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Tém tit

Bai bdo trinh bay mo hinh todan hoc cua may bay
khéng nguoi lai (UAV) va dé xudt thiét ké ciia bo
diéu khién mo lai tw chinh cho mdy bay khéng
ngueoi lai véi tai trong bén ngodi, bg diéu khién dé
xudt mang lai mot $6 uu diém néi troi so voi mot
56 bo diéu khién thong thuong, ddc biét trong viéc
xik Iy cdc hé thong phi tuyén va dé khéng on dinh
ciia cdc tham s6 dwege diéu khién. Cac két qua thu
duwoe qua thie nghiém bang cach dp dung b diéu
khién duoc dé xudt va thir nghiém diéu khién thoi
gian thuc trén Matlab voi may bay khong nguoi
lai AR drone 2.0 vdi tdi trong bén ngodi. Két qua
thu dwoc da ching minh dwoc hiéu qua cua bo
diéu khién thong minh dwoc dé xudt, bé diéu khién
dé xudt co thé cdi thién d¢ on dinh va chinh xac
cuia toan bo hé théng khi lam viéc voi tdi trong bén
ngoai. Két qud thwe nghiém cia bo diéu khién
dwoc dé xudt dwoc so sanh véi cac két qud ciia bo
diéu khién truyén théng PID.

Tir khéa: Diéu khién mo, diéu khién PID, Matlab/
Simulink; Diéu khién thoi gian thiee, AR.Drone 2.0.
Abstract

The paper presents the mathematical model of a
quadrotor unmanned aerial vehicle (UAV) and
the design of robust Self-Tuning PID controller
based on fuzzy logic, which offers several
advantages over certain types of conventional
control methods, specifcally in dealing with
highly nonlinear systems and parameter
uncertainty. Te results of the numerical
simulation using gazebo physics engine simulator
and real-time experiment using AR drone 2.0 test
bed demonstrate the effectiveness of this
intelligent control strategy which can improve the
robustness of the whole system and achieve
accurate trajectory tracking control, comparing it
with the conventional proportional integral
derivative (PID).

Keywords: Fuzzy control, PID controller,
Matlab/Simulink, Realtime control, AR. Drone.

1. Gioi thiéu

Vi¢e su dung UAV véi su thay dbi trong tai da va
dang dong mot vai trd quan trong trong viéc van
chuyén cua céc thiét bi bay. Viéc kiém soat cac thiét
bi bay khong nguoi lai (UAV) tré nén kho khan hon
khi n6 lién quan dén su thay doi trong tai theo thoi
gian. V4i sy pho bién ngay cang ting ciia cac UAV ty
hanh trong linh vuc quan su va dan sy nhu giam sat,
giam sat tham hoa, nhiém vy ctru hd va giao hang [1],
trong d6 viéc mang va van chuyén trong tai bén ngoai
1a diéu can thiét dé hoan thanh nhiém vu thanh cong,
an toan.

Dé UAV c6 thé xir Iy va thyc hién nhitng nhiém vu
nhu do goi hang hodc giam tai trong ma khong ha
canh, can mot bd diéu khién manh va phai du thong
minh dé giit cho UAV 6n dinh trong cac truong hop
khac nhau. B9 diéu khién thong minh phai ty thich
g trong mot khoang thoi gian ngan véi nhiing thay
dbi dot ngodt vé tai trong dé co thé gitip cho UAV hoat
dong 6n dinh. Dé thyc hién danh gia hiéu qua cta bd
didu khién thong minh dé xuét tic gia tién hanh thir
nghiém trén thiét bi bay AR.Drone, day la mot thiét bi
bay gia ré, giao dién lap trinh ing dung mo va céc tinh
ning duoc diéu khién théng qua Wi-Fi.

Bai bao ciing trinh bay mo hinh toan hoc cua
AR.Drone va bo diéu khién duge xay dung trén
Matlab/Simulink. Két qua hoat dong cua bd diéu
khién thong minh dugc dé xuét va hoat dong cua bo
diéu khién PID truyén thong ap dung cho trudong hop
UAV hoat dong véi sy thay ddi tai trong duoc so sanh
v6i nhau.

