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Tom tit: Trong cdc hé thong diéu khién UAV (Unmanned Aerial Vehicle), viéc xdc dinh
chinh xdc trang thdi trong khéng gian nhw géc chiic ngée, géc nghiéng, géc hudng va cdc téc do
gbc tiong vmg la yéu cau thiét yéu dé dam bdao dg on dinh va déap vmg nhanh. Tuy nhién, cam bién
qudn tinh MPUG050 - gom con quay hoi chuyén (gyroscope) va cam bién gia toc (accelerometer)
- thwong bi anh huong boi nhiéu va tréi cam bién (bias drift). Bai bdo nay trinh bay két qua so
sanh giita toc dé géc do triee tiép tir cam bién MPU6050 va toc d géc woe heong théng qua bé
quan sdt Luenberger. Phirong phdp dé xudt cho phép giam nhiéu va cdi thién tinh 6n dinh cia tin
hiéu géc, givip tiang chat heong diéu khién trong hé LOR cho UAV bon cdanh (Quadrotor). Két qua
mé phong va thie nghiém cho thdy tin hiéu wéc lwong tir bé quan st ¢6 dang mueot hon, phén dnh
diing xu huéng déng hoc thue, dong thoi giam dang ké sai s6 tirc thoi.

Tir khoa: UAV, Quadcopter, MPU6050, cam bién quan tinh IMU, téc do goc, nhiéu va tréi cam
bién, bg quan sat Luenberger, wéc leong trang thdi

I. Pit van dé

Trong céc hé thong diéu khién may
bay khong nguoi 1ai (UAV - Unmanned
Aerial Vehicle), viéc xac dinh va duy tri
chinh xac trang thai cua phuong tién la
mot yéu cau thiét yéu (Mahony & cong
su, 2008; Allende-Pena & cong su, 2021).
Thong tin vé téc d6 goc dong vai trd quan
trong trong dinh luat diéu khién. Tin hiéu
nay dugc su dung dé duy tri su 6n dinh
trang thai, chdng cac dao dong chu ky
ngin, cung cap tin hiéu phan hdi cho cac
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b diéu khién nhu PID, LQR hoic bo diéu
khién t6i uu (Bouabdallah & cong su,
2004; Madani & Benallegue, 2006), dong
thoi ho trg tinh toan géc quay thong qua
phép tich phan toc do goc, gitp udc luong
trang thai ciia UAV.

Trong thuc té, gia tri tbe do gbc
thuong duoc do truc tiép tir cam bién con
quay tich hgp trong module MPUG6050,
mot loai cam bién quén tinh MEMS phé
bién va co chi phi thip (Allende-Pefia &
cong su, 2021). Tuy nhién, do gidi han ctua



phan cirng MEMS, tin hiéu do duoc thuong
bi anh huong dang ké boi cac yéu té nhu
nhiéu ngau nhién (random noise), troi nhiét
(thermal drift) va sai s6 bu 1éch (bias error).
Céc yéu td nay gay ra hién twong dao dong
tin hiu, sai 1éch gié tri trung binh va bién
dang dit liéu theo thoi gian, khién két qua
do khong phan énh chinh xéc trang thai
dong hoc thuc cua UAV (Allende-Pefia &
cong su, 2021; Hashim, 2022).

Khi dir liéu cam bién khong chinh
xéc, chit luong diéu khién cua hé théng
bi suy giam ro rét. Bac biét, trong cac ung
dung diéu khién ty dong yéu cau do on
dinh cao nhu UAV, tin hiéu toc do goc bi
nhidu c6 thé dan dén sai 1éch 16n trong qua
trinh tinh toan goc nghiéng, anh hudng
dén kha nang can bang va diéu huéng cua
phuong tién (Mahony & cong su, 2008;
Hoffmann & cong su, 2007). DPé khic phuc
van d& nay, can p dung cac phuong phap
udc lugng trang thai (state estimation)
nham tai tao lai tin hiéu téc do goc thuc,
loai bé nhidu va cai thi¢n do on dinh cta
tin hi¢u phan hoi (Chnib & cong su, 2023;
Van Goor & cong su, 2023).

