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PHAN TiCH ANH HUONG CAC THONG SO BIEN POI TRONG
CHUYEN DPONG TINH CUA ROBOT BAY QUADCOPTER

ANALYSIS OF INFLUENCE OF CHANGE VARIABLES IN STATIC
MOVEMENT OF QUADCOPTER ROBOTS

Nguyén Hoang Mai
Truong Dai hoc Bach khoa, Dai hoc Pa chng; nhmai@dut.udn.vn

Toém tat - Hién nay, robot quadcopter dang chil yéu ding dé giai
tri. Tuy nhién, mot sé cdng ty da hwéng dén san xuét robot Ion dé
ché hang va ngudi, (’ng dung trong cong viéc phuc vu san xuét,
ctvu hod, doi séng, an ninh quéc phong... Day la mét huong
nghién ctru phat trién (ng dung cé trién vong cho twong lai gan.
Trong d6, van dé& chuyén déng tinh, 1a trang thai treo lo Itrng clia
robot trong méi trwéng nhiéu khi déng, rat kho thwe hién va hién
nay cling chuwa dwoc nghién clru nhiéu vi d6 1a bai toan phi tuyén
manh va nhiéu bién. Vi vay, bai bao nay di sau phan tich mét sb
van dé& tac dong lén robot quadcopter trong trang thai treo, la
nhiéu khi dong ngang va xody, d& lam nén tang cho viéc phat
trién ung dung cao hon trong nhirng nghién cru tlep theo. Nhirng
két qua dua ra da g|a| thich ro tinh phu hop cla ly thuyet do
cling 14 nén tang d& xay dung cac bd didu khién cho déi twong
phi tuyén manh chuyén déng trong khéng khi.

T khéa - robot quadcopter; khi dong hoc; khung toa d6 quan
tinh; khung toa dg than; bay; xoay; trang thai treo.

1. Pit van dé
M6 hinh quadcopter

Dé phan tich mé hinh cua quadcopter, déu tién ta xet
cho mdt canh quat. Tropg hé thong 4 canh quat, n€u cac
canh xa nhau thi cé thé xem anh hudng cua chung lén
robot la doc 1ap. Khi do ta s& co cac phuong trinh co ban
cua robot bao gom:

- Phuong trinh téng hop luc;

- 3 phuong trinh quan hé dong hoc;

- Phuong trinh dong luong;

- 4 phuong trinh cin bing mémen quay xung quanh
than tu do;

- 4 phuong trinh cua dong co, 6 thé 1a dong co dién
d.c hodc dong co turbine chay bang khi gas.

Nhu vay, qua d6 c6 thé thiy khi da don gian héa mo
hinh thi h¢ thong cac phuong trinh di€u khién quadcopter
van rat nhi€u. Sau day s€ lan lugt phan tich va dua ra céac
phuong trinh trén.

So dd minh hoa md hinh quadcopter nhu Hinh 1.
Trong d6 xuat hién 2 h¢ toa do, do la:

- Hé toa d¢ thé hién chuyén dong quay Roll-Pitch-
Yaw (RPY);

- Hé toa d6 thé hién chuyén dong tinh tién theo cac
phuong XYZ.

Céc thong sb mo ta chuyén dong va luc bao gdm:

- 1, M, M3, 4 la cac van tde gbc cta canh quat, ciling
dong thoi 1a van toc goc cia dong co.

- Ty, Ta, T3, T4 14 cac luc nang 1én cta canh quat tao ra.

- mg la tong trong luc cta co hé, 1y tudng thi trong

Abstract - Nowadays, quadcopter robots are used primarily for
entertainment. However, some companies have been thinking of
producing large robots for carrying cargo and people to be
applied in production work, life, rescue, security and defense...
This is a development-oriented research that can be applied in
the near future. In particular, the static movement is the state in
which the robot is hung in aerodynamic noise environments is
very difficult to implement and has not been widely studied
because it is the strongest non-linear problem with many
variables. Therefore, this paper deeply analyzes some impact on
the state of quadcopter robots hung in a horizontal and rotational
aerodynamic noise environment to create a basis for developing
more applications in the next studies. The obtained results
explain the relevance of the theory, that is also the foundation to
build the controllers for nonlinear strong movement in the air.
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tdm cua co hé ném O tAm khéi hé théng. Tuy nhién, toa do
trong tdm co the thay d6i néu canh quat st dung loai c6
thé diéu chinh hudng va goc phuong vi canh.

