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Piéu khién thoi gian thue robot hai banh ty can bang sir dung b diéu
khién PID m¢ ty chinh

Real-time control of a two-wheeled self-balancing robot using self-tuning
PID fuzzy controller
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Tom tat

Bai bao trinh bay mot phuong phap thiét ké va dicu
khién robot hai banh tu cin bang. Viéc thiét ké tap
trung chinh vao viéc mo ta phan cimg, xir 1y tin hiéu,
thuat toan loc bu va thiét két bo didu khién PID mo tu
hiéu chinh théng s6. Muc tiéu cua bai bao 14 cén bang
robot ddng thoi diéu khién vi tri va goc nghiéng bam
theo tin hiéu tham chiéu. B¢ diéu khién dwoc dé nghi
gdm hai vong diéu khién. Vong diéu khién thir nht
gdm hai bg diéu khién PD mo didu khién can bang
robot tai vi tri tham chiéu. Vong diéu khién thtr hai s
dung mot bo diéu khién PID tu hiéu chinh thong )
diéu khién gbc xoay cua robot. B diéu khién duoc
chay thoi gian thuc trén Kit STM32F4 Discovery su
dung hé diéu hanh thoi gian thuc freeRTOS. Két qua
thuc nghiém cho thiy bo diéu khién dé nghi da hoat
dong tot trén hé thdng nhung va cho dap tng nhanh,
can bang tdt, 6n dinh.

Tir khéa: Robot hai banh ty cin bang, bo diéu khién
mo, bo diéu khién PID, hé thong nhung, hé diéu hanh
thoi gian thyec.

Abstract:

This paper aims to represent a method to design and
control a two-wheeled self-balancing robot. This work
is to concentrate on hardware description, signal
processing, complementary filter algorithm and self-
tuning Fuzzy PID controller. The original objective of
this controller is that stabilize the robot at the up-right
equilibrium while keeping track the reference signals
of position and rotation angle. The proposed
controller is comprised of two control loops. The first
loop is to use two fuzzy PD controllers which balance
robot at a specific position reference. The second loop
is to use a self-tuning PID controller to control the
rotation angle of the robot. The whole controller is
ported and run on STM32F4 Discovery kit based on
the freeRTOS realtime operating system. The
experimental results indicate that the proposed
controller system runs exactly on embedded system
and has desired performance in term of fast response,
good balance and stabilize with disturbance.
Keywords: Two-wheeled self-balancing robot, fuzzy
control, PID control, embedded system, realtime
operating system.
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Ky hi¢u

Ky hiéu Ponvi Y nghia

0, Oacoet » Agyro Radian Gac nghiéng robot, géc
nghiéng tinh tr cam
bién gia tbc, goc
nghiéng tinh tr con
quay hdi chuyén

