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Tém tdt: Theo vét d6i trong déng mot vai tro quan
trong trong céac hé th()ng giam sét, cac két qua theo
ddi va dy doan chinh xéac s& gitp hé thng hoat dong
hiéu qua hon. Bai bao nay trinh bay mot s6 két qua
nghién ctu cac thuat toan theo vét ddi tuong di
chuyén trong video. Trudc tién, cac dbi tuong chuyén
dong duoc phét hién theo thuat toan trir nén. Sau do,
bo loc dugc &p dung cho moi di twong chuyén dong
dé c6 duogc vi tri du doan. Céc bo loc duoc &p dung
bao gom: bo loc Kalman mé rong (EKF — Extended
Kalman Filter), bd loc Kalman c6 chon loc (UKF -
Unscented Kalman Filter) va bo loc hat (PF — Particle
Filter).

Cac thuat toan dua trén bo loc Kalman da tré nén
phd bién trong cac hé thong dinh vi va theo d&i ddi
tuong vi chling c6 thé cho két qua trong thoi gian thyc.
Bo loc Kalman cho phép uéc tinh 16i hoic trang thai
cua mot doi twgng trong buéc thir k trén co s cac
phép do ¢ buac thi (k-1).

Trong cac hé théng ¢ chuyén dong phi tuyen cac
phuong trinh quan sat va phuong trinh chuyén dong
dugc tuyen tinh héa bang bo loc Kalman mo rong.
Viéc tuyen tinh héa duoc thuc hién bang cac dan xuat
mot phan cua cac ham trang thai phi tuyen hoac mo
rong chudi Taylor [3], [6], [7]. Thay thé cho EKF la bo
loc Kalman c6 chon loc [4], [8], [9]. Bo loc nay dua
trén bién ddi co chon loc, thuc hi¢n chuyen doi vecto

Tir knéa: EKF, PF, UKF, theo vét dbi tuong  trang thai thanh mot tap hop cac diém sigma c6 trong
chuyén dong. ’ s0. Thuat toan UKF la mot tap hop nhiing phuorng
’ trinh can thiét dé thuc hién cac budc du doan, cdi tién

. GIOI THIEU va hiéu chinh. Cac ky thuat tién tién hon nhu bd loc

Trong nhitng nim gan day thi giac may tinh la mot
trong nhung linh vuc phét trién nhanh nhat trong khoa
hoc may tinh véi nhiéu tng dung khac nhau. Phat hi¢n
va theo ddi déi tuong chuyén dong 1a mot trong cac
hudng nghién cau duoc quan tam nhiéu bai cac nha
khoa hoc. Viéc theo ddi cac vat thé chuyén dong
thuong duoc chia lam hai giai doan chinh: 1- phat hién
dbi tuong di chuyen trong mot khung hinh va 2- lién
ket cua cac doi tugng nay vaéi nhitng phét hién trong
tat ca khung hinh con lai [1].

Trong giai doan dau, phuong phap trir nén [2]
duoc ap dung vei viéc tinh toan su khac biét giira
nhitng khung hinh lién tiép tao ra mat na chuyen dong.
Sau d6 nhiéu trén mat na s& duoc loai bo bang cach sur
dung cac hoat dong hinh thai hoc. Két qua la nhiing
dbi tuong chuyen dong tuong ng dugc phat hién tir
céc nhom diém anh két ndi. Giai doan thir hai goi la
lien két dix liéu dua trén chuyen dong cua ddi tuong
duoc phét hién. Trong bai bao nay ching toi 4p dung
cac bo loc EKF [3], UKF [4] va PF [5] dé woc luong
chuyen dong cua tung doi tugng tir d6 dua ra du bao
veé vi tri cua c&c quy dao chuyén dong.
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hat [5], [10], [11] cung cép wdc tinh rat chinh xac véi
do phtec tap tinh toan cao.

Hinh 1 mo ta téng quat vé cac ky thuat woc tinh
trang thai khac nhau dua trén phan loai cua ching
ciing nhu céc phuong phap tiép can. Phan cudi cua bai
béo chung t6i s& danh gla hi¢u nang cta bo loc thong
qua cé4c tham sb: sai sd binh phuong trung binh goc
(RMSE - Root Mean Square Errors), ty 18 tring lip
(Overlap Rate), do chinh xac (Accuracy) va thoi gian
bam bat cac ddi twong.

