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MO DAU

Hé théng bam quy dao dd duoc nghién ctru va phat trién tir 1au trén thé gidi,
khong chi phuc vu muc dich quan sy ma con dugc ing dung rong rai trong linh vuc
dan su. Cac ung dung tiéu biéu bao gdm giam sat chuyén dong ngudi qua camera,
diéu khién robot, dinh vi phuong tién ty hanh va theo déi ddi tuong trong khong gian
ba chiéu. Tai Viét Nam, nghién curu vé hé théng bam quy dao van con kha han ché,
chu yéu tap trung vao céc bai toan bam don muyc tiéu, chéng han nhu theo ddi vat thé
thong qua camera. Trong trudng hop nay, chi can mot thuat toan loc 1a da dé xu 1y
dir liéu va du doan quy dao.

Tuy nhién, dbi véi cac hé théng bam da muc ti€u, viéc chi st dung thuat toan
loc 1a chua du. Bai toan trd nén phtre tap hon do su xuat hién cta nhiéu muc tiéu di
chuyén dong thoi, ¢ thé giao cat hodc che khuat 1dn nhau. Dé giai quyét van dé nay,
can két hop gitra thuat toan loc va thuat toan tuong quan nham xéac dinh chinh xac
quy dao cua timg ddi teong, tranh nhim 13n trong qué trinh theo ddi. Muc tiéu cua dé
an 1a di sau tim hiéu thuat toan loc va thuat toan twong quan, danh gia uu nhuoc diém
cua tung thuat toan va thuc nghi¢ém xay dung mot thuat toan loc phén tur (Particle),
két hop véi thuat toan tuong quan JPDA trong bai toan theo ddi da muc tiéu Ra da.
Do d6 em chon dé an “Nghién ciru ting dung thuat toan twong quan JPDA va loc phan
tur trong bai toan theo doi da muc tiéu Ra da”.

Pé an tap trung nghién ciru, so sanh cac thuat toan twong quan JPDA (Joint
Probabilistic Data Association), GNN (Global Nearest Neighbor), so sanh cac bo loc
phi tuyén nhu bo loc Kalman mé rong (EKF), b loc phi tuyén UKEF va bd loc phﬁn
tir (Particle Filter). Ung dung thuit toan twong quan JPDA va loc phan tir trong bai
toan theo doi da muc tiéu Ra da.

Em xin chan thanh cam on ¢6 TS Tran Thi Thuc Linh, Khoa Ky thuat Bi¢n tu
1, Hoc vién Cong nghé Buu chinh Vién thong da tan tinh hudng dan gitp em hoan

thanh dé 4n nay.



Chwong 1: CO SOLY LUAN
1.1  Toéng quan hé théng ra da
1.1.1. Lich sw hinh thanh

Ra da 13 hé théng do tim va dinh vi bing séng v tuyén, voi tén goi bt ngudn
tir cum tiéng Anh Radio Detection and Ranging. Thuét ngit nay dugc Hai quan My
chinh thirc str dung trong Chién tranh Thé gi6i tht hai va ngdy nay da tré nén phd
bién trén toan cau.

Nam 1937, nha khoa hoc Robert Watson-Watt da ché tao thanh cong hé théng
ra da c6 kha nang phat hién may bay ném bom tir khoang cach hon 150 km, danh dau
budc ngodt trong lich str phat trién ra da hién dai. C)ng dugc cong nhén 1a cha dé cua
hé théng ra da hoan chinh.

Ngay nay, ra da khong chi ing dung trong quan sy ma con dugc st dung rong
rdi trong nhiéu linh vuc dan sy nhu hang khong (kiém soat khong luu), giao thong
(giam sét toc do), khi twong (du bao thoi tiét) va dia chat (khao sat dia hinh).

1.1.2. Phan loai Ra da

Phén loai ra da

A 4 v v v v v v

N S6 lugng toa R N v Phuong phéap Phuong phéap S6 kénh ra

Cong dung do do duoc B9 co dong Dai s6ng rada doculy da doc lap
- Ra da canh gi6i -3 toa dd - Ch dinh -m - R?ll (_ia}fhg dong, - Xung - Mot kénh
) . PPN _ A 2 tra 101 thu dong .

Ea da‘canh gisival , toa do Chuyén ché _dm - Ra da chi dong - Lién tuc - Nhiéu kénh
dan duong duoc e o an
- Ra da phat hién R tra 101 chu dong

. N - Co dong -cm
cdc myc tiéu bay - Ra da thu dong
thap
- Ra da chi thi myc
tiéu cho t6 hop tén
Itra phong khong

Hinh 1: Phan loai cac ra da
Hinh 1 13 so db phén loai ra da, bao gdm phén loai theo céng dung, phan loai
theo s6 lugng toa d§ do duoc, phan loai theo d0 co dong, phan loai theo dai song,

phan loai theo phuong phéap ra da, phan loai theo phuong phap do cu ly, phan loai



theo s6 kénh ra da doc lap.

1.1.3. So d6 chire ning dai ra da don gidn

8i pha Khéi chuyén | ‘ y
Khotphat "| mach thu - phat | > Ang ten
A
A
Khéi dong bo Khéi thu
Y v
Khdi hién thi o Khoi xir1y tin
hiéu

A

Hinh 2: So dé chirc nang dai ra da don gidn

Hinh 2 mo ta so d6 chirc ning dai ra da don gian. Thanh phan dai ra da bao gdm:

- H¢ théng Ang ten: Dé buc xa dinh hudng tin hi€u phat va thu tin hiéu phan xa.

- Khéi phat: Tao tin hiéu c6 cau trac va khuéch dai tin hiéu.

- Khéi dong bd: Pam bao hoat dong dong bo tuyén thu va tuyén phat.

- Khdi chuyén mach anten: Chuyén d6i giita ché do thu/phat, bao vé khéi thu
khoi cong suét cao.

