58

UNG DUNG THUAT TOAN KALMAN NANG CAO
CHAT LUOQNG TiN HIEU CHO KENH GOC TAN
CUA MAY BAY KHONG NGUOI LAI

Nguyén Thanh Lam!
Email: nguyenthanhnam.nam89@gmail.com, ORCID: 0009-0008-0803-0964

Ngay toa soan nhan dugc bai bao: 10/11/2025. Ngay phan bi¢n danh gia: 05/05/2026.
Ngay bai bao dugc duyét dang: 22/05/2026
DOI: 10.59266/houjs.2026.1293

Tém tit: Bai bdo nay trinh bay iing dung thudt todn Kalman dé nang cao chat lwong tin
hiéu cho kénh goc tan ciia may bay khong nguweoi lai (UAV). Kénh goc tan cung cdp thong tin
quan trong cho hé thong diéu khién huwdng bay, nhung tin hiéu thu dwoc tir cam bién thuong
bi nhiéu béi nhiéu yéu 16. Thudt toan Kalman dwoc sir dung dé wéce tinh goc tan thye té cia
UAV tir tin hiéu bi nhiéu, qua dé cdi thién dg chinh xdc ciia théng tin géc tan. Nghién ciru tdp
trung vao doi tiwong UAV canh bang c& nho trong ché dé bay bang, noi tin hiéu khi dong hoc
doi héi do tré thap va dg chinh xdc cao. Bai bdo mé ta chi tiét mé hinh hé thong, cdch thirc
lia chon ma trdn hiép phwong sai nhiéu (O, R), thiét ké bé loc Kalman, mé phong va danh
gia hiéu qua thong qua cdc chi tiéu dinh lu’O’ﬂg (RMSE MAE). Két qud mé phong cho thdy
bé loc Kalman so véi b loc thong thdp truyen thong (LPF) dd cdi thién ddng ké d¢ chinh
xdc ciia tin hiéu géc tan (so véi tin hiéu goc), gop phan ndng cao hiéu sudt va dé an toan cho
UAV trong qua trinh hoat dong.

Tir khéa: Bé loc Kalman, goc tan, loc nhiéu cam bién, mdy bay khéng nguwoi lai (UAV), wée

luong trang thai
I. Pit van dé

B0 loc Kalman 1a mdt phuong phap
udc lugng trang thai cua hé théng dua trén
mo hinh khong gian trang thai va thong
tin do dac. Pugc phat trién boi Rudolf E.
Kalman vao nhiing ndm 1960 (Kalman,
1960), b loc Kalman da tré thanh mot
cong cu quan trong trong linh vuc xu ly
tin hi€u, bdm sat myc tiéu anh (Benzin
& cong sy, 2004), hé thong diéu khién
va udc luong tham sé (Kalman & Bucy,
1961). Bo loc Kalman két hop cac phép
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do hién tai véi du doan trang thai cua hé
théng dé tao ra udc luong tdi wu theo tiéu
chuan binh phuong sai s6 nho nhét.
Trong linh vuc hang khong, dac biét
1a dbi voi may bay khong nguoi lai (UAV),
viéc xé4c dinh chinh xac cac tham sb trang
thai nhu goc tdn ¢ ¥ nghia rat quan trong.
Goc tan 1a mot trong nhitng tham sb khi
dong hoc then chdt, anh huong truc tiép
dén luc nang, lyc can va tinh on dinh cua
may bay. Tuy nhién, trong thuc té khai théc,
tin hiéu thu duge tir cam bién do gbc tan



(vi du: 6ng pitot nhiéu 16 hodc canh gid)
thudng chiu anh huéng cua nhiéu do
luong, rung dong co khi cua khung vo, sai
sd lp dat (Friedland, 1969) va su nhidu
loan cua dong khi. Piéu nay lam suy giam
do tin c@y cua kénh tin hiéu, dan dén sai
s6 trong khau phan hdi ciia hé thong diéu
khién tu dong, lam giam sy 6n dinh va an
toan bay.