Ute tinh
trang thai

Déng Tinh

M hinh Mo hinh
tuyen tinh phi tuyen

- Utie tinh d& quy tdi | | - EKFE

thigu. - UKF.

-Uge  tinh binh | | - H-infinity Filter
phurong nhd nhét. - PE.

- B§ loe Kalman

- Uée tinh vudng nho
nhiit. )
- Lip trinh tuyén tinh

Hinh 1. Phan loai ky thuat woc tinh trang thai
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Noi_dung con lai cta bai bao dugc t6 chuc nhu
sau: phan 11 1an lugt md ta bo loc Kalman mé rong, bo
loc Kalman c6 chon loc va bo loc hat; phan I, trinh
bay cac budc phat hién va theo vét chuyén dong trén
video; két qua thuc nghiém dwoc trinh bay trong phan
IV nham so séanh hiéu nang cia cac bg loc va cudi
cuing 1a két luan cua bai bao.

. BOLOC WPOC TINH TRANG THAI

Cac phuong phap pho bién nhat dé udc tinh trang
thai dong thuoc vé nhdm uéc lugng Bayes, bao gom
cac bo loc EKF, UKF va PF [3], [12], [5]. Déi Vi cac
ung dung theo ddi ddi tuong trang théi dich phat trién
theo md hinh thoi gian riéng biét sau [13]:

X, = f (x-1.w1) ©)

Trong do x« la vector trang thai ¢ thoi gian hign tai
va Wi & nhiéu trang. Cac quan sat tuong déi thuong
duoc md ta bai mot moé hinh khac nhu sau:

Z, :h(xk)+vk )

Trong d6 z 1a vector quan sat va v, ciing 1a nhiéu
trang doc 1ap véi wy; f va h la cac ham phi tuyen.

V6i mot tap céc quan sét Z, [ {zj,i=1...k}, ham

mat do xac suat p(xg|Zx_1) o thé biéu thi nhu sau:

p(xk[Zk-1) = f P (xk[xk-1) P (xk—11Zk-1) dx_; (3)

Trong d6 mat do chuyén tiép p(xk|xk—1) dwoc

xac dinh bai (1). Tur (3), ap dung quy tic Bayes, mat
d6 xac suat hau nghiém cé thé dugc tinh theo:

p(Zklxk)p(Xklzk—l) 4)
p(zk |Zk—1)
Trong d6 mau sé 1a mot hé sé duoc chuin héa theo
G)va p(z, | X, )phu thuge vao (2).

P(%1Z)=

P(%1Z1) = [ p(z % )P(X 1 Z ) dx ()

Cong thae (3) va (4) 1an luot 1a dy doan va cap
nhat trang thai cua cong cu wéc tinh Bayes.

A. B¢ loc Kalman mg rgng

Bo loc Kalman m¢ rong ban dau dwoc xay dung
cho 16p hé théng tuyen tinh véi tac dong cua nhiéu
Gausian. Tuy nhién co thé dat hiéu suét tbt dol véi hé
thong phl tuyén bang cach ap dung khai tnen Taylor
gilp mo ta hé thong ph| tuyén boi céc xap xi tuyén
tinh. Trudc hét tai mdi budce, dao ham riéng Jacobian
tirng phan Fy, Wy, H phai dugc tinh nhu sau [3], [13]:

o
Fk(vj) = 6X (Xk 110)
i,j afi o 6
Wk( ) :E(Xk 1,0) ©)
oy oh
H = x —(%)

Uéc lugng tién nghiém X, va sai s6 higp phuong
sai P, theo (7) va (8) véi Qi 12 ma tran hiép phuong
sai cua nhiéu trang thai.

