ISSN 1859 - 1043

RD MAP (3D VIEW)

4

v
a
)
N
©
S
'
~
©
73]

an sw

1 15 2 25
Cur ly (m)

Dirlieu RD Map dang 3D va 2D sau khi mo phong.

Nghién ciru KH & CN qu

Sd 73
06 - 2021




13

14

15

16

17

18

19

20

21

22

23

24

25

26

Nguyén Thi Hoa, Nguyen Manh Tlm’ng
Nghién ctru ché tao sap chdng néing, chdng stra trén co s& vat liéu nano.

Nguyén Huynh, Nguyén Xuin Phwong, Lé Hai Ninh, Nguyén Vin Minh
Nghién ciru anh huéng ctia nhiét d6 u sau gia cong bién dang tdi cdu tric va co tinh
vat liéu molipden.
Pao Xuin Phic, Bii Vin Tai, Pham Thi Phuong, Mai Vin Phwéc, Pao Thé
Nam, Phan Thi Dinh, Pham Tuin Anh, Ngé Minh Tién, Pham Gia Quyét, Pd
Cao Thang, Vii Ngoc Doan, Vii Minh Thanh
Mot s6 yéu té anh hudng t6i qua trinh tao mang phii chéng md cho kinh quang hoc.
Vii Ngoc Toan, Nguyén Vin Hoang, To Phlr(mg Linh, Nguyén Quang Ly
Nghién ciru ché tao vt liéu can tia gamma trén nén nhya epoxy E-128. Phin I - Anh
huong ctia thanh phan don dén tinh chét co ly cua vét liéu.
Nguyén Mau Vuong, P Xuin Thanh
Mot s6 yéu té anh huong dén tinh chat thudc nd HMX ché tao bang phuong phap két
tinh pha loéng.
Vii Ngoc Duy, Nguyén Tuén Hong, Nguyén Vin Thao, Nguyén Xuin Anh, Pao
Vin Chwong, Lé Vin Long, Nguyén Vin Ti, Nguyén Thé Hiru
Che tao keo dan trén co so poly(ethylen terephthalat-co-ethylen sebacat) copolyeste.
Cong nghé thong tin & Co so todn hoc cho tin hoc
Nguyén Thi Hﬁng, L& Bich Phwong, Pham Ngoc Anh
Thuat todn Viterbi cai tién va bai toan xac dinh so muc ti€u trong mo hinh quan sat da
muc tiéu.
Nguyén Thi Thu Nga, Nguyén Truong Thiing, Trin Manh Péong, Nguyén Hoai Nam
V& mot thuat toan ma héa xac thuc hiéu nang cao.
Co ky thudat & Co khi dong lyc
Tran Pirc Viét, Chu Vin Tung, Ninh Dirc Sinh, Dwong Tri Diing, Nguyén TAt
Kién, Nguyén Hanh Hoan )
DPanh gia tac dong cta ap luc nudce 1én co cau nhdn ap ngoi thuy tinh khi dan chuyén
dong trong nudc.
Phan Hoang Cuong, Pham Quoc Hoang, Hoang Phan Binh
Design optimization of a power module box in 3D radar system.
Db Tién Lap, Lé Vin Tao, Vii Truong Son
Tinh toan va thuc nghiém xac dinh cac thong so6 chinh dé thict ké va ché tao ca-tot khi
gia cong dién hda ranh xoan nong phao 30 mm hai quan.
THONG TIN KHOA HQC CONG NGHE

Hoang The Dung, Lé Manh Cu'(mg, Nguyén Vin Hiéu
Mot s6 van d& vé nghién ciru, phat trién phuong tién mang phong vé tinh & Viét Nam.

Nguyen Ngoc Phuong, Nguyén Trmmg Son, Nguyén Vin Tra, Dmmg Tuin Viét
Thiét ké cac bo tach song nhay pha cau phuong cho dai ra da nhin vong bit thap.

Trap Thi T}“am, binh Van Truong, Vo Vin Phic, Pham Khic Lanh, Cao Vin Vi
Thiét ké ché tao khoi tao dao dong ngoai sai MO2P.CT cho h¢ thong trinh sat dién tir.

