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Tom tat:

Véi nhitng tién bé to Ion trong bé cam bién thu nho, thiét bi truyén déng va bé vi xir Iy tién tién,
nhiéu nghién ciru hién dang tdp trung phdt trién cdc logi thiét bi bay nhé dé sir dung trong nghién ciru va
cde g dung thwong mai. Cdc dang mé hinh todn hoc chi tiét cho thiét bi bay diéu khién tir xa, hay logi
khéng nguoi ldi Unmanned Aerial Vehicle (UAV) sir dung 4 dong co la nhitng chii dé dwoc nghién ciru va
quan tém ciia nhiéu tac gia. Sir dung phwong phdp Newton Euler cho mé ta mé hinh todn hoc, bao gom cdc
dong luc hoc, khi dong hoc va dong luc hoc rotor dwoc de cdp. H¢ chuyén dong cua thiét bi bay dwoc chia
thanh hai hé thong con; Mot hé thong con cho chuyén dong quay va mét hé thong con di chuyén (d¢ cao
va chuyén dong theo cdc truc x va y). Quadrotor la mét hé thong 6 bdc tir do, bao gom hé thong quat dirge
s dung nhw cac phan tir tich cue, trong khi cdc hé thong con cho chuyen dong mang tinh thu dong. Mot
mé hinh todan hoc day di phai dam bdo kiém sodt dwoe do cao, cdc tw thé va vi tri ciia thiét bi bay trong
khéng gian. Chinh vi vdy bai bdo trinh bay mét phwong phdp sit dung bg diéu khién tw chinh PID mo cho
diéu khién thiét bi bay cho phép két hop phwong phdp diéu khién truyén thong va phwong phdp diéu khién
théng minh. Cac két qud ciia bai bdo diea trén mé phong di duoc thiee hién dé qua dé danh gid va so sanh

V6i cde két qua khdc dé cé thé lam co sé cho cdc thire nghiém cho mé hinh thue té sau nay.
Tir khoa: Diéu khién mo, Tdap mo, Logic mo, PID, UAV.

1. Mé dau

Thiét bi bay loai 4 dong co (Quadcopter) la
mot trong cac dbi twong didu khién dwoc quan tim
nghién ciru trong nhitng nim gan day va ciing la
so thich dam mé cua nhiéu ting 16p dan cu, ciing
nhu nghién ctru khoa hoc. Thiét bi bay 4 dong co
c6 thiét ké don gian va chi phi thép rat thich hop
cho cac tng dung ctru hg, clru nan, giam sat, quay
phim, chup anh tir trén cao... Viéc nghién ctru, mo
hinh hoa va diéu khién cac thiét bi bay loai 4 dong
co 1a mot yéu cau can thiét. Thiét bi bay loai 4 dong
co la mot hé thong da bién véi 6 bac tu do (DOF),
va rat kho klem soat do sy ghép ndi phi tuyen gitra
cac bd truyen dong va mtrc d6 ty do cua thiét bi [2].
Céc thuét toan diéu khién bay phd bién nhat hién
nay dugc stir dung 1a cac bo diéu khién PID, cac bd
diéu khién nay chi co thé thyuc hién khi quadrotor
bay mang tinh thir nghiém véi cac didu kién cy thé
nhit dinh. Dé c6 thé ap dung rong rdi cac thiét bi
bay diéu khién tir xa hodc khong ngudi lai can thiét
phai nghién ctru xay dung mot bo diéu khién, c6
kha nang xtr 1y cac bac tu do, cling nhu voi tac dong
clia moi truong, bao gdbm: cac gbc cudn (roll) vé
truc x, 1a goc ngoc (pitch) vé truc y, va goc nghiéng
(yaw) vé truc z. Hé truc cac goc quay (roll), goc
ngoc (pltch) va goc nghiéng (yaw) duoc ky hi¢u
RPY. Téc d6 quay ddng bo (£2) cua tit ca cac dong
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co 1a chia khoa dé kiém soat quadrotor. Cac két qua
chuyén dong doc theo z lam ting hodc giam tdc
d6 quay ciia tat ca cac rotor. Dé thay ddi goc pitch
ta ting (gian) toc do cta dong co trudc dong thoi
giam (tang) toc do dong co phia sau. Dé thay doi
goc roll ta ting (giam) toc do dong co bén phai va
giam (tang) toc d6 ctia dong co bén trai. Dé thay doi
goc yaw ta tang (giam) toc do cua cap doi dong co
phia trude va sau dong thoi giam (ting) téc do cia
cip d6i dong co phia phai trai. Chuyén dong cua
quadrotor dugc mo ta bang so do trong Hinh 1.

