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Tém tat

Heé théng can bang béng trén thanh co tinh chat phi tuyén cao va rat kho dé dat dugce quy dao didu khién chinh xéac. Bai
béo trinh bay cach xay dung mé hinh hoa va viéc ap dung thuat toan diéu khién PID (Proportional - Integral - Derivative)
dé diéu khién vi tri bong. M6 phong mé hinh trén Matlab dé dy doan chuyén dong cua qua bong va tinh chinh céc thong
s6 PID dé hé théng 6n dinh. B PID sé& xur 1y sy khac nhau gitta vi tri mong muén va thue té thanh tin hiéu diéu khién dé
hé théng diéu khién goc quay cta thanh sao cho qua bong cin bang tai vi tri cAn bang. Két qua moé phong va thir nghiém
trén mo hinh thyc té cho thiy dugc bo diéu khién PID giup 6n dinh hé thdng.

Tir khéa: Hé théng can bang bong trén thanh, bo diéu khién PID.

Abstract

The Ball and Beam system is highly non-linear and difficult to achieve correct controlling trajectory. This paper is on
how to modelize and apply PID (Proportional - Integral - Derivative) Controlling Algorithm to direct the ball’s position.
The model will be simulated in Matlab to predict the ball’s movements and adjust PID parameters in order to stabilize the
system. The PID controller will process differences between desired and real position into controlling signal so that the
system controls Beam’s angle in order to direct the Ball to it’s balanced position. Simulations and trials on realistic models
show that the PID control help stabilize the system.

Keywords: Ball and Beam system, PID controller.

1. Gidi thi¢u

Hé thong can bang bong trén thanh 13 mot mo
hinh thuc nghiém quen thudc, véi cau tao vat Iy
kha don gian nhung tuong ddi phtic tap vé mat
dong luc hoc. N6 c6 do bat 6n dinh cao va la
co so dé tao ra cac hé thong tu can bang nhu:
hé théng phong tén lira, can bang may bay theo
phuong ngang, xe tu hanh... [1-8].
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Heé thong cén bang bong trén thanh 1a mé hinh
gdém thanh nam ngang, qua bong, mot dong co
dién 1 chiéu (DC), mot cam bién ding dé xac
dinh vi tri bong, m{t cam bién dung dé xac dinh
goc nghiéng cua thanh va mach diéu khién. Qua
bong di chuyén trén thanh nho tic dung ciia trong
luc khi thanh bi nghiéng so v6i mat phang ngang
nhu Hinh 1.
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Hinh 1. Hé thng can bang bong trén thanh tryc giita

Vi tri bong dugc xac dinh nho cam bién, bd
diéu khién nhan duoc sai léch giita vi tri bong
trén thanh va vi tri bong mong mudn, tir 46 dua ra
tin hiéu diéu khién dong co thay ddi goc nghiéng
cta thanh dua bong vé vi tri mong mudn. Pay
1a d6i tuong thuong duoc cac nha nghién ctu
lya chon dé kiém ching nhiing thuat toan diéu
khién cua minh, tir nhitng thuat toan diéu khién
¢0 dién cho dén nhitng thuét toan diéu khién hién
dai, diéu khién théng minh [1-10]. Thuét toan
diéu khién mo (Fuzzy) [2,3,9] duoc str dung két
hop v6i bo didu khién PD hodc PID dé 6n dinh
hé thdng, cac tac gia da sir dung thuat toan diéu
khién mo dé chinh dinh cac thong s6 K K vak,
Két qua 1a hé thong 6n dinh, do vot 16 thap cho
thay bong sit can bang rat nhanh sau khi tic dong
nhiéu. Gidi thuat no-ron thich nghi [4] dugc dung
dé giai quyét dugc nhitng anh hudng cta tinh phi
tuyén 1én do 6n dinh cua hé thong, phién diéu
khién sau c6 tinh ké thira va chat luong t6t hon
nén sy dao dong ciia qua bong sat giam dan va
ding yén tai vi tri can béng. Theo [3,5,7,10], st
dung bo diéu khién PID khong qué phirc tap vé
mat gidi thudt va dap trng nhanh trong thoi gian
thuc dé can bang qua bong trén thanh. Mic du
c¢6 nhiéu két qua nghién ctru lién quan, tuy nhién
cac giai thuat trén chi giai quyét duoc van dé can
bang quéa bong sit [1-4], [610] va bong nhuya [5].
Theo hiéu biét cua tac gia, chua co tai liéu nao
giai quyét duoc van dé can bang qua bong gb. Do
tinh chat cua vat liéu khac nhau nén kha nang nd
s& tao ra nhimng van dé khac nhau.

