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Tom tat:

Bai bao gidi thiéu phuong phéap xac dinh cac tham sb
trong md hinh toan cho dbi trong didu khién 1a thiét
bi bay khong nguoi 1ai dang quadrotor, trong do di
sau phan tich thuét toan nhan dang, danh gia kha nang
ap dung va ching minh tinh tinh kha thi cua thuét
toan bang cach so sanh phan tmg cia hé théng véi mod
hinh toan nhan dang duoc va v6i mo hinh to4n miu
thong qua mo phong.

Twr khoéa: quadrotor, nhan dang mo6 hinh toan, thuat
toan nhan dang.

Abstract:

The paper presents methods for determining
parameters in mathematical model of a quadrotor as a
control object. The paper considers deeply
identification  algorithm, evaluating its applying
possibility and proving feasibility of the algorithm by
comparing reaction of the system with obtained
mathematical model and with a mathematical model
template through simulation.

Keywords: quadrotor, identifying mathematical
model, identifying algorithm.

Chir viét tat
UAV Thiét bi bay khong nguoi 1ai
1. D3t vén aé

Hién nay, viéc nghién cuu ché tao thiét bi bay khong
nguoi 1ai (Unmanned Aerial Vehicle - UAV) da tro
1én phd bién va phat trién sau rong, hang loat cac loai
UAYV da dugc ung dung rong rai khong chi trong linh
vuc dan sy ma ca quan sy dem lai hi¢u qua cao trong
khai thac st dung. Trong $6 d6 ¢o loai UAV voi dac
tinh dong hoc c6 tinh 6n dinh cao, d& diéu khién, co
thé co dong trong cac dia hinh phuc tap d6 1a loai
quadrotor. Véi dac tinh vugt trdi nhu vay quadrotor
ngay cang dugc ap dung rong rdi cing véi c&c tinh
nang mdi, hién dai va thong minh hon, chiing c6 thé
bay theo hanh trinh, thyc hién cac chuyén dong chinh
xac trong khong gian hep, c6 thé ty dong bam theo
muc tiéu di chuyén dudi mat dit, dong thoi co thé
thuc hién cac nhiém vu quén su phic tap khac. O Viét
Nam viéc nghién ctru va phat trién quadrotor ciing di
bat ddu phat trién. Tuy nhién, cic quadrotor do Viét
Nam ché tao méi chi dung & viéc diéu khién bﬁng tay,
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chua co6 hé thong diéu khién ty dong hién dai nén
pham vi ing dung cua quadrotor hep va chua thé su
dung vao cac nhi€ém vu quan trong mang tinh thuc
tién cao. Do do, viéc nghién ctru giai quyét bai toan
xdy dung hé thong diéu khién ty dong hién dai cho
quadrotor 1a rat can thiét hién nay, vi du nhu hé thong
diéu khién thich nghi, hé théng diéu khién téi wu ...
va dé xay dung dugc hé théng didu khién ty dong
hién dai cho quadrotor trudc hét can phai xac dinh
dugc md hinh toan cua nd, diéu nay 1a rat quan trong
trong viéc xdy dung hé thdng diéu khién tu dong co
chét lugng cao cho quadrotor. Xuét phat tir danh gia
trén, nhom tac gia dé& xuit phuwong phap ap dung thuét
toan nhin dang dé xac dinh cic tham s dong hoc
trong md hinh toén ctia quadrotor.

