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TOM TAT

Trén co s¢ mé hinh dong luc hoc mé td sw chuyén dong ciia drones chita chdy nha cao tang
dwoe nhom tac gia xdy dung bang phwong phdp Newton - Euler di cong bé, bai bdo nghién ciru,
xdy dung bg diéu khién nham diéu khién on dinh cho drones chita chdy khi thiét bi chuyén dong
thong thuong va khi hé thong phong tén lira chita chay déi véi cac nha cao tang tai Viét Nam. Do
tinh chdt cia doi twong diéu khién, bai bdo chon si dung b diéu khién cuon chiéu - tich phan, két
hop b diéu khién bii feedforward cho giai doan phong tén liva chita chdy dé thiec hién nhiém vu
trén. Két qua mé phong trén Matlab/simulink cho thdy hé théng on dinh tot tai vi tri tham chiéu
va ddp iing dwoc yéu cau bai todn dit ra.

Tir khoa: Didu khién backstepping; Drone chita chay; UAV.
1. MO PAU

Chita chay nha cao ting ludn dit ra rit nhidu thach thirc va khé khin cho luc luong phong chay
chira chdy trén thé gidi, bai sy han ché trong kha ning tiép can cua cac phuong tién chita chay toi
cac vi tri chay, nd trén cac tang cao. Trong khi do, tdc d6 do thi hoa chong mat trong pham vi quy
d4t han ché da 1am cho cac nha cao tAng ngdy cang dugc dau tu x@y dung véi mat do cao, dan t6i
khoang cach cac toa nha bi thu hep, do do, cang lam cho viéc tiép can va to chirc cong tac chira
chay gap nhiéu kho khan bai khong glan va dién tich han ché trong méi truong do thi [1]. Vi vay,
dbi voi cac dam chay nha cao ting, siu cao tang, dé nang cao hiéu qua chita chdy va giam thiéu
rtii ro, viéce str dung céc thiét bi bay (UAV) chira chay 14 rat can thiét.

Trén thé gi6i da c6 mot sd nghién ctru vé UAV cho cong tac chita chay, mdi mé hinh c6 wu,
nhuoc diém va diéu kién tmg dung khac nhau [9, 11]. Két qua cac nghién ctru da chi ra ring miu
UAV c6 kha ning chita chay bén trong nha, trén cac ting cao la loai UAV mang theo thiét bi phong
chat chira chay dang tén lira. Tuy nhién, mé hinh UAV va bai toan 6n dinh khi thiét bi lam viéc
van chua duoc nghién ctru va cong bd. Trong pham vi bai bao ndy, md hinh UAV dé xuit cho
chira chay nha cao tang 1a Quadrotor mang theo camera va hé thong phong tén lira chita chay (hinh
1) véi cac dic diém sau:

Hinh 1. M6 hinh Quadrotor chita chay dé xudt.

- Khung Quadrotor véi 4 canh quat bd tri dbi xtmg hinh “X” dé tan dung nhiing wu diém ciia
no so voi cac loai thict bi bay khac, nhu: két cau co khi don gian, ¢6 do tin cly cao; kich thude
nhé gon cho phép d¢€ dang van chuyén thiét bi t6i hién truong; bo dicu khién dugc thict ké don
gian, it ton kém hon; hoat dong linh hoat trong moéi truong chat hep va nhiéu vat can & do thi,...

- Thiét bi phong tén lira chita chay khi hoat dong s& kich hoat thudc phong tao ra luc diy, diy
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qua dan mang chat chira chay phong vao vi tri chay nham pha vG cac cua kinh, ctra sO ngan cach,
dua chat chira chay vao bén trong gian phong d€ chira chay. Pi¢u nay cho phép thiét bi d€ xuat co
kha nang chita chay tir xa, gilt khoang cach dam bao an toan voi ngon Ira.
- Ca’mera duoc lép dat trén thiét bi ¢6 nhi¢m vy thu thap hinh anh tr vu chay, va dong vai tro
ong ngam xac dinh vi tri phong tén lra chira chay.
2. MO HINH HOA THIET BI BAY CHUA CHAY NHA CAO TANG