2. Gi6i thiéu thiét bi bay bén canh AR.Drone
2.1. Gidi thiéu vé AR.Drone

Thiét bi bay bdn canh AR.Drone dugc san xuit boi
nha san xuit Parrot, ddy 1a mot thiét bi bay c6 gia
thanh ré. Giao di¢n lap trinh ung dung mé, cac tinh
nang dugc didu khién qua Wi-Fi va v6i phin mém ma
ngudn mé cho phép ngudi ding cé thé ap dung nhimng
thuat toan khac nhau vao thiét bi, chinh nhitng 1y do
trén ma tac gia da lya chon thiét bi nay dé sur dung
trong nghién ctru cia minh.
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Hinh 1. Hinh dnh thuc té AR.Drone 2.0: (a)-
AR.Drone voi b thin trong nha; (b)- AR.Drone voi
b¢ than ngoai troi

AR .Drone 14 thiét bi bay bdn canh c6 trong lugng
la 380g v&i bo than trong nha (Hinh 1(a)) va nang
420g v6i b than hoat ddng ngoai troi (Hinh 1(b)).

AR.Drone 2.0 duoc cap ngudn béi pin Li-Po 11.1V,

1500mAh. Pugc trang bi 4 dong co BLDC tai bon
cénh cua thiét bi v6i cong suit ciia mdi dong co BLDC
12 14,5W va tdc d6 quay 13 28.500 vong/phut. Bo diéu
khién trung tdm ctia AR.Drone 2.0 chira bd xtr Iy
ARM Cortex-A8 1GHz 32 bit va bg xt ly tin hiéu ky
thuat s6 TMS320DMC64X 800MHz véi hd tro video.
Heé thdng ciing ¢6 bd nhd RAM DDR2 1 GB 200MHz.
B diéu khién trung tdm chira cac mo-dun dé giao tiép
v6i cac thiét bi ngoai vi. Cac md-dun nay déc biét bao
gdm giao thirc truyén thong khong day IEEE 802.11
cho phép giao tiép TCP/IP. Giao thitc ndy sir dung
cung tan s6 2,4GHz véi mang khong day duoc su
dung rong rii ngay nay. Giao tiép glua thiét bi bay va
bo diéu khién tir xa thong qua két néi Wi-Fi trong
pham vi phu séong 100m.

2.2. M6 hinh dong lwc hoc ciia AR.Drone

z

Yaw ()

Pitch (9)

Hinh 2. Cdac goc va hé truc trén UAV

Dé mé ta md hinh dong luc hoc cua thiét bi bay
khong ngudi lai chung ta st dung phuong trinh
Newton-Euler [4, 5]. Va qui udc h¢ toa d§ {oxyz} la
hé truc toa d6 dugc gén trén thiét bi bay va hé toa do
{OXYZ} 1a hé tryc toa do trai dat. Pé co thé mé ta
duoc, ta c6 mot sb gia dinh can duge thoa man nhu
sau. Dau tién ching ta gia dinh rang than va cac canh

cua may bay 1a cirng. Th hai, lyc can khi dong hoc
clia than may bay 1 khong dang ké vi méay bay khong
ngudi 1ai bi han ché bay & toc do thap. Tiép theo, anh
hudng ciia mémen hoi chuyén ctia cac roto quay ciing
khong dang ké theo gia thiét rang thiét bi bay bay
cham. Chiing ta ciing gia dinh rang khong ¢ higu tmg
mit dat dang ké nao tac dong 1én thiét bi bay vi n6 bay
du cao so voi mat dat. Cudi cung, gia sir ring hé thong
dbi xUing qua tryc ngang va truc doc cia hé tryc toa do
{oxyz} [2,3].

Theo d6, cac phuong trinh vi phan m6 ta mé hinh
dong hoc cia AR.Drone [2] ¢6 thé duge mb ta trong
cong thie (1) va (2) nhu sau:

X Z ke
y |=| > ke @ (siny.sin 6 —cosy.cos O.sin ¢)
2] | > k. w}(cos¢.cos0) —mg

@” (Cosy.sin @ +cos O.sin g.siny)

(1)

Trong d6 m: La trong lwong cua thiét bi bay /kg/;

X,V , Zlavi phan cua vi tri (x,,2); [4, Q,V/]T la

bién do cua thiét bi bay /m], kr 12 hing s dic trung
cho dong co; w; 1a van tc goc [rad/s] va g 1a gia toc
trong truong [/m/s’].
Ngoai ra, mé hinh dong luc hoc ciia AR.Drone
ciling c6 thé duge mo ta:

Ixxp I'kF(a)Zz_a)j) 2
1,d |=| Lk (@2 —af) @
|er I(M (a)f_w22+a)§_w§)

Trong d6: I, 1y, L. biéu thi momen quan tinh trén
hé truc {oxyz}; ®;, ®; ®3 ©4 lan luot 1a vén tdc gbc
cuadongco 1,2,3,4; ku biéu thi héng s6 momen va
[ biéu thi khoang cach tir dong co dén tdm cua
AR.Drone.

