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Abstract: In measurement, the major problem encountered is dealing with noise reduction. Noise in
the sensor is created due to a number of reasons such as noise due to external signals, complexity of
measurement status and sensor quality... Therefore, it is necessary to avoid noise to achieve good results,
thereby improve measurement accuracy. signals from sensors. Noise leads to errors between the measured
value and the actual value. One of the solutions is to design a signal filter. In this study, the design of
the Kalman Filter (KF) algorithm for the US-015 ultrasonic sensor is presented. The KF algorithm is
designed to overcome the existence of noisy measurements on the sensor. The type of ultrasonic sensor
used is US-015, capable of detecting distances from 2 cm to 400 cm. The KF algorithm is implemented
using an ATMega 328p microcontroller on an Arduino Uno R3 board. Experimental results show that
the KF algorithm is capable of reducing measurement noise of ultrasonic sensors.
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1. Giéi thi¢u

Mot hé théng cam bién tdt 1a can thiét trong viéc
thiét ké mot hé thong diéu khién va van hanh trong
thyc té. Bén canh do tin cdy ctua phuong phap diéu
khién duoc thiét ké, qua trinh diéu khién tot con bi
anh huong boi hi€u qua hoat dong cta hé théng cam
bién. Nhu da biét, mot trong nhiing diéu can tranh
trong hé thong cam bién 1a sy xut hién cua nhidu khi
do. Nhiéu trén cam bién khién tinh nhat quan cua dit
lidu do tr& nén khong 6n dinh.

Mot phu’(mg phap c6 thé dugc st dung dé khic
phuc van dé ndy 1a thiét ké cac thuat toan loc. Qua
trinh loc ¢ thé duoc thuc hién dudi hai dang: phan
ctrng va thudt toan 1ap trinh. Adnan Rafi Al Tahtawi
[1]: Thiét ké thuét toan b loc Kalman ... Loc & dang
phan ctng c6 thé dugc xay dung bang so dd mach
dién tu. Tuy nhién, né kém hiéu qua hon vi né yéu
clu so dd mach bd sung trén h¢ théng. Dé khic phuc
tro ngai nay, viéc loc dudi dang thuat toan lap trinh
thanh mot phuong phap c6 thé sir dung dwoc. Ngoai
ra n6 khong yéu cau so do phan cing dién tir, higu
suét loc duoc tham chi con chinh x4c hon vi no st
dung quy trinh tinh toan.

Nghién ctru trinh bay quy trinh st dung thuat toan
Kalman Filter (KF), dé xir Iy hé thong thu thap dit
lidu 12 mot thiét bi cam bién song siéu dm. KF 1a mot
bd loc thuat toan dugc Rudolf E. Kalman gidi thigu
vao nam 1960 thong qua viéc xuat ban mot bai bao
vé cach tiép can méi loc cac van dé va du doan qua
trinh tuyén tinh [2].

2. N§i dung nghién ctru
2.1. Cim bién siéu am US-015

Cam bién siéu 4m loai US-015 duoc sir dung lam
hé thdng cam bién phat hién khoang cach. Cam bién
nay c6 hai bg phan dong vai tro 1a may phat va may
thu. O dau ra, cam bién c6 bdn chan, d6 1a Vee, Trig,
Echo va Gnd, nhu trong (hinh 2.1).

Hinh 2.1. Cau tao va hoat dong cam bién siéu Gm
US-015

Cam bién siéu am hoat dong dua trén nguyén 1y
phan xa song am dé do khoang cach ctia vat thé voi
tan s6 nhat dinh. Song siéu am la song am co tan sb
cao, trén 20.000 Hz (20 KHz).

Cam bién siéu am co hai thanh phan chinh; song
siéu am dugc phat ra tor by phat thong qua chan
Trigger dugc vi didu khién cung cip tin hiéu xung.
Sau do, song phan xa by thu nhan dugc s€ duoc
chuyén tiép dén bo vi diéu khién thong qua chan
Echo. Tir khai niém, c¢6 thé thiy ring song siéu 4m
dugc phat ra khi cam bién dugc cép tin higu xung véi
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chuky 10 ps qua chan Trigger. Song si€u am phat ra
va phan xa c6 tan s6 40 KHz. Thoi gian tré thu dugc
giita song truyén va song phan xa duoc sir dung lam
tham chiéu dé tinh khoang cach ciia cam bién dén vat
thé [3, 4] nhu (hink 2.1) minh hoa hoat dong cua cam
bién siéu am.