Nhiéu nghién ctru gan diy da quan
tam dén viéc cai thién chat luong tin hiéu
cam bién cho UAV. Dién hinh nhu Wang
va cong su (2016) da dé xuat phuong phap
dung hop cam bién dua trén bo loc Kalman
cho diéu huéng tu hanh; hay Sharma va
cong su (2019) da 4p dung céc bd loc phi
tuyén vao hé théng robot bay. Tuy nhién,
phan 16n cic nghién ciru thudng tap trung
vao bai toan dinh vi hoac dung hop dinh vi
quan tinh ma it di sdu vao viéc tdi vu hoa

IL. Co sé 1y thuyét
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tryc tiép tin hiéu khi dong hoc don 1é (kénh
goc tan) bé’mg thuat toan loc t6i wu véi cac
kiém chtng dinh luong cu thé.

Bai bdo tap trung tmg dung bd loc
Kalman tuyén tinh kinh dién vao viéc nang
cao chét lugng tin hiu goc tin cho ddi
tugng UAV canh bang ¢& nho trong ché
d6 bay bang. Pong gbép chinh cua bai bao
bao gém: (1) Trinh bay chi tiét cach thic
xdy dung mo hinh khong gian trang thai,
Ira chon chu ky 14y miu va thiét lap cac
ma tran hiép phuong sai nhidu qu trinh
(Q) va nhiéu do ludng (R) phu hop véi dic
tinh cia UAV; (2) Thuc hién mé phong
va so sanh danh gia hiéu qua cua bd loc
Kalman véi tin hi¢u chua loc va phuong
phép loc thong thap (LPF) truyén thng
thong qua céc chi tiéu dinh lugng nhu Sai
s6 binh phuong trung binh (RMSE) va Sai
sO tuyét d6i trung binh (MAE).

2.1. Mé hinh todn hoc kénh géc tin ciia UAV

e

s -

Hinh 1. Chuyén dong ciia UAV trong mdt phang dimg

Pé 4p dung thanh coéng bo loc
Kalman trong vi¢c udc lugng trang thai,
budc tién d& mang tinh quyét dinh 1a phai
thiét 1ap dugc mot mo hinh todn hoc mo
ta chat ché cac dac tinh dong luc hoc bay
cia UAV (Nguyén, 2002). M6 hinh nay

dong vai tro ¢t 16i trong viée cung cap
cac phuong trinh vi phan chi phdi chuyén
dong, tir d6 1am co s dé xay dung ma tran
chuyén trang thai va ma tran quan sat cho
thuat toan loc. Xét dac thu cua thong $6
goc tan (o) von 1a dai luong phan anh su
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tuong tac khi dong hoc chu yéu theo truc
doc cua may bay, bai toan c6 thé duge don
gian hoa bang cach tach riéng hé phuong
trinh chuyén dong doc khoi chuyén dong
ngang - huéng ma van dam bao do tin cay
cao. Dya trén nguyén ly dong luc hoc vat
ran, hinh 1 dudi ddy minh hoa chi tiét cac

hé toa do tham chiéu, vector van tdc, cac
thanh phﬁn luc tac dung va mbi quan h¢
hinh hoc cdu thanh nén chuyén dong cua
UAV trong mit phang dimg.

Dua trén cac dinh luat co hoc vat
rin, hé¢ phuong trinh chuyén dong doc
tong quat cia UAV c6 dang phi tuyén:

{mﬁ=Pcoscos(a—ab)—Xcoscosab +Ysinsina, — G
o do
sinsin @ mW —
dt
=Psinsin(a—ap)+Xsinsina, +Ycoscosa, —G (1)

dw, . dH o
coscos@ |, =Z M,w,=9 —=Wsinsinf 9

dt
=0+ (a—ap)
Trong do:
W 1a van tdc.
# 1a goc nghiéng quy dao.

9 1a gée chic ngoc.

o 1a goc tan.

P, X, Y, G lan luot 1a luc day, luc
can, lyc nang va trong luc.

dt

Céc phuong trinh vi phan & trén Ia
phi tuyén tinh, rat kho dé giai hodc tong
hop bd loc truc tiép. DPé khéc phuc, giai
phap dua ra 1a tién hanh tuyén tinh hoa mo
hinh dong luc hoc doc quanh diém lam viéc
6n dinh (ché do bay bang). Goi lan luot 1a
téc do goc chuc ngoc theo truc Z va goc
léch canh 14i 6 cao. Hé phuong trinh tuyén
tinh chuyén dong doc rit gon nhur sau:

{9+a§,‘a=01'9'+a,“,’éz9'+a;‘§lza=af,{’z(—6b)19—9—a=OH=WOHa)Z=z9 (2)

Duya trén mo hinh tuyén tinh hoa két hop v6i lya chon va tinh toan thong s6 tur thue

nghiém, ham truyén dong hoc dugc xac dinh dudi dang khau dao dong bac hai:

da(p) Ky w?