C6 nhiéu nghién ciru dé cap qua sir dung vi
tri XYZ két hop voi huéng cho phep giam so luorng
tinh toan, giam chi phi, giam phan cimg déu khién.
[1,2,3, 4, 6] trong st dung bd loc Kalman mo rong
cho viéc xdy dyng mo hinh diéu khién. Viée xir 1y,
tinh toan dya trén thong tin tir cac bd thu thap dir
lidu vé gia toc, con quay. Trong [1, 2, 4, 6] dé xuat
mot b loc Kalman thong qua udc lugng trang thai
dé c6 thé thich hop cho UAV. [3, 4, 6, 7] dé cap dén
mot mé hinh toan hoc phuc tap hon, hé thong diéu
khién ciing dugc dé cap véi thuat toan didu khién dé
thue hién trén mot vi diéu khién truyén théng.

2. M hinh toan hoc thiét bi bay loai bén dong co

2.1. M6 ta h¢ thong
Trén Hinh 1 md ta 6 bac tu do cua thiét bi

Journal of Science and Technology 25



ISSN 2354-0575

bay loai 4 dong co. Véi 3 bién x, y, z dugc sir dung
dé dién ta vi tri trong khong gian XYZ, va ba goc
Euler dai dién cho huéng ctia quadrotor, @ dugc goi
1a goc cudn (roll) vé tryc x, 6 1a gbe ngodc (pitch) vé
truc y, va goc w nghiéng (yaw) vé truc z. Hé dong
hoc cua thiét bi bay loai 4 dong co co thé duoc chia
thanh hai hé thong con; Hé théng con (RPY roll,
pitch va yaw) va hé théng di chuyén theo vi tri (d6
cao z va vi tri x va y).

T position

’

, vector 0z

inertial ,~_" x
frame

. ¥
Hinh 1. Hé toa dé doi véi Quadrotor

2.1.1. Cac hé toa do

H¢ toa d6 quan tinh trai dat (Earth inertial
frame) 14 hé toa d I c6 goc toa do dit mot diem
trén trai dat (thuong chon 1a diém cat canh), truc I
hudng theo hudng béc, truc I) . huorng theo hu’ong
dong va truc I_ vudng goc v6i mit phing ).

Hé toa do cta thiét bi (Body frame) 1a hé
toa do B, cb gbc toa do B duoc dit ¢ diém dat
trong fam cua quadrotor, truc B_hudng theo phia
trude cia quadrotor, truc B vudng goc voi truc B
va hudng sang phéi cia quadrotor truc B, vudng
goc voi mat phang B,

2.1.2. Pong lye hoc ciia thiét bi bay loai bon dong co
Khi nghién ctru thiét bi bay thi lyc diy va
mé men tao ra béi tde do quay cua canh quat c6 do
16n ti 1& thuan véi binh phuong cua tée d6 quay cua
canh quat. Theo Neuton_Euler c6 thé viét cho dong
hoc quay ctia hé thiét bi bay [3,5]
T=Jo+w*(Jo+J.Q.e) (1)
Trong dé:
7 vector cOt ciia md men xoan doc theo ba truc,
J 1a ma tran quan tinh duong chéo cua 4 rotor,
o 1a vector ¢t v6i van tde goc,
Jr 1a quan tinh rotor,
Q=0 -2+ -9 1a téng tde do rotor,
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e, = [00 1] "mo6 ta dinh huéng rotor.
H¢ dong luc chuyén dong so vadi hé toa do
mat dat co the viet [3].
mv = RT— mge, )
Trong do:
m la khoi luong cua quadrotor,
v1a toc d di chuyén thé hién qua vector cot,
R 1a mdt ma tran quay mong mudn,
T 1a vector cot cta cac luc.
(T=/0 O’b(.Qf QI+ Q7+ Q7))
g 1a gia toc trong truong.
Tin hi¢u di€u khién cho bon dong co duogc
miéu ta theo:
=bh(Q+ Q3+ Q5+ Q)
b(—Q3+ Q%)
=b(Q1—Q3) (€)
d(—Qi+Q;—Q;+ Q)
Trong dé:
U, U, U, U, la cac tin hiéu diéu khién tir
dong co.
b va d 1a hé s6 lyc day va kéo twong tmg.
Tde d6 goc cua chuyén dong co thé viét [2, 3]:

[—] .
b=ov{7) boa- v,
9:¢V/< Z]
. (=1

b4 =—g+(cos¢cos9)%,

z [r i L
)-Ty¢Q+ [yU3,

o 0

>

= (cos ¢ sinOcos Y + sin ¢ sin l//)%
7= (cos ¢ sinOsiny + sin ¢ cos l,l/)ﬁ1

Trong dé:

@, 0 va y la cac gbc cudn, ngde va goc
nghiéng tuong ing;

I, 1‘,, I_1a m6 men quan tinh theo céc truc
X,y vaz

J. quan tinh dong co;

Q1a van toc goc clia rotor;

[ 1a chiéu dai cua canh tay canh quat tir goc
cua hé toa do.

