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TOM TAT

Bai bao nay se trinh bay cac dang diéu khién thich nghi (thich nghi theo bién trang thai va thich
theo tin hi¢u dau ra) dé on dinh goc nghiéng quy dao cua UAV loai nho trong dieu kien nhieu gio.
Trong dé, cO su danh gid kha nang lam viéc cua hai logi diéu khién thich nghi nay. Ket qua md
phdng bang MATLAB/SIMULINK véi mo hinh UAV gia dinh cho thay rang, cac bg dieu khién thich
nghi da lam giam dang ké tdc dong cua nhieu gi6, nang cao ddang ké an toan bay cho UAV. Trong
cac ket qua ciing cho thay rang, bg dieu khien thich nghi theo bien trang thai c6 sai so trang thai nho
hon va thoi gian qua do ngan hon so véi bg diéu khien thich nghi theo tin hi¢u dau ra.
Tir khéa: Nhidu dong gio; May bay khong ngudi 1ai; Diéu khién phi tuyén; Diéu khién thich nghi.

1. PAT VAN PE

Su phat trién cua khoa hoc va cong nghé, dic biét 1a sy phat trién cua Iy thuyét diéu khién hién dai
cho phép cai tién céc ludt diéu khién di véi UAV. Cac phuong phap thich nghi kinh dién [1-3] dugc
tong hop dua trén cac bién trang thai (do duogc, hay khong do duoc) ciia ddi tugng diéu khién dua dén
viéc thiét ké va tong hop cac hé thong diéu khién phirc tap, gy ra sai s6 (do cac cam bién), lam cho
cac h¢ théng diéu khién tré nén cong kénh va kém linh hoat. Do do, viéc nghién ctru cac hé théng
diéu khién thich nghi méi khong phy thude vao cac bién trang thai [4, 5] nham giam bét cac han ché
trén dang 1a huong nghién ctiru kha thi. Dac biét dbi voi cac ddi tuong diéu khién co yéu cau khéc khe
vé kich thich va trong lugng dic biét 14 cac loai méay bay khong ngudi l4i loai nho [6, 7].

So v6i cac cong bd [5] Trong bai béo ndy s& tlen hanh xay dung m6 hinh UAV c¢é chira thanh
phan nhiéu dong, bai toan s& tré nén phue tap vi can thiét phai xay dung trong tin hiéu didu khién
thanh phan han ché nhiéu loan nay. Pong thoi trong bai bao nay ciing tién hanh so sanh hai dang
thudt toan thich nghi theo bién trang thai [4] va thich nghi theo tin hiéu dau ra. Tir 46, dwa dén
cac két luan quan trong vé uu, nhugc diém cta cac b dicu khién thich nghi (theo bién trang thai
va theo tin hiéu dau ra) va dinh huéng nghién ciru, di dén ng dung nham cai thién chét luong
clia cac b diéu khién ciia UAV. Tir két qua tinh toan, md phong s& danh gia kha nang lam viéc
ctia cac thuat toan thich nghi (thong qua viéc so sanh véi bo diéu khién khdng thich nghi modal).

2.XAY DUNG MO HINH TOAN HQC PHI TUYEN CUA TBB
KHI ANH HUONG CUA NHIEU GIO

2.1. Xay dung md hinh toan hoc ciia thiét bi bay

Hinh 1. Anh huéng ciia gié dén géc tan. Hinh 2.Chuyén dong TTB trong mat phang dirng.
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Déi twong xem xét TBB c6 canh thing kich thudc hitu han va dbi xting. Cac hé toa do: xo0yo,
Xa0¥a; X0y 1a cac hé toa d6 mat dat, hé toa d6 van toc va hé toa do lién keét.

