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BO CONG THUONG CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PAI HQC PIEN LUC Pjc 1ap - Ty do - Hanh phiic
S86::7-9..../QD-PHPL Ha Néi, ngay /5 thdng 5 ndm 2023
QUYET PINH

V/v phan cong ngwoi hwéng din va tén dé tai luan van thac si
doi voi cac hoc vién kho4 10 (2022-2024) nganh: Ky thuat dién tir

HIEU TRUOGNG TRUONG PAI HOC PIEN LUC

Céin cir Quyét dinh s6 4 010/0b-BCT ngay 6/10/2016 cua Bs Cong Thuwong quy
dinh chikc nang, nhiém vu, quyén han va co céu t6 chire cia T ruong Pai hoc Dién lyc;

Can cir Quyét dinh s6 20/0b-HDT ngay 01/10/2019 cua Hoi dong truong

Truong Dai hoc Dién luc Ban hanh Quy ché t6 chire va hoat dong cua truong Pai
hoc Pién luc,

Can cir Quyét dinh sé 2446/QD-BGDDT ngay 4/7/2013 cua B Gido duc &
Dao tao cho phép Truong Dai hoc Pién luc dao tao trinh dé thac st nganh Ky thudt
dién tu;

Can cu Quyét dinh s6 666/QD-DHDL ngay 31/5/2022 cua Truong Pai hoc
Dién luc vé viéc Ban hanh Quy ché tuyén sinh va dao tao trinh dé thac st tai T ruong
Dai hoc Dién luc;

Can cie Quyét dinh s6 1 972/0D-PHPL ngay 28 /10/2022 cua Truong Dai hoc
Dién lyc vé viéc cong nhén cdc thi sinh triing tuyén nhdp hoc dao tao trinh dé thac
sTkhda 10 (2022 - 2024) dot 2 ndm 2022;

Can cie Quyét dinh s6 310/0D-DHDL ngay 23 /02/2023 cua Truong Dai hoc
Dién luc vé viéc cong nhén cdc thi sinh triing tuyén nhdp hoc dao tao trinh d@é thac
sTkhoa 10 (2022 - 2024) dot 3 nam 2022;

Theo dé nghi ciia T ruong phong Pao tao Sau Pai hoc.

QUYET PINH:

Diéu 1. Giao tén dé tai luan van thac s va phin cong nguoi huéng dan luan
van cho céc hoc vién khoa 10 (2022-2024) dot 2 & dot 3 nam 2022 nganh Ky
thuat dién tir, ma sb 8520203 (c6 danh sdch kem theo).

Piéu 2. Hoc vién va ngudi huéng dan luan van thac si cé quyen loi va nhiém
vu theo Quy ché d3o tao thac si cia truong Pai hoc Pién luc va Quy ché dao tao thac

si hién hanh cta B Giado duc va Pao tao. +
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Piéu 3. Truéng cac don vi: Phong Pio tao Sau Pai hoc, Phong Ké hoach Tai

chinh, Khoa Dién tir Vién thong va cc c4 nhan lién quan tai Piéu 1 chju trach nhiém
thi hanh Quyét dinh nay./. 4

Noi nhgn:
- Nhu Diéu 3;
- C4c PHT (dé biét);

- Céc don vj lién quan (dé thyuc hién);
- Luu: VT, DPTSPH, PhuongBT(05).




PHU LUC: DANH SACH GIAO PE TAI LUAN VAN THAC SI VA NGUOT HUONG DAN LUAN VAN THAC Si
NGANH: KY THUAT PIEN TU, MA SO 8520203 - PQT 2 KHOA 10 (2022 -2024)
(kém theo Quyét dinh s6 7,09 /OD-DHDL ngay A5 thang 5 niam 2023 ciia Truong Pai hoc Pién luc)

i n e Giéi R Tén dé tai Tén ngwoi hwéng din Don vi
STT| Ma hoc vién Ho va tén tinh Ngay sin sinh luin vin thac si khoa hoc cdng tac
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tim ECG trén nén téng IoT NHD2: TS. Tham Dic P hll'O'I’lg TI'lIO'Ilg
SPT: 0903229117 Pai hoc
Email: phuongtd@epu.edu.vn Dién luc
Nghién ciru phuong phap TS. Pham Duy Phong Trudng
3 | 22CH5030003 |binh Bao Ha Nam| 14/06/1981 |Ha Noi [tinh to4n rii ro do sét gdy ra [SDT: 0912348885 Dai hoc
d6i voi tram vién thong. Email:phongphd@epu.edu.vn Dién luc
g E%E‘f;u‘;?hg;“l‘fgfgpi‘:‘: 85 |75, Nguy&n Thi Thiy Truong
uan .
A A it T: 0985812401 Pai h
4 | 22CH5030004 |Tran Ngoc Anh Nir | 01/07/1998 Niph. [Eeaquantiunliinantchie Sb £ 98 a: ocC
. . N Email:thuynt@epu.edu.vn Dién luc
huéng tir hat nhan.
E:;n“:‘erlf“‘;‘ éi’uzzitggig‘(;ft TS. Hoang Thi Phuong Thio Trudmg
5 | 22CH5030005 |D3 Anh Ta Nam | 26/01/1998 |Ha Noi T PRang cat tal QoL on T 0982225258 Pai hoc
6GHz ung dung tri tu¢ nhan s e
b Email:thaohp@epu.edu.vn Dién luc




Mot phuong phép sir dung

i hioe iy 88 phit hisn TS. Nguyén Lé Cudng Truong
6 | 22CHS5030006 (Nguyéen Hai Quan Nam | 05/09/1998 |Ha Noi|_. N SDT: 0913546234 Pai hoc
FLYCAM dua vao pho tin y .
e Email: cuongnl@epu.edu.vn Dién luc
hiéu vo tuyén.
B4 |Xay dung phuong phép tinh [PGS.TS Nguyén Ting Cuong Trudng
7 | 22CHS5030007 [Ngd Véan Huong Nam | 04/03/1996 Ninh toan bo loc KALMAN tin SPT: 0912045795 Pai hoc
hiéu lién tuc. Email: cuongnt@epu.edu.vn bién luc
Ung dung mang NEURON  (PGS.TS Huynh Luwong Nghia Truong
8 | 22CH5030008 [Nguyén Quéc Hung | Nam| 29/05/1993 |Ha Noi|nhan tao hd trg chin doan SPT: 0913084711 Pai hoc
bénh ALZHEIMER. Email: nghiahl@epu.edu.vn Pién luc
Nghién ctru thiét ké ché tao
Nam |thé nghiém thiét bj cam bién |TS. Lé Trong Hiéu Trudng
9 | 22CH5030009 |Pham Van Thiém Nam | 01/05/1999 Binh cﬁrp tay dinh lqug H202 SPT: 0906480210 Pai hoc
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11 | 22cH5030011 |Lé Hong Duong | Nam | 27/06/1999 | Vil [Leaming nham céi thi¢n kha [Email: tiendx@epu.cdu.vn Diga hye
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TS. Pham Duy Phong

PHONG PAO TAO SAU PAI HQC

TS. Lé Thanh Doanh
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(kém theo Quyét dinh s6 ¢ 9

/OD-DHPL ngay /9 thang 5 ndm 2023 cia Truong Dai hoc Pién luc)
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| | 22CH5030012 [Phan Thanh Thin |Nam| 07/12/1988 | Ha Noi [phi tuyén bo khuyéch dai dya [ 211 Nghiamosmipt@gmail.com (o0 0
trén bang tra NHD2: TS. Hb Manh Cudng Trudng
SPT: 0983500620 Pai hoc
Email: cuonghm@epu.edu.vn Dién luc
‘ Nam |Nehién ci, thiét ké, ché tao  |TS. Lai Thi Van Quyén Trudong
2 | 22CH5030013 |Tran bai Phong |Nam/| 03/12/1994 ' mdy rira si€éu am ung dung lam |SDT: 0903294048 Dai hoc
Pinh ] % ) ) o
sach cac dung cuy té Email: vanquyen2407@gmail.com Dién luc
HDI: TS. Hoang Thi Phuong Thao | Trudng
Tinh toan, danh gia d6 phirc  |SDT: 0982225258 Pai hoc
3 | 22CH5030014 |Lé Thanh Phong |Nam| 14/01/1999 | 31 |t@p cua mét day s6 phi tuyén ~ |Email:thaohp@epu.cdu.vn Dién lyc
Phong [c6 cau tric 16ng ghép HD2: TS. Lé Chi Quynh Trudong
SPT: 0913214000 Pai hoc
Email: quynhlc@epu.edu.vn Dién luc

* Danh sach nay gom: 3 hoc vién
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TS. Pham Duy Phong

PHONG PAO TAO SAU PAI HQC

TS. Lé Thagh-Doanh,
e




BO CONG THUONG CONG HOA XA HOI CHU NGHIA VIET NAM

TRUONG PAI HQC PIEN LUC Pjc 1ap - Tw do - Hanh phic
8618 78/Qb-PHPL Ha Ngi, ngay 25 thang A0 ndm 2024
QUYET DPINH

Vé viéc thanh 1ap Hji dong chim luan vin thac s khoa 10 (2022 - 2024)
nganh K§ thuit dién tir, ma s6 8520203

HIEU TRUONG TRUONG PAI HQC PIEN LUC

Can ctr Nghi quyét sé6 03/NO-HPT ngay 30/5/2023 cua Hoi dong truong
Truong Dai hoc Dién luc ban hanh Quy ché To chitc va hoat dong cua Truong
Dai hoc Dién luc,

Can cir Quyét dinh s6 666/QD-DHDL ngay 31/5/2022 cua Truwong Pai hoc
Dién lyc vé viéc ban hanh Quy ché dao tao trinh d6 thac si:

Can cir Quyet dinh so6 978/QD-DHBL ngay 28/6/2023 cua Truong Dai hoc
Pién lyc vé viéc bé sung mot s6 diéu cia Quy ché dao tao trinh do thac si:

Can cu Quyet dinh s6 729/0D-PHPL ngay 15/5/2023 cua Truong Dai
hoc Dién luc vé viéc phdn cong nguoi hudng dan va tén dé tai ludn vin thac st
déi véi cdc hoc vién cao hoc khéa 10 (2022-2024) nganh Ky thudt dién ti;

Can cit Ho so dang ky bao v¢ ludn van thac st cua hoc vién va Pé nghi
danh sach Hoi dong cham luén van thac st ngay 25/10/2024 cua Khoa Dién
tie Vién thong,

Can cir To trinh 56 1 99/TTr-QL Dao tao ngay 25/10/2024 ciia Phong Qudn
Iy Pao tao vé viéc dé nghi thanh lgp Héi dong cham ludn vain thac s7 khod 2022
nganh Ky thudt dién tue;

Theo dé nghi cia T ruong phong Quan Iy Pao tao.
QUYET PINH:

Diéu 1. Thanh 1ap Hoi ddng danh gi4 lun van thac sikhéa 10 (2022-2024)
cho hoc vién Cao hoc:

Ho va tén hoc vién: Ngé Van Hudng Gi6i tinh: Nam
Sinh ngay: 04/03/1996 Noi sinh: Béc Ninh
Lép: CH10.KTDT2 Ma HV : 22CH5030007

Nganh dao tao: K§ thuét dién tir M3 sb: 8520203



hiéu li

Tén dé tai luan vin: Xay dung phuong phép tinh toan b loc KALMAN tin

én tuc.

Ngudi hudng dan khoa hoc: PGS.TS Nguyén Tang Cudng

Don vi cong tac: Truong Pai hoc Dién luc

Piéu 2. Cir Ong (ba) c6 tén sau ddy tham gia vao Hoi dong danh gia luan

van thac si.
Ho va tén . n i Chirc danh
Ll (hoc ham, hoc vi) Doy} eoug the trong HD
1| TS. Pham Duy Phong Truong Pai hoc Pién luc Chu tich
2 | TS. Hoang Thi Phuong Thao Trudng Dai hoc Dién luc Thu ki
2 Hoc vién 3 g
3 an V3 i e Phan bién 1
TS. Tran Van Nghia Phong khong Khéng quin an bién
4 | TS.Ngd Duy Tan Trudng Dai hoc Pién luc | Phén bién 2
Vién Dién t1r, )
5 | TS. Bach Nhit Hoang Vién Khoa hoc & Cong nghé | Uy vién
Quan su

nhiém thi hanh Quyét dinh nay./. m/

Piéu 3. Hoi dong dénh gid luan van thac si ¢6 trach nhiém t6 chirc danh gia
trong thdi han 30 ngay ké tir ngay ki Quyét dinh. Hoi dong tur giai thé sau khi hoan
thanh nhiém vu.

Piéu 4. Truéng cac don vi: Phong Quén Iy Do tao, Phong K& hoach -Tai chinh,
Khoa Dién tir Vién thong, cac don vi khéc ¢6 lién quan, cac thanh vién trong Hoi
ddng cham lun vin thac s tai Diéu 2 va c4c ca nhan c6 tén tai Piéu 1 chju trach

Noi nhén:
- Nhu Djéu 4
- HT (d¢ bao cao);

- Luu:

VT, QLDPao tao, PhuongBT (05).

_KT. HIE}J TRUONG




LOI CAM ON
T6i xin bay t6 long biét on su sdc téi Thay PGS. TS. Nguyén Tang
Cuwong, nguoi da huémg ddn ludn vin thac st cia minh. Nho su chi béo tdn
tinh, huémg dan chu ddo, ciing véi su hé tro, givip d& quy bdu cia Thay trong
suét qud trinh thywc hién, t6i da hoan thanh dwgc ludn vin nay.

Téi ciing xin giri 107 cdm on chdn thanh t&i cdc Thay, Cé da giang day,
truyéﬁ dat kién thirc trong suét qud trinh hoc tdp tai Truong Dai hoc Dién
lyc. Bén canh do, t6i xin cam on cdc bé phdn, phong ban chirc ndang cua
truong da hé tro va tao diéu kién thudn loi cho téi trong qua trinh hoc tdp va
nghién cuu.

Dong thoi, téi xin bay t6 long cam on séu sdc t6i cdc dong nghiép, ban bé
va gia dinh, nhitng ngwoi da luén bén canh, dong vién va hé tro téi trong suot
chang duwong hoc tdp va nghién ciru.

T6i ciing xin giri 167 cam on téi cdc co quan ban nganh da giup do, tao
dién kién thudn loi va cung cd’p cdc thong tin can thiét phuc vu cho qua trinh
nghién ciru cua ludn van nay.

T6i xin tran trong cam on!

Ha N¢i, ngay ... thang ... nam 202
Tac gia

Ngé Viin Huéng



LOI CAM POAN

Téi cam doan da sir dung cdc tai liéu tham khdo cua cdc tdc gia, cdc nha
khoa hoc va cdc ludn vin dwoc trich dan trong phu luc “Tai liéu tham khao™
cho viéc nghién ciru va viét lugn van cua minh ...

T6i cam doan vé cdc sé liéu va két qua tinh todn dwogc trinh bay trong
lugn van la hoan toan do tac gia tw tim hiéu va thuc hién trong quad trinh
nghién ciru va viét lugn van cia minh, khong sao chép va chwa duoc sic dung
cho d@é tai luén van nao ...

Téi xin chdn thanh cam on!

Ha N¢i, ngay ... thang ... nam 202
Tac gia

o

Ngé Van Huéng
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1. MO PAU

1. Ly do chon dé tai

Trong bdi canh hién nay, cac hé théng k¥ thuat hién dai ngay cang yéu ciu cao
vé kha ning xtr 1y tin hiéu chinh x4c trong méi trudng c6 nhiéu nhifu va tap am.
Viéc t6i uu hoa hiéu suét cua cac hé thong nay dong vai tro quan trong trong nhiéu
linh vuc, tir truyén thong, radar, dinh vi dén diéu khién tu dong va y sinh hoc.

B loc Kalman, vdi kha nang du bdo va udc lugng chinh xac trang thai ctia hé
thdng tir cic quan sat bi nhifu, da trd thanh mot cong cu quan trong trong 1y thuyét
va ung dung xu 1y tin hi¢u. Pac bi¢t, loc Kalman tin hi€u lién tuc 12 mot hudng tiép
can phu hop dé giai quyét cac bai toan xir 1y tin hiéu trong thoi gian thuc, gitp cai
thién hiéu qua cua cac hé thdng hoat dong trong moéi trudong dong.

Tuy nhién, viéc tinh toan va ap dung bo loc Kalman tin hiéu lién tuc van ddi mat
v6i nhiéu thach thirc. O Viét Nam, tuy c6 nhiéu tai lidu gido trinh giang day dai hoc,
sau dai hoc lién quan sau dén Iy thuyét va Gmg dung cua b loc Wiener va Kalman,
nhung dang tiéc, chu yéu bang tiéng nudc ngoai. Vi mong mudn dong gép vao
viéc phat trién Iy thuyét va nang cao kha ning tmg dung cua bd loc Kalman, dé tai
“Xay dung phuong phép tinh toan bg loc Kalman tin hi€u lién tuc” dugc lya chon.
Dé tai nay khong chi tip trung vao viéc xay dung phuong phap tinh toan hiéu qua
cho bo loc Kalman trong cac hé théng vo hudng va da chiéu, ma con hudng téi ap
dung thuc tién trong viéc xdy dung may thu tin hiéu t6i wu trén nén tap 4m va nhidu.

Nghién ctru ndy ky vong s& mang lai cac két qua thiét thyc, gop phan phaét trién
céc giai phap xur 1y tin hiéu hiéu qua hon, dong thoi mé ra hudng di méi trong viée
tmg dung 1y thuyét loc Kalman vao céc linh vyc khoa hoc va cong nghé.

2. Muc tiéu nghién curu

Muc tiéu nghién ctru tong quat: Nim vimg nén tang khoa hoc 1y thuyét loc
Kalman dé xay dung phuong phap 4ap dung trong linh vic k¥ thudt vo tuyén, dién
tir, diéu khién.

Muc tiéu nghién ctru cy thé: Xay dung phuong phép tinh toan bd loc Kalman tin

hiéu lién tuc va ap dung tong hop thuat todn may thu tbi uu.

3. Nhiém vu nghién ctru

Hiéu va nim duoc ly thuyét loc Kalman tin hiéu ngau nhién lién tuc.

Téng hop thuit toan may thu tbi wu sir dung cong cu loc Kalman.



4. Poi twong va pham vi nghién ctru

Ly thuyét loc t6i vu tuyén tinh — Kalman va cdu trac may thu tin hiéu vo tuyén
dudi tac dong ctia nhiéu.

5. Phwong phap nghién ciru

Nghién ctru 1y thuyét loc Kalman va nghién ctru tmg dung trong k¥ thuét vo

tuyén dién tir véi M6 phong Matlab

I1. NOI DUNG

Luan van bao gém: Phin m¢& dau, két luén, phu luc, danh muc tai li€u tham

khao, va ndi dung cta dé tai c6 03 chuong sau:
Chuong 1. Loc Kalman v6 hudng tin hi€u lién tuc
Chuong 2. Loc Kalman lién tuc nhiéu chiéu (dang ma tran)

Chuong 3. Ap dung loc Kalman x4y dung may thu t6i wu trén nén tap am va

nhiéu



CHUONG 1: LOC KALMAN VO HUONG TIiN HIEU
LIEN TUC

Trong linh vuc xt 1y tin hiéu va diéu khién ty dong, viéc du bao va udc lugng
trang thai cta hé thong tir cac tin hiéu quan sat bi nhiéu déng vai tro cot 16i. Dé giai
quyét bai toan nay, nhiéu phuong phap di duoc nghién ctru va phat trién, trong d6
bd loc Kalman dugc xem nhu mét cong cu t8i wu va hiéu qua nhéat.

Bo loc Kalman khéng chi cung cp céac giai phap 1y thuyét manh mé ma con ¢
tmg dung rong rii trong nhiéu linh vuc nhu diéu hudng, theo ddi radar, xir 1y tin
hi€u, va robot ty hanh. V&1 kha nang xtr Iy dir liéu trong thoi gian thyuc va hoat dong
tdt trong mdi truong nhiéu loan, b loc Kalman d tro thanh mot cong cu khong thé
thiéu trong cac hé théng hién dai.

Tuy nhién, khi 4p dung vao tin hi¢u lién tuc, vi€c tinh toan va trién khai bd loc
Kalman tré nén phtrc tap hon so véi dang roi rac. Diéu nay doi hoi mét cach tiép
can can than va phuong phap tinh toan phu hop dé dam bao hiéu qua va tinh 6n
dinh.

Pé lam rd va phat trién ndi dung nay, chuong 1 s& tip trung trinh bay vé loc
Kalman v6 hudng tin hi€u lién tuc, khoi dau bﬁng viéc dat vin dé vé bai toan va
muc tiéu nghién ctru

Vi kha ning xir 1y dir lidu trong thoi gian thuc va hoat dong tét trong moi
truong nhiéu loan, bo loc Kalman di tro thanh mét cong cu khong thé thiéu trong
cac hé thé)ng hién dai.Tuy nhién, khi &p dung vao tin hi€u lién tuc, viéc tinh toan va
trién khai bo loc Kalman tré nén phtrc tap hon so véi dang roi rac. biéu nay doi hoi
mot cach tiép can cin than va phuong phap tinh toan phi hop dé dam bao hiéu qua
va tinh 6n dinh. Dé 1am 18 va phat trién ndi dung nay, chuong 1 sé tap trung trinh
bay vé loc Kalman v hudng tin hiéu lién tuc, khoi dau bﬁng viéc dat van dé vé bai
todn va muc tiéu nghién ctru.

1.1. Pit van dé
Xét t6 hop tin hiéu cong tinh (gdom tin hiéu s(¢,4) cong vdi tap trang kénh do
luong n(t) - nhidu) tac dong 1én 16i vao — kénh quan sat cia bd loc tuyén tinh
x(t)=s(t,A)+n(t), s(t,A)=c(t)A). (1.1)
Biéu thirc nay dugc goi 1a phwong trinh kénh quan sat (kénh do luong).
O day A(f) 1a qué trinh ngdu nhién (QTNN) mang thong tin hitu ich va duoc

tao ra bang cach truyén tin hiéu tap tring tao hinh v(¢)qua b6 loc tao hinh (LTH)
duoc mo ta bdi phuong trinh vi phan ngau nhién (PTVPNN) c6 dang



dA
m =a()A@)+v(); U0)=4, (1.2)
t

Trong cac phuong trinh nay, a(f) va v(f) 1a cac ham sé phu thudc vao thoi
gian, suy ra bd loc Kalman (KF) trong truong hop tong quat s& 1a mot hé thong
tuyén tinh khong ding.

Gia str rang cac QTNN A(¢), v(¢), n(f) 1a QTNN trung tdm (c6 ky vong E(.)
bang 0) va doc 1ap 1an nhau:

EMA)=EW)=E(n,)=0;

E(An)=E(nyv,)=0 (1.3)

Theo dinh nghia, céc tap trang V(¢) - kénh b6 loc tao hinh tin hiéu hiru ich va tap
trang 7(¢)- nhiu kénh do ludng déu c6 ham twong quan dang xung Dirac (ham

Delta 6(2)):
R, (t,7)=E(nn.)=S,(1)o(t-7);

(1.4)
R (t,r)=E(yv,)=q, ()0 ~—71).
va hién nhién do tinh ddc l4p cua ching, nén cac ham twong quan chéo:
E(nx)=0; E(vx,)=0. (1.5)

Ttr phuong trinh (1.2) ta c6 so d6 ciu trac (Hinh 1-1)
dA
v(?) dt j A(t)

A4

3

a(t)

a(t)A(t)

Hinh 1-1: So do cdu triic b loc tao hinh tin hiéu hitu ich A(t)

Nhiém vu dit ra 13 can téng hop bo loc tuyén tinh toi wu (loc Kalman) dua ra
wdc lugng toi wu /Al(t) cho qua trinh A(f)thdng qua tin hiéu kénh do ludng (quan
sat) x(t)

At) = jh(t,r)x(r)dr. (1.6)

Trong d6: A(t,7)- ham trong luong xung (dic tinh xung — 13 tin hiéu 16i ra cua

hé tuyén tinh khi tic dong 16i vao 1a ham xung Dirac) ctia bo loc tuyén tinh.
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1.2. Phwong trinh Loc Kalman (KF)
Chi tiéu téi vu duoc dat ra dé téng hop bd loc Kalman 1a gid tri cuc tiéu

(minimum) cta sai sé quan phuong & 62 (trung binh xé4c suat E {} cua binh phuong
sai s6 e(t) giita gia tri that A(¢f) va udc luong cua nd z(t); o2 con duge goi 1a
phuong sai)

o = E{[i(t) - Z(r)]z}; e(t) = A1) - A(0).