Xrobot » Xttt » Xeight Meter Vi tri cua robot, banh
xe trai, banh xe phai

J robot Radian  Goc xoay cua robot

Ug, UL Tin hiéu diéu khién hai
dong co phai va trai
cua robot

D Meter Khoang cach hai banh
xe cua robot

Chir viet tat

LQR Linear-Quadratic Regulator

PID Proportional Integral Devirative

ARM Advanced RISC Machines

RTOS Real-time Operating System

DSP Digital Signal Processing

PWM Pulse Width Modulation

USART Universal  Synchronous/Asynchronous
Receiver/Transmitter

DMA Dynamic Memory Access

FPU Floating Point Unit

GUI Graphical User Interface

IMU Inertial Measurement Unit

1. Phin mé diu

Robot hai banh tu can bang 1a mot thiét bi tu dong di
chuyén bing hai banh xe. N6 hoat dong dwa trén
nguyén ly cén bang con lic nguoc. Day la mot hé
thdng “under-actuated”, da bién, phi tuyén va khong
on ~dinh[1, 2, 7]. Robot nay da duoc cac cong ty phat
trién thanh mot phuong tién di chuyen thuong mai c6
tén goi 1a Segway v6i mot sb kleu dang phd bién nhu
H. 1. Tuy nhién, hé théng nay van dang duoc cac nha
khoa hoc quan tdm nghién ciru va thir nghiém nhiéu
thuat toan diéu khién khac nhau tir tuyén tinh dén phi
tuyén 13n cac thuat toan diéu khién théng minh. C4c
thudt toan nay chu yéu tap trung vao viéc diéu khién
cén bang, diéu khién vi tri va hudng ctia robot.
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H.1 Mot s6 kiéu ding ciia Segway
Hai thuat toan diéu khién tuyén tinh kinh dién duoc
ap dung trén robot hai banh la LQR va PID. Hai thuét
toan nay déu cho két qua tot nhung viéc hiéu chinh
céc thong sb rat kho khan, nhat 14 bo diéu khién PID
[11]. Pé khic phuc nhugc diém nay, dd co nhicu
nghién ctru vé bo tu chinh théng s6 bo diéu khién
tuyén tinh va cho két qua rat kha quan [5,6,10].
Mic du cho két qua nhu mong mudn, nhung viéc thé
ké bo diéu khién tuyén tinh con gap mot kho khin d6
1& md hinh toan va thong sé cua robot ndy rét phirc
tap, kho xac dinh. Bo didu khién mo 13 bo diéu khién
thong minh dwoc thiét ké chu yéu dwa vao kinh
nghiém vé d6i twong nén no6 t6 ra kha phi hop khi ap
dung vao robot hai bdnh. Samer Miasa va cac cong su
[12] da thiét ké bo diéu khién mo va chay thoi gian
thuc trén chip vi diéu khién dsPIC30F2010 cia hing
Microchip. Bo diéu khién duoc thiét ké bang cong cu
Matlab/Simulink. Két qua mo phong va thuc nghiém
cho thay robot da can bang tét. Tuy nhién, nhom tac
gia chi thiét ké bo didu khién can bang goc nghiéng
cua robot. Tuong tw, Cheng-Hao Huang va céc cong
sy [3] da thiét ké ba bo diéu khién mo dé didu khién
can bang, vi tri va huéng cua robot. Bo diéu khién
dugc thiét ké hoan toan bang ngon ngir C va chay thoi
gian thyc trén chip FPGA. Két qua md phong va thuc
nghiém cho thdy bo diéu khién da hoat dong 6n dinh
va diéu khién t6t cac thong sb cta robot. Tuy nhién,
viéc thiét ké va thyc thi b didu khién kha phtrc tap.
Viéc thiét ké bo diéu khién mo tuy da cho thay nhiéu
vu diém so voi thiét ké bo diéu khién tuyén tinh
nhung vé chét luong ciia dép Gmg chwa thé khing dinh
duoc wu diém. Vi thé, viéc so sanh dap mg cua cac
b6 diéu khién ndy da dugc cac nha nghién ctru quan
tam. Ahmad Nor Kasruddin Nasir va cac cong su [2]
dua ra su so sanh vé déap ung cua hai by diéu khién
md va PID. Dya vao két qua md phong, nhom tac gia
da khing dinh bo diéu khién md cho két qua t6t hon
b6 didu khién PID. Bo diéu khién mo cho ra luat diéu
khién hai dong co khong qua gidi han, giam vot 16, rat
ngin thoi gian ting so véi bo diéu khién PID. Mot sy
so sanh cling da dugc Amir A. Bature va cac cong su
[7] cong b6 tai hoi nghi qudc té vé co khi va co dién
tir. Trong d6, nhém tac gia tién hanh thuc nghiém va
so sanh dap tng cua bo diéu khién mo véi bo didu
khién PID va LQR thay vi mo phong. Két qua so sanh
ciing cho thay bd diéu khién md cho dap wng nhanh,
d6 vot 16 thdp hon nhung tiéu thy nhiéu ning luong
hon hai b diéu khién con lai.
Trong bai bdo nay, nhom tic gia dua ra dé nghi sir
dung bd diéu khién tuy chinh PID mod dé diéu khién
robot dé tan dung duoc thé manh cua bo diéu khién
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tuyén tinh va bd didu khién thong minh. Bo diéu
khién d& nghi gdom hai vong diéu khién. Vong thi
nhit ¢6 cau hinh gdm hai nhanh déu sir dung bo dicu
khién PD mo. Nhéanh thtr nhit s& tinh toan goc tham
chiéu cho bo diéu khién can bang dya vao vi tri tham
chiéu dé gitip robot bam dugc vi tri. Nhanh thir hai sé
can bang robot tai goc tham chiéu. Vong diéu khién
thir hai 12 mot bo diéu khién PID tu chinh thong sé
diéu khién hudng cua robot. Géc nghiéng cua robot
dugc do bang cam bién tich hgp MPU6050 két hop
v6i bo loc b Bo diéu khién dugc chay thoi gian thyuc
trén vi diéu khién 32-bit nhan ARM Cortex-M4
STM32F407VG cua hing STMicroelectronic. Dé
thiét ké va thuc thi bo diéu khién nhiing, nhém tac gia
phdi hop st dung Matlab/Simulink va hé¢ diéu hanh
nhung thoi gian thuc FreeRTOS.