Noi dung chinh cua bai bao 1a nhan dang cac tham sb,
cAu triic duoc chon dé nhan dang tham s6 1a dua trén
co s& md phong thir nghiém véi cac ciu trac khac
nhau, tir d6 chon lya ra cdu trac phit hop nhéit véi tiéu
chi 1a sy ddng nhét cac phan tmg diu ra cua hé théng
v6éi md hinh mau va mé hinh nhan dang dugc khi ¢6
su tdc dong cua nhiéu dang tin hiéu khac nhau. Véi
mdi cu trac, cac biéu thuc trong thudt toan s€ c6 mot
sO thay d6i vé kich thudc cia cac ma tran nhung
khong lam mat tinh tong quat cia thuat toan. Dbi
tuong nhan dang quadrotor 1a d6i tuong phirc tap, hon
nita giai phap nhan dang ciing chi c6 tinh twong ddi,
nghia 14 mdé hinh toan nhan dang dugc khong thé
chinh xac tuyét dbi, do d6 nhom tac gia tap trung theo
huéng dat sy ddng nhét cic phan tng cua hé théng
voi mo hinh miu va véi moé hinh nhin dang dé lam
tiéu chuén danh gia sy phu hop cua cau trac. Chinh vi
vay, cau trac phu hop nhét tim dugc co thé s& khong
giong véi cau tric ctia md hinh mau, hodc tham s0
nhan dang dugc khong tring voi cac tham sb ciia mo
hinh miu, nhung két qua nhan dang véi tiéu chi trén
van co gia tri d6i voi bai toan thiét ké hé thong nang
cao. Noi dung chinh cua bai bao la ching minh tinh
kha thi trong viéc 4p dung thuit toan nhan dang cho
d6i twong diéu khién 1 quadrotor. Do vy qua trinh
nhan dang ciing chi tién hanh véi viéc sir dung md
hinh to4n miu & mdt ché d6 nhit dinh trong chuyén
dong goc dé 1am co s& danh gia tinh trang khép phan
{mg dau ra va bai b4o van khong mét tinh tong quat
khi ap dung cho cic ché do bay khéc, didu nay cé thé
kiém ching véi cac mé hinh toan mﬁu khac nhau.
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2. Gioi thiéu ve quadrotor
Quadrotor 13 mt loai thiét bi bay khong ngudi 14i cat
ha canh thang dimg co cdu tao dic biét dang bdn canh
quat duoc bd tri mot cach ddi ximg trai - phai va trude
- sau. V& két cau, quadrotor c6 két ciu co khi kha don
gian (H.1), dong thoi trén phuong dién vé dong luc
hoc no ciing rat khic so véi cac loai may bay thong
thudng.

H.1  Mo6 hinh cua mét quadrotor

Do quadrotor c6 két ciu nhé gon, bé mat khung vo ¢
dién tich nho do d6 khi bay cac lyc ciia dong khi tac
dong 1én bé mat kha nho.

f‘j. T_[

Fi,m Fr 7r

Fb~ Th

H.2  Cdc luc va mémen tic dong lén quadrotor

Véi gia thiét cac luc va mé men khi dong tac dong 1én
cac bo phén noi trén cua quadrotor 1a nhd khong dang
ké, nhu véy chi con 1a cac luc va md men duoc tao ra
boi cac canh quat cua quadrotor va trong lugng cua
né, [2], [8]. Trén hinh 2 thé hién cac luc va mé men
sau tac dong 1én quadrotor, trong do:

Fs, Fo,F1F; lan lugt 14 cac luc tao ra boi cac canh quat
trudc (front), sau (back), trai (left) va phai (right);
Ti Ty T T, lan luot 1a cac md men tao ra boi cac

canh quat trude (front), sau (back), trai (left) va phai
(right).

Nguyén ly diéu khién quadrotor quadrotor c6 két cAu
gom bdn canh quat, mdi canh quat ndy gan v6i mot
dong co riéng, dugc thong qua bo diéu khién. Truc
clia ca bon canh quat nay déu dugc gin theo phuong
song song voi nhau, dong thoi téc do cia mdi canh
quat nay c6 thé diéu chinh thay d6i mot cach doc lap
thong qua diéu chinh tdc d6 ciia cac dong co gin voi
ching. Viéc diéu khién chuyen dong cua quadrotor
hoan toan dya trén viée didu khién téc do cua bon
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canh quat dugc gin trén no. Tuy thudc vao viée diéu
chinh ddng thoi tde d6 cua cac dong co theo mdi cip
s€ tao ra cac lyc va mé men khac nhau tac dong 1én
tam khéi quadrotor cho phép né co thé co dong tu do
trong khong gian [8].