M5 hinh toan hoc chuyén dong ciia TBB c¢6 dang [5, 8]:
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2.2. Tong hop bd diéu khién tuyén tinh modal
Piéu khién Modal, 1a mét phan hoi tuyén tinh hoan chinh vé trang thai, s€ c6 dang sau:
u, =k"'x=k0+ka+k,o,, 4)

Trong do: k =(k1 K, Kk, )T 1a vecto ctia cac hé sb phan hoi cac bién trang thai, duoc xac dinh
dua vao tinh 6n dinh cta h¢ (4). Pa thic dic trung ctia hé thong khép kin (4):
(1) =det(A, +Bk" - IE) (5)
Trong d6, E 1a ma tran don vi.
Thay cac ma tran A, BO , ta viét lai (5) nhu sau:
p(1)=-2° +(—aya +a,, +a, ks)/i2 n ©

(2, +2,,8,, +a,k +a,a,k)i+a,a,k.

Chon da thtrc didc trung mong mudn duéi dang:
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Pren (1) =% + 30, A% + 30} A + . (7)
Céc gbe cta né 1a boi cua s6 thye am dang: Aoy =~y
Trong d6, @, 1a dai mong mudn ctia hé théng kin, quyét dinh hiéu qua cta hé.
Dong qhé‘g cac hé sb ¢ cing ’mét do S:ﬁa bién trong cac da thirc (6) va (7), ta c6 hé phuong
trinh dai s6 dé tinh toan cac hé s0 phan hoi k ={k;,k, k;}
-, +8,, +3,; Kk =—3a;
a, +a,8, +a,k +a,a,k= -3w}; 8)
a,a,;k = -3
Dai mong mudn ctia mot hé thong kin, quyét dinh kha ning dap ung cua né la ®, Chon
@ =T . T (10) xac dinh dugc: k =(-91.5304; -91.8163; -23.8006)
2.3. Tong hop bd diéu khién thich nghi theo bién trang thai
Xem xét doi tugng (3). St dung tin hi€u diéu khién thich nghi [1, 5] c6 dang sau:
u, =Kix+k, U, 9)
Trong d6, K, vecto cot va k, vo hudng 1a cac tham sé diéu chinh thich nghi
{k? =—b],Pex'T,, 10)
k, =—7,b1, Peu,,
Trong d6, e=X—X,, — Vecto sai s6 n chiéu, ddc trung cho d¢ léch ciia trang thai d6i tugng
so voi trang thai md hinh tham chiéu, I', — Ma tran xac dinh duong doi xung, v, — D9 loi cua

thuat toan diéu chinh dwong, P — Ma tran xac dinh duong ddi ximg théa min phuong trinh
Lyapunov co6 dang sau:

AL P+PA, =-Q (11)
Trong d6, Q 1a ma tran xac dinh dwong ddi xtmg tiy ¥ (cu thé 1a dudng chéo).
2.4. Téng hop thuit toan diéu khién thich nghi tin hi¢u diu ra
Bién d6i (3) vé dang SISO [4, 5] nhu sau:

: a,a
y=W;*=— = u(t) +
s°~(a,, —a,)s’—(a, +a,a,, )s W
N a,,5-a,,3,, W (o)
s° —(azw —aya)s2 ~(a, +a,,3,, )s

Chon ham mau cé dang y* = 6 *, ta c6 quan hé bac cia ddi tuong o =3, chon da thirc co
dang a( p) = ( p +1)2 , thuat toan diéu khién co dang:
U, =—(u+x)a(p)é (13)

Theo muc [5, 6] nhan dugc:

{51 = 0-52 (14)

éz = O_(_é:l -2¢, +e)
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e=4&; e®)=y®-y);
Bién doi (12) ta c6 luat thich nghi dau ra:
ayay (s*+2s+1)

t)=—(u+k)&

y=~lu+k) s°~(a,, —a,,)s’ —(a, +a,a,, )s+(u+ka,a, (s’ +2s+1)
a, s-a,a

+ Yo Yo T, W t;

5° (8,0, ~8,, )" — (8 +2y,8,,, )5+ (1 +K)a,, 8, (5% +25+1) (1)

ya “ 10,

3. KET QUA MO PHONG VA THAO LUAN

Cho d6i tugng mo phong co cac dic trung ki thuat co ban caa UAV-70V:

+ Chiéu dai: 2707 mm; Khdi lugng: 56.5 kg; Dién tich canh: 1.05 m? Sai canh: 3000 mm; Day
cung khi dong trung binh: 350 mm; Toc d6 bay hanh trinh: 40 m/s. M6 men quan tinh: 31.3 kg.m?