- Khdi thu: Khuéch dai chét luong phat hién muc tiéu khi c6 tac dong ctia cac
loai nhidu khac nhau, bao gdm: khuéch dai, loc phéi hop, tich liy tin hiéu, chong
nhiéu tiéu cuc, chong nhiéu tich cuc.

- Khéi xtr 1y tin hi¢u: Tach muc ti€u trén nén nhiéu, tinh toan cu ly.

- Khdi hién thi: Hién thi thong tin vé muc tiéu nhu cy ly, phuong vi, véan tdc,
huéng chuyén dong.

1.2 Cac thanh phin ciia h¢ thong bam quy dao da muc tiéu trong Ra da
Hinh 3 mé t qué trinh xr 1y thong tin ra da bao gdm tir viéc thu nhan tin higu
phan xa tr myc ti€u, phat hién tin hi¢u muc tiéu trén nén nhiéu, xac dinh tham s6 muc

tiéu nhu toa do (cu ly, phuong vi), van toc muyc tiéu, phat hién quy dao, bam sat quy dao.



Thu nhéan tin hiéu

Phat hién tin hiéu

Xur 1y so cap

'

Phat hién quy dao

Bam quy dao

Tinh toan tham
sO muc tiéu

Xur 1y thir cAp
Hop nhit tin tirc tir mot sé ngudn

Nguodi dung tin

Hinh 3: Qua trinh xu ly thong tin ra da

1.2.1. Xt Iy so cdp théng tin ra da

- Thu nhan tin hiéu: Ra da phat séng dién tir va thu nhén tin hi€u phan xa ttr muc
tiéu. Thuc hién khuéch dai tin hiéu va loc tan sb khong mong mudn.

- Phat hién tin hiéu: Chuyén tin hiéu twong ty sang tin hiéu s6 (ADC), sir dung
céc b loc dé tang ti 18 tin hiéu trén nhiéu SNR (Signal Noise Ratio) va CFAR (Constant
False Alarm Rate) tir dong diéu chinh ngudng phat hién dé giam bao dong gia.

- Xu ly so cép: Xac dinh tham s muc tiéu nhu toa do (cu ly, phuong vi), van
tdc muc tiéu.

1.2.2. Xur Iy thir cdp théng tin ra da

Phat hién quy dao: Bao gém 04 nhiém vu chinh: dinh ctra diém dau, uéc lugng
gia tri ban dau tham s6 quy dao, ngoai suy toa do va kiém tra tiéu chuan phat hién.

- Pinh cira diém déu: Xac dinh mot ving khong gian xung quanh vi tri dy doan
clia muc tiéu, 1am giam khong gian tinh toan va loai bo nhidu. Cac dang ctra s6 thudng
dugc st dung ctra s6 hinh chit nhat va ctra sd elip.

- Udc luong gi tri ban dau tham sé quy dao: Str dung cac diém dau thu dugc
trong N chu ky (co thé 2 chu ky) quan sat dé ude lugng vi tri, van tde, gia tdc ban dau

cla muc tiéu.



- Ngoai suy toa d§: Du doan vi tri muc ti€u ¢ chu ky tiép theo dua trén mo hinh
dong hoc (vi du: chuyén dong déu, c6 gia téc).

- Kiém tra tiéu chudn phat hién: Str dung tiéu chuan M/N. Trong d6: N 14 s6 chu
ky quan sat, M 1a s6 diém dau c6 lién hé véi nhau (vi du: tiéu chuéan 3/5).

Bam quy dao: 1a qua trinh thyc hién ghép diém diu méi nhan duge véi mot
trong nhitng quy dao. Qua trinh thyc hién bao gém: uéc luong tham sd muc tiéu,
ngoai suy toa do cho chu ky quan sat tiép theo, dinh ctra song, lya chon diém dau
trong cura song.

Két luin chwong 1:

Chuong 1 da trinh bay tong quan vé hé théng ra da bao gém: lich st hinh thanh
va phat trién cia hé thong ra da, phan loai ra da, so d6 chirc nang va cong dung timg
thanh phan cua dai ra da don gian. Ngoai ra, chuong 1 ciing da trinh bay cac thanh
phan ciia hé théng bam quy dao da muc tiéu trong ra da bao gom xir 1y so cap thong
tin ra da va xir Iy tht c4p thong tin ra da, dic biét xir 1y tht cap thong tin ra da bao
g6m hai nhiém vu chinh: phat hién quy dao va bam quy dao.

Chwong 2: TONG QUAN VE CAC BO LOC PHI TUYEN VA
THUAT TOAN TUONG QUAN

2.1  Bo loc phi tuyén
2.1.1. Bj loc Kalman m¢ rong (EKF)

B0 loc Kalman mé rong (Extended Kalman Filter - EKF) udc lugng trang thai
ctia hé thong phi tuyén bang cach tuyén tinh héa moé hinh dong hoc va mé hinh quan
sat thong qua khai trién Taylor bac nhat.

-. Céc giai doan cua bd loc EKF cu thé nhu sau:

» Giai doan du doan:

Dy dodn trang thdi:

Str dung ham chuyén trang thai phi tuyén f (fc,{_ll,c_1 Uy ) .

‘)?’-k\k—l =/ ()’ek—l\k—l’uk—l) (2.1)

Trong do:



%1 - Ubc lugng trang thai du dodn tai thoi diém k.
%,y - Uoc luong trang thai da duoc cap nhat tai thoi diém k—1.
u, : vector diéu khién (néu co).

Tuyén tinh héa bang ma trdn Jacobian:

Tinh ma tran Jacobian F, cua ham f tai diémzx,_ ,:

_T
Fo=2| (22)

S
Dy dodn hiép phuong sai:
Pk|k—1 = Ech—l\k—lEcT +0; (2.3)
Trong do:
P,,_,: Hiép phuong sai du doan tai thoi diém k.
O, : Ma tran hiép phuong sai nhiéu qué trinh (process noise).

» Giai doan cdp nhat: Sau khi c6 dir liéu do luong méi, EKF tién hanh hiéu
chinh uéc luong trang thai bang cach két hop thong tin tir ca moé hinh dong hoc va
gia tri do nhan duoc.