Mot trong nhiing phuong phap
duoc su dung rong rai va co hiéu qua cao
la b0 quan sat Luenberger (Luenberger
Observer). Dya trén mo6 hinh toan hoc cua
hé théng, bd quan sat nay cho phép wdc
luong lai cac bién trang thai (bao gdm
goc va tbe do goc) tir tin hiéu dau ra do
duoc (Chnib & cong su, 2023). Voi uu
diém téc do hoi tu nhanh, tinh 6n dinh cao
va kha nang trién khai d& dang trén cac
nén tang vi diéu khién nhu Arduino hodc
STM32, bo quan sat Luenberger trd thanh
giai phap phu hop cho cac tng dung diéu
khién UAV c6 yéu cau do chinh xac va
tinh thoi gian thuc cao (Van Goor & cong
su, 2023; Hashim, 2022).
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IL. Co 6 1y thuyét

2.1. Mo hinh toan cua UAV logi
Quadcopter
May bay khong ngudi 1ai boén canh
quat (quadcopter UAV) 12 mot hé phi
tuyén sau béc tu do, duoc diéu khién boi
bdn dong co tao ra cac lyc va mdémen
ddc 1ap. M6 hinh dong luc hoc cia UAV
dugc xdy dung dua trén phuong trinh
Euler-Newton, md ta mdi quan hé gitra
luc nang, mémen va trang thai chuyén
dong cia UAV (Mahony & cong su, 2008;
Bouabdallah & cong su, 2004).
{mX=-U(cosysindcosy+sindsiny) (1)
my=-U(cosysindsiny-sindcosy)
mz=U(cosycosd)-mg

L p=(Iy-IZ).qr+ry L q=(L -1 )pr+=, @)
L I:(IX-Iy)pq'i“Cw

Trong do:

(x,y,2) 1a toa do vi tri UAV;,

(v,9,0) la céac goc Roll, Pitch, Yaw;

(p,qr) 1a tc do goc twong tng;

(IX,Iy,IZ) la mémen quan tinh theo
tung truc;

(U,TV,TS,‘F w) lﬁq luot 14 luc nang va
cac mOmen di€u khién;

(m,g) 14 khéi luong va gia toc trong
truong.

Dé don gian cho qua trinh tinh toan,
gia st UAV chi quay quanh truc pitch
(9), ta bé qua chuyén dong quanh céc truc
khac. Phuong trinh dong luc hoc gian lugc
con lai (Hoffmann & cong su, 2007):

Iy§=1:S (3)

bat x,=3,x,=%,u=t,,y=3. Khi d6 mo

hinh khong gian trang thai cia hé dugc
viét dudi dang:

. .1
X =X X = 7-U (4)
y
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Trong do:
X =Ax +Bu,y = Cx

A=[0100LB=[0;J,C=[10] ()
y

Ma tran 4 mo ta dong hoc goc pitch
da gian luge: dao ham cua goc bang toc
d6 goc va dao ham cua toc do goc bang
mo men chia cho mé men quén tinh. Ma
trdn B biéu dién anh huéng tryc tiép cua
mo men diéu khién 1én gia tbc. Ma tran C
thé hién cam bién do goc pitch. Hé trén 1a
tuyén tinh va c6 thé ap dung cac phuong
phap diéu khién hién dai nhu LQR hoic
quan sat trang thai. Dé xay dung bd quan
st, ta can dam bao hé 1a kha quan sat
(observable).

2.2. Thiétké b quan sdt Luenberger
cho goc Pitch

Trong hé¢ UAV thuc té, cam bién
MPU6050 cung cip goc nghiéng (tir gia
toc ké) va toc do goc (tir con quay hoi
chuyén). Tuy nhién, téc do goc do duoc
thuong nhiéu va bi tréi. Bo quan sat
Luenberger dugc st dung dé udc luong
lai toc d6 goc tir goc do duoc.

X = A% + Bu+ L(y — CX) (6)

Sai s6 udc luong duoc dinh nghia 1a
e = x — X. Khi do:

é=(A—-LC)e (7)

Trong mo6 hinh cua UAV, ma tran

trang thai A c6 da thuc dac trung la:
det det (s] — A) = s?

Pa thirc c6 nghi¢m tai s =0 (bdi 2).
Pay la dic diém cua cac md hinh khong
c6 thanh phan can d6i véi dong hoc goc:
téc do goc 1a tich phan ctia moé men, va
goc 1a tich phan cua toc d6 goc. Do do,
ban than mo hinh 1a h¢ bién 6n dinh va
khong c6 kha nang tu triét tiéu sai sb theo

thoi gian. Diéu nay din dén mot hé qua
quan trong: néu khong thiét ké bo quan
sat, sai s6 w6c luong s& khong suy giam,
téc d6 hoi tu rat chdm va dé bi anh huong
boi nhiéu ngﬁu nhién, dac biét 1a troi bias
cta cam bién MPU6050.

