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NGHIEN CUU LOC THICH NGHI - KALMAN
CHO CAM BIEN GIA TOC TREN XE LAN DIEN

KALMAN ADAPTIVE FILTER RESEARCH FOR ACCELEROMETER ON THE ELECTRIC WHEELCHAIR

TOM TAT

Bai bao nay trinh bay phuang phép x( Iy tin hiéu do gia toc goc nghiéng clia
cam bién gia tdc gan trén xe I&n dién dé canh bao hién tuong d6 nga trong quéa
trinh di chuy&n. Cam bién gia téc 1a cam bién ADXL345 ¢6 tin hiéu tra vé la gia toc
g6c nghiéng theo ba truc X, Y, Z. Cac tin hiéu nay duoc dira qua bd loc Kalman dé
uéc lwong chinh xac gia toc gdc nghiéng bét k& sir tac dong bdi cac nhiéu hé
thdng va nhiéu do luong. Ngoai ra, hé thdng canh bo dd nga trong qua trinh di
chuyén cting dwoc trinh bay trong bai bao nay. Céc két qua md phdng bang phén
mém Matlab - Simulink va két qua thuc nghiém dé ching t6 bo loc Kalman cho
ratin hiéu do chinh xc, it dao déng mang lai do tin cy cho hé thang diéu khién
clia xe lan dién.

Tir khéa: Bo loc Kalman, cam hién gia téc, trang thai véc lwong, gid tri do, ma
tran hiép phuong sai.

ABSTRACT

This paper presents a method of processing tilt angular accelerated signal
of an accelerometer mounted on an electric wheelchair to alert the fall
phenomenon during movement. The accelerometer is an ADXL345 sensor
which generates accelerated signal in three X, Y, Z axis. This signal is passed
through the Kalman filter to accurately estimate the angular acceleration
regardless of the impact of system noise and measurement noise. In addition,
the crash warning system during moving process is introduced in this paper.
The simulation results implemented by Matlab software and experiment
results show that the Kalman filter contributes the accurate measurement
signal with low oscillation that provides reliability for the electric wheelchair
control system.

Keywords: Kalman filter, accelerometer, estimated state, measured value,
covariance matrix.
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1. DAT VAN BE