-0, ¢, y 1a cac géc dinh huong RPY.

‘T l_l_
[ Uy :

Hinh 1. M6 ta cac hé toa do chuyén dong cua robot
1.1. Cac phwong trinh dong hoc

Néu coi ca co hé robot 14 hé lién két cimg véi trong tim
tap trung, thi chuyén dong cua ca hé s€ gan lién voi chuyén
dong cac phan tir. Trong d6 str dung mdt so hé toa do:

- Hé toa d0 quan tinh (inertial frame) {CS;}= [Xi yi zi]:
gan lién voi mat dat c6 dinh tai mot vi tri nao do. Thuong
dé thong nhit, ta chon truc x hudng Ve phia bic, truc y
huéng vé phia dong va truc z huéng vé tim trai dat.

- Hé toa d¢ than robot (body frame) {CSp}= [Xb Vb Zb],
trong d6 truc x, hudng vé motor phia trude, truc y huéng
vé motor bén phai va truc z, = Xpxyp, tdm hé 1a trong tim
cua robot.
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- H¢ toa d¢ chinh (vehicle frame) {CSy}= [xy yv z,]: la
h¢ toa dd c6 gdc trung trong tdm cua robot, cac truc tuong
ung véi tryc cia hé toa d0 quan tinh khi chinh, nghia 1a h¢
quay quanh truc z, d€ sao cho hai truc x.,yy truing phuong
voi xi,yi va hudng quay quanh truc y, sao cho hai truc
Xy,Zy tring phuong voi x;,zi.

St dung céc bién sau day dé mo ta dong hoc cua
quadcopter [5]:

1 :[xyz]7 la vector mo ta vi tri géc toa do cua h¢ {CSp}
nhin vé& {CS;};

=[¢0yf 1a vector md ta gbc quay trong hé¢ RPY cua
CSy so voi {CSi};

y=fuvwl 1 vin tc dai cia hé {CSp} so vdi {CSi};

Vz:[pqrf 1 van tbc goc cta than tir hé {CSp} so véi {CSi};

ro =[x g zo]" 12 khodng cach tir gbc cia {CSp} dén
trong tdm cua than.

Ma tran bién d6i gitra hai hé toa d6 dugc thuc hién
thong qua phép nhan vdi ma tran quay theo 3 truc co ban
cs. R()nhu sau:

N, =cs. R(my)v, (1

Van tdc cua than robot duoc xac dinh:

1 shtd cote
hzzQ(nz)-Vza Q(ﬂz)= 0 Cd) _Sd) 2
o 5S¢ <o
cO cO

Tir d6 ta c¢6 phuong trinh mé ta dong hoc cua ddi
tugng nhu sau:

| [aRMmy) 0 {vl }3 .
L= M=Jm,)v (3)
LJ { 0 Q(nz)} Vs

1.2. Dong luc hoc
Ta goi tensor quan tinh ctia robot 1a I va ki hiéu [1]:

I, 0 0
L,={0 I, 0|=I=I,>0 4)
0 0 I

Trong d06, L, lyy, I- 18 m6 men quan tinh cua robot
theo céc truc x, y, z trong h¢ toa d¢ CSs. Vi céc tryuc cla
hé thang hang véi céc truc cla robot, nén Iy, = I, = I jx =
lyz = Ix = Iy = 0. Tur cac dinh nghia trén, ta viet dugc cac
phuong trinh luc theo cac toa d6 va mé men bao gom 6
thang phan F,F, F_,T,,T,,T, nhu [S].

Sau thanh phan luc va mé men nay cé thé dugc viét
thanh dang phuong trinh dong luc tong quat cua co hé
theo dang:

Mv+C(v)v+Dv+g(m) =1 (5)

0 day: n= [nl n, ]Tlé vector vi tri va hudng;
v=[v,v, ]T 1a vector van toc dai va van téc goc. M 1a ma
tran quan tinh cta robot. Ma tran C(v) dac trung cho md
ta lyc Coriolis va lyc ly tdim céc chuyén dong quay cua
than robot va canh quat [5]. Ma trdn D dac trung cho luc
ma sat dong cua hé.

