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PHAN | , )
TONG QUAN DBE TAI

1.1. S can thiét cta dé tai

Hién nay, dat nudc ta dang trong thoi ky cong nghiép hoa, hién dai hoa. Cung
voi st phat trién clia khoa hoc k¥ thuat, diéu khién tw dong cling phat trién manh mé
vGi hang loat thiét bi dién t& tw dong da va dang duoc tao ra nham phuc vu cho cudc
sbng va san xudt clia con nguoi.

Tao ra cac rng dung trong thuc té tir viéc nghién ctru cdc mé hinh thu nhé ludn
la phvong phap ma cac nha khoa hoc quan tdm hang dau, vi thé khi thiét ké cac bd diéu
khién, ta thuong st dung cac mo hinh twong t nhu mo hinh thuc t€, cac md hinh thu
nhé nay sé duwgc xay dung trén co sé moé phéng phuong thirc hoat ddng gibng nhv md
hinh s& dwoc dung trong thuc t& chdng han nhu diéu kién 1am viéc, ché do lam viéc cia
doi twong...

Hé con ném nguoc la mét mo hinh thu nhé va duoc rng dung trong hé théng tw
dong can bang cia tau bién, robot... Bong thoi cling 1a vdn dé dang dugc quan tam
nghién ctu trén thé gi¢i. Tuy nhién mic d6 thanh cong con nhiéu han ché & khau thi
cong thuc nghiém vi hé théng c6 tinh phi tuyén phic tap, bén canh dé khau thiét ké doi

hdi phai cé do chinh xac tuyét ddi va dap (ng diéu khién phai nhanh.

Can clr vao chwong trinh dao tao nganh Bién T Ty Bong Hoa cla truong Dai
Hoc Tra Vinh va tinh hinh trang thiét bi phuc vu cho viéc hoc tap cla sinh vién, cling
nhu nghién clru cla giao vién vé chuyén nganh ty ddng hoéa con rat thiéu thén, do do6
dé tai nghién clru nay sé gép phan gilp cho sinh vién va giao vién cé thé tiép can voi
cong nghé diéu khién hién dai, gop phan nang cao vi thé vé dao tao nganh Ty Ddng
Hoéa cua trvdng Bai hoc Tra Vinh so véi cac truong dai hoc khac trong nuwéc. Do do

khi d@é tai nghién ctru nay dwoc thuc hién thanh cong sé gidi quyét duoc cac van dé sau:

BANG HO'U PHUC BAO CAO NGHIEN ClPU KHOA HOC
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- Ung dung duoc ly thuyét digu khién hién dai vao diéu khién déi twong that trong

thuc té.

- Cung cép trang thiét bi phuc vu cho viéc nghién ctru tw dong héa clia gido vién
va hoc tap cla sinh vién treong Bai hoc Tra vinh ma khéng phai mua hay nhap

khau tlr ndc ngoai. Cu thé la:
+ Phuc vu nghién ctru chuyén nganh diéu khién tw dong.

+ Phuc vu cOng tac giang day cac mon nhu: ly thuyét diéu khién tw dong, vi

diéu khién, k¥ thuat robot, do luong cam bién...

Vé& mat kinh t€: c6 thé phat trién san pham nghién clru nay dé ché tao ra hé
théng tw dong can bang tau bién, xe 2 banh tw can bang, hé théng can bang can cau, tay
may, robot...

1.2.  Céc cbng trinh nghién ctru lién quan
1.2.1. M0t s6 md hinh con ném nguoc ty can bang
Hé con ném nguoc ty can bang thuong cd 3 dang chinh nhu sau:

- Hé con ném ngugc dung motor DC-Servo kéo mot vat nang thdng qua sgi day
va rong roc, gidp vat nang di chuyén trén mat phéng ngang clia con ném nham
can bang con ném.

- Hé con ném ngugc dung motor DC- Servo kéo hai vat nang théng qua sgi day
va rong roc, gilp vat ning di chuyén trén hai mat phang nghiéng cla con ném
nham can bang con ném.

- Hé con ném nguoc dung motor DC- Servo két hop véi mot vat nang tao thanh
chiéc xe di chuyén trén mat phang ngang ctia con ném nguoc gilp con ném can

bang.

BANG HO'U PHUC BAO CAO NGHIEN ClU KHOA HOC
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Hinh 1.1: M6 hinh con ném nguwoc st dung dong co DC véi day xich va banh rang dé

kéo vat nang (tai liéu tham khao [16])

DANG HUU PHUC BAO CAO NGHIEN CUU KHOA HOC
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Hinh 1.2: M6 hinh con ném nguoc st dung dong co DC két hop véi vat nang tao thanh

xe trwot trén mit phang ngang clia con ném ngwoc (tai liéu tham khao [10])

Hinh 1.3: M6 hinh con ném nguoc st dung déng co DC véi day dai rang kéo vat nang
(tai liéu tham khao [15])

DANG HUU PHUC BAO CAO NGHIEN CUU KHOA HOC



Hinh 1.4 (a)

Hinh 1.4 (b)

Hinh 1.4: (@) M6 hinh con ném nguoc st dung dong co DC két hop véi vat nang

tao thanh xe trwot trén mit phang ngang clia con ném nguoc
(b) : M hinh con ném nguoc st dung dong co DC v6i day dai rang kéo
vat nang (tai liéu tham khéo [12],[21], [22])

DANG HUU PHUC BAO CAO NGHIEN CUU KHOA HOC
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Hinh 1.5: M6 hinh con ném nguoc st dung déng co DC va day dai kéo 2 vat

nang & hai mat nghiéng ctia con ném (tai liéu tham khao [17])

Vv Nhan xét:

M6 hinh con ném nguwoc tw can bang thuc nghiém dwoc thiét ké rat da
dang. Trong s6 cac mo hinh con ném nguoc dugc tham khdo & trén thi mé hinh
con ném ngugc & hinh 1.4 (a) va hinh 1.4 (b) da dwgc dang tai video trén trang
web “http://www.youtube.com/watch?v=hgrJaTUCXPs” va
“http://www.youtube.com/watch?v=0xU2HOzjhh4&feature=related”.

1.2.2. MO0t s6 bao cao nghién cru khoa hoc c6 lién quan

Hé con ném nguwoc tw can bang la van dé dang duoc quan tim va nghién
clru trén thé gidi, nén cé nhiéu bai bao, bdo cao khoa hoc viét vé van dé nay.
Cac bai bao va bao cao khoa hoc lién quan dén dé tai nay thwong tap trung vao
nhirng ndi dung sau:

- M0 hinh hoé hé théng dong hoc ctia hé ném nguoc. Céc tai liéu tham khao

[15], [16], [17], [10], [17], [14].

- Sl dung phuong phap diéu khién LQR - Tai liéu tham khao [16].

- St dung phuong phéap diéu khién mo - Céc tai liéu tham khao [15], [16].

- S dung phwong phap diéu khién mo-triot - Tai liéu tham khao [17].

- S dung phwong phap diéu khién mo-thich nghi - Tai liéu tham khao [16].

BANG HO’U PHUC BAO CAO NGHIEN ClU KHOA HOC
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- Sl dung phuong phap diéu khién mo-thich nghi-noron. - Tai liéu tham

khao [15].

- St dung phwong phap diéu khién noron-triegt - Tai liéu tham khao [10].
- S dung phwong phap GA - Tai liéu tham khao [16].
Vv Nhan xét:

Cac bao cao nghién ciru khoa hoc vé hé con ném ngwoc néu trén hau hét la
clia céc tac gia ngoai nuédc, va da str dung nhiéu phuong phap khac nhau dé diéu
khién gitr can bang con ném nguoc.

- Ve uu diém:

M®& hinh hoa dwoc hé théng con ném nguoc.

Sr dung phuong phap diéu khién hién dai.

Cho két qua diéu khién mé phdng t6t.

- V@ nhuoc diém:

Déap tng diéu khién con c6 do dao dong lon.

Thoi gian xac lap cham ( hon 5 giay).

Chua c6 su so sanh gitra cac phrong phéap diéu khién khac nhau ( gitra
phuwong phap diéu khién hién dai va phwong phap diéu khién kinh dién).

- So sanh v6i dé tai dang thuc hién:

Dé tai “ Thiét ké, thi cong va diéu khién mo hé con ném nguoc” duoc
thuc hién trén co s& ké thira md hinh hoa hé théng clia cac dé tai nghién
clru trwde do, st dung nhiéu phuong phap diéu khién khac nhau va so sanh
két qud gilra cac phuong phap, thoi gian xac lap nhanh hon ( tir 1.5s —
2.5s). Bong thoi, trong khudn khod dé tai nghién ctru nay, tac gia con dé
xuat mot phuong phéap diéu khién méi la “ diéu khién két hop Truwgt— Mo -
PID”.

BANG HO'U PHUC BAO CAO NGHIEN ClU KHOA HOC
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1.3.  N6i dung nghién ctru
- Tim hiéu ly thuyét diéu khién mo.

- Ap dung ly thuyét diéu khién mo vao viéc mo phong diéu khién hé con ném

nguoc tw can bang trén phan mém Matlab.
- Ap dung ché tao hé con ném nguoc bang mé hinh that.

1.4. Muc tiéu cla deé tai
Cac muc tiéu chinh ctia dé tai gém:

- MBS hinh hoa déi twong con ném nguoc t can bang.

- Tim hiéu va nghién ctru 3 phrong phap diéu khién la: diéu khién dat cuc (Pole-
Placement control), diéu khién truot (Sliding Mode control) va diéu khién mo
(fuzzy control).

- Sl dung cac phuong phap diéu khién néu trén va cong cu mé phdng
Matlab/Simulink, tién hanh thiét ké bd diéu khién goc nghiéng ctia con ném
nguoc nham diéu khién con ném nguoc ty can bang.

- Ché tao m6 hinh hé con ném nguoc trén co s& (rng dung diéu khién mo dé diéu

khién hé théng tw can bang.

BANG HO'U PHUC BAO CAO NGHIEN ClU KHOA HOC
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1.5.  Quy trinh thyc hién
Quy trinh thuc hién dé tai dwoc thuc hién theo thir tw cac cong viéc sau:
Bang 1.1: Quy trinh thyc hién dé tai

STT NOi dung cbng Vviéc San pham phai dat Thoi gian

Tim kiém tai liéu o
_ Thong tin vé tinh
( phuc vu viéc tinh toan o .
1 ) o toan thiét ké va thi 02/2011 dén 03/2011
ly thuyét va thi cong

cdng md hinh
md hinh)

Khao sat md hinh toan
2 X . M6 hinh toan hoc 03/2011 dén 04/2011
hé con ném nguoc

Thiét ké m6 phong trén o
) Ban thiét ké mo .
3 Matlab ( phién ban . 04/2011 dén 06/2011
o phong
sinh vién)

Mua linh kién, vat tuw,
4 | thiét ké va thi cong md M6 hinh co khi 06/2011 dén 10/2011

hinh con ném nguoc

Viét chuong trinh diéu Board mach va

5 » 10/2011 dén 01/2012
khién chwong trinh
Chinh slra va viét bao

6 ) Bao céo 01/2012 dén 02/2012
cao

BANG HO'U PHUC BAO CAO NGHIEN ClU KHOA HOC
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PHAN II
PHUONG PHAP VA KY THUAT THUC HIEN

2.1.  Nguyén ly hoat dong clia con ném nguoc tw can bang
Con ném nguoc hoat dong gitr can bang trén co s& can bang trong tam clia con
ném, dong co DC-Servo sé gilp vat nang di chuyén qua lai trén mat phang ngang clia

con ném dé giir can bang trong tam va gitp con ném can bang.

?

Cén bang Nghiéng trai Nghiéng phai

Hinh 2.1: Nguyén ly hoat dong ctia con ném nguoc tu can bang

Khi con ném ngwoc & vi tri can bang thi goc nghiéng g cGa con ném ( so Vi
truc diing trong tam clia con ném) bang 0.

Khi con ném ngwoc & vi tri nghiéng trai thi géc nghiéng g <0, IGc nay ta phai
diéu khién vat nang di chuyén qua lai dé can bang trong tam cla con ném nguoc.

Tuwong ty cho treong hop con ném ngugc nghiéng phai (¢>0).

BANG HJ’U PHUC BAO CAO NGHIEN ClU KHOA HOC
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2.2. M6 hinh hoa hé con ném nguoc

2.2.2. Khao sat md hinh hé thdng con ném nguoc

Hinh 2.2: M& hinh hé con ném ngugc
Voi :
g : GOc quay con ném.
& : Van toc gbc con ném.
X : La khoang céch tir vat ning (“con chay”) t6i vi tri can bang.
% : Van t6c di chuyén cla vat nang (“con chay™).
d : Khoang céach gitra di€m gbc quay (“truc quay”) va mat truot.
: Khodang cach gitra diém gbc quay (“truc quay”) va trong tdm clia khung con

(@]

ném.
m : Khoi lvgng vat nang (“con chay™).
M : Khéi lwvgng khung con ném.
g : Gia toc trong truong.
Jg : Md-ment quan tinh clia khung con ném (Jg » Mc?).
b1: Hé s6 ma sat clia con ném vai tam quay.
b2: Hé sé ma sat cla vat nang v&i mat truot.

F: M6-ment (diéu khién) ctia dong co DC tac dong vao con chay.

