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Abstract. During operation, the mass and moments of inertia of a vehicle can change
continuously due to fuel consumption or suddenly change due to load increases and decreases.
Accurately determining the variation of these quantities is crucial to the quality and
effectiveness of active safety systems in automobiles. This paper introduces a method for
estimating the mass and moments of inertia of a two-axle truck in real time using an Extended
Kalman Filter (EKF) based on a nonlinear spatial model of the vehicle body with the relative
displacement and velocity of suspension system at four wheels as inputs and the body vertical,
roll, and pitch acceleration as measurable signals. Simulation and comparison results using
Matlab Simulink software show that the extended Kalman filter allows for accurate estimation
of the values of inertial parameters in both cases when these parameters change stepwise and
decrease gradually over time, while the Kalman Bucy filter (KBF), designed based on a linear
vibration model, only works effectively when the inertial parameters change stepwise.
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Tém tit. Trong qué trinh khai thac, khéi luong va cac moémen quan tinh khdi lugng cta 6 t6 co
thé thay ddi lién tuc do nhién liéu bi tiéu hao hodc thay ddi dot ngot do sy tang, giam tai trong.
Xac dinh chinh x4c su bién ddi cta cac dai luong nay dong vai tro quyét dinh d6i v6i chat luong
va hiéu qua 1am viéc ciia cac hé thong an toan chi dong trén 6 t6. Bai béo nay gidi thiéu phuong
phap udc luong khdi lugng va cac mémen quan tinh khdi lugng ctia 6 t6 tai hai truc theo thoi
gian thyc béng bd loc Kalman mé rong (Extended Kalman Filter — EKF) dya trén m6 hinh dao
dong phi tuyén cua than xe trong khong gian véi tin hiéu dau vao 13 bién d6 va van tdc tuong
d6i ciia hé thdng treo & bon banh xe va tin hidu do 1a cac gia téc dao dong ciia than xe. Két qua
mo phong va so sanh bang phan mém Matlab Simulink cho thdy bd loc Kalman mé rong cho
phép udc lugng chinh xéac gid tri clia cac thong sd quan tinh ké ca khi cac thong sb nay giam
déu theo thoi gian, trong khi b loc Kalman Bucy (Kalman Bucy Filter — KBF) thiét ké dya trén
mo hinh dao dong tuyén tinh chi hoat dong hiéu qua trong trudng hop cac thong sd quan tinh
thay ddi dang bac.

Tir khéa: khdi lugng than xe, m6 men quan tinh khéi lugng, udc lugng theo thoi gian thuc, b
loc Kalman Bucy, bg loc Kalman m¢ rong.
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1. PAT VAN PE

Cac loai 0 to hi¢én dai ngay nay déu duge trang bi hé théng hd tro 14i xe tién tién ADAS
(Advanced Driver Assistace System) hay con goi 14 hé théng an toan chi dong. Hau hét cac hé
théng nay déu duoc thiét ké va hoat dong dya trén cac mo hinh dong luc hoc tham chiéu, trong
d6 bao gdm cac thong sd quan tinh quan trong cta 6 t6 nhu khdi lugng va mémen quén tinh
khéi luong. Do su thay doi dang ké cia cac thong sb nay trong qua trinh van hanh, uéc luong
chinh xé4c gia tri cua ching theo thoi gian thue dong vai tro quyét dinh ddi véi chit luong va
hiéu qua 1am viéc cia cac hé thong an toan chu dong trén 6 t6 [1].