Dy doan do luong:

Str dung ham do ludng phi tuyén 4 ()lek_l )

8, =h(%a) (24)

Trong do6 z, : Gia tri do luong du doan.

Tuyén tinh héa bang ma trdn Jacobian:

Tinh ma trdn Jacobian H, cua ham /4 tai diémzx,, ;:

Oh
H, = 8_ |,ek‘,,,l (2-5)
X
Tinh do léch va hiép phwong sai cua do léch:
D¢ 1éch gitra do luong z, va du doan z,
Vi =2y — 2 (2.6)

Hi¢p phuong sai cia do 1éch:



Sk = (Hkpk\k—lHkT +R/<) (2-7)
R, : Ma tran hiép phuong sai nhiéu do luong.
Tinh do loi Kalman (Kalman Gain):
Tg -1
K, =F, H,S, (2.8)

Cdp nhdt trang thdi va hiép phuong sai:
Cép nhat trang thai: %, =%, , +K,y, (2.9)
Cap nhat hiép phuong sai: B, =(/-K,H, )b, (2.10)
- Uu diém va nhuge diém cua bd loc EKF:
> Uu diém:
= Xir ly dugc hé thong phi tuyén thong qua viée tuyén tinh hoa.
» K& thira tir bo loc Kalman béng cach thém tinh toan Jacobian.
> Nhwoc diém:
= Néu hé thong phi tuyén manh, viéc x4p xi bang Jacobian bac nhét c6 thé
gay sai s6 16n, dan dén u6c luong kém chinh xac.
= V6i cac hé thong phuc tap, viée tinh Jacobian tén nhiéu chi phi tinh toan.
= Nhay cam véi sai sé md hinh va nhidu do.
= EKF chi chinh x4c khi hé thong gan tuyén tinh quanh diém udc luong.
Néu phi tuyén manh, c6 thé dung bo loc UKF (Unscented Kalman Filter) thay thé.
2.1.2. Bj lopc UKF
Bo loc UKF 14 b loc duge phat trién dé khic phuc nhitng han ché ctia bd loc
Kalman va bd loc Kalman md rong (EKF) trong cac hé thong phi tuyén. Thay vi tuyén
tinh héa mo hinh nhu EKF, UKF sir dung phép bién d6i Unscented (UT) dé xép xi phan
bd xéac suit ctia cac bién ngﬁu nhién, tir d6 cai thién do chinh x4c va tinh 6n dinh ctia bo
loc.
- Cac giai dogn cua thudt toan UKF nhuw sau: Véi trang thai khoi dau: X, va
hiép phuong sai ban dau: P,.
» Giai doan dw dodn:



Chon diém sigma:

2o =l g 2 DRG] (211
= Lan truyén qua md hinh dong hoc:
X = Gew) (2.12)

u, : 1a vector diéu khién tai thoi diém k.

Tinh trang thai dy doan:

S =YW (2.13)
Tinh hi¢p phuong sai dy doén:

B =YW =30 —5) + 0, (2.14)

O, : Hiép phuong sai nhiéu qua trinh.

» Giai doan cap nhat:

= Lan truyén sigma diém qua mo hinh do ludng:

Y, =h(z) (2.15)
» Du doan do luong:
Je=DWY, (2.16)

» Tinh hi€p phuong sai chéo:
P, =Y W (=3, -3)" (217
* Tinh hi€p phuong sai do luong:
P,=2 WY =) =3 +R (2.18)
R, : Hiép phuong sai nhiéu do ludng.
» Do loi Kalman (Kalman Gain):
K, =P P (2.19)
* Cap nhat trang thai va hiép phuong sai:
X =% +K. (z, -9, (2.20)
B =P -K.P K,/ (2.21)

z,: Gia tri do thyc té tai thoi diém F.



- Uu diém va nhuge diém cta bd loc UKF:
> Uu diém:
= Khong can tinh Jacobian nén tranh sai s6 do tuyén tinh hoa.
= Chinh xac hon vé6i hé phi tuyén manh
> Nhuoe diém:
= Tinh toan phtrc tap hon EKF do s6 lwong diém sigma ting theo chiéu trang
thai (2n+1).
= Néu hé thong c6 tinh phi tuyén rat phtc tap (vi du: chuyén dong hdn loan).
Khi d6 phai dung dén bo loc phan tir (Particle Filter) dé xir 1y.
2.1.3. Bé loc phan tir (Particle Filter)

B loc phan tir 1a mot phuong phap loc tong quat, 4p dung hiéu qua cho céac
hé théng phi tuyén va nhidu khong tuan theo phan phdi Gaussian.

Thudt todn ldy mau quan trong tuan tw (SIS):

Thuat toan ldy mau quan trong tuan tu 13 mot phuwong phap Monte Carlo. Y
tudng chinh cta thuat toan Ia biéu dién ham mat do hau nghiém béng mot tap cac
mAu ngiu nhién két hop véi trong s6 dé tinh toan uéc luong dua trén cac mau va
trong s6 nay. Khi sb luong mau du 16n no sé& biéu dién gan diing ham mat d6 xac suét
hau nghiém.

Ham mat do hau nghiém tai £ co thé duoc xép X1 la:

Ny
P(Xgy | 24) = Z:, w o (X, —xp)  (2.22)
Trong s6 w' xap xi nhu sau:

P P06 g 53

Wi o wik—l i i
q(x, | x152,)

Trong do6:
w,_,: trong sb tai thoi diém k1.
p(z, | x,): ham quan sat.

p(x, | x,_): ham chuyén trang thai.
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q(x}|x, ,,z,): ham mat d quan trong dung dé sinh mau tai thoi diém &

Vin dé suy thodi trong so:

Moét van dé phé bién trong bd loc phén tur 1a hién tuong suy thoai trong sb, sau
mot vai vong lap, hau hét cac hat c6 trong s6 rit nho, chi mot sb it co trong ) dang
ké, dan dén hién tugng suy thoai.