Khi do, theo nguyén ly truc giao cua ham trong lugng xung, bd loc Kalman phai
thoa man phuong trinh tich phan Winer — Hopf sau

R, (t,a)= j h(t,7)R (r,a)dr, 0<a<t, (1.7)
0

Trong do:
R, (t,a) = E(4,x,)- ham twong quan chéo cua tin hiéu hiru ich A(¢)va
tin hiéu kénh quan sat x(7);
R (7,a) = E(x_.x,)- ham ty tuong quan cua tin hiéu kénh quan sat x(¢);

Pé tim céu trac bd loc Kalman, can trién khai phép tinh 1dy dao ham biéu thuc
vé trai va biéu thtrc vé phai (theo thoi gian ¢ ) ctia phwong trinh Winer — Hopf (1.7).
Dao ham biéu thirc vé tréi

4
di

[R,.(t,0)]= %E[A(t)x(a)] = E[%x(d)}.

Str dung PTVP cua by LTH, ta nhan dugc

E[%x(a)} = E{[a() A1) +v(D)|x(@)} = a(t) E[A(1)x(a) | = a(t) R, (t,c0),
(do thanh phan E[v(1)x(a)]=0)

Nhu vay, ta cé

a®)R, (t,a)= %jh(t, T)R (r,a)dr.

Str dung quy tic Leibniz — 1y vi phan theo bién ! & cén trén cua tich phan

t

d d
— [ot.0dr = E[(o(t,r)]dr + o(t,1). (1.8)

0



Nhan duoc

a(t)R,.(t,0r) = j%l@x(r,a)df +h(t,OR (t,a).

Bién d6i ham twong quan R (z,a) & vé phai c6 tinh dén phuong trinh kénh quan
sat va diéu kién trung binh x4c suat E(n,x,)=0 va biéu thirc vé phai phuong trinh
Winer — Hopf:

R.(t,a) = E(xx,) = E{[c()A(t) + n(t)]x(a)} = ()R, (t,a) =

= c(t)j h(t,a)R (r,a)dr.

Sir dung (1.7) vao ham R, (t,c), duoc két qua

j[ahg; D, h(t,0)c()h(t,7) - a(f)h(taf)} R (t,a)dz =0.

0

Tich phan trén bang 0 chi & trong truong hop néu biéu thirc trong ngodc vudng
bang 0. Do d6

ahgt’ 2 — a0t 7) = W Dele)he,) = [ate) ~ 0], 7).

Lay dao ham udc lugng /Al(t) theo quy tic Leibniz

d2 _+oh(t,7)
= ! ~ x(7)dt + h(t,)x(2).

Str dung biéu thirc /Al(t) v6i thay thé gia tri vira tim cta Oh(f,7)/ Ot , nhan duoc
PTVP

% =[a(t) - c(Yh(t.0] A1) + h(t.0)x(D).

Viét day du dang PTVP cta bo loc Kalman

A~

ij_j:a@z(mg(r)[x(r)—c<r>2<r>}, 2(0) = A, (1.9)

Trong d6 h(,t) - Hé s6 khuéch dai cua bd loc Kalman.

T PTVP mé ta loc Kalman, nhan duoc so dd ciu tric loc Kalman sau



x(1) = c(t)A(1)

x(’)=® 2(1)

A

)
~
~
N
A

c(H)A(t)

c(t) [«

Hinh 1-2: So dé cdu triic loc Kalman

1.3. H¢ s0 kKhuéch dai loc Kalman
Theo nguyén tic truc giao (sai sd truc giao véi lugng vao cia bo loc)
E [e(t)x(a)] =0,
Khi do:
E(ex,)=E(\x,)— E(?:xa) =0.
Suy ra, c6 dugc biéu thuc sau

E[M)x()] = E[i(r)x(z)].

Thay thé phuong trinh quan sat & vé trai, biéu thirc uéc luong },(l‘) (6 dang tich

phan), nhan dugc

CHE[X (1) |= j h(t, 0 E[x()x(t) it =

o!—..m o!—..m

h(t, DE{[c(OMD) + n(0)|[e(D)M() + n(1) ] }dt =

h(t,D){c(O)c)E[MOMD)]+ S, ()5 (1 1)} d

Theo tinh loc ctia ham Delta va ¢(T)AM(t) = x(t) —n(T), suy ra



c(E[ V(1) | =S, ()h(t.t) + jh(z, DE{c(OMD)[x(1) - n(v)]}dr

= S, ()h(t,1)+ E{c(z‘)k(t)j.h(t, T)x(r)dr} =

= S, (Oh(t,t) + c(z)E[x(t)/i(t)].
Nhu vay

c(E[22(1)]= c(t)E[/I(t);l(t)] + S, (Oh(t,0).

Thay thé vao vé trai, vé phai ¢ biéu thirc trén thanh phan A(¢) = e(¢) + /Al(t) , va

diéu kién truc giao E (etj;) =0, két qua
A~ 2 2
c()E(e) + c(t)E[/"t(z‘)] = c(OE[A2(1) ] +8,()h(1,1), hode

c(t)D(1) = S, (1)g (1),
Trong d6: D(t) = E(e’(t)) - phuong sai cta sai sb; g(¢) =h(t,7)- ham trong
lugng xung cua bd loc (hé s6 khuéch dai)

Nén h¢ so khuéch dai can tim c6 dang

g(t)=D(t)c(t)/ S,(1). (1.10)
Tiép theo, can tim phuong trinh phwong sai cta sai s6. Ta biét PTVP cua sai sb
de_di_di

dt dt dt’

Trong do: d A/ dt = a(t) +v(t)= phuong trinh b LTH.
Trién khai PTVP b6 loc Kalman véi md ta rd cac thanh ph?ln

‘Z—j = a(1)A(t) + g(z)[x(z) - c(t)ﬁ(t)] = a(H) A1) - g(O)e(OA) +

+ g(O[c)AE) + ()] = a() A1) + g()e(®)e(t) + g(Dn(?).
Nhan dugc PTVP sai s6

%=[a(r)—g(t)c(n]e(r)+v(z>—g<r>n<r).

Nhu da biét
X = Ax+ Fv(t) + Gn(t),



Trong d6: v(¢), n(t)-cac QTNN tap tring; F, G=const; A= A(t);

R,(t-1) =g, (060 ~1); R,(1,7)=5,(1)5( 7).

PTVP cita phuong sai QTNN x(¢)

dD,/dt=2AD (t)+ F’q,(t)+ G*S,(1). (1.11)

Nén twong tu cho PTVP sai sd, tim duge A =a(t) — g(t)c(t) , khi d6

‘2—? =2[a(t) - g()c()| D+ q, (1) + g (1)S, (0). (1.12)

Sau khi bién dbi c6 tinh dén gia tri hé sé khuéch dai g(f), nhan duoc PTVP cia
phuong sai cta sai s6
dD D’
— =2a(t)D - c*(¢)
dt S,(1)

PTVP (1.13) 1a PTVP phi tuyén mang tén Riccati, vé tong quat duoc giai theo
phuong phap tich phan sb. Nghiém D(#) cho phép tinh hé s khuéch dai g(7), va

+q,(1). (1.13)

xac dinh déy du céu trac bo loc Kalman.

Nhdn xét. Néu PTVP cua bo LTH c6 dang

% =a(t)A(t) +b()v(¢), (1.14)
thi PTVP ctia phuong sai (1.13) s€ ¢ mo ta

dD , . D*

—=2a(t)D—-c (t)——+b"(¢ r). 1.15
7 a(t) C()So(t) (t)q,(t) (1.15)

1.4. Tinh toan Loc Kalman vo hudng

Quy trinh tinh toan bo loc Kalman s€ dugc xay dung theo cac dang irng dung cu
thé vé6i hiéu ¥ nghia va xac dinh timg thanh phan trong loc Kalman.

1.4.1. Truomg hop tmg dung 1.Gia st biét ham tuong quan tin hiéu hitu ich
At)1a R (7) = O'ie_a‘r‘ . Trudc tién, can tim hé sé a(f)cua loc tao hinh.

Cdc buoc tinh toan. Tu dang ham tuong quan, suy ra LTH 1a hé dung; tap tao
hinh v(f)- 1a tap tring ngAu nhién ding; ¢,= const. Tim ham truyén dat LTH tir

bidu thuc S, =S, (@)H (s)H (—s) =g, |H(s)|

~alt]

Biét bién do1 Fourier caa ham e



S[e*“‘f‘] —2a/(a® + o)

Nén pho tin hiéu A(¢)

S (w)=20a/(a’ + o)

Biéu dién S, () duéi dang tich

S, (@)=20a/|(a-iv)(a+io)|=20a/[(a-s)(a+s)]

Néu dat H(s)=1/(a+s), thi thay ky hiéu sbang p=d/dt, va van dung

biéu thurc: (0{ + i)ﬂ, =v(¢)
dt

Nhan duoc PTVP cua LTH

dA

—— =—ald+w(1). (1.16)
dt

Nhu vy, a =—a = const ; q, =2a0. .

Thong s6 a c6 y nghia vat 1y 1a d6 rong pho hiéu dung ning luong A, khi
truyén tin A, nhu vy cac thanh phan hé sb truyén LTH, mat do phd g, cua tap tao
hinh v(¢) dugc xac dinh bang cach tinh phuong sai thong tin truyén o, va hé sé .

1.4.2. Truomg hop tng dung 2. Giai phuong trinh Riccati (1.13), néu gia
dinh dD/ dt =0 (trudng hop Loc Kalman dimng); can tim cac thong s6 loc Kalman
va ham truyén dat c6 tinh dén cac két qua muc tmg dung 1.4.1.

Cac buoc tinh toan.

Khi dD/ dt =0, phuong trinh Riccati bi suy bién thanh phuong trinh dai s6 sau
(truong hopa =—-a)

’D* +2aS,D—S,q,=0.

Giast c=1,tacod

D=-aS, ++a’S? + 8,9, = aS,(\J1+ A, 1),
Trong d6: 4, = q, / a’S, .

Luc nay, biéu thirc ctia hé s6 khuéch dai hé dumg g(f) = g ¢6 dang

=L _o(JT+ A, -1).
0

S
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Theo tmg dyng 1.4.1., g, = 2050'§; a=-a,nén
A =q,/a’S,=q,/a’S,=20;/as,.

Viét PTVP uéc luong (1.9) dudi dang
[d/dt+(g +a)]A=gx.

Tir day, ham truyén dat cia Loc Kalman

H(S): g — kO ,
s+(g+a) 1+sT

Trong d6: ky=g/(g+a); T=1/(g+a).
Nhu vay, loc Kalman dung tuong duong voi mach dién (khau quén tinh) cé

hang so6 thoi gian 7', dugc mac noi tiep voi by khuéch dai c6 hé so khuech dai £, .

Thay bidu thirc k,va T, tinh dugc g +a = a+/1+ A, . Khi do

ky=(J1+ A, 1)/ J1+ A,
So sanh cac théng sé nay véi cac thong sé loc Winer, ta tim duoc

200=D,/S,va A, =A=D_/S,.

Nhu dy kién cho hé dung, cac ham truyén dat cua loc Kalman va loc Winer la
trung nhu nhau. Khac biét chi ¢ chd, loc Kalman c6 cAu tric duge thuc hién & dang
hé v6i phan hoi va nhu thé s& d& dang hon trong mo hinh thuat toan hoa trén may
tinh s0.

1.4.3. Truwong hop tng dung 3. Xét truong hop hdn hop cua tin hiéu va tap
nhiéu: x(¢) = A(¢t)sin @yt + n(t),
Mo hinh thong tin xac dinh theo PTVP

dA
—=—ald+V(¢).
7 (1)

Hay tim so d6 Loc Kalman.

Cdc buoc tinh toan. Khi so sanh kénh quan sat (1.1) va thong tin hiru ich (1.2),
c6 thé thiy

c(t)=sinawyt; a(t)=-a=const; q,(t)=q,=const; S,(t)=S,=const.
Phuong trinh xac dinh uéc luong (1.9), thay thé
gt)y=c(t)D/S,=(D/S,)sinw,t nhan dugc tich:

11



g(Dc(O)AE) = (D S,)A()sin® oyt

Sau khi bé qua thanh phﬁn chira hai bac hai sin’ @,t , nhan duoc dang PTVP
gén ding xac dinh udc lugng can tdi wu cta loc Kalman (véi diéu kién thoa man
r,=1/a>r=2r/w,)

di_ ~ D . -

—=—al+ —[Zx(t) sin @,t — /1}.

dt 28,

Phuong trinh phuong sai gan dang (b6 thanh phan chira hai bac hai sin’ @t )
D>
—=-2aD+q,———, (1.17)
dt 28,
Trong d6 theo dir liéu ung dung 1.4.1. thi g = 20(0'5.
Két qua, PTVP loc Kalman c6 dang:

d D) D .

—+| a+— [A=—x(t)sinwyt

dt 28, S,
Tu d6

~ D . D )

A= S—x(t)sma)ot /ld/dt+| a +E =x(t)2sinw,t)g / (1+71d / dt)

0 0

Chuyén PTVP trén vé dang toan tir Laplace (d¢ c6 ham truyén dat), thay
d/dt=s

A =x(t)(2sinawyt)g / (1+Ts)

Trong d6: g=D/2S,- hé s6 khuéch dai; T =1/a,- hang sb thoi gian;
a,=a+D/2S,.

D& thiy, & ddy loc Kalman thuc hién xt 1y: cho tin hiéu quan sat x(¢) qua khau

nhan véi 2sin@, va mach quéan tinh — bo loc thap tin g/ (1+75), dé c6 woc

lugng A, xem so d6 ciu trac Hinh 1-3

12



x(1) R A(t)
——X —»{>—: =

T —

2sin w,t 1
Hinh 1-3: So do nguyén Iy loc Kalman

1.4.4. Trwomg hgp ung dung 4. Xét PTVP thong tin va PTVP kénh quan sat
dang

dA .

o JAU+gvt);  x(1)=hA(t) =n(r)

Trong d6: f,g,h—cac dai lugng tién dinh vo huéng; A,(¢) — dai lugng ngiu
nhién c6 trung binh xac sut E[ﬂ.o (t)] = ﬂ,_o v6i phuong sai D, = A ; n(t),v(t) —céc
tap tring dimg khong tuong quan c6 ky vong bang 0 va phuong sai R, (7)=rd(7),
R (r)=qd(7); r,q=-const.Pailugng A,(#)khong twong quan véi n(t),v(z).

Hay tim PTVP loc Kalman, PTVP phuong sai cua sai s va giai PTVP Riccati.

Cac buoc tinh todn. bat
a()=1; c(t)=h; Sy=r; q,=q; b=q; D(t)=p@t); gt)=k()(he¢  sb

khuéch dai), theo céc két qua ¢ trén, nhan dugc thuat toan loc Kalman, bao gé)m:

e Thuét toan tinh udc lugng t6i vu Kalman

~

L2 k(z)[x(t) - h;l(t)] A1) =7 k() ="PO. (1.18a)
dt r
o Thuét toan tinh phurong sai ctia sai s6 loc Kalman
d h
=20~ p O+ ply) =0y, (1.18b)
Co6 thé viét (1.18b) dudi dang
2
dp _

prO=2r /) fpt)-(r/1h)g’q v

Ky hiéu p,, p,la cac nghiém cta phuong trinh bac hai

ﬁv— qu

Nhan duoc
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2
r r

r

p1,2:F * Ff2+?g2q
Nhu vay PTVP Riccati s€ co6 dang

dp 1 {dp_dp }——h—zdt
(p—p)P—pP) P—PlP—P PP ro
Hoac
{ b1 }dpz—Z,udt,
PP PP
Trong do

h? /e r
=" - p) =2 [ g =2, P+ gL

r r h h r
Sau khi 1dy tich phan
p()
j{ t 1 }dp:—2yrdt
p(ty) p_pl p_pZ o
Suy ra
ln|p(t)_’01 p(to)_p2|=—2ﬂ(t—t)

: 0
‘p(t)_pz p(to)_pl‘

Két qua, tim dugc nghiém PTVP Riccati

= pyCoe 070 .
pO==— Czoegz*‘(f—fo) ; 120 (1.19)

c - PW=p _ 0 —p

pt)-p, o-p,
O trang thai thiét 1ap (hé dung, khi t — )

r r2 r
}CEI;P(I)ZPOO =P Z?er\/ﬁfz +?g2q

Nhu vay gia tri thiét 1ap ctua phuong sai khong phu thudc vao diéu kién ban dau

p(t)=0;.Dit f=—a; a>0,tacé gia trj xac 1ap cho bd loc tao hinh 6n dinh

ar
. :y(,/u/\1 —1), (1.20)
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Trong d6: A, = g’qh’ | ra’.
Theo PTVP ctuia LTH, nhan dugc [xem (1.11)]

db,
dt

=2/D, +g’q

T 46, & ché do xac lap (f =—a ), taco

D,=g%q/2a. (1.21)
Theo (1.1), thanh phén tin hiéu s(¢) = AA(¢), do vay cong suét tin hiéu

D =oc,=h’D,=h’qg’ /2a,nén A, =2D,/ra.

Do rong phé) hiéu dung mot phia cta nhiéu bﬁng 2r, d6 rong phé) hiéu dung cua
thong tin A =A(¢)bang a /4 (Hz), do vay A, =D,/ p, trong 36 p - 1a cong suat
nhiéu trong dai thong tan hiéu dung cta thong tin. Nhu vay, A, - mirc cuong do phd
nhidu trong bd loc Kalman. Tur (1.20) c¢6 tinh d&én dang thuc ar/h’ = 2D, /A,

nhan duoc
. =D,/ A1+ A, ~1)
KhiA, =0, thi p, = D,; khi A, =00, thi p  — 0.
Tim ham truyén dat cua loc Kalman. Tt PTVP loc Kalman, ta c6

k kK

H.(s)= = : 1.22
() s+(a+hk) 1+sT, (1.22)
Trong do: k, = k T = ! luu v 05+hk—05+h—2 =1+ A
SO T ik g Y ;P !
CL A, 1) ~
Khi do k, = __pIIr i = 1+A, 1

aw/1+A a«/1+A a1+ A, hyl+ A,

Nhu vay, ham truyén dat loc Kalman theo tin hiéu

H(s)=ht (s)=—Fo - K 7 1

1+sT, 14T, " aJlt A,

Iim7,=0; lm7,=1/a; ImK =1, lmK,=0.

Ay > A > A|—>o A0

Trong hién thyc héa thyc té cac thuét toan loc toi wu, doi khi con 16ng vao thém
yéu cau do nhay cua déc tinh loc tdi wu d6i v6i su chénh 1éch cac thong s6 so véi
cac gia tri dinh chuén nhan dugc & két qua tir bai toan tong hop. Diéu nay lién quan
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tGi cac van dé sau, thir nhat, do khong biét trude chinh xac mot s6 dit liéu ban dau
(vi du, d6 rong pho tan truyén ban tin, cudng d6 phd nhidu). Thir hai, cic thong sb
nay cé thé thay dbi trong qua trinh 1am viéc. Thu ba, d6i khi chi c6 thé thyc hién
gan dung cac thong s tinh toan cta bo loc tdi wu. Trong tit ca cac tinh hudng tuwong
tw, cAn uu tién xét sy anh huong cua do chénh 1€ch cac thong s6 bo loc (so véi gia
tri tdi uu) 1én dd chinh xéac khoi phuc (loc) thong tin hiru ich.

Nhiéu céng trinh, dwa ra danh gia diy du do nhay cua cac thuit toan loc tuyén
tinh tdi wu, song dé bude dau hiéu duoc cach tinh do nhay cua bg lgc, ta xét mot vi
du don gian, khi phuong trinh tién dinh cua thong tin ¢6 dang (1.1), (1.2) véi
c=1, a=—-«.

Ta gia dinh, hé s6 khuéch dai k 1a hing sd. Theo (1.10), tinh duoc phuong sai
clia wdc lugng & ché do dimg

D _ k2S0 +qv

T (1.23)

Tir (1.24) c6 thé chi ra cac giéi han duoc phép khi thay dbi k. Dé thay, gia tri
cuc tiéu cta phuong sai nhan duoc tir didu kién dD/dk=0, suy ra

km:a( 1+ IJ:a(1/1+2q1), (1.24)

a’sS,

4

Trong do: g = ; D= 2q—v - phuong sai cuia udc lugng tin hitu ich; g - ti s6
as, a

tin/ tap.
Bién ddi (1.24)
2
k7S, +1 72Uk +1

4 4 4
e l+kla  “l+yk, /la’

Trong d6: y =k /k,. Suyra

7/2L(J1+2q -1)* +1
Blr) =2 -2
D, 1+ y(J1+2g —1)
Nhu vay, khi =0, 8 =1. Can tim gia tri 3 khi y =1
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2

By==1
J1+2¢g JVI+2g (1.25)

1 J1+2g(J1+2¢-1) 1 1
=— =—(J1+2g-1)=—=k,.
q JI+2¢ q( 71 aq

Truong hop cudng do phd nhiéu nho (¢ < 1)
P)~1—q/2;

Truong hop cudng do pho nhidu 16n

B)y=2/q.
a

L (729 -1 +1 1+12q—1«/1+2q
_ q

Theo (1.25)

DC
aq

D(k) :D:[ jkm =Sk .

. D . .
Do d6, nhu dy kién k, = S—, biéu thirc nay trung véi (1.10). Mo6i1 phu thude
0

S = B(¥) duoc thé hién trén Hinh 1-4 voi ¢ =1;5;10

16 ’ / 1
1.2} _/,//
{/_/ e
\, / 9
A\ . q=1 /,.// S
08 S
) ' \
0.4 - 10
0 ] ] ] ]
0 1 2 3 4 }/

Hinh 1-4: D6 thi su phu thugc thong s6 ﬂ vao Y khi cuong do nhiéu thay doi

17



Luu y, d6i v6i cac hé tuyén tinh bac cao, cin kiém soat di chuyén quy dao
nghiém phuong trinh dic trung phu thudc vao sy thay dbi thong sé, sao cho sy di
chuyén nay khéng lam hé mat 6n dinh. Nhung ciing can biét rang ddi v6i hé phi
tuyén, ap dung phuwong phap ndy gip nhiéu khé khin, do khong kép kin dugc viée
1ay dugc tich phan (khong kha tich phan) cta dy du cac phuong trinh.

Nhu vay, trong chu:ong 1, t6i da trinh bay tong quan vé loc Kalman vo hudng tin
hiéu lién tuc, bao gdbm co sor ly thuyét, phuong trinh co ban va phuong phép tinh
todn. NOi dung nay cung cip nén tang quan trong cho viéc hiéu va ap dung bo loc
Kalman trong cc hé thong don gian.

Tuy nhién, trong thuc té, hiu hét cac hé thong déu cé nhiéu chiéu va yéu ciu mod
hinh hoa dudi dang ma tran dé phan anh day du trang thai va mdi quan hé giita cac
bién. Do do6, viéc mo rong tu loc Kalman vo hudng sang loc Kalman lién tuc da
chiéu 14 can thiét dé giai quyét cac bai toan phirc tap hon.

Chuong 2 s& tiép tuc di sdu vao viéc xay dung phuong phap tinh toan loc Kalman
lién tuc nhiéu chiéu, qua d6 mo rdng va hoan thién co so ly thuyét da dé cap trong
chuong 1.
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CHUONG 2: LOC KALMAN LIEN TUC NHIEU CHIEU
(DANG MA TRAN)

Trong thyc té, nhiéu hé thong vat 1y va k¥ thuat c6 ban chét phtc tap, bao gom
nhiéu bién trang thai lién quan chat ché véi nhau. Viéc md hinh héa va xir Iy cac hé
théng nay doi hoi phai mé rong tir dang v hudng (scalar) sang dang ma tran
(matrix) dé c6 thé phan anh ddy du cac mdi quan hé giita cac thanh phan. Loc
Kalman lién tyc nhiéu chiéu 12 mot cong cu manh mé dé giai quyét bai toan nay.
V6i kha nang ude luong trang thai cua cac hé théng da bién trong thoi gian thyc, bo
loc Kalman dang ma tran dugc img dung rong rai trong cac linh vuc nhu diéu khién
tu dong, robot, hang khong, va cac hé thdng truyén thong.