Phuong phép phd bién dé xac dinh cac théng s6 khong c6 kha ning do luong truc tiép 1a
coi chung nhu cac thong sb trang thai cua mot mé hinh dong luc hoc nao do va sir dung céac
thuat toan t6i wu dé wéc luong dua trén cac tin hiéu c6 thé do ludng bang cam bién. Thuat toan
udc luong duge str dung nhiéu nhét hién nay la thuat todn loc Kalman (Kalman Filter - KF) [2-
5] d6i v6i hé tuyén tinh roi rac, loc Kalman-Bucy (Kalman-Bucy Filter - KBF) [6-9] d6i v6i hé
tuyén tinh bién doi lién tuc va loc Kalman m¢ rong (Extended Kalman Filter - EKF) [10-13]
hay loc Kalman bién thé (Unscented Kalman Filter — UKF) [14, 15] 4p dung cho cac h¢ phi
tuyén. M6 hinh 6 to chuyén dong thang thuong duoc sir dung dé udc luong khdi lwong toan bo
ctia 6 t6 va do doc mat duong st dung tin hiéu dau vao 1a mé men dong co va toc do chuyén
dong cua 6 t6 [1, 16]. Mé men quéan tinh khéi luong cua 6 t6 theo phuong thang dimg va do
clng bén cua banh xe thudng duge udce luong dya trén mo hinh 6 t6 chuyén dong theo quy dao
dua trén tin hiéu gbc quay cua banh xe dan hudng, toc d6 chuyén dong, gia toc doc va gia toc
ngang [4]. M6 hinh nay c¢6 thé duoc két hop v6i mé hinh dao dong ngang ctia 6 t6 dé wdc luong
mo men quan tinh lic ngang cia than xe [15]. Ddi véi cac truong hop khong ¢ sin cac cam
bién trén xe, mo hinh dao dong theo phuong thang dung 14 Iya chon phu hop nhét dé udc lugng
cac thong sd quan tinh ciia 6 t6 khi can phai lap dat thém cam bién [5-8].

M6 hinh dao dong 4 0 t6 dugc su dung dé xac dinh khéi luong than xe st dung thuét toan
KF dya trén tin hiéu gia toc dao dong thiang dimg cua than xe va banh xe [5]. Khéi lugng va
mod men quén tinh lic doc cua than xe co thé duoc xac dinh dua trén mé hinh dao dong 2 6 tO
bang thuat toan KBF véi tin hiéu ddu vao 1a bién do va van toc dich chuyén cia cau trude va
cau sau va tin hiéu do 1a gia téc dao dong ctia cc cau [6]. Thuat toan KBF ciing dugc ap dung
cho mé hinh dao dong khong gian cua 6 t6 dé xac dinh khéi lugng va cidc mé men quan tinh
khéi lugng cua than xe [7]. Bé wdc luong KBF di duoc thiét ké dya trén mé hinh dao dong rat
gon cua than xe voi tin hi¢u dau vao 1a bién do va van tdc dich chuyén tuong ddi cua cua hé
thong treo & cac banh xe va tin hiéu do 1a cac van toc dich chuyén ciia than xe, nhd d6 loai bo
dugc anh huong cua cac kich thich tir mat duong [8]. Tuy nhién, do bd udc luong KBF duge
thiét ké cho hé tuyén tinh véi gia thiét cac thong s6 quan tinh khong thay dbi theo thoi gian nén
trong truong hop cac théng sb nay bién thién lién tuc bd wdc luong KBF co thé khong dam bao
do tin cay.

Bai bao nay gi6i thiéu phuong phap udc luong khdi lwong va cac mdé men quan tinh khbi
lugng cua than xe theo thoi gian thue sir dung thuét toan EKF duoc thiét ké dwa trén mo hinh
dao dong khong gian phi tuyen rt gon cua 6 to tai hai truc vé6i tin hiéu dau vao 1a bién do va
van tdc dich chuyén tuong dbi ciia ciia hé thong treo & cic banh xe va tin hidu do 14 céc gia toc
dich chuyen ctia than xe. Chét luong 1am viéc va do tin cady cua by udc lugng EKF dugc so
sanh va danh gia voi bo ude lwong KBF thiét ké cho mé hinh tuyén tinh. Két qua mé phong
bang phan mém Matlab Simulink cho thay bd uéc luong KBF chi hoat dong hiéu qua trong
truong hop cac thong sé quan tinh thay doi dang bac trong khi cac gia tri woc luong str dung
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thuat toan EKF ludn bam theo gia trj thyc cta cac thong sd quan tinh ngay ca khi cac théng sb
nay bién doi lién tuc theo thoi gian.

