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TOM TAT

Bai bao str dung két hop bé loc Kalman dang o — 3 véi logic mo dé gidi quyét van dé xit Iy loc,
bam quy dao cac muc tiéu trén bién. Viéc sir dung dau do radar véi do rong xung hep co thé dan
dén viéc phat hién nhiéu diém dau ciia cung mot muc tiéu. B loc o — B thudc logi b loc Kalman
don gian va kinh dién. Viéc sir dung logic mo cho phép thay doi thich nghi hé s6 a, B va dé tong
hop t6i wu diém ddu thwc dimg loc, bam va phat trién quy dao ciia muc tiéu. Céch tiép cdn nay c6
thé giai quyéet mot phan van dé lam gian doan viéc bam quy dao doi twong khi swr dung cam bién
voi do rong xung hep. Ket qua nghién cuu ly thuyét duoc kiem nghiém bang mo phong.
Tw khéa: Hé théng du do ra da; Lép muc tiéu phan bd; Muc tiéu diém; Muc tiéu da diém choéi; Chan dung ra da;
Logic mo.

1. PAT VAN PE

Nhu da biét [1, 5], cac h¢ théng dau do ra da ding dé diéu khién cac phuong tién tic chién
thuong dugc thiét ké, ché tao dé dam bao xéc dinh chinh xé4c tham sb toa do cua cac ddi tuong
dugc loc, bam. Mot trong nhiing giai phap k¥ thuat trién khai cach tiép can nay chinh 14 sir dung tin
hiéu tham do cao tan c6 do rong hep (Ultra-short duration RF pulse) va h¢ théng anten c6 do rong
canh séng f3,. nho. Tuy nhién, vi nhiéu 1y do khac nhau ma cac d4u do c6 kha nang nhu vy lai rat
yéu khi thyc hién bai toan loc, bam va phat trién (ngoai suy) quy dao. Nguyén nhan chua yéu 1a: voi
cung mot ddi tuong, nhung lai ¢6 thé thudc 16p cac “muc tiéu phan bd” hay “muc tiéu diém” hoan
toan tiy thudc vao mdi quan hé gitra kich thudc thing L, cua d6i trong va do rong tin hidu tham
do 7, . Vidy: voi tau hg vé co kich thude thang khoang L_. =(150+180) [m], thi khi ding dau do
bang tan X véi 7, ~ 500 [ns], thi tu n6 s&€ thudc 16p muc ti€u phan bd — 16p muyc tiéu da diém choi

(class of targets with multi-shiny dots). Khi d6, tin hiéu phan xa vé& vuot ngudng tir cing mot ddi
tuong s& hinh thanh sé luong diém déu nhiéu hon mét cung cip cho hé thng loc, bam va phat trién
quy dao tiép sau nhu vi dy trén hinh 1 va 2. H¢ qua 1a tai mdt chu ky nhip nao do, ) lwong cac
diém dau “chan thyuc” tir mot ddi tuong 16n hon 1 va khdéng phu hop véi didu kién lién két diém
diu véi quy dao khi loc, bam quy dao [6, 8, 12]. Giai quyét van d& nay, trong [4], Zhou. H va dong
nghi€p da dung mo hinh loc Kalman 1¢éch tdm thich nghi (Adaptive Unscented Kalman Filter) véi
véc to doi méi va ma trén doi méi dugc higu chinh theo timg chu ky nhip va ap dung tot cho mot
s6 mo hinh loc, bam chdm. Lién quan t&i tng dung logic mo (F uzzy loglc) két horp voi loc Kalman,
tac gla Amirzadeh, A da sir dung loc Kalrnan suy rong va mot s6 quy tic md dé giai quyét bai toan
thiéu cac thong tin tién nghlem vé gia téc dbi tuong trong co dong [3]. Trong [10], tac gia Kenshi
Saho va dong nghlep da dé xuat mo hinh loc o — S két hop v6i cac quy tic ciia logic mo va co bd

sung tham s6 - chi s bam (tracking index) A hodc chi s6 co dong dé udc luong thoi diém bat dau
va két thic co dong. Viéc ing dung logic md dd 1am cho viée wéc lugng A trd nén nhanh chéng va
don gian nhung van & tbe d6 cham.
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Pho ndng lieong tin hiéu tirong
uNg Vdi cdc diém choi
. 5]

Hinh 1. Tau h¢ vé L ;=200[m] (a/.) Thiét bi dau do c6 t,,~500[ns] phdt hién va theo déi &
cw ly r~50mn ¢é chdn dung phé nang lwong hinh thanh bon diém chéi (b/,).