2.2. Thudt toan Kalman Filter

B6 loc Kalman duoc xuat ban vao nam 1960 bai
Rudolf E. Kalman, nguoi dau tién phat trién thuat
toan nay. B9 loc Kalman la mot thuat toan toan hoc
w6 tinh cac gia tri trén dit liéu hodc cam bién dé giam
16i binh phuong trung binh (RMSE) cta hé thong [5].
B0 loc Kalman dang tin cdy trong cac khia canh ung
dung khac nhau; né c6 thé uéc tinh ca dir liéu trude
d6 va dit liéu hién tai, tham chi c6 thé du doan dit
liéu tiép theo va co thé dua ra udc tinh & trang thai hé
thong khong xac dinh duoc mé hinh hoa.

B6 loc Kalman c¢6 mot sb phuong trinh toan hoc,
chéng han nhu bd loc Kalman tiéu chuén, bd loc
Kalman mo rong [6], bd loc Kalman phi tuyén [7]
va bd loc Kalman t6 hop [8]. BO loc Kalman tiéu
chuén 14 bd loc don gian nhét trong cac bo loc. Trong
nghién ctru ndy, bo loc Kalman tiéu chuan dugc st
dung dé udc tinh phép do khoang céach, trong d6
tham s6 duogc sir dung la du dé giam nhiéu. Bo loc
Kalman thuong dugc thyc hién theo hai giai doan:
du doén va cép nhat.

Bo loc Kalman tiéu chuan c6 phuong trinh toan
hoc duge thé hién:

- Qua trinh woc lwong khodng cach do:

xt‘tfl - A’Xt‘tfl + B, @)

Pt\t—l - A’Pt—l‘t—lA’T +O 2

- Qua trinh hiéu chinh khodng cach do:

X, =X, 1+Kt[yt HX, l] 3)
K, = P‘ H (4)
B=(-KH B, ©)

Cac bién nay néu rd: x 1a gia tri mong mubn, A
la ma tran chuyén trang thai, u la bién diéu khién, B
la ma tran chuyén trang thai dau vao, P 1a ma tran
chuyén trang thai, Q 1a qua trinh ma tran chuyén
trang thai, y 1a bién do ludng, H 1a ma tran do luong,
K 1a gia tri hiéu chinh Kalman, R 1a phép do ma tran
chuyén trang thai, t/t 1a khoang thoi gian hién tai,
t-1/t-1 1a khoang thoi gian trude d6 va t| t-1 1a cac
budc trung gian.
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Céc phuong trinh (1) dén (5) 1a mo hinh chung
cua hé théng bo loc Kalman cé thé duoc sira ddi
theo nhu ciu va do phtc tap cua hé thong duoc xay
dung. Do d6, c6 mdt cach trién khai thuat toan bo loc
Kalman dé giam nhidu khi doc cam bién va thyc hién
mét s6 diéu chinh theo cac diéu kién yéu cau. Mot s6
diéu chinh dugc thuc hién 1a:

Du dodn gid tri cam bién: Trong phan niy, cic
diéu chinh duoc thyc hién cho phuong trinh (1) bing
cach gan gia tri A =1 vino khong co gla tri chuyén
tlep Do d6, n6 c¢6 thé giam cac bién dau vao ciia hé
thong khong ¢6 dau vao. Phuong trinh diéu chinh
dugc thé hlen trong phuong trinh (6).

t\t R l‘t 1 (6)

- Dy dodn gid tri 16i trén cam bién: Bang cach
lay A, = 1 thi phuong trinh (2) dugc di€u chinh thanh
phuong trinh (7).

Fa= Pr—1‘z—1 +0, (7

- Hiéu chinh gid tri dy dodn: Trong phuong trinh
(3), gia tri H, = 1, trong do gia tri cam bién can loc
chi 1a mot gia tri doc cta cam bién. Vi vay n6 c6 thé
dugc viét dudi dang phuong trinh (8).

Xt‘t :xz‘zfl_'_Kt {Yf _xttl] (3

Tinh gia tri tri hiéu chinh Kalman: Bﬁng cach
theo sau H = 1 thi phuong trinh (4) c6 thé duoc vict
duéi dang phuong trinh (9).