1.3. Xac dinh lyc ndng cdanh quat
Goi vi 1a van toc di 1én cua canh quat, V. 1a van tdc
dong khi di chuyén coi la thang goc vao canh quat, thi van
toc tong hop tai mdt di€m trén bé mdt canh cach tam truc
mdt khoang y duoc xac dinh [2]:
1/2

U :[(VC +v, ) +(Qy)2} (6)

Tuy vay, do van toc goc cua canh quat rat 16n, nén
trong (6) ta c6 thé lay gan ding:

U=CQy (7
Tu do ta xac dinh dugc gbce toi cia van tc:
y=tan"[(V, +v,)/Qy]= (V. +v,)/Qy (8)

Luc nang 1én dL va lyc ddy t6i dD cho mot vi phan
canh c6 chiéu rong c va chiu dai dy dugc xac dinh theo:

dL = %pUzcdyCL ©)

(10)

Trong d6: p 1a mat d¢ khong khi, gia thiét 1a khong khi
khong bi nén thi p dwgc coi la khong doi trong ving
chuyén dong; c la phan dién tich canh tinh tir tim quay ra
dén vi phan dy, Cr va Cp la cac hé sb thé hién lyc nang va
luc déy, phu thudc vao tirng loai canh khac nhau.

dD= % pU?cdyC,,

////_1\\ ar
R
1/ J \
0 TP
\ ) /I
\ /
N T dL
D/
/ /
. /
/ f Qj . ""
BL [ v:m ,
[y —
J‘_Y;_‘&N;: —_ -\;,d]l=dQ/y
Ly dD

Hinh 2. M6 ta canh quat va cac tham 6
chuyén dong canh

2
Cp =4[;—hJ v =),

c

(11

Vi, duoc goi 1a van toc liéng cuia canh quat ngay tai bé
mat trén cua canh.

Véialahé sb duoc xac dinh bé’mg thyc nghiém.

Thyc €, Cp va Cr 1a nhitng dai lugng phi tuyén, vi
d(:)ng khi bi xody ¢ cac dau canh va truot hon loan trén hai
bé mat canh quat, nén cac cong thirc (11), (12) chi la
tuyén tinh hoa gan ding.

Luc nang thing goc ctia mot vi phan canh quat s& 1a:

dT =dLcosy —dDsiny (13)

Tu (10) va (13) ta xac dinh dugc luc déy va lyc nang
cua mot canh quat:

R
D:jlpUchDdy (14)
o 2



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAl HOC DA NANG, SO 1(98).2016 43

R
T:J(chosy—stiny) (15)

2. Xay dung mé hinh diéu khién
2.1. Mé hinh diéu khién tong qudt

He¢ thdng diéu khién ctia robot quadcopter bao gom 4
kénh song song, mdi kénh didu khién mot dong co. Voi
robot loai nho, do canh cing nén tat ca moi tham sb diéu
khién dwoc qui vé mot dai lugng duy nhat 1a téc do canh
quat. Tuy nhién, khi kich thudc robot ting, mang tai trong
16m thi c6 thé diéu khién thém mot s bac tu do cua canh
quat. Vin dé diéu khién goc canh quat s& duogc gidi thiéu
& nhitng bai bao khac.

Di chuyén X,Y,Z—{ Noi Bo K.dai Deg |Tham
- . suy dicu e i so dau
Quay gée RPYT—X iham 2 ‘a

1 = khicn | » spit | ciuh
BV XY.ZRP Y — ¥ quat ”

f

Hinh 3. So do khéi hé thong diéu khién

Trong Hinh 3, céc tin hi¢u dat bao gém thong s6 di
chuyén theo 3 toa d6 than X,Y,Z. Cac toa d goc quay dé
dinh hudng trong khong gian R,P,Y va cic thong sé dinh
vi cubi cung 1a thong sé tham chiéu cua 6 toa do trén. Tir
cac thong s6 dat do, bo ndi suy s€ tinh toan cac gia tri
chuyén dong cho cac bién toa do tuong tg, goi la bién
khép qi, i =1...6. Sau d6 dua dén bo diéu khién gém 4
kénh diéu khién tbc d6 cua 4 dong co robot.