Hinh 2. Chén dung diém ddu cia tau hang ¢ nhé dwoc phat hién boi dau do MR102
(al- Hai diém ddu ré, b/~ Mét diém ddu; ¢/- Ba diém dau tiwong minh,).

Phan duéi day s€ trinh bay ké:t qua nghién ctru ing dung logic mo diéu khiép khué’chvdai cua
loc Kalman dé giai quyét mot phan bai toan loc, bam quy dao trong cac tinh hudng da diém choéi
dad néu ¢ trén. Myc tiéu chinh 1a xay dyng thuat toan loc quy dao cho cac dau do sir dung tin hi¢u
6 do rong hep dap img mot phan yéu cau diéu khién cac phuong tién tac chién trén bién. Nhimg
n6i dung chinh vé 1y thuyét s& dugc trinh bay tai phan hai. Phan ba va bdn trinh bay cac két qua
kiém chimg bang mo phong va dinh huéng nghién ctru phat trién.

2. CO SO LY LUAN SU DUNG LOC KALMAM KET HQP VOI LOGIC MO
TRONG LQC, BAM VA PHAT TRIEN QUY PAO

Cach dat van dé & day 1a: trén co sd phan tich déc diém ctia bg loc kinh dién dang o — 8 ¢
cac hé s6 khuéch dai c6 dinh tim cach diéu khién thich nghi ching dé loc, bam véi d6 chinh xdc
dam bao cho viéc diéu khién cac phuong tién tac chién co dong [2, 7, 8]. Van dé dit ra 1a: sy ton
tai nhiéu diém diu chan thyc ciia cing mot doi tuong trong mét nhip lay tin s€ gay kho khan
trong lién két diém dau véi quy dao. Viée st dung bat ky diém dau nao trong s6 d6 déu dan toi
sai 1éch do ty n6 khong tring voi tim toa do chan thuc va s& din dén mat bam. Phan tich sy mat
bam do tac dong cua hién tuong nay (multi-shiny dots), ta thdy c6 nhleu nguyén nhan nhu: d6i
tuong tang/giam toc (duong hodc am) khong déu doc theo tryc phat trién quy dao; chuyén huéng
chuyén dong dot ngot; dau do diéu khién khong phat hién dugc qua mot s6 1an quan sat; cac dir
liéu do c6 d6 chinh xac khong cao hodc bi léch.

Tir 46, d& xuét s& 1a: van ding loc @ — £ ¢6 hé s6 khuéch dai diéu khién thich nghi theo logic
mo thong qua quy tic ung xtr If..Then. Theo d6, khi c6 sai s6 vi tri hodc khi gia tri sai s bi
1éch trong ngoai suy thi bo quy tic s& hd tro diéu chinh hai @, B dé cho ra ngoai suy méi dugc
tong hop. Cac diém dau con lai s& dugc coi 1a “nhidu gia”. Nhu véy, bang cach két hop bd loc
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a— B vabd quy tic mo xir 1y thich nghi khuéch dai, ta c6 thé thiét 1ap bo loc, bam quy dao vai
d6 chinh cao dung diéu khién cac phuong tién tac chién.
2.1. Tém tit md hinh loc bam dang « - §

Theo [12], dang phd quat ctia bo loc bam dang @ — £ 13 nhu sau:

(%Yo ) (K) = (%, Y, ) (K) + (X, Yo ) (K) = (%, ¥, ) ()] @
(%5 Vo )+ D =, ¥, ) () +T v, (K) )
Vi () =V (K=D)+(B1aT)x[(%, Yo ) (K) = (%, ¥, ) (K)] ©)

Trong do: (X, Y,)(K), <xp,yp>(k), (X, Y5 ) Vi (K). T, a, B va g - Tuong tng la: toa do

muc tiéu bi quan tric, toa do dugc wéc lugng, toa do lay tuyén tinh theo hudéng chuyén dong
(trong khoang thoi gian tuong mg voi nhip K ), van toc tuyén tinh theo hudng chuyen dong, do
16n chu ky nhip, hai hé sb c¢b dinh ciia bo loc va tham sé kich thudc s6 1an quan tric.