2.1. M6 hinh ddng luc hoc thiét bi bay chira chiy nha cao ting

Mo hinh déng luc hoc cua thiét bi bay chita chdy nha cao tang (TBB) dugc xdy dung theo
phuong phap Newton — Euler da dugc nhom tac gia cong b6 tai [9], véi cac gia thiét nhu sau: Bo
qua céc yéu tb bién dang dan hoi do két cau khung thiét bi, coi thiét bi 1a vat rin tuyét ddi voi cdu
tric d6i xing; Canh quat thiét b 1a vét ran tuy¢t dbi. Cac hiéu tng khi dong hoc do hi¢u g blade
flapping dugc loai bo; Bo qua hiu tmg mat dat do cac yéu tb nay sé c6 tac dong tuong d6i nho

hodc chi trong khoang thoi gian rat ngan so voi tong thoi gian thiét bi hoat dong. Phuong phap nay
d3 dugc chimg minh vé tinh hiéu qua trong thuc tién théng qua cac nghién ciru trude do [2-4].

Zg

Xe

[}
Hinh 2. Hé quy chiéu qudn tinh va hé quy chiéu gan lién thiét bi bay.
Mo hinh dong luc hoc miéu ta mbi quan hé giira lyc, moment vai sy chuyén dong ctia thiét bi
nhu sau [5]:

£=wls(p)s(v)+c(p)e(w)s(0)]-v[e(o)s(w) -e(p)s(w)s(8)] +ule(y)e(6)]
y=vle(p)e(y)+s(p)s(v)s(9)Je-wle(w)s(e)=c(w)s(w)s(0)]+ulc(0)s(v)]
Zzw[c((o)c(é’)]—u[s(é’)] +v[c(6’)s((p)] (1)

d=p+r[e(0)i(0)]+[as(0)1(0) :0=ac(0)=rs(0):v7 = jﬁgwjﬁ‘g;

Trong d6: Vector ®=[x y z ¢ 6 y/]T mo ta vi tri va hudng cua thiét bi trong hé quy

chiéu quan tinh; Vector v* = [u % w] va o = [ P q r] lan lugt mo ta vector vén toe dai va
van tdc goc cua thiét bi trong hé quy chiéu gin lién vai thiét bi.
3. THIET KE BQ PIEU KHIEN CHO THIET BI BAY CHUA CHAY NHA CAO TANG

Dé thyc hién nhiém vu chita chay TBB s€ thyc hién 3 giai doan hoat dong, g(‘Sm: giai doan tiép
can, giai doan phong tén lira chira chdy va giai doan quay vé. M6 hinh TBB thyc hién nhiém vu
chira chay c6 ban chét twong ty nhu mé hinh Quadrotor mang theo tai. Cac cong trinh duoc nghién
clru trén thé gidi trude day da ap dung thanh cong nhiéu b diéu khién khac nhau cho viéc 6n dinh
quadrotor khi di chuyén va diéu hudéng théng thuong. Tuy nhién, ddi v6i bo diéu khién cho TBB
chira chay nha cao ting, yéu cau thiét ké bo didu khién vira phai dam bao tinh 6n dinh cua hé théng,
vira phai dam bao triét tiéu dugc cac sai 1éch tinh khi tdn tai nhiéu tac dong vao hé théng, do do,
nghién ctru Iya chon bo diéu khién cudn chiéu — tich phan, ddng thoi dé xuit str dung thém bo didu
khién bu feedforward cho giai doan phong tén lira chira chay.
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3.1. M hinh diéu khién
CAu tric diéu khién phan tang thiét bi bay dugc trinh bay trong hinh 3, gom: Vong diéu khién
ngoai la vong diéu khién vi tri bao gom bd diéu khién vi tri X, Y tao ra tin hiéu diéu khién ¢, 6.

Vong diéu khién trong 1a vong diéu khién goc hudng, cao do véi bo diéu khién cao d6 Z tao ra tin
hiéu diéu khién U1, va 3 bd diéu khién gbc pitch, roll, yaw tao 3 tin hi¢u diéu khién U2, U3, U4.