Xe lan dién la mot phuong tién di chuyén méi danh
cho nguoi khuyét tat, nguoi gia va bénh nhan. N6 thay thé
cho xe lan truyén thdng va gidp cho nguoi khuyét tat di
chuyén dé dang va tién lgi hon. Trén xe lan dién hién dai,
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hé théng canh bao d6 nga duwgc tich hgp, khi cé hién
twong dd ngd xay ra hé théng sé lap tikc gl tin nhan
théng béo cho nguodi nha nham gidm nguy co rai ro tai
nan. D€ hé théng canh bao hoat ddng tin cay thi hé thong
cam bién do goc nghiéng déng vai tro hét sirc quan trong.
Cé rat nhiéu cam bién dung dé do lvdng gia tdc, va cham
hay nghiéng géc. Nhitng cdm bi€n nay bao gém I¢p mang
ap dién, servo co dién, ap dién, goc chat Iéng, vi co ap
dién va cam bién dién dung, cling nhu la cdm bién vi co
dién dung bé mat [1]. Cam bién ADXL345 dya trén
nguyén ly vi co 4p dién do dwoc goc nghiéng ba truc, tiéu
thu nang lvgng thap va cé thé do duoc gia tdc chuyén
déng tlr chuyén dong hoac dé rung cla vat thé [2]. Tuy
nhién, cdm bién nay c6 dd nhay cao véi cac nhiéu co hoc
nén can phai cé thém céc bd loc nhiéu. C6 nhiéu cac bo
loc dd dwoc s dung nhu la bd loc trung binh, bd loc
thong thép, bo loc théng cao, bd loc s6, bo loc thich nghi
Kalman. B0 loc Kalman la b6 loc sd duoc dung dé loc tin
hiéu nhiéu bang quan sat cac phép do trong mot khoang
thoi gian xéac dinh. BO loc Kalman dwoc dé xuat tir nam
1960 bdi gido sv Kalman dé thu thap va két hop linh déng
cac thong tin tlr cAc cdm bién thanh phan [3]. C6 rat nhiéu
cong trinh nghién ctu bo loc Kalman dé wéc lvgng trang
thai tin hiéu do nhu 1a bd loc Kalman tuyén tinh (Linear
Kalman filter), bd loc Kalman mé& rong (Extended Kalman
Filter) va bd loc Unscented Kalman [4, 5, 6]. B6 loc Kalman
la mot thuat toan wéc lwvgng dv bao - hiéu chinh chinh
xac, st dung nhu mot moé hinh hé déng hoc dé dy béo cac
gia tri trang thai va mot mo hinh do dé hiéu chinh viéc dy
bdo nay. B6 loc Kalman tuyén tinh dwgc (tng dung cho mo
hinh trang thai va md hinh do tuyén tinh trong khi dé Bo
loc Kalman mé réng va bd loc Unscented Kalman duoc
dung dé wéc lugng bién trang thai cho cac mo hinh phi
tuyén. Bo loc Kalman mé rong thuc hién tuyén tinh héa
ham phi tuyén dwa vao xap xi ham Taylor bac 1, n6é hoat
dong kém hiéu qua véi hé phi tuyén cao. B han ché
nhuoc diém, bd loc Unscented Kalman dugce st dung. N6
la phrong phap tinh toan théng ké mot bién ngau nhién
sau khi bién déi khong tuyén tinh, né6 mo ta trang thai voi
mot tap hop t6i thiéu cac diém mau duoc lva chon. Ngay
nay, bd loc Kalman dugc (ing dung nhiéu trong thuc té.
B0 loc Kalman st dung dé tich hgp hé théng dinh vi toan
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cau (GPS) v6i cac thiét bi do quan tinh (IMU) nhu la con
quay hbi chuyén, gia toc ké, dién tir ké [7]. B6 loc Kalman
cling dwgc dua vao trong cdm bién do lvu lugng than
trong nha may nhiét dién [8] nham t6i wvu hoa qua trinh
diéu khién lvgng than trong nha may. Trong bai bao nay,
b6 loc Kalman s6 tuyén tinh st dung thuat toan xt ly di
liéu hdi quy t6i vu nham woc lwvgng chinh xéc gia téc goc
nghiéng cla cla ba truc X, Y, Z trong qua trinh xe bi
nghiéng hay lat. M6 hinh cAm bién va thuéat toan Kalman
duoc xay dung trén phan mém Matlab. Thuat toan nay
cling dwgc chuyén cac code lap trinh va dugc nap vao hé
thong diéu khién cla xe lan dién. Noi dung vé bd loc
Kalman va hé théng cdnh bdo sé dugc trinh bay & cac
phan tiép theo.
2. HE THONG CANH BAO DO NGA

Hé théng canh bao dé nga cé chirc nang gl cac tin
nhan canh béo khi cé hién twong dé nga cla xe. Hé théng
nay c6 so do khéi nhu hinh 1.