Céc diéu kién ban dau twong tmg v&i thong tin tién nghiém cé dang:

(%Yo ) @ =(X,, ¥, ) (2) = (%, Yo ) @) )
Vi, D=0 ®)
Vi @) =11 T x[(%,%5) (D (X, ¥, ) (V] ©)
Véiloc a—f3, c6 thé tinh t6i cac tinh hudng khi ma xac sudt phat hién nho, c6 thé lay:
(0¥ 0= (%509, ) K1 v, () =Y, (K=D) 0

Diéu nay twong tmg véi khai tao (%, Yo) (k) =(X,, ¥, }(K) va (X,,¥,)(k+1) la dit li¢u ngoai
suy xac dinh dya trén toa do hién thoi va véan tbe tuyén tinh khong dbi.

Tap céac phuong trinh (1) + (7) mo6 ta bd loc o — f voi «, f duge udc luong chinh xac xac
dinh. Tuy nhién, theo [10], néu & va B nhé, bo loc s& dap tmg tt viée chdng nhidu, nhung c6
thé khong dap ung voi trang thai dong }loc thuc cua doi tuong. Ngu’qg: lai, khi chiing c6 gia tri du
16n, thi bg loc s& chiu tdc dong cua nhicu va cling anh huéng tryc tiép t6i viée loc va bam. Hién
tuong da diém choi — da di€ém dau duoc coi la hién tuong “nhicu gia” s€ gay mat bam. Nhung
néu thay doi thich nghi «, f tuong tng vdi timg chu ky s& cho phép lua chon trén co s¢ tong
hop tu tqp dir liéu diém dauv thu duoc dé hinh thanh diém du chan thuc thi s€ giam dugc hién
tugng mat bam. Viéc thay doi thich nghi «, f dugc thyc hién nho cong cu cia 16 ghich mo
2.2. M hinh loc vé6i cac hé s6 khuéch dai mo (Fuzzy gain)

MBS hinh loc, bam véi cac hé sb «, f duoc xay dung va cu thé hoa béng cach thiét lap cac
quy tic mo 1a mo hinh c6 tinh t6i sai sd va do léch cua két qua ngoai suy o chu ky trude
(k —1) v6i cac tham so6 do duge & chu ky (k). Cac sai s0 va d6 1éch nay s€ xac dinh gia tri cla
a, [ . Xét theo tiéu chi hi¢u qua, thi diém dic biét manh & day 1a bo loc c6 kha nang chiu 16i
mé:m déo trong tmdng hop Qa diém ghéi. Clg thé, viéc loc bam s§ khépg lua chon bAt ky mdt
diém dau nao. Bi€m dau quyét dinh dé lién ket voi quy dao s€ la diém dau dya trén viée xem xet
cap do lién thudc cua ching so vdi diem dau chan thuc Gng véi tam cia do6i tuong. Cach xay
dung s€ la nhu sau:

2.2.1. Thiét lgp cdc bién hé thong
Theo ly thuyét duoc dan tai [9], véi hé st dung logic mo, hai tap bién vao/ra dugc dung dé
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biéu thi cac quy tic mo cho bd loc. Vi cdc bién dau vao 1a E(k)va AE(k) dugc dinh nghia
tuong g véi sai s6 ngoai suy va bién thién ctia n6 trong chu ky nhip thr K , ta s& co:

E(k) = /Z EZ., (K); AE(K)=E(K)-E(k-1)
) €))
va B, o (K) = (%, o) (K) = (X, ¥, ) (K)

Trong d6, dai thay dbi cua E(k):[max, min] va AE(K) :[max, min]duoc hiéu 1a d6 chénh giira
toa d6 do va ngoai suy. Khi do, thuc t¢ E_ (K)=@ va AE_ (k)= con E_ (k) va
AE, . (K) phai 16n hon van tdc t6i da ciia ddi tugng khac nhau. Thém nita, cic tham s6 E(k) va
AE (k) can chuan hoa khi thiét 1ap ham lién thudc. Do d6, & ddy sé& thay thé bang E (k) , AE (k).

