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Tém tit

Muc tiéu hudng t6i viéc nghién ctru, phat trién cac hé thong chién déu
linh hoat, nhom tac gia di tién hanh cac nghién ciru khoi dau véi y
tudng ung dung con quay vi co vao viéc tinh toan, tong hop bo dicu
khién 6n dinh cho mé hinh nong phao (hoac ong phong tén lira) dat
trén bé do hodc than xe di chuyén qua cac dia hinh phirc tap. Phuong
phap nghién ctru cia nhém la nghién ciu 1y thuyét két hop thuc
nghiém trén mo hinh thiét ké. Str dyng tin higu nhén dugc tir con quay
vi co (duoc gan trén bé dd hodc than xe), tac gia tién hanh tinh toan sai
sO goc can bu cho goc. tam va goc hudng cua mo hinh nong phao. Tlep
theo, voi sai sO goc can bu tac gia thuc hién tong hop bd diéu khién
goc tam va goc hudéng cho mo hinh. Sau d6, nhom tién hanh thyc
nghiém trén mo hinh thiét ké va danh gid kha ning dép tmg cua hé
thong trong cac diéu kién di chuyén khac nhau.
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Abstract

With the aim of developing flexible combat systems, the team has
started researching with the idea of gyro application in the calculation
and synthesis of controllers, stabilizing the cannon (or rocket
launching pad) model, while the bearer or bodywork must travel
through complex terrains. The research method is studying the theory
in combination with experiment on the conception model. Used the
signal received from the gyro (mounted on the bearer or bodywork),
the team has calculated the error compensation angle for the angle of
altitude and direction angle of the conception model. Next, with the
error compensation angle, the author implements the angle of altitude
and direction angle control design for the model. Then, the team
conducts experiments on the designed model and assesses the system's
responsiveness in various traveling conditions.
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1. GIOI THIEU

Hién nay trong quan sy, voi muc dich tang cuong kha nang chién ddu va giam thiéu
thuong vong cho ngudi va phuong tién, cac nudc trén thé gi61 dang di sau nghién ctu ché tao
cac phuong tién chién ddu théng minh ¢ kha nang tac chlen trong cac dleu kién phurc tap. Mot
trong nhitng hudng nghién ctru d6 14 viée thiét ké cac hé 6n dinh cho ng phoéng tén hira taim
thdp, nong phao trén xe ting, bé phao tau trén cic tau chién dau,... giup cho cac phuong tién
chién diu c6 kha nang tac chién mot cach linh hoat va chinh xéc trén chién truong. Vo1 muc ti€u
huéng toi viée nghién clru, phat trién cac hé thong chién d4u linh hoat, nhom tac gia da tién hanh
cac nghién ciru khoi dau véi y tuong 1a ing dung con quay vi co vao viéc tinh toan, tong hop bd
diéu khién 6n dinh mo hinh nong phao (hodc dng phong tén Iira), trong khi bé d& hodc than xe
phai di chuyén qua cac dia hinh phirc tap.

Bai toan cu thé ma nhom tac gia nghién ctru 1a ing dung mét con quay vi co duge gan thian
xe dé do goc nghiéng ciia than xe trong qué trinh chuyén dong. M6 hinh nong phao (ng phong)
duoc gin trén mot bé dd 2 bac ty do ¢6 thé diéu khién goc tim va goc hudng bang 2 dong co RC
Servo. Trong qua trinh di chuyen goc nghiéng cua than xe thay dbi sé& dugc con quay vi co do
dac va dua vao bo didu khién. Chuong trinh diéu khién s@ tinh toan cac goc léch can bu va gui
tin hiéu diéu khién téi mach cong sudt dé diéu khién 2 dong co RC Servo thay d6i cac goc tam
va hudng cia mod hinh nong phao bao dam cho nong phao lubn On dinh theo huéng mong mudn.