Phén con lai cta bai bao nay dugc to chirc nhu
sau: Phan 2 1a mo hinh hoa hé théng, ndi dung

thiét ké bo diéu khién va thiét ké phan cimg s&
duoc trinh bay & Phan 3, Phan 4 trinh bay két qua
va danh gia, Phan 5 1a két luan va hudng phat
trién.

2. M6 hinh héa hé thong

2.1. Mé hinh héa hé thong cin bing bong
trén thanh

Qua bong lan trén thanh trugt dudi tac dong
ctia luc hap dan. Thanh duoc nghiéng tir mot mo-
men xodn bén ngoai dé kiém soat vi tri clia qua

bong trén thanh. Tap hop céc toa d6 tong quat mo
ta ddy du hé thong [6]:

3 r(t) (1)
q(t)—{e(t)}

Hinh 2. Toa d¢ téng quat ctia hé thong
Vi r(t) 1a vi tri ciia quéa bong trén thanh va 0(t)
la gbc nghiéng cua thanh so véi phuong ngang.

Phuong trinh Lagrange c6 dang:

L=K-U )
Dong ning cua thanh:

K = %J@'2 (3)
Dong ning cua bong:

o x — 0 4y 4)
O day: 6,=r/R (5)
Tinh v, theo toa do téng quat:

v, =X+ 37 (6)
x =rcos(0) (7)
%* = cos?(0) — 2170 cos(0) sin(0) + r*6” sin’(0) (8)
y =rsin(0) 9)

y? =77 sin’(0) + 2170 cos(0)sin() + r°0* cos’(0)  (10)

Thay phuong trinh (6), (8) va (10) vao (4), ta
dugc phuong trinh dong nang cua bong:

Kzzl[i+mjf’2+%mr292 (11)

2\ R?



Thé ning cta hé thong:

U =mgrsin® (12)
Lagrange phuong trinh hé thong:

1(J, RN P SN S
L—E(Fqujr +2(mr +J)60* —mgrsin(0) (13)
Phuong trinh vi phan thi nhat 1a:

oL) oL
14

dt [ arj or =0 ( )
@[%+m]'f+mgsin(0)—mr0'2:0 (15)
Phuong trinh vi phan thtr hai la:

s o

di\od) o6 (16)
& (mr* +J)0 + 2mrr0 + mgr cos(0) = 7 (17)

Bang 1. Cac ky hiéu trong hé thong
can bang bong trén thanh

Ky hi¢u | Ponvi Y nghia

m kg Khdi luong ciia bong

R m Ban kinh cua béng
Jb kg*m? | Moment quan tinh bong

J kg*m? | Moment quan tinh thanh

g m/s? Gia tdc trong truong

% Arc Goc gilra thanh va phuong ngang
6b Arc Goc quay cua bong

7 kg*m?/s> | Moment xoan tic dong vao thanh

Tuyén tinh héa phuong trinh (15) nay vé goc
nghiéng ciia thanh (sin@=0), chung ta duoc xap
xi tuyén tinh ctia h¢ thong:

[%+m]f=mg9 (18)