2. MO HINH DAO PONG CUA O TO TAI

2.1. Mo hinh dao dfng toan xe

Hinh 1 gi¢i thi¢u mo6 hinh dao dong déy du cua 6 0 tai hai truc voi hé théng treo phu thudc,
bao gém than xe (c6 khédi lwong m,, mémen quan tinh lic ngang J, va mémen quan tinh lic doc
Jy) két ndi voi cau trudce va cau sau (dic trung boi cac khéi lugng myf, myr V4 momen quan tinh
Juf, Jur) thong qua hé thong treo (dic trung bang do cung ks va hé sb can dy). Cac banh xe co
do cung ki va bién do map m6 mat duong tuong Ung g; (i = 1+4). Pé xay dung h¢ phuong
trinh dao dong, bai bao st dung cac gia thiét: 1) banh xe va mit duong luoén tiép xtic voi nhau
trong qua trinh chuyen dong, 2) hé thong treo va 16p c6 dic tinh tuyén tinh, 3) cac dao dong goc
cua than xe va cac cau xe nho, 4) toa dg trong tdm cua than xe va cac ciu xe trong mat phang
ngang trung vai truc lic va khong thay d6i khi thay d6i tai trong, va 5) cac thong sd cua khdi
luong khong dugc treo (cac ciu xe) 1 hang sd.

ds3 ks3 dsa ksa

ku3 Zur, ¢ul § u4

Hinh 1. M6 hinh dao ddng khong gian 7 bac tu do cta 6 t6 tai hai truc [7].

Ba béc ty do cua than xe gdm dich chuyén thing dtng Zs, goc lic ngang &, va goc lic doc
Oy dugc mo ta bang h¢ phuong trinh:
myZy =—(Fy + Fyp + Fiy + Fyy)
Jxés:_(thsl_ fF2+th3_trFs4) (1)

‘]y@s_ (lf 51 ZstszlrF3+lrFs4)

N
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myZy =—(Fyy +Fyp + Fy + Fyy)
ch.p.s:_( fF lfF:v2+trF:v3_trFs4) 2)
J,6, =—(~1 Fyy =1 Fyy +1,Fy +1,F,y)
Chuyén dong ciia cau trudc va cau sau bao gdm dich chuyén thang ding Z., Z.- va goc lic
ngang @, @, dugc xac dinh thong qua hé phuong trinh:

( muquf = (Fs; + Fg3) — (Fyp + Fyi2)
murZur = (Fs3 + Fgs) — (Fyusz + Fua)
]ufé)uf = (Fs1 + Fop)ty — (Fyp + Fyo)ty
Jur @ur = (Fs3 + Foa)ty — (Fuz + Fua)ty

Trong d6 Fi; va F; 1a cac lyc cua h¢ thong treo va cua banh xe, dugc xac dinh nhu sau:

3)

Fg = dgi(Zs; — Zi) + ksi(Zg; — zy) = dsiAzi + ksiAzi
Fu=kuy(zyi—q)i=1+4

Trong mo hinh, cac théng sd dic trung cua than xe bao g6m khdi luong my(7), mébmen quan
tinh lic ngang Jx(f) va moémen quan tinh lic doc J,(7) 1a cic thong sb bién doi theo thoi gian.

“4)

Kich thich dau vao 1a véc to bién d6 map mo mit dudng & bon banh xe ¢, = [ql,qz,q3,q4] .
M6 hinh dao dong khong gian toan xe 7 bac tu do cta 6 t6 tai hai truc dugc st dqng nhu mot
md hinh thuc cung cap céc tin hiéu dau vao cho moé hinh dao dong rt gon dung dé thiét ké bo
udce luong.

Xc
Zs1 b 752

t/ ¢ 3

dS3 ks3 ds4 ks4
Az3 2ty Az4
AV | | Az,

Hinh 2. M6 hinh dao dong rat gon 3 bac tu do [7].
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2.2. M6 hinh dao dong rut gon

Mo hinh dao dong rat gon gidi thiéu trén Hinh 2 thuc chat 1a mé hinh dao dong khong gian
ctia than xe c6 3 bac ty do véi tin hidu dau vao 13 dich chuyén twong d6i Az; va van tde tuong
dbi Az tai vi tri cac banh xe. Viéc su dung mo6 hinh dao dong rit gon vdéi céc tin hiéu dau vao

nhu trén cho phép loai bo sy can thiét phai xac dinh cac bién d6 map mé mat dudng nhu khi sir
dung mo6 hinh dao dong toan xe.