BANG HJ’U PHUC BAO CAO NGHIEN Cl'U KHOA HOC
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K : Hé s6 cdm (rng clia dong co DC.
U : Dién ap diéu khién dua vao dong co DC.

Chon chiéu dwong la chiéu ngwoc véi chiéu kim dong ho.

Hé con nén nguoc duoc miéu tad nhu Hinh 2.2. Hé thdng gdm mot vat nang
trvot doc theo thanh trwot ngang nam trén cing cla con ném, vi tri vat ning
duoc diéu khién béi mot motor két hop véi vat nang tao thanh mét chiéc xe cé
thé di chuyén qua lai. Muc tiéu diéu khién 1a lam cho con ném gitr can bang theo
truc dirng. Ta co6 thé diéu khién dé gir con ném vé can bang theo truc ding
thong qua diéu khién vi tri xe triot di chuyén trén bé mat truot lam trong tam hé
thong thay doi vi tri.

Ung dung ctia hé con ném nguoc dung dé gitr can bang cho hé thdng tau
thay.

2.2.3. Cac phuong trinh bién trang thai cia hé théng
Ap dung phuong phap Euler — Lagrange ta co:

L=K-P

d Ky K, P _; 2.1)
dt'74," Mo, o,

Trong do:

K: tbng dong nang

P: tong thé nang

T: mb men

q: bién trang thai

Da6i vai hé thdng con ném ngugctacdqr= g ;g2 =X

v/ Tinh toan cac nang lvgng:

bong nang K: K= K; + K, (2.2)
1 1
K, = > Jg (é)2 = 5 Mc® (l§')2 (2.3)

Xét hé con ném nhu Hinh 2.2 ta c6:

BANG HJ’U PHUC BAO CAO NGHIEN Cl'U KHOA HOC
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AB =0OBtan(g) = xtan(g) => AC = AB +BC = xtan(g) +d

=>y, =CH = ACcos(g) = (xtan(g) +d)cos(qg) = xsin(g) +d cos(g)
X, =OH =0A- AH =(OB/cos(q))- ACsin(q)

=(x/cos(q))- (xtan(g) +d)sin(q)

i Yo = Xsin(g) +dcos(g) » xq +d

P . )
X, =(x/cos(g))- (xtan(g) +d)sin(g) » x- xg* - dg » x- dg

(VGi sin(g) » g [rad]; cos(q) »1)

" d +d)= +
i ;Il-&m > (xq+d) = (kg +xd)

;:; )&m »%(X- dq):()&- d(§')

N~ N

(8, #(8,)7) = 2m( (g ) +(s- 04
m(()&q)z + 2x&q¢§+(x(§)2 +(2)" - 2dﬁ(§+(d(§')2)

P K,

K2

0 K, »%m(()&)z - 2044 +(d4) +(x§)2) (2.4)

V6i (2xkg§ » 0 ; (kq)" =(%)(g)° »0)

Thé nédng P:
P=R+P, ;R =(Mgc)cos(q);P, =(mg)(xsin(g)+dcos(q))
U P =((Mgc)cos(g))+(mg)(xsin(g) +dcos(g))

=(Mgc)cos(g) +(mg) xsin(g) +(mgd ) cos(g) (2.5)
Két hop (2.1), (2.2) va (2.5) ta c6:
idadlLo L
"Euler - Lagrange":y—c=—+- —=T, 2.6
I Ldtends 1q @0)
fdafle L
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Toed AKO JKO aed PO PO

(-

1%dt&185 T95 Sdt&Nds 195
: ad gKo KO ad APO PO

2.7)

Trong d6 (L=K-P ; F =K U : momentcla xe)

T (2.3), (2.4) va (2.5) ta co:

i 1 ) 2 1 2 ) 2 ) 2
K =K, K, =5 Mc(4) +2m((£) - 20t (d)" +x(4)
{P =R +P, =(Mgc)cos(q) +(mg) xsin(g) +(mgd ) cos(q)
&40 &M o
Tw (2.7) suy ra:
ii?zMC2 (é)z +%m((ﬁ)2 - 204G +d? (é)z +x2 (é)z)g? 1]§%Mc2 (&)2 +%m(()&)2 - 204G +d? (é)z +x2 (&)z)g
i dtg flg : g
: & P2
: +1]((Mgc)cos(q)+(mg)xsin(q)+(mgd)cos(q)) - Fd-bd
f fig
Ly gﬁgw (8) + 2m{(x) - 208+ (4] +x (&))20 gy e (4) + 3 m((4)' - 20807 () + (&)Z)g
Lt i + Tix
i & P
|, 1{(Moc)cos(g) +(mo)xsin(g) + (mad)oos(a)) _
i X 2
:%(Mcz(é) md)9(+md2(¢§')+mx2 (é)) 0- (Mgc)sin(g) +
U ¥+(mg)xcos(q)- (mgd)sin(g) = Fd - bé
-
,Ir%(m(ﬁ dé)) mx(¢§')2 +mgsin(g) = F- bk

BANG HJ’U PHUC
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(Mc?&+md 4+ mx°#) - mdik+ 2mxid +(mg) xcos(g) -
(Mgc)sin(g)- (mgd)sin(g) = Fd - b
(

mi- mdgﬁ) (15')2 +mgsin(qg) = F- b,k

([a)

i
i
i
i
f
i (md 28+ Mc? 8+ mng‘) - md&+ 2mxkd +b,d + mgx cos(q) -

i Mgcsin(q) - mgdsin(g) = Fd (2.8)
% m&+ b, X - md &- mx((§')2 +mgsin(g) = F

()

Tw (2.8) suy ra:

(- bd- 2mxké- b,dk + mdx(é)2 - mgxcos(q) + Mgcsin(q))
(Mc2 + mxz)

2.9)
- (bldé+ 2mdxkéd +b,d 2k - mdzx(é')2 +mgdxcos(q) - Mgdcsin(q))

(MC2 + mxz)

®  2d° 10

b, % 2 ° 2d° 19
- F+x((§') gsm(q)+§(MC2+mX)+mBF

T

, T
bat bién trang thai: X = &7 § x XY =[Xl X, X, x4]
va: F =K,U

Hé (2.9) dwoc viét lai nhu sau:

2.10
R, =X, ( )

.= 1, (X) +0,(X)U

V6i U la dién ap diéu khién dua vao dong co.

BANG HJ’U PHUC BAO CAO NGHIEN ClU KHOA HOC
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Suy ra (2.10) la phwong trinh phi tuyén cta hé théng con ném nguoc tu can

bang
Trong do
: _ ( b, - 2mx,x,x, - b,dx, + mdx,x - mgx, cos(x,) + Mgcsin(xl))
1(X)_ (Mc2+mx§)
& 2 0
X)=K,¢——F
%(X) mé(Mcz+mx§)5

d ( bx, - 2mx,X,X, - b,dx, + mdx,x: - mgx, cos(x,) + Mgcsin(xl))
(Mc2 + mx§)

f.(X)=

- DX +X,%; - gsin(x,)
m

& 2d? 10
9% (X) =K, (é(Mcz + mxz) +Hi
3 ?
2.2.4. Tuyén tinh ho hé théng tai diém can bang
Diém can bang ctia hé théng 1a: g, » 0 ; X, » 0

Thuc hién tuyén tinh hoa ta cé:

cos(q) @ sin(q) @y; x4 @4)’ @’ @

Khi d6 (2.9) dwoc viét lai nhu sau:

_(-bg- b,dk- mgx+Mgeg) e o9
’ () GH

i
r
;
I
~
Ui
i -(bdd+b,dk+mgdx- Mgdeg) b g ®eoq2 10
i 7 - - ggHg——rt 3
i (Me?) m T gMe) g
J\

|

TE F

BANG HJ’U PHUC BAO CAO NGHIEN Cl'U KHOA HOC
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R e e R ey

i

R R
| R paY g

.

B o B R B L

Dbat bién trang thai:

X =g & x )&EIT:[X1 X, % X

Suy ra phwong trinh tuyén tinh hoa hé théng:

&u ¢ o 1 0 0 g&u & 0
éu a . . . uéu é . U
60 a6 B0 &bh0 @M ®ebdd qag 8 290
&u e 80!5 M@ €eMc’ @ M’ @ (1840 @ 8Mczﬂ a
:>§l;|:§ L,J?l;|+§ 0 l;‘lF
eu é ue u e u
eu é o 0 0 1 uexu é u
eu e o4 06 oahd’ b(.j..ueu € ot 1l
~ Ve A m s A 7 s
gzl c @ EMc @ €Mc @ 88MC m gt Bk éMc m gl
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gu e 0 Lo 0 ueme 0 @
cue @O =ho mmgo  @bdd ggyg . =Yg
g & &cp EMCp EMCCp  EMC’p UGkl & "EMCp
_e'a_é uga e, 2.11
e u=e e g*e o  (211)
gu & 0 0 0 1 uga @& (
e'u ¢ , . JU&ua e ,
€U cgd 0 eebdd eemgdo Eabd b oxeéeua & &2d 1
Wl B o &M’ &M g M’ m gt & "EMc®  m i
2.2.4. Bang thong s6 clia hé con ném nguoc tw can bang
Bang 2.1: Céac théng s6 cua hé con ném nguoc [10], [15], [23]
Ky hiéu Gia tri do Thong s6 hé thdng
M 3 kg Khai lvgng con ném
m 0.6 kg Khoi lvong vat nang
C 0.05m Khoang céch gilra diém gbc quay va trong tdm con ném
d 0.12m Khoang cach gilra diém gdc quay va mat truot
b, 0.05 N/m/s | Hé sO ma sat & truc quay
b, 45 N/m/s | Hé sO ma sat & mat trwot va vat nang
g 9.81 m/s” | Gia téc trong truong
Km 5 Nm/A Hé s6 cam (rng cuia déng co DC

BANG HJ’U PHUC
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2.3. B0 diéu khién dat cuc

DE thuc hién viéc thiét ké bo diéu khién dat cuc, ta sé tuyén tinh hoa mé hinh

phi tuyén cta hé con ném ngwgc thanh mé hinh khéng gian trang thai.

TU phuwong trinh (2.10) va (2.11) ta c6 cac ma trén trang thai:

é 0 0 N

& .. o s . bds U

e O &50 &MO 570

é 80;5 EMc' g EMc’ & Mc* @
A=z .

€ o 0 0 1 0

¢ u

Gxd O oebdd semgdy eeadd’ b, 660

AC— -0+ - - C =

éc 7] %Mczﬂ %Mc2 7] 8Mc2 m get]

¢ 0

s @06 g0 400

& "&Mc’g u S160 Y 010
B=¢ =% Y ,;C=¢

g 0 G €0« @ 0 1

A - € 1] é 0 0

€ apd® 10U &7.53] x

ok 24,19 €7.53(] &

é 8|\/|C m g

\V/

- Matran: M, = ¢B, AB, A°B, A’Bj

6C
e u
aChy
ECAd

- Matran: M, =

é 0 1 0
_g1962 -667 -784.8
e 0 0 0
€3734 -08 -94.176
0y
o4
Uva D=0
0 [0]

10

Kiém tra tinh diéu khién duoc va quan sat dwoc clia hé thong, ta tinh:

S dung Matlab, kiém tra duogc: rank(M_.) =rank(M,) =4. Suy ra hé

o

-720

[N

-161.4

thong & (2.10) la cd thé diéu khién va quan sat dwgc. Nhu vay viéc thiét ké bo

diéu khién dat cuc la co thé thuc hién duoc.

BANG HJ’U PHUC
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So d6 bo diéu khién dat cuc cho hé thong & cong thirc (2.10) dwogc trinh bay &

. 2 T
hinh 2.3 v@i cac vector trang thai dwoc diéu khién la: gq, <§' X, &H

0 ]

Theta U]

]

[rad] To [deg]ThEta_SCDpE

]

Saturation
Gain_Controller

INVERTED WEDGE

Scope

¥_Scope

Hinh 2.3: B9 diéu khién d&t cwc cho md hinh con ném nguoc tu can bang

Trong dd, gia tri cia khau bdo hoa la +24, day la gia tri dién ap cuc dai cap cho dong

co DC sir dung trong md hinh con ném ngugc trong thuc nghiém.

DE thiét ké bo diéu khién dat cuc, ta can phai lwa chon bd cuc on dinh va phu hop voi

hé thong. Hinh 2.4 thé hién sv anh hwdng cla cac diém cuc Ién dap ng clia hé thong.