% = f(X.,0) (7)

P =FPR,FR +W.Q W, 8

Vi Ry 1a ma tran hiép phuong sai caa nhiéu quan
sat, quy trinh hiéu chinh str dung d6 lgi Kalman K, dé
tinh toan wéc luong hau nghiém X, va sai sé higp
phuong sai Py nhu sau:

K, =P HS* 9)
% =% +K (z,-2) (10)
R=R - KkSkKII (11)
Trong d6 S, =H,P H/+R_ va thuat ngi

(z,—12,) voi z, =h(X, ) 1a su khéc biét giia phép
do thuc so vai du doan.

Y tugng cua thuat toan loc Kalman mé rong duoc
trinh bay nhu trong hinh 2 dya trén viéc tuyén tinh hoa
céc chuyén dong phi tuyén va cac ham do luong.

Mot khuyet diém cua thuat toan nay la vigc tuyen
tinh hda cac md hinh dong va cac hé théng phi tuyén
co thé dua ra 16i trong wdc tinh trang thai. Trong mot
s6 truong hop bo loc c6 thé gay ra do léch cao cho
ham phi tuyén.

Khai tao
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Hinh 2. Luwu dé thuat toan EKF
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B. B¢ loc Kalman c6 chon loc

Trong UKF, tuyén tinh hoa bac nhat cia EKF duoc
thay thé bang bién doi c6 chon loc (UT - Unscented
Transformation) [14].

Cho wdc tinh trang thai X véi kich thude n va sai

s6 hiép phuong sai P; 2n+1 diém sigma Xj va trong
s lién quan W; cia UT duoc tinh nhu sau [12] - [14]:

Yo =X WOZﬂ/(rH—ﬂ’)

X = >?+(./(n+,8) P)_ w,=[2(n+8)]" @2

X = %=+ AP} W, =[2(n+5)]"
Trong d6 i = 1,...,n va S la tham s6 diéu chinh

moment ctia Xap xi (voi phan phdi Gaussian n+ £ = 3).

Thuat ngir ( (n+p) p)_ la cot hodc hang tha i cua can

bac hai ma tran P. |

_Dé thyc hién viéc uoc tinh véi UKF, tir (12) cac
diém sigma twong doi duoc tao ra tir w6c tinh tién
nghiém X, ,. X, va B, duoc du doan véi UT nhu
sau:

X =T (%) fori=o,..2n (13)
X = iWixfk (14
Ro= 2 W% [ % ] (15)

Str dung md hinh quan sat va cac diém sigma mai
trong (13), phép do du kién ciing dugc tinh toan:

Z, =h(x;,) fori=0,...2n (16)

) =8 wz., 17)

i=0
Sau @6 hiép phuong sai S va twong quan chéo Cy
duoc tinh nhu sau:

2n
Sk:Rk+§Wi[Zik- 2kIZik' 2kj (18)
Ck_zﬂ?i\ik_xkl‘?ﬁk_zkr (19)

Uéce tinh hau nghiém f(k va hiép phuong sai Py

cudi cung duoc cho bai (10) va (11) giéng véi EKF
nhung d6 lgi K, dugc cho boi:

K,=CS;* (20)

Tom lai, thuat toan loc Kalman c6 chon loc 1a mét
su m& rong truc tiép cua phép bién do6i UT bao gom
cac qua trinh khéi tao, du doan va hién thuc hoa nhu
duoc trinh bay trong hinh 3. UKF khdng dua ra bat ky
gia dinh ndo Ve tinh phi tuyén cua trang thai hogc mo
hinh do lueong, do @6 n6 phu hop dé wéc tinh cac bién
trang théi trong céc truong hop phi tuyén cao.

4 Y

Khai tao
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Hinh 3. Luwu dé thuat todn UKF

~Gidng nhu EKF, bo loc Kalman c6 chon loc chi c6
thé duoc sir dung cho cac mé hinh cé nhidu Gaussian
Dé uéc tinh trang thai véi cac cac mo hinh nhiéu
khong phai Gaussian can st dung bd loc hat dua trén
phuong phap Monte Carlo.

C. Bd loc hat

Bo loc hat 1a trién khai thyc t& cua cong cu wéc
tinh Bayes dé quy sir dung mé phong Monte Carlo [5].
Uu diém chinh cua cac b loc ndy 1a cd thé dp dung
cho ca hé thong tuyén tinh va phi tuyén vai bat ky
phan phéi xc suat nao.