Trén hinh 1 chinh 1a md hinh robot ma nhom téc gia da xay dung dung dé thyc nghiém thuat
toan 6n dinh hudng nong phéo trong qué trinh chuyén dong cua than xe. M6 hinh duogc tao thanh tur
3 cum chinh: (1) - Cum than xe; (2) - Cum 6n dinh; (3) - M6 hinh nong phao. Cym than xe c6
nhiém vy nang d& toan by xe trong qua trinh di chuyén, cum 6n dinh c6 nhiém vu 6n dinh huéng
cho ndng sung thong qua viéc thay doi goc tim va goc hudng.

Hinh 1. M6 hinh nong phao gin trén than xe

2. PHUONG PHAP XAC PINH CAC GOC LECH VA THUAT TOAN PIEU KHIEN
2.1. Giai phap xac dinh goc 1éch ciia nong sting

Mb hinh thiét ké hé nong phéo than xe dugc gin két boi phan than dé (trén d6 c6 gin con
quay vi co dé do vén tdc goc nghiéng cua than xe) va phén 6n dinh tam huéng nong phio dugc
xac dinh boi cac goc huong q; va goc tam q, (dwoc didu khién boi 2 dong co RC Servo). Dya
vao mo hinh thiét ké ta thiét 1ap cc hé toa d6 nhu trong hinh 2.
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Hé truc toa do ¢ dinh Re= OoXoY0Zo; HE truc toa do cua cam bién MEMS (MPU6050)

= OpXmYmZm duoc gin trén than xe cho phép ta do 3 goc quay quanh 3 truc X, Y, Zm
(3 goc Cardan) cua than xe trong qua trinh di chuyen H¢ toa do Ry = O:1X;YZ; cling gan vdi
than xe tai vi trf tiép xtic véi truc quay cua co cau diéu khién hudng cua hé gia 45 nong phao. Hé
toa d6 Ri=0,X,Y1Z; dugc bd tri sao cho Zn// Z1, X/ X1, Ym// Y1. Hé toa d6 Ro= 0,X,Y,Z,
duogc bb tri trén khau diéu hudng cia hé gia d& nong phao.

.
v

Hinh 2. H¢ toa d¢ khau khdp cia mo hinh nong phao than xe

Trong gidi han cia vin d& nghién ctru, nhom tac gia bude dau nghien ctru viée on dinh
hudng cho mo hmh nong phao (hudng cua vecto U), bai toan 6n dinh vi tri chung ta khong xeét
to1 (vi trong thuc té cac phuong tién chién d4u ludn ludn di chuyén, bai toan dit ra la cin 6n dinh
vé hudng ban cho bo phan din dan). Vay nén, dé don gian hon trong qué trinh tinh toan ta c6 thé
coi than xe véi mat dudng duoc lién két v6i nhau bai mot khdp cau 3 bac tu do véi 3 gbe quay
Cardan duoc x4c dinh bdi cam bién vi co MPU6050.

Vecto dai s6 U duoc xéc dinh trong hé toa do tuong ddi Ry:

- [Cos(qz) Sin(q,) O}T = [quSq20]T (1)

~ Ma trén c6sin chi hudng 'A; (ma trdn quay co ban quanh truc Z véi goc qi) giitta hé quy
chiéu R]Vél Rz:

