTOR 3 ‘slu“;al::r”
Function in MOTOR e Som e
A e i

Hinh 13. Chuong trinh trén Matlab Waijung

Duya vao md hinh robot da thi cong, canh
tay robot dugc lap trinh trén nén tang
Waijung 15.04a ctia phin mém MATLAB-
Simulink 2017b véi chuong trinh nhu ¢ Hinh
13 trong d6 c6 khdi dung dé cai dat cho
Waijung va UART, khéi dé doc gia tri
UART, chuong trinh chinh va khéi dé diéu
khién motor v6i bd diéu khién PD. B¢ théng
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s6 diéu khién PD dugc thé hién & Bang 4 voi
thoi gian ldy miu 13 0.001s. C6 ba niit nhan &
ta dién diéu khién robot. Trong d6: Robot chi
hoat dong khi nut mau xanh dugc nhén, nat
mau vang cho phép robot ding lai khi dang
hoat dong & mot vi tri bat ki va chi hoat dong
lai khi nat nhin nay dugc tai kich hoat. Nut
mau do6 dua robot trd lai vi tri ban dau.

Bing 4. Bing thong sé bj diéu khién PD

Pong co Kp Kd
bong co 1 4.8 0.12
Dbong co 2 1.8 0.04
bong co 3 3 0.15

V6i quy dao 1a hinh tron tuong ty nhu
phin mé phong trén simscape multibody
duoc dé cap & phan trén. Cac Hinh 14 ab,c
lan luot 13 d6 thi dap ing cia cac khdp xoay
1, 2, 3 v6i cac goc dat thé hién boi duong
mau xanh va goc dap tng duoc thé hién boi
duong mau do.

50

—Goc dit
|—Dip img

10

Goe (do)
R

3

@)

160
’ — Goe dit

— Diip img
140 e

120

100

Goc (do)
=

60

40

20

Thoi gian (gidy)

(b)

—Gaoc dat
20l —Dap img
-40 ‘\ 1
=60 H *
‘2% -80
2
-~ -100 F 1
<
-120 1 |
'E \
\ \
-140 | ! *
-160
-180 . L - .
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Hinh 14. Cac dap ting ngo ra cua canh tay
may o (a) khop 1, (b) khop 2, (c) khop 3

Hinh 15 thé hién su sai sd cac khdp so
voi gia tri dat, trong do: duong mau xanh
dwong thé hién sy sai s6 cua khép thir nhat ,
mau do thé hién sai s6 cho khdp thir 2 va
duong mau den thé hién sai s0 cho khop thi
3, v6i quy dao di chuyén theo hinh tron thi vi
tri cua cac khép quay bam sat theo tin hi¢u dat
ctua quy dao, thoi gian xac 1ap nhanh (nho hon

1 gidy) va sai sO cua cac goc bi bao boi 6 do.
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Hinh 15. Sai 56 ciia ba khép so véi gid tri dit
6. KET LUAN

Bai bdo da thuc hién thanh cong viéc
thiét ké mo hinh canh tay may 3 béc tu do
trén phan mém Solidworks, tiép dén 1a su
dung cong cu Simscape Multibody dé chuyén
d6i mo hinh tir Solidworks sang Matlab—
Simulink, nghién ctru, 1ap trinh tao quy dao
cho robot rdi mé phong canh tay hoat dong
theo quy dao dd tao. Thanh cong viéc ché
tao va thi cong mo hinh canh tay da thiét ké
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tir Solidworks két hop véi tu dién. Cong cu
Waijung Blockset hd trg viéc nap chuong
trinh tr Matlab-Simulink vao vi xu 1y
STM32F4 d diéu khién mo hinh canh tay
robot v&i dong co DC Servo c6 bo diéu khién
vong kin phan héi chinh xé4c vi tri cua dong
co, tir 46 diéu khién tin hiéu ngd ra bam sat
v6i gia tri dat thong qua bd diéu khién PD.
Quy trinh thuc hién va mot vai huéng dan cu

47

thé duoc dinh kém trong link video & phan
phu luc.

Phan cimg cua robot chua dap tmg duoc
luc cing cua dai. Vi thé hudng phat trién
trong tuong lai can thiét ké co ciu tu dong
diéu chinh lyc cing dai, dong thoi phat trién
cac giai thuat diéu khién khac nhu Fuzzy
PID, diéu khién trugt thich nghi dé so sanh
v6i bd diéu khién PD hién tai.
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PHU LUC

Video huéng dan va quy trinh thyc hién:
https://www.youtube.com/watch?v=9IxGQ2fCpZU&Iist=PLQNPCSZxuW_ONccN1XOkHR
FTUSMu549sL &index
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