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Tém tit
Trong nhitng ndm gén day thiét bj bay khéng nguoi lai duoc nghién ciru va phét trién réat
manh mé, cac nghién ctru vé mé hinh héa va diéu khién UAV da duoc téng Ién nhanh chéng.
Bai béo trinh bay vé mé hinh toéan hoc ctia méy bay bén canh (quadcopter) dwoc mé té bang
céch str dung cac phuong trinh Euler-Newton. Bai béo trinh bay vé van dé diéu khién bay
6n dinh va diéu khién bam quy dao dat cho UAV str dung bo diéu khién PID truyén théng va
bo diéu khién me lai Fuzzy - PD. Trong bai bao nay Matlab/Simulink ciing dwoc st dung dé
mé phéng hoat dong ctia UAV, céc déc tinh thu duoc sau khi mé phéng dwoc st dung dé
kiém tra, phan tich va so séanh hoat dong cta bd diéu khién truyén théng PID véi bé diéu
khién mo lai Fuzzy-PD. Tir két qua nghién ctru cho thdy cd hai b6 diéu khién PID va Fuzzy-
PD déu cé thé thuc hién duoc viéc diéu khién UAV tuy nhién bo diéu khién mo lai Fuzzy-
PD thuc hién viéc diéu khién nhanh chéng va chinh xac hon.
Ttr khéa: Thiét bj bay khéng nguoi l4i, diéu khién logic mo, diéu khién PID, Matlab/Simulink.
Abstract
The studies on UAV modeling and control have been increased rapidly recently. This paper
presents the modeling of the quadcopter will be described by using Euler-Newton equations.
In order to stable the quadcopter and control the attitude of that, classical PID controller and
a fuzzy system that adjust the PD controller gains, have been designed. Matlab Simulink has
been used to test, analyze and compare the performance of the controllers in simulations.
This study showed that although, both of the classical PID and the Fuzzy - PD controllers,
can control the system properly, the second controller performed better than the classical
PID controller.

Keywords: UAV, fuzzy controller, PID controller, Matlab/Simulink.

1. Gi&i thiéu

Bai bao trinh bay thuat toan diéu khién F-PID dé én dinh d6 cao va bam quy dao cia may bay
khéng ngudi lai (UAV) [1, 2]. Hoat ddng ctia UAV thudng khéng én dinh do chiu tac déng cla nhiéu
yéu t6 bén ngoai va viéc thyc hién diéu khién dé cao ciing nhw diéu khién bam quy dao dat déng
mot vai tro rat quan trong. Chinh vi vay tac gid dé xuét thuat toan diéu khién dod cao va bam quy dao
ctia UAV st dung bo diéu khién F-PID, ttrc [a st dung bd diéu khién mo dé cap nhat truc tuyén cac
tham sé ctia bo diéu khién PID. Cach tiép can nay bién bo diéu khién PID théng thwéng thanh bo
diéu khién PID dong (cac hé sé Kp, Ki, Ko dwgc cap nhat lién tuc nhd bo diéu khién me). Thuat toan
mo lai thich nghi mé&i nay va bd didu khién PID dwoc mé phdng trén Matlab/Simulink. Cac két qua
thu dwoc tir ca hai bod didu khién sau khi tién hanh mé phéng dwoc so sanh véi nhau dé ngudi doc
c6 thé nhan thdy duoc sw khac nhau khi ap dung hai bo diéu khién nay trén UAV.

2. M6 hinh dong hoc ctia may bay khéng ngwei lai

Dé tim hiéu vé md hinh ddng hoc ctia UAV truwdc tién ta tién hanh xac dinh cac hé toa do sé
dwoc st dung. Trén Hinh 1 ta co hé toa d6 Oxyz la hé toa do toan cuc (earth reference frame) dwoc
cb dinh tai 1 vj tri trén mat dat. OsXsYeZs la hé toa dd cuc bd (body reference frame) dwoc gén tai
trung tdm ctia UAV véi truc Xs hwéng vé dong co sb 1 (Front motor), truc Ys hwéng vé dong co sb
4 (Right motor), truc Zs hwéng xudng dat.

Mot UAV thudng bao gdm cac chuyén dong: chuyén déng Ién/xubng (attltude) chuyén dong
quanh tryc x - roll movement, chuyén dong, quanh truc y- pitch movement va chuyén dong quanh
truc z- yaw movement. Bang cach thay ddi tbc dd cla cac dong co ta co thé tao ra dwoc cac chuyén
dong cua UAV.
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Hinh 1. C4u hinh va céc hé toa d6 cia UAV

Mo hinh dong hoc’cﬂa UAV duwoc mo ta théng qua biéu thirc Newton - Euler. Phwong trinh
déng hoc cé thé duwoc biéu dién nhw sau [4-5]:
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Trong d4: pn - Vi tri tai cwe Bac clia UAV trong hé toa dd trai dat;
Pe - Vi tri tai cwc Nam ctia UAV trong hé toa do trai dat;
h - d6 cao ctia UAV trong hé toa do trai dat;
u,v,w - 1an lwot la van téc ctia UAV doc theo truc x, truc y, truc z;