(%0, Yo ) () = (X, ¥, ) (K)
<Xov yo>(k) _<Xov y0>(k _l)
(%:¥6) () = (%5, Y, ) (K)
(%01 Yo) () = (X, ¥, ) (k=1)

0 it (%, Yo) () = (X5 ¥ ) ()| =[(%, Yo ) (K) = (x5, Yo ) (k =D)

min min

it (%, Yo ) (6) = (X5 ¥, ) ()] <[, Yo ) (K) = (X6, Yo ) (k = 1)

El.y ()= it [0 Y6)0) = (%,0¥, )0 > [0, Y6 )(K) — (%, Yo )k =) (9)

E<' >(k)—E<' (k=1)
E (k-1
E<' >(k)—E<'  (k=1)

AE, (k) = if |E (K)—E, (k=1|>|E (k-1 0
<>() E<'>(k)—E<'>(k—l) | <>() <>( )| > <>( ) (10)

E (K)-E;,(k-D)|<|E[,(k-1)

0 it €, ()-E (k-1|=|E (k-1

Vamién cia E (k),AE (k) s&chila [0+1], thuan tién dé xéac lap cac ham logic.
2.2.2. Cac ham lién thudc

Viéc dung cong cu logic mo trong mdt s6 bai toan dicu khién da dugc trinh bay chi tiét trong
[10]. O day, bai toan sé& 1 img dung ching trén co s thiét 1ap cic mién xac dinh cia E'(k) va
AE'(k) . Theo d6, twong dong vai [10], cac bd quy tic cd thé mo ta véi tap khai niém mo sau
day: “zero"—ZE; tich cuc thap - “small positive"—SP; tich cuc trung binh -
"medium positive"—MP va tich cuc cao — “large positive” —MP . Tir d6, thiét 1ap cac ham lién
thudc (mg vai timg tap nham xac dinh “trong s6” quan hé giita két qua do véi gid tri ngoai suy
va nhén gia tri trong mién caa E'(k), AE (k). Con cip do lién thudoc s& dugc “link” véi cac
bién théng qua cac ham da dugc dinh nghia ¢ trén. Cu thé nhu sau: chiing ta c6 04 khai niém mo
trong khoang gia tri chuan hoa [0, 1]. Nhu vay, co6 thé cho cac khoang mo cach nhau chac chan
v&i mot lugng nao do6 ¢6 do 16n xac dinh. Vi du 1la 0.2 va cac ham lién thudc dat gia tri max
trong khoang 0.1. Khi d6, s€ c6: ZE=0—>0.1; SP=0.3—04; MP=0.6-—->0.7 va
LP=0.9 —1.0 nhu ¢ hinh 3. Tai cac khoang ma ¢ d6, ham lién thudc khong dat gia tri max
dugc goi la khoang bién mo ta tinh mém déo, thich nghi cua bai toan lién két, don gian trong
bi€u dién. Pay chinh la di€m manh noi 1én kha nang xac dinh thich nghi cap lién thudc trong cac
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tinh hubng da diém choi. Bang cach xay dung ham lién thuc nhu véy cho phep dam bao co hoi
cho xac dinh mot trong s6 cac tip md dau vao cé cliing co hoi trong kich hoat cac quy taic mo 1a

nhu nhau véi truc biéu dién cho E' (k) , AE (k) mic du chung doc lap v6i nhau. Ta van sir dung
cac khai niém da c6 & trén dé thiét 1ap cac quy tic mo cho a(k) va A(k), c6 bd sung thém hai:
“(ét tich cyc” (very positive - VP) va “cuc ky tich cyc” 9(eXtreme|y positive - EP ) véi diéu kién
ve su khong ton tai mién ma 6 d6 a(k) va £(k) nhan dang gia tri.