* Truc ao
cuc Qy---=--=----
ey
1 Wi
I -

- i o -~ Truc thuc
, >
>
| 3
! T

5
cwe Or-----=-----
—00

Hinh 2.4: Sy &nh hwéng cla cwc lén hé thong
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VGi:
Ts: la thoi gian xac 1ap cla hé théng.
p
a: anh huwdng dén do vot 16 Po (%) ctia hé thong theo cong thirc: Py = eld (@)
D3&i véi mé hinh con nén nguoc tw can bang thi viéc gilt can bang la quan trong nhat.
Cho nén dap tng cta goc nghiéng con ném phai co thoi gian xac l1ap nhanh va do vot
16 phai nhd .Dong thoi dé con ném khong thay ddi vi tri cla xe (vat ndng) tic thoi qua
nhanh nén dap (ng cla vi tri xe (vat ning) s& khong c6 yéu cau qué khat khe vé thoi
gian xac lap cling nhu do vot 16. Do d6 ta c6 thé chon nhu sau:
+ D0i véi dap rng clia géc nghiéng con ném:
- Chon thoi gian xac lap cta goc nghiéng ctia con ném la 0.5 [gidy], suy ra

gia tri do 16n phan thuc cla diém cuc la: 3 = 3 =
T, 05
- Do vot 16 P (%) clhia dap (rng goc nghiéng ctia con ném la 2%:
P
P, =e9(@) =2y p tg(a) =0.8026, suy ra gia tri d0 l6n phan 4o cua diém cuc
nay la:
6" tg(a)=6" 0.8026 =4.8
Suy ra gia tri cap cuc dwoc chon la: -6 + 4.8*i ; -6 - 4.8%i
+ D0i vai vi tri xe (vat nang):
- Chon thoi gian xac lap cuda vi tri banh xe robot la 1 [gidy], suy ra gia tri do
3

Ién phan thuc cla diém cuc la: Ti :I =3

S

- Do votld P (%) clia dap ng vi tri vat nang:

P
P, =e'9@) =406 b tg(a)=0.975

Suy ra do Ién gia tri phan &o cla di€ém cuc nay la: 3" tg(a) =3" 0.975=2.925 @8

BANG HJ’U PHUC BAO CAO NGHIEN Cl'U KHOA HOC
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Suy ra giéa tri cap cuc dwoc chon la: -3 + 3*i ; -3 - 3*i.

PE cho hé théng 6n dinh thi tit ca cac cwc dwoc chon déu phai ndm bén trai mit
phéng phirc. TOm lai, gia tri b6 cuc dugc chon nhu sau:

V=[-3+3i ; -3-3i ; -6+4.8i ; -6-4.8i]

St dung cong thirc Ackerman dé tinh luat diéu khién: K = acker(A, B, V)

Sir dung Matlab dé thuc hién phép toén, ta c6 luat diéu khién K la:

K=[Kl; K2;K3;K4]=[0.84; 0.0074 ; -4.4484 ; -5.4933]

Suy ra tin hiéu dién ap U diéu khién dong co kéo vat nang dwoc tinh theo cong

thire:

U = [(K, (X = )+ Ky (g - B]+[K (Gres - @)+ K, (G - 9] (2.12)

2.4. BO diéu khién truot
Vi bd diéu khién dat cuc khong thé diéu khién can bang con ném nguwoc khi géc
nghiéng Ién hon 18°, cho nén ta phai thiét ké bo diéu khién mai cd kha nang diéu
khién t6t hon. &' day tac gia chon phuong phap diéu khién truot.

b =X

i

.

ik =f(X)+g (XU

Tir phuong trinh (2.10) 1a | 2 ( )_ g,(X)
i 33—X4

fr, = f,(X)+g,(X)U

Ta co:

Chon mét truot S =X, - / (X,) (2.13)

NéuS=0pP x,=/(x) P % =/(x) (2.14)

Chon / (x,) sao cho phuong trinh (2.14) ¢6 diém x, =[0] la diém can bang 6n
dinh tiém can.

U chon / (x)=-kx, (k lahang s6 duong). (2.15)

P& =-kx =h(x) (2.16)

BANG HJ’U PHUC BAO CAO NGHIEN Cl'U KHOA HOC



Trang 23

Diém x, =[0] la diém can bang 6n dinh tiém can clia phuong trinh (2.16) khi

va chi khi:

Th(x) __ k<0 b diém x, =[0] la diém can bang 6n dinh

Xétmatran A=
(%)

tiém can.
P phuong trinh (2.15) thoa diéu kién 6n dinh hoa.

Tl (2.13) va (2.15) Chon mat truot: S =X, + K X, (2.17)
b $=% +ki = f,(X)+g,(X)U +kx, (2.18)
P S c6 bac twong d6i bang 1, thoa diéu kién &n dinh hoa.
Chon $ =- aSign(S), voi a 1a hing s6 duong tw chon.
Tl (2.18) suy ra luat diéu khién truot:

(2.19)

s 91(1X)[- asign(s) - f,(X) - Kx,)]

BANG HJ’U PHUC BAO CAO NGHIEN Cl'U KHOA HOC
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v So ddé md phong:

Céc hé s6 chon dé mo phéng: a =92, k=3

D —}—
Angle_reference |:|

-

] P "RESULT "
Ly
®_reference
Theta_dat
— ol ]
U =
Position_x_dot
Theta
Theta
P57 296 1
P Theta_dot
Valtage U » [ra0] TO [#80] | treta — position
— {0
¥_dot Saturation_voltage .
INVERTED WEDGE
Sliding Mode ODH contraller o I:l
Position_x

Hinh 2.5: So d6 mo6 phdng bd diéu khién truot

Theta

x2

4
\ 4
| £

Theta_cdot

position

position_dot S Sign Yoltage U

\ 4
1

Hinh 2.6: so do bén trong khéi “Sliding Mode ODH Controller™
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2.5. B0 diéu khién két hgp Trwot- Mo - PID

B diéu khién trwot co thé diéu khién can bang con ném nguoc t6t, tuy nhién co
nhuoc diém 14 tin hiéu diéu khién cé hién tegng chattering (hinh 2.7). D& khac phuc
hién twong chattering, trong khuon khé dé tai nay, tac gia dé xuat st dung bd diéu

khién két hop Truot - Mo - PID.

il b jpimine = mm Faataes s - A e £ R ilaklelulutetets rooocecs pommmn - !
2 : ; ; ; ; Slidingkode theta=18 |
) 10| Fgeeans R T S M E e
= : ! ' ' ' ! : ] : ]
4
o O
= : : : : ! : : : :
=L 10 | | | | | | | | |
0 1 2 3 4 5 6 7 g8 g 10
Time [sec]
— Q02m----e-- e = A - S e - e Ciinialnaininis oottt ittty ]
= ; ; ; ; ; : Slidinghade »=0 |
g = = = v - |
o]
=
=R ky] LY NN IR AROUOY SANRANN SRR ORI SR SRR RI———
o] H H H h | ' ' '
[l ' ' ' I I ' ' '
| | | | | | | |

0 1 2 3 4 5 B 7 B8 9 10
Time [sec]

| | | | | |
0 1 2 3 4 5 5 7 8 9 10
Time [=sec]

Hinh 2.7: Hién tuwong chattering clia bo diéu khién trwot
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v B0 diéu khién két hop Truot - Mo - PID
B0 diéu khién két hop Trwot - Mo - PID duoc thiét ké dua trén co s& clia

b0 diéu khién trvot & muc 2.4 v&i cau trdc nhu sau:

- Ham Sign(S) duoc thay bang bo diéu khién mo theo quy tdc mo Sugeno

VOi :
Ng0 vao la S: S = (am, zero, duvong) = (NE, ZE, PO).
Ngo ra la Sign(S): output = (am, zero, duvong) = (NE, ZE, PO).
Phuong phap suy dién md MAX — MIN.

w w W W

Phuong phap giai mo trung binh trong so.
i

» S (input)
4 ﬂ
NE 7F PO
» Sign S (output)
-1 0 1

+ If Sis ZE then output is ZE.

+ If Sis NE then output is NE.

+ If Sis PO then output is PO.
- B0 diéu khién PID thuc hién nhiém vu diéu khién on dinh van téc di
chuyén clia vat nang ( xe trwot trén bé mat con ném).

- Luat diéu khién U = G-Ufuzzy_SIiding -U»pp

BANG HJ’U PHUC BAO CAO NGHIEN Cl'U KHOA HOC
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Vi cac thdng s6 chon la: 4=0.1;k=10;Kp=10; K;=0.05; Kp =0.001 ;

G=3

Céc thong s6 trén dugc chon tir co s& wéc luong cla bd diéu khién truot &

muc 2.4 va tién hanh chinh dinh dé cé duwoc tin hiéu diéu khién nhy mong

muon.

]

Angle_reference

]

¥_reference

Band-Limited
White Koisel

©

hanual switch

P Theta

L Theta_dot

H_dot

Sliding Mode-FLzzy-PID controller

Vattage U

P

"

/]

Saturation_Voltage

FID Controller

a4

INVERTED WEDGE

[role

Hinh 2.8: So d6 mo phong bd diéu khién Trugt-Mo-PID

> RESULT
g
Theta_dot
pl]
Position_¥_dot
N
Theta
(57,256 O
[rad] To [deg]

Theta - Position

]

Position ¥

BANG HJ’U PHUC
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=

Theta

1(u)

Theta_dot

Scope

x

o>
voltage U
Gain

I

Fuzzy Logic
Controller

Divide

Hinh 2.9: So d6 bén trong khéi ““Sliding Mode-Fuzzy-PID Controller”

2.6. B0 diéu khién mo
Bo diéu khién trwot c6 thé dieu khién can bang con ném nguoc t6t véi goc
nghiéng rong, tuy nhién cac dap (ng tin hiéu diéu khién lai c6 hién twong dao dong cho
nén ta can phai thiét ké mot bo diéu khién tot hon, & day tac gia chon phuwong phéap
diéu khién mo.
2.6.1. Phantich thiét ké b0 diéu khién mo
Hé con ném nguwoc tw can bang phu thudc vao vi tri xe va goc léch con ném vi
vay khi thiét ké b0 diéu khién mo chiing ta chon giai phap la bo diéu khién MISO co 4
ngd vao phan hoi tin hiéu vé va 1 ngd ra ap diéu khién.
B0 diéu khién gom 4 tin hiéu ngd vao:
1. Vitrixe X
2. Van toc xe *(t)

3. Gdc léch g(t)
4. Van toc goc &(t)

B0 diéu khién gdm c6 1 bién ngd ra la tin hiéu ap diéu khién u ctia motor
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Luat m& duoc xay dung dua trén kinh nghiém va hoat dong ctia hé con ném
nguoc. BO didu khién c6 4 ngd vao nén ta chon s6 bién ngdn ngtr clia moi ngd
vao la 3 dé cd soO luat mo vira phai la 81.

Ta xay dung bd diéu khién mo theo quy tdc md Sugeno. S6 bién ngdn ngit ngd

ra ta chon la 7 bién twong ng v&i 7 mirc dién &p khac nhau ctia motor.

Goc léch con ném
| —p
¥ G g—’éc BO DIE‘U Ap diéu khién U
. n g KHIEN MG iy
Vi tri vat nang —>
> 81 luat mé
Van toc vat nang
—_

Hinh 2.10 : Kh6i mo ta bd diéu khién mo sé thiét ké
2.6.2. Thiét ké b0 diéu khién mo
B0 diéu khién co 4 bién vao: sai so vi tri géc, vi phan cta sai s vi tri goc , sai
s0 vi tri vat nang , vi phan sai s6 vi tri vat nang .
- Vi tri goc léch :[-pi/2,pi/2] (rad).
- Vantoc goc : [-1,1] (rad/s).

- Vi tri vat ndng:[-0.3,0.3] (m).

Van toc vat nang : [-1,1] (m/s).
B0 diéu khién c6 1 bién ra: dién 4p cdp cho dong co.
- Dién ap cép cho dong co DC:[-24,24] (VDC).
Chuén hoa tap co s& clia cac bién vao ra: ta chuan hoa bién ngd vao/ra & mién
[-1,1] nén ta chon hé s6 khuéch dai & khdi tién va hau xt ly:
- Hésotiénx ly: K1=0.6; K2=1 ;K3 =2 ;K4=1

- Hé sd hau xtr ly: K5 =24,
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Xay dung bién ngdn ngit cho 4 bién vao la : sai s6 vi tri goc, vi phan cla sai sd vi tri
géc, sai sO vi tri vat nang, vi phan sai s vi tri vat nang va bién ngd ra ap diéu khién u.
Bién ngbn nglr ngd vao sai s vi tri goc (g) co 3 gia tri:
1.PO (dwong)
2.ZE (zero)
3.NE (am)

Bién ngdn ngtt ngd vao vi phan clia sai sb vi tri goc (&) cé 3 gia tri:
1.PO (dwong)
2.ZE (zero)
3.NE (am)
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Bi€én ngdn nglr ngd vao sai s6 vi tri xe (vat nang) X cé 3 gia tri:
1.PO (dwong)
2.ZE (zero)
3.NE (am)

Bién ngdn nglr ngd vao vi phan sai s vi tri xe ¥ c6 3 gia tri:
1.PO (dwong)
2.ZE (zero)
3.NE (am)

Bién ngon nglr ngd ra bién ngd ra ap diéu khién u c6 7 gia tri :
1.NB (@m I6n)
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2.NM (&@m vira)
3.NS (d&m nho)
4.ZE (zero)

5.PS (dwvong nho)
6.PM (dwong vira)
7.PB (dwong Ién)

h

NB NM NS ZE PS PM PB

-1 -0.667-0.333 0 03330667 1

Ta c6 mién gia tri clia cac bién vao ra:
Goc quay @ : [-m/2, /2] (rad)
Van téc goc (§': [-1, 1] (rad/s)
Vitrixe X :[-0.3,0.3] (m)
Vantocxe ¥ :[-1,1](m/s)

Ta xay dung céc luat diéu khién mo sau:
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v/ Bang luat mo: xay dung trén co s¢ thirc nghiém va kinh nghiém chuyén gia.