Quadrotor Dynamics Model

Hé con
chuydn

L dény

Hé con
g6c quay

Vong diéu khién vi tri

* Gid tri tham s6 cic bd didu khién s&
thay dbi phuthude vio 3 trang thi cia
thiét bi bay: trudc, trong va sau khi
phéng tén I chira chiy Vong diéu khién hwong, cao dj

Hinh 3. Cdu triic mé hinh diéu khién phdn tang cho thiét bi bay.

ausmosel

Hinh 4. B diéu khién cuon chiéu — tich phan cho goc roll.
3.2. Vong diéu khién hwéng, cao dd
Luat diéu khién U, cho kénh diéu khién d0 cao; Uy, Us, Us cho kénh diéu khién goc quay ¢,
goc pitch 4 va géc yaw y nhu sau [10]:

U, —Cosqj%(gv%l—af+k4)e7+(a7+a8)e8+Zd—k4a7)(4j ()
( 1 al +k el (al +a2)ez +¢d_k1alllj_(1}y _Izz)¢W_eri‘é 3)
((1 a3 +k )63 (Ol3 +a4)e4 'Héd—kzasﬂkj_(lzz _va)éy)+er)'¢ “4)

U,=1_ ((1—a§ +hy )es + (a5 +a)e +6’d—k3a5;(3j—(lm ~1,)90 (5)

Trong d6: a;, o, ki 1a cic hang s0 > 0; ¢, =9, —¢; e, =0 ,~0 =ae +P,+ky —w

x?

=0,-0; e=ae+0,+ky,-0; e=y,~Vie=aes+y,+ky,-y; e=z,-z;

e=ae+z,+k,y,—2; =Ie1(t)dt 2 =I;e3(t)dt 2 =I;€5 (¢)dt; g, =I;e7 (¢)dr.
0
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3.3. Vong diéu khién vi tri

xa :g((l—agz+k5)e9+(a9+am)elo—ksagxs) (6)

1

Ya :Uﬁ((l_aﬁ +k6)ell +(a11 +a12)612 _k6a“ZG) ™

1
Trong d6: @, 04,50,k k12 cac hang sb > 0; e, =x,—x; e, =ae, +X, +ky, —X;
. . t t

€11 = YVa — YV, €, =a,,6 +yd +k6}(6 —ViXs = fO €9 (t)dt s Xe = fO €11 (t)dt;
3.4. Thiét ké bd diéu khién bu cho giai doan phéng tén lira chira chay

Tir ciu tao va cac thong sd ciia co ciu phong tén lira chira chdy, hoan toan c6 kha ning do dac
va xac dinh dugc cac gia tri: Iuc Frs, momen quay M va thoi gian phong treacion tac dong vao thiet
bj bay khi phong tén lira chita chay. Do d6, dé han ché cac tac dong “x4u” gdy rung lac, mét 6n
dinh khi phong tén lira, bai bao sir dung phuong phap bu feedforward, v6i muc dich tac dong mot
luc cung luc, cung d6 16n nhung nguoc chidu véi luc phong tén lira dé triét tidu lyc nay.

Béng b voi théd ditm
phéng tn Lia v3 dime khi kit
thile giai dogn bin
Moo a| Fecdforward
P

conteoller

Thiét bi bay chita chiy

Hinh 5. Cdu tric bu feedforward trong giai doan phéng tén lira chita chdy.

Tt phuong trinh mo ta dong hoc cua TBB trong giai doan phong tén lira [9], ta co thé thay giai
doan phong tén lira gy ra 2 tac dong ‘xau” 1a: 1) Moment M tac dong vao thanh phan van toc
goc ¢ gly ra chuyén dong quay quanh goc pitch. Gia tri thay d6i nay c6 thé triét tiéu boi tin hidu
diéu khién Us; 2) Luc Fu tac dong vao thanh phan vén tdc dai dai 4 gy ra chuyén dong giét lui
ctia thiét bi bay theo phurong OTCI, . Gia tri nay chi co thé dugc triét tiéu thong qua viéc diéu chinh
hudng, van tc cta thiét bi bay (6, ¢, w, r, v), tuy nhién diéu nay s€ lam thiét bi bay bi rung ’léc d?}n
tdi tén ltra c6 kha nang phong trugt muc tiéu da ngam. Do do, d6i véi bai toan thiéu co cau chap
hanh nhu trén, trong giai doan phong chung ta chi diéu khién 6n dinh ’Vé goc quay (¢=0;6=0), viéc
dicu khién bam gia tri dat vé vi tri (x, y) s€ dugc thuc hién sau khi két thuc qua trinh phong.