Chuong nay s& tap trung phat trién phuong phap tinh toan loc Kalman tin hiéu
lién tuc trong khong gian nhiéu chiéu, bat dau tir viéc thiét lap cac phwong trinh co
ban dudi dang ma trdn, sau d6 trinh bay chi tiét phuong phap tinh toan

2.1. Phwong trinh Loc Kalman nhiéu chiéu
Xét cac phuong trinh md ta mé hinh thong tin (hitu ich) = (4,,4,,...,4,)"

% = F(OA®) + G()w(b); 2.1)

va md hinh kénh quan sat x = (xl,xz,...,xm)T
x(t)=H()A(t)+ v(21), (2.2)

Trong d6: w(t)- tap tring (7 x 1) chiéu tao hinh tin hiéu hitu ich; F(¢)- ma trdn
loc tao hinh kich ¢& (nxn); G(¢)- ma tran dau vao (nxr) chiéu; H(f)- ma trdn

quan sat (nx m)- chiéu.
Gia st ciing dung céac biéu thic:
Ew)=0; Eww)=0@1)d(t-1); 2.3)
E(v)=0;  E(vy,)=S,(t)d(t-1),

Trong d6: O(t-7)- ham delta 0 ; Q(¢) va S,(¢)- cac ma tran xac dinh duong

d6i xtmg (rxr) va (mxm).
Céc tap trang w,, v, lakhong tuong quan véi nhau, nén thoa man:
R (tr)=E(wy)=0.
va do do w,, v, cling khong twong quan véi diéu kién ban déu tin hiéu hiru ich

nghu nhién A(0) =4, ; (E(4,)=0),
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E(w))=0; EM)=0,
ngoaira: E(wx,)=0; E(vx,)=0, (2.4)
Céc qua trinh ngau nhién A(¢), v(¢) cling khong tuong quan, nén E(v,x.) =0,

Can tim bo loc t6i wu nhiéu chiéu cho phép tao udc lugng khong léch cho tin
hiéu hitu ich v&i t6i thiéu hoa binh phuong sai s6 e, = A(¢) — A(2).
Quy trinh xay dung b loc Kalman dang ma trdn — véc to cling twong ty nhu

truong hop vé huong

D, (t,a)= j KtD)® (r,A)dr, t>7,a>0 (2.5)
0

Trong do: @, (¢,a) = E[ﬂ(t)xT (a)] - ma trdn tuong quan chéo gitta A(¢)va
x(a)

CI)x(r,a):E[x(r)xT(a)}- ma tran ty tuong quan cua tin hi€u quan sat;
K (¢,7) - ma tran trong s6 cua bo loc.

Lay dao ham cac phan bén trai va bén phai phuong trinh (2.5). Cu thé, dao ham
vé trai

d .
E{E[l(z‘)xT(a)]} =E| A()x" (@) |-
Thé gia tri dao ham A(¢)vao vé phai biéu thirc trén, nhan duoc

E{%[z(t)xT (a)]} = F()E| A(0)x" (@) |+ GO E[ wt)x" (@) |
Luu ¥ (2.4), dao ham vé trai c6 két qua

d
EE[ﬂ(t)xT(a)} = F()E| A()x" () ] (2.6)
Theo quy tic Leibnis, dao ham vé phai (2.5) c¢6 dang

= j K(t,7)® (r,0)dr = j M@ (r,a)dr +K(t,0D (t,0), 0

t>a>0

Thanh phén trong sb hang thit hai
® (t.a)=E[x()x"(a) ]
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Str dung (2.2), suy ra
D (t,a)= E{[HOAN) +v(0)]x (@)} = HOE| A(t)x" (a) | (2.8)
béi vi theo (2.4) thi E[ v(1)x" (@) ]=0.

Ta thay rang, (2.8) 1a tich ctia vé trai (2.5) nhan v&i ma tran quan sat H (¢). Con

(2.6) 1a tich cta vé trai (2.5) nhan véi F(¢).

Khi thé hién @, (¢,«)qua tich phan vé phai (2.5) ¢6 tinh dén dao ham (2.6),

nhan duoc
00, (1a) F()®, (t,a)= F(t)jK t,0)® (z,A)dr =
= _:[%K(t, 7)D_(z,A)dT + K(t,t)H(t)j;K(t, 7)®_(z,A)dt
Hoac

j[F(t)K(t, 7)— %K(t, 1) - K(t,)HOK(, r)}CDx(r, A)dr=0

0
Tlr d6, do dang ma tran @ _(7,4)co thé bat ky, suy ra biéu thiic trong ngodc

vudng phai bang 0

F(OK(t,7) - %K(r, ) - K(t,HOH(OK(t,7)=0 (2.9)

Biéu dién wdc lugng A(f)qua tin hiéu quan sat (lwong vao bo loc)

) = [K(t,0)x(2)dr. (2.10)
0
Lay dao ham hai vé trai va phai (15.10) (sir dung quy tic Leibnis)
dAl) _ | O Kt 0)x(2)dr + K (£.0)x(0). @.11)
dt ot

0

Theo (2.9), c6 dao ham riéng
%K(t, T)=F()K(t,7)-K(t,t)H()K(t,7)

Thé gia tri nay vao vé phai (2.11), nhan duoc
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df:) - F(t)j.K(t,T)x(r)dr —K(t,t)H(t)jK(t,r)x(r)dr + K(t,t)x(t) (2.12)

St dung (2.10) cho wde lugng i(t), nhan dugc PTVP loc Kalman & dang ma

tran

dA(t)

= F()A(t) + K(t)[x(t) - H(z)ﬁ(r)}, 2.13)

Trong d6: K(t) = K(¢,t)- ma tran hé s6 khuéch dai bo loc Kalman.

Pén day, ta hoan thanh budc mot xay dung loc Kalman. Budc hai 1a tim biéu
thire tinh toan ma tran hé s6 khuéch dai K (1).

Ta biét sai sb loc
e(t) = A(t) — A(2). (2.14)

Biéu dién ma trdn twong quan chéo
E[ e(t)x" (@) |= E| A(t)x" () |- jK(r, )x(0)x"(a)dr =
= E[ At)x" () |- jK(r,r)E[x(r)xT(a)] dr=0

Phan vé phai cta biéu thirc nay bang 0 do tuan tha phuong trinh Winer - Hopf
(2.5).

Nhdn xét: Ding thic E| e(t)x" (@) |=0 (2.15)
1a dang twong tu nguyén ly truc giao, va suy ra tir nguyén 1y nay & dang nhiéu
chiéu
AT
E[e(t)ﬂ. (0{)} =0 (2.16)

(do wdc lugng A(f)theo (2.10) I3 ham tuyén tinh véi x(7)).
Khi o =t¢, c6 tinh d&én (2.4), ta co

E[e)x"(t)|= E[2()x" (1) ] - E[i(t)xT(t)] -0

Tir ddy, c6 duoc dang thirc

E[2()x"(1) ] = E[i(z)xT (z)].
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Két hop phuong trinh quan sat (2.2) ¢ vé trai va udc luong i(t) dudi dang
(2.10) , nhan duogc

E[A0H©OAW) |+ E| 20" (1) | = E[AH©OA0)" ] =

= E{UK(t,r)x(r)erxT (t)} = jK(t,T)E[x(r)xT (1) Jdr =

:jKu,T)E{[H(r)z(r)+v<r>][H (A0 +v0)] | de

Trong d6, theo (2.4) c6 tinh dén E[/i(t)vT (a)] = 0. Néu dang thirc duoc tinh
vao vé phai, va ngodi ra con dit E(w') = S,(£)5(t —7),ta co

E[A0(H®A0) ] = K(z,r)E{[H(r)/l(t)][H(r);t(t)]T}dr 4

+ jK(t,r)So ()S(t —7)dr =

= j K(z,T)E{x(z)[H(r)z(r)]T}dr +K(1,0)S,(1) =

- E[/Ai(t)(H(t)/i(t))T] + K(1,0)S,(2).

O dang thirc trén, néu lai sit dung biéu thirc (2.10) cho udc lugng z(t) va luu y

(2.14), thi E[ e(t)(H (D A1) | = K(6)S, (1)
Vi At)=e(t)+A(t), tiép d6 két hop phép chuyén vi ()7, thi
(HOAHO) =2 O )= ¢ ©+1'0) |H' (0=
— S OH () + A (OH ().
Tiép theo, nhan dugc

E[e(t)e" (OH" (1) |+ E[e(t)zT(t)}HT(t) = K(1)S, (1)

Do thanh phan thtr hai & vé trai bang 0 theo (2.6), nén nhan dugc
E| e(t)e" (t) |H™ (t) = K(6)S,(2). (2.17)

Ky hiéu ma tran phuong sai
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E| e(t)e" (1) | = P(t),

Thi biéu thirc ma tran hé sd khuéch dai s& 1a

K(t)=P@t)H (1)S, (1) (2.18)
Két qua, ta c6 PTVP cho udc lugng
L P00+ KO[x0-HOI0]  A)=4, 2.19)

Trong d6: K(¢)= K (t,t)- ma tran hé s6 khuéch dai; ngoai ra ta biét K(¢,7)
chinh 14 ma tran cic ham trong luong cta bd loc nhiéu chiéu (ma tran).
Nhu vay, con lai chi can tim PTVP ctia ma tran phuong sai thi s& khép kin dugc

thuat toan loc Kalman. Theo dinh nghia ma tran nay c6 dang

P=E(ee'); e =et)=A(t)-A). (2.20)

Str dung phuong trinh tao tin hitu ich (b0 loc tao hinh) va phuong trinh udc
luong, ta co

% — F()A+G()w(t)— {F(t)i, LK) x - H®J, }} _
= Fe, + Gw,— Kx, + KHJ, = (F — KH)e, + Gw, — Kv,,

F=F();, G=G(1), K=K(t), H=H().

Nhu vay, nhan dugc PTVP

%:(F—KH)et+th—Kvt (2.21)

Khéng kho, ta thdy nghiém cta phuong trinh nay 1a

e(t) =D(t,t,)e(t,) + j@(z,r)[G(r)w(r) — K(T)V(T)]dl’ =

=®(1,1))e(ty)) + 1,

(2.22)

Trong d6: ®(t,,)- ma tran chuyén qua do (dang dinh chuan co sg), day la
nghiém cta PTVP tuyén tinh déng nhat sau

% =[F(@t)- K(t)H ()| D(2.1,), (2.23)
Luuy
D(t,.t,) =1, (2.24)
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O day: - ma tran don vi.
C6 thé biéu dién dai lugng
e'(t)=e'(t,)D"(t,t,)+1,

Trong do:

I, = j[WT(r)GT(T) —V'(DK"(r) " (¢, 7)dr.

)

Khi @6, nhan duoc

P=E(e,e") = E{[®(t.t)e(t,) + 1] e (t)®" (t,8,) + I, |} =

=0t 1)E| ety)e’ (t,) |7 (1.8)) + Lie" (1,) D" (¢,8,) + DL, )e(t,) ], + 1,1,

Trong do:

{Le" (t,)®" (t.1,)} =

=F {j@(r,to) [G(T)W(T)QT (t,) - K(t)v(r)e" (10)] CI)T(t,tO)dT}.

fo

Theo dinh nghia tinh khong tuong quan ctia cac qua trinh e(¢), w(¢), v(¢),

suy ra
E[Cv(r)eT(to)J =0, E[v(0)e"(t,)]=0, (2.25)

Khinay /e’ (t,)®"(,¢,) =0.

Tiép theo, c6 duoc

DO(t,t,))e(t,)], = @(t,tO)E{je(to)wT ()G (7) —e(t, V' (T)KT(T)CDT(t,T)dT}.

)

Ham ma tran twong quan chéo

R, (ty:7) = E[ e(t)w" () | = R],(7.1,),
Trong do: R, (7.t,) = E[ w(r)e' (¢,) | = 0.
Tuong tu, ta co

R, (t,7) = E| e(ty)v" (r) | =0
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Nhu vay
D(z,t,)e(t,)], = 0.
Xét tich sd

L1 = [ [{@@0)[G@w(r) - K(@0)w(@)]} x

R

x {[WT(a)GT(a) _— (a)KT(a)]cDT(r,a)} dAdr =

_ E{ I V’[(D(tjr){G(r)w(r)w @G (@-KOHe W' @G (@) _}I)T(t,a)dadr}
o b ~G(O)W(r)v (@)K () + K(t)(z)v (1)K ()

Do cac qua trinh w(z), v(¢) khong tuong quan vdi nhau nén

E[w(r'(@)]= E[v(t)w'(a) | =0 (2.26)

Ngoai ra, véi diéu kién
R, (@)= E[ w()w' (@) |=0(1)8(r-@); R,(t.a)=R()é(r—a) (227)
Str dung tinh chét loc ctia ham Delta, ta c6 duogc két qua

P=E(ee)=D(t.1,)E| elty)e" (t,) |7 (¢,1,) +

+j(I)(t,z')[G(r)Q(r)GT(r) +K@OR@K" (r) @' (t,7)d7 = (2.28)

= D(1,1,)aD" (t,t,) + I,
Trong d6: o = E[e(to)eT (to)} .

Khi thyc hién 1dy vi phan tich phan véi can trén bién sb theo quy tic Leipnis

t

d o
— [o.0)dr = 5[(p(t,z')]dr +o(t,1). (2.29)

Trong do:

p(t,7) = p(t,7)y ()P (t,7); y(7)=G(0)Q(r)G' (7) + K()R(r)x K ().
Khi do

p(t,1) = DL,y (D (¢,1)

Luu ¥ tinh chit (2.24), nhan duoc

p(t,0)=y()=G(NOOWM)G () + K () + ROK (1) (2.30)
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Tiép theo chi con xét hai thanh phan trong dao ham

P&

= [cp(z,r)aqf(t,r)] + j %[qo(t,r)]df +7(2).

va tinh chat (2.23), thi thanh phan dau sé c6 dang

(%(D(LT)JQ’(DT(I,T) + (p(t,r)a%CDT(t,r) =
=(F - KH)D(t,7)a®" (t,7) + D(t,7)a®" (t,a)(F — KH)" =
=(F-KH)YP-1)+(P-1)F-KH)".

Tuong tu, thanh phan th hai c6 dang

(F-KH)I, +1,(F—-KH").

Lay tong, s& co két qua

‘2_1; =[F(t)-K@)H ()| P(t)+ P(O)[F(t) - K()H (t)]T +

+G(HOMG (1) + KORMK ' (1).

va gia tri t8i wu ctia ma tran hé sb khuéch dai 1a
K(t)=P(t)H " (t)R'(¢)

Thay thé gia tri nay vao (2.32), nhan dugc PTVP

”é—f —FP+PF'—PH'R'HP—-PH'R 'HP +

+PH"R'RR'HP + GOG",

& ddy da tinh dén tinh di xtng ctia ma tran phuong sai, nén P’ = P.

Cudi cung dan dén két qua can tim PTVP cua phuong sai

‘2—1; = FP+PF"— PH"R'HP + GOG".

PTVP (2.35) duoc goi 1a PT Riccati dudi dang ma tran.
Trong ché d thiét 1ap dimg dP/ dt= 0, thi
FP+PH'—PH'R'HP+GQG" =0
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2.2. Tinh toan loc Kalman nhiéu chiéu
2.2.1. Truong hop ung dung 1. Yéu cdu xdc dinh dong thoi toa do A, (t) va
vdn toc A,(t)=dA(t)/ dt ciia muc tiéu chuyén dong. Nhur vy, phwong trinh bé loc
tao hinh (LTH) tin hiéu hitu ich cua hé co dang
dA (1)
A({t)=—"—
10 i

olt) = —di;t(t )

(w(t)=dA,(t)/ dt la dang PTVP mé ta QTNN Winer véi ky vong xdc sudt va
phirong sai la cdc la cdc ham tuyén tinh theo thoi gian)

Trong do: w(t)- tap trang véi ham twong quan R(t,7)=00(t—-1); O=C-

ma trdn hang so.
Phuwong trinh kénh quan sat (do luvong)
x (O =1O+v () ; X, (1) =4, (1) +v,(1)

Trong do: v(t), v,(t)- cdc tap tring doc lap la nhiéu gay sai s6 kénh do lirong,
Vv&i mdt dé phé c6 cuong dé S,(t)=S,=C,- ma tran hang s6. Dang véc to' ma trdn

cua hé co thé viéet nhu sau:

A 0 1 0 0 1 0
A= ; F= ; Q= ; G= =1
A, 0 0 0 ¢ 0 1

X, 1 0 s. 0
X = ; H= =I, S, =

X S

. 0 1 0 s,

Ma trgn hé s6 khuéch dai

Tg-1 dll d12 1 Sv 0 dll /S d12 /Sv
K@) =D@H'S,' = — = ' :
d2l d22 SrSv 0 Sr dll / Sr d22 / Sv

Trong d@6: d, (i,k =1,2)- cac phan tir ciia ma tran phuong sai véi d,, = d,, (do
ma tran D(t) doi xiing).

Nhu vay
d d d d

k,=—%; k,=—2%; k,=—"%;, k,=—"2=. (2.37)
S S S S

Két qua PTVP cua loc Kalman ¢ dang ma tran
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d_i_|:0 1j| j‘l +|:k11 k12:| xl_j‘l

dt 0 0 ﬂ; k21 kzz X, — ﬂtz

Hoac ¢ dang vo hudng

d
dt
d

2/@+k11(x1—/€1)+k12(x2—i2)

(2.38)

: =k21(x1 —ﬂ;)+k22(x2 —/@).

Can giai phuong trinh ma trin (voi diéu kién dD/dt=0) dé tim ma tran

phuong sai & ché d6 dimg
FD+DF' +Q-DS,'D=0

o day

w0l
i Pl i

FD+DF' = { } FD+DF +Q= {

;o= M e i)

_L d 15y 11 dlz _
S,S _dIZSv d22sr dlz dzz

_ 1 dlzlSv + dIZZSr dlldIZS + d12d22S
S8 _dlldIZSv + d12d22sr dIZZSv + d222 r .

2d12 d22:|.
d, q/|

Két qua, nhan dugc cac phuong trinh tim cac hé sb d 4ol k=12, 6 dang vo

huong
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2 2
Gy 9o g —0
s.S,
d, [ﬁ +@J —d, =0 (2.39)
s,
2 2
s, S, 1

Khong khé dé thay nghiém cac phuong trinh 13

1 1 1
== \SNGS.B: dy=—Ngss dy=—\49s, B (2.40)

A=1+/gs /s;B=2+,/gs /s =1+ 4

Xét truong hop riéng khi chi do dugc vi tri (cu ly) muc ti€u (khong do dugc tde
d6 khi tap kénh do toc do rat 16n s, —> o0), thi hé cic PT xéc dinh cac hé sé duoc
don gian di nhiéu:

d—fl—2d12 =0; —d”d“ —-d,_ =0; d—é:q.

22
S S S

r r r

Theo cic biéu thic nay, nhan duoc d,=,/gs ,th day

d, =2d,s, = «/2S,‘\/q_sr,v2‘1

d,=d,d, /s =+2q+/gs, . Cic két qua nay nhan dugc khi giai v&i
A=1,B=2.Liacnay s, = o, cac PT loc Kalman (k, =k,, =0) c6 dang

%=i2+k”(xl -4); ddfz =k, (x,—4) (2.41)

Néu dit thong s6 y =s, /\/¢s, va chuan hoéa cac hé s6 d ¢ dang 5, =d, / d,,

nhan duoc

s N +05) oy o o _NYr+05)

: S =N 2.42
11 1+}/ 12 1+}/ 22 1+7/ 11 ( )

Néu trude d6 cac hé sb d, con phu thugc vao ba thong ) q,S., s,,thi sau khi
chuan hoa cac hé s6 nay chi con phu thudc vao y.
Tim ham ma tran truyén dat
di, - -
7‘ = sA(s) = sA
t
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o A ] ] 1 0\ A ]
% ﬂ“z 2 2 0 1 2 2
dt

Phuong trinh bg loc

%:(F—KH)2+KX; H=L

Hay ¢ dang anh toan tur Laplace

sIA=(F -K)A +Kx, hoic (K—F +sT)L=Kx.
Ham ma tran truyén dat

A=0(s)x; D(s)=(K-F+sI)'K;

K= k11 k12 . K—F+sl= k11+S klz_l
k, k,) k, k,+s)

21 22 21

Béi vi

0 1 ok, ts k|
F= . [K=F+sI]"'=— :
00 Al 1-k, Kk, +s

A=(k,+s)(k,+s)+(1-k,)k,:

k,+s 1-k, ||k, k
CD(S):[K_F'FSI]_IK:%{ ER 12:||: 11 12:|:

_k21 kn +s k21 kzz
_l{(kn%-s)kn +k, (1=k,) (ks +5)k, +(1—k12)k22}
A _knkzl + k21 (kn + S) _k12k21 + (kn + S)kzz

Trudc tién xét dinh thirc
A=s"+(k, +k,)s+kk, —k.k, +k,.

117722

Chuan hoa cac hé s6 k,, k=1,2, & (2.37) cling nhu & (2.42), nhan duoc két qua

k11: = :1 \/7(7"'095); k12:1—:k12’
\/2«/q/sr Ty ty

Tuong tu ta co
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* k21 _ 7 k22

= = ; = y(y +0,5) =k,,.
: \/q/sr I+ \/2 q/s, yd+7) “

10°

10}

102}

10°3 :
1073 1072 10! 10°

Hinh 2-1: Gid tri chudn hod k() va k()

10°

1072 ‘ ‘ ‘
1072 10°! 10° 10!

Hinh 2-2: Gid tri chudn hod k,(y) va ki,(y)
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Trén Hinh 2-1 va Hinh 2-2 thé hién cac phu thudc cic gia tri chuan héa vao
thong s6 y. O Hinh 2-1 duong cong 1 — quan hé &, (¥), &,(¥),0,(¥); duong
cong 2 - k() 6,(»); 6 Hinh 2-2 dwong cong 1 - k,,(7),2 =k, (»).

Thay thé cac hé sb vira tim dugc k., 1, k=1,2,vao dinh thic A, nhan dugc

1 0,5)
k“+k22=—J7(7+o,5>\/2Jq/s,+W(7+ ) odais, =

y(d+7)
\/}/(7+0 5)\24q /s,
T ( J V2 Ja 75, JT+1/2y) = (2.43)

1 [ 1
=2¢w,; a)O:\/\/q/srzé/q/sr; é::ﬁ 1+Z.

Khi d6 k,, =@y / (1+ y). Tuong ty tim thanh phan tu do

k11k22 _k12k21 +k21 zz—q/sr V}/(}/+O,5)2—q/s"\/7/(7/+095 -

2 2
7 q/S£1 ]\/q/w(ﬂOS)l A ryry

s = (2.44)
(+y)y y (d+yp)

NG [2(7+05)+7/] qls =aj.
Nhu vay
A=5s"+2¢lw,s + ).
Ma tran ham truyén dat

D(s) = l{(p“ %}, (2.45)
A ¢21 ¢22

Trong do
(011 = klls + kllkZZ - kleZI + kZl = klls + a)O2 = kll(S + a);

_20y. o _al+y).  _o.
Ty ke 28y 0" al

2
4 /Cl S,y
=k s=s —=—21
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o, =k s+k, =k, (s+b); b ) I+ =260,
ki, 2y
1 ] ;

:1+7/:a)§(1+7/):ab7

12

0y, = klZS + knkzz - k12k21 = kzz (S + C);
(knkzz - k12k21 )

Cc=
k22
Tu (2.44) k k,, —k,k, =@ —k,,khid6 c=@] | k,, —k, | k,.
Boivi k,, = 26, 3k, =La)02. , nén
+7) I+y

2 2
ooy yo,(d+y) _O ()=

25w,  (+7)280, 25 25
Khi d6

2w, , 1

0

= =), .
@,(1+7) c(l+y)

22

Do vay, hoan thanh tim ma tran ham truyén dat

(s+a  s+b |
; a aby
D(s) =— - ; :
s +28ms5+w,| ys s+c
1+y  c(l+y) ]
Trong do
1 1/4
a:—+7/&; b=2%w,; c:&; a)oz[ij i
y 2 25 S,

Néu chi do vj tri (cu ly) ¥ = oo, nhéan dugc

m 0 |tera)| 2 o

= x; &=—; :
Al sS+2eos+o . E ;e 2 V2

Trudng hop ndy twong duong vdi tap tring trong kénh do téc do khi ¥ — oo, ltc
d6 s, — oo, tai day theo (2.42) tim 5, —1,8,, —>1,8,, — 1, diéu nay c6 nghia la
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d,—d,d,—d,,d, —>d, (Hinh 2-1). Theo (2.40) tim dugc

1127712 1257722

A—1,B—2,tudb

0, =25 qs.; O, >qs.; O, —>/29/gs, . (2.46)

Phuong trinh loc ¢6 dang (2.41). Khong c¢6 quan sat toa do s& twong duong diéu
kién s — o0, khi nay y -0, &, — 0,5, = 0,5, —>0; k, —1,k,, —oo( Hinh
2-2)

Tur (2.44) suy ra

d,—>w;, d,—>s; d,—>\gs,

Nhu vay, chi quan sat tbc do s& dan dén sai sd 16n vo cung theo toa dd 1a su

khac biét so v6i chi quan sat vi tri toa do, khi d6 trung binh cua binh phuong sai sd
theo tdc do 1a hiru han [(2.46)].

Truong hop muc nhidu nhéd & kénh quan sat téc do (sai s nho khi do toc dd) co

thé coi s, —> 0, khido ¥ =s, //gs, < 1. Nhu vy theo (2.40) suy ra
d,~ss, <1, d,~s <, d,~\gs <l

Trong truong hop nay, tir phan du (2.38) nhan duoc

I S AR

Co nghia udc lugng /iz khong cé trong thanh phan 22

2.2.2. Truong hop tng dung 2. Yéu cdu xdc dinh phiong trinh wéc leong

A ciia véc to trang thdi A, néu biét phirong trinh trang thdi ciia hé

d)\/ d)\‘ —
L= : 2——X2+WZ‘; xt_klt+\/f,
t_2 ” (1) (1) () +v(?)