Két hop (6) vé6i (9), (10) va (14), (15), ta nhan dugc
quan hé giira lyc nang ciia canh quat véi toc do quay cia
canh quat twong rng la:

R
ngpﬂlzjcCDyzdy (16)
0

R
T:%pQZJ'c(CLcos;/—CDsin}/)yzdy a7
0

Trong d0, n 1a s6 canh quat ciia mt rotor, thong thuong
1a 2 hogc 4. Cc tham s6 Cy. va y 1a nhiing lwong khong c6
dinh theo bé mat canh va bién thién phi tuyén theo luc can
tac dong Ién canh quat tuong tac voi m§) men xoan cua
canh trén bé mat khong dong déu. Luu y rang D va T la luc
cho mdi canh quat (14), (15). Cong thire (16), (17) cho thiy
luc ddy ti 18 v6i binh phuong tde do quay canh quat, nhung
thanh phan tich phan phia sau lai 1a phl tuyén, nén két qua
D va T 1a nhitng lugng phi tuyén theo toc do Q.

Cong thuc (16), (17) dung khi cac luc nang T va luc
day D cua cac canh quat cin bang, con trong ché do didu
khién vi tri va hudng lién tuc thi dugc viét lai nhu sau:

T=T+5+T;+T, (18)

D=D+D,+D;+D, (19)
2.2. M ti I6p khong khi anh huong dén chuyén dpng

Thanh phan p trong (21), (22) quyét dinh lyc nang ctia
canh quat. Diéu dQ co nghTa, 13, néu mat do khong khi p
thay doi thi phai diu chinh toc d6 canh quat trong ng dé
gilt vi tri cho robot. Néu muén tang d6 cao cua robot thi
can tang toc d6 canh quat d€ dua robot 1é€n dén dd cao xac

dinh, sau d6 diéu khién T dé can bang véi trong luc tai do.
Loép dém khi duge mo ta voi gid thiét:

- Méi truong khong khi khong chiu anh hudng cua gio
va hoi nudc;

- Khong khi Chuyén dong tu do va khong bi nén.

Khi 36, & mat trén ctia canh quat, van tdc luéng khi
vao s€ tac dong 1én mat trén canh vo6i van toc vi va chui ra
khoi dia canh vdi van toc va;

Luc dy cung cip boi canh quat duoc tao ra ty 18 véi
hiéu cta 2 ap lyc trén va duoi dia (pl va p2).

Tmr=A(p1-p2)

Ty =m, (v,

(20)

-V, ) =P AV, (V_ —V,.) (21)

Hinh 4. Mo ta lop dém khi

Trong d6: A[m?] 13 dién tich cua dia cdnh quat.
i, [kg/s] 1a 4o thay doi ciia khdi lugng khong khi qua dia.
Céc quan h¢ gitta van tbc va ap sudt dong khi tuan theo
phuong trinh Bernoulli [11]:

1 1

Pt PAVL =P+ P (22)
1 2 1 2

P, +EIOAV2 =P +EpAV+ao (23)

Vi véan tc vo cliing & trén va dudi canh quat ctia ludng
khi 1a nhu nhau, nén trong (22), (23) ta c6 van toc dong
khi ngay tai mat trén dia:

v =(v.)/2 (24)
T (21), ta co:
Ty = 2p. AN} (25)

3. Phan tich dnh hwéng tham s6 mdi truwong 1én hé
théng quadcopter

Dua vao cac phuong trinh mo ta ¢ trén, tac gia bai bao
dua mot $6 phan tich va nhan xét 4nh hudng tdc dong cta
mdi truong 1a 16p dém khi 1én cac tham s6 cua hé théng. Tir
d6 d& xut nhitng bién phap dé diéu khién robot dam bao
chuyén dong treo trong méi truong khong tinh nhu sau:

3.1. Khi c6 dong khong khi chuyén dpng ngang

Goi van toc dong khong khi chuyén dong ngang 1 v,
thi tir Hinh 4, ta ¢6 thé v& lai cac vector van toc ludng
khong khi nhu Hinh 5, voi gia thiét 1a robot con thing
bang, voi van téc 4 canh nhu nhau, dong thoi gia thiét
thém 1a dong khong khi chuyén dong ngang di qua toan
bd than robot tir phai qua trai.