18 3)

W (p) =

Tu ham truyén trén, hé théng duoc
chuyén doi sang dang khong gian trang
thai lién tuc dé phuc vu thiét ké bo loc:

x(t) = Ax(t) + Bu(t) + w(t) (4)
y() = Cx(t) + 9(t) (5)
Trong do:

Vector trang thai x(t) = [, wz]".

—A8,(p) P+ 28,0up + w2 P2+ 1.699p + 1.207

Vector tin hiéu vao u(t) = [6p]

Tin hiéu dau rado luong y(t) = ameas-

A, B, C la cdc ma tran dac trung tinh
va dong cua h¢ théng UAV duogc ndi suy
tor ham truyén W(s).

o(?) 1a nhiéu qua trinh.

9(2) 12 nhidu do ludng ctia cam bién.



2.2. Thuat toan Kalman

Bo loc Kalman bao gdm qué trinh
du doan va qua trinh diéu chinh (Maybeck,
1974). Bé trién khai thuat toan trén vi diéu
khién s, mo hinh khong gian trang thai
lién tuc ¢ myc 2.1 dugc lugng tir hda. Mo
hinh ro1 rac c6 dang:

xk+1 - Fkxk t Gkuk + wk (6)
L~ Hk+lxk+1 Vi (7)

Dua trén mo6 hinh nay, thuat toan loc
Kalman thyc hién 1ap lai 2 qua trinh co
ban sau:

Qua trinh du doan (Prediction):

Trang thai du doén:
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Xk 11k = FiXpire + Gruk

Hiép phuong sai du doan:
Prs 1k = FrPueFF+ Ok

Qua trinh diéu chinh:

Hiép phuong sai d6 1éch:

Si+1 = Hicr 1P 10eHy 1 + Rice 1

D¢ loi Kalman (Kalman Gain):
Ki+1= Pk+1IkH,7;S,:jl

Trang thai udc lugng diéu chinh:

X+ 11h+1 = Xk 11k T Kier 1(zkr1 — Hy 11+ 118)

Hiép phuong sai u6e luong diéu chinh:
Prvik+1 = (L — Kg+1Hyi+1)Pr+ 11k

Prediction
N N Tnitial
(1) Xpyrpe = FrZepe + Griy p—
(2) Prs1jx = FePrpcFi + Qx Xy and Py

Update

_ T o-1
4) Kiy1 = PraqpcHp 1881

3) Sg41 = Hk+1Pk+1|kH£+1 + Ry

(
(
(5) Rarpers = Tearpe + Kiewr (Zewr — HirrBeaa i)
6) Priapesr = U — KprHyyr Py

Hinh 2. So' d6 khéi thudt toén Kalman

I11. Phuong phap nghién ciru

D¢ hién thuc hoa thuat toan, kién
trac hé théng dugc minh hoa trén hinh
3, trong d6 bd loc Kalman déng vai tro
nhu mdt by quan sat trang thai song
song v6i hé théng thuc. Bing cach
dung hop tin hiéu diéu khién dau vao
(1) va tin hiéu do dac c6 nhiéu tir cam
bién (v,), thudt toan s€ tri¢t ti€u nhiéu
ngiu nhién va bu trir sai s6. Qua do,

hé théng khoi phuc dugc gia tri goc tan
o tron nhin (v,) va tin cay dé dua vao
vong lip diéu khién bay.

»| Kalman Ve

u Y el filt >
Plant 1lter

Process noise Sensor noise y

Hinh 3. So dé cau tric ung dung bo loc

Kalman
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Dé bo loc Kalman hoat dong tdi uu,
viéc xac dinh ma tran hi¢p phuong sai
nhidu qué trinh (Q) va hiép phuong sai
nhidu do luong (R) 1a yéu t& quyét dinh.
Dua trén thong s6 thuc nghiém, cac ma
tran dugc thiét 1ap nhu sau:

Ma tran R (Hiép phuong sai nhiéu
do ludong): Phu thudc vao chit luong cua
cam bién. Trong diéu kién danh dinh,
phuong sai nhiéu do ludng dugc thiét 1ap
la R = I (Brown & Hwang, 2012).