3. Sw can thiéet phai sir dung thuat toan

nhéan dang cho quadrotor

Nhu chung ta da biét, dbi vai thiét bi bay, dé xac dinh
dugc md hinh toan ta c6 mot sé phuong phap co ban
nhu: St dung thiét bi bay mau ¢& nho dit trong dng
thdi khi dong sau d6 xac dinh cac tham ) dong hoc
va phén tich tinh toan tuong tng cho thiét bi bay that.
Phuong phap thur hai la phuong phap phan tich ly
thuyét, phwong phap nay dua trén cac dinh luat c6 sin
vé quan hé vat 1y bén trong va cac quan hé v6i moi
truong bén ngoai cua dbi tuong. Phuong phap nay chua
yéu dua trén cac chi sé vé két cdu va trén co sd tinh
toan khi dong hoc tinh toan cac tham s dong hoc cia
thiét bi bay, tuy nhién do dic thu cua thiét bi bay co
két cau khi dong phuc tap, hon nita trong hé thong
con c6 su tham gia cia nhiéu co cau thuoc hé théng
diéu khién véi cac dic tinh khac nhau nén do chinh
xac trong viéc xac dinh cac tham ) dong hoc theo
phuong phap nay khong cao. Phuong phap thu ba la
phuong phdp thu nghiém va phan tich, d6i voi
phuong phap nay, thiét bi bay vé co ban da hoan
chinh vé& két ciu hé théng, sau d6 tién hanh thu
nghiém trong cac diéu kién bay khac nhau dé xac dinh
céc tham s6 dong hoc va hiéu chinh cac ty sé truyén
cho hé thong diéu khién, phuong phap nay phai dua
trén co s& phan tich theo phwong phap tha hai, n6 c6
thé ap dung dé x4c dinh cac mo hinh toan don gian va
cho phep tong hop céc luét diéu khién don gian va ap
dung t6t di véi cac loai thiét bi bay c6 tinh 6n dinh
tinh cao. Phuong phéap thir tu 1a phuong phap nhén
dang mé hinh toan bang thuét toan, phuong phép nay
dya trén co s& cac thuat toan toi wu véi viee xt ly
thong tin dau ra va dau vao cua hé thng, sau d6 danh
gi4 dua ra mé hinh toan cua d6i twong diéu khién. Vi
phuong phap nay dbi tugng diéu khién c6 thé 1a bat
ky néu c6 thé nhan dugc cac théng tin dau vao va dau
ra ciano, [1], [5] [6],[11].
Quadrotor v6i cau trac khi dong déc biét khac han so
Vv6i cac loai may bay c6 canh gin cb dinh véi than
cling nhu tryc thang thong thuong, do d6 viéc xac
dinh mé hinh toan cua quadrotor theo phuong phap
thir nhat 1a khong thé thuc hién dugc, ddi voi phuong
phap thir hai va ba ciing gip nhiéu kho khin va phirc
tap, néu theo cac phuong phap trén thi hé thong diéu
khién méi chi dimg lai ¢ viéc tong hop cac bd didu
chinh, chua thé dap ung cho viéc xay dung hé thong
diéu khién voi tinh nang cao hon nhu thich nghi hay
tdi wu. Véi két cu dong hoc dac biét nhu vay nén
phuong phap xac dinh mé hinh toan pht hop nhét cho
quadrotor la phuong phap nhan dang. Véi phuong
phap nay mé hinh toan co thé xac dinh twong dbi
chinh xé4c theo timg diéu kién bay, nghia 1a cho phep
ap dung dé xay dung cac thuat toan diéu khién t6t hon
cho hé théng diéu khién.
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Dé nhan dang md hinh toan cho mét ddi twong didu
khién nguoi ta co thé st dung nhiéu phuong phap
khac nhau nhu: Phuong phap bién cong cy, phuong
phap sai s6 du bao, phuong phap binh phuong sai
phuong nho nhat, phuong phap cuc dai hop 1y [1],
[4], [6], [8]... Phuong phap nhin dang dugc sir dung
trong bai bao nay la phuong phap binh phuong
phuong sai nho nhat dua trén co so sau: Thr nhit 1a
do quadrotor c¢6 ciu tric dong hoc phirc tap do d6 rat
kho cho viéc mo ta chinh xac duédi dang cac phuong
trinh vi phan dong hoc theo phuong phap mo hinh hoa
db6i twong va do d6 viéc xac dinh cic ham truyén dat
theo cac kénh diéu khién cua quadrotor theo phuong
phéap nay gap kho khan; Thir hai 1a viéc xac dinh mo
hinh toan d6i twong diéu khién theo phwong phéap
nhan dang 1a phuong phap cho phép xac dinh mé hinh
toan dbi twong didu khién rat hiéu qua dwa trén bo dir
lidu cac tin hiéu vao va tin hiéu ra cua dbi twong diéu
khién. Hon nira, trén thuc t& quadrotor da dugc thiét
ké va diéu khién bang tay do do c6 thé xac dinh dugc
c4c tin hiéu vao ra thong qua cac cam bién gin trén
than nén viéc xac dinh mé hinh toan cia né thong qua
phuong phap nhan dang sé& sat thyc t& hon, chinh xac
hon viéc xac dinh m6 hinh toan theo phuong phap mo