Mot chi s6 quan trong dé danh gia mitc d6 suy thoai 1a kich thuéc mau hiéu
qua N, , co thé uéc luong N s Cla N . nhu sau:

1

N =
D (W)

; (2.24)

Phwong phdp gidm thiéu suy thodi: Van d& suy thoai 1a mot hé qua khong
mong mudn trong bd loc phan tir. Str dung hai phuong phap dé giam thiéu suy thoai:
lga chon ding ham mat do quan trong va léy mau lai.

» Luwa chon ding ham mat do quan trong

Ham mat d6 quan trong t6i wu:

005 1510200 = P 1,2 = PELE PO 5 55
p(z X))
Trong s cua cac hat duoc xap xi nhu sau:
W oW p(z, [ %) =W [ Pz, | x)p(x | xp )t (2.26)
Tuy nhién, ham mat do quan trong t6i wu ¢ hai nhugc diém dang ké:
= Yéu ciu kha nang ldy mau tr p(x, | x._,z,).
= (Can tinh toan tich phan trén toan khong gian trang thai méi.
Trong trudng hop tong quat, ca hai yéu cau trén déu khé c6 thé thuc hién dugc.
Tuy nhién, ton tai mot sb trudng hop cu thé trong d6 ham mat do quan trong t6i uu

c6 thé duoc ap dung:
= Trang thai x 1a mot phan tir cia mot tap hop hitu han. Khi d6, (2.26) tré

thanh tong hitu han, viéc lay miu tir p(x, | xi_,,z,)1a kha thi.
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= Phan phdi hau nghiém 13 Gaussian: Diéu nay xay ra khi dong hoc ctia hé
thdng 13 phi tuyén nhung mé hinh do luong 13 tuyén tinh.
Tir do, ta co thé biéu dién phan phdi hau nghiém cta x, nhu sau:
p(x, |xk_l,zk):N(xk;mk,Zk ) (2.27)
Trong do:
S =0 +HIRH, (2.28)
m = (Ol fi(x ) +H{R'z) (2.29)
Va
p(z, |x, )=N(z;H, f.(x, )0, +HRH)(2.30)
Vi thé, viéc Iya chon ham mat do quan trong 1a phan phdi tién nghiém thuong
duoc st dung phd bién vi tryc quan va dé trién khai:
q(x | x52,) = p(x | X)) (2.31)
Thay thé (2.23), ta duoc:
w, o<W, p(z, | X)) (2.32)
> Lay mau lai
Thyc hién téi lay mau mdi khi phét hién suy thodi dang ké, tre lakhi N, gidm
xudng dudi mot ngudng N, .
Cdc phuwong phdp ldy madu lai:
Tai 1ay mau hé thdng: Pon gian, d& cai dat, pht hop cho hé thdng thoi
gian thyc.
Tai 1ay mau phén ting va tai 1y mau du: hiéu qua trong viéc giam
phuong sai.
Han ché cia qud trinh tdi ldy mau: Han ché kha ning xur 1y song song va
nghéo hoéa mau.
Thuéit toan bd loc phin tir co ban: Vi diéu kién ham mat dé quan trong ¢(.)
duogc chon 1a phan phdi tién nghiém ¢(.) = p(x, | x._,)

» Khaitao N, cac hat [{x],w}"]
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* FOR i=1:N,
Tao x| tir phan phéi tién nghiém p(x 1%, ,2,) :N(xk;mk,zk )
x;, ~ p(x, | x,_)i=1,...,N, (2.33)
Tinh trong sO w! khi nhan dugc gi4 tri do luong z, .
W =w,p(z, | ) (2.34)
= END FOR
= Tinh tong cic trong s6 ¢ = SUM[{w}".]  (2.35)

= FOR i=1:N,
Chuén hoa trong s6 w/ =¢'wi,i=1,...N. (2.36)
= END FOR
= Danh gi4 muc d6 suy gidm trong s6 N, .
5 1 (2.37)

eff

T,
D Wy
= IF N, <N,
Thuc hién 1ay mau lai: [{x), W, =} 1= RESAMPLE[ {x,,w,}"]

= ENDIF

N,
= Trang thai uc lugng x, = > wix; (2.38)

p
Thuit toan ldy miu lai hé thong:

» Khéitao CDF: ¢, =0

* FORi=2:N,

Xay dung CDF ¢, =c,_, +w/ (2.39)

= END FOR

= Tao u, ~U[0,N.'] va bt dau i =1

= FOR j=1:N,

u, =+ N, (j-1) (2.40)
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o WHILE u,>c

i=i+l (2.41)
o END WHILE
gan x/ =x! (2.42)
gan w/ =N.i/ =i (2.43)
= END FOR

- Uu diém va nhugc diém cta bo loc phﬁn tu:
> Uu diém:
= Hiéu qua v&i cac hé théng c6 méd hinh dong hoc hodc quan sat phi tuyén
khong yéu cau gia dinh phan phdi Gauss.
= Két qua chinh xac khi sd hat du 16n.
> Nhwoc diém:
= Yéu cau tinh toan 16n khi so hat ting lén.

= Can lay mau lai din dén mét tinh da dang trong quy dao.

2.2 Thuat toan twong quan
2.2.1. Thudt toan twong quan GNN

Thuat toan GNN (Global Nearest Neighbor) 1a phuong phap dé giai quyét bai
toan twong quan dir liéu trong theo ddi da muc tiéu. Y tuong chinh 1a gan cac do
ludng véi cac quy dao sao cho tong chi phi gan 1a nhé nhat.

Gia s, tai thoi diém & c6 n quy dao véi trang thai du doan %.(k),i=1,...,n (sir
dung trang thai cia bd loc) va c6 m diém do luong z (k), j =1,...,m. Khoang cach
théng ké Mahalanobis gitta diém do va quy dao duoc xac dinh nhu sau:

C; = a’l.j2 =(z] -x)' 'Sz %) <G (2.44)

Ngudng G : 14 gia tri hang s6 dugc lay theo bang phan phdi xac xuat Chi-
Square (x2) ¢6 bac theo sd chiéu cua vector do luong.