MODUL =~ COMPUTER
ADXL 345 ¥ e
|
SIM 548 =" MODUL CPU | A o0 f §Cp

5V DC
12V DC

Hinh 1. So do khdi hé thdng canh béo do nga

Trong d6, kh6i CPU duoc cdp dao dong tlr thach anh
ngoai vGi tan s6 8MHz di dé 18y mau va xi ly tin hiéu va
dwoc nudi béi ngudn 5V duoc két ndi vai cac thiét bi ngoai
vi qua céc giao thirc két néi UART va SPI. Khoi Sim 548 qua
hai chan truyén nhan cé chirc nang nhan tin hiéu tlr khoi
trung tdm qua giao thirc UART. Khdi Modul ADXL 345 duoc
két nGi téi CPU qua chuan gia thikc SPI, khéi nay c¢6 nhiém
vu thuc hién gti gia tri do géc cho modul CPU. Tin hiéu do
dwoc gl toi bi tac dong bai tin hiéu nhiéu vi vay bd loc
Kalman duoc xay deng dé loai bo tin hiéu nhiéu ra khoi hé
thong. Qua trinh thiét ké bo loc Kalman duwgc miéu ta & cac
phan tiép theo.
3.LOC THICH NGHI KALMAN
3.1.Co s6 ly thuyét bd loc Kalman

BO loc Kalman dé cap dén bai toan di wéc lwong cac
trang thai cia mot qué‘trinh duwgc md hinh hoa rpOt cach
roi rac theo thoi gian bang mot phuong trinh ngau nhién
tuyén tinh [4]:

X = FXpq +BU g Wy (1)

Ngoai ra, tai thoi diém k bang mot phurong phéap nao do
c6 thé do dac, quan sat duoc chjnh xac trang thai ctia hé
thong va né cling duoc biéu dién bai mot phuong trinh
tuyén tinh:

Z, = Hx, +vy, )

Trong dé: F 1a ma tran chuyén trang thai, né duoc ap
dung cho trang thai trudc dé x, ;; B 1a ma tran kiém soét dau
vao, no6 dugc ap dung cho cac vector diéu khién u,; H la ma
tran quan sat, n6 chuyén khéng gian trang thai do dac vao
khong gian trang thai quan sat; w,, v, 1a 2 vector bién ngau
nhién dai dién cho nhiéu hé théng va nhiéu do dac duoc
gia dinh la tuan theo phan b6 Gauss v6i trung binh la 0 va
ma tran hiép bién (covariance) lan lvot la Q va R. Trong dé
w, ~N(0,Q,),vx~N (0, R).

Cac ma tran Q, R, F, H c6 thé thay d6i theo thoi gian
(tirng budc k), nhing & day ching duoc gia st khong d6i
dé thuan tién hon cho qua trinh tinh toan.

B0 loc Kalman gém hai qua trinh: 1- wéc doan trang thai
tién nghiém; 2- dua vao két qua do dé hiéu chinh tién doan.

Qua trinh wéc doan trang théi tién nghiém

Quaé trinh wéc doan tién nghiém dé wéc lugng gia tri
trang thai tién nghiém va ma trén hiép phuong sai tién
nghiém. D€ xéc dinh dugc céc gia tri nay thi tredc tién phai
khéi tao gia tri ban dau cla trang thai véc lwgng hau
nghiém X, va ma tran tvong quan sai s6 P, ;. Qua trinh
wéc doan trang thai tién nghiém va ma tran hiép bién tién
nghiém dugc xac dinh nhu sau:

Ziger = FicapBU 3)

Pyy1 = FPyyFT+Q (4)

Trong do : Xy, la trang thai tién nghiém duoc woc doan
O thoi diém k; %1 la trang thai hau nghiém duoc udc doan
& thoi diém k-1. Ma tran Py, la ma tran tvong quan sai
s6 tién nghiém; Ma tran P, 5 la ma tran twong quan sai s6
hau nghiém.

Qua trinh hiéu chinh wéc doan

Qua trinh hiéu chinh wéc doan la qua trinh dva vao gia
tri do lvong dé hiéu chinh gia wéc doan tién nghiém dé
duoc két qua wéc doan hau nghiém chinh xac. Két qua nay
chinh la gia tri wéc lwvgng dau ra cda bd loc Kalman. Quéa
trinh hiéu chinh wéc doan duwoc thuc hién nhu sau:

= BertKye 42— H* Z1) (5)
Ky = Py —sH" (HPy) —sH" +R) 71 (6)
Pk|k:(1 _KcH)Pldk—l (7)

Trong do: K, 1a dd loi cia mach loc Kalman, gia tri K, thay
d6i theo mdi woc doan k va dugce chon sao cho trong quan
sai s6 wéc lugng hau nghiém la nhé nhat; | la ma tran don
Vi; % 1a trang thai hau nghiém duoc wéc doan ¢ thoi diém
thir k. Bay chinh la gia tri dau ra ctia bd loc Kalman.