Bang 2.2: Céac luat s dung trong diéu khién mo

STT Ng6 vao Ng0 ra
Goc lech | Vantdc goc | Vitrivat | Vantéc vat | Ap diéu khién
1 NE NE NE NE NB
2 NE NE NE ZE NM
3 NE NE NE PO NS
4 NE NE ZE NE ZE
5 NE NE ZE ZE PS
6 NE NE ZE PO PM
7 NE NE PO NE PS
8 NE NE PO ZE PM
9 NE NE PO PO PB
10 NE ZE NE NE NM
11 NE ZE NE ZE NM
12 NE ZE NE PO NS
13 NE ZE ZE NE ZE
14 NE ZE ZE ZE PS
15 NE ZE ZE PO PM
16 NE ZE PO NE PS
17 NE ZE PO ZE PM
18 NE ZE PO PO PB
19 NE PO NE NE NM
20 NE PO NE ZE NS
21 NE PO NE PO NS
22 NE PO ZE NE ZE
23 NE PO ZE ZE ZE
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24 NE PO ZE PO PS
25 NE PO PO NE ZE
26 NE PO PO ZE PS
27 NE PO PO PO PM
28 ZE NE NE NE NS
29 ZE NE NE ZE ZE
30 ZE NE NE PO PS
31 ZE NE ZE NE ZE
32 ZE NE ZE ZE PS
33 ZE NE ZE PO PM
34 ZE NE PO NE ZE
35 ZE NE PO ZE PS
36 ZE NE PO PO PM
37 ZE ZE NE NE NB
38 ZE ZE NE ZE NB
39 ZE ZE NE PO NM
40 ZE ZE ZE NE NM
41 ZE ZE ZE ZE NS
42 ZE ZE ZE PO NS
43 ZE ZE PO NE ZE
44 ZE ZE PO ZE PS
45 ZE ZE PO PO PS
46 ZE PO NE NE NM
47 ZE PO NE ZE NS
48 ZE PO NE PO ZE
49 ZE PO ZE NE NM
50 ZE PO ZE ZE NS
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o1 ZE PO ZE PO ZE
52 ZE PO PO NE ZE
53 ZE PO PO ZE PS
54 ZE PO PO PO PS
55 PO NE NE NE NM
56 PO NE NE ZE NM
57 PO NE NE PO NS
58 PO NE ZE NE NS
59 PO NE ZE ZE ZE
60 PO NE ZE PO ZE
61 PO NE PO NE PS
62 PO NE PO ZE PS
63 PO NE PO PO PM
64 PO ZE NE NE NB
65 PO ZE NE ZE NM
66 PO ZE NE PO NM
67 PO ZE ZE NE NS
68 PO ZE ZE ZE ZE
69 PO ZE ZE PO PS
70 PO ZE PO NE PS
71 PO ZE PO ZE PM
72 PO ZE PO PO PM
73 PO PO NE NE NM
74 PO PO NE ZE NS
75 PO PO NE PO ZE
76 PO PO ZE NE NM
77 PO PO ZE ZE NS

BANG HJ’U PHUC BAO CAO NGHIEN ClU KHOA HOC



Trang 36

78 PO PO ZE PO ZE

79 PO PO PO NE PS

80 PO PO PO PS PM

81 PO PO PO PO PB
Ta chon:

Phuong phap suy dién mo MAX — MIN.

Phuong phap gidi mo tong co trong so.

>0

[Pad] To [deg) theta

Fuzzy Logic
Cartroler

Saturation

Soope

O

IMYERTED WEDGE

poztion X

]

b
L

nostion_dot

Hinh 2.11 : So dd m6 phdng diéu khién mo hé ném nguoc
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PHAN 111 ) ]
CAC KET QUA bAT bUQC

3.1. Ké&tqua md phdng
3.1.1. Dai voi diéu khién géc nghiéng g nhé

AMNGLE 18 [degree]

: : : : : : ; : Pole-Placement |:
— Slidinghade
Sh-fuzzy-FID
Fuzzy logic
i |
4.5 5

Pole-Placement | !
—— SlidingMade :

o 26 VAN SO J— Pevsers s s P — e Shtuzzy-PID
1 1 H H 1 i H Fuzzy logic
0 i | | | | | \ | | |
0.5 1 15 2 25 3 35 4 45 5

Time [sec]

Hinh 3.1: So sanh 3 bd diéu khién véi g £18°
Ca 4 bd diéu khién déu cho két qua dap (ng kha tot, c6 thé diéu khién git can
bang con ném nguoc.

B0 diéu khién dat cwc: dap (rng c6 do dao dong Ién,vot 16 cao, thoi gian xac
lap cham, khdng diéu khién dwoc géc nghiéng Ion.

B0 diéu khién truot: dap tng diéu khién khong vot 16, diéu khién dwoc goc
nghiéng Ion, tuy nhién tir dap ng diéu khién cho thdy con ném sé hoat dong
cham. Tin hiéu bi chattering.

B0 diéu khién mo: thoi gian xac 1ap nhanh, diéu khién dwgc géc nghiéng
Ién, tuy nhién tir dap ng diéu khién cho thay khi hoat dong con ném sé bi
giat manh.
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B diéu khién két hgp Trwot-Mo-PID: diéu khién duoc goc nghiéng 16n, thoi
gian xac lap nhanh, dé vot 16 nhd, va khac phuc dwgc hién twong chattering.

L " R IR R A e
: : : : ; 3 : —— SlidingMode |}
SRR TR LR LR P P A TP L ERLEL L R RGELEE T FETLRLRLEPEPEPE TR R CTTELELEEP TP P TP PEPLEERERLE: L RCRTPTP T SRR Sh-fuzzy-PID |4

: : : : : ; : Fuzzy logic
o | | | | | i \ | | |
i] 0a 1 15 2 25 3 35 4 45 5

Time [gec]

[ [ === === === qmmm = mm oo mn o mp o eme e nSgmesemeeomennospeeseesoseoos e eeomseeesesgeesosseeeeseoomeoseesessossspeseessesosesssqeessessosessoeg

— SlidingMode
Shi-fuzzy-PID H
Fuzzy logic

___________________________________________________________________________________________________________________________________________________________

Time [sec]

Hinh 3.2: So sanh 3 bd diéu khién voi g >18°

DaGi voi goc nghiéng g >18° thi b diéu khién dat cuc khdng con diéu khién can
bang con ném duoc nira. Diéu nay cé thé dugc giai thich nhu sau: vi khi thiét ké
bd diéu khién dat cuc ta tuyén tinh ho& phwong trinh phi tuyén cla hé thdng tai
lan can diém can bang sin(qg) » 0;cos(g) » 1, cho nén khi gdc nghiéng g 1on
(g >18%) thi hé phuong trinh khdng gian trang thai dwoc suy ra tr phwong trinh
(2.11) khong con md ta chinh xac dat tinh hoat dong cla d6i twgng con ném
nguoc, dieu nay dan dén hé sd K tinh dugc & phuong phap dat cuc da khdng con

phu hgp v&i md hinh phi tuyén cla con ném ngugc nira. Hinh 3.2 chi con so
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sanh dap (ng diéu khién con ném nguoc khi st dung b diéu khién trugt va bo
diéu khién mo véi géc nghiéng ban dau g =30°.

O hinh 3.2 ta thdy rdng bd diéu khién Mo (Fuzzy logic) cho két qua dap
tng diéu khién gdéc nghiéng con ném t6t hon bo diéu khién Truwgt-Mo-PID (SM-
Fuzzy-PID), thoi gian xac lap nhanh hon, tuy nhién dap (ng tin hiéu diéu khién
vi tri vat nang c6 do vot 16 Ién hon bd diéu khién Truot-Mo-PID (SM-Fuzzy-
PID).

Bo diéu khién Truot-Mo-P1D (SM-Fuzzy-PID) da khac phuc duoc hoan
toan hién tugng chattering.

Bang 3.1: So sanh cac b diéu khién

B0 diéu khién Thoi gian xac 1ap | Thoi gian tang bo vot 16
1. Dat cuc 25s 04s 100 %
2. Truot 1.7s 15s 0%
3. Trvot — Mo -PID 1.7s 0.2s 50 %
4. Mo 12s 0.15s 30 %

3.2. K&t qua thi cdng thuc nghiém

3.2.1. Thiét ké md hinh co khi
Phan co khi cia mo hinh duwoc thiét ké dwa trén mé hinh minh hoa sau:
| b |

| I
(Thanh tricot)

(Canh giir)

& &

(Thanh ray)

(Canh bén

(Truc quay)
Hinh 3.3: So do thi€t ké md hinh hé con ném nguoc
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Bang 3.2: Thong s6 thiét ké mo hinh con ném nguwgc thwc nghiém

Thong s6 Y nghta Gia tri

a Khoang cach tir “truc quay” dén “thanh ray” 0.12 (m)

b Chiéu dai cta “thanh ray” va “thanh trugt” 0.7 (m)

C Khoang céch gitra “thanh ray” va “thanh trwot” 0.05-:- 0.1 (m)

d Khoang cach tr “truc quay” dén “dé gi+” 0.11 (m)

M Khéi lvgng cla toan khung clia hé ném (khong ké 2 -:- 3 (kg)
khdi lwgng cla con chay va déng co DC) (t6i da: 3 kg)

m Khdi luvgng clia con chay (bao gom ca khoi lugng 0.6 (kg)
dong co DC dwoc gan & trén con chay)

M6 hinh hé con ném nguoc c6 cac thanh phan chinh:

- Vat ndng va co cdu thanh tregt vat ndng : gdm vat ning bang kim loai,
thanh truot gilp vat nang trwot trén bé mat ctia con ném ma khéng bi roi ra

ngoai khi di chuyén.

- Co céu truyén déng gdm 1 motor DC-Servo, dién ap cung céap tir 12VDC
dén 24VDC, két hop voi vat nang tao thanh “con chay” gilp vat nang di
chuyén duoc trén bé mat clia con ném.

- Khung cta hé ném (“canh bén”, “canh git”) l1am bang nhya ciing hay
mica c6 do day phu hop (tir 8 mm tré 1én) — va c6 mau trang sira.

- “Thanh truot” 1a cdu trlc truot, 1am bang vat liéu sat-thép, co bé mét tron
dé “con chay” c6 thé trugt dé dang. (Tiét dién hinh chir nhat hay tron déu
dugc).

- “Thanh ray” 1a vat liéu sét hay thép hay nhém, c6 “gai” hay “ranh” dé tao

dd bam, dung dé banh xe ctia “con chay” c6 thé chay qua lai trén dé.
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- Pong co DC ndm & trén “con chay”, dau truc déng co dwoc gan vao mot
banh xe (dwong kinh 2-:-3 cm) dé “con chay” co6 thé di chuyén linh hoat trén
“thanh ray”.

- “Truc quay” la thanh sat-thép co tiét dién tron, duong kinh khoang 8 -:-
10 (mm).

- DEé gilr 1am bang gd, co chiéu dai I6n hon chiéu dai cda “thanh treot” -
khoadng 0.8(m) va chiéu rong khodng 0.2(m) . “Dé gil” phai gir cho mo hinh

khdng bi “rung-1ac” ngay khi hé ném hoat dong

3.2.2. Hinh anh md hinh con ném nguoc ty can bang da thi cong

Hinh 3.4 (a)
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Hinh 3.4 (c)
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Hinh 3.4 (e)
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Hinh 3.4 (f)

Hinh 3.4 (g)
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Hinh 3.4 (h)

Hinh 3.4 (a),(b),(c),(d),(e),(f),(g),(h): Cac M& hinh con ném nguoc thyc nghiém da thi
cong
3.2.3. Cac mach dién - - , -
MO-BUN CAM BIEN GOC NGHIENG
CB GIA TOC CB VAN TOC
MALA 7260 LISY300AL
PC LCD NUT NHAN U U
{Thu thap s6 ligu) 4x20 PIEU KHIEN KALMAN FILLTER |

PORT XUAT NHAP KENH 1 KENH 0

BQ ADC 10 BIT
BO 5CT . R i R
(RS 232) MO-PUN VI PIEU KHIEN TRUNG TAM
MCU MC9S12XDP512

BO PWM

BO ADC- KENH 3

I

H - DRIVER
Cé cachly

]

F Y

XE ( vt nang)

bién tr& thanh trweot

Hinh 3.5: So d0 khdi bd diéu khién
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2 vqu;”'

X
7]
o]

Hinh 3.6: Board mach cam bién géc nghiéng

OR _C1

Hinh 3.7: Board mach diéu khién
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v NHAN XET:

- Hé con ném nguoc la mét md hinh c¢6 tinh phi tuyén phic tap va rat khd diéu
khién. Trong qua trinh nghién clu, tac gia da thiét ké, thi cong va cai tién lan
lvot 3 mé hinh co khi con ném nguoc thie nghiém, cac mé hinh co khi va cac
board mach dién dugc thiét k& chic chén, bén, dep.

+ M6 hinh 1 ( hinh 3.4a-b): thiét ké chic chan bang vat liéu nhua, tuy
nhién mo hinh qua nang, viéc st dung dong co DC két hop day dai dé
kéo vat nang lam hé thng rung lac manh rét kho digu khién can bang.

+ M0 hinh 2 (hinh 3.4c-d-e): thiét ké chdc chin, md hinh s dung dong co
DC tao thanh xe di chuyén trén mat ngang clia con ném nguoc dé tao
thanh vat nang gitr can bang con ném. Tuy nhién mé hinh van con kha
nang lam quan tinh 1én, gay khoé khan cho viéc diéu khién.