Laplace phuong trinh trén ta dugc ham truyén

moi quan hé giita vi tri qua bong va goc nghiéng
cua thanh:

Gis)=R6) ___mg I{M}
0(s) (J"+mjsz rad
RZ

Béng 2. Thong sb ding trong mo phong

(19)

m | Khdi lugng qua bong kg 0,058
R | Bén kinh qua bong m 0,0245
Jb | Moment quan tinh bong kg*m? 13,93.10°°
g | Gia tdc trong truong m/s? 9,81

2.2. M6 hinh héa dpng co dién
Mot thiét bi truyén dong pho bién trong céc
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hé thong diéu khién 1a dong co DC. Mach dién

tuong duong ctia phan Gmg va so dd than tu do

ctia roto duoc thé hién trong Hinh 3.
L R

Yy AN/

n
i

Vi + KT
: Ve nl
Mt b J

Hinh 3. M6 hinh dong co dién
Béng 3. Cac ky hiéu trong dong co

Ky hiéu | Bonvi Y nghia

V Vv Dién 4p phan ung

R Q Dién tré phan tng

J kg'm’ | Moment quan tinh cua Roto
L H Dién cam phan tmg

i A Dong dién phan tmg

v, V Strc dién dong phan tng

0 Arc Goc quay cua truc dong co
b Nms He¢ s6 giam chan
Mt Nm Moment tai

0} rad/s | Tbc do quay ctia dong co
K, V/rad/s | Hé s stic dién dong cam tng
K Nm/A | Hé $6 moment

Ap dung dinh luat Kirchoff cho mach Hinh 3,
ta duoc:

V)=V +V, +V,(0) (20)
<:>V(t):R.i+L%+Vb(t) (21)

0 K bt ko4O _ ¢ 4O
Ma: 7,(1 = K, go(t) = K, ¢ P (22)
@ _ 1 49 23
- L(R+V(t)Kdt) (23)

Ap dung dinh luat II Newton cho chuyén dong
quay cua truc dong co:

M) = Mt(t)+ba)(t)+Jd(;(t) (24)

o M(1) = Mi(r) + 5220 ‘w(’) ddff” (25)

Ma M) =K ¢I(t), Mt(t)—O (26)
0w 1 d6(t)

0L Kao-p450 27)

Bién d6i Laplace cho phuong trinh (23) va
(27), ta duoc:

(Ls+R)I(s)=V(s)—K,s6(s) (28)



68

(29)

Ham truyén gitra vi tri goc va dién ap dat vao

(Js* +bs)0(s) = K I(s)

dong co:
0(s) _ K,
V(s) [(Js+B).(Ls+R)+K> s

H(s)= (30)

Béng 4. Thong s dong co ding trong mo phong

Mo-men quan tinh Rotor J | kgm®/s’ 0,043
Hé $6 giam chin b Nms 1,53
Pién tré Rotor R Q 4.7
Pién cam Rotor L H 0,016
Heé sb sirc dién dong K | Nm/A 4,91

3. Thiét ké b diéu khién va thiét ké phan cirng

3.1. Bj diéu khién PID

Giai thuat tinh toan PID hay con goi 1a bd
diéu khién ba khau, bao gdbm: Propotional (ti 18),
Integral (tich phan) va Derivative (dao ham). Gia
tri ti 1€ xac dinh tac dong cua sai s6 hién tai, gia
tri tich phan xac dinh tac dong cua téng cac sai sb
qua khtr va gia tri vi phan xac dinh tdc dong ctuia
toc do bién doi sai s6. Tong chép ctia ba tac dong
nay dung dé diéu chinh qua trinh thong qua mot
phan tir diéu khién. Nho vay, nhitng gia tri nay c6
thé lam sang t6 vé quan hé thoi gian: P phy thudce
vao sai s6 hién tai, | phu thudc vao tich lily cac
sai s6 qua khtr va D du doan cac sai s6 twong lai,
dwa vao tdc d6 thay doi hién tai.