109 - 115

116 - 121

122 - 126

127 -131

132 - 137

138- 144

145 - 152

153 - 160

161 - 166

167 - 175

176 - 181

182 - 185

186 - 189

190 - 194

Muc luc S6'73, 6 - 2021



Nghién ciru khoa hoc cong nghé

THUAT TOAN VITERBI CAI TIEN VA BAI TOAN XAC PINH
SO MUC TIEU TRONG MO HINH QUAN SAT PA MUC TIEU

Nguyén Thi Héng*, Lé Bich Phugng, Pham Ngoc Anh

Tém tit: Trong bdi bdo nay ching téi trinh bay két qud nghién ciru doi véi bai todn
quan sat quy dao da muc tieu MTT (Multiple Target Tracking). Cu thé la phiong phdp
tiép cdn: dung mo hinh Markov an HMM (Hidden Markov Model) d@é xdc dinh muc tiéu
trong MTT. Pé xdc dinh muc tiéu trong tdp dit liéu quan sdt trong méi triong c6 nhiéu (cé
cd muc tiéu thuc va myc tiéu gia), bai bao da sir dung y tuwong thudt toan Viterbi (Viterbi
Algorithm) trong HMM dé xdc dinh phan dan ciia mé hinh, phan muc tiéu trong tap quan
sdt c6 nhiéu. Tuy nhién, trong MTT chi c6 thong tin quan sat trong qud khir cho dén thoi
diém hién tai, boi vay bién lii khong t6n tai va do dé thudt toan “Tién — Lui” (Forward —
Backward Algorithm) khéng thé dp dung. Trong bdi bdo nay ching téi dea ra thudt todn
Tién (Forward Algorithm) va thudt todn Viterbi cdi tién (Modified Viterbi Algorithm) va
trén co so cdc két qua dé ap dung dé giai quyét vin dé xdac dinh muc tiéu trong MTT,

Tiwr khéa: Quan sat quy dao da muc tiéu (MTT); Muc tleu Mo hinh Markov 4n (HMM); Thuét toan Tién — LUi; Thuét
toan Tién; Thuat toan Viterbi; Thuat toan Viterbi cai tién.

1.MO DAU

Trong bai todn MTT (xem [1]) hai vin d& quan trong nhét 12 dya trén tap dit liéu quan sat dé:
xac dinh sd lugng muc tiéu va quy dao cua timg muc tiéu d6. Trong [1], chung t6i di dua ra
phuong phap lién két dir lidu, dua trén hé anh xa dugc xay dung d¢ quy dé giai quyét hai van dé
d6. Song thudt toan trong [1] 13 thuat toan tong quat, tinh kha thi trong ap dung thyc té thap, do
lwong tinh toan qua 16n va phuc tap, tham chi ngay ca tim 10i giai gin dung “ ¢ -ti wu”. Trong
cong bd nay, ching toi dua ra phuong phap tiép can méi 1a phuong phép st dung HMM dé dua
ra 10i giai giai tich twong minh song chi tép trung vao mot muc dich la: xac dinh sé myc tiéu
trong MTT khong phan biét loai muc tiéu.

Véi cac cong trinh vé HMM da dugc cong bd cho dén thoi diém hién tai [2-5], dé giai bai
toan co ban thu hai cia HMM nguoi ta chi dung thuét toan Viterbi dua trén thuat toan “ Tién —
Lui ”. Nhung véi MTT thi chi ¢6 thong tin quan sat qua khir cho dén thoi diém hién tai, boi vay,
bién 1i khong ton tai va do dé thuat toan “Tién — Lui” va thuét toan Viterbi khong thé ap dung
cho HMM dugc xdy dung tuong tng voi MTT (viéc xay dung HMM do dugc thuc hién trong
muc 3 cua bai bdo ndy). Bai 1& d6 trong bai bao chung t6i xay dung thuit toan tién (Forward
Algorithm) va trén co s d6 xay dung thudt toan Viterbi cai tién (tham chi cho truong hop HMM
khong thuan nhét), va 4p dung chung dé giai bai toan xac dinh muc tiéu trong MTT.

Két qua trinh bay trong bai bao khong nhiing giai quyét dugc bai toan xac dinh muc tiéu trong
MTT ma con dong gbp lam phong phu thém cac nghién ctiru vé HMM.

Bai b4o chia thanh 4 muc: Muc 1 1a muc mé dau; Muc 2 trinh bay thuét toan tién va thuat
toan Viterbi cai tién; Muc 3 xay dung HMM cho bai toan MTT va ap dung cac két qua ciia muc
2 dé giai bai toan xac dinh myc tiéu trong MTT; Muc 4: két luan.