+ M0 hinh 3 (‘hinh 3.4f-g-h): thiét ké chic chin bang nhdm, mé hinh gon
nhe. Puoc thiét ké cho viéc diéu khién bang Card Real-Time giao tiép
may tinh va Matlab/Simulink.

- MB® hinh thrc nghiém d& hoan thanh va da hoat dong, tuy nhién van con xay ra
16i & khau thi céng co khi 1am cho viéc 1ap trinh diéu khién rat khé khan, va mo

hinh da hoat dong nhung khong dwgc tét nhiy mong muon.
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PHAN 1V
KET QUA NOI BAT VA KIEN NGHI

4.1. K&t qua ndi bac
Téc gia da thiét ké md phdng thanh cong bo diéu khién két hgp Truot - Mo - PID
dong thoi khac phuc dugc hién teong chattering clia bd diéu khién Truoc.

pa 9 X & BODIEUKHIENU +
2 4 TRUQT-MCG  —*UF §
PID [«
[ sliding-F-PID theta=18
i i i i i i i i i
= = F. = | =] r (= = 10
Time [sec]
=sliding-F-FID x=0
i i i i i i i i
3 F. L=} | =] - (= = 10
Tirme [sec]
L b kLl lh_l___li________i___ ] sliding-F-PID |
i i i i i i i i i
= =3 F. L= | =] - = = 10

Tirme [sec]

Hinh 3.8: két qua thuc hién bo diéu khién Trwgt-Mo-PID
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4.2. Kién nghi

Hé con ném nguoc la hé thong phi tuyén phic tap, rat khé diéu khién, va doi héi
phai duoc thiét ké co khi vai dd chinh xac cao, str dung linh kién hién dai. Hon nira, tai
liéu tham kh&o vé phan thi cong thyc nghiém la rat it, vi thé da gay rat nhiéu kho khan
cling nhu tén kém cho ngu®i nghién ctu.

- Tiép tuc nghién clru dé tdng d6 On dinh cla hé thong.

- Nghién ctru cdi ti€n md hinh co khi hé con ném ngugc.

- Nghién cttu diéu khién con ném nguoc tw can bang trén co s& tng dung Card

Real-Time giao ti€p may tinh va Matlab/Simulink.
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PHAN V
BAO CAO KINH PHIi DA SUY DUNG TRONG BE TAl

Bang 4.1: B&o céo kinh phi da s dung trong dé tai

STT Noi Dung Du toan Quyét toan
| | Thué khoan chuyén mon 10.000.000 10.000.000
1 | Giacéng co khi 10.000.000 10.000.000
Il | Nguyénvat liéu, nang luvong 52.600.000d | 52.600.000d
1 | Vatliéu kim loai 600.000 d 600.000 d
2 | Thiétbi truyén dong 3.000.000 d 3.000.000 d
3 | bodngcoDC 6.000.000 d 6.000.000 d
4 | Encoder 9.000.000 d 9.000.000 d
5 | Cam bién go6c 26.000.000d | 26.000.000 d
6 | Board dong 200.000 d 200.000 d
7 | Diéntrd 100.000d 100.000d
8 | Diode 200.000 d 200.000 d
9 | Tudién 100.000 d 100.000 d
10 |ICsb 200.000 d 200.000 d
11 | IC vi diéu khién 7.000.000 d 7.000.000 d
12 | LCD 16x2 200.000 d 200.000 d

111 | Xay dwng sra chi*a nhé 1.000.000d 1.000.000d
1 | Stra chua sai s6t khau thiét ké va thi cong 1.000.000d 1.000.000d

IV | Chi khac 17.200.000 15.700.000
1 | Xay dyng dé cwong chi tiét 700.000 700.000
2 | Quanlycosd 6.000.000 6.000.000
3 | Chi phi nghiém thu cép khoa 1.520.000 0
4 | Chi phi nghiém thu céap truong 2.500.000 2,150,000
5 | n loat tai liéu, van phong pham 500.000 500.000
6 | Phu cdp chi nhiem BT 6.000.000 6.000.000

Tong Cong (1 + 11 + 111 +1V) 80.800.000 79.300.300
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PHU LUC 1
CAC SO PO MACH PIEN

1.  Mach cam bién goc nghiéng
Mach cadm bién géc nghiéng la siv két hop gilta mot cdm bién gia toc goc
MMAT7260 clia hang FreeScale va mdt cdm bién van tdc goc LISY300AL cua héng

ST-Electronics .
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1 Fx =) 21 ' el : FEs
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— L LISY300AL ==~
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B A s BT == [——0
R1T 10K Mode

@ Cam bién gia toc géc MMA72600 clia hang FreeScale, c6 cac dac diém sau:
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C6 thé chon duwoc do nhay tng voi tam (1.59/2g/4g/6g).

Dong tiéu thu 500uA va & sleep mode la 3uA.

Do nhay cao 800mv/g ddi voi tam 1.5g.

Thai gian khéi ddng nhanh.

Tich hop sén 1 bd loc thong thdp, va c6 kha ning chiu séc cao.

Top View
o B B =
S 258
S CHECHETHEER . A
el L S e + G1-G2: chon tam hoat dong.
g-Select! =1 r I_12= Made
o-Select? 23 EH NC + SLEEP : ché dd cho.
Vel 3| Mol e
=l L™ - Xout,Yout,Zout: ngd ra ctiia cdm bién
Vss|4 | AL gia toc trén cac truc XYZ.
[ T Ihg TE AT |
Il Tl VLT
T
2 F Z ZF
Voo
g-Select] o l
g-Select? o T T
, Clack X Temp
Oscillztor Gein:,fatm ] CDIB'I'IF;F © Xour
'—di ’—0
— GCel CoV Cen Y-Temp
Sleep Mode o—— Sensor Converter N Coma 0 Your
Filter
—
Control Logic X
EEPROM Trim Circuite — EGE"D;“’;" O Zoyr
I
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D06 nhay va tam do clia cdm bién dwoc xac dinh nhw bang sau

g-Select2 g-Selectl g-Range Sensitivity
0 0 1.5g BOOmV g
0 1 2g B00mVig
1 0 4qg 300mVig
1 1 g 200m\ig

@ Bac tinh clia cdm bién van téc géc LISY300AL, hang ST-Electronics.

=2
2
=0 T T
ez gz g
28 22
NG 1T () []21 Reserved
GND ] [l PReserved
GND [ ] Reserved
NG [ LISY300AL [ Reserved
(TOP VIEW) =
CACT [] [] Reserved
ANALOG OUTPUT [ | Resered
NC 7] |15 NC
(TOP VIEW) 8 14
DIRECTION OF THE €U o o
DETECTABLE 228b § E =
ANGULAR RATE 2 2
C @

Hoat dong & ngudn tir 2.7V dén 3.6V. Tam nhiét dd hoat dong: -40 °¢ dén
+85 °C.

Tiéu thu dién nang thap.

Tich hop bé giam ap.

Do van tc gdc quanh truc z.

Toan tam do la : +300 °/s , kha nang do lvong la -3 dB, bang théng la 88 Hz.
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Ng0 ra la tin hiéu twvong tu tuyét doi.

Do nhay la : 3.3 mV/ °/s.

Tich hop bd loc thdng thap.

Tich hop mo-dun ty kiém tra. Kha nang chdng soc cao.

2. Mach cau H cong suéat diéu khién dong co DC c6 cach ly
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— QuTa [ 15 ) 50T M AT ] ouTta
VOB IN37) ouTa() HE————0+5V_MCU 1 1 ] T 01UF/24
i pou g oum
(3) aut MCU_A A 1 15| VEWRE VPWRE ]
SFh_ D7 | RED adiay outan oo |3 15| veviRE VPWRE 1 O+aav
73 : ke [Cina CcCes ; VFSRE ENE/notlDd
A N INai-) ouTags) HO————ovsv_eu L —TH T el i ] 7Y FBE -c1a
Faut MU B ISFE F 3
are (4) 2 e R JSFB_ T 03 10uFIS0V
=5 Di EDL [ETE) auT4(- |I'
F73 J { Rid" {7 iz MEa3832
TLRs214 4
47K
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i T i 2 24 5
) RO R10
ug  LMTE12 Uin  LMTEDS
I Serl 'y Sl
v Sour |2 v Sour |2 K 24
o 5 —_
-ca =] e =£12 o8 D18
M T 0.1uF
s I:IODUF 0.1uFi2A 10uF ‘ 10uF = Y
2 ez Saesy
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IC MC33932 chita 2 khéi cau H doc 1ap véi nhau, moi khéi cau H co chic

nang nhu sau:

tuc , 5V dén 40V doi vai trvong hgp dong gian doan.

Tuwong thich v&i mic tin hiéu diéu khién TTL (3V, 5V).

Tam dién ap hoat dong la : 8Vdc dén 28Vdc ddi véi truong hop dong lién
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- C6 bao vé ngan mach ngd ra, qua dong, qua nhiét.

- Tam nhiét do hoat dong (v&i tan nhiét duoc co san) 1 tir -40°C

dén 125°C.

- Dong dién tai trung binh 1a 5A , dong dién tai dinh la 8A..

- Tan s6 diéu rong xung tdi da la 20 Khz.

Mach déng lwc nay dwoc cach ly véi mach vi diéu khién trung tm bang

hai opto toc dd cao TLP2630 (cach ly cho cac tin hiéu diéu rong xung) va opto
TLP521 (cach ly cac tin hiéu diéu khién cho phép IC MC33932 duoc tich cuc,...).

3. Mach vi diéu khién trung tam
Vi diéu khién st dung c6 tén la MC9S12DP512 cuia hang FreeScale

Semiconductor, thudc dong D ctia ho HCS12, la dong duoc phat trién cho céc (ing
dung trong linh vic thudc cong nghé 6t6 va trong cong nghiép. C6 day di cac chirc
nang co ban chung cla ho vi diéu khién 16-bit HCS12 (Motorola).

Puoc dong gdi theo kiéu chan LQFP — ¢ 112 chan, tdm nhiét do la: -40 dén

150 do C.

Tan s6 xung nhip bus ndi t6i da la 32 Mhz, c6 tich hop bd PLL.

B6 nhd: 14 KB bd nhd RAM ; 4 KB bé nh¢ EEPROM ; 512 KB b6 nhé

FLASH.

2 bd giao tiép ndi ti€p bat dong bd ( SCI), 3 bo giao ti€p ndi ti€p dong bo (

SPI1),1 bd IIC.

5 bd CAN, ho tro ca 2 chudn V2.0A va V2.0B; 1 bo giao tiép BDLC ( theo

chuan J1850 ).

8 kénh chirc ning thoi gian nhu: Bat gilr ngd vao, so sanh ngd ra, dém xung-sw

kién céng, ngat thoi gian thuc, WatchDog ...

2 bo ADC -16 kénh , d6 phan giail0-bit ; 8 kénh trong md-dun diéu rong xung

(PWM).
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LCD DISPLAY
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PHU LUC 2
CHUONG TRINH DIEU KHIEN

1. Gidi thuat chwong trinh chinh

| Ehdi diu

Khéi ding cac
khoi chike ning

'

Cho phép tht ¢ cac ngit
& nhén chinh v nhin
-Gate hoat dédng

I
-

b4

Kidm tra di duce
2,5ms chuya ?

(A)

C#p nhit thing 55
cna bd loc Kalman

]

Kifm tra di duoc
7,5ms chura ?

Ding

(B)

B diéu khién
thing bing cho
HE Ném

i durocl 00ms?

+ ©
Hién thi mit sb
thing tin quan
trong clia Hé Ném
]

®
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D)

A - -
Kiem tra cac nut
nhan trén moé-dun?

Thure hi¢n cac chire
nang tir mit nhin
Sai

¥
Hién thi cic ché d6

dang hoat déng cia Hé
Ném trén cic LED
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2. Giai thuat chuvong trinh ngét

Ehdi diu

¥

Khdi déng ngét Timer3
& chu k¥ ngit nho
nhit 1a 2. oms

h

Khdi déng ngét tir nit
nhin (Eey-wale up)

|
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h 4
I Y
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higu ngit zay ra?

Biait Tonwer, 8545
2.5ms ¥

Cho cé bao do
2.5ms 1En nmore 1
[

Bring

Mgit tir 1 phim
dwoe nhin 7

Cho c& bao cé phim
dwoc nhian 18n mire 1
Sai !

¥ Thiee hign & 15 xde v ph e X-Cate

F 3
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3. Chuong trinh diéu khién

/*
1> CLOSE-LOOP with Capture Encoder's signals --> measure Motor's Speed
Used A-B signals, had not used Z-signal yet.