3. Thiét ké thuét toan diéu khién

Céac bo diéu khién PID, bo diéu khién toan
phuong tuyén tinh LQR, bd diéu khién logic md,
didu khién bén viing va diéu khién phan hdi tuyén
tinh... dugc tng dung rong rai trong cac nghién cuu
gan ddy. Trong d6 phd bién nhit van 1a sir dung b
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diéu khién PID. B¢ diéu khién PID dua trén sai sb
do, thuc sy don gian va dé dang ap dung trong thuc
té. Viéc ap dung tiéu chuan tdi wu khi lya chon 3
tham s6 Kp, Kd, Ki thuong cho két qua chap nhan
dugc. St dung thuat diéu khién ty chinh cho chinh
dinh cac thong 50 K,, K,, K, giap cho qua trinh
diéu khién mém déo hon, boi vi qua trinh chinh
dinh cac Ehéng §5 K,, K, K, dugc thuc hi¢n theo
hé luat diéu khién m¢ va hé luét cho chinh dinh cac
thong s6 duoc xay dung tir cac kinh nghiém ciia cac
chuyén gia diéu khién ciing nhu chuyén gia cong
nghé trong linh vuc diéu khién thiét bi bay.

3.1. Thuit toan diéu khién ty chinh PID mo
Phuong trinh diéu khién PID c6 dién co

dang sau:

u(t) = K,e()) + K; [ e(t)dt + Ky %et) (5)

Trong do:

K,, K,, K, 1a cac hing s6 ty 1¢, tich phan va
vi phan.

e() 1a sai léch diéu khién.

3.2. Chinh dinh c4c thong s6 Kp, Ki, Kd

Viée chinh dinh cac thong s6 K - K, K, su
dung h¢ luat mo theo Mandani ¢6 dang sau:

ifxisA4 and yis Bthenzis C (6)

Véi x, y, z 1a cac bién va 4, B, C 1a cac gia
tri ngdn ngir, trong d6 < x is 4 and y is B> 1a phan
diéu kién va < z is C> 1a ph?m két luan cua luat.
Tuong mg véi dau vao cho chinh dinh cac thong
s6 cua luat (6) trong bd diéu khién tu chinh PID
mo ta su dung déau vao 1a sai léch e va su thay doi
clia sai léch ce thay cho x va y trong (6) va dau ra
la céc hang sb K K, K, Cac gia tri ngon nglt 4,
B, C trong (6) duoc lya chon 1a NB, NM, NS, ZO,
PS, PM, PB tuong duong véi (NB) NegativeBig,
(NM) Negative Medium, (NS) NegativeSmall, Zero
(Z0O), PositiveSmall (PS), PositiveMedium (PM),
Positive Big (PB), xem Hinh 2.

NB NM NS ZE PS PM PB

1 e n ¥ 0. r T e B bie o d i
) ] ) & 3 ) ) ] ¥ i\
ol O T 1+ H RO MR NLSYRAN b

Hinh 2. Céc tdp mo cho dau vao e(k) va c(k)

] Céc thong sd Igp, K,, K, trong qud trinh diéu
khién thuong thay do6i trong mét khoang Kpmin-
Kpmax-, Kimin-Kimax, Kdmin- Kdmax. Viéc xac
dinh cac gia tri cu thé cua Kp, K,, K, trong khoang
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d6 duoc thuc hién theo luat mo (7). Cac luat mo cho
chinh dinh céc thong s6 K , K, K, s& 1a mot hé luat
xem Bang 1 va Bang 2 va tdp mo ¢ Hinh 3 1a céc tap
mo cho chinh dinh céac thong $6 Kp, K,.K, .

Bang 1. Hé ludt cho chinh dinh Kp, K,

Error, e

NB|NM | NS [ ZE [ ps [PM [ PM

c|l e [B|[B|B[B|[B|B][B
PM | s| B |B|B|B|B]|S

" [s|s B [B|B]|s]s
e ze [s]s[s|[B]s]|s]s
LN [s]s|B[B[B]s]sS
NnwMm | s | B[ B[B|B|B] S
EFrw [B[B[B|B[B][B]B

Béang 2. H¢ ludt cho chinh dinh K,

Error, e
NB|NM | NS | ZE | PS | PM | PM
Cc| PB S| s|s|s]|s|s]|s
L LPM |B|B|S|S|S|B|B
PS | B|B|B|S|B|B|B
¢g| zE |B|B|B|B|B|B|B
.| NS |B|B|B|S|B|B|B
NMM|B| B|S|S|s|B|B
ETNB [s]s|s|s|s]s]|s
K
wl s M B
, Ki, _ R
0 50 100