Trong PF, vé phai cua (4) c6 thé duoc xap xi bang
tong trong sb sau:

N
p(xk |Zk)» é. WLd(Xk' XL) (21)
i=1

Trong d6 cac mau X, duoc rit ra tu

q (XL | Xf<_ iy Zk) va cac trong sb duoc tinh nhur sau:

Wk u Wk- 1 i i
q(xk [ X 1 Zk)
Khi N = oo, phép xap xi (21) c6 xu hudng tién dén
p(X, |Z,). Viéc trién khai pho bién nhat cua PF la
bo loc SIR (Sampling Importance Resampling) [13].

(22)
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Trong trudng hop nay mat do chuyén tiép phu thuoc
vao md hinh trang thai:

a(% 1% 12)= P(X [%1) (23)
Céc trong sb don gian dugc dua ra bai phép do:
w, 1 p(z %) 24 ‘ -

Vao cu0| mdi lan lap, thuat toan SIR thuc hign
budc Iay mau lai dé loai bo cac hat c6 trong sb rat
thap, va sau do tao ra cac hat méi co trong so tuong
duong tir cac mau con lai.

Dy doén cua bo loc SIR bao gdom viéc tao ra hat
méi tr cac hat truse do bang cach sir dung (1) va cac
mau duogc rut ra tir pdf caa nhiéu trang thai. Sau do,
ngay khi c6 mot phép do méi, tir md hinh quan sat (2)
ban cap nhat duoc thyuc hién tinh toan cac trong so
(24), tir @6 lay ra gia tri gan dung (21). Cac hat cuoi
cuing duogc ghép lai cho lan lap tiép theo [5], [13].

Bo loc hat la mot cong cu udc tinh phi tuyén hoan
toan dya trén xac suét, n6 khong dua ra bat ky gia dinh
nao vé loai nhleu lien guan, khdng tuyén tinh héa hé
thong phi tuyén. Luu do thyc hién cta bo loc hat duoc
thé hién nhu trong hinh 4. Khuyet diém cua PF 13 do
phirc tap tinh toan cao doi hoi cau hinh phan ctng
manh va tén nhiéu thoi gian thuc hién.

Khéi tao

_L Hinh 5. M6 hinh theo vét déi tirong chuyén déng
Dy dodn :
! Lay mau (21), (22), (23) E
I e e S J
‘Hiénthychea ¢ T
! Tinh toan, chudn hoa cic gid H
E tri trong s6 (24) E
[}

Hinh 4. Luwu dé thuét toan PF

. PHAT HIEN VA THEO VET DOI TUQNG
CHUYEN PONG

Phét hién vat thé chuyén dong va theo vét chuyén
dong la cac thanh phan quan trong cua nhiéu tng dung
thi giac may tinh, bao gém nhan dang hoat dong, giam
sat giao thong va an toan 0 t0. Qua trinh phat hi¢n va
theo vét chuyén dong trén video c6 thé duoc md ta
nhu hinh 5.

Di tugng chuyén dong s& dugc phat hién boi thuat
toan trir nén [2], [15] dua trén cac md hinh hon hop
Gaussian. Cac hoat dong hinh thai duoc ap dung cho
mit na nén dé loai bo nhidu. Cudi cung phan tich blob
phat hién cac nhém pixel dugc két ndi, cac nhém nay
c6 kha ning twong ng véi cac ddi twong chuyén
dong. Hinh 6 chi ra sy khac bi¢t cua két qua hai qua
trinh trir nén truc tiép va trir nén c6 ap dung cac
phuong phép loai nhiéu & khung anh thi 121 trong
video Atrium.mp4. Hinh 6. (a) 4nh gdc, (b) trer nén truc tiép, (c) loai nhidu
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Su lién két cua cac phat hién dén cing mot doi
tugng chi dua trén chuyen dong. Chuyén dong caa
mbi dbi tuong theo vét duoc wdc tinh bai cac bo loc
(EKF, UKF va PF). B loc duoc st dung dé du doéan
vi tri cua dbi twong theo vét trong mdi khung hinh va
xac dinh kha nang cac phat hién nay dugc chi dinh cho
tirng Vvét. Trong bat ky khung cu the nao, mot sd phat
hién c6 thé dugc chi dinh cho cac vét, trong khi mot sb
phat hi¢n va vét khac co thé van chua dugc chi dinh.
Céc vét da chi dinh duoc cap nhat biang céch su dung
nhung phét hién tuong tng, s6 con lai duoc danh dau
v hinh. Mot phat hi¢n chua duoc chi dinh s& bit dau
mot cho mot vét méi. Mdi doi tugng dugc theo vét s&
glu mét s6 luong khung hinh lién tiép, néu dbi tuong
roi khoi khung hinh hay bi che khuat trong nhiéu
khung lién tiép ching s& bi x6a di.