2> MC33932 Driver for two DC-Servo Motors

3> Use Kalman Filter to predict and measure angle: V_ref(ADC) = 3.3 Volt --> OK
(angle_Y)

*/

#include <hidef.h>  /* common defines and macros */
#include <mc9s12xdp512.h>  /* derivative information */
#pragma LINK_INFO DERIVATIVE "mc9s12xdp512"

#include <string.h>
#include <math.h>
#include "xgate.h™

#include "pll_2.h" Il for X-GATE , 40Mhz
#include "lcd.h"

#include "SCI0.H"

#include "Timer.h"

#include "ADC.h"

[]-==-mmmmmem GLOBAL VARAIBLE -------------- //
unsigned char OK_flag=0,Key, LCD_flag=0, mode=0, flag_5ms, flag_250ms,
count_turn=0, count_forward=0, count_reverse=0

,START _flag, increase_flag, decrease_flag, mode_flag,
direction_flag_1,direction_flag_2, count_4

Jreverse_flag=0, forward_flag=0, turn_flag=0, direction_flag=0, stop_flag=0;

long Torque_1, Torque_2, speed 1 10ms, speed_2_ 10ms, count_stop, j;
float position_X, position_X_ center, speed_wheel 1, u_signal, u_angle;
float pulses_1, pulses_2, omega_degree, angle_error_old, angle_degree, angle_error,
set_speed, sigma_position_error

,Speed_error, position_error, position_error_old, set_angle, set_position,
count_pulse_1, count_pulse_2, u_position;
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[ mmmmmmmeeee Gains of PID Controller for ANGLE ---------- **//

float Kp = 15; I/l For Angle

float Ki = 0; Il For Sigma (Angle)

float Kd = 0.5; I/l For Omega (Angle)

5% e PID Controller for POSITION: PARAMATERS ------- **[/
float Kp_ X =15; /I For Position

floatKi_X=0;

float Kd_X=05;

float sigma_error;

long u_desire;

R //

[[--==mmmmmmmmee IW's paramaters --------------- //

long Encoder_revol = 1000 ; /I 2*1000 pulses/s = 2000 pulses/s

intkb=1; /l Wheel(1) <--> Motor(8), Kb = 125mm/12.5mm = 10
float d_wheel = 0.027 ; /1 2(cm) =0.2(m)

float g=9.81; Il

float pi = 3.1416; Il pi

[ m e e e I/

//*-k***-k***** ________________________________ ************//

J[FFHTHE e Constant of Kalman Filter ------------- alekaiabel /)

float offset_acc_X =517, /1 516 (calibed) <=> 1.65 Volt/3.3 Volt ; 3.3V <-->
1023, so that 1.65V <--> 512 (10-bit ADC)

float offset_acc_Y = 505; /| <================= NOTE

float offset_acc Z =517,

float offset_gyro= 500; /1 3.3V <--> 1023, so that 1.65V <--> 502 (calibed) ;
(10-bit ADC)

float scale_acc= 186 ; Il Sensity is 0.6V/g at 2g: 3.3V <--> 1023, so that 0.6V
<-->186 (10-bit ADC)

float scale _rot=1.023; Il 3.3mV/degree/sec

/I <-->1.023/(pi/180) = 1.023 * 57.3 ( /rad/sec)
static float dt=0.0025; // Sampling-Time is 2.5ms
static float R_ang]e =0.08; || <<=========================== NQOTE
static float Q_angle = 0.003;
static float Q_gyro = 0.001,
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/[----- Global Kalman filter 's variables ----- 1l
static float P[2][2]={{1,0},{0,1}};
static float angle=0;
static float q_bias=0;
static float rate=0;

float X, Y, Z, ROT_Z, mes_X, mes_Z,angle_ m,q_m;
e //

/* this variable definition is to demonstrate how to share data between XGATE and
S12X */

#pragma DATA SEG SHARED_ DATA

volatile int shared_counter; /* volatile because both cores are accessing it. */

I Variable use for both MCU & XGATE <<---------------
char button_flag, flag_2 5ms, flag_7_5ms, flag_10ms, count, count_2, count_3 ;
R L EE LS I/

/******************'k*'k**** M acros

****************************************-k*/

#define ROUTE_INTERRUPT (vec_adr, cfdata) \
INT_CFADDR= (vec_adr) & 0xFO; \
INT_CFDATA_ARR]((vec_adr) & Ox0F) >> 1]= (cfdata)

#define SCI0_VEC 0xD6 I/ vector address SCI0= $xxD6 <<-----------n----

#define TICO_VEC OXEE I/ vector address TICO= $XXEE <<----------------
#define TIC1_VEC OxEC // vector address TIC1= $XXEC <<--------mmmmmmm-
#define TIC2_VEC OXEA I/ vector address TIC2= $XXEA <<------mnmmmmmmm-
#define TIC5_VEC OxE4 [l vector address TIC5= $XXE4 <<-------mmmmmmomm
#define TIC6 _VEC OxE2 [l vector address TIC6= $XXE2 <<-----------mm---
#define TIC7_VEC O0OxEO [l vector address TIC7= $xXEQ <<---------mmmmm-

#define TOC3_VEC OxES8 // vector address TOC3=$xXE8 <<----------------
#define TOC4_VEC OxE6 // vector address TOC4=$XXE6 <<----------------

#define PTH_VEC O0xCC // vector address PTH= $xxE8 <<----------------
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//************ _____________ Set up XGATE _________________ ************//
#define SOFTWARETRIGGERO_VEC 0x72 /* vector address= 2 * channel id */
static void SetupXGATE(void) {
/* initialize the XGATE vector block and
set the XGVBR register to its start address */
XGVBR= (unsigned int)(void*__far)(XGATE_VectorTable -
XGATE_VECTOR_OFFSET);

[* switch software trigger O interrupt to XGATE */
ROUTE_INTERRUPT(SOFTWARETRIGGERO_VEC, 0x81); /* RQST=1 and
PRIO=1 */

ROUTE_INTERRUPT(TOC3_VEC, 0x81); // switch TOC3 interrupt to XGATE <<-

ROUTE_INTERRUPT(TOC4_VEC, 0x81); // switch TOC4 interrupt to XGATE <<-

ROUTE_INTERRUPT(PTH_VEC, 0x81); // switch PTH interrupt to XGATE <<~-

/* enable XGATE mode and interrupts */
XGMCTL= 0xFBC1; /* XGE | XGFRZ | XGIE */

/* force execution of software trigger 0 handler */
XGSWT=0x0101;

/* FEAKAAIAAIAAIAAAKRAXRAAIAAXAAXRAAXRAAIAAKRAAAXAAAAhrAhhrdhrrhhhrhrhhihhhiiihidx

* KALMAN FILTER: output is value of ANGLE *

FhhkAhkhkhkhkhkkhkkhhkhkkhhkirhhhhkhhkhhkhrhkihkirhiihhkihiihiiihiikx *********************/

[ Pitch gyro measurement --------------- */
void state_update( const float g_m)
{

/* Unbias our gyro */
float qg=q_m-q_bias;

[* Compute the derivative of the covariance matrix

*
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* Pdot = A*P + P*A'+ Q
* We've hand computed the expansion of A=[0-1, 0 0 ] multiplied
* by P and P multiplied by A'=[00, -1, 0 ]. This is then added
* to the diagonal elements of Q, which are Q_angle and Q_gyro.
*/
float Pdot0 = Q_angle - P[O][1] - P[1][O];/* 0,0 */

float Pdotl = -P[1][1]; [*0,1*/
float Pdot2 = -P[1][1]; /*1,0*/
float Pdot3= Q _gyro; /*1,1*/
/[* Store our unbias gyro estimate */

rate = q;

/* Update our angle estimate
* angle +=angle_dot * dt
*  +=(gyro - gyro_bias) * dt

*  +=qg*dt
*/
angle +=q * dt;

/* Update the covariance matrix */
P[0][0] += Pdot0 * dt;
P[0][1] += Pdot1 * dt;
P[1][0] += Pdot2 * dt;
P[1][1] += Pdot3 * dt;

b

2 e e */

R Update value of ANGLE in Kalman Filter -------------- */
void kalman_update(const float angle_m) /Il X acc

{

/* Compute our measured angle and the error in our estimate */
float angle err =angle_m - angle;

/*

* C_0 shows how the state measurement directly relates to
* the state estimate.

*

* The C_1 shows that the state measurement does not relate
* to the gyro bias estimate. We don't actually use this, so

* we comment it out.
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*/
float C 0=1;

/*

* PCt<2,1> = P<2,2> * C'<2,1>, which we use twice. This makes
* it worthwhile to precompute and store the two values.

* Note that C[0,1] = C_1 is zero, so we do not compute that

* term.

*

float PCt_0=C_0* P[0][O]; [*+C_1*P[0][1] =0 */
float PCt 1=C_0* P[1][0]; [*+C_1*P[1][1] =0 */

/* Compute the error estimate. From the Kalman filter paper:
*

* E=CPC'+R

*

* Dimensionally,
*

* E<1,1>=C<1,2>P<2,2>C<2,1>+R<1,1>

*

* Again, note that C_1 is zero, so we do not compute the term.

*/

float E= R_angle +C_0*PCt 0; [* +C_1*PCt 1=0%*

/-k
* Compute the Kalman filter gains. From the Kalman paper:
*

* K =P C'inv(E)

*

* Dimensionally:

*

* K<2,1>=P<2,2>C'<2,1> inv(E)<1,1>

*

* Luckilly, E is <1,1>, so the inverse of E is just 1/E.
*/

float K 0=PCt 0/E;

float K 1=PCt 1/E;

/*
* Update covariance matrix. Again, from the Kalman filter paper:

*

* P=P-KCP
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*

* Dimensionally:

*

* P<2.2>-=K<2,1>C<1,2> P<2,2>

*

* We first compute t<1,2> = C P. Note that:

*

* {[0,0] = C[0,0] * P[0,0] + C[0,1] * P[1,0]

*

* But, since C_1 is zero, we have:

*

*1[0,0] = C[0,0] * P[0,0] = PCt[0,0]

*

* This saves us a floating point multiply.

*
float t 0=PCt 0;/* C_0*P[0][0] + C_1* P[1][0] */
float t 1=C_0*P[O][1];/*+C 1*P[1][1] =0*/

P[O][0] -=K_0*t O;
P[O][1] -=K_0*t 1,
P[1][0] -=K_1*t0O;
PI1][1] -=K_1*t 1,

/-k
* Update our state estimate. Again, from the Kalman paper:
*

* X+=K*err
*

* And, dimensionally,
*

* OX<2> = X<2> + K<2,1> * err<1,1>

*

* err is a measurement of the difference in the measured state

* and the estimate state. In our case, it is just the difference

* between the two accelerometer measured angle and our estimated
*angle.

*/

angle +=K_0 *angle_err;

g_bias +=K_1 *angle err;

== Limitation ------------- Il
/Il -90 <=angle <=90 (degree)
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if (angle > (pi/2)) angle = pi/2 ;
else if (angle < (-pi/2)) angle=-pi/2 ;

/* Enable PWM channel 0->5 - Make 8Khz Frequency square , Left-Aligned

Note: Channel 0-1-4-5: use Clock A and Clcok SA
Channel 2-3-6-7: use Clock B and Clock SB

period = PWMPERX * 22(PCKA(B)+1) * PWMSCLA(B) (@@@) (when:
PWMCLK_PCLKX = 1: choose Clock SA(B))
200 * 2 * 20 =8000
( Bus Clock is 40Mhz --> period = Bus_clock / f_square = 40Mhz / 5Khz = 8000 )

Duty_cycle = PWMDTYx / PWMPERX

*/
void PWM_Init(void){
s Common =---=========m-mmmmmme- 1l
PWMCTL =0x00 ; /I 8 Separate 8-bit PWM Channels
PWMPRCLK = 0x00 ; /I PCKA =0 ; PCKB =0 :use for 8-Channels
PWMSCLA=20; Il for (@@ @)
PWMSCLB =20 ; Il for (@@ @)
[ == mm e e e e e 1l
e e PWMOQ -----===-=mmmmmmm e 1l
PWMCLK PCLKO=1; /I use Clock SA for PWMO-Channel
PWMPOL _PPOLO=1; // Polarity=1 --> start with High-Signal in PWMO
PWMCAE_CAE0=0; I PWMO is Left-Aligned
PWMPERO = 200 : // Periode0 = 200 --> 5KHz of Square_Wave (@@ @)
PWME_PWMEQO =1 ; /l Enable PWMO
e Il
[[-===mmm e PWMI1 -----mmmmmmmmmmemm oo 1l
PWMCLK PCLK1=1; /I use Clock SA for PWMO-Channel
PWMPOL _PPOL1=1; // Polarity=1 --> start with High-Signal in PWM1
PWMCAE_CAE1=0; [l PWML is Left-Aligned
PWMPER1 = 200 ; // Periode0 = 200 --> 5KHz of Square_Wave (@@ @)
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PWME_PWME1=1; // Enable PWM1

Jfmmm e I

R e L PWM2 ---mnmmmmmmmmmmeem oo //
PWMCLK PCLK4 =1; Il use Clock SB for PWM2-Channel
PWMPOL_PPOL4 =1 // Polarity=1 --> start with High-Signal in PWM2
PWMCAE_CAE4 =0, I PWM2 is Left-Aligned
PWMPER4 = 200 ; // Periode2 = 200 --> 5KHz of Square_Wave (@@ @)
PWME_PWME4 =1 ; // Enable PWM2

[ ~mm e I

e EE PWM3 ------mmmmemmmo e oo //
PWMCLK _PCLK3=1; // use Clock SB for PWM3-Channel
PWMPOL_PPOL3=1; // Polarity=1 --> start with High-Signal in PWM3
PWMCAE_CAE3=0; I PWMO is Left-Aligned
PWMPER3 = 200 ; // Periode3 = 200 --> 5KHz of Square_Wave (@@ @)
PWME_PWME3=1; /l Enable PWM3

e e e I

[ -mmmmmmm - Initial Value ---------------------- I/
PWMDTY0=0; /I 0% Hiduty is IN-1 of MC33932-A
PWMDTY1=0; /1 0% Hiduty is IN-2 of MC33932-A
PWMDTY4=0; /Il 0% Hiduty is IN-3 of MC33932-B
PWMDTY3=0; /Il 0% Hiduty is IN-4 of MC33932-B

e e R EEE //

}

e /]