2. HMM KHONG THUAN NHAT, THUAT TOAN TIEN VA
THUAT TOAN VITERBI CAI TIEN

Xét HMM c6 cu trac mo ta nhu sau:

+ Tham s6 chi s6 trang thai & mmeN".

+ Tép cac trang thai phan biét S ={S,,S,,...,S,,}. Khi d9, S dugc goi 1a khong gian trang thai.
Ky hiéu q; 1a trang thai cia HMM tai thoi diém t, khi do, ¢t nhan gia tri trén S.
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+ Tham s6 chi sb luong cac gi tri quan sat 1a n,neN"*.

+ Tép tit ca cc gia tri quan sat phan biét V ={v;,V,,...,v,}. Khi do, V dugc goi 1a khong gian
cac gia tri quan sat. Ky hiéu Ot 1a quan sat tai thoi diém t, khi 6, O nhan gia tri trén V.

+ Phan phdi ctia trang thdi ban dau: 77 ={z, :1<i<m}, trong d6: 7, =P(q, =S;),1<i<m.

+ Phan phdi x4c suat chuyén trang thai:

e Truong hop HMM thuan nhat: A= [aij Jm . trong do:
a;=P[g.,,=S;1q,=S,], VI.1<i,j<m @)
e  Trudng hop HMM khong thuan nhit: A(k) = [aﬂ- (k)}Ki am’ trong do;
3;(k)=P[Gs =S; 10 =S |, 1<i, j<m @

Luu y: dé thuan tién a; trong cong thirc (1) ching ta con dung ky hiéu a,, Vva trong cong
thire (2) cung voi a;(k) ching ta con dung ky hiéu a (k).
kAk+1
+ Phan phdi x4c suét ctia cac quan sat khi HMM ¢ trang thai S jpl<j<m
B=[b, (k)LkSn 1<j<m,
Trong do: by(k) =P[O, =v, | =s, |, 1<k <nl<j<m,

+ Ky hieu: A={AK):k =1,2,...}. Khi d xac dinh dugc tham s6 m,n thi HMM hoan toan xac
dinh khi biét A= (A B,I7) trong truong hop thuan nhat va A=(A,B,/7) trong trudng hop
khong thuan nhat. Boi vy, ngudi ta thudng dung ky hiéu bo ba A= (A, B, /7) (truong hop thun
nhat) hodc A=(A,B,7) (truong hop khong thuan nhat) dé ky hiéu HMM tuong tng.

Chung ta quan tim nghién citu HMM trong mién thoi gian [LT], T > 1, T e N*. Cac thoi
diém t dugc noi dén dugc hiéu 1a te[LT]teN'. Cac thoi diém duoc xét:
1=t <t, <..<t, =T, khong mat tong quét ching ta c6 thé dong nhat t, =k,k =1,2,...,n. Md
hinh HMM nhu vy duoc goi la HMM roi rac.

V&1 mot day quan sat trong mién thoi gian [L,T]:

0=00,...0, (3)

Chting ta quan tdm tdi hai bai toan co ban sau day cia HMM:

Bai todn co bén thir nhit:

Cho day quan sét (3) va A . Hay tinh P(O| A).

Bai todn co bén thir 2:

Cho day quan séat (3) va A . Hay xac dinh day trang thai Q =@,q,...q, t6i wu (tinh “t5i wu”
hay con goi 1a “phil hgp nhat” dwgc hiéu theo nghia cuc dai xac suat).

DPay la bai toan xac dinh phan an cia mé hinh HMM dua trén day quan sat. .

Trong nghién ciru HMM, ngudi ta con quan tdm t6i bai toan co ban thir 3 la bai toan diu
chinh HMM, lién quan dén hoc may (machine learning) thuong dugc tng dung trong 1y thuyét
nhén dang. ) ’ 7 i

Véi céc cong trinh dugc cong bo cho den thoi diém hién tai vé HMM [2-4], ngudi ta da dua
ra thuét toan “Tiép — Lui” va thuat toan Viterbi dé giai cac bai toan co ban thir nhat va thir hai.
Nhu da néu & phan mo dau: cac thuat toan dé khong ap dung dugc cho HMM lién quan dén
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MTT. Ching t6i xay dung hai thut toan: Thudt toén tién va thuat toan Viterbi cai tién doi v6i
HMM khéng thuan nhat nhu sau:
2.1. Bai toan co ban thir nhit va thuit toan tién