y(k+2)-2y(k+1+ y(k)

y(k+1) - y(k)

hinh hoa; Bén canh do6, phuong phap binh phuong
phuong sai nho nhét 12 phuong phép c6 thuat toan dé
hiéu, dé lap trinh duoc va n6 cho phép tinh toan uéce
lugng tham s va do d6 xac dinh duoc md hinh toan
cuia d6i trong diéu khién mot cach kha chinh xac.
That vay, thudt toan nhan dang theo phuong phap
binh phuong phuong sai nhé nhat dugc trinh bay nhu
Sau.
Néu ham truyén ciia h¢ thong véi cac tham sb dong
hoc chua biét c6 dang chung [7]:

W( :m:_zbombl (6]

U(p) p°+ap+a,

Tinh sai phan theo chu ky 1ay mau T, [12]:

Ay(k) _ y(k+1)—-y(k).
T, T, ’

Ay(k) _y(k+2)-2y(k+1)+ y(k)
Toz Tz

Au(k) u(k+1)-u(k)
TO - TO

Thay vao (1) ta dugc:

u(k +1) —u(k)

T2 . T +a,.y(k) =h,. T +b.u(k)
0 0
=YK =yk-1)(2-2a,.T,)+ Yk —-2)(-1+a,.T,—a, T ) +u(k —1).b, T, +u(k —2)(—h, T, +b,.T;)
)
Ky hi¢u Y(k) dudi dang Y(k)/(k-1), dugc hiéu 1a tham  phuong trinh (2) dugc viét dudi dang sau:
s6 Y(k) dugc tinh toan ¢ thoi diém trude no, khi do
Y (K)/(k-1)=0, Y (k-1)+a, Y (k-2)+asu(k-1)+o,u(k-2) ?3)

trong do:
a,=(2-a,T,);

o,=-1+aT, -a,T;
0= b, Ty;

o,=-b,T, +b,T;.
Tir phuong trinh (3) voi biéu thirc Y(k)/(k-1), duge
viét lai nhu sau:

Y (K)/(k-1)=PTa(k-1) (4)
Trong do:
YT 1a véc to dir liéu nhan duoc tir hé thdng, duoc
xac dinh:

=[Y(k-1) Y(k-2) uk—-1) u(k—-2)];

Trong d6[Y (k—1) Y(k—2)]: 12 véc to dit liéu & dau ra
twong ung vai thoi diém (k-1), (k-2); ‘
[u(k=1) u(k—2)]: 1a cac véc to dir liéu dau vao tai

thoi diém (k-1),(k-2)
a(k-1)=[o, a, a, o,]:1a véc to hé s6 can danh gia.
Voi Y (k) 1a gia tri mdi do duge va Y(k)/(k —1) la gia
tri tinh theo ham truyén (tinh toan theo cac tham sb &
thoi diém trude do).
L0c nay biéu thirc sai s6 c6 dang:

e(k) = Y(k) - Y (k) /(k-1) ()
Gia sir rang qué trinh do cdc tin hi¢u dau vao va dau
ra cia hé thong dién ra trong khoang thoi gian
k=1,2,..., (N+2). Khi d6 tir (4), (5) nhan dugc phuong
trinh:

Y (K)=¥" (k)ak-1)+e(k) (6)
Véi YT(K)=[Y(2) Y(3) ..... Y(N+2)] - 1a véc to dir
liéu dau ra thu duoc:

Y@) YO)  UQ) U(0)
W (k)= Y(2) Y(1) U(2) u(1) ™)
Y(N+1)  Y(N) U(N+1)  U(N)

Sai léch e"(N+2) =[e(2) e(3d) ... e(N+2)]- la véc to Ham binh phuong sai 1éch duoc xac dinh:
sai léch ctia gi4 tri danh gia theo ham truyén va gia tri

thuc t& do duoc.
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N+2

F=e' (N+2)e(N+2)=)_e?*(K) 8
k=2
o oF
va dat gia tri nhd nhat khi — =0
Oa a=a
bat:
P(N+2)=[¥" (N+2) Y(N+2)I* )

D¢ ham muyc tiéu F ¢ biéu thire (8) dat gié trj nho nhét
bang 0 thi:
A(N-+2)=P(N+2)¥" (N+2)Y(N-+2) (10)

Nhu vay dé x;ic dinh cac tharp s6 danh gia cua mo
hinh tham chi€u (N +2), thi can phdi do dugc véc to
dir lidu dau vao va véc to dit ligu dau ra tir thoi diém
k=1 ...N+2. Khi d6 biéu thtrc (10) 1a thudt toan nhén
dang theo nguyén tac binh phuong sai phuong nho
nhat. )
Thuét toan nhén dang theo nguyén tac binh phuong
sai phuong nho nhat d¢ quy nhan dugc bang cach bo
sung thanh phan y(k)[Y(k +1) =¥ (k +1)a(k) cho
d(k) dé tinh g(k+1), nhu sau:

ak+1) = ak) + yk)[Y(k+1) - PT(k+1)ak)] (11)
Trong d6 tham s6 higu chinh (k) dugc tinh theo

biéu thire:
= —_POIP(D
¥ (k+1)P(K)P(k+1)+1

Gia tri véc to P(k+1) cho budc tinh tiép theo bang:

P(k+1) =l - y(k)‘l’T (k+1)]P(k)
voi 1 1a ma tran qorn vi. . i
Nhu véy sau n lan do cac gié tri dau vao va daura ta
duogc cac véc to tin hiéu dau vao va dau ra tuong Gng
u(k), Y(k), k=1...N+2.
Str dyng hai véc to dir liéu dau vao va dau ra nay vao
trong thudt toan nhan dang theo phuong phap dé quy
binh phuong sai phuong nho nhat ta nhan dugc cac
tham s6 danh gia o . Cac tham sb o danh gia dugc
nho thudt toan nhén dang, khi nay cho phép tinh toan
cac tham s dong hoc trong mo hinh toan co6 chu tric
(1). Nhu vay, cac tham s6 dong hoc nay phu thude
vao cac tham sd Olcod dugc va chu ky lay miu T,
trong hé thong.

4. Phan tich tinh kha thi cia thuat toan
nhin dang, mé phéng danh gia két qua
Déi tugng dleu khién — quadrotor la aéi tuong phirc
tap va phi tuyen manh, ly do la ton tai cac mdi quan

hé phi tuyén giita cac tham sé diéu khién, tham s bay
va cidc hé m6 men hoac luc tdc dong 1én quadrotor,

(12)
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tuy nhién ta nhan théy rang cac moi quan hé d6 1a phi
tuyén khi xét trong tong thé voi sy thay dbi 16n cua
cac tham s6 diéu khién hoic sy thay ddi 16n cua cac
tham s bay. Vé co ban, khi xét ddi twong bay noi
Chung o che do cu thé, v6i su thay dbi cia cac tham
s6 bay nam trong can nho, lac nay ta cé thé coi su phu
thudc cua cac md men hodc luc theo tham sb diéu
khién va tham sb bay 1a tuyén tinh. Chinh vi vdy mo
hinh toan tuyén tinh nhan dang dugc & mot ché do
dang xét chi 1a phan anh ban chat vt 1y cua ddi tugng
& ché @6 do, va viéc dung mdt mo hinh toan nay phuc
vu bai toan diéu khién nang cao 1a chwa day du. Dé co
thé thuc hién dugc bai toan xdy dung hé théng diéu
khién nang cao, ta phai c6 bd cac md hinh toan bang
phuong phép nhin dang twong ty ¢ nhiéu ché do va
diéu kién bay khac nhau. Tiép theo d6, qué trinh sur
dung cac md hinh toan cho cac thuat toan diéu khién
ning cao phai co su hiéu chinh theo ché do bay, hoac
dd cao bay tuong tng.