Céc phan con lai ciia bai bio niy c6 ciu triic nhu sau.
Phan 2 trinh bay viéc thiét ké mach diéu khién, cac b
diéu khién va cach thyc hién bo diéu khién nhing.
Phén 3 trinh bay cac két qua thyc nghiém cta bo dicu
khién dé nghi. Cudi cting 1a phan 4 trinh bay két luan
va huéng phat trién.

2. Noi dung chinh

2.1 Thiét ké mach diéu khién

M hinh robot hai banh tu can bang dugc thiét ké nhu
H. 2. M6 hinh do nhom tac gia thiét ké c6 khung rbot
sir dung chét liéu nhom, hai dong co st dung loai
24VDC tich hop b mé hoa vong quay twong di 100
xung. Hai bd mi hoa vong quay nay dugc sir dung dé
do vi tri va goc xoay cua robot. G6c nghiéng dugc do
bang cam bién gia toc tich hop trén chip MPU-6050.
Robot sir dung hai ngudn pin Lipo 24VDC-3.5Ah cép
cho hai dong co va mach cong suat, pin du phong
dién thoai théng minh 5VDC-2.4Ah cap ngudn cho
mach diéu khién chinh STM32F4 Discovery Va Cac
mach phu trg.

H.2 M@ hinh robot hai banh tir cin bang
Bo xtr Iy trung tdm st dung vi diéu khién
STM32F407VG cua hang STMicroelectronic. Pay la
vi diéu khién 32-bit, tich hgp bo tinh toan sb thuc dau
chdm dong FPU, nhan tinh toan DSP, tan sb xung
nhip 168MHz, bd nhé chuong trinh 1Mb, b nhé dir
liu 192Kb. Ngoai ra, STM32F407VG con c6 kha
nang doc dugc 6 bd ma hdéa vong quay, cac ngoai vi
hd trg DMA va nhiéu ngoai vi hitu ich khac. Vi vay,
vi diéu khién nay rat phu hop dé chay thoi gian thuc
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bo diéu khién robot. Cau tric phan cing diéu khién
cua robot nhu H. 3.

N Cam bién goc nghiéng
USB-RS232 IMU-6050
3
May tinh ca nhan v
GPIO 12C
RS232 STM32F407VG
PWM1 QEI1 QEI2 PWM2
' ‘ ‘ '
Mach cong suit dong Mach cong suit dong
co DC (LMD18200) co DC (LMD18200)

' '

= Péng co DC tréi Vgﬂ: zz:y Vx; Z?J:y Pong co DC phai [
H.3  So dé khoi phan citng diéu khién robot hai banh tu
cdn bang

2.2 Xir ly tin hi¢u vao ra

GAc nghiéng robot (ky hiéuq ) duoc tinh dya vao gia
tri tra vé tir IMU. B6 loc bu [13] dugc sir dung dé uéc
luong chinh xac goéc nghiéng cua robot. B loc nay
duoc chon vi cho két qua udc lugng tdt, tinh toan don
gian phu hop vdi viée chay thoi gian thuc trén hé
thdng nhung. B6 loc ¢6 ciu trac nhu H. 4.