3. Thiét ké b diéu khién thue hién diéu khién
thoi gian thue cho AR.Drone sir dung bj diéu
khién mo lai

3.1. Piéu khién AR.Drone theo thoi gian thuc
thong qua két noi Wifi

M6 hinh AR.Drone dugc xay dung trén
Matlab/Simulink dé thu thap cac dit liéu tir thiét bi bay
vé may tinh va truyén céac 1énh diéu khién tir may tinh
dén thiét bi bay nay. Giao dién diéu khién AR.Drone
dugc xdy dung trén Matlab/Simulink dé diéu khién
qua Wi-Fi duoc phit trién cho phép thyc hién nhanh
c4c 1énh diéu khién tir may tinh, kiém soat va giam sat
cac thong sb cta hé thong.

Giao tiép gitta may tinh vi AR.Drone dugc thiét
lap thong qua giao thirc UDP, diéu nay duoc thyuc hién
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bang cach st dung khbi UDP trong Simulink. Khi qua
trinh truyén thong duogc thiét 1ap, céc tin hiéu diéu
khién tir may tinh s& duoc truyén dén may bay va
nguoc lai. Viée trao doi dir liéu giita may bay va mo
hinh Matlab/Simulink trén may tinh dugc thyc hién &
tan s6 16 Hz. Dit liéu ma Matlab nhén duoc s& duoc
doc va ghi lai. Do d6, may bay dugc diéu khién truc
tiép khong day thong qua mé hinh trén may tinh dugc
xay dung trén Simulink st dung cong cu RealTime
Windows Target. Két nbi khong day duoc thiét lap
theo cach nay cho phép viéc diéu khién va kiém soat
may bay dugc thyc hién nhanh chong.

...{"IFI r Ihvnamic Fusey — P1)
W G | UDE (e Model Controller
Nehicle Drnamics

Matlah' Simulink I

AR.Drone 2.0 PC

Hinh 3. So dé céu triic hé théng Diéu khién
AR.Drone théng qua két néi Wifi

INPUTS OUTPUTS

Roll_rate e > Attitude (m)

Pitch_rate e——>y] > Roll(deg)

Yaw rate ey > Pitch(deg)
Vertical_rate ey Yaw(deg)

—> v: (m's)

Emercency ——>] > v (m/s)

Hover —_— y f——> Vi (m's)

Fly —_— ——> Time stamp(s)

Hinh 4. Cac dit liéu vao - ra ciia AR.Drone

AR.Drone c6 thé dugc diéu khién bang cach sir
dung 4 tin hiéu diéu khién (c6 gié tri tir-1 dén 1): Pitch
(g6c quay quanh truc Y) (gia tri dwong cho chiéu bay
1én, gia trj 4m cho chiéu ha thap), Roll (goc quanh
quanh tryc X) (gia tri dwong quay sang phai, gia tri am
quay sang trai), Yaw (goc quanh quanh truc Z) (gia tri

Drone_StatellodeType Cortroled_Fight
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dwong cho truc chuyén dong theo chiéu kim dong ho,
gi4 tri &m cho tryc chuyén dong ngugc chidu kim dong
ho). Dit lidu tir AR.Drone giri vé may tinh bao gom d¢
cao thuc té, cac goc Roll, Pitch, Yaw va thoi gian dép.
Tur nhiing dir liéu nay, ta c6 thé udc tinh duoce vi tri x,
y, z ciia may bay. Hinh 4 cho thay cac dau vao va dau
ra ciia hé thong AR Drone.

Chuong trinh diéu khién thoi gian thyc cho
AR.Drone dugc xay dung trén Matlab/Simulink dugc
miéu ta trén Hinh 5.

Chuong trinh diéu khién thoi gian thyc cho
AR.Drone bao gdom 4 khdi chirc ning:

Khdi 1: Nhap dir lidu, dir liéu dugc nhap tir ngudi
diéu khién cho phép nguoi didu khién thuc hién thay
dbi cac trang thai ciia may bay nhu: cit canh (take-
off) va ha canh (landing) bang cach thay ddi vi tri ciia
cong tic Iya chon trén may tinh.