/[--=-=---- TOC3_Init ---=----=-mmmmmmm- //

// TOC3 Init

void TOC3_Init(void){
TSCR1 =0x80; //Enable TCNT, 40MHz boot mode
TSCR2 =0x04; //divide by 16 TCNT prescale.+ Disable TOF Interrupt

/* Bottom three bits of TSCR2 (PR2,PR1,PR0O) determine TCNT period
divide fast(24MHz) slow (4MHz) fastest: HCS12X(40Mhz)

000 1 42ns TOF 2.73ms 250ns TOF 16.384ms 25ns

001 2 84ns TOF 5.46ms 500ns TOF 32.768ms

010 4 167ns TOF 10.9ms 1us TOF 65.536ms

011 8 333ns TOF 21.8ms 2us TOF 131.072ms 200ns

BANG HJ’U PHUC BAO CAO NGHIEN ClU KHOA HOC



Trang 72

100 16 667ns TOF 43.7ms 4us TOF 262.144ns

400ns <<

101 32 1.33us TOF 87.4ms 8us TOF 524.288ms
110 64 2.67us TOF 174.8ms 16us TOF 1.048576s
111 128 5.33us TOF 349.5ms 32us TOF 2.097152s */

800ns

TIOS = TIOS | 0x08 ;

TCTL2=TCTL2 & ~0xCO ;

TFLG1 |= 0x08;
TIE=TIE | 0x08;
TC3 = TCNT+6250;

TIC Init
void TIC_Init(void){
TIOS &=~0b11100111 ;
HALLSs and Encoders
TCTL4 |= 0b00010101 ;
Motor 1
TCTL3 |=0b01010100;
Motor 2
TFLG1 |= 0b11000011 ;
TIE |=0b10000001 ;

T1CO_Interrupt

/[ PT3 is OutPut Compare : 0b00001000
// Disconnected at pin PT3: 0b11000000
Il Clear Flag : 0b00001000
// Enable TOC3 Interrupt : 0b00001000
/' At first : 6250 * 400ns = 2.5ms

// PTO-1-2 and PT5-6-7 are Input Captures : for
/[ PT0O-1-2: Capture on Rising edge -> Encoders of
I/l PT5-6-7: Capture on Rising edge -> Encoders of

/l Clear Flags in PT0-1-2 and PT5-6-7
// Enabled interrupt in PTO and PT7

****//

/I For Encoder's A signal of (Motorl)

interrupt 8 void TICOhndIr(void){

A signal)
char B_signal ;
B signal =PTT_PTTL1;

if (B_signal ==0){
direction_flag 1=1;
count_pulse 1-=1;

} else if(B_signal == 1){
direction_flag 1 =0;
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count_pulse 1 +=1; /I decrease count-pulse
}
TFLGL1 |= 0b00000001 ; Il Clear Flag in PTO
}
e //
IAFHH e Encoder of Motor 2 ----------------- alakalel /)
emmmmmmmmaeene Interrupt TIC7 - Encoder's A --------------- 7

Il interrupt when capture a raising pulse-A. (Motor 2)

interrupt 15 void TIC7hndlIr(void){ // RIGHT-MOTOR ( A_signal is faster than
B_signal)

char B_signal ;
B_signal =PTT_PTT6; // get B_signal in PT6
if (B_signal ==0){ /I A is Raising-Pulse, B is Low --> Forward , pulse++
direction_flag 2=0;
count_pulse 2 +=1; I increase count-pulse
} else if(B_signal == 1){ /I A is Raising-Pulse, B is High--> Reverse , pulse--
direction_flag 2 =1
count_pulse 2 -=1; /l decrease count-pulse
}
TFLG1 |= 0b10000000 ; Il Clear Flag in PT7
}
[ m e e I/
e CONTROL DC SERVO --------=-==-=nmmn- //

void control_2_motors(void){
Il Left-Motor : PWMO-PWM1
/I Right-Motor: PWM2-PWM3

if (Torque_1>195) Torque 1 =195; /[ Limitation - 80% PWM
else if (Torque_1 <-195) Torque_1 =-195; /[ Limitation - 80% PWM
if (Torque_2 >195) Torque 2 =195; /l Limitation - 80% PWM
else if (Torque_2 <-195) Torque 2 =-195; /[ Limitation - 80% PWM
R Doesn't Turn -------------------- I/

/[---- PWM : HAI CAU-H PHAI DUOC DIEU KHIEN PHAI GIONG NHAU
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[f-=ee-- LEFT-Motor -------- 1/
if (Torque_1>=0){ Il FORWARD
PWMDTYO0=0; Il IN2-->0UT2: O(volt) - Motor 1 (Left) PWMDTY1 =

(int)(Torque_1) ; //IN1-->OUT1l: PWM

PWMDTY1 = (int)(Torque_1) ;  // IN3-->0UT3: PWM

}else{ /I REVERSE

PWMDTY1=0 ; /l IN1-->0OUT1: 24(volt) - Motor 1 (Left)
PWMDTYO = (int)((-1)*Torque_1) ; // IN2-->0UT2: PWM (24 --> 0: Volt)

¥

ff-=eem- RIGHT-Motor ------- 1
if (Torque_2 >=0){ /l FORWARD

PWMDTY4=0; I/l IN4-->0UT4: 0(volt) - Motor 2 (Right) ; PWM2 <==>
PWM4

PWMDTY3 = (int)(Torque_2); // IN3-->0UT3: PWM

Yelse{ /I REVERSE

PWMDTY3=0; /I IN3-->0UT3: 24(volt) - Motor 2 (Right) PWM2 <==>
PWM4

PWMDTY4 = (int)((-1)*Torque_2) ; // IN4-->OUT4: PWM (24 --> 0: Volt)

/************ SCAN - KEY - WAKE UP ************/
void KeyBoard(void){

PIFH |= OxFF;  // Clear Flag

Key = PTH & OxFF; // Receive 8 bit: PTH[0-7]

¥

void Key_Init(void){
asm(" sei");  // make atomic
TIOS |=0x10; /I PT4 as OC4 : 0b00010000
TCTL1=TCTL1 & ~0x03 ; /I Disconnected at pin PT4
TIE &= 0xEF; // Disarm OC4 :0b11101111

DDRH =0x00; /I PTH[0-7] are key inputs
PPSH =0x00; // Falling edge at PTH[0-7]
PIEH |= OxFF; // Enable Interrupts PTH[0-7]
PIFH |= OXFF; /I Clear Flag
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KeyBoard();  // Initial read
}

//********************************* MAIN

*******************************//

void main(void) {

PLL_40_Init(); // 40Mhz - Bus Clock

TOC3_Init(); // Enable TOC3 - 20ms Interrupt

SCI0_Init_40(115200) ; // Enable SCI0 at 115200 - 40 Mhz Bus

PWM_Init(); // Enable PWM

TIC_Init(); // Enable Timer Input Capture for Hall-Signals and Encoder-
Signals

ADC_Init(); // 10-bit ADC , right-justified

Key Init() ; /I Key Wakeup

LCD_Init() ; /[ Enable LCD_module

SetupXGATE(); /I Enable XGATE with 80Mhz-Bus Clock

LCD_goto(2,0);
writeLCD_String("A:",2);
LCD_goto(2,12);
writeLCD_String("X:",2);

DDRB = OxFF ; I/ Output

PORTB = 0x07 ; I/l Two-LEDs are OFF, LED (PB.0) is ON
PORTB_PBO = 1;

DDRM |= 0x03; /I PMO-PM1 are output

PTM |=0x03 ; // Enable MC33932-A+B

DDRJ &= 0x3F ; // 0Ox3F = 0b0011.1111 --> PJ.6-7 are inputs for sensor.
R RF-module Connection ----------

PTS.7 <-->Channel A : Forward >>
PTS.6 <-->Channel B : Reverse <<
PTS.5 <-->ChannelC :Stop |

BANG HJ’U PHUC BAO CAO NGHIEN ClU KHOA HOC



Trang 76

PTS.4 <-->Channel D : Turn Left-Right

*/

DDRS &= 0x0F ; // OxF3 =0b0000.1111 --> PTS.4-7 are inputs for RF
set angle=0; /I Set value: Stand up and no run.

set speed =0;

set_position = 0;

Enablelnterrupts;

f-mmmmm e 1l
JFHH e LOOP -----m-mmmmmmmmeeeeee x|
for(;;) {
L EH e T _sampling = 2.5mMSs -------=--=-mmmmmommemae Fxxf

if (flag_2 5Sms==1){ //25ms

[[-===mmmmmmmeee Read ADC's value to calculate Angle-Y ----------=----- //

ROT_Z = ADC_In(0x81); I/l Gyro-Z-Value is ADC-Channel 1

Y = ADC _In(0x83); /I Accelerometer-Y-value is ADC-Channel
3

Z = ADC_In(0x84); // "Channel-4" is position (Z)

g_m= (ROT_Z - offset_gyro)/(scale_rot*57.3);  // [scale_rot/degree/sec] <-->
[scale_rot/(pi/180)]= [scale_rot*57.3] (/rad/sec)

Jf e mm e e 1/

state_update(q_m); I/l Update some parameters of KALMAN
FILTER

[ e 3 *2.5ms =5ms for CONTROLLER ----------------=-mnmnoo-
S/

if ((count_3==1)||(count_3==4)) { //if ((count==1)|(count==4)) {// T=7.5ms
(f=133 Hz)

angle_m=asinf((Y - offset_acc_Y)/scale_acc); // Arc_sin-->Y _angle: is the
INPORTANT ANGLE

[--=-mmm-- Limitation ------------- I/

/I -90(deg) <=angle_m <= 90(deQ)
if (angle_m > (pi/2)) angle_m = pi/2 ;
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else if (angle_m < (-pi/2)) angle_m=-pi/2 ;

[ m e I/

kalman_update(angle_m); /I KALMAN FILTER --> Output:
"ANGLE" (exactly)

J[* - PID - POSITION CONTROLLER -----------=-=-------
_____________ *//

position_X = (58*Z)/1023 ; /l (cm) "LEFT-ALIGN"

position_X center = position_X - 29 ; // (cm) "CENTER-ALIGN"

position_error = set_position - position_X_center ; I error

sigma_position_error += position_error ; / intergal of error

if (sigma_position_error > 120) sigma_position_error=120 ; /I Limitation

else if (sigma_position_error < -120) sigma_position_error=-120 ;

speed_error = position_error - position_error_old;
position_error_old = position_error;

u_position = (Kp_X*position_error + 0.5*Ki_X*sigma_position_error +
(Kd_X*1)*speed_error) ; // u_position (1)

angle_degree = angle * 57.3 ; /I Angle (radian) --> Angle (degree)
angle_error = set_angle - angle_degree ; /[ Error (radian)
sigma_error +=angle_error ; /I Sigma (radian)

if (sigma_error > 120) sigma_error=120 ; /I Limitation

else if (sigma_error < -120) sigma_error=-120 ;

omega_degree = angle_error - angle_error_old ; / Omega "speed"
(radian/sec)
angle_error_old = angle_error; /[ UPDATE

u_angle = (Kp*angle_error+ 0.5*Ki*sigma_error + (Kd*1)*omega_degree) ; //
u_angle (2)
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u_signal = u_angle + u_position; /[ NOTE: u_signal --> Sarturation -->
u_out final
Hfemememnmene Limitation ----------- 1

if (u_signal >195) u_signal = 195 ;
else if (u_signal < -195) u_signal = -195;

L] e e e *//
if(fabsf(angle_degree) > 30) { // Stop Motor if |Angle_degree| > 20
(degree)
u_signal=0;

sigma_error = 0;
sigma_position_error = 0;

Torque_1=0;
Torque 2 =0;
}
Il NOTE
Torque_1 =u_signal ;
Torque_2 =Torque_1,
control_2_motors() ; I/l Control 2 DC-Servo --> MOTORSs
}
P e END OF CONTROLLER ----------=-mnmommemm oo
-k*//
[ -=mmmmmm - 101 * 2.5ms = 500ms =0.5 (sec) ------------- I
if (count_2 ==101){ /I For update value to LCD
flag_250ms = 1;
count 2 =0;
¥
flag_2 5ms =0; Il Reset 2.5ms-flag
}
I - End T_sampling (Ts=2.5ms)----------=-==-m-mmnmmmmommommem
***//
[Hmmmrmm e Control by RF-Module --------------------- */
[* - RF-module Connection ----------

PTS.7 <-->Channel A : Forward >>
PTS.6 <-->Channel B : Reverse <<
PTS.5 <-->ChannelC :Stop |
PTS.4 <-->Channel D : Turn Left-Right