Ma tran Q (Hiép phuong sai nhiéu
qué trinh): Phan anh sy khong chic chan
cua md hinh todn hoc va tac dong cua
moi trudong. Muc gia tri nay dugc xac
dinh budc dau dua trén viéc udc luong
phuong sai cia cac thanh phan dong
luc hoc chua duoc mo hinh hoéa va phé
ning lugng cta nhiéu dong dong khi
thuong tac dong 1én UAV canh bing c&
nho trong diéu kién bay thuc té. Dua
trén bién do udc lugng nay, thong qua
qua trinh tinh chinh thuc nghiém, gia tri
danh dinh dem lai dap tng t6i uu nhat
duoc lua chon la Q = 2.3. Néu chon Q
qué 1én, bo loc sé tin tudng vao phép do
c6 nhiéu; néu chon Q qua nho, phan hoi
ctia hé thong s& bi tré.

Bén canh d6, dé danh gia mot cach
khéach quan tinh wu viét cua phuong phép
dé xuét, nghién cuu da thiét lap mot Bo
loc thong thap (LPF) lam phuong phap ddi
chtng. LPF 1a bo loc kinh dién duoc st
dung rong rai trén vi diéu khién nham loai
b6 nhidu cao tan, hoat dong theo phuong

trinh sai phan bac nhat:

Vipelk) = By, pelk=1) + (1=P)y (k)
Trong do, hé $6 S dugc tinh toan
dua trén chu ky 1y mau va tan so cit (f).

Trong nghién ctru nay, LPF duoc thiét ké
v6i tan sb cat f. = 5Hz. Céc chi ti€u danh
gia dinh luong duoc str dung dé so sanh
giita cac phuong phap bao gdm:

Sai s6 binh phuong trung binh
(RMSE): bBanh giad mtc d§ phan tan cua
sai s0.

Sai s6 tuyét ddi trung binh (MAE):
Panh gia d¢ léch trung binh thyc té.

Thoi gian hoi tu (s): Thoi gian dé sai
s6 giam xudng va duy tri ¢ ving 6n dinh.

IV. Két qua nghién ctru va thao luan

Pé kiém chtng hiéu ning cta thuat
toan, h¢ thong duoc md phong trén moi
trrong Matlab/Simulink. Trong cau hinh
moO phong, thoi gian khao sat 1a 100s,
tin hiéu diéu khién du vao c6 dang dao
dong u(r) = 1000 + sin(t/7). Vi mo hinh
khi dong hoc di thiét 1ap, tin hiéu dau ra
cua hé théng s€ c6 sy qua d0 manh va
bién d6 xac lap dat murc xap xi 15000.
Tin hiéu goc tan dau ra duge cong thém
nhiéu tring Gauss nham gia 1ap sat nhat
v6i tin hiéu cam bién trong thuc té. Qua
trinh danh gia dugc tién hanh thong qua
hai truong hop:

Trudng hop tht nhat: Hé thong duoc
khao sat dudi tdc dong cua nhiéu cé dic
tinh théng ké ¢ dinh (cac tham s6 duoc
gan hang s6 Q0 = 2.3vaR = ).

Truong hop thir hai: M6 phong duoc
thiét 1ap voi muc do phirc tap cao hon khi
bién do nhiéu thay ddi lién tuc theo thoi
gian theo cac ham Q) = 2.3 va R(t) =
cos(0.2t).
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Duya trén dit liéu md phong tir phan
mém MATLAB, bai bao da trich xuét va
tinh toan phurong sai sai s6 nham d6i chiéu
chét luong tin hiéu goc tan trude khi loc,
sau khi qua b loc thong thap (LPF) va sau
khi qua bo loc Kalman (Do dac tinh ngéu
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nhién ctia ham sinh nhidu tring Gauss
trong m6 phdng, cac gia tri sai s6 dinh
luong s€ c6 sy dao dong nho quanh gia
tri trung binh sau mdi lan chay mo phong.
Tuy nhién, tinh wu viét cua thuat toan
Kalman luén dugc bédo toan tuyét déi).