Low-Pass Files

[ \
Imegral High-Pass F
H.4  Cdu triic bg loc bit wée liwong goc nghiéng

Vé6i tan s6 1dy mau 100Hz, thoi hang bd loc 0.5s,
cong thuc ude lugng gdéc nghiéng cua bd loc nhu sau:

Qoo = 098(0, + §q )+ 0.020,, ey

Két qua thi nghi¢ém H. 5 cho thiy goc nghiéng sao khi
qua bd loc bu tot hon khi chua Igc.
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H.5  So sanh giita goc nghiéng da loc va chua loc
Biéu thirc (2), (3) duoc s dung dé tinh vi tri va goc
Xoay cua robot dugc tinh dua vao quang duong di

chuyén ctia hai banh xe
[1]. Quing dudng nay dugc tinh toan dua vao sb
xung tra vé tir hai bd ma hoa vong quay.

X o + Xo:
_ Left Right
Xrobot - 2 (2)
. _ Xeignt ¥ Xt 3
J robot D ( )
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2.3 Thiét ké b diéu khién
2.3.1 Chu tric b diéu khién
B0 dicu khién robot dugc thict ké nhu H. 6.

- N .

Mg

B§ didu khién PD mir Bj didu khién PD mor
Xt Fuzzy PD1 Fuzzy PD2 Robot
A banh tu
cén bing
u Xi
B§ didu khién PID. M.
O
B} didu khién PD miy

B didu khién PID ty chinh

H.6  Cdu tric bé diéu khién robot

2.3.2 Bj diéu khién cin bang va bam vi tri

Bo diéu khién niay cin bang robot ddng thoi diéu
khién bam no theo vi tri dat trude. Dé thuc hién didu
nay, b diéu khién dugc chia thanh hai bo diéu khién
PD mo riéng biét. Bo diéu khién thir nhat (Fuzzy
PD1) nhéan vao sai sb vi tri dé tinh toan ra mot gbc
tham chiéu hop 1y dé xe c6 thé bam duoc vi tri tham
chiéu. Bo diéu khién thu hai (Fuzzy PD2) nhén vao
sai s6 goc nghiéng dé tinh toan ra dién ap diéu khién
hai dong co gitp xe bam goc nghiéng dat trude. Gia
tri tham chiéu cua Fuzzy PD2 chinh 1a ngd ra cua
Fuzzy PD1.

Dé don gian cho viéc thiét ké, cac bo diéu khién mo
trong bai bao nay diéu c6 ciu tric gibng nhau nhu H.
7. Tuy nhién, cac hé s6 vao/ra cua cac bo diéu khién
nay khac nhau.

ref . i X X E Uyt
d >@ :
— ™ Bo diéu khién moy
dt

H.7  Cdu triic bg diéu khién PD mo
B0 diéu khién mo nay cé hai ngd vao 1a sai so e(t) va

feedback

vi phan sai sb de(t) giita gia tri dat va gia tri thuc va
mot ngd ra Ugy(t). Hai hé sb k, vak,, duoc st dung dé
diéu chinh d6 16n ciia ngd vao, hé sb ra k, hiéu chinh
tin hiéu didu khién ngd ra. Cac hé s nay gitp hiéu
chinh mién gia tri vao ra cua by diéu khién cho phu
hop véi doi tuong dicu khién. Viéc thiet ké bo dicu
khién m¢ dugce thuc hién qua bon budce: xi 1y vao ra,
mo hoda, suy dien mo va gidi mo [9]. Sau day viéc
thiét ké Fuzzy PD1 va Fuzzy PD2 s& dugc trinh bay
chi tiét.