Dé co ciu bay khong bi rung lic trong qué trinh phong tén lira, tin hiéu diéu khién Us:

I_ -1 J.o U

g =S p M, =0 U =M, ~ (=1 )qr+Jop ®)

yy Yy yy

4. MO PHONG, TiNH TOAN VA THAO LUAN

Mo phong duoc thuc hién bﬁng phﬁn mém Matlab, véi cac thong s6 ctia TBB thuc hién nhiém
vu chita chay [8] : Trong luong thiét bi bay trude khi phong tén lira m = 7.430 kg; Trong lugng
thiét bi bay sau khi phong tén lira=5.630 kg; Khoang cach tir trong tam thi€t bi bay to1 trong tim
dong co = 0.5 m; Momen quan tinh xung quanh truc x, y, z ban dau lan luot 1a: 0.161, 0.308, 0.332
Kg.m?; Lyc ma sat taic dong vao thiét bi bay 15.2 N; Moment tao ra boi ma sat trong qua trinh
phong tén ltra = 3.8 N.m.

4.1. M6 phéng bd diéu khién bu feedforward trong giai doan phéng tén lira
B6 diéu khién bu feedforward dugc thiét ké theo phuong trinh (14), v6i thong sb & bang 1, két
qua mo6 phong dugc trinh bay trong hinh 6:
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disec)
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Hinh 6. Pdp g vin toc goc q, goc 0 trong giai doan phéng tén lira chita chay.

Két qua md phong cho thay hiéu qua cua khiu bu feedforward. Trong giai doan phong tén lira
chira chay, néu khong c6 khau bu, goc 0 thay do6i véi bién d6 16n 6.5° nhung khi ¢6 khau bu su
thay doi nay xap xi 2°. Tuy nhién, d¢ dam bao hiéu qua cua khéu bu feedforward, yéu cau phai
dong bd hoa thoi diém kich hoat tén Iira chira chay va kich hoat b di€u khién feedforward.

4.2. M6 phéng qua trinh hoat dong caia thiét bj bay
. Qua trinh hoat (jéng cua Phiét b1 bay thyc hién nhi€ém vu chira chay dugc mo phong béng phﬁn
mém Matlab véi cau triic di€u khién nhu hinh 7.

Sates s Do

Hinh 7. Cau tric diéu khién thiét bi bay thuc hién nhiém vu chita chay.
Bao gom 4 bd diéu khién chinh: B diéu khién cho vong diéu khién vi tri (x, y) dugc thiét ké bang
luat dieéu khién cudn chiéu — tich phan dugc trinh bay trong muc 3.1 véi thong so trong bang 1.

Bing 1. Théng so bo diéu khién cuon chiéu — tich phdn cho vong diéu khién vi tri.

B6 diéu khién | ks/ke | ao/ari | ai/ an
Vi tri x 92 | 88 | 2.05
Vitriy 75 | 85 0.8

B diéu khién cho vong diéu khién hudng, cao do trong giai doan 1: co cac thong sb diéu khién
trong bang 2.
Bing 2. Théng s6 bg diéu khién cudn chiéu — tich phin cho vong diéu khién huéng, cao dg.

Bo diéu khién | ka/ kiko/ ks | ar/ai/as/as | ag/as/as as
Cao do U, 5.5 12 2.8
Gobc Roll U, 4.6 30.2 3.5
Goc Pitch Us 4.12 30.2 3.34
Goc Yaw U, 6.13 35.2 3.5

B6 diéu khién bu feedforward nham triét tiéu anh hudng cta qua trinh phong tén lira chita chay
t6i TBB dugc trinh bay trong muc 3.4. Trong khoang thoi gian phong tén Itra chita chay, kich hoat
bd didu khién bu feedforward, dong thoi vo hiéu hoa bo diéu khién vi tri nhdm tranh viéc bo didu
khién vi tri tao ra cac tin hiéu goc dat (¢s, 6y v6i muc dich dua TTB vé gia tri (x4, v4) nhung lai
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lam 16éch huong phong cua tén lira chira chay. Bo diéu khién cho vong diéu khién huéng, cao do
trong giai doan 3 c6 cac thong so trinh bay trong bang 3.
Bing 3. Thong s6 bg diéu khién khdu cuon chiéu — tich phan cho giai doan 3.