¢ ,‘9, ¥ -1an lwot la géc quay quanh truc x (Roll angle), géc quay quanh truc y (Pitch angle),
goc quay quanh truc z (Yaw angle);
p, d, r - lan lwot la van toc quay quanh truc x, truc y, truc z;
g - gia toc trong tredng;
C - cosin; s - sin.
3. Thiét ké bo diéu khién Fuzzy - PD cho UAV
B6 diéu khién PD c6 ham truyén dang:
G(s) =K, +s.K, (4)

V&i Ke va Ko 13 hé s6 ctia khau khuéch dai va khau vi phan; s | toan ti laplace. Bo diéu khién
m¢& (FLC) Tagaki- Sugeno thuwe hién diéu chinh tryc tuyén cac hé sb cta bd didu khién PD [2]. Bd
diéu khién me lai v&i dau vao 1a cac sai sb ‘e’ clia cac géc quay va vi phan cda sai sb ‘ce’, qua trinh
nay dwoc st dung dé xac dinh thong sb ctia bo diéu khién. Phép bién dbi tuyén tinh dwoc siv dung
cho phép xac dinh tham sé Kp,Kp ctia bd diéu khién PD theo céng thirc:

Kd = (Kdmax - Kdmin)Ké + Kdmin (5)
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Ky = (Kpmax — Kpmin)Kp + Kpmin (6)
Vi [ Kpymin: Kpmax] VA [ Kamins Kamax] AwoC xac dinh trong dai gia tri twong (rng cua:
Kp = [1+4] va Kp = [1+ 10].
B6 diéu khién md dwoc s dung trong nghién clru nay dwa trén quy tdc me Tagaki- Sugeno.

Quy téc dién hinh trong quy tdc m& Sugeno co dang: ‘If Input 1 = x and Input 2 =y, then Output is z
=ax+by+c’
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Hinh 2. So’ 46 khéi ctia bé diéu khién Fuzzy - PD cho UAVs

Cau tric cta bo diéu khién Fuzzy - PD cho UAV dugc mo ta trén Hinh 2, ban dau khoi tao
quy dao sé thiet 1ap mot quy dao dat theo cac tham so cua ngudi dieu khién, sau do6 bo diéu khién
sé thuc hién diéu khién UAV bay theo quy dao da dwoc dat trudc.

Bo diéu khiép mo lai Fuzzy - PD véi diu vao la sai léch ‘e’ va vi phan sai léch ‘ce’ véi 7 gia tri
cua tap mo c6 moi quan hé theo Bang 1, trong do: Z(Zero), NS(Negative Small), NM(Negative
Medium), NB(Negative Big), PB(Positive Big), PM(Positive Medium), PS(Positive Small). Dau ra ctia
bd dieu khién bao gom 4 gia tri: B(big), M(Medium), S(Small), Z(zero).

Béang 1. Bang quy tic mé cho Kel Kp
e/ce | NB NM NS Z PS PM PB
NB B/B B/B B/B B/B B/B B/B B/B
NM S/M | BIM | B/B B/B B/B B/M | S/IM
NS SIS | SIM | BIM | B/B B/M | BIM | SIS
z S/z |SIS |BM |BB |SM |SIS |S/Z
PS SIS |SIM | BIM | B/B B/M | SIM | SIS
PM S/M | BIM | B/B B/B B/B B/M | S/IM

PB BB |B/B |[B/B |B/B |[B/B |B/B |B/B
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Hinh 3. C4u tric caa bé diéu khién Fuzzy Hinh 4. B6 diéu khién meo lai (F-PD) cho géc ®

trong Matlab

Hinh 4 mé ta cau tric cta bd diéu khién Fuzzy - PD cho goc @ cia UAV, b diéu khién cho
goc 6,¥ cling c6 cau trac twong tw.
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4. Két qua moé phéng

Dé tién hanh kiém nghiém va danh gia bd diéu khién F-PD dwoc dé xuét tac gia tién hanh mo
phdng UAV thyc hién hoat déng bam quy dao d&t st dung phan mém Matlab/Simulink vé&i UAV c6
céac théng sé cho truéc dwoc trinh bay trong Bang 2 [4-5].