IV. KET QUA THWC NGHIEM

Trong phan nay, chdng t6i s€ thuc hién céc thi
nghiém dé danh gia hi¢u nang cua ting bo loc déi véi
bai toan theo vét doi twgng. Toan bg thi nghiém dugc
thuc hién trén Matlab 2019a véi co so dir liéu (CSDL)
ldy tir nhitng bo dir liéu noi tiéng [16], [17], [18], va
[19]. Pay la nhitng doan video cé kich thudc, do dai
va tdc do khac nhau nhu thé hién trong bang 1.

_ Dé danh gia két qua ching t6i sir dung céc tham
s6: RMSE cho bai (25) [20], [21], ty I¢ triing 1p (26),
d6 chinh xac cho bai (27) va thoi gian du doan.

N
24:' 1

Véi X',y la gia tri du doan va x, y la gia tri thuc
cia N mau quan sat (theo 2 truc x, y trén khung anh).
S6 mau quan sat cing chinh 1a s6 dbi tuong dang duoc
theo vét tren mdi khung anh, RMSE s& duoc Iy trung
binh khi xem xét trén toan b video. Gia tri RMSE
cang thap cho thay thuét todn du doan cang chinh xac.
RMSE=0 khi gia tri du doan tring véi gia trj thuc.

2 2

RMSE =

_area(S)narea(S") (26)
overlap = area(S)uarea(S’)
accuracy = area(S) narea(S ) @7)

min(area(S),area(S")

Véi: area(S) la ving doi Juong thuc (dugc phat
hién bing phuwong phéap trir nén) va area(S ) la vung
déi twong du doén, nhiing viing nay dugc xac dinh dva
trén mot khung chir nhat bao quanh déi twong nhu
duoc md ta trong hinh 7.

(25)

Béng |. Dac diém vé co sé dif liéu md phdng
. Kich thwéc | Podai | Toc do
Video | CLDL | "4 (gidy) | (khungls)
AVG-
TownContre | [171 | 540 960 30 15
Viewl [16] | 576 x 768 17 30
Samplel + Nhiéu kich . .
Sample 9 [19] thuéc 11+301 | 24+30
MOT17-04 | [18] | 540 x 960 70 15
Atrium Matlab | 360 x 640 19 30
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Hinh 7. Sai sé dw doan va thuc té

1 Ving ddi twong thuc
3 Vung dai du doan

A. So sanh RMSE va thoi gian du doan

Thi nghiém nay thuc hién udc tinh trang thai cua
bo dao dong Val Der Pol (VDP) [22] bang céc thuat
toan EKF, UKF va PF. VDP la b6 tao dao dong phi
tuyén duoc mo ta bang mot phuong trinh vi phan bac
hai theo thoi gian (28); vai x la toa d6 vi tri theo thoi
gian tva mila tham s6 v huéng biéu thi d6 phi tuyén:

- m(l- x )—+ x=0

H|nh 8 trinh bay ket qua udce tinh trang thai cia cac
thuat toan EKF, UKF va PF so véi trang thai cua dao
dong thuc trong 101 mau (thuat todn PF dugc thuc
hién 1an ot v6i 500 hat va 10000 hat). Co thé dé
dang nhan ra rang ca ba bg loc déu cho thay kha nang
du doén tét ddi vai chuyén dong phi tuyén.