Khéi 2: Uéc lwong d6 cao, thuc hién chirc ning
doc cac dit liéu duogc gui vé tir cac cam bién cua
AR.Drone. Khéi Navigation System thuc hién xir Iy
dit liéu tir IMU (Inertial measurement unit) tho dé truy
xudt dir liéu cac goc quay (roll, pitch, yaw) va dir liéu
tir cam bién siéu am.

Khéi 3: Khéi diéu khién bay, thuc hién cac chirc
ning diéu khién may bay nhu cét va ha canh, diéu
khién do cao; thuc hién diéu khién dong co.

Khdi 4: Khéi dong co, thuce hién cac 1énh dugc giri
t6i tir khoi didu khién. Khdi dong co dua ra céac tin
hiéu PWM (0% - 100%) dé diéu khién timg dong co
trén tirng canh.

3.2. Thiét ké bé diéu khién mo lai tw chinh

B¢ diéu khién PID truyén thong duoc tng dung
trong diéu khién UAV thuong hoat dong véi rat nhiéu
han ché, ba tham sd caa PID duoc diéu chinh véi cac
gia tri ¢ dinh cho mot diéu kién hoat dong cy thé nhu

Drone_StatelodeType Landng_Sequence

Batery

Batery volage

g—WOesmﬂ Atttude

»Controlier Feedback Data Bus
._.aﬁ_.mmns Theust Value
.—aa»'—iT.nmedN:Me
W&m_mm_cw

s geryVoltage

L

Host Command

ntalx_Actatos

L0

' Fat

MotorCommand f— Propeler Actiston oo GPIO_Fadt P

Fiight Controller

Hinh 5. Chuong trinh diéu khién thoi gian thuc cho AR.Drone xdy dwng trén Simulink
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¢6 tai trong khong doi hodc khong cé tai trong. Do do,
khi UAV lam viéc véi tai trong bén ngoai theo thoi
gian thi bo didu khién PID truyén thong khong thé dap
tmg dugc. DPé giai quyét van dé nay, mot co ché tu
diéu chinh dya trén logic mo dugc phat trién cé kha
nang diéu chinh tryc tuyén cac tham s ctia bo dicu
khién PID.

Hinh 6. Thir nghiém diéu khién thoi gian thwe qua
Wifi véi AR.Drone tir chwong trinh
Matlab/Simulink trén mady tinh

FRER PID
Kinematics
- | Controller

Trajectory
Generation

|

Hinh 7. So dé cau tric cia b diéu khién me lai tu
chinh cho AR.Drone

B diéu khién PID c6 ham truyén dang:
G(s) =Kp +K;/s +5s.Kp 3)

Véi Kp, Ki, Kp 12 hé s6 clia bo didu khién PID; s 1a
toan tir laplace. Bo diéu khién mo (FLC) thuc hién
diéu chinh truc tuyén céc hé s cua bo diéu khién PID
[6,7]. BO diéu khién mo lai voi du vao 1a cac vi phan
cla sai s ‘de’ va sai s6 ‘e’ clia cac goc quay, qua trinh
nay duoc su dung dé xac dinh thong s6 cua bd diéu
khién. Phép bién ddi tuyén tinh dwoc s dung cho
phép xac dinh tham sb Kp, K,Kp cua bo diéu khién
PID theo cong thirc:

KHOA HOC - CONG NGHE

KD = (KDmax - KDmin)K[,) + KDmin (6)

Véi cac glé tI‘i cua [ KPmin; KPmax]7 [ Klmin;
Kimax] va [ Kpmin; Kpmax] duge xéc dinh béng thue
nghiém [8].

Bo diéu khién md duoc sir dung trong nghién ciru
dua trén quy tic mo Tagaki- Sugeno. Quy tic dién
hinh trong quy tdc md Sugeno c6 dang: If Input 1 = x
and Input 2 =y, then Output is z = ax + by + c.

Bo diéu khién md lai duoc thiét ké gdm 5 bién dau
vao: NB(negative big), NS(negative small), Z(zero),
PS(positive small), PB(positive big) va 7 bién dau ra:
VS(very small), S(small), MS(medium small),
M(medium), MB(medium big), B(big), VB(very big).
Dua trén kinh nghiém, 25 quy tic mo duge xéac dinh
cho tat ca cac két hop c6 thé c6 cua cac bién dau vao.
Bé& mit trong khong gian ba chidu cua cac quy tic mo
da chon cho thiét k& bo didu khién duoc thé hién trong
Hinh 8. B diéu khién m& dugce tao ra tir cac quy téc
"néu-thi". Cac quy tic duoc chon cho luat diéu khién
duogc trinh bay trong Bang 1.