K,=P [P +R] ©)

t‘t -1 t‘t -1

Hiéu chinh gid tri l6i trén cam bié'n."BZng cach
theo sau H = 1 thi phuong trinh (5) c6 thé duoc dicu
chinh thanh phuong trinh (10)

BA=KJRL a0

2.3. Thiét ké hé thong

Dé tryc quan hon vé ing dung uéc lugng khoang
cach bang cam bién siéu am US-015 dugc chdng
nhiéu bang thuat toan KF, chung t6i thiét ké chi tiét
so d6 khdi hé thong trén (hinh 2.2) va luu d6 giai
thuat (hinh 2.3).

Ultrasonic

US-015

I

PC Arduino LCD
|
Matlab

UnoR3 1622
Hinh 2.2. H¢ thong do khodng cdch
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Theo (hink 2.2), thiét bi dwoc st dung trong
nghién ctru nay 1a Arduino UNO R3 lam vi diéu
khién truyén dit liéu, cam bién siéu 4m US-015 lam
cam bién udc tinh khoang cach, LCD 16 x 2 dé hién
thi gia tri udc tinh va may tinh c6 chic nang loc
nhidu, truyén dir liéu voi Arduino va cap ngudn dién
5 volt cho Arduino str dung cong USB A. By ngudn
Arduino dugc sir dung dé cung cdp cho cam bién
siéu am US-015 vaLCD 16 x 2.

Khéi tao cam bién,
R.Q.P,

‘ Dir doén gié tri cim bién ‘

| D dodn 18i gié tri cim biéu‘

l

Cép nhit dur dodn
Gia tri cam bién

l

/ Bo loc Kalman dy dodn /

l

Tinh toén Kalman
eid tri ting din
No

Gia tri cam bien

Cép nhét gis tri 160

Hinh 2.3. Lwu dé gidi thudt va khéi tinh todn
Kalman

2.4. Ché tgo mé hinh thwe nghi¢m

M0 hinh thuc nghiém chéng nhiéu cho cam bién
US-015 bang thuat toan Kalman nhu (hink 2.4).
Trong d6, Arduino UNO R3 module dugc dung lam
mach giao tiép giira may tinh va mé hinh. Module
nay c6 nhiém vu truyén dir liéu sau khi xtr 1y nhiéu
tir may tinh. Pong thoi, né ciing duoc dung dé doc
gia tri cam bién khoang cach, xir Iy nhidu va tra vé
vi tri cho arduino gui ra LCD 16 x 2. LCD 16 x 2
dugc dung dé hién thi gia tri cam bién trude khi loc
va sau loc. Cam bién siéu am US - 015 [9] ding dé
nhan biét vi tri.

Hinh 2.4. Mé hinh ldp ddt thiét bi thire nghiém
2.5. Kiém nghiém voi thudt toan Kalman filter

So d6 két hop véi thuat toan chdng nhiéu Kalman
fillter, goi tit 1a bo didu khién chéng nhidu ap dung
cho cam bién US-015 nhu (hink 2.5). Tham sb bd
didu khién voi R = 10; Q = 0,01, véi cac thong sb
khoang cach 10 cm, 18 cm va khoang cach di dong
tr 5 cm dén 22 em.
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LP .

Process receivad data]

hirtte

Hinh 2.5. Bé diéu khién chong nhiéu KF
Thyc nghiém tai vi tri 10 cm va 18 cm:
Thuc nghiém duoc do ¢ khoang cach 10 cm voi
céc thong s6 R = 10, Q = 0.01. Két qua cho thiy gia
tri 6n dinh hon.

Anti-noise graph using kalman fillter algorithm at position 10 cm
' . T '

Maasurement ime

Anti-neise graph using kalman fillter algorithm at position 18 cm
T T T T

Measuring sensor distancs

Measuremant lime

Hinh 2.6. Thuc nghiém tai vi tri 10 cm, 18 cm

Thyc nghiém khi di chuyén vitri 5 cm dén 22 cm.