Bdng 1. So sanh cdc chi tiéu dinh lwong (Trwong hop O, R ¢ dinh)

Phurong phip Sai s6 RMSE Saisd0 |Thoi gian bam sat| Trang thai hiép
(do) MAE (d¢) tin hi¢u (s) phuong sai
Tin hiéu do luong goc (C nhiéu) 1.0885 0.8566 0.00 -
Qua b9 loc thong thap (LPF) 1813.5763 596.2333 21.00 -
Qua bo loc Kalman 1.0915 0.8666 1.00 Hoi tu tinh (~1s)

Truong hop 1: Tur Bang 1 va Hinh
4, ta thay dic tinh dap Gng qua d6 bién
do 16n (~15000) lam boc 16 rd nhuoc
diém chi mang cua phwong phap loc
LPF truyén théng. Do tinh i cao, LPF
bi tré pha tram trong, mat téi 21s méi
c6 thé bam sat quy dao thuc. Sy tré pha
khéng 16 nay khién chi s6 RMSE téng
thé ctia LPF vot 1én mtrc 1813.57, hoan
toan khong thé sir dung cho khau phan
hoi thoi gian thuc cua UAV. Ngugc lai,
thuat toan Kalman bam chét quy dao ly

tuong ngay tir gidy dau tién (thoi gian
bam sat chi 1s). Pong thoi, do dic tinh
nhiéu 1a ¢ dinh, ma tran hi¢p phuong
sai cia by loc Kalman ciing hoi tu tinh
cuc ky nhanh chong (dat trang thai bao
hoa chi sau 1s (Hinh 4). Chi s6 RMSE
cia Kalman (1.0915) gan nhu tuong
duong véi bién do nhiéu cua tin hiéu
gbc (1.0885), chirmg minh rang Kalman
loc tin hiéu ma khong hé gay ra do tré
pha hay lam méo dang quy dao trong
sudt giai doan qué do.

Bdng 2. So sanh cdc chi tiéu dinh lwong (Trieong hop O, R thay doi)

Phuons pha Sai s0 RMSE | Sai s0 MAE | Thoi gian bam | Trang thai hiép
g p P N (do) (do) sat tin hiéu (s) phuong sai
Tin hi¢u do ludng goc (Co nhicu) 0.9413 0.7105 0.00 -
Qua b loc thong thap (LPF) 1813.3616 592.8869 21.00 -
) Bién thién lién tuc
Qua bo loc Kalman 0.7749 0.5590 1.00 (tu thich nghi)

Truong hop 2: D liéu tr Bang 2
va Hinh 5 khang dinh tinh bén viing cia
b6 loc Kalman. Trong khi LPF van that
bai do d6 tré pha (RMSE = 1813.36),
bd loc Kalman da tich cuc triét ti€u cac
thanh phan nhidu bién dong. Cu thé, sai s6
RMSE cua Kalman duoc ép xudng mirc
0.7749 (nho hon 16 rét so voi muic 0.9413
ctia tin hiéu nhiéu gdc).

Mic du nhiéu thay doi lién tuc, bd
loc Kalman khong hé bi tré ma van 1ap tirc
bam sat quy dao thuc chi sau 1s (twong
duong truong hop 1). Khac biét duy nhat
nam ¢ viéc ma tran hiép phuong sai sai
s (Hinh 5) bat budc khong dugc phép
hoi tu tinh. Tham sé nay bién thién lién
tuc, dao dong nhip nhod trong sudt toan
bd thoi gian 100s cta chu ky mo phong.
DPay khong phai 1a su cham tré, ma chinh
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1a minh chung toan hoc rd rang nhat cho
co ché tu thich nghi cua thuat toan: B0 loc
lién tuc danh gia lai do tin cdy cua cam
bién dé diéu chinh ma tran d6 lgi ngay
trong thoi gian chay.

V. Két luan va kién nghi

Bai bido da trinh bay thanh cong
viéc xay dung va ung dung bo loc Kalman
nham nang cao chét luong tin hiéu cho
kénh goc tin ctia UAV canh bang. Thong
qua viéc mo hinh hoa toan hoc ddi tuong
va md phong s hoc 2 trudng hop, nghién
ctru da chimg minh bang cac chi tiéu dinh
lugng su vu viét cia b loc Kalman so véi
phuong phép loc thong thuong.