St dung phuong phap Hungaria, dé tim phép gan tdi uu sao cho chi phi gan 1a

nho nhét.
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Z%Sl i=1,...,n
minZl:Z;cﬁay thoa man : (2.45)
o Ya, <l j=l..m
. yores

a; =1 néu diém do luong j duoc gan véi quy dao i, va a; =0 néu diém do luong j
khong duoc gan voi quy dao .

Uu diém va nhwoc diém cia thudt todn tiwong quan GNN:

> Uu diém:

* Thoi gian thyce hién nhanh.
» D6 chinh x4c cao trong mdi trudng it nhiéu.
> Nhwoc diém:
= Dé bi sai léch trong moi truomg c6 nhiéu nhiéu.
= Khong xét dén nhiéu gia thuyét.
2.2.2. Thudt toan twong quan JPDA

Thuat toan Joint Probabilistic Data Association (JPDA) dugc phét trién nham
giai quyét bai toan lién két cac do ludng véi nhidu muc tiéu trong mdi trudng cd
nhiéu. JPDA hoat dong dua trén nguyén 1y xac suat, phtt hop khi hién tugng giao thoa
gilra cac muc ti€u thudong xuyén xay ra.

Pau vao:

- Tap hop gébm m phép do Z(k) = it

- Téap hop T muc tiéu ¢=1,...,T.

Ma trdn kiém dinh:

Q=[w,],j=L...mt=1.T (2.46)

Trong d6: Cac phan tir nhi phan w,, xéac dinh liéu phep do j ¢ nam trong ctra
song cua muc tiéu. Chi s6 ¢ =0 dai dién cho truong hop “khong c6 muc tiéu” va cot
tuong Ung ctia Q chua toan gia tri 1 nghia 13 moi phép do déu c6 thé xuét phat tir
nhiéu hoic bdo dong gia. Hinh 4 md td mot tap hop cac clra song muc tiéu va ma tran

kiém dinh twong tmg.
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Hinh 4: Cwa song va ma tran kiém dinh
Cadc sy kién kha thi y :
Mot su kién y dugc coi 1a kha thi néu mot phép do dugc gan tdi da v4i mot
muc tiéu. Pugc dinh nghia bang 7,(y) xéc dinh liéu phép do j c6 duoc lién két véi
bat ky muc tiéu nio trong su kién y hay khong.

t. =t

1 ¢

Mai su kién lién két Y cO thé duoc biéu dién bﬁng mot ma tran:
Q) =1, ()] (2:48)
Ma tran nay bao gom cac phan tir don vi tir Q tuwong tng vai cac lién két duoc
gia dinh trong su kién . Cac phan tir ciia ma tran duoc xac dinh:

) 1
w, (7)) = 0

ify; occurs
‘ (2.49)
otherwise

Xdc suat hau nghiém cua su kién y:

expl- ), 5]
<[1P []0-P)) (2.50)

(272.)1/2 ‘ St/. |1/2 t:6,=1 1:6,=0

P17 =111

jiz;=1
Trong do:
- 2y, —3": sai léch gitra phép do y, v6i dy doan muyc tiéu t j'.
- S,j : ma tran hi¢p phuong sai cua dg 1éch (sai sb du doan) cuia myc ti€u ¢, .
- 1: 14 s6 chiéu vector do.

- 0,=1:Chi s6 muc tiéu, cho biét muc tiéu t c6 nhan duge phép do j.
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- 0,=0 :Cho biét muc tiéu t khong nhan dugc phép do j.

- 7;=1:Chi s lién két phép do, cho biét phép do j thude vé muc tiéu t.

Cdp nhdt trang thai uoc luong cua muc tiéu t:

U6c lugng trang thai ctia muc tiéu t duoc cip nhat trong bd loc b'fmg cach su

dung sai léch tong cta trong sb:
V=255 (2.51)
Jj=1

Trong do:
- X4c suat phép do j thudc muyc tiéu t:

Bi=> Piy|Z" W, (1), ) =Lom; =1,.,T (2.52)
X

- X4c suat khong c6 phép do nao thudc muyc tiéu t:

fi=1-3 fi =1, (2.53)
1
Uu diém va nhwoc diém ciia thudt todn tiwong quan JPDA:
> Uu diém:
= C6 kha ning loai bo nhidu nho co ché x4c suat, tranh gan nham cac diém
do nhiéu vao muc tiéu.
= Phu hop bai toan cac muc tiéu di chuyén gan nhau.
> Nhuoe diém:
= Do phirc tap trong tinh todn cao, diéu nay lam giam hiéu niang thoi gian thuc.
Két luin chwong 2:

Chuong 2 di trinh bay co so 1y thuyét cac bo loc phi tuyén, bao gom: Bo loc
Kalman m¢ rong (EKF), bo loc UKF va bg loc phﬁn tu (Particle Filter), d@)ng thoi
dua ra nhiing uu diém va nhuoc diém caa tung bo loc. Bén canh do, chuong nay cling
gi6i thi¢u thuat toan tuong quan GNN va JPDA, danh gid so sanh hi¢u qua cua céac
thuat toan twong quan. Dua trén két qua danh gia, bo loc phan tir (Particle Filter) va
thuat toan twong quan JPDA dugc lya chon dé xay dung hé théng theo doi da muc

ti€u trong ra da s€ dugc trinh bay trong chuong 3.
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Chuwong 3: THUC NGHIEM XAY DUNG HE THONG THEO DOI
PA MUC TIEU TRONG RA PA UNG DUNG THUAT TOAN JPDA
VA LQC PHAN TU

3.1 Xay dung hé théng

|
I
q A R |
U | Hién thi diém diu | |
[ e e T T T et E e s S R 1| |
| o L |
1 [ 1|1 - |
! o . \ I Lig| Hiénthitim | 1
U | Tao gid dit ligu L o Xirly qu dgo - tim (o chim :
! e L Nhan diém déu Tinh tim chim P chim st dung bd loc [ !
| diém dau [ I (T !
| 1 phan tir + JPDA 1 |
! o