BANG HJ’U PHUC BAO CAO NGHIEN ClU KHOA HOC



Trang 79

*/

/*
if(PTS _PTS7==1){ /l FORWARD (Channel D)
while(PTS_PTS7==1) ;
count_forward +=1 ;
if(set_angle==0){
set angle =0.03; //+0.015(rad) --> Go Forward
set_speed =0.03;
LCD_goto(4,9);
writeLCD_String("F1",2);
}
if((set_angle<0)||(count_forward>=2)){
set angle +=0.01; //+0.015(rad) --> Go Forward
set speed +=0.01;

if(set_angle>=0.15){
set angle =0.15;
set speed =0.15;
count_forward = 0;

}

¥

forward_flag = 1;
reverse_flag = 0;
stop_flag = 0;
turn_flag=0;

¥

if(PTS_PTS6==1){ // REVERSE (Channel C)
while(PTS_PTS6==1) ;
count_reverse +=1 ;
if(set_angle==0){
set_angle =-0.03; //+0.015(rad) --> Go Forward
set_speed =-0.03;
LCD_goto(4,9);
writeLCD_String("R1",2);
}
if((set_angle>0)||(count_reverse>=2)){
set_angle-=0.01; //+0.015(rad) --> Go Forward
set speed -=0.01;

if(set_angle<=-0.15) {
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set_angle =-0.15;

set speed =-0.15;

count_reverse = 0;
}

}
forward flag = 0;

reverse_flag = 1;
stop_flag = 0;
turn_flag=0;

}

if(PTS_PTS5==1){ // STOP  (Channel B)
while(PTS_PTS5==1) ;
stop_flag=1;
LCD_goto(4,9);
writeLCD_String("'S ",2);
}

if(PTS_PTS4==1){ // TURN  (Channel A)
while(PTS PTS4==1) ;
reverse flag = 0;
forward_flag = 0;
turn_flag=1;
LCD_goto(4,9);
writeLCD_String("T ",2);

R STOP FLAG -------------- */
I/ STOP ROBOT
if(stop_flag == 1){
count_stop +=1;
if((count_stop%2000)==0){ I/l Time For Delay
if((forward_flag==1)||(turn_flag==1)){
set_angle -=0.01;
set_speed -=0.01;
if(set_angle<=-0.027){
j=0;
while(j<=7000)
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{.
|
}
1=0;
set_angle =0;
set_speed = 0;
count_stop = 0;
turn_flag=0;
forward _flag = 0;
stop_flag = 0;
}
}
if(reverse_flag==1){
set_angle += 0.01;
set_speed +=0.01;
if(set_angle>=+0.027){
1=0;
while(j<=7000)
{
j+H+;
}
i=0;
set_angle = 0;
set_speed = 0;
count_stop = 0;
reverse_flag = 0;
turn_flag=0;
stop_flag = 0;

S — PRESS BUTTON
if(outton_flag == 1){

KeyBoard();

Il Read keys

if (Key == 0xE3){ // 0b11100011 ("MODE") - PH.4

START flag=1;
(2) Kp_X-Pd_X
mode +=1;

BANG HJ’U PHUC
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if(mode == 8) mode = 1;

LCD_goto(3,9);

if(mode == 1) writeLCD_String("Kp_A",4);  // Mode
if(mode == 2) writeLCD_String("Ki_A",4);

if(mode == 3) writeLCD_String("Kd_A",4);

if(mode == 4) writeLCD_String("Kp_X",4);

if(mode == 5) writeLCD_String("Ki_X",4);

if(mode == 6) writeLCD_String("Kd_X",4);

if(mode == 7) writeLCD_String("SetA" 4);
¥

else if( Key ==0xD3){ //0b11010011 ("CLEAR") - PH.5
u_signal=0; /| RESET
Torque_1 =0;
Torque_2 =0;
sigma_position_error = 0;
sigma_error = 0;
angle_error =0;
position_error = 0;

}

else if( Key == 0xB3){ // 0b10110011 - PH.6
increase_flag=1; // Increase

if(mode ==1) Kp +=0.25;
if(mode ==2) Ki +=0.05;
if(mode == 3) Kd +=0.05;
if(mode ==4) Kp_X +=0.25;
iIf(mode ==5) Ki_X +=0.05;
iIf(mode == 6) Kd_X +=0.05;
if(mode ==7) {
set_angle +=0.005 ;
if (set_angle < -0.05) set_angle=-0.05;
else if (set_angle > 0.05) set_angle=0.05;
¥
¥

else if( Key == 0x73){ // 0b01110011 - PH.7
decrease_flag=1; // Decrease

if(mode == 1) Kp -=0.25;
if(mode == 2) Ki -=0.05;
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if(mode ==3) Kd -=0.05;

if(mode ==4) Kp_X -=0.25;

if(mode ==5) Ki_X -=0.05;

if(mode == 6) Kd_X -=0.05;

if(mode ==7) {

set_angle -=0.005 ;

if (set_angle < -0.05) set_angle=-0.05;

else if (set_angle > 0.05) set_angle=0.05;
}
}

else if( Key == 0xF2){ //0b11110010 - PH.0 ("OK/SAVE)
offset acc_Y +=0.25;// Increase "offset" of angle

}

else if( Key == 0xF1){ //0b11110001 - PH.1 ("TURN")
offset acc_Y -=0.25; // Decrease "offset" of angle

}
button_flag = 0; I/l Reset Flag

[Fmmmmmemee- Update value to LCD -------------- */
if(flag_250ms == 1){
count 4 +=1,

if(count_4==1){

/[ LCD_goto(1,2);

I/l write_float(offset_acc_Y*10); /'Y _offset
LCD_goto(1,1);

write_float(angle_degree*10); /[ ANGLE-Y: mutiplied by 10 <<----------- Use it
LCD_goto(1,7);

write_float(position_X_center); /I Kd_X*100

LCD_goto(1,14);

write_float(u_signal); //'U_signal (Control-Signal)

¥

if(count_4==2){
LCD_goto(2,2);

write_float(Kp*10); Il K1*10
LCD_goto(3,2);
write_float(Ki*100); Il K2*100

LCD_goto(4,2);
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write_float(Kd*100);

LCD_goto(2,14);
write_float(Kp_X*10);
LCD_goto(3,14);
write_float(Ki_X*100);
LCD_goto(4,14);
write_float(Kd_X*100);
count_ 4 =0;

¥

if(turn_flag==1){
PORTB_PBO=1;

if(direction_flag==1){
PORTB_PB1 =0;

}
if(direction_flag==0){
PORTB_PB2 =0;

}
}

flag_250ms = 0;
¥

/*

if(turn_flag==0){

if(set_angle==0){
PORTB_PB1 =1,
PORTB_PB2 =1,
PORTB PB0=1;

}

if(set_angle<0){
PORTB_PB1 =1,
PORTB_PB2 =0;
if(set_angle<=-0.04){
PORTB_PB0=0;

PORTB_PB2 = 1-PORTB_PB?2;

PORTB_PB1 = 1-PORTB_PB1;

}else PORTB_PBO = 1;

}
if(set_angle>0){
PORTB_PB1 =0;
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11 K2*100

/1 C1*100
Il Kp_X

Il Kp_X

Il OFF

// Led On

/I Led On

// reset the Flag

/l Don't turn

/I Leg Toggle

/I Leg Toggle

BAO CAO NGHIEN ClU KHOA HOC



Trang 85

PORTB _PB2 =1;
if(set_angle>=0.04){
PORTB PB0=0;
}else PORTB_PBO = 1;

} /l end of "For"
} // end of "void_main"

R —— Q1111 =1 [ —— Il

/**************************************************************/
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PHU LUC 3
HUONG DAN SU DUNG SAN PHAM CUA BE TAI

1. S dung két quad mé phdng
- Budc 1: khoi dong pham mém Matlab/Simulink. Chi duong dan dén ndi lwu cac

file md phéng ( cac file m6 phdng dat chung trong mot thuw muc).

- Budc 2: mé va chay file chwong trinh md phéng, thie hién lan lwgt nhu sau:
+ Chay file “Thong_So_ HE_NEM_NGUOC_Bo_Dieu_Khien OK.m” dé cap nhat

céc thong s6 st dung trong mo phéng.

J MATLAB 7.6.0 (R2008a)
File Edit View Debug Desktop Window Help

= - T — l o
"NME EBEEBd2e & 2|0 |C:'|,Documents and SettingsiUSER My DocumentsiMATLAB K \baocaoiss ‘ le] =)
Shartcuts [#] How ko Add  [#] What's Mew

Current Directory v O 2 X |gGTIESETE Command Window buong dan luu file
BSE| B @ riew to MATLAB? Watch this viden, ses
Al s | | EE

) Do_thi_Theta_Position_INVERTED_WEDGE_2 m

) Do_thi_Theta_Position_INVERTED_WEDGE_3.m
Do_thi_Theta_Paosition_INVERTED_WEDGE_333 asv
) Do_thi_Theta_Position_INVERTED_WEDGE_333.m
[&] fuzzy_inverted wedge newlok S5 mdl
fuzzy_inverted_wedgeok fis

fuzzytruoc? fis

Lg} He_Mem_Mguoc_DAT CUC_Phi_Tuyen_Ok_S5. mdl
[&] He_Mern_Mguoc DK _TRUOT Phi_Tuyen 18 _deg OK_O...
#1555 truotfuzzyPID_fuzzydirect.m

#1355 truotfuzzyPID fuzzydirect.m

%) TRUQT_Fuzzy_PID_Phuc_chattering_ok_final mdl|
%] TRUOT _Fhuc_OK_S0_SANH.mdl

& Thong S0 HE NEM NGUDC Bo Dieu Khien Ok m

7ﬁéc file m6 phong

o e e e =

ﬁle so dd md phdng

< >

Command History w0 X . A A
Lex _ 2/17/12 10:50 AN ——% a fll? “'m: cap n\hat
é"'%—— 2/17/12 Z:34 PM -3 thong S0 mo hlnh
E---hepl =5

~help grid
S 2/20/12 3149 PH ——%

I 4\ Start | Ready

<
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+ Chay céc file “. *mdI” dé thuc hién so d6 mo6 phdng. Gom céc file:
- “fuzzy_inverted_wedge_newlok_SS.mdl”
- “He_Nem_Nguoc_DAT_CUC_Phi_Tuyen_OK_SS.mdI”
- “TRUOT_Phuc_OK_SO_SANH.mdI”
- “TRUOT_Fuzzy_PID_Phuc_chattering_ok_final.mdI”

+ Double Click vao “Scope” dé hién thi két qua md phong.

2. Str dung md hinh con ném ngwoc thuc nghiém
v/ Soan thdo va nap chuong trinh diéu khién:

Cai dat va khdi dong phan mém “Freescale Codewarrior”: chay file
“CW_HC12_v5.1_SPECIAL” dé tién hanh cai dt.
Gan bd nap chwong trinh vao may tinh va két néi cap voi board diéu khién
tai ngd nap chuwong trinh,
T ctra sO chuong trinh “Freescale Codewarrior”: Chon file / open / “ noi
luvu chwong trinh”/ “ tén file”.
Sau khi mé& file chwong trinh, ta c6 thé tién hanh soan thao, chinh stra, sau dé
nhap chon “ debug” trén thanh céng cu dé bién dich va nap chwong trinh vao

chip.
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| Freescale CodeWarrior - [main_NEM_NGUOC_FINAL .c]

E File Edit ‘iew Search Project Processor Expert  Dewice Initialization Window Help -
E B= = <@ i ]
==l b -{}~ - + o'~ Path: | main MEM_MGUOC_FINAL c >

H-Gate mcp ‘

S L=
. 1» €] —LOOP with Capture Encoder's signa _
|[|E>‘ TEDML jﬁ g %’ @ JIE &—F =ignal=z., had not used Z-signal —]

Files ] Link Order | Targets | 2 NGt chac n two DC-Servo Motors

ut cnuc nan
Ld File Code Data |4 8 d b g to predict and measur
=Remed e — - - 0 T | ebug

|03 Includes 0 a e
w [+ Libs 54535 4052 I
'%;I""{:' Project Settings 0 . #include <hidef h: <% common defines a
# =M Sources 0 o s I #include <mc9s12=dpSl2 h ~#% derivatiwve
¥ E ;%cc-ch g g . l #pragmna LINK_INFD DERIVATIVE "mc9=12mdpSiz”
@’I -f datapage.c 0 I #include <string. h:

«I @ LCD.c 0 0« (] #include <math. h:>
~H lodh 0 1] I #include "mzgate.h"
W - PLL_2c 0 0.
I I 2h il a #include "pll_2 . h" <o for X-GATE
W iz | #include "lod b
w --fl SCI0C 0 ) ;
I E SCI0H 0 o #include "SCIO.H"
o I #include "Timer . h"
“1 :E [meses i q : #include "ADC. k"

I @ osteh 0 o T B, GCLOBAT: VARNTIBIE coeoomee oo
¥ < | #gate.cagate i 0 a - I unsigned ghar 0K _flag=0,Key, LCD _flag=0, mno
P Y MEM_WGUOC_FINAL G I 0 e LSTART flag, increase flag, de

el T B reverse_flag=0, forward_flag=

23 files 54535 4082 =
< | 2] Lined ‘| | v

Projet chvong
trinh

Vung soan thdo
chuwong trinh
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v Chay thyc nghiém
Sau khi da nap chwrong trinh vao bén trong Chip, thdo b6 nap ra khéi board

diéu khién.

Bac cong tac ngudn dién cdp cho Motor va H-driver dé chay mé hinh thwc

nghiém ( bo mach diéu khién dugc cdp ngudn bang adaptor riéng).
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