RAVARAVARLY ) JAN
TNV TN YOV

02
01 02 03 04 05 08 07 08 08 gy ¢ 01 02 03 04 05 08 07 08 09 4(k),p(k)
Hinh 3. Ham lién thudc ciia cdc quy tic mo Hinh 4. Ham lién thudc ciia cdc quy tic mo
trong loc bam quy dao. thiét lap o(k) va S (k).

Khac véi viée xdy dung ham lién thudc cho E'(k),AE'(k), mién x4c dinh cua a(k), S(K)
dugc phan thanh sau 16p, v6i gia tri max cua ching phén b6 khong déu trong khoang [0, 1].
Khoang giita thict 1ap nhat quan bdi: ZE, SP, MP, va LP vdi hai ly do. Mét 1a, theo thuc
nghiém va suy nghiém (heuristic properties) thi SP, MP, LP va VP nhan tdi vu trong khoang
[0.3+0.8]. Hai 14, dé tranh thay d6i dot ngot ¢ diu ra kéo theo loc @ — 3 thay ddi nhay bac, thi
phan b cia SP, MP, LP va VP ¢ dang chuin. Do vay, ham lién thudc cia a(k), S(K) co
dang nhu trén hinh 4.

2.2.3. Vé thiét ldp cdc quy tic mo

Viéc két hop logic mo vai bd loc @ — 8 cho phép ude luong nhitng bién ddi dong cia o, S .
Nghia 1a: «, B duoc xac dinh theo d6 16n cua sai sd ngoai suy va bién thién cua chinh chung.
Céac murc kich hoat s& két hop dé chora o, # & timg nhip. Vé ca phap, ta sé& co:

IF E()=e AND"." THEN a(k)=a AND pKk)=2 (11)
Trong d6: e, Ae', @ va - 1a cac tap md lay trén mién E'(k), AE'(K),a(k) va S(k) va
ky hidu "..." dugc hiéu la diéu kién bd sung tiry theo dic diém thiét ké chuong trinh.

Thuec té 1a: voi timg quy tic, co thé coi 1a mot lién ket (mo) thudng gap trong cac bai toan lién
két dit lidu theo x4c sudt kinh dién. Bang 1 1a cac quy tic mo dé két hop vai thuat toan o — 4.

Bing 1. Cdc quy tic mo diéu chinh hé sé khuéch dai thich nghi.

E'(k) E'(k)
a(k) ZE | SP | MP | LP AK) ZE | SP | MP | LP
ZE | VP | SP | EP | EP ZE | VP | SP | zE | EP
AE'(k) | SP LP | LP [ VP | VP | AE(Kk) | SP | ZE |ZE | ZE ZE
MP | EP | VP | MP | MP MP | ZE | ZE | LP | VP
LP | VP | ZE | MP | EP LP |ZE | LP | MP | SP
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2.3. Hé loc, bam quy dao sir dung cong cu loc Kalman

Mc} hinh loc Kalman v&i mot s tham sé cu thé trinh bay dudi day chi nham dé chl'Ing minh
lgi diém cua loc « — f khi khong va khi c6 st dung két hop logic mo. Do vay, dé tom tat ta s
md ta b loc trén co s& cac phuong trinh sau:

K, =FxP[k| (k=1]xHT x{H xP[k| (k-D]xH" +R}* (12.3)
K[k +Dk[k]=F x k| (k=D]+K, (k) x{y(k) -H x[k| (k-DI} (12.b)
PL(k + D[kl =[F — K, (k) x HIx P[k| (k-D]xFT +Q (12.c)

Trong do: X, y, F, P[k| (k-D], K,(k), Q, H, R - Tuong ting la véc to trang thai; véc to
do; ma tran chuyén doi; ma tran nhiéu tai nhip tht k udc lugng tr k-1, hé sb6 khuéch dai tai
nhip thr k, ma tran hiép bién cuta tap, ma trdn do va ma tran tap do.