Vi Iy do d6, bo quan sat can phai
duoc thiét ké sao cho céc cuc ciia ma tran
A—LC dugc dich sang bén trai truc tung
trong mat phéng s, nham tao ra toc do hoi
tu nhanh va triét tiéu sai sd uéc lugng theo
thoi gian. Cac cuc cua by quan sat dugc
dat ra xa hon vé phia trai truc thyc tai s =
-8 va s = -10. Viéc lya chon nay giup sai
s6 u6c lwong hoi tu nhanh hon khoang 4-5
1an so véi hé thue, dam bao réng bo quan
sat ¢6 thé: giam déng ké nhidu cao tan cua
gyroscope, han ché hiéu ung troi do tich
phan gobc, tai tao tbe do gbc muot va on
dinh hon, cung cép tin hiéu chét luong cao
cho bo diéu khién (nhu LQR hoic PID
nang cao).

Tuy nhién, viéc chon cuc qua xa vé
bén trai c6 thé lam ting d6 nhay véi sai
s6 mo hinh va nhiéu do. Vi vay, cip cuc
s =-8 va s =-10 dugc chon nhu mot su
can béng gitra tde dd hoi ty, kha nang loc
nhiéu, va d¢ 6n dinh s khi trién khai trén
Arduino véi tan sb 1dy mau 100 Hz.

Vi cdp cuc s =-8 vas =-10, ta co:

(st8)(s+10)=s>+18s+80 (8)

Khi d6, ma tran khuéch dai L duoc
tinh bang phuong phap dit cuc (pole
placement):

L=[18 80 ] 9)

. 1
x=[0100]%+ [0 —
IY

+[1880](y —[101%)

u

(10)

Trong hé théng thuc nghiém sir dung
Arduino Uno va cam bién MPU6050, toan



bo dit li¢u dugc thu va xur 1y theo chu trinh
tudn ty voi tan s6 1y mau cb dinh 100 Hz.
Qua trinh nay khong dién ra song song ma
duoc thuc hién lan luot trong moi chu ky
0,01 s, bao g@)m cac buoc:

Buéce 1: (Poc dir lifu cam bién)
Arduino nhén gia tri gia toc va téc do goc
tr MPU6050 thong qua giao thire 12C.

Budc 2: (Tinh goc pitch) tu dir licu
accelerometer, goc dugc ude tinh dé cung
cap thong tin do cho bd quan sat.

Budéc 3: (Cap nhat bo quan sat
Luenberger) dung mo6 hinh UAV va goc
do duoc dé udce tinh lai trang thai, dac bi¢t
1a téc d6 goc da giam nhiéu.

Budéc 4: (Ghi va truyén dir liéu)
két qua duoc Iuvu va giri sang may tinh dé
phan tich.

I11. Phwong phap nghién ciru

Nghién ciru dugc tién hanh theo
hai huéng chinh: phuong phap nghién
ctru 1y thuyét va phuong phap nghién
cuu thyc nghiém, ddm bdo tinh toan
dién trong viéc danh gid hi¢u qua cia bd
quan sat Luenberger so voi tin hi¢u do
tir cam bién MPU6050.

3.1. Phuwong phdp nghién civu Iy thuyét

- Phan tich tinh diéu khién duoc
(controllability) va tinh quan sat duogc
(observability) dé dam bao kha ning thiét
ké bo diéu khién va bo quan sat.

- Thiét ké bd quan sat Luenberger
bang phuong phap dit cuc (pole
placement) nham dam bao sai sd udc
lugng hoi tu nhanh.

- Xay dung thuat todn md phong
trén MATLAB/Simulink hodc Python dé
kiém chung tinh on dinh va dd chinh xéac
ciia bd quan sat trong diéu kién nhiéu
gia lap.
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3.2. Phuwong phap nghién ciru thuc
nghiém

Trong hé théng thuc nghiém, bd
quan sat Luenberger duoc trién khai truc
tiép trén Arduino Uno véi tan s6 1dy mau
¢ dinh 100Hz (chu ky 0,01 s). Sau khi roi
rac ha md hinh va ma tran L bang phuong
phap Euler tién, thuat toan observer dugc
thue hién tudn tu trong ting chu ky lay
mau. Cu thé, & mdi bude tinh, Arduino
doc dir li¢u gyroscope va accelerometer tur
MPU6050, tinh goc pitch tiraccelerometer,
sau do cap nhat trang thai udc lugng theo
cong thuc:

Xk + 1] = Agx[k] + Baulk]
+ La(y[k] — Cx[k])

Ky hiéud (discrete) thé hién ma tran
roi rac. Tan s6 léy mau 100Hz dugc lua
chon vi dap ung du nhanh so voi cac cuc
quan sat da dat tai -8 va -10. Véi thoi gian
héi tu Iy thuyét khoang 0,1-0,2 s, viéc lay
mau & 100Hz dam bdo qua trinh roi rac
hoa khong lam méat 6n dinh hé quan sat,
ddng thoi gitip bo quan sat tai tao tin hiéu
tdc do goc voi do tré rat nho. Néu tan sd
ldy mau thap hon, do tré va sai sb roi rac
hoa co thé 1am giam dang ké kha ning loc
nhiéu cua b quan sat.

