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HINH TRI TUE NHAN TAO VA TRICH RUT
DAC TRUNG
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Cuc Ky thuat nghiép vu - B6 Cong an

Tém tdt- Trong bai bao nay, ching t6i trinh bay mot dé
Xuat vé& giai thuat bam cac ddi twong ngudi va phuong tién
giao thong duya trén nhan dang ddi tugng boi mé hinh tri
tué nhan tao, két hop phwong phap trich xuét dic trung
HOG (Histogram of Oriented Gradients) cua déi tugng can
duoc nhan dang dé tao ra cac vector dic trung HOG, cac
vector dic trung HOG dugc st dung lam dau vao cho giai
thuat bam ddi twong dé xuat. Tiép do, giai thuat bam doi
tugng sir dung cac bo loc Kalman, két hop giai ma tran
duong dan téi vu Hungarian dé duy tri viéc bam cac dbi
twong cua khung hinh truéc va khung hinh hién hanh, va
du doan cac ddi tuong dugc bam trong khung hinh ké tiép.
Giai thuat dé xuit duoc tién hanh thir nghiém trén tap dir
litu MOTChallenge MOT16, dugc danh gia so vai 2
phuong phap gom CLEAR MOT sir dung céc chi tiéu
MOTA, MOTP, MT, ML, Flag; va Identity sur dung cac chi
tiéu IDP, IDR, IDF1. K&t qua thir nghiém dat duoc tét hon
S0 véi cac giai thuat OUTTrack _fm_p, MAT, Hugmot,
XJTU di cong bd trude d6. Két qua dat duoc c6 do chinh
xé&c bam déi tuong theo cac tieu chi MOTA, MOTP, MT,
Flag ML lan luot 12 75.6%, 81.7%, 304, 31 va 1.8; va theo
cAc tidu chi IDP, IDR va IDF1 l4n luot dat duoc Ia 81.5%,
72.7% va 76.8%.

Tir khoa- Bam dbi tuong, nhan dang, trich rat diac
trung, HOG, MOTChanllenge, CLEAR MOT, Identity.

l. GIOI THIEU

Trong khi cac mé hinh tri tué nhan tao nhu YOLO,
CAFFE, ONNX... dugc xay dung tap trung cho muc tiéu
nhan dang va phan loai ddi twong, thi viéc bam cac ddi
tuong duoc nhan dang thé hién mot khia canh phic tap hon
cuia bai toan “thi gidc may tinh”, boi mot thuc té rang cac
dbi tuong thay ddi rit da dang va phong phi vé hanh déng,
mau séc, kich thudc theo thoi gian va khong gian ma ddi
twong Xuat hién. Vi vay, tly vao timg bai toan bam doi
twong cu thé ma phai giai quyét mot trong cac yéu to bt loi
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nhu d6i twong bi che khuét boi mot hodc nhiéu déi twong
khac, hinh anh dbi twong bi bién dang, mat nén cua ddi
tuong nhiéu xao tron, chiéu sang vao déi twong bién ddi,
chuyén dong nhanh, khung hinh bi mo do chuyén dong,
quay ngoai mat phang, quay trong mat phing, do phan giai
thip hay d6i trong ngodi tim nhin. Dé ting cudong kha niang
khéc phuc cac kho khian nay, cac giai thuat bam ddi twong
hién nay tap trung vao viéc xtur ly truc tiép cac ddi twong
Xut hién trong cac khung hinh dé trich rat dic trung cta
dbi tugng nham phan loai, chan doan, nhém, nhan dang va
phét hién. Phuong phap trich xuat dac trung duoc sir dung
dé thu duoc cang nhiéu thong tin c6 thé vé hinh anh, ky
thuat nay dugc xem Ia mot thach thic Ion hién nay [1]. Co
mot sb thuat toan duoc sir dung dé trich xuét cac dic trung,
goém phan tich thanh phan chinh PCA [2], phan tich gia tri
ky di SVD [3] va phuong phap HOG [4-7]. Trong phuong
phap PCA va SDV, dau tién chiing tinh toan ma tran hiép
phuong sai cua tap dir liéu, sau d6 chon mot sé co so tryc
giao nhat dinh dé xay dung mét khong gian con co kich
thudc twong dbi thip hon so vai tap dir liéu gdc, nhung nd
chi biéu thi thdng tin toan cuc cua dbi tugng ma khong xem
xét théng tin cuc bg, do d6 dan dén ty 1¢ nhan dang thap
hon. Phuong phéap Histogram of Oriented Gradients (HOG)
la mot ki thuat mé ta tinh nang phd bién trong thi gidc may
tinh va xir Iy hinh anh. N6 phan tich su phan b cac huéng
canh trong mot d6i tugng dé mo ta hinh dang va dién mao
ctia d6i teong d6. Phuong phap HOG bao gdm tinh toan do
Ién va huéng cua gradient cho mdi pixel trong mét hinh
anh va sau do chia hinh anh thanh cac 6 nho.