Theo [1-2], biéu thtrc giai thuat PID la:

u(t) = Kp.e(t) + Ki ! e(t)dt+ Kd. o (1)

Phuong phap diéu chinh Ziegler - Nichols:

Trong phuong phap nay, dau tién K va K,
duogc dat bang 0. I‘(p s€ duoc téng’ dén r’n(f)t‘gié tri
to1 han K, 6 d6 dau ra cua h¢ thong bat dau dao
dong. K va chu ky dao dong pc s€ dugc str dung
dé dat cac tham sb con lai nhu sau:

K, =06.K 31
K=2K / pc (32)
KdZKp.pc/S (33)

Tuy nhién rat kho dé thiét ké bo PID bang
phuong phap Ziegler - Nichols vi hé théng can
bang bong trén thanh 1a hé thdng bac cao (bac 5)
[5]. DBé 1am cho viéc thiét ké diéu khién d& dang,
toan bo hé thdng duoc tach thanh hai vong phan
hdi: vong lap bén trong va vong lip bén ngoai.

in out Voltage theta P| theta R ‘l
theta(refy theta R '|
RID Motor Model BaB sy
theta

Hinh 4. By diéu khién PID hé théng
can bang bong trén thanh

Rref e

Viy ta chon cac hé s6 PID bang phuong phap
tinh chinh bang tay dua trén bang dit tinh bo diéu
khién PID:

Bang 5. Bang dat tinh luat diéu khién PID

Thong | Thoi gian b9 | Thoigian Steady-
i) qua do vot 1o dap irng | state error
Kp Giam Tang | ftthay d6i | Giam
Ki Giam Tang Tang Khtr dugce
Kd | {tthay doi | Giam Giam | it thay doi

- Chon K trude: Thir bo diéu khién P véi hé
thong can bang bong trén thanh that (hodc mo
phong), diéu chinh K sao cho thoi gian dép ung
du nhanh, chap nhan do vot 16 nho.

- Thém thanh phan D dé loai bo d6 vot 16, ting
K, ’[l‘l” t?, thir nghiém va chon gia tri th§ch h0’p
Sai s6 6n dinh (State-steady error) co6 thé s€ xuat
hién.

- Thém thanh phén I dé giam sai s6 6n dinh.
Nén tang K_ tr be dén 16n dé giam sai s6 6n dinh,
d@)ng thoi khong dé cho d6 vot 16 xuét hién tré
lai.

Két qua mo phong va danh gia trinh bay ¢
Phén 4.

3.2. Thiét ké co khi
Phan co khi gdbm 5 phan: D¢, thanh, gia dé
thanh, gia dé dong co va gia cam bién nhu Hinh 5.
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11.00

38.00
Hinh 5. M6 hinh thiét ké trén SolidWork

Tét ca thanh phan déu duoc 1am tir nhua in tir

may in 3D dé bao dam sy thAm m¥ cho mé hinh
nhu Hinh 6.

Hinh 6. M6 hinh thyc té
3.3. Thiét ké phan dién
So dd khdi phan mach dién diéu khién nhu
Hinh 7.

Dong co quay
truc

B0 diéu khién

Khoi cam bién Phan cong suat

T T

Ng11611 diéu Ngufm cong
khién suat

Hinh 7. So d6 khéi phan dién

+ Khoi nguon:

Theo nguyén tic didu khién, hé thong s& co
hai ngudn riéng biét goi 1a ngudn diéu khién va
ngudn cong suat. Ngudn diéu khién 13 ngudn
cap dién cho bo diéu khién, khdi cam bién thong
thuong c6 mirc dién ap khoan 3,3 - 6 VDC.
Trong khi d6 ngudn cong suit 1a ngudn cap cho
mach 14i, cac dong co, dién &p cua nguén nay phu
thudc vao dién 4p ctia dong co hoat dong.