Véi gia thiét, d6i twong 1a cac muyc tiéu trén bién co dong nhanh cb Vixy) = 45km/h tuong
ung voi T =10s s€ di dugc 125 m. Theo bo loc, bam Kalman thong thuong [1, 12], véi mo hinh
muc tiéu bién co dong co gia toc 1én t6i 0.6g [m/s?], o, ~0.29 co thé lay:

4 04 008 X T5/20 T*/8 T%/8
P~| .04 .004 .0008 |;%~|v,|vaQ ~(c2/z,)| T*/8 T°/3 .0006 (13)
008 .0008 .00016 a T°/8 .0008 T

X
dé phuc vu cho viéc nghién ctru khéo sat.
3. KIEM CHUNG BANG MO PHONG

Bing 2. Cdc s6 liéu két qua mé phong loc, bam quy dao
s dung loc Kalman va loc o-f co fuzzy.

Loc Kalman (a—f3) co fuzzy Sai s
Chisé k X | v x ‘ v Sg | S(a—pr&F

1 39.125 29250 38.940 31.190 2.000 0.051
4 39.652 28756 39.221 29.550 0.881 0.031
20 38.556 26.331 3r7.821 26.992 1.003 0.015
24 MAt bam 36.334 26615 0.039
28 M4t bam 35.292 26982 0.034
32 M4t bam 34.650 27 669 0.080
36 35125 28.832 34752 28755 0.029
60 38.891 30.787 38.665 31.005 0.323 0.018
64 M4t bam 39.550 31.350 0.012
68 Mét bam 40.501 31.468 0.027
72 Mét bam 41.082 31.200 0.019
a8 45.500 33.421 45.125 32.730 0.808 0.021
92 Mét bam 46.895 32.455 0.019
96 Mét bam 486.781 31.331 0.041
100 47 362 30.000 47400 30.300 0.316 0.017
104 48.750 29.450 48.070 29810 0.768 0.020
108 MAt bam 49.410 30.550 0.011
112 MAt bam 50.090 31.230 0.011
116 50.82 32.341 50.560 32311 0.252 0.015
124 52.66 34.001 52725 33.320 0.719 0.037
128 Mét bam 53.880 34.008 0.013
144 57.246 33.089 57.125 32731 0.388 0.017
156 60.891 33.921 60.000 34.021 0.883 0.018

Viéc kiém chung cac két qua nghién ciru 1y thuyét bing mé phong theo trinh ty nhu sau:
1. Thiét 1ap dit liéu dau vao trén co so:
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+ Str dung cong cu MatLab tao gia quy dao chuyén dong cla dbi twong 1a myc tiéu trén bién
trong diéu kién ly tudng. Nghia 1a, ¢ ting chu ky cap nhat (k) déu c6 tin hiéu vugt ngudng.

+ St dung cong cu Backscattrting simulation — BSS [11] xdc dinh sé cac diém chéi (shiny
dots) ¢ ting nhip phy thugc vao moi twong quan (vé cu ly, toc do, gia téc co dong, goc hudng
chuyén dong) giira ddi tuong va dau do ra da (dai song, do rong xung).

+ Xay dyung bo dit liéu diu vao a — B thong thuong va a — £ két hop véi logic mo.

40 Jkml

35 ﬁ@\ )

20
30 40 50 60 65 (<ml

Hinh 5. Két qud phuc dung quy dao chan thiee c6 kém voi
6 lwong cdc diém chdi tai timg chu ky nhip ldy tin.

Hinh 5 lé} Kkét qua dyng quy dao thu ’du:(_fc theo‘ tap dit liéu (cot 5, 6 va 7, 8) tai bang 2. Hinh 6
trinh bay két qua loc bam quy dao doi tuong bang hai cong cu loc Kalman thong thuong va
loc (& — ) ¢6 diéu khién hé s6 khuéch dai bang logic mo. Vé dinh tinh, dé nhéan thay la khi doi
tugng co dong (thay doi tbe d6 co gia toc am hodc duong, hudng chuyén dong v.v.) thuong s&
xuat hién hién tuong da diém chéi. Viéc hiéu chinh md - thich nghi (e, ) cho phép tong hop
diém déu lién két phut hop, ma khi d6, s& xay ra hién tuong mat bam khi ding loc (« — ) théng
thuong. Thém nira, cura song lién két trén dau do ra da thuc thuong c6 dang khac xa so ly thuyét,
nén cang lam tang xac suat mat bam. Pac biét la voi cac dau do dieéu khién phuong tién hoa luc.