Trong d6: a(t),v(t)- cac tap trang djc lap voi cuong do phé ¥ =1,¥ =2.

Thue hién tinh toan. Trong trudong hop nay

0 1 1 0 0 0
F= ; G= =I;, = ;
o oo 1ol
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g=¥,=1, H=[1 0]; S,=¥; §,'=

w

*6‘._

v

thiét giai phuong trinh ma tran

=

D¢ tim cac phan tr cua ma tran phuong sai D ca

FD+DF' +GQG' —DH'S,'HD =0.

o day

1 11 0
GQG'=Q; H'S;H=—H'H=—
Qe =Q B 2{0 0}

4

Phuong trinh cho cac phan tir d,,1,k=12

0 1 dll du n dll du 0 0

0 -1 d21 dzz d21 dzz 1 -1

1[d, d. )1 o)[d, d.] [0 0] [0 0
2|d, d,||o ofld, d,| |0 1] |0 0
Hoac

|:d12+d21 dzz_d12:|_l|: d121 d11d12j|:|:0 O:|
dzz_dzl _Zdzz 2 d11d21 d12d21 0 -1

Két qua tim duoc hé phuong trinh cho cac phan tir (khid,, = d,,).

d; d.d d;

2, ~2=0; dy—d,~"E=0; 2d, + =1,

12

Tudsé d, =1,1;d, =d,, =0,3025;d,, =0,470

s T

Véc to hé s6 khuéceh dai
o1 L1 0,3025][1 0,55
K=DH'¥Y'=— =
210.3025 0,470 || 0 0,151

Phuong trinh wdc luong loc Kalman

dd—fziﬁo,ss(x—/il);

dl, -
Sr=—d+ 0,151(x - zl) (2.47)
2.2.3. Truong hop tng dung 3. Hay tim PTVP ciia wéc lwong véc to- A, néu

hé PTVP trang thdi va quan sat co dang
dA . dA,
a7 dt

=w(t); x() =4 +v(),

Trong d6: w(t), v(t)- cdc tap trdang déc lgp véi cuong do w, =1 va w,=0,5.
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Thuwe hién tinh toan. Pay la truong hop riéng cta tng dung 2.2.1, khi khong co
PT thtt hai trong kénh quan sat (khong do téc do), khi d6 s —>o0;s =¥ =0,5.
Phuong trinh loc Kalman dugc suy ra tir phudng trinh téng quat khi s, —> 0 va co

dang hé PTVP (2.41). Can tinh tiép gié trj cic hé sd k,;k, khi g =¥ =1
dll d12 *
k :—:2dn;k21:—:2d12;d11:d11: 29 VY, _T (2.48)

Nhu vay £k =4/8;d d, =¥ Y, =2 /2 hoac k, =k, =2

Phuong trinh uéc lugng ctua loc Kalman

2.2.4. Truong hop wng dung 4. Cho biét trudc phwong trinh trang théi (loc
tao hinh) va phwong trinh kénh quan sat

d_&_-@ T X,y 7 (2.50)

x, () =A@ +v,(1); x,(t) =) +v,(t) (2.51)

Trong d6: w(t)- tap trang; E(w,)=0;R, =38();v,(t)va v,(t)- cdc tap tring
khéng tiong quan voi nhau va véi w(t); E[v,(t)]= E[v,(0)]=0; R (7)=r5(7);
r=0,01;7,=0,04.

Hién nhién o day

1 0 0,01 0
H=1I= ; R= ; Q=1
0 1 0 0,04

Can tim bé loc Kalman gom phieong trinh wéc lwong va phwong trinh Ricatti,
Can tim (trong ché dé thiét ldp dung) ham trong luong dang ma trdn cua bo loc 16i

uu.

Thure hién tinh toan. Viét (2.50) va (2.51) du6i dang ma tran
d\
— =G =(4.4 )

t

x()=HA+v(); v{)=(v,v,); x=(x,x,)
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Luc nay, thuat toan udc lugng cua bo loc Kalman ¢ dang ma tran 1a

%:FMK(x—Hi) =Fl+K(x-A) (2.52)

Trong d6: K=PH'R"'=PR ;K ={k,},i,j=12 - ma tran h¢ s6 khuéch

1]

dai; P - ma tran phuong sai, P :{p },i,j:1,2.

i
oJ

Dé khép kin 16i gidi, cén biéu dién cac h¢ s6 khuéch dai {k, }.i,j=1,2 qua cic

phan tir ma trdn phuong sai { p },i ,j =1,2. Nghiém P nhén duoc khi giai phuong

i

trinh Ricatti trong ché do xac 1ap dung.

A 7 A 5 e [N A 1 A -1
bé co dugc két qua, trude tién can tim ma tran nguoc R

R“:lRT:l 0,04 O _ 1072 (4 O Y 4 0
A Al 0 0.01] 4-10*|0 1 0 1

Trong do: R" - ma tran chuyén vi lién hop, két qua

K:{kll ku}{pn plz}F 0}25:25{4@1 pn}
ky ky,| Lp. P»]0 1 4p, Dx

Suy ra

k,=100p,; k,=25p,; k,=100p,; k,=25p, (2.53)
Giai phuong trinh Ricatti, tim cac phan tir {k,} ciia ma trn phuong sai P
FP+PF' + GQG' —PH'R"'HP =0

Khi tinh dén cac gia tri cac matran H, Q, K

FP+PF +GG'-KP =0 (2.54)
Trong d6: K=PH'R" =PR™'

Tim cac thanh phan trong (2.54):

FP:{I 0}{1911 plz}:{pu Po }
0 2)lp. Pnl [2P2 2P

PFT:{pM plz}{l 0}:{% 2plz},
Po P»]|0 2 Pn 2P,
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FP+PF' +GG' =

| 2py 3py, +1 2| |2p,+1 Bp,+2|

- 3p12 4p22 2 4 - _3p|2+2 _4p22+4 ’
4

PHTRlHP:KP:25{ Py pn}{pn pu}:

4Py, Pull P Pa

_ 5{ Apa+ph Apup.+ plzpzz}.

Ap.po+pupn  APLT D
Tir két qua theo (2.54), tim céc phuong trinh xéc dinh céc phan tir {k, }
—2p,, +1-100p} —25p’ =0;
-3p,+2-100p,p,—25p,p,, =0; (16.19)
—4p,,+4-100p —25p2, =0.
C6 thé viét hé cac phuong trinh dai s6 trén duéi dang sau
2a+100a” +25b° =1,
3b+100b + 25bc = 2, (2.55)
4¢+100b° +25¢* =4
Trong d6: a=p,; b=p,; c=p,,.
Sau khi gidi cac phuong trinh (2.55) trén may tinh, nhén dugc
a=p,=6,8092-107; b=p,h =12,652-10"%, c=p, =23,996-10"
Khi d9, theo (2.53)
k,=6,8092; k,6=3,163; k,=12,652; k,=5,9989%6.

Nhu vay theo (2.52), cAn tim cac phuong trinh uéc lwong loc Kalman & dang vo
huong

W +6.8092(x 1) +3.1629(x, - 1)

d{ (2.56)
d,
dt

~

= —222 +12,6516(x1 —/11)+ 6()62 _j'z)'

Tim ma tran ham trong luong loc tdi wu & ché d6 dimg. khi d6 tir (2.52) ¢
(sI+K-F)A =KX, (2.57)

Trong d6: I - ma tran don vi; A, X - anh cua udc luong va tin hiéu 10i vao.
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Tur (2.57) tim duoc
A=D(s)X, (2.58)
Trong d6: ®(s)=(sI1+K-F)'K,luuy

k, k, 1 0| |k, +1 K,
K-F= + =
k, k, 0 2 k k,+2

21
k,+1+s k, .
k,, k,+2+s|
(K—F+sI)*‘=l k,+2+s —k,,
Al —k k,+1+s|

21

K—F+IS=|:

Dinh thirc cia ma tran

A=(k,+1+s)(k,+2+s)—k,k, =s"+ As+ B,

127721

A=k, +k,+3=5808 B=(k,+1)(k,+2)-k,k, =22,449.

127721

Nhu vy, ham ma tran ®(s) cé dang

q)(s):l k,+2+s —k,, k, k, _
Al —k k,+1+s ||k, &k

21 22
1{kll(k22+2+s)—k ky ki (ky +2+45)—kok }

127721 127722

ky(ky+1+8)—kk,  k,(k,+1+s)—k,k

117721

A

11 127721

k,(s+c) k,(s+2)

(s=s)(s—s,) (s—s)(s—3s,)

- , (2.59)
k, (s+1) ky(s+c,)

(s=s)(s—s,) (s—s)(s—35,)

Trong do: - cac nghi¢m cia phuong trinh

A=0; s =-14,2306=—a; s,=-1,577=-b;

¢, = (kyky, + 2k, —koky, ) K, =k, + 2= ko, |k, =2,12226;

¢, =1+k,—k.k, /k,=1+k, (1-4k;)=1-0,002137=0,997863 ~ 1 (2.60)

Nhu truong hop riéng cua (2.59)
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2.2.5. Truomg hop wng dung 5. Xdc dinh cw ly dén muc tiéu dang chuyén
déng véi gia toc hdang sé, chuyén dong nay bi tic déng tir cdc nhiéu dong

@,(1),w,(t) voi ham ma trdn twong quan

[0 o0
Q_OO.I

Gid tri ban dau

100 0 0
P=l0 50 0
0 0 0,1

Tap trdng trong kénh quan st cé gid tri trung binh E (”;) =0 va ham tuwong
quan R (7) = RO(7), trong d6 R =100M”.

Cdc gid tri ban dau ciia wée lirong cu ly, ciia toc do va gia toc tir muc tiéu bang

7=23150m; v,=-150m/c; a,=0

Gia tri thuc cua cdc thong s6 chuyén dong

r,=2300m; v,=-200m/c; «,=0,8m/c’
Hay tim cdc wée lirong théng so chuyén dong
Thue hién tinh toin. Phuong trinh chuyén dong ctia muc tiéu
X =x,+w((@);, x,=x+w(t);, x,=0
Trong d6 x, = x,(¢) - cu ly &én muyc tiéu, x, = x, (¢);x, = x,(¢) toc d6 va gia toc.
Phuong trinh quan sat
y(t) = x(t) + n(t)
Dang ma tran cia phuong trinh chuyén dong va quan sat

é=FX+GW(I). (2.61)
dt

y(t) =H()x(1) +n(z)

Trong do:
01 0 I 0 1
F=|0 0 1|; G=|0 1|; H' =|0
0 0 0 0 0 0

Phuong trinh xac dinh udc lugng t8i wu cta bod loc
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N

d N N

7" —Fx + K(y(r) - Hx) (2.62)
t

Trong d6: K=PH"' /R.

Phuong trinh Ricatti xac dinh ma tran phuong sai

% =PF' +FP+GQG"—-PH'HP /R (2.63)

Do P = {p{./.},i,j =1,3, nén ma tran hé s6 khuéch dai

P Pe P L | py, P,/ R
K:E P, Pyn Py 0|= P, E: p12/R
Ps Ps Pu 0] | P P/ R
| P
Khid6 —PH'HP=KHP=—|p_ [l 0 O]P=
R R
D
|2 0 0l[p, P, ps | PL PuPn  PuPi
:E pIZ 0 0 p12 p22 p23 :E pllp12 p122 p12pl3
p; 0 O0)lp, py Py Puby PuPn P
1 0]
. 0 011 0 0
0 0,1l0 1 0
0 0]
K
0

Py Do Dy |0
PF" = P Prn Py 1
Ps D D0

01 O P, P Pn P, Py Py
FP=|{0 0 1 Po Pn Pu|=|Ps Py Py
0 0 0fjpy; Py P LO O O

Suy ra, cac phuong trinh phuong sai (2.63) c6 dang
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» 2p,—pn/ R P+ Py—DPiPo/ R py—pup,/R
Z: Pp+DPs—PuP,/R 2p,+0,1-p /R p.—p.p,/R

Py~ Pubs/ R Py~ Pubs/ R -p, /R
(2.64)

Vé phai 1a ma tran d6i xtng.

O ché d6 dimg, khi dP / dt =0, nhan dugc

Ps=Pn=Ps=0; 2p,=p /R pp=p,p,/ R p,/R=01
Nhu vay

po =\OIR: p,=\2Rp, =\2RJO.IR;
P =\2RVOIROIR / R =1J0.2J0.1R.

Theo dau bai, R =100, do vay & ché d6 dimg
p,=10=3,16; p, =10y23/10 =25,15; p,_ =4/24/0,1 =0,795
Tir (2.64) hé PTVP cho cac phan tir phuong sai

2
pn. dp P
Jt 12_7;1’ d;z :p13+p22_p117j2

Py g,

dp ps. dp P
7::]923_p1lﬁ; d;2:2p23+0'1_ﬁ

Py _ ), Po. dp,, __pi,
a T PR dt R

V6i didu kién ban dau p;, =10°; p), =50; p),=0,1, khi R=100.

Trén hinh Hinh 2-3 va Hinh 2-4 biéu dién sy phu thudc thoi gian ciia cac phan
i P,,s Prp> Prss Prp> Pas » 11 ¥ ¢4 phan tit p,,, p,, v6i thira s6 0,01. Tai thoi diém
t =1000, nhan duoc:

p, =25,249, p, =0,8,

p.=10", p.=3,188, p,=0.0032, p,=0,0008.
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p11 p22

10 0.505
8
0.495
6
4
0.485
2
0 0.475
0 0.2 0.4 0.6 0.8 ! 0 0.2 0.4 0.6 0.8
p12 p23
30 0.1
0.08
20
0.06
0.04
10
0.02
0 0
0 0.2 0.4 0.6 0.8 ! 0 0.2 0.4 0.6 0.8
p13 p33
0.04 0.15
0.03
0.1
0.02
0.05
0.01
0 0
0 0.2 0.4 0.6 0.8 ! 0 0.2 0.4 0.6 0.8

Hinh 2-3: Sw phu thugc thoi gian ciia cde phan tie p,,, pyy» Ps» Paz» Ps3 VOi t =(0;1)
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p11 p22

10 0.6
8 0.5
0.4
6
0.3
4
0.2
2 L 0.1
0 0
0 10 20 ! 0 10 20 !
p12 p23
40 0.5
20 0.4
0.3
20
0.2
10 0.1
0 0
0 10 20 ! 0 5 10 15 20 25 l
p13 p33
1 0.1
0.8 0.08
0.6 0.06
0.4 0.04
0.2 0.02
0 0
0 10 20 ! 0 10 20 !

Hinh 2-4: Sy phu thugc thoi gian ciia cdc phan tie p,,, piy» Pi3» Pay» P33 V6i t=(0;30)

Tim ma trdn ham trong lugng cua hé¢ tdi wu. T PTVP cac ude lugng, nhan
duoc

(sI-F+KH)X=KY.
Khi d6 ma tran ham trong lugng

D(s)=(sI-F+KH)'K (2.65)
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p,/R 0 0] o 1 0] [p,/R -1 0
KH-F=p,/R 0 0|0 0 1|=|p,/R 0 -1
p./R 0 0l |0 0 0| [p,/R 0 0

s 0 0 |p,/R -1 O
sI+KH-F=|0 s O|+|p,/R 0 -1|=
0 0 s p13/R 0 0

s+p,/R -1 0
=| p,/R s -1}
P,/ R 0 =

Tai p,, =0, nhan duoc

s+p,/R -1 0
sI+KH-F=| p,/R s —l|=A
0 0 =

Dinh thirc ma tran

A=s st /R =5 (s2+&sj+& =
P,/ R s R R
s s Bugp P | o(s? 1285 + @
( s+ (s +2&5+ )

26=p, /R, @ =p,/R.
Tiép tyc tim ma tran lién hop A= {Aik}ik J,k=1,2,3, trong d6 A, - phan phu

dai sb cuia cac phan tir tuong tng trong ma tran:
T
All A12 A13 A

. 11 21 A31
A = A’Zl A22 A’Z3 = A12 A22 A32
A31 A32 A33 A13 A23 A33

Khido A" =A/A;

. . P . P P
Az3:O? "431:1’ Azz:S-l'ﬁ’ 1433:(5""%)5“"%

Nhu vay, ma tran nghich dao A™' = (sI+ KH —F) ' c6 dang
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1 p
1
)_ 1
(SI+KH-F) =—| s s|s+ ‘)
A R

Khi do
O(s)=(sI-F+KH) 'K =

)

s P 0
R
1
=—1I s S(S+&] 0
AR R
| s+p“ (er&jerp“
i R
pnsz_plzzs
1 p
:ﬁ I 2T plZS(S +ﬁj
(5428 )+ s s+
i S(Sp11_p122)
=—o/| s(sp,+a
m 2(p12 )
S'p,+bs+c
Trong do:

a=p,+p,P, /R, b= Pt PP / R;
c=p,tp.pP, /R + DD /R + PP / R, P = 0

Két qua tim duoc

1 Sp11_p122

D(s) = sp., +a
(s) R(s2+2§s+a)j) Prz

bs—c
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pll
Pu | =
P

+ P, ?_
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Khi biét ma tran ham trong luong ®D(s), thi s€ xac dinh duoc cac gia tri thiét
lap ctua tat ca cac toa do.

2.2.6. Truwong hop ung dung 6. Xét bai toan loc dwong bao va pha cua qua
trinh ngdu nhién dai thong tan hep s(t) = A(t) Cos[a)ot — (p(l‘)] , durgc quan sat trén
nén tap trang phan bé Gauss n(t)

x(t) = A(¢) cos[a)ot — go(t)] + n(t) (2.67)

Trong do:

E(nt) =0;R (r)=(N/2)o(r)

Co thé biéu dién QTNN dai thong hep s(t) dwdi dang

s(t)=A(H)cosat + A, (t)sinwyt, (2.68)

Trong  do: A, A,(t) - cac thanh phan trgc  giao.
gia dinh A,(¢),4,(t) - 1a cac qua trinh Gaus Marcov ddc lap dugc mo ta baoi cac
phuong trinh

dA dA

7; =—ak +n,; dt2 =—ad, +n,, (2.69)

Trong cac PTVP nay n,va ng,- cac tap tréng Gaus doc 1ap c6 mat do phé) hai

phia N, /2.Luuy, tir (2.68) suy ra

A =y () + A1), o(t)= arctg%. (2.70)

Puong bao c6 phan bd xac suit dang ham Reley, con pha phan bd déu trén
khoang (0,27). Trén co so (2.69) va (2.70) c6 thé nhan dugc cac PTVP cho A(?),
@(t). Vidy, cho A(t) c6 dang

dA N,
—=—aA+—L+n/(1), 2.71

Trong d6: n,(¢)- tap trang Gauss v6i mat do pho hai phia N, /2.

Tong quat, bai toan loc A(f) va ¢(¢) 1a bai toan loc phi tuyén, boi vi @(t) c6
trong phuong trinh quan sat theo dang phi tuyén, con d6i v6i A(¢) c6 phuong trinh
trang thai 13 dang phi tuyén (2.71). Giai bai toan loc phi tuyén phirc tap hon nhiéu
so voi loc tuyén tinh. Do d6 s€ thuan tién khi coi mat d¢ xac suat hau nghi€ém cua
qua trinh A(2) = (4,(¢), 4,(¢)) 1a xap xi bang ham Gauss, dé co thé giai trong khudn
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khé loc tuyén tinh d6i voi A. Tir d6 xac dinh mat d6 xac suit hau nghiém cia A(t)
va ¢(t), lan luot t6i cac danh gia toi uu cho dudng bao va pha.
Viéc giai bai toan loc cho A va A, thuc hién theo phuong trinh (2.13) va (2.35)

vO1 cac tham so cu thé nhu sau

N /2 0
’ } %I (2.72)

GQG' =N, =

Q ’ { 0 N, /2
H(t) =[coswtsinmt]; R=N,/2

Phuong trinh x4c dinh cac udc lugng cia b loc

dh _{—a 0 }z 2 P{(x—s)cosa)ot} 27

d | 0 -a N | (x—3)sinoyt
B0 qua céac thanh phan ham diéu hoa béc hai, ta c6
. ~ A 1 »
s(t)cosm,t = A, cos” ot + A, sinwtcoso,t = Eﬂl;

~

A A : ~ 1
S(t)sinwyt = A, cosmtsinwt + A, sin’ ot ~ 5

Theo (2.73), tim dugc PTVP

%:{—a 0 }iJFLP{Zx(t)cosa)ot—iL:l 2.74)

N | 2x(t)sinwt — 4,
Con lai can tim céc phan titrong ma tran phuong sai. Vi bo qua cac ham diéu

hoa bac hai cos2m,t,sin 2wt va theo (2.35) nhan dugc PTVP

0 —«o

dP 1 N,
—=-20P-—P° +—1, (2.75)
dt N 2
Hoac

dP _ _20{1911 Py } _i{ PLtPy PuPut plzpzz} N

dt Pn Pun] N|PyPo+pPoPn  Phtps

N N,|1 0

210 1]
Céc PTVP ¢ dang vo hudng
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0

| N,
=-2ap, _N(plzl + p122)+ 7

dt
dp 1
7;2 = —20![912 - N(pnplz + p12p22); (2.76)
dp 1 N,
7;2 = _zapzz _ﬁ(pfz + p222 ) + 70

O ché do dimg, tir PTVP tht hai suy ra p,, =0, nhu vy cac phan tit p,,, p,,s&

dugc tim nhu nghiém phuong trinh dai s6 bac hai
x’+2aNx—N,N/2=0;, x=p,=p,.

Tu do ta cod

pu=pu=aN(JI+N,/22°N -1)= p. (2.77)

Nhu vay, sai s0 cua cac udc luong la doc 1ap, con phuong sai cua sai sO bang
nhau p,, = p,, . Luc nay PTVP uéc luong cua bd loc 1a

dﬂ; s~ P A
— —aA + pr(t) COS @t — /11], (2.78)
di,

__ 4P : )
e oA, + N [2x(t) sin w,t iz].
Phan b6 hau nghiém cua A (¢),4,(¢) 1a Gaus véi cac ky vong ﬂ;,ﬂ; va ma tran
ham twong quan R c¢6 cac phan tir xac dinh theo (2.76) tirc 13
A 2 A 2
I (A-i0] [4-40)]

AN )=—— — —
p(t, v 2) 27rpeXp 2p 2p

Str dung bién d6i ham (2.70) va cong thic chuyén d6i mat do xac suat, nhan
duoc mat do xac suat hau nghiém cua dudng bao bién do va cua pha
L] 44
I,| ==, (2.79)
2p p

(i, A) =L exp| -
V4

50



)

p(t,(p):iexp —A— 1+ 2—”.Acos((p—gb)x
2r 2p p

I (2.80)
4 A A 2 A A
xD| ——cos(@ — @) |exp| —cos (p—9) |¢, |@p—@I< 7,
Jr 2p
Trong d6: A(1) = A*(1) + A2 (1); (1) = aretg /?Z(t);d)(x):—l [ e au
A1) N2z

- Tich phan xac suét (tinh phan bd xac suat theo ldy tich phan mat d6 phd xéc
suat).

Mat do xac suat hau nghiém cua pha p(z,@)la dbi xting véi ude lugng @(1).
Do viy @(¢)1a uwéc lugng tdi wu ciia pha theo chi tiéu cuc dai mat do xac suat hau
nghiém va cyc tiéu binh phuong sai s6 quan phwong cia sai sb. Nhung lai khong
dung nhu vay cho udc lugng dudng bao bién do. Doi khi c¢6 thé gan dang chip nhin
udc luong dudng bao bién do dang A(r) =42 (1) + A2(¢) .

Hinh 2-5 thé hién su phu thudce cua sai s6 cua tung udc luong tir ba wdc luong

vao sai s6 cac thanh phan tryc giao. Theo truc tung toa do dit phuong sai trung binh
quan phuong dinh chuan cua sai s6 uwéc luong

5=\/E{(Ai—A)2}/DA,

Trong d6: D,=D(2—/2)- phuong sai tién nghiém ciia dudong bao; D -

Phuong sai tién nghiém ctua A,A,. Ngodi ra 4 =A,4, =4, A4, = A. Theo truc
hoanh toa d9, dat V' = p/ D - phuong sai dinh chudn cua sai sb cac ude luong
/il,/iz . Puong cong 1 twong tmg wéc luong gan ding A, dudng cong 2 - A4 .
duong cong 3 - A . Uéc luong A 1a t8i wu theo chi tidu cuc tiéu trung binh binh
phuong sai s, nhu vy s& vu viét hon hai kiéu wéc luong kia theo chi tiéu nay. Tuy
vay khi can c6 do chinh x4c cao dé udc luong hai thanh phan thong tin tryc giao
(diéu kién 7 <0,1), thi ca ba dang udc luong thuc té déu twong duong. Néu diéu

\%
kién nay khéng thuc hién dugc, ma diung cac wde lwong A  va, dac biét 4, sé

khién giam dang ké do chinh xac uéc lwong khi so sanh vé6i dung wdc lugng A. Khi

V —1uée lugng A co sai s6 quan phuong gip 2,15 lan 16n hon sai 1éch quan
phuong tién nghiém cua dudng bao.
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'

0 0,5 4

Hinh 2-5: Sw phu thudc sai s6 wée lwong vao phiong sai

Trong chuong 2, chung t61 da xay dung va trinh bay cac phuong phép tinh toan
bd loc Kalman tin hi¢u lién tuc trong khong gian nhiéu chiéu dudi dang ma tran.
Noi dung chuong bao gom viéc thiét 1ap cac phuong trinh co ban, phuong phap xéac
dinh ma tran trong s6 va ma tran hi€p phuong sai, cung cac budc cu thé dé trién
khai b¢ loc Kalman trong thuc té.