: | : \ T Hién thi quy dao :
| [ [ !
| : | [ :

| | SR . e
| Tao gid tin higu 1 : : Hién thi ludi cy |
I i [ An tin hié L [ ly ph i !
i quay ar}g 16{1 ra S Nhan tin hiéu Gom didm diu il ly phuong vi i
| da (Tin hiéu 1 encoder 1 |
: encoder) : : : : Hién thi ban do :
! Fo 1o 56 |
| , I [ |
| Khoiogia | |  Nhindiliéu Xirly diém du X1y quy dao - tim chum L !
___________________________________ |—r> Hién thi encoder :

|

Hinh 5: So do hé théng theo doi muc tiéu ra da sw dung JPDA va loc phdn tur

Hinh 5 thé hién so d6 hé thong theo ddi muyc tiéu trong ra da st dung JPDA va
b loc phan tir. Cac thanh phan bao gom:

- Khéi tao gid: thuc hién tao dir liéu diém dau va tin hiéu quay ang-ten.

- Khéi nhan dit liéu: Thuc hién nhan dir liéu tir khoi tao gia.

- Khéi xtr Iy diém déu: Thuc hién gom diém dau va tinh tam chum.

- Khéi xir Iy quy dao — tAm chum: Str dung b loc phan tir va két hop thuat
toan JPDA dé khoi tao quy dao va bam quy dao muc tiéu. Thudt toan xt Iy quy dao
— tam chum dugc mo ta trong Hinh 6.

- Khoi hién thi: Hién thi ludi cu ly — phuong vi, hién thi ban d6 sd, hién thi
encoder (tia quét ang-ten theo thdi gian thuc), hién thi diém dAu, hién thi tim chum,
hién thi quy dao muyc tiéu.

Moi truwong thuc hién:

- Phan ctmg may tinh: May tinh st dung bo vi xir Iy Intel(R) Core(TM) i3-
4010U CPU @ 1.70GHz, kém theo bd nhé RAM 4GB.
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- Phan mém cai dat: Hé diéu hanh Ubuntu 22.04; Mbi trudng phat trién: Qt
Creator 6.0.2; Ngon ngtr 1ap trinh: C++.

I
tmuc tiéu
v
B0 loc phan tir

Tao N hat theo phan
phdi tién nghiém
v

B0 loc phan tr

Du doan trang thai
muc ti€u x_k

v

B6 loc phan tir

Tinh toan ma tran
hi¢p phuong sai do
léch S k

v

Tinh toan cira song va
ma tran ki€ém dinh

v

JPDA

——m phép do—»| Tinh toan xac suat
lién két cac su kién
B
v

Bo loc phan tir

Cap nhat trong sO
hat va lay lai mau

v

Bo loc phan tir

Udc lugng trang
thai x_k

Hinh 6: So do thudt todn xir Iy quy dao — tam chiim
3.2 Mo phoéng va thir nghiém
3.2.1. Tao dir liéu gia lap
- M6 hinh chuyén dong déu:
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= Tham sb d4u vao: gia tri ban dau (x,,y,), van toc chuyén dong v, thoi gian
chuyén dong Ar.
»  Tham s6 dau ra: vi tri tai thoi diém t (x,»,).
= M5 hinh chuyén dong:
X, =x,+v, *At (3.1)
Y, =Y +v, *At (3.2)
- M6 hinh chuyén dong co gia toc:
» Tham s dau vao: gia tri ban dau (xy5¥,), Van tde chuyén dong v, gia tdc
chuyén dong 4, thoi gian chuyén dong Az,
= Tham s ddu ra: vi tri tai thoi diém t (x,,y,).

= M5 hinh chuyén dong:

xt:x0+vx*AT+%aAt2 (3.3)

t

Y=Yt *AT+%a,Az‘2 (3.4)

- M6 hinh chuyén déng leon vong:

» Tham s dau vao: gia tri ban dau (xy5¥,), Van tde chuyén dong v,, gia tde
huéng tim a, thoi gian chuyén dong Ar .

» Tham s dau ra: vi tri tai thoi diém t (x,¥,).

= MOJ hinh chuyén dong:

aC

(Tbc d6 quay goc)

5,

0=w-At (Goc quay)
s =sin(f), c¢=cos(H)
. sin(&) ew= 1—cos(0)

0 0
swoo—ew |
A=At~{ ]vo
cw o sw
X, =x,+Ax

Y=Y, tAy
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Vv, =

cos(@) —sin(6) -
sin@) cos(@) | "

vy =V, -cos(@) —v,,, -sin(6)

v, =V, -sin(@) +v,  -cos(6)

3.2.2. Két qud theo déi da muc tiéu trong Ra da

> Theo déi muc tiéu cé quy dao chuyén dong phirc tap va giao ciit

Xay dung tmg dung theo doi da muc ti€u trong ra da su dung thuét toan tuong
quan JPDA va b0 loc phén tr. Thyc hién tao dir liéu mo6 phéng 07 muc ti€u chuyén
dong (tir hinh 7 dén hinh 13) va thuc hién phat & khdi tao gia, déng thoi khoi chay

ung dung theo doi muyc tiéu.