Cos(q,) -Sin(q,)) 0 Cq, —Sq, 0

‘4, =| Sin(g,) Cos(q,) 0|=|Sq, Cq 0 (2)
0 0 1 0 0 1

Cac goc quay quanh 3 truc (3 goc Cardan) duoc xac dinh thong qua gid tri cua con quay vi
co MPU6050 dua vé. Vi vay, mbi quan hé vé hudng giita hé toa do ¢ dinh R, v6i hé toa do R,
dugc xac dinh boi ma tran cdsin chi hudng tir cac goc Cardan (cac gdc quay quanh cac truc Xm,
Y, Zim 180 luot 14 a, B, v). Khi d6, ma tran cosin chi huong “A; duge xac dinh nhu sau [1]:
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CpCy -Cp.Sy Sp
'4 =| CaSB+SaSPSy CaCy-SaSBSy -SaCp 3)
Sa.Sy-CaSpCy Sa.Cy+CaSpSy Calp
Tir d6 ta c6 ma tran cosin chi hudng *A, giita hé quy chiéu Ry va Ry:
Cq, —Sq, 0 CpCy -CB.Sy Sp
'4,="A'4,=| Sq, Cq, 0| CaSB+SaSBSy CaCy-SaSBSy -SaCp|=
0 0 1 SaSy—-CaSpCy SalCy+CaSpSy CalCp

Cq, CySB—Sq, (CaSp+CySaSp) —Sq,.(CaCy—SaSPSy)-Cq, CBCy  Cq,SP+Sq,.CPSar
Cq,.(CoSP+CySaSB) +Sq,.CrSp  Cq,.(CaCy—SaSPSy)—Sq, CPCy  —Sq, SP—Cq,.CRSa | (4)
Sa.Sy —Ca.Cy.SB Cy.(Sa+SB.Sy) CB.Cy

Vecto U s€ dugc xac dinh trong hé toa do ¢d dinh Ry nhu sau:
'U="A,"U (5)

Cq,Cy.SB—Sq,(CaSp+CrSaSp) —Sq.(CaCy—SaSBSy)-Cq.CACy Cq,.SB+Sq.CPSa |[Cy, |

= Cq,.(CaSP+CySaSP)+54,.Cy.Sp  Cq.(CaCy—SaSPSy)-Sq.CBCy —Sq,.SB—Cq.CPSex || Sg,
Sa.Sy—CaCy.Sp Cy.(Sa+SpB.Sy) CpCy 0 |
qu.(Sql.(Ca.S,B +Cy.Sa.Sp) —qu.Cy.S,B) —8¢,.(8¢,.(Ca.Cy —Sa.Sp.Sy)+Cq,.CBSy) ]
=| Cq,.(Cq,.(Ca.SB+Cy.Sa.SB)+Sq,Cy.SB)+Sq,.(Cq,.(Ca.Cy - Sa.SB.Sy)—Sq.CBLy) | (6)
Cq,.(Sa.Sy—Ca.Cy.SB)+Sq,.(Cy.(Sa+SBSy))

Pé vecto U ludn c6 hudng 6n dinh trong h¢ toa do c¢b dinh Ry ta coi toa dd vecto U la cac
hang s6:

‘U=[abc] (7)
Trong d6 a, b, ¢ 14 cac hing sb cho trude. Khi dé tir phwong trinh (6) va (7) ta co hé
phuong trinh:
Cq,.(Sq¢,.(Ca.Sp+Cy.Sa.SB)-Cq,.Cy.SB)-Sq,.(Sq,(CaCy—Sa.SB.Sy)+Cq.CBSy)=a
Cq,.(Cq,.(Ca.SB+Cy.Sa.SB)+Sq,.Cy.SB)+Sq,(Cq,.(CaCy—Sa.SBSy)-Sq.CBCy)=b )
Cq,.(Sa.Sy—Ca.Cy.SB)+5q,(Cy.(Sa+SBSy)) =c

Dua vao h¢ phuong trinh (8) ta tinh dugc gia tri ciia cadc géc q; va qa theo céc gia tri goc a,
B, vy trt MPUG6050 dua ve.