Viéc mo rong tr dang vo hudng sang dang ma tran da gitp mo ta chinh xac hon
cac hé théng phirc tap va tao tién dé cho cac ing dung thyc tién trong méi truong
nhiéu bién. bay Ia budc quan trong dé chuén bi cho viéc ap dung bo loc Kalman
vao céc bai toan cu thé, dic biét 1a trong cac hé théng bi anh hudng bdi tap am va
nhiéu.

O chuong tiép theo, ching t6i s& tip trung vao tng dung ctia bd loc Kalman dé
xay dung may thu tin hiéu t6i wu hoat dong hiéu qua trén nén tap 4m va nhidu, qua
d6 minh chtng tinh kha thi va hiéu qua cua cic phuong phap da phat trién
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CHUONG 3: AP DUNG LQOC KALMAN XAY DUNG MAY
THU TOI UU TREN NEN TAP AM VA NHIEU

Trong hai chuong trudc, ching toi di trinh bay co s 1y thuyét va phuong
phép tinh toan cta bg loc Kalman tin hi€u lién tuc, tr dang v6 hudng dén dang ma
trdn cho cac hé théng nhiéu chiéu. Cac két qua nay di tao nén nén tang viing chic
cho vi¢c ap dung bg loc Kalman vao céc h¢ théng thuc té. Tuy nhién, trong moi
truong thyc té, tin hi¢u thuong bi anh huéng boi tap Am va nhidu, khién viéc thu
nhan tin hiéu chinh x4c trd thanh mot thach thire 10n. Piéu nay doi hoi phai thiét ké
cac may thu tin hiéu t6i wu c6 kha ning loai bo anh huéng cta nhidu, dong thoi dam
bao do chinh x4c cao trong uéc luong trang thai hé théng. Chuong nay tip trung
vao viéc ap dung bd loc Kalman trong xay dung may thu tin hi¢u tdi wu. Cu thé, toi
s& trinh bay cach thiét ké cdu tric may thu, phuong phap toi wu hoa hé thong dé
giam thiéu tac dong cta nhiéu.
3.1. X4y dung cau triic may thu toi uu

Cho biét truc phuong trinh kénh quan sat

x(1)=A@)+ A,(t) +n(t), (3.1)

Trong d6: A (f)- thong tin hitu ich; A,(¢)- nhiéu; n(f)- tap tring Gauss co
R (r)=8,0(7).

Xay dung bd loc 14y ra théng tin A (¢) trong nhiéu tap tring n(f) va nhidu 4, (¢)
¢6 phd dang tuong tu pho thong tin va xen 14n chong nhau.

Phuong trinh trang thai tién nghiém

dA | dt =—a A +w(t);

(3.2)
dA, | dt =—a A, +w,(1),

Trong d6: w,(f) va w,(f)- cac tap trang doc lap c6 ky vong bang 0 va ham

tuong quan
R(r)=8,0(7); R, (r)=8,0(7) (3.3)
Céc phuong trinh tién nghiém & dang ma tran
x(t)=HA+n(t); H=[L1]; 1=(4,4,); (3.4)

d =FA+w(?), (3.5)
dt

Trong do:
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e[ 0 [w@] [0
o o "%l o s,

Cac ma tran H,F 1a hang s0, va m6 hinh tuyén tinh nén bai toan la loc toi uwu
tuyén tinh.

Do vay, phuong trinh loc Kalman c6 dang

% ~Fi+DH'S' [x(t) - (21 + A, )J (3.6)
Ky hiéu: DH' :(al,az)T; a,=d +d,; a,=d,+d,;

k= (kl,k2 )T; k =S'a; k, =8, a,, trongd6 - cic phan tir ma tran phuong sai
D: k - hé s6 khuéch dai loc Kalman.
O dang v6 huéng (3.6) sé 1a

~

98 givaS'z-aS'i-aS;A,

dt 3.7)

- . B 2 2
=—-a,A +a,S, z-a,S, A —a,S, A,

dt
Dit thoi gian chuan héa 7 =at vatoan tt p=d /dt, chuyén hé¢ PTVP (3.7)

vé dang toan tr p

p+1+B, B (M) (B .
B,  p+a+p )\n) \B)” G5

Trong do: B, =aS,/a, =k /a; pB,=aS,/a =k /a; a=a,l«a,.
Suy ra cac ham truyén dat theo tin hiéu H,(p) va theo nhidu H,(p):

A1 AZ

Hl(p)=K; Hz(p)=X, (3.9)
Trong do

+1+ 4, B
S PN SRR A (PR RVARY VA

—(pP+a+p+pa)r(1+a+p+p,)p

s, B pri+p p
B, Bra+p, P, P,

bat p=jQ; Q=w/a, , tim binh phuong modun dic tinh tan sb

A = =B, (p+1)

1

=p(p+a)A, =
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pia’ +Q°)

o) = (a+ B+ Ba —92)2 +(1+a+pB+pB,) ; 10
(1+°
‘HZ(ZQ)‘Z B (a + B, + Ba —gzz )(2 +(1 +)a +f +,82)2 o’ G40
Tir d6 xét ty s6
o |H,GQ)| _ B+
7,6 p1+Q°
Truong hop
&, (B B)=¢c; €0)=(Balp)=ac, =¢,
Phuong trinh phuong sai
% ~FD+DF" +Q-DH'S,'HD; D(0)=D, (3.12)

Do G =I(I —ma tran don vi) . Khong kho thiy dugc

FD + DF" = —205161“ _(al + az)dlz .
—(a,+a,)d, 2ad, |

DH'S,'HD =S,'DH'HD = S, ' DAD,
I 1 ,
Trong do: A = {1 .Khi do

2
a a

_ _ a _
DHTSOIHDzSOI[ ! 122]=S01M.

ada a

172 2

Tlr d6 hé PTVP cho céc phan tit d, ,k,n=1,2 cia ma tran D
d(d,)/dt=8 -2ad, -8, a
d(d,)/dt=8,-2a,d, —S,'a; (3.13)
d(d,)/dt=—(e,+a,)d, - S, aa,
bat thoi gian chuin héa 7= a,f.Nhan dugc hé PTVP
d(d,)/dr=S81/a -2d,-S,'a’|a;
d(d,)/dr=S,/a -2ad, -S,'a; | a; (3.14)
d(d,)/dr=-(1+a)d,-S,'aa,/a,
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Chuyén (3.7) vé dang

dA,
=a,S, [x (4 + 2,2)]
j; (3.15)
dt2 , =a,S, [x A+ A, ]
a,S;' | M M,
z(1)
-1
CI') mqo ]MZ ~
- A2
Hinh 3-1: So dé cau tric bé loc t6i wu
Trén Hinh 3-1 cac mach l4y tich phan IM| va IM, c6 ham truyén dat
1 1
H(s)=—— H,(s)= . (3.16)
s+a, s+a,

Mdy thu c6 hai kénh ddi xtng loc thong tin A, (¢) va nhiéu A, (7).
Can thiét giai hé PTVP (3.4) dé xac dinh sai s loc.
Xét ché d6 dimng, so bo chia cac phwong trinh cho ¢, ky hiéu
d 'la=0, d,la=95, d, a=37,
Khi d6
2511 + Soﬂl2 =3, /a12 =4,
208, + 8,5, =S,/ a} =q,; (3.17)

(1+a)5,+S,88, =0

O day

g =20/a; o}=812a; q, =(aj /of)ozq1 =y'aq,;
o,=S,/2a,; y=o0,/0,.

Biéu thic cho o7 (i =1,2)tim theo PTVP (3.2), khi d6

S, S S 2
S @ =Sl = = e T e

56



Ham tuong quan

R, (t)=(S,/2a,)e " =cle "

Xét vi du:

a=a,la,=0l; ¢=20!lc,=1; y*=(0,/0,) =0,5

q,=0,5 S, =40.

Khido B =0,089; p =0,104; & =0,856; &, =0,086.

O 16i vao véi tin higu, nhidu, tap trang cong tinh, nén mat do pho tong la
, 2«

2a N
o
2
al + @’ a+ @’

1 A—+ 5, =

S(0)=8,(0)+S, (0)+S, =0

(3.18)
_ 20}

1 7’ 1 1
- T — 2 ST
a \1+Q2° al+Q'/a” 4q

Trong d6: g =0, / 2,8, - nghich dao cudng do pho tap trang.

S (@) =S (@)|H,(io)| va @=Q. .

S.(o) H (io)|
100 0,08

* B o L T |

| S . =] °® /
0,1 0,04

0 0,25 0,5 0,75 1w 0
S () a) |H,(i)|

10 0,5

o . \\
0,1 \‘ ' —

0,01

0 0,25 0,5 0,75 10 0 0,25 0,5 0,75 10
b) d)

Hinh 3-2: Biéu dién: a- ph(f tin hiéu va nhiéu & 16i vao, b- ph(f 16i ra kénh loc tin hiéu, c- dac
tinh bién do tan sé theo tin hiéu, d- dac tinh bién do tan sé theo nhiéu,

Dit chuan héa & =d,, / o] — binh phuong sai s6 tuong ddi loc tin hi¢u 4,(¢);
0, =d,, / o, - binh phuong sai s twong ddi loc nhiéu A,(¢); 8, =d, / o,0, .

Véi két qua nay, tir (3.14) nhan dugc hé PTVP
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d(87)/dr=2-287 -2q(5 +y8)

o'[d(8)/dr]=2-28] - 297 (8 +77'57) ; (3.19)
d(8)/dr =—(1+a)5; —2q(5} + 5. )(5; +77'67 ),

Trong dé: y=o0,/0; a=a,/a; q=S,'0>/(2a,).

Véi cac thong sd khac cta thong tin va quan sat cho loc Kalman, tién hanh xay
dung céac d6 thi Hinh 3-3 —Hinh 3-6.

S (o) H (io)| ~ 3
1 1 0,8 -
0,1 \é‘
3 \ 0,4
0,01 —-
0 0,4 0,8 1,2 1,6 w 0 0,4 0,8 1,2 1,6 w
a) b)

Hinh 3-3: Do thi phé lwong vao va do thi PTBPTS véi a, | a, =10

S (@) \:_ B H, (o) [N
1 0,8 T
1 1
\\ - \\\ T~
2 ' \2
0,1 3 y

0,4
0,01
0 2

4 6 8 0] 0 2 4 6 8 w
a) b)

Hinh 3-4: Do thi phé lwong vao va do thi PTBPTS véi a, / a, = 0,1

Trén Hinh 3-3 a- thé hién cac pho tin hiéu S , (@) — dudng cong 1; S, (@) —

duong cong 2; va phd tap tring — duong cong 3; trén Hinh 3-3 b thé hién d6 thi
DTBDTS (dic tinh bién d tan s0) |H, (iw)| theo tin hiéu (cac duong cong 1-3 tai

cuong d6 phd tap trang twong ung 7 =1;10;100; trong tat cic trudng hop
o,/ a,=10).

Theo trinh ty nay, thuc hién tinh toan cac do thi trén Hinh 3-4 tai &,/ ct, =0,1,

con cac dudng cong 1-3 tai cuong d pho tap trang 0,1;1;10[77 =o'/ (022 + Soa)].
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|H(iw))|
10 \J\
\.\
' 1
100\
0 2 4 6 8 ®

Hinh 3-5: D6 thi DTBDTS theo tin hiéu tai a, =1;a, =0,1;S, =20;S, =0,25;S, =0,5.

Trén Hinh 3-5 mo ta d6 thi DTBDTS theo tin hiu |H, (iw)|(duong cong 1) va
theo nhiéu ‘H , (ia))‘ (duong cong 2) tai &, =L;x, =0,1; S, =20;5, =0,25;S, =0,5.

S (o) 0,01
1 y 4 ? j—
\1 ] / \\
10 7 S, (o) = \\
100 x
\
0,001
0 2 4 6 8 [0} 0 2 4 6 8 [0}
a) b)

Hinh 3-6: D6 th.iph(f lwong vao va ra tai a, =l;a, =0,1;8, =20;8, =0,5;5, =0,25.

Trén Hinh 3-6 a — thé hién pho tin hiéu S, (@) (duong cong 1), phd nhidu
S, (@) (duong cong 2) va phd lwong vao bo loc S (@) (duong cong 3); Hinh 3-6
b thé hién phé lugng ra S (@) tai @, =L, =0,1;S, =20;S,=0,5;S, =0,25.

Tir cac Hinh 3-2 —3.6, thiy 1d vé6i cac gid tri thong sb duge xét, dd nhan dugc y
nghia vat 1y loc t6i vu ché ap nhiéu, tai d6 DPTBDTS theo tin hiéu 1a ti thiéu trén
dai tin sd nay trong diéu kién muc nhidu 16n va mc tin hiéu nhd, va s& ting khi
nguoc lai, con, PTBDTS theo nhiéu s& ti tiéu khi mirc tin hiéu 16n va murc nhidu
nhd, trudng hop nguoc lai DPTBDTS theo nhiéu s& ting 1én.

Nhu vy, thuit toan nhan dugc cho phép xay dung so d6 hiéu qua bu khir nhidu.
Tir Hinh 3-3 b thiy rang phd luong ra s& ché ap (1am giam) nhidu manh hon & cac
tan s6 , ma tai 6 thanh phan nhidu c6 mic 16m.

Theo cac phuong trinh (3.2), phan tich bd bu khir nhiéu néu trén méi chi véi tin
hiéu va nhiéu & trong ving thap tan. Co thé mé rong bai toan nay sang bd bu khir
nhidu dai théng hep (trong ving trung tan va cao tan), dugc giai quyét & muc tiép
sau day.
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3.2. X4y dung hé tdi wu cé tinh dén bu khir nhiéu phd hep ving
tan so cao
Xét cac QTNN c6 dai pho tan hep & dang hai thanh phan QTNN Marcov

At)=A(t)cosax + A, (¢)sin . (3.20)

Gia dinh, cic thanh phan ciu phuwong A (#)va A (f)duwoc mo ta boi cac
PTVPNN

dA, | dt =—aA(t)+n,(t)

(3.21)
dA, | dt =—al,()+n, (1)

Trong d6: n,(¢f)va n,(t)1a cac tap traing Gauss doc 1ap véi cuong d6 phd
S(w)=S8,(w)=r,.

Nhu vay, t (3.21) suy ra bd loc tao hinh (LTH) c6 ham truyén dat
H(p)=1/(p+a)cho A(t)va A,(¢), do d6 mat @6 phd luong ra LTH 1a

r

p r

A

2a
S (w) = = ,
() a+o 2ada+a
Luu ¥, cac ham twong quan cua A (f)va 4,(¢) 1a
R ()=R, (r)=r, / (2a)e""

Tu (3.20), thy QTNN At) co ham tuong quan

R (r)=0oecoswr. wo>a; o, =r/Qa). (3.22)
Lay dao ham QTNN A:
az = %cos @t — A sin ot + a4, sinwt + wA,(t)cos wt.
dr  dt dt
Két qua
dA :
o —aA(t) — ou(t) + n,(t)cos wt + n,(t)sin wt, (3.23)

Trong d6: p(t) = A (¢)sinax — A (¢)cos ax.

Con dao ham cua A7)

du/ dt =—ou(t)+ wl(t) +n(t)sinaxt —n,(t)cosax, (3.24)
Luu ¥, cac PT (3.22) va (3.23) m6 ta mé hinh tin hiéu QTNN A(?).

Con kénh quan sat
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z(t)=s(t)+ A(t)+n,(?) (3.25)

Trong d6: S(¥)- tin hiéu hitu ich dai phd hep; A(f)- nhidu phd hep; n,(¢)- tap
nhiéu trang kénh quan sat véi ky vong bang 0 va ham tuong quan R(7) = S,0(7).

Céc thanh phan S(f)va A(f) c6 mé hinh dang

ds /| dt =—as(t)— wr(t) +n,coswt +n,sin,t

dr/dt=—ar(t)+ ws(t)+n sinwt —n, cos ot

dA/dt =—pAt) — o u(t)+n,coswt + n,sin oyt;

du/dt =—Lu(t)+ oA(t)+n,sinwt —n, coswt

Trong d6: n,=n,(t),n, =n,(t),n, =n,(t),n, =n,(¢)- cic tap trang Gauss doc
1ap v6i ky vong xéac suit bang 0 va mat do pho dang

S(o)=S,(®)=r; S(0)=5,(0)=r;

0 dang ma tran

dh, /dt=Fk +Gn,

(3.26)
dr,/di=F\, +G.n,.

Trong do: 4, = (s,r)"sh, = (A, u)"sm, = (nu,) ' im, = (npn,)'s

-a - - o
F - o). F - p o ;
0w, -« o —p
cosm,t sinayt coswt sinwt
G = . ; G,=| . .
sinm,t —cosm,t sinmt —cosmt

Pit véc to mé rong A =(A,4,), khi d6 hé cic PT tién nghiém & dang phu hop

hon
dA/dt=FA+Gn (3.27)

F O G 0
Trong d6: n=(n,,n )T;F:( : j;Gz[ : j;kz(s,r,/i,y)T.
A 0 F, 0 G,

Céc udc lugng toi wu § va Ao thé nhén tr phuong trinh loc Kalman ¢ dang ma
tran. Do phuong trinh kénh quan sat (3.25) 1a v6 huéng, nén hé sé khuéch dai co
dang don gian hon

K=(1/S,)DH" =(1/S,)(a,,a,,a,,a,)" = (k. k,,k,.k,),

10425 U35 Uy

Trong do:
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D={d,},ik=14H=(1.0,1,0);q,=d, +d,,=d, +d,
a,=d, +d,=d,+d,;a,=d, +d,=d, +d;a,=

23573 339

=d, +d,=d, 6 +d,

Phuong trinh udc lugng loc Kalman

dA/dt =FA@)+K[x(t) - HA] (3.28)
Trong do: A= (8,7, A, f1)"

Ma tran phuong sai D thoa thuan PT Ricatti

dD/dt=FD+DF"+GQG" —(1/S,)DH'HD; D(0)=D,,
dD/dt=0

(3.29)

Q] 0
0 Q,

Xét ché d6 dung khi dD/dt =0, va im DPTBDTS cua loc Kalman theo tin hiéu

va nhifu. Khi d6 D thoa méin phuong trinh dai s6

FD+DF" +GQG" —(1/S,)DH'HD =0

Trong do: Qz[ j; Q=rl; Q,=rl

Viét ma tran D ¢ dang khdi
D:[Dl DZ]; DIZLdll dlzj:[dll dlZJ;
D3 D4 d21 d22 d12 d22
D2 — d13 d14 ; D3 — d31 d32 — d13 d23
d, d d, d d, d
D4 — [d?ﬁ d34 — (d:‘)?: d34j
d43 d44 d34 d44
Nhén thiy
ep_(F 0D D.)_(ED, ED)
0 FJ)D, D,) \ED, ED,
DF’ = (Dl Dzj _ [FIT 0 j[DlFlT DzeTJ,
D, D,) |0 F')(DF DF

DH' :(al,az,a3,a4)T; HD =(a,,a,,a,,a,);
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a  aa

DHTHD — alaZ aZ a2a3 a2a4 — M — (Ml xZ)

2
ala3 a2a3 a3 a3a4 M3 4
2
aa, aa, aa, a,
Tinh phép nhan

- (G, 0)(rI 0)G, 0
GQG" = . -
0 G, Jlo r1)lo G,

(GrI 0 )G, 0) (rG} 0 ) (rI 0
Lo GrI)lo G,) Lo rG}) 0 rI

boivi G} =G =1.

(3.30)

Sau khi bién doi, nhan duoc 16 PT dbi véi cac phﬁn tir ma tran D . Do ma tran
D 14 d6i xtng, nén chi cdn ding 10 PT sau cho tinh toan cac phan tir

2ad, +2w,d, + S,'a’ =r.

2ad,+2w,d,, — wd, + S, aa, =0,

(a+Pd,+wd,+wd,+S, aa, =0;

(a+pPd,+ad,—wd,+S,aa, =0

2ad, -2w,d, + S,'a; =r;

(a + ﬁ)d23 - a)OdlS + a)ld24 + S(;]a2a3 = 07

(a+Pd,-od,—wd,+S,'a,a, =0,

2p8d, +2wd,, +S,'a; =r, i

2p8d,, +wd,, —od,+S,'aa, =0,

2p8d,, - 2wd,, +S,'a; =r,.

Chuén hoéa cac tham sd d, (i,k= 1,_4) , cac tan s6 @), ®,, cling nhu tham sé)ﬁ ,
bang cach chia ching cho gia tri a . Trong do
rla’=2c’la, o’=r/2a, r,/a’=20,/a. Dit

o lo, =1l ola=1 S, =40;

Bla=y=1 o,/a=30-10°; o /a=30,5-10’

Tir két qua nay, ta co

k =S,'a,=10,805; k,=S,'a, =0,135;
k,=S'a, =12,648; k, =S,'a,=-0,139.
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Theo PT kénh quan sét, tim pho hiéu dung
S (@) =S (0)+S,(0)+§,=

p— S

2+ 2 2 2 2
a|1+(Q-Q,)) o1+ (Q-Q,) o

N

o’ 1 o, 1 S, (3.31)

Trong do: Q, =,/ a; Q= /a; Q=0/a.

S () \H (io)|
10 1
1 10—1 /
0,1 1072 —
. y | i e
0,01 103
29 30 31 29 30 31
S (o) a) -10 \H, (io) <) ®-10
1 1
102 107! \
104 1072 — -
_——
106 // \J\ 103
29 30 31 29 30 31
b) (0'10_ d) (0'10_‘
Hinh 3-7: Pho hiéu dung lwong vao kénh quan sat S (@) va
phé hiéu dung heong ra kénh quan sat S, (@)
Trong ché do ding ¢ dang toan tir Laplaxo, PT loc Kalman c6 dang
A(p)A(p)=Kx(p), (3.32)
Trong do
pra+k o, k, 0
Ao k,—w, pt+a k, 0
k, 0 p+p+k o
k4 0 k4 -, p+ ﬂ
s(p) k,
F(p) k
Ap)=| . || K=~
A(p) k,
A(p) k,

Khi d6, ham truyén dat theo tin hiéu va theo nhiéu turong tng 1a
H(p)=A,/A; H,(p)=A,/A,
Trong do
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A =[(p+B)+ |[k(a+p)-ka,);

A =[(p+a)y+a ][k(B+p)-ko)];

A=[(a+p) +a] |[(B+p) +& +k(B+p)—ko, |+A
Tr d6 tim dugc céc DTTS twong g

H (iv) = (& — & + B +i2 o) (ka - ko, + ko) ! Alio);
H (io) = (o] - & + &’ +i200)(k S ko +ikw)! Aio),

S.(Q) H (i)

- AN [ I —

0,01 . '
29 30 Qx10° 29 30 Qx10
a) H, (i)

S.(Q)

1072 \/A 0,1 = —
104 // \\ 0,01 el

108 i ‘
29 30 Qx10° 29 30 Qx10

b) d)

Hinh 3-8: Phé hiéu dung S,(@) & 16i vdo va phd S, ()6 16i ra bg loc Kalman va cdc cac
DTBDTS theo tin hi¢u S,(@) va DTBDTS theo nhiéu S () tai
7=0,1;0, =10;0, =1;Q, =3,05-10*;Q, =3-10".

Trong d6

Aiw)=(a’ + @] - )( S + o, -0’ + k- k) -

2a(28+k) o’ + (B + 0] -0 )(ka —ko,)-2pko’ +

+i{[2aa)(ﬂ2 +@ - + k- k4a)1)} +(2B+k) (@’ + &) — o oo+

2 po(ka—kw,)+ko(f +o + &’ )}

Tién hanh chuan hoa theo cach cing chia tir sé va miu sb cho dai luong «*va
xéc dinh cac DPTBDTS |H, (iw)|va|H, (iw)

3-7b, d voi cac gi tri tham s6 d3 néu (w=Q).