C,.= 5.913(1/ rad) ;m,, = —1.4515(1/rad) ;m =-16.0505; m* = —2.2136(1/rad);
Bai toan mo phéng: M6 phong goc nghiéng quy dao khi sir dung cac phuong phap diéu khién
khi cho van toc UAV: V\=[V1 V2 V3 V4] = [40 100 150 200](m/s) va bién d6 nhicu dong gio
W, =5, quy mo nhiéu dong L=50(m).
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Hinh 4. So' @6 mé phong diéu khién thich nghi theo tin hiéu dau ra UAV c& nho.
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Hinh 5. Phan vng cia goc nghiéng quy dao Hinh 6. Phan vng cia goc nghiéng quy dao
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cua UAV khi so sanh ba bo diéu khién. cua UAV voi bo diéu khién modal.
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Hinh 7. Phadn vng cia goc nghiéng quy dao Hinh 8. Phan iing cia goc nghiéng quy dao
cua UAV voi thich nghi trang thdi. cua UAV voi thich nghi theo tin hiéu dau ra.

Nhén xét: Qua két qua mé phong véi nhleu gi6 dimg Wy, = 5 (m/s) va quy mo nhiéu gi6 L =
50 (m) nhu trén (hinh 5, 6, 7, 8). Khi van tbc UAV cang 16n thi bo diéu khién Modal c6 sai s6
cang 16n, d& mét diéu khién. Chat lugng diéu khién ctia phuong phap diéu khién thich nghi theo
d4u ra dat duoc trang thai on dinh, bén viing, tuy nhién, kha ning dap tng cta hé théng chdm va
sai s6 twong ddi. Di v6i phuong phéap didu khién thich nghi theo bién trang thai, chat lugng diéu
khién t6t, 6n dinh va sai s6 nho, kha ning dap tmg cta hé thong nhanh. Két qua mé phong phu
hop véi cac két qua 1y thuyét.

4. KET LUAN

Qua cac két qua khao sat rut ra mot s6 ket luan nhu sau:

- Céc phuong phap didu khién thich nghi theo d4u ra va trang thai déu cho chét luong didu
khién t6t hon va sai sb trang thai nho hon dang ké so v6i phuong phap diéu khién khong thich nghi.

- Khi van téc UAV thay d6i, chat lugng diéu khién ciia phuong phéap thich nghi trang thai tot
hon so vo6i phuong phap thich nghi dau ra (sai sb trang thai nhé hon va thoi gian qua do ngan hon).
Tuy nhién, bo diéu khién thich nghi trang thai thyuc hién tuong dbi phuc tap do phu thudc vao cac
bién trang thai. Nguoc lai phwong phap thich nghi theo tin hi¢u dau ra tuong toi don gian (vi khong
sir dung bo quan sat trang thai), do do, hé thdng diéu khién s& c6 cau trac don gian va kich thudc
nhé hon. Tuy nhién, didu nay 1am giam kha ning dap tmg ctia hé thdng va gay ra sai so.

Tap chi Nghién cieu KH&CN quén sw, Sé Péc san FEE 2023, 49-54 53



Diéu khién — Tw dpng héa

Do d6, tiy thuéc muc dich va yéu cau d9 chinh xac, c6 thé lya chon 4p dung mot trong hai
phuong phap thich nghi trong nhiém vu thiét ke, ché tao UAV.
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ABSTRACT

Evaluation of adaptive control algorithms
for flight path angle stabilization of small aerial vehicles

This paper presents adaptive control schemes (state-based and output-based
adaptation) to stabilize the flight path angle of small UAVs under wind turbulence
conditions. The performance of the two adaptive control schemes is evaluated. Simulation
results using MATLAB/SIMULINK with an assumed UAV model show that the adaptive
controllers significantly reduce the impact of wind turbulence, greatly enhancing flight
safety. The results also show that the state-based adaptive controller has smaller steady-
state errors and shorter settling times compared to the output-based adaptive controller.

Keywords: Wind turbulence; UAV; Adaptive control; Speep-gradient algorithm.
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