(28)

Hinh 8. So sanh két qua wdc tinh trang thai cua cac bé
loc véi dao déng VDP

Bang Il. So sanh tham sé RMSE va tdng thoi gian
thure hién cda céc thuét toan EKF, UKF, PF

B3 loc RMSE tﬁﬁﬂghf?ﬁ' I(Silaa;)
EKF 0.0328 0.0390
UKF 0.0310 0.0349

PF 500 hat 0.0304 0.0841
PF 10000 hat 0.0302 0.4640

Dé phan tich rd hon két qua cua cac thuat toan nay,
bang II trinh bay céc tham s6 so sanh RMSE va tong
thoi gian thuc hi¢n du doan cia thi nghi¢m trén. Theo
d6 chang toi nhan thay rang thuat toan EKF cho kha
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nang du doan thap nhat (RMSE Ién nhat), thuat toan
PF c6 kha nang du doan tét nhat (s6 hat cang tang du
doén cang chinh xac) nhung thoi gian thuc hién cua
PF lai 16n hon nhiéu so véi EKF va UKF.

B. Theo vét chuyén dgng trén video

Trong thi nghi¢m nay ching t6i ap dung mo hinh
theo vét doi tuong chuyén dong nhu da trinh bay trong
phan 111 véi cac bo loc khac nhau. Cac két qua theo vét
chuyén dong duoc thé hién nhu trong hinh 9, 10 va 11
rng vei ba thuat toan EKF, UKF va PF (300 hat). Cac
tham sb danh gia: RMSE, ty I& trang lap va do chinh
xac cua ba thuat toan dugc trinh bay trong bang 111 véi
tat ca video trong CSDL.

Hinh 10. Két qué theo vét chuyén déng véi UKF

. . ; . Hinh 11. Két qua theo vét chuyén déng véi PF
Hinh 9. Két qua theo vét chuyén déng véi EKF n et qua theo vet chuyen dong vol

Bang Ill. Hiéu nang cda cac thuat toan theo vét ddi turong chuyén déng
EKF UKF PF
Video
RMSE Overlap |Accuracy | RMSE Overlap | Accuracy RMSE Overlap | Accuracy

Samplel 9.9426 0.6688 0.7500 7.6325 0.6493 0.7379 2.7864 0.7717 0.8690
Sample2 5.1721 0.8097 0.8642 41821 0.8038 0.8614 2.1365 0.8753 0.9330
Sample3 11.2638 | 0.6870 0.7851 9.1636 0.7242 0.8224 6.4488 0.7938 0.8817
Sample4 12.0099 | 0.6905 0.7517 6.7882 0.7020 0.7685 3.7955 0.8160 0.8961
Sample5 17.9189 | 0.5868 0.6845 | 10.7511 0.6666 0.7684 6.7430 0.8024 0.8871
Sample6 9.0871 0.6797 0.7644 6.7445 0.7238 0.8127 3.6140 0.8548 0.9188
Sample7 145291 | 0.6184 0.7144 9.4168 0.6782 0.7794 5.0025 0.7990 0.8847
Sample9 145516 | 0.6022 0.6983 9.8756 0.6469 0.7486 5.8887 0.8013 0.8866
Wiewl 14.2602 | 0.6169 0.7054 8.8915 0.6669 0.7638 4.2151 0.8102 0.8917
Atrium 7.3311 0.6644 0.7610 5.7918 0.6945 0.7968 4.9399 0.7598 0.8601
Mot17-04 8.9450 0.7017 0.7992 7.0271 0.7407 0.8371 4.8381 0.8005 0.8855
Trung binh | 11.3647 | 0.6660 0.7526 7.8423 0.6997 0.7906 45826 0.8077 0.8904

Tir hinh 9, ¢6 thé nhan thiy bo loc Kalman mé rong
cho két qua bam bat kha tét khi thuat toan trir nén hoat
dong hiéu qua (déi tugng 2 va 3). Trong mot sb truong
hop b loc nay cho dé léch cao (d6i twong 1) dan dén cac
tham s danh gia thip tai bang I11. Trong hinh 10, b6 loc
Kalman c6 chon loc bam déi tuong rat tét (d6i twong 2, 9,
10 va 16). Véi ddi tuong 3 (thuc chat la 2 ngudi nhung
c6 clng quy dao chuyén dong), tai cac khung anh 9 dén
13, két qua bam ddi tuong bi léch do lic nay c6 su tring
lap giita ddi tueong 3 va ddi twong 17. Con trong hinh 11,
bo loc hat hoat dong rat tét trong ca 3 ddi tugng, Mac du
& mot s6 khung anh, d6i twong 1 d4 bi che khuét boi tan
cay.