, ta c6 duogc cac sy phu thude trén Hinh
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Céc db thi |H (iw)|va |H,(io)|chi ra, truong hop thir nhét, ché 4p manh nhidu
dugc  thé  hién  khi |H,(i0,)|=1,487-107s0  sanh  véi
|7, (iQ,)|=0,844; |H,|/|H |=1,76-10",

Truong hop thit hai, ché 4p manh tin hiéu hitu ich |H (iQ,)|=1,959-107s0

sanh véi ‘Hﬂ (iQ2, )‘ =0,863, |H,|/|H,|~2,27-10". O truong dau hodc ¢ truong
hop sau, ché 4p déu & mirc hon 40 dB.

Trén cac Hinh 3-8 va Hinh 3-9 thiy rd, viéc ché ap nhiéu dugc thyc hién hon
nhiéu so v6i cong suat tin hiéu, diéu nay co dugc ngay ca khi phd tin hiéu va phd
nhiéu bi chén xép chdng nhau.

Trén Hinh 3-8 a va b, m6 ta phd hiéu dung S (w)o 16i vao va phd S, (w)0 16i
ra bo loc Kalman. Trén Hinh 3-8 ¢ va d mo ta cac PTBDTS theo tin hiéu Sx (w) va
DTBDTS theo nhiéu S (o) tai y=0,1;0, =10;0, =1,€, =3,05- 10%;,Q,=3-10°".

Theo trinh ty nay cling tinh toan cac dac tinh tuong tu dugc mo ta & Hinh 3-9 tai

cac giatri y =1;0, =10,0, =1;Q, =3,005-10*;Q, =3-10"

S (Q) H (i)
100 0.1 }
10 /
0,01
29 30 Qx10" 29 30 Qx107
S (Q) a) H, (iQ) c)

v \ A\

25 30 Qx10" 29 30 Qx10°
b) d)

Hinh 3-9: Phé hiéu dung S, (@) ¢ 16i vao va pho S, (w)o 16i ra bo loc Kalman va céc céc
DTBPBTS theo tin hiéu S, (@) va DPTBDTS theo nhiéu S, () tai

7=, =10;0, =1;Q, =3,005-10*;Q, =3-10*

Nhu vay, thuat toan Kalman nhan dugc cho phép tinh toan xay dung so db hiéu
qua bu khir nhiu c6 dai thong tan hep. Trong chuong 3, ching t6i di ap dung 1y
thuyét va phuong phap tinh toan ciia bd loc Kalman dé xay dyng mot may thu tin
hiéu téi vu hoat dong hiéu qua trén nén tap am va nhiu. Noi dung bao gdm viéc
thiét ké cau triic mdy thu, t6i vu héa hé thong nham giam thiéu tic dong cia nhiéu.
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III. KET LUAN

Trong bdi canh hién nay, viéc phat trién cac phuong phép tinh todn va phan tich
tin hi€u tr¢ nén ngay cang quan trong, dac biét 1a trong linh vuc xur 1y tin hi¢u lién
tuc. Bo loc Kalman da ching t6 duoc vai trd quan trong trong viéc nang cao hi¢u
qua va do chinh xé4c trong cac Gmg dung nhu diéu khién ty dong, hé thong dinh vi,
va cac ung dung cong nghi¢p khic. Do d6, viéc nghién ciu va xay dung mot
phuong phap tinh toan hiéu qua cho bd loc Kalman tin hiéu lién tuc 14 v6 cung can
thiét. Khi khong st dung loc Kalman thi Tin hi¢u thu dugc thuong bi anh hudng
ning bdi tap 4m va nhiéu, khién chat lugng tin hi¢u suy gidm dang ké. Do chinh xac
trong udc lugng trang thai va tai tao tin hiéu thap, din dén hiéu suat ctia hé thong bi
han ché trong cac diéu kién lam viéc phurc tap. Con khi st dung loc Kalman: B9 loc
da loai bo dang ké anh huong cia tap 4m va nhiéu, gitp cai thién chat luong tin
hi€u thu dugc. P9 chinh xac trong vi¢c udc luong trang thai dugc nang cao, déng
thoi kha niing theo ddi va tai tao tin hiéu trong cdc moi trudong nhidu dong dugce céi
thién ro rét.

Luan vin nay di dat dugc nhitng két qua quan trong nhu sau:

- Xay dung dugc phuong phép tinh todn b loc Kalman tin hi¢u lién tuc, giup
nang cao hiéu qua xir 1y va do chinh xac trong cac (mg dung cu thé.

- bé xuét duoc cac cai tién trong thuat toan bd loc Kalman dé phu hop vdi céac
loai tin hiéu lién tuc co tinh chét khac nhau.

- Ung dung thanh céng phuong phap vao mot sb truong hop cu thé, chimg minh
tinh kha thi va hiéu qua cua phuong phap dé xuat.

Tuy nhién, luan vin van con mot s6 han ché:

- Pham vi nghién ctru cua luan van con han ché & mot $b ung dung cu thé, chua
bao quat hét cac linh vuc co thé ap dung bo loc Kalman tin hi€u lién tuc.

- Mot sb gia dinh trong mo hinh c6 thé chua hoan toan phan anh day du céc tinh
hué)ng thuc té, dan dén viéc két qua chua dat dugc do chinh xac cao nhét trong moi

truong hop.

Dya trén nhiing két qua da dat duoc va nhiing han ché con ton tai, luan van dé
xuat mot sb huéng nghién ctru tiép theo nhu sau:

- Dya trén nhirng két qua da dat duoc va nhitng han ché con ton tai, luan van dé
xuat mot sé huéng nghién ctru tiép theo nhu sau:

- Mé rong pham vi nghién ctru va rng dung ctia phuong phép tinh todn bd loc
Kalman tin hiéu lién tuc trong cac linh vuc khac nhu vién théng, y té, va cong

nghiép.
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- Phat trién cac mo hinh va thuat todn mdi nham khac phuc nhitng han ché cta

cac gia dinh ban dau, ting cudng do chinh xac va do tin cdy cua phuong phap.
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PHU LUC

1. Po thi sw phu thudc thong sé Svao y khi cwong d9 nhiéu thay
doi

% Gia tricua 'y
y = linspace(0, 10, 1000); % tao gia tri y tir 0 dén 10 véi 1000 diem

% Gid tri cia q
q values =1, 5, 10];

% Tao dd thi cho tirng gia trj cla q

figure;

hold on; % gitr dd thi dé vé nhiéu duong

for 1= 1:length(q_values)
q = q_values(i);
B y=(y."2./(2*q).*(sqrt(1+2*q) - 1)."2 + 1) ./ (1 + y.*(sqrt(1+2*q) - 1));
plot(y, B y, 'DisplayName', ['q ="', num2str(q)]);

end

% Dit tiéu dé va nhan truc

title("D thi cua B(y) véi cac gia tri khac nhau cua q');
xlabel('y');

ylabel('B(y)");

legend show; % hién thi chu thich

grid on; % thém ludi vao d(k)‘ thi
hold off; % dung viéc gilr do thi

2. Gi4 tri chuan hoa &' (y)va k. (y)

% Tao day gia tri cua y voi khoang cach budc nhay la cac luy thira cua 10
y = logspace(-3, 1, 100); % Tu 10"-3 dén 10*1, tong cong 100 diem

% Tinh toan day gié tri cua x1 dya trén y va ham x = sqrt(y*(y+0.5))/(1+y)
x11 = sqrt(y.*(y+0.5))./(1+y);

% Tinh toan day gia tri cua x2 dya trén y va ham x = y/(y+1)
x21 = y./(y+1);

% V& dd thi vai scale logchocatrucxvay
loglog(y, x11,'b', y, x21, '1");
grid on; % Bat ludi

3. Gia tri chuin hoa k (y)va k (y)

% Tao day gia tri cua y voi khoang cach bude nhay la cac luy thira cua 10
y = logspace(-2, 2, 100); % Tu 10"-2 dén 1072, tong cong 100 diem
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% Tinh toan day gié tri cua x1 dya trén y va ham x = 1/(1+y)
x12=1./(1 +y);

% Tinh toan day gia tri cua x2 dya trén y va ham x = sqrt(y*(y+5))/(y*(y+1))
x22 = sqrt(y. *(y+0.5))./(y. *(y+1));

% V& dd thi voi scale logchocatrucxvay
loglog(y, x12,'b', y, x22, '1");
grid on; % Bat ludi

4. Sy phu thudc thoi gian ciia cac phin tir Dii> Pias Prss Pors Pss

% Bat ludi function main()

% Dinh nghia ham dao ham cua hé phuong trinh vi phan
% p(1)=pll, p(2)=pl2, p3)=pl3

% p(4) = p22, p(5) = p23, p(6) = p33

dydt = @(t, p) [

2*p(2) - (p(1)*2)/100;

p(3) + p(4) - (p(1)*p(2))/100;

p(5) - (p(1)*p(3))/100;

2*p(5) - (p(2)*2)/100 + 0.1;

p(6) - (p(2)*p(3))/100;

-(p(3)*2)/100

I;

% Diéu kién ban dau
p0 =[1000; 0; 0; 50; 0; 0.1];

% Khoang thoi gian dé giai (c6 thé thay doi)
tspan = [0 1000];

% Giai hé phuong trinh vi phin bang ham ode45
[t, p] = ode45(dydt, tspan, p0);

% V& d6 thi riéng biét cho timg bién phu thudc
figure;

pl11=0.01*p(:, 1);

subplot(3, 2, 1);

plot(t, p111);

title('p11");

grid on;

p221=0.01*p(:, 4);
subplot(3, 2, 2);
plot(t, p221);
title('p22");

grid on;
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subplot(3, 2, 3);

plot(t, p(:, 2));
title('p12");
grid on;

subplot(3, 2, 4);

plot(t, p(:, 5));
title('p23");
grid on;

subplot(3, 2, 5);

plot(t, p(:, 3));
title('p13");
grid on;

subplot(3, 2, 6);

plot(t, p(:, 6));

title('p33");

grid on;
5. biéu dién: a- pho tin hiéu va nhiéu ¢ 18i vaoe; b- pho 16i ra kénh
loc tin hiéu; c- diic tinh bién dd tin sb theo tin hiéu; d- dic tinh
bién d¢ tin s6 theo nhiéu;

% Khoi tao cac gia tri a, bl, b2

a=0.1;
bl =0.089;
b2 =0.104;

% Khoi tao gia tri w tir 0 dén 1 ’
w = linspace(0, 1, 1000); % tao gia tri w tir 0 dén 1 v6i 1000 diém

% Tinh toan Abs(H1(iw)) va H2

numerator = a*2 + w.*2; % Tir s6 chung cho Abs(H1(iw)) va H2

denominator = (a+ b2 + bl *a-w."2)"2 + (1 +a+bl +b2)"2 .* w.*2; % Mau
s6 chung

H1 =sqrt(b1"2 * (numerator ./ denominator)); % Tinh H1
H2 =sqrt(b2"2 * (1 + w.”2) ./ denominator); % Tinh H2

% Tinh toan Sx va Sy
Sx=1./(1+w."2)+2.5./(1+100 * w."2) + 1/40;
Sy =Sx .* H1.72;

% V& d6 thi

figure;
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% V& d6 thi Sx

subplot(2, 2, 1);

plot(w, Sx, 'LineWidth', 1.5);
title("D6 thi cia S x(w)");
xlabel('w");

ylabel('S x(w)');

grid on;

% V& do thi H1

subplot(2, 2, 2);

plot(w, H1, 'LineWidth', 1.5);
title("D6 thi ctia [H_1(iw)|");
xlabel('w");

ylabel('H 1(iw)[");

grid on;

% V& dd thi Sy

subplot(2, 2, 3);

plot(w, Sy, 'LineWidth', 1.5);
title("D6 thi cia S y(w)");
xlabel('w");

ylabel('S_y(w)");

grid on;

% V& do thi H2

subplot(2, 2, 4);

plot(w, H2, 'LineWidth', 1.5);
title("D6 thi cua [H_2(>iw)|");
xlabel('w");

ylabel('H 2(iw)/[");

grid on;
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I. PHAN MO DAU

1. Ly do chon dé tai

Trong bbi canh hién nay, cac hé thong k¥ thuét hién dai ngdy cang yéu cau cao
vé kha nang xir 1y tin hiéu chinh xac trong méi truong c6 nhicu nhiéu va tap am.
Viéc toi uu héa hiéu suat ciia cac hé thdng nay dong vai trd quan trong trong nhiéu
linh vuec, tu truyén thong, radar, dinh vi dén diéu khién tu dong va y sinh hoc.

B0 loc Kalman, v6i kha ndng dy bao va udc lugng chinh xac trang thai ctia hé
thdng tir cic quan sat bi nhidu, di tré thanh mot céng cu quan trong trong 1y thuyét
va ung dung xur 1y tin hi€u. Pac biét, loc Kalman tin hi€u lién tuc 1a mdt hudng tiép
can phu hop dé giai quyét cac bai toan xir 1y tin hiéu trong thoi gian thyc, giup cai
thién hiéu qua cua cac hé thdng hoat dong trong méi trudng dong.

Tuy nhién, viéc tinh toan va ap dung bo loc Kalman tin hiéu lién tuc van ddi mat
v6i nhiéu thach thirc. O Viét Nam, tuy c6 nhiéu tai liéu gido trinh giang day dai hoc,
sau dai hoc li€n quan sau dén ly thuyét va ung dung ctua bo loc Wiener va Kalman,
nhung dang tiéc, chii yéu bang tiéng nudc ngoai. Vi mong mudn dong gop vio
viéc phat trién 1y thuyét va nang cao kha niang Gng dung cta bo loc Kalman, dé tai
“Xay dung phuong phép tinh toan bd loc Kalman tin hiéu lién tuc” dugc lya chon.
Pé tai nay khong chi tap trung vao viéc xdy dung phuong phap tinh toan hiéu qua
cho bo loc Kalman trong cac hé théng vo hudng va da chidu, ma con huéng t6i ap
dung thyc tién trong viéc xdy dung may thu tin hiéu toi wu trén nén tap 4m va nhiéu.

Nghién ciru nay ky vong s& mang lai cac két qua thiét thuc, gop phan phat trién
céc giai phap xir 1y tin hidu hiéu qua hon, dong thdi mé ra huéng di méi trong viéc

g dung 1y thuyét loc Kalman véo cac linh vuc khoa hoc va cong nghé

2. Muc dich nghién ctru

Muc tiéu nghién ctru tong quat: Nam ving nén tang khoa hoc 1y thuyét loc
Kalman d¢ xay dung phuong phéap ap dung trong linh vyc ky thuat vo tuyén, dién
tir, diéu khién.

Muc tiéu nghién ctru cy thé: Xay dung phuong phap tinh toan bo loc Kalman tin
hiéu lién tuc va ap dung tong hop thudt toan may thu tdi wu.
3. Nhiém vu nghién curu:

Hiéu va nim duoc ly thuyét loc Kalman tin hi€u ngﬁu nhién lién tuc.

Téng hop thuit toan may thu t6i vu sir dung cong cu loc Kalman.

4. P6i twong va pham vi nghién ctru



Péi twong nghién ciru: Ly thuyét loc tdi vu tuyén tinh — Kalman va céu triac
may thu tin hiéu vo tuyén dudi tac dong ctia nhidu.

Thoi gian nghién ctru: Tir nam 2023 — 2024
5. Phwong phap nghién ciru
Nghién ciru 1y thuyét loc Kalman va nghién ciru ung dung trong k¥ thuat vo
tuyén dién tir voi M6 phong Matlab
I1. BO CUC CUA LUAN VAN

Luan van bao gom: Phan md dau, két luan, phu luc, danh muc tai li€u tham
khdo, va ndi dung cua dé tai c6 03 chuong sau:

Phin mé dau

Chuwong 1: Loc Kalman v6 hudng tin hi€u lién tuc

Chuwong 2: Loc Kalman lién tuc nhiéu chiéu (dang ma tran)

Chuwong 3: Ap dung loc Kalman xay dung may thu tdi vu trén nén tap am va
nhicu

Phin két ludn



CHUONG 1: LOC KALMAN VO HUONG TIN HIEU
LIEN TUC

1.1. it van dé

Xét to hop tin hidu cong tinh (gom tin hiéu s(¢,4) cong vdi tap tring kénh do
luong n(¢) - nhiéu) tac dong 1én 16i vao — kénh quan sat cta bo loc tuyén tinh

x(t)=s(,A)+n(t); s, A)=c(t)A(). (1.1)

Biéu thirc nay dugc goi la phuong trinh kénh quan sat (kénh do luong).

O day A(¢) 1a qué trinh ngau nhién (QTNN) mang thong tin hitu ich va dugc
tao ra bang cach truyén tin hiéu tap trang tao hinh v(¢)qua bo loc tao hinh (LTH)
duoc mo ta béi phuong trinh vi phan ngiu nhién (PTVPNN) c6 dang

dAd

- =a(®)A(t)+v(); A(0)=4, (1.2)

t
Trong céc phuong trinh nay, a(f) va v(¢) 1a cic ham sé phu thudc vao thoi

gian, suy ra bo loc Kalman (KF) trong truong hop tong quat s& 13 mot hé thong
tuyén tinh khong dung.

Gia st rang cac QTNN A(?), v(¢), n(¢) 1a QTNN trung tdm (c6 ky vong E(.)
bang 0) va doc 1ap 1an nhau:

EMA)=E(W,)=E(n,)=0;

E(An)=EMmyv.)=0 (1.3)

Theo dinh nghia, cac tap trang v(¢)- kénh bd loc tao hinh tin hiéu hitu ich va tap
trang 7n(t)- nhidu kénh do ludng déu c6 ham twong quan dang xung Dirac (ham
Delta

5(t)):
R, (t,7)=E(nn)=S,()o(t —7);

(1.4)
R (t,r)=E(Wy,)=q,()0(t—71).
va hién nhién do tinh doc 14p cia chung, nén cac ham twong quan chéo:
E(nx)=0; E(vx,)=0. (1.5)

Tir phuong trinh (1.2) ta ¢6 so dd cdu trac (Hinh 1-1)



V(1) dt j A(?)

a(t)

A

a(t)A(t)
Hinh 1-1: So d6 céu triic bé loc tao hinh tin hiéu hitu ich A1)
Nhiém vu dit ra 1a can téng hop bd loc myén tinh t6i vu (loc Kalman) dua ra

wdce luong tdi wu /Al(t) cho qua trinh A(#)(1.2) thong qua tin hiéu kénh do luong
(quan sat) x(z) (1.1)

At) = jh(z,r)x(r)dr. (1.6)

Trong d6: h(¢,7)- ham trong luong xung (ddc tinh xung — 14 tin higu 16i ra cia

hé tuyén tinh khi tic dong 16i vao 1a ham xung Dirac) ctia bo loc tuyén tinh.

1.2. Phwong trinh Loc Kalman (KF)
Chi tiéu to6i wu duoc dit ra dé téng hop bd loc Kalman 1a gid tri cuc tiéu

(minimum) cua sai sé quan phuong 662 (trung binh xéac suit E {} cua binh phuong
sai s6 e(t) giita gia tri that A(f)va udc luong cia no z(t); o’ con duge goi la
phuong sai)

oF = E{[/I(t) - fw)f }; e(t) = A1) - A(0).

Khi d6, theo nguyén ly truc giao ciia ham trong luong xung, bd loc Kalman phai
thoa man phuong trinh tich phan Winer — Hopf sau

R, (t,a)= J.h(t,r)Rx(r,a)dr, O<a<t, (1.7)
0

Trong do:
R, (t,a)= E(A,x,)-ham tuong quan chéo cua tin hiéu hitu ich A(?)
va tin hiéu kénh quan sat x(¢);

R (r,a)=E(x,x,)- ham tuy twong quan cua tin hiéu kénh quan sat

x(2)



Dé tim cau tric bo loc Kalman (tim thuat toan tinh u6c lugng toi wu z(t )), can
trién khai phép tinh ldy dao ham biéu thirc vé trai va biéu thuc vé phai (theo thoi
gian ¢) ciia phuong trinh Winer — Hopf (1.7). Sau céc phép bién ddi toan hoc, ta
nhan dugc PTVP cho udc luong téi wu A(f)- dang PTVP cua bo loc Kalman

~

da ~ ~ ~
“E=ah A0+ g0 (D)~ cOA) |, A0)=4, (1.9)
Trong d6 g(t) = h(t,t) - Hé s6 khuéch dai cta bo loc Kalman.

T PTVP mé ta loc Kalman, nhan duoc so d6 ciu tric loc Kalman sau

x(1) = c()A(F)

ir)»( g J—— &)

Q
—_—

~
S—

s

c()A(t)

o(t) |«

Hinh 1-2: So do céu tric loc Kalman

Nhén xét: PTVP loc Kalman xac dinh u6c luong toi vu z(t) (1.9) chua duogc
khép kin do hé s6 khuéch dai g(¢)1a ham chua dugc xac dinh.

1.3. Hé s6 khuéch dai loc Kalman
Muc 1.3. ¢6 nhiém vu xac dinh hé s6 khuéch dai g(¢) trong bé loc Kalman
Theo nguyén tic truc giao (sai s6 e(?) truc giao véi lugng vao x(o) ciia bé loc)
E [e(t)x((x)] =0,
Khi do:

E(exx,) = EL(, = 1)%,]= E(%x,)~ E(A,x, ) =0.

t

Suy ra, c6 dugc biéu thic sau

E[M0)x(0)] = E[i(r)x(t)].



Thay thé phuong trinh quan sat & vé trai, biéu thirc udc luong /Al(t) (¢ dang tich
phan) va sau mot s6 bién doi toan hoc, nhan dugc ham trong lugng xung cua bd loc
Kalman (hé s6 khuéch dai) g(¢) = h(t,t)

g(@®)=D(t)c(t)/ S,(2). (1.10)

Thanh phan phuong sai D(t) = o clia sai s6 bd loc e(r) = A(t) - i(t) sé duoc
tinh theo PTVP ctia phuong sai cua sai sd
D2
So(2)

PTVP (1.13) 1a PTVP thuong phi tuyén mang tén Riccati, vé& téng quat dugc

b _ 2a(t)D —c*(t)
dt

+q,(1). (1.13)

giai theo phuong phap tich phan sd. Nghiém D(f)ctia (1.13) cho phép tinh hé s6
khuéch dai g(¢) va nhu vdy xéac dinh day di cdu trac bo loc Kalman (1.9).

Nhén xét. Néu PTVP cuia bd LTH c6 dang

a;,—f =a()A@) + b()v(2), (1.14)

thi PTVP cta phuong sai (1.13) s€ ¢c6 mo ta

WD _ip D
o =2a(t)D —c (t)S +b7(t)q,(1). (1.15)

o(t)
1.4. Tinh toan Loc Kalman v6 huwéng
Quy trinh tinh todn b loc Kalman s€ dugc xay dung theo cac dang ing dung cu
thé dé qua thuc hanh nay c6 thé hiéu ¥ nghia va xac dinh tirng thanh phan c6 trong
loc Kalman.
1.4.1. Truwong hgp uwng dung 1

i

Gia sir biét ham twong quan tin higu hitu ich A(¢)1a R,(r)=0ce . Truéc

tién, can tim hé sé a(¢)cua loc tao hinh (1.2).

Cdc buoc tinh toan. Tir dang ham tuong quan, suy ra LTH la hé dung; tap tao
hinh v(¢)- 1a tap tring ngdu nhién ding; q,= const. Khi do, tim ham truyén dat
LTH tr biéu thic S, =S, (@)H (s)H (-s)=q,
cia LTH, S (@)= g, 1a cudng dd pho ciia tin hi¢u tap tring tao hinh v(¢)).

H(s)‘2 , (H(s)1a ham truyén dat

~alt]

Biét bién doi thuan Fourier cia ham e

S[e‘“‘r‘] =2a/(a’+ o)



Nén pho tin hidu A(¢)

S, (w)=20a/(a’ +a)

Biéu dién S, () dudi dang tich
S,(w)=205a/[(a-io)(a+iv)|=20;a/[(a-s)(a+s)]

Néu dat H(s)=1/(a +s), thi thay ky hiéu s bang p=d /dt, va van dung

biéu thirc: (0{ + ij/l =1(t)
dt

Nhan dugc PTVP cua LTH
ﬁ:—0(/1+V(t). (1.16)
dt

Nhu vy, a = —a = const ; q, =2ao, .

Thong sb « c6 y nghia vat Iy 1a d6 rong phd hiéu dung ning luong A, , khi
truyén tin A, nhu vay cac thanh phﬁn hé s truyén LTH, mat do phé g, cua tap tao

hinh v(f)dwoc xac dinh bang cach tinh phuong sai thong tin truyén o> vahé sé .

1.4.2. Truwong hgp ung dung 2

Giai phuong trinh Riccati (1.13), néu gia dinh dD/dt=0 (trudng hop Loc
Kalman dirng); can tim céac thong sé loc Kalman va ham truyén dat c6 tinh dén céac
két qua muc tng dung 1.4.1.

Cac buoc tinh toan.

Khi dD / dt =0, phuong trinh Riccati bi suy bién thanh phuong trinh dai sé sau
(truong hopa =—a)

c’D* +2aS,D—S,q, =0.