Tai thoi diém t =t batky, t, €[L,T], véi A, ta cd diy quan sét:

0=00,...0, )

Cong thic giai va thuat toan dé giai bai toan co ban thir nhat ddi véi diy quan sat
0=00,...0, dugc trinh bay qua bo d¢ va thuat toan sau day:
B6 dé 2.1.

k
PO|A)= ) {H 8, o, (5 =1y, (O;) } ()

V(Gp--0) L s=1
Trong do, ky hiéu hinh thte: a, , (0) =7, .
Chitng minh. Xét mot ddy trang thai bat ky ¢ dinh nao do:
Q=00,...0, (6)
O day, g, la trang thai ban dau.

Khi 0, x4c suit ciia diy quan sat (4) twong ng voi déy trang thai (6) sé 1a
k
PO|Q A) =] POl 4) (7)
s=1

Trong (7), ching ta da sir dung gia thiét doc lap thong ké cua ddy quan sat (4).
Tur do, chdng ta co:

k k
PO|Q.A) =] JP©O;las, A) =] [b,, ©,) (®)

Mt khac ching ta ¢ : P(Q|A) =7, 8, (D3, 4 (2).-3, 4 (k—1), v6iky hiéu a,, (0) =7, ,
ching ta cé:

k
PQIA)=] a0 - ©)

Tur cong thue (8) va (9), ching ta co:

P(O|A) =Y P(O|Q,A).PQ|A)= Z{Haqs o (s=Dhb, (os)} = > {Haqs o (s=Dhb, (os)}
vQ vQ

s=1 V(q0,-q) L s=1

B6 dé dwoc chirng minh

Dé tinh cong thic (5), ching ta thy rang, néu tinh tryc tiép thi do phuc tap cia thuat toan co
cip ciia 2tM"' phép toan. Trong HMM thuan phét nguoi ta dua ra thuat toan tié'n-qll]i (Forward-
Backward Algorithm) d¢ tinh cong thic (5). Doi véi HMM véi muc tiéu dp dung dé gidi bai toan
MTT thi thuat toan d6 khong dung dugc. O day, bai bao dua ra thudt toan goi 1a thuit toan tién
(Forward Algorithm) de tinh cong thirc (5) nhu sau.

e Thuit toan tién

Ky hiéu a, (i) = P(0,0,..0.;q, =S, | A); nghia 1a «, (i) 1a xac sudt ctia phan dau cua diy
quan sat cho dén thoi diém t, va tai thoi diém t, d6, trang thai g, = g =S;,S; €S. Khi do,
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a_ (i) dugc goi la bién tién.

Xac suat P(O|A) cho béi cong thic (5) duoc tinh theo bién tién «_ (i) theo tha tuc quy nap
nhu sau:

1/ Buéc khéi dau: o (i) = 7;b,(0,),1<i < m;

M
2/ Buéc quy nap: . ,(]) = {Zar (N3 (r)}.bj (O,,y) vOi 1<z <t-1=t -11<j<m;

i=1
3/ Kétthic: P(O]A4) =) a (i)=Y« (i)
i=1 i=1

Do khuon kho han ché, v6i muc dich chinh 14 cong b6 két qua nén bai bao khong dua chimg
minh chi tiét thuat toan.
2.2. Bai toan co ban thir hai va thuit toan Viterbi cai tién di véi HMM khong thuin nhit

Bai toan co ban thir 2 d6i véi HMM muc dich 1a phét hién ra phan an cia md hinh nghta 1a di
tim day trang thai hop ly nhat, day trang thai t6i uu tuong Gng vo6i day quan sat da cho.

Vén dé quan trong dau tién 1a tiéu chudn thé nao 13 hop 1y nh4t? Thé nao 1a t6i wu? C6 hai
dang yéu cau nhu sau:

Dang 1: Cho diy quan sat: O =0,0,..0, sinh ra b6i HMM khéng thuin nhat A . Hay tim
trang thai g, =q; t6i wu theo nghia cuc dai xac suat.

Dang 2: Cho diy quan sat: O =0,0,...0, sinh ra béi HMM khéng thuan nhat A . Hay tim
ddy trang thai Q" =@, ..., clia A t6i wu theo nghia cuc dai xac sut.
al Phuong phap tim loi gidi cho dang 1.

Day 12 bai toan tim trang thai tdi uu riéng biét g = qt* tai thoi diém hién tai t.