Thay gia tri cta cac luc tac dung tir hé thdng treo Fitrong phuong trinh (3) vao hé phuong
trinh (1), ta co:

Zs = _m;1 [(dslAzl + kslAzl ) + (d52A22 + ksZAZZ ) + (ds3Az3 + kslAZS ) + (ds4Az4 + ks4Az4 )j|
CID.S = _J;l |:tf (dslAzl + kslAzl ) - tf (dSZAZZ + ksZAZZ ) +1, (dsfiAzS + kslAz3 ) -1, (ds4Az4 + ks4Az4 ):| (%)

0, =-J,' [ L (dagBy + kA ) =1 (diohoy + kB ) +1 (dish s + kA )+, (dgsd oy +ks4Az4)]
Dit véc to trang thai ctia hé bao gdm céc thong s6 quan tinh can udc lugng:
[Z cD @ mS,Jx,Jy} :[xl,xz,x3,x4,x5,x6]T (6)
Véc to cac thong s do:
v=[2,. 8.6,] ™
Véc to kich thich du vao:
u =[Azl, Azy, Azy, Azy, AZy, AZy, Azy, Azy ]T =[u1, Uy, Uz, Uy, Us, Ug, U7, ug]T (8)
Khi d6 hé phuong trinh phi tuyén ctia mé hinh dao dong rat gon c6 thé duoc biéu dién &

dang khong gian trang thai:

(€))

x=f (x, u) +w
y=h(x,u)+v
Trong do w ~ N (0, Q) la vécto phiéu trang thai, v ~N (0, R) 1a véc to nhiéu do luong duoc
gia thi€t tuan theo quy luat phan phoi chuan Gauss voi Q va R 1a cac ma tran hi¢p phuong sai.

Céc ham phi tuyén £ (x, u) va h (x, u) dugc xac dinh nhu sau:

_XZI [(dn“s + kg )+ (dgotis +kgotiy )+ (d sty + ks )+ (dggug + kgguty )]
x5! [tf (dgpues +kguy ) =t p (dgrig + ooy )+, (dygug + ks ) =1, (dyqug +ks4u4)J
f(x,u)= _xé_l [_lf (dgus +kuy )= ly (dgaug +kgotiy )+ 1, (dgug +kggus ) +1, (dgug +kguy )] (10)
0

0
0
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-x;'[(d [( siths + i) +(d g + kgt )+ (d gug + ks )+ (dggug + kgguty )]
h(x,u): —xs_l [tf (dslus +ks1u1)—tf ( S2u6 +k 2”2)+lr (ds3l/l7 +k 1u3) P (ds4l/l8 +ks4u4):| (11)

—xé_] |:_1f (dsluS +ks1u1)—lf (dS2u6 +kszu2)+lr (ds3u7 +ks1u3)+lr (ds4u8 +ks4u4 ):'

3.BQ UOGC LUQNG SU DUNG THUAT TOAN KALMAN MO RONG EKF

B loc Kalman truyén théng (KF) [2-5] va bd loc Kaman-Bucy (KBF) da chtng minh duoc
hiéu qua trong nhiéu tmg dung thuc té [6-9]. Tuy nhién, mét trong nhiing han ché chinh cua cac
bd loc nay la chi 4p dung dugc véi cac hé tuyen tinh ddi v6i cac thong so trang thai, nghia la
céc ma tran trang thai ciia hé khong thay ddi theo thoi gian. Trong thyc té, yéu cau nay khong
phai lac nao ciing c¢6 thé dugc dap tng. Bo loc Kalman mé rong (EKF) 13 phién béan sira doi
ctia bo loc Kalman tiéu chuan duoc ap dung cho cac hé phi tuyén dé udc lugng cac thong sb
trang thai khong c6 kha ning do luong truc tiép.