Hinh 7: Muc tiéu s6 1 Hinh 8: Muc tiéu s6 2



21

Hinh 9: Muc tiéu sé 3 Hinh 10: Muc tiéu s6 4

Hinh 11: Muc tiéu sé 5 Hinh 12: Muc tiéu s6 6
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Hinh 13 : Muc tiéu s6 7

Hinh 14: Két qua vmg dung theo déi da muc tiéu trong ra da

Hinh 14 thé hién két qua theo do1 07 muyc tiéu cua ung dung theo doi da muc
tiéu trong ra da sir dung thuat toan tuong quan JPDA va bd loc phan tir. Két qua cho
thiy ung dung hoat dong hiéu qua, duy tri kha ning bam sat quy dao khi muc tiéu

chuyén dong gan nhau va c6 su giao cat quy dao.
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» Theo déi nhiéu muc tiéu trong moi trwong co nhiéeu

Hinh 15 thé hién dir liéu mo6 phong 25 muc tiéu chuyén dong thang déu va thuc

hién phat ¢ khdi tao gia, déng thoi tai mdi thoi diém chuyén dong, dir liéu muc tiéu

dugc thém nhidu theo phan bd Poisson ban kinh 15km? ¢6 5 muc tiéu nhiéu. Cac tham

s0 chuyén dong cua muc ti€u dugc thé hién tai Bang 4.

Hinh 15: Mé phéng 25 muc tiéu chuyén dong trong mdi trwong nhiéu

Bang 1: Tham s6 chuyén dong ciia 25 muc tiéu

Muc | Cwly ban | Phuong vi Va;n tﬁf Hu’(":lg Th(‘)x’l lan
tieu diu (km) | ban diu (%) chuyén dong Chl}yCll chuyenrd()ng
(km/h) dong (phut)

1 250 0 800 180 8

2 250 27.7 800 207.7 8

3 250 55.4 800 235.4 8

4 250 83.1 800 263.1 8

5 250 110.8 800 290.8 8

6 250 138.5 800 318.5 8

7 250 166.2 800 346.2 8

8 250 193.9 800 13.9 8

9 250 221.6 800 41.6 8

10 250 249.3 800 69.3 8

11 250 277 800 97 8

12 250 304.7 800 124.7 8
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Muc | Culy ban | Phuong vi V@Rn téf Hu’(n;g Th(‘)x’i gizln
ticu diu (km) | ban diu (%) chuyén dong chlAlyen chuyen’dgng
(km/h) dong (phut)

13 250 3324 800 152.4 8

14 150 0 800 180 8

15 150 30 800 210 8

16 150 60 800 240 8

17 150 90 800 270 8

18 150 120 800 300 8

19 150 150 800 330 8

20 150 180 800 0 8

21 150 210 800 30 8

22 150 240 800 60 8

23 150 270 800 90 8

24 150 300 800 120 8

25 150 330 800 150 8

Hinh 16: Két qua theo di 25 muc tiéu chuyén dong trong méi truong nhiéu

Hinh 16 thé hién két qua theo ddi 25 muyc tiéu trong moi trudng ¢ nhiéu cia

ung dung theo doi da muyc ti€u trong ra da str dung thuat toan tuong quan JPDA va

bo loc phan tir. Két qua cho thdy ing dung hoat dong hiéu qua, duy tri kha niang theo

doi quy dao.
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Tuy nhién, trong thue té, khi méi truong bi nhiu va sb lwong muc tiéu ting,
do phtre tap tinh toan cua thuat toan twong quan JPDA s€ tdng nhanh theo ham mi,
khi s lugng muyc ti€u tang can sinh céc tap hop su kién kha thi y. Déng thoi, dé dam
bao do chinh xac, s6 lugng hat trong bd loc phan tir ciing ting, lam ting dang ké yéu
cau vé tai nguyén tinh todn. D¢ giam do phirc tap trong xir 1y, can ap dung cac k¥
thuat phan ving (nhém cac quy dao va diém do c6 lién quan), dong thoi st dung dinh
ctra séng nham thu hep khong gian quan sat. Viéc nay giup giam s luong quy dao
va diém do can xir 1y, tir d6 t6i wu hiéu suat hé théng. Trong truong hop c6 tai nguyén
tinh todn manh, c6 thé khai thac kha ning xur 1y song song cuia hé thong, nhu sir dung
GPU dé tang toc d6 va hiéu qua tinh toan.
3.2.3. Pdnh gid chit liwgng cdc thudt todn twong quan JPDA va loc phin tiv
- Panh gia chat lwgng bd loc phin ti:

Chat lugng cia bd loc duoc danh gia thong qua chi s6 RMSE (Root Mean
Square Error), 1a mot dai lwong phd bién dung dé do sai sb giira gia tri u6c luong va

gia tri thuc. RMSE duoc tinh theo cong thirc:

(3.5)

Trong do:

-x, 12 gia tri thuc tai thoi diém ;.

-x, 1a gia tri udc lugng tai thoi diém ;.

- N 13 téng sb mau.

Chi s6 RMSE cang nho chung t6 sai s giita gia tri uéc luong va gia trj thuc
cang thép, tir d6 cho théy bd loc hoat dong hi€u qua. Nguoc lai, RMSE 16n cho théy

bd loc khong theo sat dugce trang thai thuc té, can diéu chinh lai md hinh, tham sé.
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Hinh 17: Quy dao chuyén dong phirc tap ciia muc tiéu

Hinh 17 thé hién quy dao chuyén dong phtic tap ciia muc tiéu trong khong gian
hai chiéu. Cac gia tri do (x,y) tai ting thoi diém duoc 1am nhidu theo phan phdi
chuan N(0,6%) véi phuong sai 6> =100m . Nhimng gia tri do nay duogc sir dung 1am
dau vao cho ba bd loc: bd loc Kalman mé rong (EKF), bd loc UKF, va bg loc phén
ti. Sau khi xay dung va chay chuong trinh cho ca ba bo loc, két qua thu duoc duoc
thé hién nhu sau:

Bang 2: Két qua so sanh ba bé loc sir dung chi s6 RMSE

B0 loc EKF B loc UKF B loc phan tir
RMSE 186.366 mét 186.366 mét 135.357 mét

Tir két qua so sanh ba bd loc & bang 1 thi bo loc phan tir cho RMSE thap hon
hai bg loc UKF va EKF.
- Panh gia chat lwgng thuit toan twong quan:

Hinh 18 mé phong hai muc tiéu chuyén dong thang déu voi théng sé nhu sau:
Muc tiéu 1 (Cy ly bat dau: 200km, Phwong vi: 150°, van tdc: 630 km/h, huéng chuyén
dong: 330°); Muc tiéu 2 (Cy ly bit ddu: 200km, Phuong vi: 180°, van tdc: 810 km/h,
huéng chuyén dong: 26°). Hai muyc tiéu cit nhau sau thoi gian di chuyén t = 9 phut,
tuong ung véi cu ly: 105 km, phuong vi 150°. Tai mdi thoi diém chuyén dong, dir

liéu muc ti€u bao g@)m: vi tri thue duge 1am nhiéu theo phan bd chuan N(0,5%) véi
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phuong sai 6% =50m va nhiu theo phan bd Poisson twong tng v6i A =6.7/km’ (1

km?c6 6.7 diém nhidu).