Ching ta xay dung bién:

7 (1)) =P(q, =S;10, 1) (10)
Dé dang biéu dién y, (i) qua bién tién «, (i) theo cong thirc:
; o (i)
i)=—1"—
7 (1) P(O[A) (11)
Tir cong thire (10), chung ta thu dugc 161 giai:
g =arg maxy (i) (12)

e Thuit toan Viterbi cai tién 1

Theo thuat toan tién ctia muc 2.1 ching ta dé dang dung thuat toan tién dé thu duoc y, (i)
thong qua cong thirc (11) va tir d6 thu duge g, qua cong thic (12).
b/ Thudt toan Viterbi cdi tién va 1oi gidi ciia dang 2

Dé tim ra diy trang thai t6t nhat Q" = 0, 0.--G, khi cho trudc ddy quan sit O =0,0,..0, cla
A, bai bao dé xut thuat toan sau dy va goi 1a thuat toan Viterbi cai tién 2 d6i voi HMM khéng
thuan nhat. S¢& di goi 1a “thuét toan Viterbi cai tién” vi vé mat k¥ thuat kha twong dong vai thuat
toan Viterbi da dugc cong boé d6i véi HMM thuan nhat, song n6 chi sir dung thuat toan tién va
bién tien.

Chung ta dinh nghia:
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51 (I) = max P(qqu"'qr—lqr ! q‘r = Si ;0102"'07 | A) (13)

2 U1
Nghia 1 &, (i) 1a x4c sudt 16n nht doc theo ddy trang thai dén cho dén thoi diém 7 va két
thiic & 7 tai trang thai S,. Ly luan tuong tu thuat toan tién & muc 2.1, chiing ta c6 cong thic quy
nap cho o, (i) theo cong thirc sau:

5.0 ={max3,,()a (- ~D}.b; (0,) (14)
bé tinh ra duoc day trang thai cin tim trong qud trinh qui nap theo cong thic (14) ching ta
gilr lai doi so (trang thai) dat cuc dai trong thira so dau vé phai cia(14) doi véi moi = va j. Boi
vay, cung vdi o, (i) , ching ta thuc hién quy nap cung véi dai luong w, (j) nhu sau:
e Thuit toan Viterbi cai tién 2
1/ Budc khoi tao: 6,(i) = 7;b, (O)), w, (i) =0,1<i <m;

2/ Budc quy nap:
6T(j)={{n_ax o, 4(i)-ay (r—l)}.bj (0,),2<7<t1<j<m
<I<mt
w.(j)=arg {n_ax{(s,_l(i).aij(r—1)},2§rst,1gjsm
3/ Két thuc: P =Jr_i1i:;1>n§{5t(|)};qt =arg E%{gt(')};

4/ Truy nguoc: o, =y, (0. ,,), 7=t -1t-2,..1.
Két thiic thuat toan chung ta xac dinh dugc diy trang thai toi wu: Q" =g, q,...q; .

3. UNG DUNG HMM GIAI BAI TOAN XAC PINH MUC TIEU TRONG MTT

3.1. Bai toan MTT

Gia sur ta can quan tim dén mot s d6i tugng (hay con goi 1a muyc tiéu) di dong nao do trong
mdt mién khong gian va trong mot khoang thoi gian nao d6. Ky hiéu R 1a mién khong gian ma
ta can quan tam, & ddy R < R™, v6i R™ Ia khdng gian trang thai ciia muc tiéu, n, 1a s chidu
cua véc to trang thai cia myc tiéu. R dugce goi la mién quan sat.

Ky hiéu [LT], T >1T eR*, la khoang thoi gian ma ta cin quan tam. [L,T] duoc goi la
khoang thoi gian cuia qua trinh quan sat. Do cac thoi diém quan  sat:
t,t,...t, (=t <t, <..<t, =T) la roi rac nén khong mat tinh tong quat. Khi noéi den thoi diem
thtr i(t;), ching ta c6 thé quy uéc: T eZ', t, e Z* va dong nhat t, =i,i=12,...,n, trong do,
t,=11a lan quan sat du tién va t,=T la lan quan sat cudi ciing cta qué trinh quan sat.