Thuc nghiém dugc do ¢ khoang cach 5 cm dén 22
cm véi cac thong s6 R = 10, Q = 0.01. Két qua cho

thay gia tri dat dugc ludn On dinh.
) Anti-noise graph using kalman fillter algorithm

sor distance

Measuring sen:

Measurement time

Hinh 2.7. Thuc nghiém tai vi tri 5 cm dén 22 cm
Théo Iudn: M6 hinh chéng nhiéu ap dung thuat
toan Kalman duogc trién khai trong nghién ciru nay
dat bo diéu khién trén may tinh. Tin hi¢u sau khi xt
ly nhidu dugc truyén xudng mo hinh dé hién trén
LCD 16 x 2 thong qua module giao tiép Arduino
UNO R3 thong dung. Cam bién khoang cach trén
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thiét bi dugc xir Iy va hoi tiép vé may tinh thong qua
module giao tiép ndy. Vi thiét ké nhu trén, mé hinh
thyc nghiém nay co6 thé ap dung dé khao sat nhiéu
thuat toan chong nhiu hién dai khac, dugc xay dung
trén may tinh.

Pay 1a mot uu diém cua thiét ké, khong gay can trd
trong viéc trién khai cac giai thuat phirc tap, thuong
doi hoi cdu hinh cao cho phan cimg ctia mé hinh thuc
nghiém. Viéc dat bo diéu khién chéng nhiéu cho cam
bién khoang cach duogc trién khai trong nghién ctru
nay dugc dit trén may tinh ciing ¢6 wu diém 16n vé
viée xtr 1y s6 liéu thyc nghiém.

Thuc té cho thdy, khi cam bién ldy mau khoang
cach, xir Iy dit liéu va truyén vé dén may tinh c6 kém
theo nhiéu gia tri do thiét bi, hodc can nhiéu ngoai vi
khac. Han ché nay xay ra I do ban than cam bién do
khoang cach co sai s6, két hop véi thoi gian tré cua
viée xtr 1y va truyén dir liéu vé may tinh.

Mau dit liéu thu duoc cta thi nghiém ham chira
day du sai sb cam bién va thoi gian tré cua viée xur
Iy va truyén dit liéu. Do d6, thuat toan Kalman dugc
xac dinh gitip khéc phuc duoc han ché néu trén. Bén
canh céc uu diém ndi bat trén, mo hinh thuc nghiém
nay van cé han ché do duge ché tao thu cong. Han
ché nay khong d& khic phuc, trir khi mé hinh dugc
ché tao mot cach chinh xéc, dat cc tiéu chuin can
thiét. Ngoai ra, qua bong hinh tron ciing anh hudng
dén sai s6 trong qué trinh do.

Cam bién siéu am US — 015 ¢6 wu diém vé gia
thanh co thé dap Gmg nhu cau thyc hién tiéu luan d6i
v6i sinh vién, code giao tiép Arduino ciing dugc hd
tro nhiéu nguén tham khao va thu vién san cho cam
bién bién nay. Modul cam bién nay ¢ nhiéu uu diém
hon so v6i cac modul cam bién HC — SR04, HC -
SROS.

Nhuge diém cta cam co sai s6 con 16n va ving
nhan dang bi giao dong hodc khong nhan dugc vi
tri & vung gan cam bién, khoang cach tir 0 = 5 cm
thuong cho két qua khong chinh xac. Hudéng khic
phuc nay c6 thé khic phuc bang phuong phap doc
trung binh gié tri, tirc doc nhiéu lan trong thoi gian
mili glay Ngoai ra cam bién ciing bi anh hudng boi
mau sdc cia vat can xac dinh khi do.

3. Két luan

Nghién clru nay dé xuét st dung thudt toan B loc
Kalman dé do khoang cach bang cam bién siéu am
US - 015 méc du thoi gian can thiét dé dat dugc do
6n dinh do khoang trong hé thong nay dap ung dugc
gid tri dau ra. Két qua chi ra rang viéc sir dung thuat
toan Kalman Filter gitip ting cudng dang ké d6 chinh
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xac cua phép do khoang céch so vdi viée khong st
dung thuat toan. Cac gia tri tham sb t6i vu cho Bo
loc Kalman trong hé thong nay dugc xac dinh 1a R =
10 va Q = 0,01. Qua trinh tinh chinh cac tham s6 nay
bao gdm viéc sir dung phuong phép thir sai, kiém tra
céc gia tri mot cach co hé thng tir thip nhat dén cao
nhit cho dén khi thu dwoc cac gia tri tham sb hiéu
qua nhat. Phuong phap nay mat nhiéu thoi gian cho
qua trinh phan tich dit liéu trong thuc nghiém.
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