Fuzzy PD1 - Bé diéu khién mo tinh todn géc tham
chiéu cua robot:

Nhu da trinh bay, b di€u khién nay s€ dya vao sai s0
vi tri dé tinh toan ra mét goc tham chiéu hop ly dé
robot ¢c6 thé bam duogc vi tri dat. Bo dieu khién mo
nay co hai ngd vao 1a sai s vi tri e, (t) va toc d6 thay
dbi sai s6 vi tri de, (t) , mot ngd rar; (t) 1a goc nghiéng
tham chiéu cua robot. Ba bién ngdn ngit dugc dinh
nghia va dat tén giong véi cac ngd vao ra cho b dicu
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khién mo. Cac bién ngdn ngit nay co thé c6 cac gia tri
nhu sau:

- NB (Negative Big): 4&m 16n

- NM (Negative Medium): am vira

- NS (Negative Small): &m nho

- ZE (Zero): bang 0

- PS (Positive Small) : duwong nho

- PM (Positive Medium): duong vura

- PB (Positive Big): duong l6n
Ham lién thudc cua cua cac bién ngén ngir nay dugc
dinh nghia nhu H. 8, 9, 10.

NB NI T s zE Cops PId B
] L
B8 08 04 02 0 02 0z
H.8  Ham lién thuoc loi vi tri
NE M ‘ns  zE  PS M B
1L d
1 1 = 1 1 1 = 1 1
1 8 & 2 2 8 10
H.9  Ham lién thuéc toc do loi vi tri
T T T T T
1 ")
0
05 04 -0.25 0 0.25 04 05

H.10 Ham lién thugc ngd ra goc robot
Luéat mo xéac dinh goc tham chiéu cua robot dya vao
vi tri dat nhu H. 11.

[ 7 511 I

NB [NM NS [ ZE [ PS [PM [ PB_
| NB|PB|PB|PB|PB|PM|PS|ZE
[NM|PB [ PB [ PB [PM | PS | ZE | NS
SE|NS|PB|PB|PM|[PS | ZE | NS |NM|
| ZE | PB|PM|PS |ZE [NS [NM|NB
= | PS [PM|PS |ZE | NS |[NM|NB | NB
g.‘mnmmmmmm
—[ P8 | ZE | NS [NM|[NB [NB [NB [ NB |

H.11 Ludt mo bé diéu khién tinh goc tham chiéu
Budc cudi cing trong viée thiét ké bo diéu khién mo
la chon luat hop thanh va phuong phap giai mo. Bo
giai mo dong vai trd két hop anh hudng cua cac luat
diéu khién thanh mot gia tri ro & dau ra. Trong bai béo
nay, luat hop thanh min-Prod va phuong phéap gidi mo
trong tam dugc st dung Vi ¢6 cong thic don gian, dé
thyuc hién trén hé théng nhung.

Fuzzy PD2 - B§ diéu khién cin bang robot:
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B¢ diéu khién nay giir vai trd 6n dinh robot tai goc
tham chiéu duoc tinh toan tir Fuzzy PD1, ¢6 ciu trac
nhu H. 7. Tuong tu, by diéu khién nay ciing c6 hai
ngd vao la sai s goce,(t) va toc do thay doi sai s
goc de, (t), mot ngd ra uy(t) dé tinh phan tram dién &p
diéu khién hai dong co. Cac gia tri ngon ngit, co luat
mo, ludt hop thanh va phuong phap gidi mo cia bd
diéu khién nay twong ty nhu bd dicu khién Fuzzy
PDI1. Tuy nhién, ham lién thugc cta cac bién ngdn
ngtr cd dang khac nhau va nhu H. 12, 13, 14.