S6 muyc tidu ¢ trong mién R tai thoi diém t,t €[, T], 12 mot s6 ngiu nhién chua biét va
dugc ky hidu 1a M, =M, (») . Gia thiét rang, muc tiéu thr k (k e N), xuat hién & vi tri ngiu

nhién c¢6 phan phdi déu trong R tai thoi diém tik ,tik e[L,T], va chuyén dong mét cach doc lap
di véi cac myc tidu khac trong R dén thoi diém tf,t €[LT], thi bién mét. Gi thiét ring, mdi
muc tiéu ton tai voi xac suat p,,0<p, <1, va bién mit véi xac suat 1—p,. Gia thiét
M, = M, (@) 14 bién ngau nhién Poisson véi tham sé 4,4, >0. Cac muyc tiéu xuét hién, ton tai

va bién mat mot cach doc lap véi nhau.
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Trong thoi gian quan sat, trong mién quan st ¢o thé c6 cac muyc tiéu gia do cac clutter hoic
do céc thiét bi ky thuat va phuong phap quan trac gdy ra. Cling tuong tu nhu gia thiét dit ra véi
cac muc tiéu, moi muc tiéu gia Xuét hién voi xac suat pg ,0< Py <1.8b muc tiéu gia co trong

mién quan sat N tai thoi diém t,t €[L,T] 1a mot s6 ngdu nhién chua biét va dugc ky hiéu 1a
G, =G(®) la bién ngdu nhién Poisson voi tham s6 A, 4, >0. Cac myc tiéu gia xudt hién, ton

tai va bién mat mot cach ngau nhién, doc 1ap vdi nhau va doc 1ap voi cac muc tiéu. Ciing nhu cac
muc tiéu, cac muc tiéu gia xuat hi€n ¢ vi tri ngau nhién cé phan phoi déu trong R .

Ky hiéw: Y(t)= {Ytj | j :1,2,...,nt} la tip cdc gid tri quan sat duoc tai thoi diém t,
t=t,t,,....,t; n, 1aso lugng quan sat duoc tai thoi diem t.

D@ thiy, n, =Card(Y(t)) 1a mot bién ngdu nhién va N =n (@) =M,(®) + G, (@) . Tu do, ta
co: n =n (@) =P(4, +4,)

M&i gia tri quan sat c6 thé 1a gia tri quan sat thu dugc tr muc ti€u nao d6 hoac ¢ thé 1a gia tri
quan sat do myc tiéu gia gay ra. Yéu cau cua bai toan MTT la: Hay xac dinh s6 muc tiéu hién co
tai mdi thoi diém t trong mién thoi gian quan sat trong R, nghia 14 x4c dinh M, ().

3.2. M hinh xép xi
Do: M, (®)=P(4,) V& n(@)=P(4,+4,) nén Ve>0 tly y bé, IM =M(s)eN" va
3IN" =N(¢) eN" sa0 cho P[M, (@) <M"]21-£VaP[n <N |>1-¢vte[LT].
Chung ta dua vao gia thiét sau day:
Gia thiét 3.1. 3IM",N" e N" sao cho:
M, (@) <M (mod P),vt e[LT]; n (@)<N"(modP),vte[LT]

Chung ta s& goi bai toan MTT dugc phat biéu trong muc 3.1 voi diéu kién tuan theo Gia thiét
3.1 1a md hinh xap xi. M6 hinh nay 1a do6i tugng nghién ctru trong bai bao nay.

3.3. Ung dung HMM dé giii bai toan MTT
Xét bai toan MTT da duoc phat biéu trong muc 3.1. Chung ta xay dung HMM nhu sau:
1/ Tham s m va khong gian trang thai.

Pit: m=M" +1, khong gian trang thai: S = {SO,Sl,...,SM*} , trong do, S; = “Co ding i muc
tiéu trong mién N tai thoi diém quan tim twong tmg”, i=0,1,...M".

2/ Tham s6 n va khong gian cac gia tri quan sat.

Pit n=N"+1, khong gian cac gia tri quan sat: V = {VO,Vl,...,VN*} , trong do, v, = “Co ding
k gi tri quan sét tai thoi diém quan tdm tuong img”, k=0,1,...,N".

3/ Phan phdi x4c suat chuyén trang thai: A= [8;10<i,j<M *, trong do:

i i
(An) - j+-i I-
a _P[ =S;lq, = ]:Dl. > DOxTe‘mxchlﬂtﬂ' Clx(1-p,) x pit-
I=max{0;(i- )} .