2.2. Thuit toan diéu Khién

Dé giai quyét bai toan on dinh cho mé hinh nong phao, nhém tac gia ding module cam
bién gia tbc MPU-6050 GY-521 tich hop cam bién gia tdc 3 truc va con quay hdi chuyén (Gyro)
3 tryc gitip ching ta do dac cac goc, vén tdc goc nghiéng cua than xe vo1 d6 chinh xac cao [6].
Khéi cam bién gia tc thye hién chirc ning do goc 1énh giita gia tc trong truong va luc tac dong
vao cam bién dé tinh ra do nghiéng. Gia tri tir Gyro dwoc dung dé ting do chinh xac cho cam
bién gia tdc khi do trong diéu kién c6 lyc quan tinh tac dong Ién cam bién gia toc.
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Dua vao céac thong s6 do duoc cta cam bién gia tdc ta tinh duoc ba gbc Cardan, sau do su
dung mé hinh toan (7) xac dinh cac goc can bu vé& hudng (gdc q) va tim (gbc qo) dua vao bd
diéu khién hai dong co didu chinh goc tAm va goc hudng cia md hinh nong phio bao dam cho
hudng cia nong phao ludén duoc giit 6n dinh. Thuat toan diéu khién dugc mo ta trén hinh 3.

\ 1R Poc gia tri goc va gia
Poc va kiém tra H g’ N gv %
toc gdc tir cam bién

cam bién?

. . + \
No [ Tinh gi tri goc Acclerometer va
g6c Gyroscope
J

v

-
[ Tinh toan goc quay theo 3 truc (x,y,z),

3 gbc cardan

v

r M \
{ Tinh toan sai s0 goc can bu cho goc hudng

J

va goc tam ctia mo hinh nong phao

|
I— l

( N I3 N 13
B¢ diéu khién PID B¢ diéu khién PID
cho goc hudng cho goc tam
N ¢ J L
( bong co RC Servo ) Df}ng co RC Seryo
diéu khién goéc hudng diéu khién goc tam

- J |

Hinh 3. Luu d6 thuat toan diéu khién
Trén thyc té, khi tong hop bo diéu khién, dé giam thiéu sy mét on dinh ctia hé théng nhém
tac gia da su dung by di€u khién PID trong tong hop bd di€u khién goc tam va goc hudng cia
nong phao theo sai s6 goc can bu [2]. Thuat todn PID dugc mo té trén hinh 4.

gia toc goc

Goc dat b van toc goe

 GYRO

P
A

Hinh 4. Thut toan diéu khién PID géc tam va goc hudng
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3. THUC NGHIEM
3.1. Xay dung moé hinh thuc nghiém

Mo hinh thyc nghiém dugc xay dung trén co sé 1a sy két ndi gitra module cam bién gia tbe
MPU6050 két ndi véi mach diéu khién. Nhom tac gia sir dung mach nhung Arduino Uno R3[4].
Mach cong suat (L298)[5] dung diéu khién hai dong co RC Servo MG995. So db két ndi mach
duoc thé hién trén hinh 5.

]
m |
[
0

~—

_

Computer

1
1
I
i
1
1
1
1
1
1
1

MPU 6050

RC Servo

Hinh 5. So dd két ndi mach dién tu.

3.2. Chwong trinh diéu khién

Pé xay dung cac chuong trinh diéu khién ching ta c¢6 thé sir dung nhiéu cong cu phan mém
khéc nhau. Tuy nhién, trong nhitng ndm gan day, voi sy 16n manh ctia mot ngon ngit 1ap trinh mai
d6 1a LabVIEW (viét tat cia Laboratory Virtual Instrumentation Engineering Workbench) da tao ra
mot moi truong 1ap trinh hidu qué trong viée giao tiép da kénh giita cc thiét bi. Doi voi k¥ su, nha
khoa hoc, hay giang vién, LabVIEW dan déan tr thanh mot trong nhitng cong cu phd bién nhét dé
xay dung cac tmg dung thu thap dir liéu tir cdc cam bién va phat trién cac thuat toan. Labview dugc
str dung trong nhiéu linh vuc khac nhau nhu do luong, tu dong hda, co dién ti, robot, vat 1y, toan
hoc, sinh hoc. Ngoai ra, voi kha nang két ndi nhanh chong va tin céy voi thiét bi ngoai vi hay cac
mach diéu khién cing lam nén mdt loi thé khong hé nho khi ding LabVIEW dé xay du:ng cac
chuong trinh diéu khién trong cac hé thdng co dién tir. Dya trén cac wu diém d6, nhom tac gia da
chon phwong 4n ding phan mém LabVIEW xay dung chuong trinh diéu khién cho hé thng.