3.2. Giai thuat Kalman ap dung cho cam bién gia téc goc

Cam bién gia téc goéc ADXL345 tra tin hiéu dau ra la mot
chubi xung va duoc tach thanh ba gia tri do theo ba truc X,
Y, Z. Céc gia tri do nay thudng bi tac dong bai nhiéu nén
khéng chinh xac. Chinh vi vay b6 loc Kalman dugc dua vao
loai bd anh hwéng cha nhiéu. Céc gia tri do theo ba truc X,
Y, Z la dau vao clia bd loc Kalman, cac gia tri do nay la doc
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1ap nén c6 thé dua giai thuat loc Kalman vao tlrng gia tri dg.
Phuong trinh trang thai roi rac mo ta tin hiéu do trén moi
truc do dwoc xac dinh nhu sau:

Xk = ka—l +Bu k—1 +Wk_1; Zy = ka +‘Uk

Trong do: x, la véc to trang thai gdm ba thanh phan la
géc nghiéng, van téc gbc nghiéng va gia tc goc nghiéng.

9’( 1 At iAg
X = (A)k;Zkzgk;Bzo;H: [1 0]0F= 0 1 At '
2 0 0 1

A, 1a chu ky ldy mAu, ma tran F dugc chon véi gia thiét
gia téc goc la khong déi; tin hiéu w,,_,, y la tin hiéu nhiéu
hé théng va nhiéu do dac cé ma tran hiép bién Q, R lan lwvot

1 0 O
dwoc chon nhu sau: Q = [0 1 Ol. m R4Fn], nmla
0 0 1

cac gia tri dwong dugc chon theo thuc nghiém.

Hinh 2. Khéi module ADXL345
Cac budctinhtoan clia bo loc:
Buwéc 1: Udc doan trang thai tién nghiém

Riger = FicapetBUy (8)
~ 1 ~
9k 1 A ;A% 9k—1

= @[=fo 1 A | [@Pe
Ay 0 O 1 A1

~ 1
~ 24
Op—1 +A {04 + ;At A1

Wy—q A gy

[
Buoc 2: Xac dinh ma tran sai s6 twvong quan tién nghiém
Pygr = FPeyyFT+Q ©)
bl 0
=L ie-1=|o 1 A, Pk ) tz +
0 0 1 ;A0 A 1
1 0 0
0 1 0f.m
0 0 1

Budc 3: Xac dinh d6 loi bd loc Kalman
K = Py —sH" (HPy) s H™ +R) 71
pl%t|1k—1 lﬁ)c—l l]ﬁk—l
Taco: Pyjy-1= pl%|1k—1 ﬁk—l

33
k| P-1

(10)

2
kifk-1

31
Pkl k-1 ﬁ?k—l
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= K o = Py k=1 (HPy) —H" +R) 71
Pict e~/ (Bf -1+ 1)
= i k-o/ (B =1 +1)
Pict i/ (P k-1+1)
Buéc 4: Xac dinh gia tri wéc doan hau nghiém

= Xt Ky 42— H* Ben)

O k-1 ~
= [Wrpk-1| + K (G =6 g k-1 (11)
Ay k-1
Buoc 5: Xac dinh ma trén sai s6 tvong quan hau nghiém:
1 0 O
Pe=( _KkH)Pk|k—1=(IO 1 0|—Ki.[1 0]0 =
0 0 1
plhlk—l lﬁkq l]!?k—l
pl%|1k—1 I%h—l I%ﬁ?(—l (12)
pl?t|1k—1 ﬁ?k—l l%|3p—1