Bo diéu khién ka/ kiko/ k3 | as/ai/as/as | ag/ar/as/ ae
Cao do U, 5.2 10.2 2.8
Gobe Roll U, 43 25.6 3.5
Goc Pitch Us 4.12 24.3 3.34
Goc Yaw Uy 5.13 25.2 3.5

Vi ciu trac diéu khién trén, kich ban tin hiéu dat mo ta qué trinh hoat dong cua TTB nhu sau:

- Giai doan 1: TBB xuét phét’ tur toa do (Q,0,0) bay lén cao d6 (0,0,3 m) voi van tde 1m/s déng
thoi quay goc yaw 45° voi van toc 15 /s (Ket thiic tai thoi diém 3 s);

- Giai doan 2: Tur vi tri (0, 0, 3) di chuyén t6i toa d6 (3 , 3, 3) véi van tde 1 m/s gitt nguyén goc
yaw 45° (Két thuc tai thoi diém 6 s);

- Giai doan 3: Giit 6n dinh tai vj tri (3,3,3) va goc yaw 45°tir 6 s dén 15s;

- Giai doan 4: Tai thoi diém 15 s, kich hoat phong tén Itra chita chay;

- Giai doan 5: Tai thoi diém 25 s, di chuyén tir vi tri (3 , 3, 3) vé (0, 0, 3) v6i vén tbe 1 m/s giit
nguyén goc yaw 45° (Két thuc tai thoi di€m 28 s);

- Giai doan 6: Di chyyén tir vi tri (0, 0, 3) v& (0, 0, 1) v6i van toc 1 m/s giit nguyén goc yaw
45° (K&t thuc tai thoi diem 30 s);

- Giai doan 7: Xoay goc yaw tir 45° vé 15°trong 1 gidy (Két thiic tai thoi diém 31 s).

Dap g cua thiét bi bay véi kich ban trén duoc thé hién hinh 8.
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Hinh 8. Ddp vmg ciia thiét bi.

Két qua md phong cho thiy TBB dap tng tdt kich ban dé xuét. Cac gid tri (x,y,Z,y) bam sit
cac gia tri dat, dac biét la cao d6 z va goc yaw y. Vi tri (x, y) ton tai qua didu chinh nho trong qua
trinh di chuyén, tuy nhién, nhanh chong vé trang thai 6n dinh, ngay ca khi chiu anh hudng cua
phan luc va viéc thay dbi cac thong sé ky thuét ciia TBB sau khi phong tén lira chira chay.
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5. KET LUAN VA HUONG NGHIEN CUU

Véi cac bo didu khién dugc xay dung, két qua mo phong di chirmg minh tinh 6n dinh cia TBB
bam st cac vi tri mong mudn, ké ca trong diéu kién lam viéc phirc tap nhat 13 giai doan phong tén
Iira chira chay. Pay 1a két qua nghién ctru budc dau vé TBB thuc hién nhiém vu chita chay nha cao
tang, hudng nghién ctru tiép theo 1a can cai thién cu tric diéu khién dé triét tiéu do qua diéu chinh
trong cac dap ung vi tri (x,y). Pong thoi nang cao hidu qua ciia bd diéu khién bu feedforward, dic
biét 1a sy dong bd vé thoi gian kich hoat va nang cip ciu trac TBB chira chay dé c6 kha ning mang
theo khdi luwong chét chira chay nhiéu hon, tiép tuc trién khai thu nghiém thyc té vai cac kich ban
khac nhau dé danh gia d6 6n dinh ctia hé théng ciing nhu hiéu qua cua thuat toan.
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ABSTRACT
Building a controller for a high-rise firefighting drone

On the basis of a dynamic model describing the movement of high-rise firefighting
drones built by the authors using the Newton - Euler method as published, this article
researches and builds a controller to stably control firefighting drones in normal motion
and when the system launches the firefighting rocket for high-rise buildings in Vietnam. Due
to the nature of the control object, the article chooses to use a rolling-integral controller
combined with a feedforward compensation controller for the firefighting missile launch
stage to perform the above task. Simulation results on Matlab/simulink show that the system
is stable at the reference position and meets the requirements of the problem.

Keywords: Backstepping control; Firefighting drones; UAVs.
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