(11

IV. Két qua thwe nghiém, danh gia

Thi nghi¢m duoc tién hanh trén mo
hinh UAV loai quadcopter c& nho, trang
bi cam bién MPU6050 dé do gia toc va
tbc do goc, cung vi diéu khién Arduino
Uno dé lap trinh bd quan sat Luenberger.
Muc tiéu 1a so sanh: Tin hiéu tdc do gbc
do tryc tiép tir MPU6050 (gyro output) va
tin hiéu tdc do gbc ude lugng tir bd quan
sat Luenberger (observer output). Dir li¢u
duogc thu thap voi tan sé 14y mau 100 Hz
va truyén vé may tinh qua cong Serial dé
xtr 1y, hién thi trén phan mém.
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Hinh 1. Cam bién MPU6050

Ma chuong trinh thyc thi trén
Arduino bao gém: Khdi doc dir liéu
MPU6050 (goc, tbe do gbc), khdi bd quan
sat Luenberger, tinh toan theo cong thirc:
Khdi xuét dir lidu ra Serial cho may tinh.

Hinh 2 thé hién su so sanh gitra hai
tin hiéu toc do goc:

- Pudng mau xanh: toc do goc do
truc tiép tir gyroscope ciia MPU6050.

- Puong mau do: téc do goc ude
luong tir by quan sat Luenberger dua trén
mo hinh UAV va goc do dugc.

Phan tich cho thidy: Pudng mau
xanh (gyro tho) dao dong manh, chua
nhiéu nhiéu cao tan dic trung ciia cam bién
MEMS, va thé hién rd xu hudng trdi khi
tich phan. Puong mau do (Luenberger)
muot hon, bam theo xu hudéng dong hoc
cta hé tét hon do sur dung mo hinh va hi¢u
chinh sai s6 thong qua quan sét trang thai.
Do tré cua observer rit nho (& muc vai
mili-gidy) vi tin hi€u chi chiu mot budc
tinh toan duy nhat. Mrc tré nay hau nhu
khong anh huong dén diéu khién UAV,
boi tan s6 1dy mau 100 Hz cia Arduino
van dap umg tbt yéu cu 6n dinh vong kin.
Nho sy loc nhidu va bam tin higu t6t hon,
dudong mau do cho thiy kha ning tai tao
téc d6 goc phi hop hon dé sir dung trong

51 —— Gyro output
—— Observer ouput
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Hinh 2. So sanh tin hiéu toc do goc: MPUG6050 (xanh) va
Luenberger Observer (do)

diéu khién, dic biét trong cac bo diéu
khién nhay v&i nhidu nhu LQR.

Tin hiéu téc do gbc sau khi duoc
udce luong boi bd quan sat Luenberger
dong vai tro truc tiép trong vong phan
hoi ciia bd diéu khién UAV. Céac phuong
trinh (1), (2), (3) mo6 ta dong luc hoc co
ban cua UAV, gdm quan hé giita momen
diéu khién, tbc do goc va goc nghiéng. BO
diéu khién, ddc biét 1a LQR trong hé thong
nay, st dung trang thai dé sinh Iénh diéu
khién u. Do do, chét lugng cua tin hi¢u w
anh huong truc tiép dén do 6n dinh va kha
nang bam theo cua UAV.

Néu str dung truc tiép toc do goc tir
gyroscope, nhiéu cao tin va troi tich liyy dé
gdy dao dong diéu khién, lam ting luc bu
va giam tudi tho dong co. Khi thay thé bang
tdc do goc sau quan sat, tin hiéu phan hoi
trd nén muot hon, 6n dinh hon va bam sat
dong hoc that cia UAV. Nho d6: bién do dao
dong giam, thoi gian dap img nhanh hon, hé
thong it bi tac dong boi nhidu MEMS, va
thuat toan diéu khién st dung mé hinh (1),
(2), (3) phat huy hiéu qua t6i da.