3.1. Thuat toan loc Kalman mé réng EKF (Extended Kalman Filter)

H¢ phuong trinh khong gian trang thai phi tuyén (8) co thé biéu dién ¢ dang bién ddi roi

rac theo thoi gian dya trén phuong phap gan dang Euler thuén [2]:
{xk = f (s t) F Wiy

(12)
yi =h(x,m)+v,

Su khac biét chinh gitra EKF va bd loc Kalman KF ti€u chuan 1a doi hoi phai tuyén tinh
hoa hé phuong trinh phi tuyén quanh gia tri trang thai dugc udc luong tai mdi budce thoi gian
k. Do ¢ moi budc thoi gian, cac gia tri cua nhiéu trang thai w va nhiéu do luong v khong xac
dinh nén co thé tuyén tinh héa xap xi quanh gia tri w= 0, v = 0.

Quy trinh udc lugng ctua bo loc EKF cho mot budc thoi gian dugce tién hanh theo trinh ty
nhu sau:

1. Duy doan trang thai:
Xop = f (X111, (13)

2. Tuyén tinh hoa, xac dinh cac ma tran Jacobian:

P (-’Ackflaukfloo)’

i,
4 8xj

(i,j=1-6) (14)

Of; (R1s Mi150)
Wej=""—>r (15)
J

o Oh, (% 1, m;.,0)

12¥) 6x]

(16)
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Oh; (% i, 0)

V.. = (17)
t ov;
3. Du doén sai sb hiép phuong sai:
P, = AP AL WO W (18)
4. Tinh todn ma tran quan sat Kalman:
T T T\™!
Kk = Pkak (Ckaka +VkRka ) (19)
5. Uédc luong trang thai bang cach diéu chinh du doan bang cac thong sé do:
'%k z'%pk +Kk(yk—h(fcpk,uk,0)) (20)
6. Cap nhat sai sd hiép phuong sai:

Do cac ma tran Jacobian (13) — (16) doi hoi phai duoc xac dinh bang cac gia tri wéc luong
hién thoi nén thuat todn EKF doi hoi tinh todn phuce tap hon nhi€u so véi thudt toan KF hay
KBF.

3.2. Ung dung thuit toan EKF wéc lwgng cic thong sé quan tinh ciia 6 to

Céc thong s dic trung cho tinh quan tinh cua 6 to tai hai truc duoc xac dinh thong qua ude
luong cac thong sb trang thai m(¢), Ju(f) va J,(f) cia md hinh dao dong rit gon bang khdi chirc
nang “Extended Kalman Filter” trong hop cong cu “System Identification Toolbox/Estimators”
hoic “Control System Toolbox/State Estimation” clia phan mém Matlab Simulink (Hinh 3).

Dé sir dung khéi chic ning “Extended Kalman Filter”, trude tién can khai bao cac ham
chuyén d6i cta cac thong s trang thai f (x, u) trong cong thirc (9) va cac ham xac dinh céac
thong sb do & (x, u) trong cong thic (10) twong tng vao cac file “ekfState TransitionFen.m” va
“ekfMeasurementFcn.m”. Phan mém c6 thé ty dong tinh toan cac ma tran Jacobian (11-14) ma
khéng can phai khai bao. Tiép theo, cin xac dinh ma tran hiép phuong sai cia cac thong sb
trang thai Q va ma trén hiép phuong sai ctia cac thong s6 do R. Chat lwong va hidu qua ctia bo
wdc luong phu thudc vao gia tri cia cac ma tran hiép phuong sai ndy, vi vy c6 thé coi chung
1a cac thong s6 thiét ké ctia bo udc luong EKF.

Vi véc to nhiéu dau vao va véc to nhiéu do c6 gia tri ngau nhién:

w(t) = [LL1, 11,1, 1,1] 107 (22)

v(t) = [1,1,1]"1073 (23)

Céc ma tran hi€p phuong sai cua bd uoc lugong EKF cé thé lya chon nhu sau:
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0- diag([l, 1, 1, 102, 10°, 105])

R- diag([lo‘z, 1072, 10—2])

Block Parameters: Extended Kalman Filter X

Extended Kalman Filter

Discrete-time extended Kalman filter. Estimate states of a nonlinear plant model. Use Simulink
Function blocks or .m MATLAB Functions to specify state transition and measurement functions.