+ Khdi bd diéu khién:

La trung tam xu 1i tin hi¢u nhan vé, sau do
xtr 1i va xuat 1énh thuc thi sao cho dong co quay
dung goc 1am qua bong vé vi tri can bang.
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+ Khoi cam bién:

Dung dé nhdn biét vi tri cua qua bong khi
thanh nghiéng.

+ Khbi cong suit:

Pay 1a mot khéi mach 14i. Mach 1ai 13 mot
mach dién c6 kha niang nhan xung diéu khién
(thuong 1a xung PWM) tir bo diéu khién va xuét
ra dién ap dé diéu khién téc do thanh.

+ Mach dién va linh kién dién tir con lai bao
gém: Mach CPU Arduino Mega 2560, Pong co
RC servo MG996R, Cam bién siéu 4am HC — SR04,

Cam bién siéu &m gt tin hiéu ddu ra ¢ dang tin
hiéu s6 toi vi diéu khién Arduino Mega2560. Xt
1y tin hiéu nay ta dugc gia tri khoang cach cling
1a ddu vao caa PID duogc so sanh véi diém dat.
Pong co servo duoc két ndi véi chan 3 (PWM)
dé diéu ché do rong xung, nhin dau vao gia tri
(goc) tir b diéu khién PID. Két ndi mach dién
duogc hién thi trong Hinh 8.

(W)

Q>

IGND| Trig [Echo| Ve Vee GNDFWM
= vod 856 6VDG 0—1 ||U‘

AREF "“‘gw‘wz“‘m‘g‘s‘7‘e‘5‘4‘a|z‘wlo‘u|15|16|17‘1s|19‘2n|2|
5

PWM and Digital Communication

2
Voo |2a |25
27

ARDUINO MEGA
2560

Analog in

‘RESET ‘33v|5\/ F::::: vin ‘Au ‘M ‘AZ ‘AS ‘AA |A5 ‘AS |A7 ‘AB |A9 |A|0|A|1 ‘A|2|A13‘A|4|M5

oVDC 8——{out+ e fo]
e n\”l—ouu ™ 12voC

Hinh 8. So mach dién cua hé théng

3.4. Lwu do thudt todn
3.4.1. So do khéi diéu khién chinh

Luu dd chwong trinh ctia mach diéu khién
chinh nhu Hinh 9.
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Begin

Khai bao thu vién
(Wire.h, Servo.h)

!

Thiét 1ap cac bus, thiét lip tin hiéu (Serial=9600)
Khat tao Kp, Ki, Kd, setpoint, time, period
Khéi tao readPoition, PID p, PID i, PID d, PID total
time = millis();

Sat

millis > (time + period)

Poc khoang cach tir readPotion |

4
time = mullis(),
X ly PID

A
| Quy dbi gia tri PID _total vé goc |

h 4
| Piéu khién goc quay ddng co |4—

Hinh 9. So db khdi diéu khién chinh

- Giai thich: Ham millis() c6 nhiém vu tra vé  1a thoi gian hién tai cua hé thdng ma 16n hon thoi
mot s6 - 1a thoi gian (tinh theo mili gidy) ké tir lic ~ gian ban dau va thoi gian 1dy mau thi s& bét dau
mach Arduino bit diu chuong trinh. Pau tién ta  tinh toan PID.
khéi tao bién time va cho time = millis() 1a thoi 3.4.2. So do khéi nhdn khoang cdch

gian bat dau chuong trinh, bién period 1a thoi gian Luu d chwong trinh nhan khodng cach ciia

mach diéu khién nhu Hinh 10.