NE NI NS ZE PS5 Fi FB
1L

-02  -04 0 0.1 0.2

H. 12 Ham lién thugc 16i géc

NB MM NS ZE PS PM FB

H. 13 Ham lién thudc téc dé 16i goc

T T T T T

10 ]

% 0.7 0.4 0. 0.4 07, 1
H. 14 Ham lién thudc phan tram dién dp diéu khién

2.3.3 B) diéu khién géc xoay ciia robot

Pay 1a bo didu khién PID ty chinh c6 nhiém vy diéu
khién robot bam theo goc xoay dit trudc. Dé don gian
trong viéc thiét ké, cac hé sd cua b diéu khién PID
cling dugc ty chinh bang mot b diéu khién PD mo ¢6
cAu tric nhu H. 15. B6 diéu khién nay c6 hai ngd vao
1a sai s6 goc xoay va toc do sai sd goc xoay, hai ngd
ra k; va k, dé tu chinh ba hé sb cua bo diéu khién PID.
Céc gia tri ngdn ngir cua hai ngd ra cia bo diéu khién
md nay 1a: VVS-rat rdt nho, VS-rat nho. S-nho, M-
vira, B-16n, VB-rét 16n, VVB-rt rét 16n.

;
/

i

/ -
C_Sefians
#/ = \

\/ Y 2

- )< =

H.15 Céu tric bé diéu khién mo tw chinh théng 56 cho b
dieu khién PID
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Ham lién thudc ciia cac bién ngdn ngir vao ra nhu H.
16, 17, 18.

rha NM NS Z0 PS PM P
1

05r

0 | | e ! =

I I
-05 04 -03 -02 -0 0 0.1 02 03 0.4 0.5

H. 16 Ham lién thujc 16i gbc xoay

NB it NS Z0 PS PN FB

50 40 30 -20 -10 0 10 20 30 40 50

H. 17 Ham lién thudc téc dg 16i géc xoay

T T T T T

1 (]

0
0 0.1667 0.3333 0.5 0.6667 0.8333 1

H.~18 Ham lién thudc ngd ra ky va k, )
Luat suy dién m¢ xac dinh gid tri cua hai hé s6 k; va
k, nhu H. 19, 20.

M | B |VB|VVB| VB

| S |M| B |VB| B
VS | S| M| B | M
VWS | VS | § [ M | S
VS [ S | M| B | M
S |M|B|VB|B
M | B |VB|VVB| VB
H

.19 Ludt mo véi ngd raky

H. 20 Ludt mo véi ngd rak;

Hai hé s6 ki, k, duge dung dé hiéu chinh cac hé s Kp,
K, va Kp ctia bo diéu khién PID diéu khién g6c xoay
robot nhu H. 21. Hé s6 Kp va K, ciing dwoc hidu chinh
boi gia tri ky, hé s6 k, hidu chinh Kp. Gia tri khoi dong
cua cac hé s PID lan luot 1a: Kp = 540, K, = 30, Kp
= 64 day chinh 14 cac hé s6 cua bd didu khién PID
kinh dién gitip robot c6 thé bam tot goc xoay khi dimg
yén tai vi tri [0, 0, 0].
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H. 21 B¢ diéu khién géc xoay ciia robot
Ng6 ra b diéu khién PID la u, s& két hop voi u, dé
tao ra phan tram dién ap diéu khién hai dong co trai
va phai dé robot c6 thé vira can bang vira bam vi tri va
goc xoay dit trudc. Theo H. 6 ta co phan trim dién ap
diéu khién hai dong nhu biéu thir (4).
Ug = U, + U,

(4)

u =u,- U

Bo diéu khién hoan chinh dugc thiét ké bing
Matlab/Simulink nhu H. 22.

D e . g O
- b
L ’_4 3
T_Age {
TR_Sesstas ANt L
L+ yot {Prmnae_Sor b o of 3 .
ramr hat = - 3
AR -ty P Nos_=
it Corees
G =3
Dwta_ Py i P -
3 5 Pa_F
=

FO_Coma_sgn

H.22 Bé diéu khién robot hai banh tw cdn b(ing.