Cu the, ddi voi hé théng co dap tng
bién do 16n, bd loc Kalman da khic phuc
triét dé hién tuong tré pha 1én t6i 21 gidy
ctia bd loc thong thap (LPF), triét tiéu dinh
sai sO qua do, gitr cho sai s6 RMSE & mitic
thap (~1.09) ngay tir luc khoi dong. Trong
diéu kién méi truong nhiéu bién dong, bo
loc Kalman c6 kha nang ty thich nghi lién
tuc, ha thép sai s RMSE xuéng chi con
~0.77 so véi mic 0.94 cua tin hiéu gbc.
Nhimg két qua dat dugc khang dinh tinh
kha thi cua viéc nhiing thuat toan Kalman
vao vi diéu khién cuia UAV dé giai quyét
mau thuan gitta viéc loc sach nhiéu va
viéc tranh tré pha tin hiéu.

Tuy nhién, nghién ctru hién tai moi
dimng & mirc ap dung bo loc Kalman tuyén
tinh trong ché d6 bay bang tinh. Trong cac
nghién ciru tiép theo, nhom tac gia kién
nghi mé& rong vié¢c nghién ctru ap dung céac
bo loc phi tuyén nhu Extended Kalman

Filter (EKF) hodc Unscented Kalman
Filter (UKF) nhdm udc lugng trang thai
trong cac ché do bay phuc tap, co dong
cao, goc tan 16n noi md hinh tuyén tinh
hoa khong con chinh xac.

Tai liéu tham khao

Benzin, A., Galasso, S., & Reif3, M. (2004).
Real-time Kalman filter for image
tracking. /IEEE Transactions on Pattern
Analysis and Machine Intelligence,

26(5), 650-656.
Brown, R. G., & Hwang, P. Y. C. (2012).

Introduction to random signals and
applied Kalman filtering with MATLAB
exercises and solutions (4th ed.). John
Wiley & Sons.

Friedland, B. (1969). Treatment of bias in
recursive filtering. IEEE Transactions
on Automatic Control, 14(4), 359-367.

Kalman, R. E. (1960). A new approach to
linear filtering and prediction problems.

Journal of Basic Engineering, 82(1),
35-45.

Kalman, R. E., & Bucy, R. S. (1961). New
results in linear filtering and prediction

theory. Journal of Basic Engineering,
83(1), 95-108.

Maybeck, P. S. (1974). Kalman filtering: A
unified approach to estimation and
control. Prentice Hall.

Nguyén Ptc Cuong (2002). M6 hinh héa va
mo phong chuyén dong cua khi cu bay
tw dong. Ha Noi, Viét Nam: Nha xuat
ban Quan doi nhan dan.

Sharma, S. K., Das, B. K., & Devarajan,
M. L. (2019). Kalman filtering with
applications in robotics. CRC Press.

Wang, D., Li, S.,, & Liu, H. (2016).
Kalman filter based sensor fusion

for autonomous vehicle navigation.
Sensors, 16(10), 1630.



67

APPLICATION OF KALMAN FILTERING FOR SIGNAL
QUALITY ENHANCEMENT IN THE ANGLE-OF-ATTACK
CHANNEL OF AN UNMANNED AERIAL VEHICLE

Nguyen Thanh Lam!

Abstract: This paper presents the application of the Kalman filter to improve the signal
quality of the angle-of-attack (AoA) channel of an unmanned aerial vehicle (UAV). The AoA
channel provides critical information to the flight control system; however, sensor signals are
frequently corrupted by various sources of noise. The Kalman filter is employed to estimate
the true AoA from noisy measurements. This study focuses on small fixed-wing UAVs during
cruise flight, where aerodynamic signals require low latency and high accuracy. The paper
describes the system model, the selection of noise covariance matrices (Q, R), and the filter
design, and evaluates the filter's performance using quantitative metrics (RMSE, MAE).
Simulation results demonstrate that, compared to a conventional Low-Pass Filter (LPF),
the Kalman filter significantly improves the accuracy of the AoA signal relative to the raw
measurements. Consequently, this enhancement contributes to improved overall operational
performance and safety of the UAV.

Keywords: Angle of Attack (AoA), Kalman filter, sensor noise filtering, state estimation,
Unmanned Aerial Vehicle (UAV)
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