Diéu nay chimg minh vai trd quan
trong cua vi¢e Kkét hop mé hinh UAV va
quan sat trang thai trong vi€éc nang cao
hiéu nang diéu khién.



Nhdn xét:

Tin hiéu tr MPU6050 chita nhiéu
ngau nhién cao va xut hién do troi (drift)
khi UAV dtng yén. Tin hi¢u tir Observer
da duogc [am muogt dang ké, dac biét trong
vung dao dong nho. Sai 1€ch trung binh
giita hai tin hiéu trong trang thai 6n dinh
nho hon 0.5%s, cho thiy do chinh x4c cao
cta by quan sat.

V. Két luan

Bai bdo nay tap trung nghién ctru
mo hinh toan va phuong phép thiét ké bo
quan sat (Observer) cho hé théng UAV
loai quadcopter, v6i muc tiéu udc luong
tin hiéu tbc do goc tir dir liu do cam
bién MPU6050 (Allende-Pefia & cong
su, 2021). Trén co s& mo hinh dong hoc
goc pitch cia UAV, bai bao da tién hanh
tuyén tinh hoa, xy dung mé hinh khong
gian trang thai va thiét ké bd quan sat
Luenberger nham wéc luong tin hiéu tdc
do goc (Chnib & cong su, 2023; Van Goor
& cong su, 2023).

Sau do6, nghién ctru thuc hién so
sanh gitra tin hi¢u tbe do gbc thu dugc
truc tiép tr cam bién MPU6050 va tin
hiéu udc luong thong qua bd quan sat,
dua trén dir li¢u thuc nghiém tir h¢ théng
UAV mé phong va trién khai trén vi diéu
khién Arduino (Allende-Pefia & cong su,
2021; Hashim, 2022). Két qua cho thiy b
quan sat cho phép lam giam nhiéu ngau
nhién, han ché troi cam bién, déng thoi
tao ra tin hiéu muot hon va 6n dinh hon
so v6i dir liéu tho tir cam bién, phu hop
v6i cac phan tich vé tac dong ctia bo quan
sat trong UAV da dugc dé cép trong céc
nghién ctu gan day (Chnib & cong su,
2023; Hashim, 2022).

Céac két qua thu dugc chimg minh
tinh hiéu qua cta phuong phéap ude lugng

99

st dung bo quan sat Luenberger trong vi¢c
cai thién chat lugng tin hiéu phan hdi phuc
vu diéu khién UAV, dic biét dbi véi cac
bd diéu khién PID, LQR va cac bo diéu
khién hién dai trong UAV (Bouabdallah
& cong su, 2004; Madani & Benallegue,
2006; Mellinger & Kumar, 2011). Nghién
ctru ndy co thé dugc xem 1a co so tham
khao dé phat trién cic bo quan sat nang
cao (nhu Kalman Filter, Extended Kalman
Filter) va tich hop chiing vao hé thong diéu
khién UAV trong cac nghién ctru tiép theo
(Mahony & cdng su, 2008; Hoffmann &
cong su, 2007). Pong thoi, két qua ciing
mé ra huéng Gng dung thuc tién trong
viée thiét ké, ché tao bd diéu khién UAV
v6i kha nang do luong va ude luong chinh
xac hon, phuc vu cac nhi€ém vu bay on
dinh va tg dong trong diéu kién thuc té
(Hashim, 2022).
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COMPARATIVE ANALYSIS OF ANGULAR VELOCITY FROM
MPU6050 SENSOR AND OBSERVER-BASED ESTIMATION IN
UNMANNED AERIAL VEHICLE CONTROL

Le Quy Anh', Ngo Doan Thanh'

Abstract: In Unmanned Aerial Vehicle (UAV) control systems, accurate estimation of
spatial attitude states such as pitch, roll, yaw angles, and their corresponding angular rates
is essential to ensure stability and fast dynamic response. However, the MPU6050 inertial
measurement unit - consisting of a gyroscope and an accelerometer - is often affected by
sensor noise and bias drift. This paper presents a comparative analysis between angular
rates measured directly from the MPUG6050 sensor and those estimated using a Luenberger
observer. The proposed method effectively reduces measurement noise and enhances the
stability of attitude signals, thereby improving control quality in a Linear Quadratic Regulator
(LOR)-based quadrotor UAV system. Simulation and experimental results demonstrate that
the estimated signals obtained from the observer are smoother, accurately reflect the true

dynamic behavior, and significantly reduce instantaneous errors.

Keywords: UAV, Quadcopter, MPUG6050, IMU sensor, angular rate, noise and bias drift,

Luenberger observer, state estimation
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