Dua trén cac tham s6 danh gia RMSE, ty I¢ trung lap
va d6 chinh xac dugc trinh bay & bang Ill, ching ta cé
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thé nhan thay rang thuat toan theo vét chuyén dong véi
bo loc hat cho két qua tét nhat trong tat ca cac treong hop,
cu thé RMSE = 4.5826 thip hon nhiéu so véi EKF
(11.3647) va UKF (7.8423) trong khi d6 chinh x&c trung
binh dat dwoc la 89%. Thuat toan EKF cho két qua kém
nhét véi ca 3 thong s6 RMSE, Overlap rate va Accuracy.

Nhu vay véi két qua cua hai thi nghiém trén, chang ta
c6 thé nhan thiy rang thuat toan theo vét ddi twong Vi
bo loc hat cho hiéu niang cao nhat véi do chinh xéac dén
89%, d6 chinh xac cua UKF va EKF lan luot 1a 79% va
75%. Tir két qua dat duoc trong bai béo nay cing cac
nghién ctiu lién quan chdng t6i rat ra wu khuyét diém cua
ba b loc nhu dugc trinh bay trong bang V.
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Bang IV. U - khuyét diém cda céc bo loc

Bd loc Uu dém Khuyét diém

e Phu hop cho hé | e Phai tuyén tinh hoa
théng phi tuyén. md hinh chuyén dong.
EKF[7] |e Thuc hién duoc [ C6 thé gay ra do
[23], [24] |ngay ca khi thay |léch cao.

d6i cau trdc lién |e Chi sir dung véi md
két. hinh c6 nhidu Gaussian.

e Khong cin |e Céc diém sigma
tuyén tinh héa mo |duoc chon mot cach xac
UKF [4] |hinh chuyén dong. |dinh.

[25], [26] |e Hiéu suit cao |e Chi sir dung v6i mod
trong cac hé thdng |hinh ¢ nhidu Gaussian.
phi tuyén.

e Dochinhxacrit [e Do phuc tap tinh
tbt cho cac hé théng | toan cao.

phi tuyén cao. o Kh6 thyc hién.

e CO thé 4p dung
cho cac mo hinh cé
nhidu khong phai
Gaussian.

PF [10]
[27], [28]

V. KET LUAN

Bai bao da trinh bay cac ket qua nghién cau va thi
nghiém vé cac thuat toan theo vét dbi tuong chuyen dong
trén video véi ba bo loc EKF, UKF va PF. Két qua duoc
danh gla qua cac tham s6 RMSE, ty I¢ trung I4p, d6 chinh
xé4c va thoi gian dy doan da cho thiy hi¢u nang cua ting
bo loc. Toan bo qua trinh thi nghiém déu thuc hién trén
Matlab 2019a véi cac video cua nhidu bo CSDL khac
nhau. Tur két qua ghi nhan duoc co thé ho tro phuc vu
trong cac nghlen ctu vé diéu khién luu leong giao thong,
theo ddi giam sat ddi tugng, an ninh quédc phong gitp hoc
vién cao hoc c6 nhiéu co s¢ dé lya chon va ap dung trong
cac nghién ctu sau nay.
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PERFORMANCE EVALUATION ALGORITHMS
TRACKING MOVING OBJECTS

Abstract: Objects tracking plays an important role in
surveillance systems, and accurate tracking and
prediction results make the system more efficient. This
article presents some research results of tracking
algorithms for moving objects in videos. First, moving
objects are detected by the background subtraction
algorithm. Then, the filter is applied to all moving objects
in order to get an estimated location. The filters applied
include: Extended Kalman filter (EKF), Unscented
Kalman filter (UKF) and particle filter (PF).
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