Goi véan toc dong khi dap vao mit trén canh 1a vi, va
mat dudi canh 1a vy, ta th?iy:
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(26)

Tir d6 ta thiy, néu vy cang 16n thi v; va v, cang nho. Két
hop (26) vai (6), (14), (15) cho thiy, néu & nho thi 5 Iyc
nang T va luc day D do canh quat sinh ra cang nho. Gia tri
8 phu thudc vao do 16n v, khi vy tién den vo cung thi 0.
Do d6 trong trudong hop nay, néu mudn gitr nguyén duoc
trang thai vi tri thi bién phap str dung c6 thé dung:

Vg SINO =V; ;1 8ind = v,

Hinh 5. Chuyén dgng c6 dong khi ngang

- Tang van tdc quay canh quat, theo (46), tirc 1a ting Q
dé tang goc 3.

- Vi hai lyc nang ¢ hai canh ddi ximg ludn cing
hudng, nén sir dung cac tinh toan (8), (9), (10), (11), (12)
dé diéu chinh than robot tao thanh goc nghiéng -8, khi d6
céc van toc Q cua hai canh d6i dién s& khac nhau.

3.2. Khi c6 dong khi chuyén dgng thing ditng

Trudong hop dong khi tu nhién chuyen dong thang
dung, hodc tir dudi 1én hodc tir trén xudng thi van toc v»
hodc v, s€ bi thay déi. Cu thé:

- Néu dong khi chuyén dong 1én v6i van tdc v, thi van
téc dong khi ngay dudi canh s& c6 dang:

27)

V6i vz 1 van toc khong khi tinh. Thyc té v,< v2 nén
v2:< va. Tir cong thirc (23) cho thdy ap sut P2 Iuc nay sé
tang 1én dé dam bao cén bang voi ap SUdt pie. Vi pi
khong thay @i, nén chénh léch ap suit Ap glam dan den
theo (20) thi Iyc nang tai bé mat trén dia s& giam xudng.
Robot c6 xu hudng di 1én [5].

Voa =V2 =V,

Pes
[/ VE/Z
Mat dia
R D Dz_
1 (—ﬂ.P
Ve
P+

Hinh 6. M6 ta chénh léch dp sudt
- Néu dong khi chuyén dong di xudng v6i vén tée v,
thi khi do, van toc dong khi ngay trén bé méit canh s¢ la:
(28)
Theo (22), do van tdc ting nén ap sudt p; s& giam,
dong thoi p» lai c6 xu hudng ting, nén lyc nang tai bé mat
canh dudi giam xuong. Robot c6 xu hudong di xuong.

Vig =M +Va

3.3. Khi co dong khong khi xody cd hai mdt trén va dwoi
ciia canh quat

Trong trudng hop nay, chidu ciia dong xody anh hudng
rét 16n dén chénh léch ap suat, dan dén thay ddi luc nang.
Bén chit dong xody ¢o chiéu khong xac dinh. Theo (18) ta
thdy van tdc ludng khi khong ddng déu nhau tai moi diém
trén bé mit canh. Can ct theo (6) va (7) ta v& duoc biéu dd
van toc san sinh ludng khi di xuéng nhw Hinh 7.

U

R Y R
Hinh 7. M6 t vén téc theo chiéu dai canh

Tir d6, néu xuét hién dong khi xoay thi vector van tc
s& d6i hudng va ca do 16n. O day, can luu y 1a dong khi
xody quanh toan by than quadcopter, chir khong phai chi
riéng mot canh quat.