Céu hinh chan Trig 1a OUTPUT,
Echo la INPUT

ldy mau. Cau lénh millis > (time + period) nghia

Khai bao bién cm (khoang cach).
duration (thoi gian)

l

Tt chan trig, cho 2us
digital Write(trig.0).
delayMicroseconds(2);

Phat xung chan Trig cé d6 rong la Sus
digital Write(trig.1).
delayMicroseconds(5),

|

T4t chan Trig
digital Write(trig.0);

l

Do d6 rong xung mure cao ¢ chan echo
duration = pulseIn(echo.HIGH)

|

Tinh toan khoang cach
cm = duration /2/29 412

Hinh 10. So d6 khbi nhan khoang cach



3.4.3. So' d6 khéi diéu khién PID

Luu d6 chuong trinh diéu khién PID nhu Hinh
11.

distance_error =
distance_setpoint - distance

L 4
PID p=kp * distance error

Y
PID d = kd*(distance _error -
distance previous error)/period)

-3 < distance_error &&
distance error <3

PID i=0

| PID 1="PID i+ (ki * distance error) ‘

Y
| PID fotal =PID p + PID i + PID d |

¥
| distance previous_error = distance error |

Hinh 11. So d6 khéi diéu khién PID
3.4.4. So do khoi diéu khién géc quay dong co

Luu d6 chuong trinh diéu khién dong co nhu
Hinh 12.

Khai bao thu vién Servo.h

v
Cau hinh chan PWM(pin 3) dé diéu
khién

Poi gia tri vé goc:
map(PID_total. min, max, theta_min,
theta max)

A 4

Quay dong co géc bing gia tri
PID total vira quy do6i
myservo.write(PID total)

Hinh 12. So dd khéi didu khién goc quay dong co
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4. Két qua va danh gia
4.1. Két quéa mé phéng va dinh gid
4.1.1. He théng khi chuwa c6 bo diéu khién

- So dd khéi mé phong:
LD

n theta_ref theta theta
Hien thi

limit theta limit R
BaB_sys

£

Motor_model

Hinh 13. So d6 md phong hé théng chwa c6 bo diéu khién

- K&t qua mo phong:
0F T T T T T T L — virigedc
3B ——vitriviénbi

—— - vitri d3t
30 1
25 1
1 L L 1 1 1 1 | L
0 1 2 3 4 5 6 7 8 9 10

t(s)
Hinh 14. Hé thong khi chwa c6 PID

- Danh gia: Ta thay rang khi khong c6 bo diéu
khién, qua bong lin qua gid tri dat va lan tiép vé
phia bén trai cua thanh va hé théng khong dua
qua bong vé lai vi tri dat. Vay phai can ¢ bo diéu
khién dé qua bong co thé ludn & vi tri can bang.

4.1.2. Hé thong khi c6 bé diéu khién P

Sau khi thtr nghiém cac gia tri Kp, chon Kp =
3 thi thoi gian dao dong nhanh cia qua bong qua
vi tri can bang:

- So d6 khéi mé phong: Véi Kp = 3, Ki = Kd

PID b L’
Q HEI“'@ a2 R a i =
limit theta mitR
I Motor_model BaB_sys Hien thi
Ki

Hinh 15. So d6 mo6 phong hé thong véi bo diéu khién P
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- Két qua mo6 phong:
4F 1 1 1 1 T 1 1 --——vi trf géc dc|
——vitri vign bi

E - I - e E—— -~ vitaat

1)

Hinh 16. M6 phong hé thong khi c6 bo diéu khién P

- Béanh gia:

Nhu Hinh 16, ta nhan thdy v6i bo diéu khién
P lam hé théng ludn dao dong quanh vi tri dat 18
va voi bién do 16n nhat 14 0 va 36. Pap ung cua
hé théng dao dong, do vot 16 cao co nghia 1a qua
bong ludn lin qua lai vi tri can bang va khong thé
dung yén tai vi tri can bang. Nhu vdy can phai
thém bo diéu khién vi phan (D) dé 1am giam do
vot 19.

4.1.3. Hé thong khi c6 bé diéu khién PD

So d6 md phong hé théng c6 bd diéu khién PD
nhu Hinh 17. Tang céac gia tri K sao cho h¢ thong
khong vot 16 va 6n dinh, chon duge K, = 1.