3.3. Két qua md phéng va thuc nghiém

S0 liéu do thuc nghiém dugc xac dinh tlr cdm bién gia
téc géc ADXL345 (hinh 2) dugc luu vao bang di liéu Excel
(“dulieu.xslx”). Bang di liéu nay gdm c6 bén cot trong dé
ba cot lay gia tri do tir ba truc X, Y, Z va mot cot lay gia tri
do téng hop ba truc. Bang di liéu nay dwoc truy sudt toi
phan mém Matlab. Ngoai ra, thuat toan loc Kalman dugc
xay dwng va lap trinh trén Matlab cho ra két qua dwgc mo
ta bai cac hinh tiép theo. Chon chu ky 1dy mau A,= 0,01, gia
tri ban dau cla trang thai wéc doan hau nghiém

0 0 0 0
X1, = [0]vamatrantuongquansaisd P,y = |0 0 Of
0 0 O

0
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Hinh 3. Pactinh cac gidtridovéim=0,1;n=0,5
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(d)

Hinh 4. Pactinh cac gidtridovéim=0,1;n=5

Tir hinh 3 ¢6 thé nhan thay gia tri wéc lvgng gan gidng
vGi gia tri do thuc véi sai 1éch twong déi bé. Ngoai ra, gia tri
wéc lvgng it bi dao ddng hon nhiéu so véi tin hiéu do thuc,
diéu dé chirng té bd loc Kalman da thuc hién tét nhiém vu
loai b6 tin hiéu nhiéu. Khi tang gia tri n = 5 va gii*r nguyén
gia tri m t&c la tang 10 lan ma tran hiép phwong sai cla
nhiéu tin hiéu do (hinh 4), khi d6 dé dang nhan thdy méc du
mUrc do dao dong cula cac gia tri wéc lwgng cé gidm di chat
it so v&i cac gia tri wéc lugng & hinh 3. Tuy nhién, sai léch
gilra gid tri wéc lugng va gia tri do thuc rat Ion, thoi gian
dap (*ng clia bd loc gidm. Vi vay, bd loc Kalman khdng dam
bao uwéc lwvgng chinh xac gid tri do. Do vay ty s6 n/m quyét
dinh chét lugng cda bd loc Kalman. Néu ty s& nay bé thi bo
loc dap (ng nhanh, sai s6 giam tuy nhién kha nang loai bé
nhiéu sé& kém. Khi ty s6 n/m tiang dan thi dap tng bo loc sé
cham di, sai léch gilta gia tri thuc va gia tri uvéc lvong sé
tang, tuy nhién mic do dao dong sé gidm tic la kha nang
loc nhiéu ctia bd loc Kalman sé& tét 1én. Chinh vi vay phai lva
chon n/m théa méan day da yéu cau vé kha nang dap (rng,
sai léch va kha nang loc nhiéu. Trong bai bao nay Iva chon
m = 0,1, n =0,5 d4 théa mén yéu cau (hinh 3).
4, KET LUAN

Bai bao da trinh bay cdu trdc hé théng canh bao do nga
va phuong phap thiét ké bd loc Kalman cho cdm bién
ADXL345 dwoc gan trén xe 1an dién. Trong qua trinh thiét
ké, co s& ly thuyét va (ng dung ctlia loc Kalman cho cam
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bién ADXL345 dugc trinh bay. Két quéd md phéng da chirng
td chat lwvgng tét cla bd loc Kalman. Gia tri wéc lwgng da
dam bao dap ¢ng nhanh, sai léch va dao déng thap so voi
gia tri do thuc. Ngoai ra, két qua mé phéng da ching t6 dac
tinh dau ra ctia bd loc phu thudc vao cac ma tran hiép
phuong sai ca tin hiéu nhiéu hé théng va nhiéu do dac.
Chinh vi vay can phai lva chon chinh xac cac ma tran hiép
phuong sai.
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