Hinh 8. Bé mt ciia cic dau ra cho Kel Ki | Ko

4. Két qua thuc nghiém

Thuc nghiém diéu khién AR.Drone véi thoi gian
thuc dugc thuc hién trong nha dé tranh tac dong cua
céc yéu tb moi truong. Trong qué trinh thuc nghiém,
AR.Drone s& dugc gin 1 vat ning c6 khdi luong 50g

Kp = (Kpmax — Kpmin)Kp + Kpmin 4) vao 1 canh bit ki cua may bay va may bay duoc gin
K, = Kimax — Kimin)K! + Kimin (5)  cbdinhvao 1 khop xoay dit khung c6 chiéu cao 0,5m.
Bing 1. Bing quy tic mo cho Kp/ Ki/ Kp
e/de NB NS V4 PS PB
NB VB/M/VS MB/M/MB MB/M/M MB/M/B MB/M/MB
NS MB/MS/ MS MB/MS/MB MB/MS/B B/MS/MB MB/MS/MB
Z VS/SIM VS/S/B S/VS/B MS/S/IMB MS/S/IMB
PS MB/MS/MB MB/MS/MB MB/MS/MB B/MS/MB MB/MS/MB
PB MB/M/MB MB/M/MB MB/M/MB MB/M/MB MB/M/MB
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Hinh 9. Hoat djng ciia AR.Drone véi by diéu khién PID

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Hinh 10. Hoat djng ciia AR.Drone véi b diéu khién

Fuzzy - PID
L -
f} Wﬁw h I i pJﬂ I :
E """" I AR I - % ) .ii’.‘;
F-) er H\/ ) \J| LN\/\HIUWWW” UAV A Thka _“"

Time [ms]

Hinh 11. Sai lénh bién dp ciia mdy bay véi bj diéu

khién PID
e T
| T
j,--f‘t"w\‘f};\- 55 o P e, o
VI . W W
N
E \F
| _
I | =

Tmeiee)

Hinh 13. Pdp tng géc Euler ciia AR.Drone véi bé diéu

khién Fuzzy - PID

bé ching minh dugc hiéu qua hoat dong cia bo diéu
khién mo lai duoc thiét ké, tac gia da ap dung 2 bd
diéu khién: PID va bo diéu khién Fuzzy - PID lén
AR.Drone nhim muc dich kiém tra tinh én dinh cua
AR .Drone vdi tai trong bén ngoai trong sudt qua trinh
bay. Céc két qua khi ap dung ca 2 b diéu khién s&
duoc so sanh véi nhau.

Tir Hinh 9 va Hinh 10 cho thay qua trinh hoat dong
AR.Drone véi tai bén ngoai dugc thém vao, ching ta
6 thé théiy, voi bd diéu khién Fuzzy - PID c¢6 d6 on
dinh tt hon so véi bo diéu khién PID.

T Hinh 11 va Hinh 12 biéu dién sai s vé bién do
ctia may bay khong ngudi l4i sir dung bo didu khién
Fuzzy - PD va b diéu khién PID. Qua diéu chinh cua
may bay véi by didu khién Fuzzy - PID 1a nh6 hon so
v6i bo didu khién PID. Xét tai thoi diém 6 gidy, sai sb
bién d6 cia AR.Drone st dung bo diéu khién Fuzzy -

Time [me;

Hinh 12. Sai lénh bién dj ciia mdy bay véi bg diéu
khién Fuzzy - PID

Eunr s

"*.‘/‘ r\\ X - \f‘\.m ~ ll;}:, T “q‘j“il‘,{gﬂ_ . | p . ﬂi \nl
i

4
Y

mr.
=

S,
o

|
e

Hinh 14. Dap ung goc Euler ciia AR.Drone voi b
diéu khién PID

PID 1a 7,452mm trong khi sai sd bién do cia
AR .Drone sir dung bo diéu khién PID 1a 86,09mm.

Hinh 13 va Hinh 14 biéu dién dap ung gbc cua
AR .Drone theo thoi gian, tir 2 hinh vé& chiing ta c6 thé
nhan thiy d4p tng goc Euler ctia may bay véi b diéu
khién Fuzzy - PID 6n dinh hon nhiéu so véi dap tng
goc Euler cua may bay voi bo didu khién PID.