- So dd khdi mé phong: Véi Kp = 3, Ki =0,

Kd=1.

theta_rel  theta

Motor_model e

Hinh 17. So @6 mé phong hé théng c¢6 bo diéu khién PD
- Két qua mo phong:

=T
)
7
]
T

0 o5 1 15 2 25 3 a5 4
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Hinh 18. Hé thdng c6 bo diéu khién PD
- Panh gi: Hé théng vai bo dicu khién PID
voi K =3, K, =0 va K, =1, ta théy h¢ thong

twong d6i 6n dinh, van ¢6 chut dao dong cua qua
bong quanh vi tri cdn bang nhung khong qué 16m.
Khao sat thém véi cac gia tri dat 16:

- Két qua moé phong:

i
LY s i L L =]
o 1 2 3 4 5 ] 7 8 i 10
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i

i
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Offset=0 ts)

Hinh 20. H¢ théng sau khi tinh chinh véi gia tri dat 1a 25

- Panh gia: Dya vao cac két qua mo phong
cho thiy cac thong sé ctia bo diéu khién PID tir
mo phong o thé 1am 6n dinh duoc hé thong trén.
Ap dung thong s6 PID ta chon trong mo phong
cho m6 hinh thuc té va tinh chinh cho hé théng
6n dinh hon.

4.2. Két qua kiém nghiém mé hinh thuec té va

danh gia
Bang 6. Két qua thir nghiém thyc té
VoiK =3,K =0,K,=1
S6 lan Vitri | Thoigian | Saisd D6 vot 16
khég sat dat dép }'Ing xac lap : (%)
(1an) (cm) (giay) (cm)
10 16 7-14 +2 12,5%
10 18 5-11 +2 11,11%
10 25 10-16 +4 16 %

- Panh gia: Mo hinh thuc té hé thong tuwong
dbi 6n dinh (c6 nhiéu nguyén do), voi gia trj dat
& xa nhu 25 thi kho 6n dinh hon vi cam bién siéu
am hoat dong chua duogc dan dén sai s6. Gia tri
nhan do duoc sai 1éch nhiéu co thé do ciu tao



hinh ciu cua qua bong. Goc quay dong co dap
ung dang véi vi tri cia qua bong.
5. Két luan va huéng phat trién

5.1. Két lugn

Mot mo hinh toan hoc cia hé théng can b;ing
bong trén thanh duoc phat trién bang cac dinh
luat vat ly va dién. Céac gid tri tham s6 cua bd
diéu khién (Kp, K va K) c6 dugc bang cach sir
dung phuong phap di€u chinh thu cong tr mo
phong va mo hinh thyc té dé hé thong phan hoi
t6t nhat. Tir két qua th nghiém, chung t6i thay
rang cac tham s6 bo diéu khién mang lai phan hoi
t6t nhat ciia hé thong 1a: K =3,K=0vaK =1
D0 chinh xac cua hé¢ thong duoc kiém tra bang
céch diéu chinh vi tri ctia qua bong g tai ba diém
khac nhau va nhan théy réng do chinh xac bi anh
huong boi viée thay doi diém dat. Vi bong gb nhe
va tinh chat bé mit cta gd nén quan tinh va luc
ma sat 1én thanh khac so véi sit nén dé qua bong
can bang phai ton nhiéu thoi gian.

5.2. Huong phit trién

Khic phuc cac 18i ¢6 trong mo hinh thyc té
va giai thuat didu khién PID bang viéc sir dung
loai cam bién tot hon dé nhan duoc chinh xéc
hon khoang cach véi vat 1a hinh cau, dung bd loc
Kalman dé cai thién tin hiéu dau vao, thay dong co
Servo chét lugng hon c6 thé phan héi diéu khién
tde do dong co, su dung cac giai thuat t6i uu hon
dé co6 thé can bang qua bong gb trén thanh.
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