Nhu vay, véi viéc phan tich trén va trén co so thuét
toan nhan dang da dugc trinh bay ¢ trén nhém tac gia
d3 tién hanh kiém tra danh gia tinh kha thi cua thuat
toan nhan dang ap dung cho quadrotor biang cach
kiém chimg phan ting hé thong véi mé hinh miu coa
mot loai quadrotor cua nudc ngoai [7] da dugc xic
dinh m6 hinh toan qua phép nhan dang riéng. Logic
cia van d& 1a khing dinh tinh kha thi cua phuong
phép nhan dang hay ndéi cach khac la danh gid tinh
chinh xac ciia md hinh toan nhan dang dugc qua viéc
so sanh phan tng ciia nd trén hé thdng voi moé hinh
toan mau. Cu thé nhu sau: M6 hinh toan mau dua vao
mo phong, sau d6 thu nhan di liéu vao ra dé tién hanh
nhén dang theo thuat toan dé xuét, két qua nhan dang
sau d6 dugc danh gia bang cach so sanh su trung
khép cac phan tmg cua hé thong vdi cac dang tin hidu
d4u vao khac nhau qua md hinh toan mau va mé hinh
toan vira nhan dang duoc. Do md hinh toan mau va
mo hinh todn nhin dang dugc xét trong mot ché do
lam vi du nén nhém tac gia di lan luot moé phong
danh gia két qua vai cac dang tin hiéu dau vao khac
nhau va chi dua ra két qua so sanh phan tng diu ra
ctia hé thong véi md hinh toan mau va mé hinh nhan
dang dugc. Céc tin hi¢u dugc dua vao mo phong bao
gdm: tin hiéu dau vao dang xung step c6 nhifu tac
dong; tin hiéu dau vao dang sin c6 nhiéu tac dong va
tin hiéu dau vao két hop gitra tin hiéu dang xung step
va tin hiéu dang sin c6 nhidu tic dong. Két qua mo
phong dugc thé hién trén cac hinh v& sau:

Theo kénh nghiéng:
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Theo kénh chic ngéc:
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Theo kénh hudng:
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5. Két ludn

Qua viéc mo phong tin hiéu ra cia mé hinh mau va
mo hinh nhin dang dugc theo cac kénh ciia quadrotor
cho thiy ring, mic du cac tin hiéu dau vao thay d6i
v6i nhidu dang tin hiéu khac nhau cing véi su tac
dong cua nhidu nhung tin hiéu diu ra ctia mo hinh
nhan dang dugc luén bam sat véi tin hiéu dau ra cua
md hinh miu, nghia 1a ¢6 dugc sy ddng nhat phan g
ctia hé théng v6i mé hinh toan nhan dang dugc va md
hinh todn mau theo céac kénh.

Véi co s¢ phan tich va két qua moé phong ta ¢ thé
hoan toan khang dinh dugc rang, thuat toan nhan dang
da chon ap dung tt cho ddi twong la quadrotor. Khi
nghién ctru nhian dang & nhiéu diéu kién va ché do
khac nhau, ta s& ¢6 bo cdc md hinh todn va ching co
thé dugc sir dung dé tong hop hé théng diéu khién co
chat lwong cao hon.

Do diéu kién vé thiét bi va phwong tién thu thap xu 1y
thong tin chua duogc trang bi ddy du nén ndi dung bai
bao méi chi dirng lai & viéc mé phong dé chimg minh
tinh kha thi ctia thuat toan nhan dang 4ap dung cho
quadrotor, viéc ching minh tinh chinh xac cia thuit
toan thong qua thuc nghiém s& tiép tuc dugc nghién
clru va cong b trong thoi gian gan nhat.
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