Quy dgo diing loc K

thang [hu'nq\

Quj dgo ding lpc
(@A) vi logic mr

r ¥ [ / |
J \
V»m,‘/’ 1 7 Py Quj dgo chan thyc
= " 3 . |
| /;
| :
A P

X (kam)

Hinh 6. Két qud mé phong loc, bam quy dao sit dung bé loc o — B két hop
v6i 16 gic mo diéu khién thich nghi hai hé s6 khuéch dai o, B.
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Tir céc két qua nghién ctru ¢ trén, cho phép rat ra mot s nhan xét sau day:
1.Vi€e sir dung cac dau do c6 4o chinh xac, kha nang phan biét cao dé phat hién, loc bam quy
dao muc trén bién 1a phu hop véi yéu cau thyc tién. Tuy nhién, v6i muc tiéu 1a cac didu khién

phuong tién hoa 1uc,’yéu clu s& cao hon nhiéu so voi béﬂi toan loc, bam théng ‘ghudng. Viécﬂ sur
dung bd loc a — f két hgp véi logic mo cho phép thay doi thich nghi hé s6 khuéch dai lgc; tong
hop diém déu chan thyc gop phan dam bao do chinh xac va giai ql}yét bai todn mat bam. Céc dir
liéu m6 phong tai hai cot 8 va 9 cua bang 2 chimg minh duoc dieu d6. Quy dao doi tugng khi
dung loc Kalman thong thuong bi dit (hinh 5) twong Gng véi két qua tai cot 5, 6 ctia bang 2.

2. Phan tich két qua nghién ctru khi xay dung cic bd quy tic mo cho thay: kha ning loc, bam
lién tuc quy dao va d6 chinh xac cac tham so toa do quy dao phu thudc rat nhieu vao tinh chat
kinh nghiém, suy nghiém (heuristic) ctia viéc hi¢u chinh cadc mién phu ctia bd quy tac do.

4. KET LUAN

Bai bao di trinh bay két qua nghién ciru budce dau viée sir dung bién thé cua loc Kalman kinh
dién 1a loc a— £ két hop voi logic md nhiam giai bai toan chéng mat bam quy dao ddi véi cac
dau do str dung tin hiéu c6 d6 rong hep. Viée ing dung cong cy Ioglc mo da cho phép diéu chinh
thich nghi cac hé s6 khuéch dai ctia bo loc @ — # nham giap g1a1 quyét ¢ hiéu qua xac dinh viéc

tong hop, lya chon diém diu chan thuc dé ngoai suy, phét trién quy dao v6i do chinh xac phu
hop cho cac dau do ra da diéu khién hoa luc. Cac két qua nghién ctru dugc kiém chung bang mo
phong cho thay mot phan tinh hiéu qua va kha niang bit bam lién tuc quy dao cac ddi tuong. Tuy
nhién, thyc té cho thiy: cac dbi twong c6 thé hoat dong trong ddi hinh véi cac tinh hudng co
dong da dang va cuc doan din t6i kha ning phan tng thich nghi ctia «, # khong dap tmg kip.

Nhitng tinh huéng nhu vy c6 thé dan téi loc va bam quy dao nham hodc mat bam. Do dé, can co
nhiing nghién ctu bo sung hoan thién do6i véi cach tiép can da néu.
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ABSTRACT

COMBINATION OF KALMAN FILTER AND FUZZY LOGIC TO SOLVE
FILTER PROBLEM, TRACKING OBJECTS ON THE SEA

The paper presents an approach that combines a form of Kalman filter as a-b filter
with fuzzy logic to solve the problem of targets tracking of objects at sea. The use of radar
probes with narrow width pulses can lead to multiple markers from the same target. The
filter a-b belongs to the class of simple and classical K filters. The use of fuzzy logic
allows adaptive changes a and b to optimally synthesize the true mark used to track and
develop the object's trajectory. The aforementioned approach allows to partially solve the
orbital loss phenomenon when using a radar detector with a narrow width pulse.

Keywords: Radar detector system; Distributed target class; Point target; multi - shiny dots target; Radar portrait;

Fuzzy logic.
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