O day, cac hang sb chuan hoa D, va D, dugc tinh theo cong thirc:
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JH-i

M [ i o
D, = Z Z D0><@e_im XCI\J/ItI-;II C' x(@1-p,) xp}

i=0 I=max{0;(i—j)}
4] Phan phéi xac suét cua quan sat khi hé thong ¢ trang thai S| tai thoi diém t.
B={b;(v)},0<k<N",0<j<M’

Trong do:
0 khi k < j

b; () =P[O, =V |4, =S, |= 5 Ont 2 i
el
k!

O day, D, 1a hiang s6 chuan hoa duoc tinh theo cong thirc

* -1
3 (ﬂ’m +ﬂ’g)k —(Am+4q)
D2 :{ZTe

5/ Phan phdi trang thai ban dau

khi k > j

IT={7},0<i<M", trong d6, 7, =P[q, =S,]= DO.(/1_“‘) e

Nhu vay, ching ta c6 HMM duoc xay dung ung vai bai toan MTT trong muc 3.2. Chlng ta
ky hiéu HMM nay 13 A7 .

Ap dung thuit toan tién va thuat toan Viterbi cai tién duoc trinh bay trong muc 2, cho Ayt
v6i luu y 1a mo hinh thuin nhét chi 1a truong hop riéng cia truong hop khong thuan nhat voi
A(k) =AVKk.

Khi do, khi biét cac gid trj n,,n ,...,n (n, =n,), theo thuat toan ching ta xéc dinh dugc s

muc tiéu twong Ung: m*t1 , m*tz yees m*tk (m*tk =m,).

4. KET LUAN

Bai toan xac dinh s lugng muc tiéu cia mo hinh MTT khong phéan biét loai muc ti€u la a6i
tuong dugc nghién ctru trong bai bao nay. Péy ciing 1a vén dé thoi sy va cap bach dugc quan tim
nhiéu trong nhimg nim gan day, bai bao di trinh bay 2 két qua sau:

- Xay dyng hai thudt toan méi 1a: Thuat toan tién va thuat toan Viterbi cai tién d6i véi HMM
khong thuan nhat.

- Ap dung cac thuat toan dugc xdy dung dua ra 161 giai bai toan xac dinh sé muc tiéu trong
mo hinh MTT khong phan biét loai muc ti€u.

TAI LIEU THAM KHAO

[1]. N.T.Hang, “Mét thudt todn t6i wu bam quy dao muc tiéu cia bai todn quan sdt da muc tiéu trong
truong hop c6 muc tiéu bi che khudt”, Tap chi cic cong trinh nghién ctru phét trién Cong nghé thong
tin va Truyén thong, s6 01 thang 09. Tr 46-55, 2019.

[2]. G. David Forney, “The Viterbi algorithm”, International Jour-nal of Pattern Recognition and Artificial
Intelligence, 61 (3), pp. 268-278, 1973.

[3]. George Slade, “The Viterbi algorithm demysti ”, www.researchgate.net, 2013.

[4]. Zoubin Ghahramani, “An Introduction to Hidden Markov Models and Bayesian Networks”,
International Journal of Pattern Recogni-tion and Artificial Intelligence, 15 (1), pp. 9-42, 2001.

Tap chi Nghién ciru KH&CN qudén sw, Sé 73, 06 - 2021 151


http://www.researchgate.net/

Cong nghé thong tin & Co so todn hoc cho tin hoc

[5]. Olivier Cappe, Eric Moulines, and Tobias Ryden, “Inference in hidden Markov models”, Springer
Series in Statistics. Springer, New York, 2005.

ABSTRACT

THE MODIFIED VITERBI ALGORITHM IN DETERMINING THE NUMBER OF
TARGETS IN THE MULTIPLE TARGET TRACKING

In this paper, we present some research results for the MTT (Multiple Target Tracking)
problem. Specifically, the approach: Use the Hidden Markov Model HMM (Hidden Markov
Model) to identify the target in MTT. To define the target in the data set observed in a noisy
environment (with both real and drone targets), the paper used the idea of the Viterbi
Algorithm in HMM to determine the hidden part of the model, target part in the set of noisy
observations. But MTT only has observed information in the past until the present time, so
the reversed variable does not exist, and therefore the algorithm “Forward-Backward” can
not apply. In this paper, we give the Forward Algorithm and the Modified Viterbi
Algorithm and based on the results that apply to solve the problem of targeting in MTT.

Keywords: Markov chains; Hidden Markov model (HMM); Status; Status values; Observation signs; Observation
sign sets; Trace functions.
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