See block help for function syntaxes, which depend on if noise is additive or nonadditive.

System Model Multirate
State Transition

Function: ekfStateTransitionFcn () Jacobian

Process noise: Additive - Covariance: Q ! () Time-varying
Initialization

Initial state: [0,0,0,MS0,JX0,JY0] : Initial covariance: Q*1e-6

Measurement 1

Function: ekfMeasurementFcn (] Jacobian () Add Enable port
Me.asElrement Additive - Covariance: R ¢ () Time-varying
noise:

Add Measurement Remove Measurement
Settings

Use the current measurements to improve state estimates
(] Output state estimation error covariance

Data type: double &

Sample time: Ts

Cancel Help Apply

Hinh 3. Khdi chirc ning “Extended Kalman Filter” trong Matlab Simulink.

24)

(25)

Mo hinh Matlab Simulink sir dung thuat toan EKF va KBF udc luong cac thong sd quan

4. MO PHONG VA PANH GIA

tinh cua 6 t6 dugc mo ta trén Hinh 4. Trong d6, bo udc lugng KBF [7] thiét ké cho mé hinh dao
dong tuyén tinh dugc st dung dé so sanh véi bo udc luong EKF thiét ké cho mo hinh dao dong
phi tuyén (8).

Dé danh gia va so sanh chat lwong va hiéu qua ctia bo ude luong EKF va KBF, 6 t6 tai ¢6

865

thong sb ky thuat cho trong Bang 1 dugc mo6 phong chuyél} dong déu véi van tde 36km/h trén
duong c6 bién d6 map mé ngau nhién loai C theo tiéu chuan ISO 8608 [8] khac nhau gilra hai
bén banh xe. Gia tri thyc t€ cua khoi lugng va cac moé men quén tinh than xe dugc thay doi nhu



Tap chi Khoa hoc Giao thong van tai, Tép 77, S6 06 (8/2026), 857-871

mo ta bang dudng lién, nét ddm, mau nhat trén Hinh 6: trong 2 gidy dau gia tri thuc té bang gia
tri dinh mirc cho trong Bang 1, & 2 gidy tiép theo gia tri thuc té ting gap 2 14n, sau d6 giam xudng
con 1,5 1an gia tri dinh mirc, tir gidy thir 6 dén gidy thu 8 gia tri thyc té giam dan déu xudng bang
0,5 gia tri dinh murc va khong thay doi dén khi két thuc mo phong. Gia tri ban dau cua cac théng

sO quan tinh lay bang 1,5 lan gia tri dinh muc, budc thoi gian mo phong 75 = 0,01 giay.
]n[lhf —» ymes xhat_KBF [—
]ﬂl.lﬁ[ b Measurement Noise
Input Noise w(t)
®_> ! b I ®_. L xhat —
t —Pu
®_. Y »u2 'pO
vl e u0z SimplifiedMode! ‘ yhat [
» a1 ymeas KBFilter
FullModel x2 R
Y 1dot FilterStatesIn FilterStatesOut |—
x1 AL 3DOF MODEL
7DOF MODEL ] KALMAN-BUCY FILTER
1 lq Interpreted [ | 1 |4 -'+ 1 1
S MATLAB Fen E s |7
u01 X
State Vector or®
> J-L\_ » StateTransitionFenlnputs
> J-L\_ >yl xhat » xhat_EKF
q
P MeasurementFen1Inputs
ROAD INPUTS
EXTENDED KALMAN FILTER

Hinh 4. M6 hinh Matlab Simulink sir dung thuét toan EKF va KBF udc luong cac thong s quan tinh
cta 0 to.

Bang 1. Thong sb k¥ thuat cta 6 to khao sat [6].