2.3.4 Thuc hién b diéu khién nhing

Dé c6 thé chay thoi gian thuc, bo diéu khién da thiét
ké can dugc chuyén thanh b diéu khién dang ngon
ngit C. B diéu khién nay s& nhén tin hiéu hoi tiép tir
cac md-dun chuong trinh doc goc nghiéng, vi tri va
gdc xoay dé tinh toan ra hai tin hiéu diéu khién u, va
Uy. Hai tin hiéu diéu khién nay duéi dang do rong cia
xung PWM dé diéu khién hai dong co qua mach cong
suat Cac dir liéu goc nghiéng, vi tri, goc xoay, cac hé
so Kp, K, Kp, ngo ra uy, Uy dong thoi cung duoc gui
vé may tinh PC dé vé& 1én giao dién GUI dé quan sat,
hd trg cho viéc danh gia dap g va hiéu chinh cac hé
s0 diéu khién.

Dé thuc thi by diéu khién trén hé théng nhing, nhém
tac gia sir dung hé diéu hanh nhung thoi gian thyc
freeRTOS [8]. Pay la mot hé diéu hanh thoi gian thuc
(RTOS) duoc thiét ké dé hoat dong trén cac hé théng
nhing c6 tai nguyén bo nhé han ché. Hé didu hanh
nay c6 nhan viét bang ngoén ngit C ¢ cu trac don
gian. FreeRTOS dugc chon dé phat trién vmg dung vi
mdt s6 1y do nhu: mi ngudn ma, phat trién tng dung
hudng tac vy, duge st dung rong rai va co thé hoat
dong véi nhidu nén tang kién tric [4]. V6i bo diéu
khién da thiét ké, chuong trinh freeRTOS s& gdom hai
tac vu chinh:

ControlTask: cédp nhdt ciac ngd vao, chay bd diéu
khién, cp nhat ngd ra diéu khién dong co, gui dir ligu
sang tac vy DataComTask. Tac vu nay dugc chay
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theo chu ky 10ms (ddy ciing chinh 1a thoi gian lay
mAu cua bo diéu khién).

DataComTask: Tac vy nay chd nhén dir liéu tir tic vu
ControlTask, giri dén bo diém DMA ciia mo-dun
USART sau d6 kich hoat @& DMA diéu khién USART
giri dit liéu vé may tinh. Do d6, thoi gian thuc thi cta
tic vu nay rat nho khong anh huong dén tac vu
ControlTask.

Gian d6 thoi gian thyc thi cac tac vu cua hé théng nhu
H. 23.

DataComTask chd mot
semaphore, Idle dugc kich
hoat, n6 chay khi khong c6

tac vu dang chay

:
\
DataComTask
ControlTask
\

Idle \ C—

semaphhore dé

ControlTask gidi phong mot
DataComTask chay.

o\ 2 tn tn+1
‘ \

Thoi gian

A |

Ngit SysTick, ControlTask dugc kich
hoat dé chay bo diéu khién, cap nhat
tin higu diéu khién

H. 23 Gidn dé thoi gian thyec thi cdc tac vu cia hé théng

3. Keét qua thue nghiém
Céc théng s6 ciia bd didu khién nhu Bang 1. Cac
thong s nay dwoc chon bang phuong phép thir - stra
sai luc thyc nghiém.

Béng 1.

B§ diéu khién Thong so

Fuzzy PD1 Ky = 041, Ky, =73,
k=04

Fuzzy PD2 kg = 2.5, Koeg = 1.8,
kyq = 100

PID ty chinh (gia tri | k, = 540, k, = 30,

mac dinh) k.= 64

D

e Dép tng truong hop robot can bang va khong
di chuyén ( x,, = O[m], j ., = O[rad])