Bang 2. Théng sé ctia UAV

Parameter Thong sé Gia tri Pon vi
Khéi lwgng UAV (m) 9,8 kg
Gia toc trong trwdng (g) 1 m/s?
Do dai canh cta UAV (1) 0,24 m
Quan tinh quay (J) 104x10® kgm?
Quan tinh quanh doc theo truc x (Jx) 8,1x103 kgm?
Quan tinh quanh doc theo truc y (Jyy) 8,1x103 kgm?
Quan tinh quanh doc theo truc z (J,,) 14,2x103 kgm?
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Hinh 5. Sai léch vi tri cia UAV véi bé diéu khién  Hinh 6. Sai Iéch vi tri ciia UAV véi bé diéu khién PD
Fuzzy - PD

Hinh 5 va Hinh 6 mo ta sai Iéch bam quy dao ctia UAV (rng v&i bd diéu khién Fuzzy - PD va
bd diéu khién PD truyén thdng. T& cac hinh vé trén ta thay sai léch bam quy dao cia UAV v&i bd
diéu khién Fuzzy - PD nhd hon so v6i sai léch bam quy dao cta UAV véi bd diéu khién PD truyén
thdng. Can bac 2 cla trung binh binh phwong (RMS - Root Mean Square) sai Iéch bam quy dao cia
UAV v6i bd diéu khién Fuzzy - PD 1a 2,49(m) trong khi 6 RMS sai léch bam quy dao ctia UAV véi

b6 PD la 3,03(m).
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Hinh 7. M6 phéng bam quy dao dit cia UAV véi
bé diéu khién Fuzzy - PD

Hinh 8. M6 phéng bam quy dao dit cia UAV véi
bé diéu khién PD
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Két qua md phéng hoat dong clia UAV thwc hién bam quy dao d&t voi bod didu khién Fuzzy -
PD va bd diéu khién PD truyén thédng dwoc mé ta trén Hinh 7, 8. Tt Hinh 7 va Hinh 8 ching ta nhan
thay rdng UAV véi bod didu khién Fuzzy - PD thwc hién bam quy dao dat trwéc véi dd chinh xac cao
hon so v&i bo diéu khién PD truyén thong.

T két qua mé phéng ching ta cé thé thay, UAV véi bd diéu khién Fuzzy - PD hoat dong hiéu
qua hon bo diéu khién PD truyén théng. Néi cach khac UAV khi ap dung bo diéu khién Fuzzy - PD
thwe hién bay bam quy dao dét trwéc chinh xac hon truéng hop UAV véi bo PD truyén théng.

5. Két luan

Bai bao da trinh bay dwg'c md hinh toan hoc cia UAV, déng thdi xay dwng thanh cong bod
diéu mo lai Fuzzy - PD ap dung cho UAV trong ché do bay theo quy dao dat trwéc. Viéc ap dung bod
diéu khién Fuzzy - PD cho phép UAV hoat ddng mét cach rat linh hoat va hiéu qua véi do chinh xac
twong ddi cao. K&t qua mo phdng hoat ddng ctia UAV thyc hién bam qu§ dao véi bo diéu khién PD
va b diéu khién Fuzzy - PD dwoc tién hanh trén Matlab/Simulink.

Bo diéu khién Fuzzy la phi tuyén chinh vi vay ma né rat phu hop cho viéc didu khién hé théng
phi tuyén nhw UAV. Tir két qua ctia phan mé phdng ta thay rang UAV véi bo didu khién me lai Fuzzy
- PD hoat dong vé&i do chinh xac cao hon so v&i bo diéu khién PD truyén théng. Uu diém 16n nhét
cla bd diéu khién Fuzzy - PD d6 la giup cho UAV thwc hién bam chinh xac quy dao da dwoc dat
trwdc, qua diéu chinh trong qua trinh thwe hién bam quy dao nhé hon nhiéu so v&i bod diéu khién PD
truyén thdng. T cac két qua mé phdng ta thay réng bd diéu khién me lai (F-PD) duwoc dé xuét trong
bai bao nay hoan toan cé thé ap dung cho UAV véi cac qu§ dao chuyén dong phirc tap véi dod chinh
xac cao hon so v&i cac bo diéu khién truyén théng.

TAI LIEU THAM KHAO

[1] Hazry Desa, S.Faiz Ahmed, A. Zul Azfar, Adaptive HybridControl Algorithm Design for
Attitude Stabilization of Quadrotor (UAV), Archives Des Sciences Vol 66, No. 2, Feb 2013,
University Malaysia Perlis, Malaysia, 2013.

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

[3] L. Reznik, Fuzzy Controllers Handbook, 1997.

[4] E. H. Fung, Y. Wong, Y. Ma, C. M. Yuen, and W. Wong, Smart hanger dynamic modeling
and fuzzy control design, International Journal of Control, Automation, and Systems, Vol.
9, No. 4, pp.691-700, 2011.

[5] Do Khac Tiep, Ki-Nam Lee, Dae-Yeong Im, Bongwoo Kwak and Young-Jae Ryoo, Design
of Fuzzy - PID Controller for Path Tracking of Mobile Robot with Differential Drive,
International Journal of Fuzzy Logic and Intelligent Systems, Vol.18, No.3, pp.220-228,
September 2018.

Ngay nhan bai: 23/9/2019
Ngay nhan ban stra: 18/10/2019
Ngay duyét dang: 15/11/2019

Tap chi Khoa hoc Céng nghé Hang hai S6 60 - 11/2019 67