Giasta c=1,taco

D =—aS, +:Ja’S +Syq, = aS,(J1+ A, —1),
Trong d6: A, =q, / a’S, .

Luc nay, tir biéu thic cua hé s6 khuéch dai (1.10), hé dimg c6 g(f) = g dang

g:S2=a(,/1+Al—1).
0



Theo ung dung 1.4.1., g, = 20{0‘5; a=-—a,nén

A =q,/a’S,=q,/a’S,=20;/as,.

Viét PTVP uéc luong (1.9) duéi dang
[d/dt+(g+a)]:1:gx.,haythay d/dt=stacod [S+(g+a)]:1=gx.

Tir day, ham truyén dat ciia Loc Kalman 1 ty s6 anh /x4

_S+(g+a)_1+sT’

2_ 8 ky
X

Trong do: ky=g/(g+a); T=1/(g+a).
Nhu vay, loc Kalman dung twong duong voi mach dién (khau quan tinh) cé

hang so thoi gian 7', dugc mac noi tiép véi bo khuéch dai co hé s6 khuéch dai k.

Thay biéu thirc k,va T, tinh dugc g +a = a4/l + A, . Khi d6

ky=(J1+ A, —=1)/J1+A,

(so sanh cac thong s6 nay v6i cac thong sb loc Winer, ta tim duoc
20;=D,/S,va A,=A=D,/S,).

Nhu du kién cho hé dung, cac ham truyén dat cua loc Kalman va loc Winer la
trung nhu nhau. Khac biét chi & chd, loc Kalman c6 cAu tric duge thuc hién & dang
hé v6i phan hoi va nhu thé s& dé dang hon trong mé hinh thut toan hoa trén may
tinh sb.

1.4.3. Truwong hop Gng dung 3.
Xét truong hop hdn hop cua tin hidu va tap nhiéu: x(¢) = A(¢)sinw,t + n(t),
M0 hinh thong tin xac dinh theo PTVP loc tao hinh

di
—=—al+v(t).
7 (1)

Hay tim so d6 Loc Kalman.

Cdc buoc tinh toan. Khi so sanh kénh quan sat (1.1) va thong tin hitu ich (1.2),
c6 thé thay

c(t)=sinwyt; a(t)=-a =const; q,(t)=q,=const; S,(t)=S,=const.

Te phwong trinh  xdc dinh  uwéc luwong (1.9), thay thé
gt)=c(@®)D/S,=(D/S§,)sinw,t, nhan duoc tich:



g()e(D)A{) = (D 1 S,)A(t)sin’ a,t
Sau céc bién ddi toan hoc nhan dugc dang PTVP gén dang xac dinh udc luong
can toi vu cua loc Kalman (v6i diéu kién thoa man T, =l/a>t=2r/w,)
Phuong trinh phuong sai gan ding
dD D?
—=22aD+q, ———, 1.17)
dr 775 (

0

PTVP loc gan dung Kalman c6 dang:

d2 D)s D .
—+| a+— [A=—x(t)sinw,t
dt 25, S,

Tu do

0 0

1= (ng(t)sin a)OtJ / (d / dt + (a + %B =x(t)2sinayt)g / (1+Td / dt)

Chuyén PTVP trén vé dang toan tir Laplace (dé c6 ham truyén dat), thay
d/dt=s

A =x(1)(2sina,t)g / (1+Ts)

Trong d6: g=D/2S,- hé s6 khuéch dai; T=1/a,- hing s6 thoi gian;
a,=a+D/2S,.

D@ thay, ¢ ddy loc Kalman thyc hién xir 1y: cho tin hiéu quan sat x(¢) qua khau

nhan v6i 2sinwyt, khau khuéch daigva mach quan tinh — bd loc thép tan

1/ (1+Ts), dé c6 ude lugng A, xem so d6 cau trac Hinh 1-3

x(1) R At
> >< 1 g 1 ( ):=
W —— L
2sin )yt .

Hinh 1-3: So d6 nguyén Iy loc Kalman
1.4.4. Truong hgp ng dung 4.
Xét PTVP thong tin va PTVP kénh quan sat dang

% = fA@)+gv(t);  x(t)=hA(t) =n(1)



Trong d6: f,g,h —céc dai lugng tién dinh v6 hudng; A,(¢)—dai luong ngiu
nhién c6 trung binh xac suat E[4,(0)]= /Tovc'ri phuong sai D, = A ; n(t),v(t) —cac
tap trang dirng khong tuong quan c6 ky vong bang 0 va phuong sai R (r)=ro(r),
R (r)=q6(z); r,q=const.Dailugng A (¢)khong trong quan voi n(t),v(z).

Hay tim PTVP loc Kalman, PTVP phuong sai ctia sai s6 va giai PTVP Riccati.

Cac buoc tinh toan.

bat a(t)=f; c(t)=h; S,=r; q,=q; b=g; D(t)=p(1); g(t)=k(r)

(hé sd khuéch dai), theo cac két qua & trén, nhan dugc thuat toan loc Kalman, bao
gom:

e Thuat toan tinh uwéc lugng t6i vu Kalman

dl_ f/1+k(z‘)[x(t) M(z‘)} At) =245 k(t)= hp(t) (1.184)

e Thuit toan tinh phuong sai cua sai s6 loc Kalman tir PTVP Riccati
2

d, h
T=2p0-"—p 0+ pl)=o;.

dt (1.18b)
p=D
Sau mét sd bién doi toan hoc, tim duoc nghi¢m PTVP Riccati
“2u(tty)
P~ pCe : :
p(t)= 11_638?2#([_,0) ; 120; (1.19)
0

_plt)-p 04— P
- _

p(t)— p, o-g _,02.

O trang thai thiét 1ap (hé dimg, khi ¢ — o)

1’2 r
lim p(1) = p,, = f+ ﬁf2+h—2g2q

Nhu véy gia tri thiét 1ap ctia phuong sai khong phu thudc vao diéu kién ban dau

pt) =0, .Pit f=—a; a>0,taco giatrjxac lap

ar
. :?(1/1+A1 -1, (1.20)

Trong d6: A, = g’qh’ / ra’.

Theo PTVP cua phuong sai , nhan dugc [xem (1.11)]
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dD,
dt

Tir d6, & ché d6 xac lap ( f =—a), ta cd

=2/D, +g2Q-

D,=g%q/ 2a. (1.21)
Theo (1.1), thanh phan tin hiéu s(¢) = 2A(¢), do vy cong sut tin hiéu
D, =c,=hD,=h’qg’ / 2a,nén A, =2D,/ra.

Do rong phod hiéu dung mot phia ctia nhiu bang 27, do rong phd hiéu dung cua
thong tin 4 = A(¢)bing « / 4 (Hz), do vay A, =D, / p, trong d6 p- la cong sut
nhiéu trong dai thong tan hiéu dung cua thong tin. Nhu vay, A, - muc cuong do phd
nhidu trong bd loc Kalman. Tir (1.20) c6 tinh dén dang thae ar/h* = 2D,/ A,

nhan duoc
p. =D,/ A)WT+ A, ~1)
KhiA, -0, thi p_ — D,; khi A| -, thi p_ — 0.
Tim ham truyén dat cua loc Kalman. Tur PTVP loc Kalman, ta co

k k,

H.(s)= = : 1.22
() s+(a+hk) 1+sT, (1.22)
, k 1 , n
Trong do: ko:a+hk’z):a+hk’hmy a+hk=a+7pw=a 1+ A,
ar h
eviaep K pnlr o OIEATD L A -
"oaleA ayl+A, a1+ A, NN

Nhu vay, ham truyén dat loc Kalman theo tin hiéu
hK, K, T 1 '
1+sT, 1+sT," " af1+A,°

lim 7, = 0; }imTO:I/a; }imKI:I; /1\imK1:O.

Ay >0 10 1> 1—0

H (s)=hH(s)=

Vé dp nhay ciia bg loc

Pé bude dau hiéu duge cach tinh do nhay cua bd loc, ta xét mot vi du don
gian,khi phuong trinh tién dinh cia théng tin c6 dang (1.1), (1.2) véi
c=1, a=-«.

11



Ta gia dinh, hé s6 khuéch dai k 13 hang sd. Theo (1.10), tinh dugc phuong sai
ctia wdc luong & ché do dimg

D _ sz() + qv

= erh" (1.23)

Tir (1.24) c6 thé chi ra cac gidi han dugce phép khi thay doi k. D@ thiy, gia tri
cuc tiéu cua phuong sai nhan duoc tir diéu kién dD /dk =0, suy ra gia trj hé sb

2
0

khuéch dai dat cuc tiéu sai s6 k, = a( 142 1} =a(y/1+2qg —1), (1.24)

C

Trong do6: g =

c

; D o= 9 phuong sai cua udc lugng tin hitu ich; g - ti s6
as, 2a
tin/ tap.

Bién doi (1.24)

2
K5 44 7k +1
D:& qv :DC qv R
2al+k/a l+yk, /a

Trong d6: y =k /k,. Dat ham d6 nhay £(y) = D£ dé xem xét chat lugng loc

c

khi cuong do nhidu thay doi thay doi

7o 2g -1 41
q
1+ y(J1+2g —1)
Nhu vay, khi ¥ =0, 4 =1. Can tim gia tri  khi y =1
L fi2g-p 1 1241 g
ﬁ(l)zzq __1 g -
J1+2¢g J1+2¢g (1.25)

:l\/HZQ(\/qu_1):1(M-1):Lkm.
q Ji+2g q aq

Truong hop ty 1€ tin trén tap nho (g <K 1)

PO =1-q/2;

Trudng hop ty 1€ tin trén tap 16n

L) =2/q.

D
B(r) =D

12



Theo (1.25)

DC
aq

D(k )=D :[ jkm SN

. D . .
Do d6, nhu du kién &, = S—, bi€u thic nay trung vai (1.10). Moi phu thude
0

B =B(») duoc thé hién trén Hinh 1-4 v6i ¢ =1;5;10

16}
e
///
_./
e
1.2 e
~

N 3 =

L, =1
G e sy —— 5

. | 5
0.4 10
i i
0 1 2 3 4 ¥

Hinh 1-4: D6 thi su phu thugc thong 56 ,B vao Y khi cuong do nhiéu thay doi

KET THUC TOM TAT CHUONG 1
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CHUONG 2: LOC KALMAN LIEN TUC NHIEU CHIEU
(DANG MA TRAN)
2.1. Phwong trinh Loc Kalman nhiéu chiéu
Xét cac phuong trinh mo ta mo hinh thong tin (hitu ich) A= (4, 4,,...,4)"

% = F()A(1) + G(t)w(0); 2.1

va m6 hinh kénh quan sat x = (x,,x,,...,X, )"
x(t)=H()A(t) +v(2), (2.2)

Trong d6: w(t)- tap trdng (r x 1) chiéu tao hinh tin hi¢u hiru ich; F(¢)- ma tran
loc tao hinh kich ¢& (nxn); G(¢)- ma tran dau vao (nxr) chiéu; H (¢)- ma tran
quan sat (nx m)- chiéu; v(f)- nhidu tap tring kénh quan sat.

Gia st ciing dung céc biéu thuc:

E(w)=0;  E(ww,)=0()d(-1); 23

E(v)=0;  E(y)=5,08(~1), |

Trong d6: &(z-7)- ham delta 0; Q(¢) va S,(¢)- cac ma tran xac dinh duong
dbi xtmg (rx ) va (mxm) voi y nghia vat Iy O(¢)- 1a ma tran cuong d6 pho cua
tap tring tao hinh w(t), S,(t)-1a ma trdn cuong do phé cua nhiéu tap tring kénh

quan sat.

Céc tap tring w,, v, 1a khdng twong quan voi nhau, nén théa man:
R, (t7)=E(wy])=0.

va do d6 w,, v, cling khong tuong quan voi diéu kién ban déau tin hiéu hiru ich
ngau nhién A(0)=4,; (E(4,)=0),

EO‘OW;F) =0; EO‘OVE) =0,
ngoai ra: E(w[x;) =0; E(v[xg) =0, (2.4)
Céc qua trinh ngau nhién A(¢), v(¢) ciing khong twong quan, nén E (v[xg) =0,

Can tim bo loc t6i wu Kalman nhiéu chiéu cho phép tao uéc luong khong léch

cho tin hi¢u hitu ich véi tdi thiéu héa binh phuong sai s6 e, = A(¢) — },(t)

14



Quy trinh xay dung b loc Kalman dang ma trdn — véc to cling twong ty nhu
truong hop vo hudng

®, (t,0) = [K(tr)®, (r,)dr,  t>7,0>0 (2.5)
0

Trong d6: @, (¢t,a) = E[/i(t)xT(a)] - ma tran twong quan chéo giltta A(¢)va
x(a)

D (r,a)= E[x(r)xT (a)] - ma tran ty tuong quan cua tin hiu quan sat;
K (¢,7) - ma trén trong sb cua bo loc.

Sau céac phép bién d6i toan hoc, nhan duoc ma tran hé sb khuéch dai loc Kalman

K(t)=P@)H" (1)S,'(1). (2.18)

PTVP cho uéc luong tdi wu ctia bd loc Kalman

dA ~ - s A

L= FOAN+K(0) [x(t) - H(t)/l(t)}; At) =1, 2.19)

Trong d6: K ()= K(t,t)- ma tran hé¢ s6 khuéch dai (K (¢,7)chinh 1a ma tran
cac ham trong luong cua bd loc nhiéu chiéu).

PTVP ma tran phuong sai P = D cua sai sd loc

‘;—P =FP+ PF"—PH'R'HP + GOG". (2.35)
t

PTVP (2.35) dugc goi 1a PT Riccati dudi dang ma tran.
Trong ché do thiét 1ap ding dP / dt= 0, thi
FP+PH'—-PH'R'"HP+GQOG"' =0 (2.36)

2.2. Tinh toan loc Kalman nhiéu chiéu

2.2.1. Trwong hop irng dung 1.
Yéu cau xdac dinh déng thoi toa do A, (t) va van téc A, () =dA(t)/ dt cua muc

tiéu chuyén dong. Nhw vdy, phwong trinh bé loc tao hinh (LTH) tin hiéu hitu ich ciia
hé co dang

ZXOZNG
dt dt

(w(t)=dA,(t)/ dt- la dang PTVP mé ti QTNN Winer véi ky vong xdc sudt va

phirong sai la cdac la cac ham tuyén tinh theo thoi gian). Trong dé: o(t)- tap tring

ﬂ’z(t) =

15



voi ham twong quan R(t,7)=Q0(t—71); Q=C- ma trdn hdang s6. Phwong trinh
kénh quan sat (do luong) x,(t) =A,(t) +v,(t) ; x, () =1, (t)+v,(t)

Trong do: v,(t), v,(t)- cdc tap trang déc Idp la nhiéu gdy sai sé kénh do heong,
véi mdt do phé cé cuong do S,(t)=S,=C,-ma tran hdng s6. Dang véc to ma trdn
ctia hé c6 thé viét nhw sau:

25l of oo o oo )
A= ; F= ; Q= ; G= =1
A, 0 0 0 ¢ 0 1

X, 1 0 s, 0
X = ; H= =I, S, =
X, 0 1 0 s,

(=)

Ma tran hé 56 khuéch dai

I((ZL):])(t)HT871 = dll dlz L S" 0 — dll /Sr dl2 /Sv
' d21 dzz S.S, 0 S, d21 /Sr d22 /SV ’

Trong do: d,(i,k =1,2)- cdc phan tir cia ma trgn phwong sai voi d,=d, (do

ma tran D(t) doi xirng). Nhu vay

k :@; k :@; k :@; kzzzﬁ. (2.37)

11 12
N S N N

r v r v

Két qua PTVP cua loc Kalman ¢ dang ma tran

di. [0 1704 NLIE X — 4
dt— 0 0 jz k21 k22 )Cz—/i2

Hodc ¢ dang v6 hudng

(- A) vk (x-2)

Can giai phuong trinh ma tran phuong sai (v6i diéu kién dD / dt = 0) dé tim ma

tran phuong sai ¢ ché 4o dimg FD+DF' +Q—DS,'D=0; ¢ day

FD: O 1 dll dlz — dlz d22 .
0 0||d, d, 0 0/

16



{ }{V e :ﬂ=

_1 dS 11 d12_
_SrSVdS ds d, d B

125y 22%r 22

1 d’s +ds dds+dds}

117712 127722

sS, dds+dds ds +d;

117125y 127722

22r

Két qua, nhan dugc cac hé sd d i,k = 1,2, & dang v6 hudng

kot

1 1
d”:A sAgs.B; d, = qs,; dzzzz q+/qs, B (2.40)

A=1+/gs /s;B=2+./qs /s, =1+ 4

Xét trudng hop riéng khi chi do duoc vi tri (cu ly) muc tiéu (khong do duoc tbe
do khi tap kénh do tdc do rat 16n s, —> o), thi hé cac PT xac dinh cic hé s6 dugc
don gian di nhiéu:

aflz1 d.d d’

~2d,=0; “M_g =0, 2=
S S S

r r r

Theo cic biéu thic nay, nhan dugc d,=./gs ,tt  day

=2d s =25 \Jgs. ,va d,,=d,d /s =+/2¢q/gs, . Céc két qua nay nhan

duoc khi gidi v6i 4 =1,B =2. Lac nay s, - oo, cac PT loc Kalman (k,, =k,, =0

dj =k, (%, 4). (2.41)

A

) c6 dang a;l_/l /1 +k ( /i),

Néu dit y=s,/+/gs, va chuin héa cic h¢ s6 d & dang 8, =d, /d,, nhan

ik >

duoc

N0 oy s _NY+0.5)

; 2.42
1+y P4y 1+y " (2.42)

11

Néu d, con phy thudc vao ba thong so g,s , s, ,thi sau khi chuan hoa cac hé so

nay chi con phu thudc vao y. Tim ham ma tran truyén dat
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A

a4 = s/ii ()= sA
dt

A

Phuong trinh b loc % =(F- KH)ﬂt +Kx; H=L

Dang anh toan tir Laplace sIA = (F- K)/i + Kx, hoic (K—-F+ SI)Q: =KXx.

Ham ma tran truyén dat A= D(s)x; D(s)=(K-F+sI)"'K;

K k11 k12 K—F+sl k11 +s k12 -1
= ’ — Sl = ,
k, k k, ky+s

21 22 21

-1 1 |:k22 +s 1_k12:|{k11 k12:|
O(s)=[K-F+sI] K=— =
A _k21 kn +s k21 kzz
_1 (ky, +5)k, +hy (1=ky,) (K, + )k, +(1—k, )k,
Al =k ke, +k,, (K, +5) —k k,, +(k, +s)k,

117721
Trude tién xét dinh thire A =5+ (k,, +k,, ) s +k, k,, — k. k, +k,,.
Chuan héa cac hé s6 k, k=1,2, & (2.37) ciing nhu & (2.42), nhan dugc két qua

i y(y+0,5); Kk, =L=klz-

. 1
k11 = = =
\/2«/q/sr I+y I+y
by _ 7 i S0 =k,

. 1
k21 = 21 = ; =
Jals, 1+7 Jofqls, r(+p)
Trén Hinh 2-1 va Hinh 2-2 thé hién céc phu thudc cac gia tri chuin héa vao
thong s6 y. O Hinh 2-1 duong cong 1 — quan hé &,,(), J,,(7),0,,(y); dudng cong
2-k,(7), 8,(y); & Hinh 2-2 duong cong 1 - k,,(¥),2—k, (7).
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107!

102

103 %
10°3 102 1071 10° Y

Hinh 2-1: Gid tri chudn hod k,,(y) va k,,(y)

10°

10°

1072
102 107! 10° 10" Y

Hinh 2-2: Gid tri chudn hod ky, () va ki, (y)
2.2.2. Truwong hop irng dung 2.

Yéu cau xdc dinh phwong trinh wéc lwong A ciia véc to trang thdi A, néu biét
phwong trinh trang thdi cua hé
dh, 3 - dh,

—E=h = W@ X0 =4 () +v(0),

Trong d6: o(t),v(t) - cdc tap trang déc ldp voi cuong dd phd Y =LY =2.

Thue hi¢n tinh toan. Tim cic phan tir ciia ma tran phuong sai D can thiét giai
phuong trinh ma tran FD+DF' +GQG' —DH'S,'HD =0.
Két qua tim dugc hé phuong trinh cho cac phan tir (khi d L =4d,).
d’ d.d d’
2dlz—§=0; d22—d12——”212=0; 2d22+712=1.

T dé d, =1,1;d, =d,, =0,3025;d,, = 0,470
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Véc to hé s6 khuéceh dai
o1 L1 0,3025]1 0,55
K=DH'¥Y'=—= =
" 2103025 0,470 |[0] |0,151

Phuong trinh uéc lugng loc Kalman

d =—4,+0,151(x— 1) (2.47)

%=i2+0,55(x—ﬂ;);

2.2.3. Trwong hop ing dung 3
Hay tim PTVPciia wéc lwong véc to A, néu hé PTVP trang thai va quan sdt cé
dang

da dA
i L 5000

Trong d6: w(t), v(t)- cdc tap trang déc ldp véi cuong do v,=1lvay, =0,5.

Thuwe hién tinh toan. Day la truong hop riéng cua ing dung 2.2.1, khi khong co
PT thtr hai trong kénh quan sat (khong do toc do), khi 46 s, —co;s, =¥ =0,5.
Phuong trinh loc Kalman duoc suy ra tir phuong trinh tong quat khi s, —> 00 va cod
dang hé PTVP (2.41). Can tinh tiép gi4 tri cac h¢ s6 k, ;k, khi g =¥ =1

Nhu Vay k \/_, 12 *2 — [\Pw\{’v :\/E/z’hoéc k21 :k12 :\/5

Phuong trinh udc lugng cua loc Kalman

%:/@+(‘/§<x—ﬂ;); ‘Zz =V2(x-4) (2:49)

2.2.4. Truong hgp ng dung 4

Cho biét truée phwong trinh trang thai (loc tao hinh) va phwong trinh kénh

quan sat
dﬂ“ =—A, +w(?); d/} =24, +2w(t) (2.50)
(0= A0+ 9,0 %,(0) = 4,0 +v,(0) (2.51)

Trong d6: w(t)- tap trang; E(wt) =0;R, =5(7);v,(t)va v,(t)- cdc tap trang
khéng twong quan voi nhau va véi w(t); E[vl (t)] = E[v2 (t)] =0; R, (7)=r6(7);
r=0,01;r,=0,04.
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Can tim bé loc Kalman gom phwong trinh wée lwong va phiwong trinh Ricatti.
Can tim (trong ché dé thiét lip dimg) ham trong leong dang ma trdn ciia bé loc.

Thuec hién tinh toan. Viét (2.50) va (2.51):

%:F)\,+GW(1‘); X:(%’AZ)T

x)=HA+v(t); v()= (vl,v2 )T ; X= (xl,x2 )T

Thuét toan udc luong cua bd loc Kalman ¢ dang ma tran

i NN A

E:FX+K(X—H1) =FA+K(x-21) (2.52)
Trong d6: K=PH'R'=PR ;K = {ku},i,j =1,2 - ma tran hé sd khuéch

dai; P - ma tran phuong sai, P = {p .},i,j =1,2.

ij

Nghiém P nhan duoc khi giai phuong trinh Ricatti trong ché d6 xac 1ap dimg.

Suy ra

k,=100p,; k,=25p,; k,=100p,; k,=25p,, (2.53)
Giai phuong trinh Ricatti, tim cac phan tir {k,} clia ma tran phuong sai P
FP+PF' +GQG'—PH'R"'HP =0

Khi tinh dén cac gia tri cac ma train H, Q, K

FP+PF +GG'-KP =0 (2.54)
Trong d6: K=PH'R"' =PR"

Tir két qua theo (2.54), tim cac phuong trinh x4c dinh cac phan tr {k,}

—2p, +1-100p} —25p; =0,

-3p,+2-100p, p,—-25p,p,, =0; (16.19)

—4p, +4-100p’, —25p; =0.

C6 thé viét hé cac phuong trinh dai sd trén dudi dang sau

2a+100a° +25b° =1;

3b+100b + 25bc = 2; (2.55)
4¢ +100b° +25¢% =4
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Trong d6: a=p,; b=p,; c=p,,.

Sau khi gidi cac phuong trinh (2.55) trén may tinh, nhan dugc

a=p, =6,8092-107; b=p, =12,652-107; c=p, =23,996-10"
Khi do, theo (2.53)

k,=6,8092; k,6=3,163; k,=12,652; k,=5,9989~6.