Tén goi Ky hiéu Gia tri Pon vi
Khéi lugng duge treo (than xe) my 5.394 kg
Momen quén tinh than xe theo truc x Jx 4.600 kgm?
Momen quén tinh than xe theo truc y Jy 19.632 kgm?
Khéi luong cau trude Myf 266 kg
Khéi lwong cau sau Mur 427 kg
Heé sb can ciia giam chan trudc ds1, dy» 7.733 Ns/m
Heé sb can cuia giam chin sau dgs, dss 9.804 Ns/m
Do cling cuia nhip trude k1, ki 17.7000 N/m
Do cirng ctia nhip sau k3, ksa 193.844 N/m
Do ctng cua 16p trude ki, ko 493211 N/m
Do cling cua 16p sau ki, Kua 986.422 N/m
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Khoang cach tir trong tAm dén tryc trudc Iy 2,400 m
Khoang cach tir trong tdm dén truc sau [ 1,685 m
Khoang cach hai banh xe trudc 2ty 1,705 m
Khoang cach hai banh xe sau 2ty 1,495 m

4.1. So sanh b¢ wée lwgng EKF va KBF

Két qua mod phong sy thay doi theo thoi gian gia tri udc lugng cua cac bién trang thai khi
str dung bo ude lugng KBF [7] (nét lién nhat) va bo ude lugng EKF (nét lién dam) so véi gid
tri thuc t& (nét dém nhat) dugc m6 ta trén Hinh 5 va Hinh 6. V61 bd udc lugng KBF, sai 1éch
clia cac thong s6 dong hoc thé hién rd nhét & van toc lic ngang than xe ¢ nhitng gidy cudi cla
qua trinh mé6 phong (Hinh 5). Pbi v6i cac thong s6 quan tinh, khong ¢6 su khac biét rd rét vé
chat luong lam viée gitra b wdc lwgng KBF va EKF trong 6 gidy dau tién khi cac gia tri thuc
te thay do6i dang bac roi gitr nguyén gia tri. Tuy nhién, tir gidy thir 6 tr¢ di, khi cac gia tri thuc
té giam dan déu theo thoi gian thé hién tinh phi tuyén ctia mo hinh, cac thong s6 quan tinh tir
bd udc luong KBF khong c6 kha nang bam theo cac gia tri thuc té nhu bo uéc luong EKF (Hinh
6). Biéu d6 cho thay do tin cay ctia bd udc luong EKF khi 4p dung véi cac md hinh phi tuyén.

q1,3

Bien dang mat duon
0.1 T T T 9 9 T q2,4

q [m]

| 1 | | | 1

_0' 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100

Van toc dich chuyen than xe

S

Z '[m/s]

| | 1 | | 1

0 1 2 3 4 5 6 7 8 9 10
Van toc lac ngang than xe

S

® '[rad/s]

1 1 1 1 1t 1

0 1 2 3 4 5 6 £ 8 9 10
Van toc lac doc than xe

' [rad/s]

S

@ 29 1 1 1
0 1 2 3 4 5 6 7 Thucte| 10

. KBF

Thoi gian [s] EKE

Hinh 5. Bién d6 map md mat dudng ¢ hai bén banh xe va cac van toc dao dong cuia than xe.
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x10* Khoi luong than xe Thuc te
' T ' KBF [

EKF

m_ [kg]

5 6 7 8 9 10

0 1 2 3 4 5 6 7 8 9 10
Thoi gian [s]

Hinh 6. Su thay ddi cua cac théng sb quén tinh cia than xe voi bd uée lugng KBF va EKF.
4.2. Anh huéng ciia thong s6 thiét ké dén chat lwong 1am viée ciia by wéc lwong EKF

Dé danh gia anh hudng ctia cac thong s thiét ké dén chat lwong 1am viéc ctia bo udc luong
EKF, bai bao tién hanh m6 phong voi ba gid tri ciia ma trn Q trong khi gilr nguyén gia tri cua
ma tran R va cac thong s6 mo phong khac (Bang 2). Dé danh gia do chinh xac cta bo udc luong
EKF, c6 thé sir dung gié tri sai sd tuyét ddi trung binh MAPE (mean absolute percentage error)
theo cong thuec:

1 N
MAPE =—%"
i=1

Yi— )7i
Yi

100% (26)

trong d6 y;(t) va 9;(t) twong tng 1a gia trj thuc té va gia tri udc lugng cua thong s6 can danh
gia sai s6, N 1a tong sb gia tri duoc ude luong.