Hinh 18: Mé phéng hai muc tiéu chuyén déng cdt nhau

Két qua theo doi muc tiéu twong Gng voi hai thuat toan twong quan GNN va
JPDA két hop vdi1 bd loc phan tir nhu sau:

GNN
-80000 : ¥
’.« *
g
.
—82500 4 e
.
T :
—85000 1., * Wo_ .
=,
HRE A
. :"\_. ® .
—87500 4 E e~y ¢
A Y - .
" . - Noise Mark
s .
- " Real Mark
—90000 4 x, :
TRmrenl Target 1
.
. ‘:w)r - Target 2
—92500 § e Target 3
/ .
2 .
2
—95000 4
-97500 4 :
:_-f’
——"J_
-100000 | *
50000 52000 54000 58000
X

Hinh 19: Két qua theo déi muc tiéu sir dung thudt todn twong quan GNN tai thoi

diém giao nhau
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JPDA

—82000 -

Noise Mark
Real Mark
~84000 1 Target 1
« Target 2
—86000 -
-88000{ . e £--1
C et
~30000 1 - e - e :
> . a7 -
el
-92000 - PP PR
__...x.-.' ————
—94000 - . ’-___,_—r_""
. Lo
—96000 - .
~98000 -
51500 52000 52500 53000 53500 54000 54500

X
Hinh 20: Két qua theo déi muc tiéu sir dung thudt todn tuwong quan JPDA tai thoi
diém giao nhau

Hinh 19 thé hién két qua theo ddi muyc tiéu st dung thuét toan tuwong quan
GNN v6i cac gia tri nhiéu (noise mark), diém do thuc (real mark), 03 quy dao muc
ti€u (target 1, target 2, target 3). Tai thoi diém hai muc tiéu thuc cit nhau, thuit toan
tuong quan GNN bam nhim quy dao din dén hinh thanh thém muc tiéu theo ddi
(target 3).

Hinh 20 thé hién két qua theo ddi muyc tiéu st dung thudt toan tuong quan
JPDA véi céc gia tri nhidu (noise mark), diém do thuc (real mark), 02 quy dao muc
ti€u (target 1, target 2). Tai thoi diém hai muc tiéu thyc cit nhau, thuét toan tuong
quan JPDA van duy tri kha niing bam chinh xac qu¥ dao thuc.

Tir két qua mo phong theo doi hai myc tiéu trong méi trudng c6 nhidu va cac
quy dao cit nhau, thuat toan tuong quan JPDA thé hién vu diém vuot troi so vai thuat
toan GNN nho kha nang xur 1y da gia thuyét va giam thiéu sai s6 trong qué trinh lién
két dir ligu.

Két ludn chwong 3:
Chuong 3 d trinh bay chi tiét cac thanh phan ctia hé thdng thuc nghiém theo di

da muc tiéu trong ra da st dung thuat toan tuong quan JPDA va loc phan tir. Trén co
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so dir lidu gia 14p cac muc tiéu, két qua tng dung hoat dong hiéu qua, duy tri kha
nang bam sat quy dao khi muc tiéu chuyén dong gan nhau va co su giao cit quy dao.
Dng thoi, da tién hanh m6 phong va danh gia chat luong cua ba bd loc EKF, UKF
va bo loc phan tir thong qua chi s6 RMSE. Két qua cho thay bo loc phan tir dat do
chinh x4c cao nhit, thé hién qua gia tri RMSE thap nhét, hoan toan phu hop véi co
so 1y thuyét da trinh bay trong chuong 2.

Ngoai ra, chuong nay ciing d3 mo phong danh gia chat lugng cua thuat toan
tuong quan GNN va JPDA qua bai toan theo ddi hai muc tiéu cat nhau trong moi
treong nhidu tac dong, tir két qua mo phong, thuit toan twong quan JPDA thé hién wu
diém vuot troi so véi thuat toan GNN nho kha niang xir Iy da gia thuyét va giam thiéu
sai sb trong qué trinh lién két dir liéu, phu hop véi co sé 1y thuyét da nghién ctru &
chuong 2.

KET LUAN

Pé an “Nghién ctru (g dung thuét toan tuong quan JPDA va loc phén tir trong
bai toan theo ddi da muc tiéu ra da” da hoan thanh cac ndi dung trong dé cuong da
dang ky. Cac két qua chinh duoc thuc hién trong dé 4n gom:

1. Trinh bay tong quan cac thanh phan caa hé thong bam quy dao trong hé thong
ra da bao gom hai budc: xir 1y so cAp thong tin ra da va xir 1y thir cap thong tin ra da.

2. Trinh bay co s6 Iy thuyét cac bd loc phi tuyén va cac thuat toan tuong quan,
dua ra danh gid vu nhuoc diém cua cac bo loc va cac thuat toan tuong quan.

3. Thyc hién xay dung hé théng theo doi da muc tiéu trong Ra da ing dung thuat
toan twrong quan JPDA va loc phén tir.

Hudng nghién ciru tiép theo: Nghién ctru tng dung mang no ron trong loc muc
tiéu di dong trong Ra da. Dé an nghién ctru trong thoi gian han ché nén khong tranh

khoi thiéu sot, kinh mong nhan duoc ¥ kién dong gop ciia quy thay co va ban doc.