Chu:(mg trinh diéu khién duoc md ta trén hinh 6: Khu virc (A) - Khu vyc thiét 1ap cac
chuén giao tiép vdi con quay vi co MPU6050; Khu vuc (B) - Khu vue thlet lap chuong trinh doc
dir liu tr MPU6050 tra ve; Khu vuc (C) - Khu vuc tinh toan céc van toc gbc nghiéng va goc
nghiéng cua than xe trong qua trinh di chuyén; Khu vyc (D) - Phan tich tong hop bd dleu khién;
Khu vuc (E) - Thiét lap giao tiép voi mach nhung Arduino Uno R3; Khu vyc (F) - Xuét tin hiéu
diéu khién cac dong co RC Servo dé didu khién goc tam va goc hudng ciia md hinh nong sung.
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Hinh 6. Thuat toan diéu khién

3.3. Két qua thue nghiém

Pé tién hanh thyc nghiém mé hinh, nhom tac gia cho toan bo than xe dao dong ngiu nhién
va kiém tra tinh 6n dinh vé hudng ciia nong phao. Trén hinh 7 thé hién két qua cia qua trinh thuc
nghiém, than xe duoc tao dao dong ngiu nhién véi tan sb va bién do khong qua 16n sao cho goc
nghiéng 16n nhit khong qua 45 d6 (mot didu kién kha gidng trong thyc té khi cac phuong tién
chién dau di chuyén).

—rwq_\_;"”'\.\,-\ S ™, ué.'_“-'-'v_vs.__;-,‘_f'ﬁ-\‘_,.-

Hinh 7. Két qua thuc nghiém hé n dinh nong sung khi cho than xe giao dong ngau nhién
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Ving (A) - thé hién gia tri tbc do goc nghiéng (Gyro) do dugc tir cam bién vi co
MPU6050; Vung (B) - Két qua tinh toan sai léch goc quay (3 goc Cardan); Ving (C) - Két qua
tinh toan cac goc can bu cho hai dong co RC Servo diéu khién goc tim va goc hudng cua nong
phao; Ving (D) - Thé hién két qua do dao dong ciia nong phéo trong qua trinh dao dong cua
than xe.

Dua vao két qua ta nhan thiy hé 6n dinh nong phao hoat dong kha 6n dinh, trong qué trinh
dao dong cua than xe, goc dao dong ctia ndng phao (ving D) luén nim trong khoang +5 do.

4. KET LUAN

Bai bao da dé cap dén viéc nghién ciru tng dung con quay vi co vao tong hop bd dicu
khién 6n dinh cho nong phao trong khi bé d& hodc than xe di chuyén qua céc dia hinh phic
tap. Nhom tac gia di thiét ké mo hinh thyc nghiém, x@y dyng mo hinh toan, xay dung chuong
trinh thu nhan tin hiéu tir con quay vi co MPU6050, tién hanh tinh toan thong sé goc léch can
bu cho goc tim va goc hudng va tong hop bd diéu khién hé thong. Két qua thuc nghiém cho
thiy hé théng hoat dong tot. Dao dong clia méd hinh nong phao nam trong khoang +5 do khi
cho toan b than xe dao dong véi bién dd goc tiém can 45 do. Tuy nhién, chét luong hoat dong
cta hé thong ciing cho thiy su phu thudc kha nhiéu vao cac yéu té khac nhu chét luong tin
hi€u thu dugc tir con quay vi co, su &nh hudng cia nhiéu, hay su anh huong céc két cdu co khi
trong mo hinh thyc nghiém.

Két qua nghién ctru cia nhom tac gia 1a mot tién dé quan trong trong viéc phat trién cac
san phim nghién cru siu hon sau nay.
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