Hinh 3. Cdc tap mo st dung trong chinh dinh cac
thong so Kp, Ki, Kd

3.3. M6 phéng hé théng diéu khién ty chinh PID

Qua4 trinh mé phong cho hé théng diéu khién
tu chinh cac thong $b Kp, Ki, Kd cua bd diéu khién
PID duoc viét trén ngdn ngit ciia Matlab dang M-file
v6i cac thong sb cua thiét bi bay loai 4 déng co bao
gdm: khéi lwong thiét bi bay m = 2.35Kg, gia toc
trong truong g = 9.81m/s’, quan tinh cira rotor theo
truc x la Ix = 0.1676 kg.m?; quan tinh ctra rotor theo
truc y la Iy = 0.1686 kg.m?; quan tinh ctra rotor theo
truc zlalz = 0.29743 kg.m?; 1 = 0.5 m; hé $6 Iuc kéo
b =0.03N 52, hé sb luc ddy d = 0.075N m s°.

Trén cac hinh 4, 5, 6, 7 1a cac két qua mo
phong cua thiét bi bay loai 4 dong co.
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450 . w e RATREN TRUCHY ' Hinh 6. Dap wng ra (xanh) theo truc z

” ’ i ’ i 5 Thong qua qud trinh mé phong cac dap tng
ra tai theo vi tri cua cua céc truc dap ung dugc yéu
cau dé ra. Trén Hinh 7 & chd gap khiic cua tin hiéu
dan duong mau do thi tin hiéu ra khong bam sat quy
dao da cho. Ly giai cho trudng hop nay vi gia thiét
la cac goc quay (roll) va goc ngdce (pitch) 1a nho vi
thé & thoi diém d6 cac goc quay va ngoc 1a 16n, nén
quy dao thuc té khong bam chinh xac vao tin hiéu
dan duong.

THOI GIAN (sec)
Hinh 5. Dadp vng ra (xanh) theo truc Y
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Hinh 7. Mé phong quy dao chuyén dong trong khéng gian 3 chiéu ciia thiét bi bay logi 4 dong co
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15 TIN HIEU DIEU KHIEN U4
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THOI GIAN (sec)
Hinh 8, 9, 10, 11. Cdc tin hiéu diéu khién cho cdc
dong co
Trén cac hinh 8, 9, 10, 11 1a cac tin hi¢u diéu
khién U1, U2, U3, U4 cho cic dong co.

4. Két luin

Bai bao da trinh bay phuong phap két hop
g1u’a diéu khién truyen thong véi phuong phap diéu
khién mo sir dung kién thie chuyén g1a dé xay dung
hé Iuat mo cho tu chinh cac thong s6 cua bo diéu
khién PID. Viéc xay dung céc bo diéu khién két hop
giita diéu khién truyen thdng va diéu khién hlen dai
cho phep hé thong diéu khién lam viéc mém déo
hon, ké thira dugc cac dic tinh t6t ciia phuong phap
diéu khién truyén thong nhu tinh thong dung, on
dinh, dd dugc ap dung cho diéu khién nhiéu qua
trinh cong nghe ap dung dugc cho nhiéu loai dbi
tugng diéu khién khac nhau... va tinh hién dai cioa
cac phwong phap moi. Thong qua phuong phap
diéu khién méi co thé dua duge cac kinh nghiém
clia cac chuyén gia trong linh vyc diéu khién va linh
vuc cong nghé vao hé thong lam tang tinh mém déo
clia hé diéu khién ciing nhu nang cao chit luong
diéu khién. Qua trinh mé phong cho thiy hé diéu
khién ludn kiém soét sai léch va sy thay ddi ctia sai
léch diéu khién giira quy dao dan duong va va quy
dao thuc té, dé co thé co dugc cac thong s6 ctia bd
diéu khién PID hop 1y hon.

Lo&i cdm on

Nghién ciru nay dugc hd trg boi Trung tim
Nghién cuu tng dung Khoa hoc va Coéng nghe,
Truong Pai hoc Su pham K¥ thuat Hung Yén, véi
ma dé tai T2017-21-21.
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CONTROL A QUADMOTOR USING A KIND OF FUZZY SELF -
TUNING PID CONTROLLER

Abstract:

This paper proposes a Fuzzy tuning PID to control a quadrotor. This method is used for flight control

that combines conventional control methods and intelligent control methods. The results of this paper based
on simulations have been made in order to evaluate so that can be used as the basis for late experimental
models.

Keywords: Fuzzy control, Fuzzy set, Fuzzy Logic, PID, UAV.
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