Goi van tc dai cta ludng khi xody 1a Vair, van toc nay
doc 1ap véi chuyén dong ctia robot, nén ta c6 vén toc tong
tai mot diém i bat ki trén canh:

V, = U +,, (29)

Cong thirc (29) mo ta vector van téc. Néu gia thiét
dong khi chuyén dong vudng goc v6i hudng thing ding
thi (29) s€ trd thanh:

v, =U+vy,
Vi = U- Vair

Trong do, diu cong néu U va vair cung chiéu, va
déu (-) néu hai van téc nguoc chidu. Két qua ta dugc md
ta van téc nhu Hinh 8. Dya vao Hinh 1 va cong thire (30),
cho thay khi dong khi chuyen dong xoay déu quanh robot
thi robot s& bi quay theo chidu dong khi xoay véi van tc
bang van téc chénh léch nhu Hinh 8. Do 16n chénh léch
nay 1a 2v;.

(30)

U
-7 2w

R 0 , R

Hinh 8. M6 ta d¢ [om van téc khi cé gio xody
Phén tich nay cho thay khi ¢6 gi6 xoay, dé giir thang
bang tinh thi phai thay dbi téc do canh quat de giam van
toc quay robot xuong Cu thé nhu Hinh 1, néu gi6 xoay
theo chiéu kim dong hd thi phai giam o va @, di mot
lwong 2v,i: va gilt nguyén o3 va w4 do ¢ day ta dang xét
huéng chuyén donglal-2.

4. Két luan va thdo luin

Bai bao di néu 1én nhitng anh hudng cua cac thong sb
mdi truong tac dong 1én chuyén dong cua robot
quadcopter. M6i truong chinh ¢ day 1a 16p dém khi hiu
han trén va duéi canh quat. Cac két qua phan tich & trong
bai 1a nén ting dé xay dung cac bo diéu khién cho cac
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dong co bang cac kiéu thuat toan khac nhau. Pay 13 bai
vi€t phan tich nguyén nhan, do dg’) chua t}}uc hién cac hoat
dong ctia mot loai hinh diéu khién cu thé. Nhitng két qua
dua ra ¢ day chu yéu gom:

- Coi canh quat 1a mot dbi tugng diéu khién duoc ca
hai phuong: phuong ngang va phuong thang ding. Nhiing
nghién ctru v€ quadcopter nho truge day chi tip trung vao
luc nang, chur chua quan tam dén lyc day D, vi vay kho
gilr cho quadcopter & trang thai tinh khi kich thudc va tai
trong cta quadcopter 16n.

- Da x¢ét anh huong cua 16p dém khi va dua mé hinh
16p dém vao tich hop vai doi tuong diéu khién. Day la
dicu ma céc nghién ctru trudc dén nay chua de cap.

- ba dua ra dugc nhitng kién nghi cua chién lugc diéu
khién khi xét dén chuyén dong riéng cua 16p dém khi.

- Phan tich dugc anh hudng ctia mat d¢ khong khi dén
d6 cao hoat dong cua thiét bi.

Trén co sc"rﬂd('), cac phan tich trong bai bao sﬂé tao dinh
hudng phat trién cac nghién ctru ti€p theo, cu the:

- Nghién ctru vé cac bo diéu khién tuyén tinh hoa hodc
phi tuyén cho h¢ quadcopter.

- Nghién ctru tong hop bo diéu khién bén vimg dé diéu
khién quadcopter & ché d9 treo doi vdi cac loai
quadcopter co tai trong 16n va thoi gian bay lau trong cac
moi truong khac nghiét nhu mua gio, gié xoay, ap suat,

nhiét d6 thay d6i 1on.

Viéc nghién ciru ché do treo cta quadcopter htra hen
mang lai nhiéu loi ich nhu mang tha hang hoa, tim kiém
muc ti€u, ctru nan trén rung, trén bién... Néu biét van
dung khai thac, quadcopter s€ 1a mot phuong tién van tai
¢6 hidu qua trong doi séng va nhiéu linh vuc khéc.

Céc nghién ciru tiép theo s& tiép tuc di siu vao cac
thuat toan didu khién treo cho quadcopter, mo phong,
thuc nghiém va danh gia cu thé, tao tién dé cho viéc
nghién ctru phat trién loai hinh robot di dong nay.
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