Két qua mo phong trén Hinh 7 cho thdy gié tri ctia ma tran @ anh hudng 16n dén hiéu qua udce
luong ciia bo loc EKF: gia tri ciia Q1 cang 16n (nét dut) thoi gian tiém can dén gia tri thuc té
cang kéo dai, thoi gian hoi tu ciing nhu bién d6 dao dong ciia gia tri uéc lugng nho nhat trong
truong hop mo phong vai gia tri Qs (nét cham). Trén Hinh 6 va Hinh 7, cac duong lién manh
thé hién gidi han sai 1éch £10% so véi gia tri thuc té. Nhin chung, ca ba bg udc lugng déu dap
ng gia tri wdc luong khong vuot qua sai 1éch 10% so voi gia tri thuc té trong giai doan 6n dinh.
Tuy nhién, gia tri cua ma trén @ cang giam thi thoi gian 6n dinh gid tri wéc luong cang nhanh.
Két qua danh gia sai s6 tuyét ddi trung binh MAPE cho trong Bang 2 minh chimg rd diéu nay.
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Thuc te
x10% Khoi luong thanxe |----- EKF Q1
2 T T T T T T T EKF Qz ]
N e A I R R EKF Q3
2 [eme———] +10%
1L VAR s 0% |7
€ X 4 %
O I | | 1 | | 1 | |
0 1 2 3 4 5 6 7 8 9 10
) x10* Mo men quan tinh lac ngang
T T T T T T T T T
—
S
X \ ’ \
5
O I | | 1 | | 1 | |
0 1 2 3 4 5 6 7 8 9 10
5 x10% Mo men quan tinh lac doc
T T T T T T T T T
—
S
(@]
22,
>
5
O 1 | | 1 | | 1 | |
0 1 2 3 4 5 6 7 8 9 10
Thoi gian [s]

Hinh 7. Hi€u qua udc lugng voi cac gia tri khac nhau cua bo udc lugng EKF.

Bang 2. Sai s6 udc lugng MAPE véi cac gi4 tri khac nhau ctia ma tran Q.

Théng s6 by wéc lwong EKF

Sai s6 wéc lwgng MAPE

0 R ms (kg)  Jx (kgm®)  Jy (kgm®)
0, = diag([11,110,10°,10° |10 R=diag([107,10%,107 ]) 567(%) 423(%)  538(%)
0, = diag([1,1,1,102,105,105_) R= diag(_10_2,10_2,10_2_) 200(%)  223(%)  2.15(%)
0, = diag([1,1,1,102,105,105_).0,1 R- diag(_lO_z,IO_z,lO_z_) 0.65(%) 195(%) 099 (%)

5. KET LUAN

B0 udc lugng céc thong ) quan tinh cua 6 t6 tai hai truc dugc thiét ké dya trén thuét toan
EKF 4p dung cho mé hinh dao dong khong gian phi tuyén 3 béc tr do cua than xe, trong do
khdi lwong va cic md men quan tinh khéi lugng duge xem nhu théng sb bién doi lién tuc theo
thoi gian. Céc tin hiéu dau vao ctia mo hinh 1a dich chuyén va van toc twong dbi giita than xe
va cac banh xe, tin hiéu do cia md hinh 1a cac gia toc ctia than xe. Cac thong s nay déu c6 kha

ning xac dinh bang cac cam bién thong dung.
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Két qua mo phong bang phan mém Matlab Simulink cho thiy bo wéc luong EKF c6 thé
hoat dong tin cdy trong céc ché do thay ddi tai trong khac nhau, trong khi b udc luong KBF
chi c¢6 thé udc lugng chinh xac trong diéu kién tai trong thay ddi dang bac. Hiéu qua va chét
luong lam viéc cua bo udc lugng EKF phu thudc vao gia tri cua cac ma tran Q va R, gia tri
tuong dbi ciia Q so v6i R cang nho, thoi gian wéc lwong cang nhanh va gia tri uéc lugng cang
chinh xéc.
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