H. 24 1a d4p g cua robot da thiét ké tai diém cén
bang ddng thoi chiu tac dong cta nhidu tir bén ngoai
lam thay ddi vi tri va goc xoay. Khi tic dong nhiéu
lam thay ddi vi tri (tai cac thoi diém: 6.8[s], 17. 8[sl,
41.8[s]), by dicu khlen da tinh toan goc tham chiéu
hop 1y dé dua robot vé vi tri tham chiéu, goc xoay
thay do6i khong qua 1. 1[d6] khi nhiéu tic dong. Khi
tac dong nhiéu lam géc xoay _thay d6i (tai cac thoi
diém: 29.2[s] va 35.8[s]), bo diéu khién da dép ung lai
v6i nhiéu va nhanh chong dua goc xoay vé gia tri dat.
Khi tac tac dong nhidu, goc nghiéng léch khong qua
2.3[d6], vi tri gan nhu khong ddi. Khi 6n dinh, goc
nghiéng cua robot thay ddi khong qua 1[do], sai sb
xac lap 1[d0]; vi tri ctia robot cd sai 6 xéac lap lon

ref
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nhit 0.01[m]; goc xoay cia robot ¢ sai so xac lap
1[dd]. Tir dap Gmg cho thiy robot da can bang tot
ngay ca khi ¢6 nhidu tac dong vao 1am thay doi vi tri
va goc xoay.
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H. 24 Pdp iing khi robot diing yén va bi nhiéu tac dong
vao, a) goc nghiéng, b) vi tri, ¢) goéc xoay, d) tin
hiéu diéu khién dong co phdi, e) tin hiéu diéu khién
dong co trai

e Dap tng truong hop robot di chuyén bam vi tri
va huéng cb dinh (X co gia tri lan lugc 1a
0,04,0.1, - 0.2va0.2 mét,j ., = Ofrad])

H. 25 la dap Gng cua robot khi thay déi vi tri tham
chleu bép ting cho thay robot da bam tdt vi tri v6i sai

sO xac 1ap vi tri 16n nhéat 0.01 [m], thoi gian ting khi
vi tri thay d6i 1on nhat (0.4 [m]) 1a 1.5[s], d6 vot 16 vi
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tri toi da 0.015[m]. Goc nghiéng cua robot khi 6n dinh
tai vi tri dat co sai s6 xac lap 1{d0]. Goc xoay cua
robot thay d6i (khi vi tri dat thay doi) nhung khong
vuot qua 1.15[d]. Tur dap ung cho thdy robot hoat
ddng 6n dinh khi vi tri thay d6i lién tuc.
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H.25 Ddp ing khi robot bam vi tri dat trudc, a) géc

nghiéng, b) vi tri, ¢) goc xoay, d) tin hiéu diéu khién
dong co phadi, e) tin hiéu diéu khién dong co trai

e Dép tng truong hop robot can bang, khong di
chuyén (%, = O[m]), huéng bam theo gia
tri dat dang sin bién d6 0.175[rad],
0.13[Hz].

H. 26 1a dap tng cua robot khi goc xoay thay dbi theo
dang sin. Pap tng H. 26¢ cho thiy gbc xoay robot
bam tdt gi4 tri dit. Géc nghiéng cua robot thay ddi
nhanh nhung khong qua 1.5[dd]. Vi tri ciing thay di

VCCA-2011

tan sO

nhung khong qué 0.05[m]. Tir dap tng ta thiy robot
van hoat’ dong On dinh khi goc xoay thay doi theo
tham chiu sin.
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H. 26 Ddp iing khi robot bam géc xoay tham chiéu sin, a)
g6c nghiéng, b) vi tri, ¢) goc xoay, d) tin hiéu diéu
khién dong co phdi, e) tin hiéu diéu khién dong co

trai

4. Kétluan

Bai bdo trinh bai mdt phuong phap thiét ké va diéu
khién robot hai banh tu can bang. Bo diéu khién da
thiét ké duoc chay thoi gian thyce trén hé théng nhung.
Két qua thuc nghiém cho thay bo diéu khién thiét ké
dap tmg nhanh, robot cin bang tot véi sai s xac 1ap
trong cac trudng hop nho, bén vimng véi nhiéu tac
dong tr bén ngoai.
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