5. Két luin

Bai bao da gidi thi¢éu mo hinh dong hoc cua may
bay AR.Drone, cach thirc thyc hién diéu khién thoi
gian thyc bing cong cu Real-time Target Window
trong Simulink.

Bai béo ciing trinh bay vé thiét ké bo diéu khién
mo lai ty chinh cho AR.Drone vi tai trong bén ngoai.
Két qua ching minh hiéu qua hoat dong cia bd diéu
khién dwoc dé xuit, do 6n dinh va thoi gian dap ing
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cua bd diéu khién Fuzzy - PID tdt hon so véi bo didu
khién PID cb dién.

M6 hinh cua AR.Drone dugc xay dung trén
Matlab/Simulink véi ing dung diéu khién thoi gian
thuc da dugc thyc hién thanh cong va hoat dong tbt.
Cdc két qua thu dwoe qua thue nghiém bang cach dp
dung bo diéu khién dwoc dé xudt va thir nghiém diéu
khién thoi gian thuwc trén Matlab véi mdy bay khéng
nguwoi ldi AR drone 2.0 véi tdi trong bén ngodi. Két
qua thu dwoc da chung minh dwoc hiéu qua cua bo
diéu khién thong minh duwoc dé xuat, bé diéu khién dé
xudt cé thé cdi thién dé én dinh va chinh xdc cua toan
bo hé théng khi lam viéc voi tai trong bén ngoai

Viéc 4p dung ca 2 bo diéu khién PID c6 dién va bo
didu khién Fuzzy-PD cho hoat dong cua AR.Drone
v6i tai trong bén ngoai dé thuén tién cho qua trinh so
sanh hoat dong cua 2 bd diéu khién nay.

Céc két qua thuc nghiém duoc thé hién & phﬁn 4
da chirng minh vu diém cua bo diéu khién mé lai duoc
thiét ké dap ing dugc cic yéu cau vé do chinh xac va
d6 6n dinh ctia AR Drone véi tai trong bén ngoai. Do
d6, bo diéu khién mo lai rat pht hop véi cac hé thong
phi tuyén nhu méay bay khong ngudi 14i.

Loi cam on

Nghién ctru nay duoc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT 21-22.48.

TAI LIEU THAM KHAO

[1]J. M. Maddalon, K. J. Hayhurst, D. M. Koppen, J.
M. Upchurch,and A. T. Morris, Perspectives on

unmanned  aircraf  classifcation  for  civil
airworthiness standards. National Aeronautics
and Space Administration, Langley Research

Center Hampton, Virginia, pp.2199-23681, 2013
[2] G. Martin, Modelling and Control of the Parrot

AR.Drone. ADFA Journal of Undergraduate

Engineering Research, Vol.5(1), 2012.

[3] Hernandez A, Copot C, De Keyser R,
Identification and path following control of an
AR.Drone quadrotor. 17" international conference
system theory control computer (ICSTCC),

pp.583-588, 2013.

[4] Angela P. Schoellig,
Performance by Learning from Past Data,

Improving  Tracking

Institute for Dynamic Systems and Control ETH
Zurich Switzerland, 2012.
[5] Zhufeng Xie, Yuanqing Xia, Mengyin Fu, Robust
UAV  using
IEEE 5th
International Conference on Cybernetics and
Intelligent Systems, pp.93-98, 2011.

trajectory-tracking method for

nonlinear  dynamic  inversion.

[6] Zhao, Z., Tomizuka, M., and Isaka, Fuzzy gain
scheduling of PID controllers. IEEE Transactions
on Systems, Man, and Cybernetics, Vol.23(5),
pp-1392-1398, 1993.

[7] T. Takagi and M. Sugeno, Fuzzy Identification of
Systems and Its Applications to Modeling and

Control, 1EEE Trans on Systems, Man, and
Cybernetics, Vol.15(1), pp.116-132, January-
February, 1985.

[8] Do Khac Tiep, Young-Jae Ryoo, An Autonomous

Control of Fuzzy-PD Controller for Quadcopter,
International Journal of Fuzzy Logic and
Intelligent Systems, Vol.17, No.2, pp.107-113,
2017.

Ngay nhan bai: 18/01/2022
Ngay nhan ban stra: 21/02/2022
Ngay duyét dang: 06/03/2022

SO 70 (04-2022)