Phuong trinh uéc lugng loc Kalman ¢ dang v6 hudng

a4 __; +6,8092(x,— 4,)+3,1629(x, - 4,
dt
. (2.56)
dA A A A
) +12,6516(x,— 4 ) +6(x,— 4,).
Ham ma trdn ®(s) c6 dang
CD(S)ZL k22+2+S _klz kn k12 _
Al -k, k,+1+s |k, k,
_ 1|:k11(k22+2+S)_klzk21 klz(k22+2+s)_k12k22:|_
Alky (k, +1+s) =k k,  k,(k, +1+s)—k,k,
k,(s+c¢) k,(s+2)
_ (S—Sl)(S—SZ) (s—sl)(s—sz) , (2.59)
ky (s +1) ky(s+c,)
_(S—Sl)(S—SZ) (s—s])(s—sz)_
Trong do: - cac nghiém cua phuong trinh

A=0; s, =-14,2306=—a; s,=-1,577=-b;

¢, = (ko + 2k, —khy ) /e, = ey + 2= kky, | K, =2,12226;

117722 127721 127721

¢, =1+k, —kpk, | ky =14k, (1-4k2) =1-0,002137 =0,997863 ~ 1 (2.60)

127721

2.2.5. Truwong hop wng dung 5.

Xac dinh ey ly dén muc tiéu dang chuyén dong véi gia téc hang soé, chuyén déng

nay bi tac déng tir cdc nhiéu dong w,(t),w,(t) voi ham ma trdn twong quan

o 0 100 0 0

Q= ; Gid tri ban dau; P=0 50 O
0 0.1

0O 0 0,1
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Tap tring trong kénh quan sit E (nt) =0 va ham twong quan R () = Ro(7),

R =100M".Cdc gid tri ban dau cia wée luwong cu ly, cua téc dé va gia toc tir muc

tiéu bang 7=23150m; v,=-150m/c; a,=0, Gia tri thuc cia cdc thong 6
chuyén dong  r,=2300m; v,=-200m/c; «,=0,8m/c’.
Thue hi¢n tinh toan. Phuong trinh chuyén dong ctia myc tiéu
X, =x,+w(); x,=x,+w,(t); x,=0
Trong d6 x, = x,(¢) - cu ly dén muc tiéu, x, = x,(¢); x, = x,(¢) toc do va gia toc.
Phuong trinh quan st y(¢) = x(¢) + n(¢)
Dang ma trin cua phwong trinh chuyén dong va quan sat

ézFX+GW(I). (2.61)
dt

y(t) =H(0)x(¢) + n(7)

Trong do:

0 1
1; H =0
0 0

Phuong trinh xac dinh uéc luong ti wu cta bod loc

A~

% =Fx +K(y(¢) - Hx) (2.62)

Phuong trinh Ricatti xac dinh ma tran phuong sai
dP

= PF' +FP+GQG' —PH'HP /R (2.63)
t

Do P:{pv.},i,jzl,_& khi dP / dt =0, nhan duoc
Pu=Pn=pPy=0; 2p,=p./R; p,=p,p,/R; p,/R=0,1
P =~O01R;  p, =\2Rp,, =\2RVO.1R;

P, =V2RVO.IRVO.1R / R =4/0,2J0,1R ., & ché do dimg
P =N10=3,16, p, =10§2410 =25,15; p, =/20,1 =0,795

PTVP cho cac phan tir phuong sai
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dp, P, dp, Py
dt =2Pe = p g P tPeT P
dp Dy, dp Dy
o P TPiRd g AP0
dp Py, dpy __Pi

23 _
- p33 p12 s

dt R’ dt R
Vi didu kién ban dau p;, =10°; p), =50, py, =0,1, khi R=100.

Trén hinh Hinh 2-3 va Hinh 2-4 biéu dién sy phu thudc thoi gian cua cac phan
6 Pyys Pras Prs P Pay» lUUY e phan ti py,, p,, v6i thira s6 0,01.

p11 p22
10 0.505
8 e——
0.495
6 \
4
\\ 0.485
2 \\
xa
0 0.475
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 ]
p12 p23
30 0.1
0.08
20
0.06
0.04
10
0.02
0 0
0 0.2 0.4 0.6 0.8 ! 0 0.2 0.4 0.6 0.8
p13 p33
0.04 0.15
0.03
0.1
0.02
0.05
0.01
0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 !

Hinh 2-3: Sw phy thudc thoi gian ciia cdc phan tie py,, Piy> Pizs Pans Py VOi t =(0;1)
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p11 p22

10 0.6
8 0.5
0.4
6
0.3
4
0.2
- K 0.1
0 0
0 10 20 ! 0 10 20 !
p12 p23
40 0.5
30 0.4
0.3
20
0.2
® 0.1
0 0
0 10 20 1 0 5 10 15 20 25 !
p13 p33
1 0.1
0.8 0.08
0.6 0.06
0.4 0.04
0.2 0.02
0 0
0 10 20 ! 0 10 20 1

Hinh 2-4: Sy phu thugc thoi gian cia cdc phan e p,,, Piy» Pi3s Pans Paz V6i t=(0;30)

KET THUC TOM TAT CHUONG 2
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CHUONG 3: AP DUNG LOC KALMAN XAY DUNG MAY
THU TOI UU TREN NEN TAP AM VA NHIEU

3.1. XAy dung cau tric may thu toi vu:
Phuong trinh kénh quan sat  x(¢) = A,(t) + 4,(¢) + n(?), (3.1)

Trong d6: A, (¢)-thong tin hitu ich; A,(¢)- nhi€u;n(f)-tap tring Gauss
R () =S,0(r). Xay dung b loc 1iy ra thong tin A (¢) trong nhidu tap tring n(¢)
va nhiéu A, (¢) ¢6 pho dang tuwong ty phd thong tin va xen 1an chong nhau. Phuong
trinh trang thai tién nghiém

dA, | dt =—ad +w(t);

(3.2)
dA, | dt =—a, A, +w,(1),

Trong do: w,(¢) va w,(¢)- cac tap trang doc 1ap co ky vong bang 0 va ham

tuong quan R (7)=S5,0(r); R,(r)=5,0(7) (3.3)
Céc phuong trinh tién nghiém & dang ma trn
x(O)=HA+n(); H=[L1; 2=(4,4); (34)
@=F7»+W(t), (3.5)
dt

tronads Fo| % O] W [MO] o[S 0
R A —a, | W)= w,(0) | Q= 0 S,

Céc ma tran H,F 1a hang s0, va mo hinh tuyén tinh nén bai toan 1a loc té1 vu
tuyén tinh.

~

Phuong trinh loc Kalman c6 dang % —Fr+ DH'S,' [x(t) — (/"AL1 + /i2 )} (3.6)
t
Ky higu: DH'=(a,a,); a=d,+d,; a=d,+d,;
k =(k,k, )T; k =Sa; k, =S, a,,trong d6 - cac phan tir ma tran phuong sai
D; k - hé s6 khuéch dai loc Kalman. O dang vo hudng (3.6) s€ la

A ahvaS'z-aS A -asS;A,
dt
dA, = —az/iz + azS(;IZ - azS(;lil - azSoil/i2
- (3.7)
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Dit thoi gian chuan héa 7 = a,¢ va toan tt p =d / dt, chuyén h¢ PTVP (3.7)

vé dang
+1+ A
pri+h B =[P (3.8)
B.  pra+B \N) \B,
Trong do: B =aS,/a, =k /a; pB,=aS,/a=kla; a=a,/a,.

Suy ra cdc ham truyén dat theo tin hi¢u H .(p) va theo nhiéu H,(p):

A A
Hl(p)zj; Hz(p)zf, (3.9)
Trong do
p+1+p B

ﬂz p+0{+,32:(p+1+ﬂl)(p+a+ﬂ2)_ﬂlﬂ2:

=(p’+a+p+pa)+(1+a+pB+p,)p

s B prl+p p
=1, =B rakA, = - =A(p D
b Pra+p, s, s,
bat p=jQ; Q=w/«, , tim binh phvong modun dac tinh tan s6
2 (I2+Q2
|H,GQ)| = A (2 ) — (3.10)
(a+B+Ba-Q) +(1+a+f+p,) Q
(1+@?
[, GO = Aro) (3.11)

(aer,Bz+ﬁ’loz—£22)2+(1+0¢+,[i’1 +8,)
Tir d6 xét ty sb

60| _plarar

|G| gl

Truonghop &, > (B /B)=¢.; €0)=(Ba/pB)=ac, =¢,

Phuong trinh phuong sai ;ZQ =FD+DF"+Q-DH'S,'HD; D@0)=D, (3.12)
t

Dit thoi gian chuan hoa 7 = o t.Nhan duoc h¢ PTVP phuong sai

d(dll)/dz- :Sl /al _2d11 _So_laf /0(1;

d(d,)/dr=S,/a,-2ad, -S,'a, | a; (3.14)
d(d,)/dr=-(1+a)d,-S,'aa,/a,.

27



94 v ah=as; [x=(4+4,)]

Chuyén (3.7) vé dang dt (3.15)
, =a,S, [x A+ 4, ]

dt

a,S,’ M,

z(1)

a,S,' M, z

Hinh 3-1: So' dé cdu triic b loc t6i wu
Trén Hinh 3-1 cdc mach lay tich phan M . va IM , c6 ham truyén dat

H(s)=——; H,(s)=—

s+a, s+a,

(3.16)

May thu c6 hai kénh ddi xtng loc thong tin A, (£) va nhidu A,(¢).

Xét ché d6 dung, LVCH di xay dung cong thirc quan hé cac dic tinh tan s cua
b6 loc lién quan téi dic tinh phd tin hiéu va nhiéu (xem db thi)

5 (er) H (iw }|
100 0,08
o \ = / f—_]HH“‘--.\_
== | 0,06
.- e /
0,1 0,04
0 0,25 05 0,75 T 0 0,25 05 0,75 10
) a) |H: (i) ' o) ’
10 0,5
1 ~] \
P 0,25 = =
0,1 E—— -‘-""‘""—-—-_.________
0,01
0 0,25 0,5 0,75 10 0 0,25 0,5 0,75 1@
b) d)

Hinh 3-2: Biéu dién: a- phé tin hiéu va nhiéu ¢ 16i vao, b- phé 16i ra kénh loc tin hiéu; c- ddc
tinh bién dé tan sé theo tin hiéu; d- ddc tinh bién dé tan sé theo nhiéu,

Véi cac thong sd khac cua thong tin va quan sat cho loc Kalman, xdy dung cac
d6 thi Hinh 3-3 ~Hinh 3-6.
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S (w) \H, (io)| [ —— D
4 X 1 08| \,§

\
0,1 \é‘
3 \ 0,4
0,01 — /
0 04 0,8 1,2 1,6 @ 0 0,4 0,8 1,2 1,6 @
a) b)

Hinh 3-3: Do thi phé lwong vao va do thi PTBPTS véi a, | a, =10

S (w) \ —— - |H, (i)| \
8
1 e - & T M =N
]
0,1 - . 3
{
0,01 q
0 2 4 6 8 @ 0 2 4 6 8 @
a) b)

Hinh 3-4: Do thi pho lwong vao va do thi PTBPTS véi a, / e, =0,1

Trén Hinh 3-3 a- thé hién céc pho tin higu S, (@)~ duong cong 1; S, (@) -

duong cong 2; va phd tap tring — dudng cong 3; trén Hinh 3-3 b thé hién d thi
DTBDTS (dc tinh bién d¢ tan sb) |H, (iw)| theo tin hiéu (cac dudng cong 1-3 tai

cuong do6 phd tap tring twong Ung n=1;10;100; trong tdt cac truong hop
a,/a,=10).
Theo trinh ty nay, thuc hién tinh toan cac dd thi trén Hinh 3-4 tai a la,=0,1,

con cac duong cong 1-3 tai cudng do phd tap tring 0,1;1;10[77 =0’ /(622 + Soa)]

|H(iw)|
10 \\2
1
100
0 2 4 6 8 ®

Hinh 3-5: D6 thi PTBDTS theo tin hiéu tai a, =l;a, =0,1;S, = 20;S, =0,25;S, = 0,5.

Trén Hinh 3-5 mo ta d6 thi PTBDTS theo tin hiéu ‘H | (ia))‘(du’(‘)’ng cong 1) va
theo nhiéu ‘H L@ a))‘ (duong cong 2) tai
a, =lLa, =015, =20;S, =0,25;5, =0,5.
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S () 0,01
| — —.
NG . / \\
10 2 3‘(([)) - \\
100 L —
[ —
0,001
0 2 4 6 8 2] 0 2 4 6 8 2]
a) b)

Hinh 3-6: P6 thjphé lwong vao va ra tai o, =1;a, =0,1;S, =20; S, =0,5;S, =0,25.

Trén Hinh 3-6 a — thé hién pho tin hidu S, (@) (dwong cong 1), phd nhiu
S, (@) (duong cong 2) va pho lugng vao bd loc S (@) (dudng cong 3); Hinh 3-6 b
thé hién phé luong ra S (o)tai a, =L, =0,1;§, =20, =0,5;5, =0,25.

Tu cac Hinh 3-2 -3.6, théy rd v&i cac gia tri thong s6 duge xét, dd nhan duge v
nghia vat 1y loc t6i vu ché ap nhifu, tai 6 DPTBDTS theo tin hiéu 1a tbi thiéu trén
dai tin sd nay trong diéu kién mirc nhidu 16n va mirc tin hiéu nho, va sé& ting khi
nguoc lai, con, DPTBDTS theo nhiéu sé tdi tiéu khi mic tin hiéu 16n va mac nhiu
nhd, truong hop nguoc lai PTBDTS theo nhiéu sé ting 1én.

Nhu vay, thuat todn nhan dugc cho phép xdy dung so d6 hiéu qua bu khir nhidu.
Tir Hinh 3-3 b thdy rang phd luong ra s& ché ap (lam giam) nhiéu manh hon & cac
tan sO , ma tai d6 thanh phﬁn nhiéu c6 mirc 16n.

Theo cac phuong trinh (3.2), phan tich bd bu khir nhiéu néu trén mdi chi véi tin
hiéu va nhiéu & trong vung thap tan. Co thé mé rong bai toan nay sang bd bu khir
nhiéu dai thong hep (trong ving trung tin va cao tan), duoc giai quyét & muc tiép
sau day.

3.2. X4y dung hé t6i wu c6 tinh dén bu khir nhiéu pho hep vung
tan so cao

Xét cac QTNN c6 dai pho tan hep & dang hai thanh phan QTNN Marcov

A(t) = A (t)coswt + A,(t)sin wt. (3.20)

Gia dinh, cac thanh phan ciu phuong A (¢f)va A,(t)dugc md ta boi céc
PTVPNN

dA, /dt =—al(t)+n(t)

(3.21)
dA, | dt =—aA,(t) +n,(t)

Trong do: n,(¢f)va n,(¢)1a cac tap trang Gauss doc lap véi cudng do phd
Si(@0)=S,(®)=r,.
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Nhu vdy, tr (3.21) suy ra bd loc tao hinh (LTH) c6 ham truyén dat

H(p)=1/(p+a)cho A (t)va A,(t), do d6 mat ¢ phd lugng ra LTH 1a

r r 2o
Sz(a)): 2 . 2:_/1 2 22
a+w 2aa +o

Luu y, cdc ham tuong quan cia A (¢f)va A,(¢) 1a
R (r)=R, (v)=r,/ Qa)e™ "

Td (320, thly QTINN  A(f) c¢6 ham  tuong

R (t)=0e"coswr. wo>a; o,=r/Qa).

Lay dao ham QTNN A :
dA dA : da, .
— =——coswt — A sinwt + —=sin ot + A, (t)cos at.

dt  dt

Két qua

dA .

% =—aA(t) —ou(t) +n,(t)coswt + n,(t)sin wt,

t

Trong do: u(t) = A,(t)sinwt — A,(t)cos wt.
du/dt =—au(t)+ wA(t)+n(t)sinwt —n,(t)coswt,
Luu y, cac PT (3.22) va (3.23) m6 ta mo hinh tin hiéu QTNN A(?).

Con kénh quan satz(¢) = s(¢) + A(¢) + n,(¢)

quan

(3.22)

(3.23)

(3.24)

(3.25)

Trong d6: s(¢)- tin higu hitu ich dai pho hep; A(¢)- nhiu phd hep; n,(¢)- tap

nhiéu trang kénh quan sat véi ky vong bang 0 va ham tuong quan R(7) = S,5(7).

Céc thanh phan s(f)va A(f) c¢6 mé hinh dang

ds / dt =—as(t) — w,r(t)+ n,cos@,t + n,sin w,t
dr/ dt =—ar(t)+ o,s(t) + n sin@t —n, cos ot
dA/dt =—LA(t) — o u(t) + n,coswt + n,sin o,
du/dt =—pu(t)+ oA(t)+n,sinot —n, coswt

Trong d6: n, =n,(¢),n, =n,(t),n, =n,(t),n, = n,(¢)- cic tap tring Gauss doc

lap vé6i ky vong x4c sudt bang O va mat do phd
S(o)=S8,(w)=r; S(0)=S(0)=r;
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Céc woc luong ti wru s va A ¢ thé nhan tir phuong trinh loc Kalman ¢ dang ma
tran. Do phuong trinh kénh quan sat (3.25) 1a vo huéng, nén hé s6 khuéch dai co
dang don gian hon

K=(1/S,)DH" =(1/S,)(a,,a,,a,,a,) =(k.k,.k.k,)

D={d,},i,k=14H=(1.0,1,0)q =d, +d, =d, +d,
Trong do: a,=d, +d,,=d,+d, ;a,=d,+d, =d, +d;a, =

= d41 + d43 = d14 + d34

Phuong trinh uwdc lwong loc Kalman dA/dt= Fﬂ:(z‘) + K[x(¢) - Hi]
(3.28)

Trong d6: A =(8,7,4, 1)

Ma tran phuong sai D thoa thuan PT Ricatti

dD/dt=FD+DF" +GQG" —(1/S,)DH'HD; D(0)=D,,

(3.29)
dD/dt=0

o=@ V) .
Trong do: Q = ; Q=rL; Q,=rl

0 Q,

Xét ché do dimg khi dD/dt=0, DPTBDTS cia loc Kalman theo tin hiéu va
nhiéu.

Tim phd hiéu dung

S(w)=S(0)+S,(0)+S, =

o)l 1 N o 1 N S,a (3.31)
a|1+(Q-Q,) i1+ (Q-Q) o |

Trongdé: Q =,/ a; Q=w/a; Q=w/«.
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S () |Hk(i(u)|
10 1

1 107! / \
0,1 102 | —=t —
0,01 103
29 30 31 29 30 31
S (o) a) -10 |H,(io)| c) ®-10
1 1
102 107
4 1072
10—6 L — 10’3
29 30 31 29 30 31
b) w-10" d) w107
Hinh 3-7: Phé hiéu dung heong vdo kénh quan sdt S.(w) va
phé hiéu dung lwong ra kénh quan sdt S, ()
Trong ché d6 dirng ¢ dang toan tir Laplaxo, PT loc Kalman c6 dang
A(P)A(p)=Kx(p), (3.32)

Trong do
pra+k o, k, 0
A k-0, p+a k, 0
k, 0 p+L+k, 0}
k4 0 k4 — @ pt ﬂ
s(p) k
r k
A= P k| R
A(p) k,
A(p) k,

Khi d6, ham truyén dat theo tin hidu va theo nhidu twong tng 1a
H(p)=A /A& H,(p)=A,/A,

Trong d6

A =[(p+B) + |[k(a+p)-ka,);

A =[(p+ay +a |[k(B+p)-ko)]; ,
A=[(a+p)+a |[(B+p) +& +k(B+p)—ko |+A

Tt d6 tim dugc cac BPTTS tuong Gng
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H (iv)=(a} — & + f* +i20)(ka - ko, +iko) ! Alio);
H (i) = (@) — & +a’ +i2a0)(k,B - ko +ikw)/ Aio),

5.(Q) H (i)

A A

10?/A< // \v‘

0,01 ) .
29 30 Qx10° 29 30 Qx10°
5(Q) a) H, (i)

102 / \/A\ 0,1 /(/\\
4

10 / S 0,01

108

29 30 Qx10" 29 30 Qx10°
b) d)

Hinh 3-8: Phé hiéu dung S,(w) ¢ 16i vao va phé S, (@) 6 16i ra bj loc Kalman va cic cdc
DTBDTS theo tin hi¢u S, (w) va DPTBDTS theo nhiéu S, () tai
y =00, =10;0, =1,Q, =3,05-10%,Q, =3-10"

Trong d6

ANio)=(a’ + @) - )(B* + o, -0’ + ko, ) -

202 +k)0* +(f + o} -0’ )(ka —ko,) -2 ko’ +

+i{[2aa)(ﬂ2 t@ - +kf- k4a)l)} +(28+k)(&* + @) @ )o+

+2fo(ka—kao,)+ kla)(ﬂ2 +of + o’ )}

Tién hanh chuén hoa theo cach cung chia tr s va mau s cho dai luong ova
xéc dinh cic PTBDTS |H, (i) va|H, (ie)

3-7 b, d voi cac gia tri tham sb dd néu (w=Q).

, ta c6 dugc cac sy phu thude trén Hinh

Céc db thi |H (iw)|va |H,(ie)|chi ra, truong hop thit nhét, ché 4p manh nhidu
dwgc  thé  hién  khi |7, (iQ,)|=1,487-107s0  sanh  V6i
|H, (i, )|=0.844; |H,|/|H |=1,76-10",

Truong hop thu hai, ché ap manh tin hi¢u hitu ich ‘HS(iQO)‘z 1,959-10so
sanh voi |H , (iQ, )|= 0,863, |H |/|H,|~2,27-10". O truong dau hodc ¢ truong
hop sau, ché ap déu & mirc hon 40 dB.
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Trén cac Hinh 3-8 va Hinh 3-9 théy 15, viéc ché ap nhiéu duoc thuc hién hon
nhiéu so v6i cong suat tin hidu, didu nay co duoc ngay ca khi phd tin hiéu va phd
nhiu bi chén xép chong nhau.

Trén Hinh 3-8 a va b, mo ta pho hiéu dyng S, (@) & 16i vao va pho S, (@) & 16i
ra by loc Kalman. Trén Hinh 3-8 ¢ va d mo ta cac DPTBDTS theo tin hi¢u Sx (w) va
DTBDTS theo nhidu S (@) tai y =0,1;0, =10;0, =1, =3,05-10*;Q =3-10".

Theo trinh ty nay ciling tinh toan cac dac tinh tuong tu dugc mo ta & Hinh 3-9 tai
cac giatri y =L,0, =10;0, =1;€2 = 3,005-104;Q0 =3.10*

S(Q) H (i€Y)
10 /
0,01
29 30 Qx10° 29 30 Qx10™
5 (Q) a) H,1(iQ) c)
102
\ 0,1
06 / \ |
25 30 Qx10° 29 30 Qx10°
b) d)

Hinh 3-9: Phé hiéu dung S.(0) 6 16i vao va pho S (w)o 16i ra b6 loc Kalman va cdc cdc
DTBPTS theo tin hiéu S () va DTBPTS theo nhiéu S (@) tai
y=Lo, =10;0, =1;Q, =3,005-10";Q, =3-10"
Nhu vy, thuat toan Kalman nhan duoc cho phép tinh toan xay dung so dd hiéu
qua bu khir nhiu c6 dai thong tan hep.

KET THUC TOM TAT CHUONG 3

35



III. KET LUAN
Luan vin nay da dat dugc nhirng két qua quan trong nhu sau:

- Xay dung dugc phuong phép tinh todn bg loc Kalman tin hi¢u lién tuc, gitip
nang cao hiéu qua xir Iy va do chinh xéac trong cic ung dung cu thé.

- Bé xuét duogc cac cai tién trong thuat toan bd loc Kalman dé phu hop véi céac
loai tin hiéu lién tuc co tinh chéat khac nhau.

- Ung dung thanh céng phuong phap vao mét sd truong hop cu thé, chimg minh
tinh kha thi va hiéu qua cua phuong phap dé xuat.

Tuy nhién, luan vin van con mot s6 han ché:

- Pham vi nghién clru cua luan van con han ché & mot sd ung dung cu thé, chua
bao quat hét cac linh vuc c6 thé ap dung b loc Kalman tin hiéu lién tyc.

- Mot s6 gia dinh trong mo hinh c¢é thé chua hoan toan phan anh day di cac tinh
huéng thuc té, dan dén viéc két qua chua dat dugc do chinh xac cao nhét trong moi

truong hop.

Dua trén nhitng két qua da dat dugc va nhitng han ché con ton tai, luan van dé
xuat mot sé hudng nghién ciru tiép theo nhu sau:

- Dua trén nhirng Kkét qua da dat dugc va nhitrng han ché con tOn tai, luan vin dé
xuat mot sé huéng nghién ciru tiép theo nhu sau:

- Mé rong pham vi nghién ctru va ing dung cua phuong phap tinh toan b loc
Kalman tin hiéu lién tyc trong cac linh vyc khac nhu vién thong, y té, va cong
nghiép.

- Phét trién cac mo hinh va thuat toan méi nham khic phuc nhitng han ché cua

cac gia dinh ban dau, ting cudng do chinh xac va do tin cdy ciia phuong phap
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