Trong bai bao nay, chiing toi d& xuat giai thuat bam ddi
tuong dua trén nhan dang sir dung mé hinh tri tué nhan tao
va trich rt dic trung d6i trong theo phuwong phap HOG dé
tao ra cac vector dac trung HOG. Cac vector déc trung nay
duoc sir dung 1am dau vao cho giai thust bam d6i trong dé
xuit. Tiép do, giai thuat bam ddi twong st dung cac bo loc
Kalman, két hop giai ma tran duong dan téi vu Hungarian
dé duy tri viéc bam cac ddi tugng ciia khung hinh truéc va
khung hinh hién tai, va du doan cac déi trong dwoc bam
trong khung hinh ké tiép.

Giai thuat cia chiing toi nham giai quyét nhitng han ché
clia cac phuong phap truyén théng nhu MIL [8],
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BOOSTING [9], MEDIANFLOW [10], TLD [11], KCF
[12], GOTURN [13], vd MOSSE [14], nhiing phuong phap
nay thuong gap kho khan trong viéc xir ly cac tinh hudng
phtic tap nhu che khuét, bién d6i nhanh vé hinh dang va
kich thudc, hoac bién dbi anh séng. Bang viéc ap dung tri
tué nhan tao dé chinh xac xac dinh viing va phan loai dbi
tuong, giai thuat caa chdng téi cho phép mat trich xuét dic
trung dang tin cdy hon, tir d6 nang cao d6 chinh xac trong
viéc theo dbi ddi twong qua céc khung hinh. Yéu cau cho
mo hinh Al trong phuong phap cua ching toi 1a phai dugc
huan luyén mot cach ky ludng, véi kha nang thich @ng cao
d6i véi cac thay doi vé dbi tuong va méi truong. Két qua
cua giai thuat co thé dat do chinh xac rat cao, nhat Ia khi
md hinh dugc tinh chinh riéng biét cho timng loai ddi tugng
cu thé. Viéc chon lya va phat trién cac dic trung anh pha
hop, trong d6 dac trung HOG déng vai tro trung tam, 1a yéu
t6 quan trong quyét dinh dén hiéu qua cua toan bo qué trinh
theo ddi, gop phan vao viéc cai thién do nhay va kha niang
phén biét cia m6 hinh Al trong moi trudng dong.

1) Nhgn dgng doi turong

Khéi "Nhan dang d6i tuong" trong biéu d6 st dung md
hinh Deep Neural Network (DNN), cu thé Ia mot phién ban
cai tién ciia mang YOLO dé phan tich va nhan dang d6i
tugng trong hinh anh [15]. M6 hinh nay hoat dong dya trén
mét chudi cac phan tich phuc tap, thyc hién qua nhiéu 16p
mang no-ron, mdi lp c6 dac diém va chire nang khac nhau.
CAc cai tién &p dung cho mé hinh bao gém viéc diéu chinh
kich thuéc anh dau vao tir 416x416 xudng con 208x208
diém anh dé tang toc do xir ly. Ngoai ra, sé 1op tich chap
trong khdi Residual duoc giam tir 8 xudng con 6 va s lop
tich chap 2D dugc giam tir 5 xudng con 3. Nhimng thay doi
nay nham muc dich téi wu hoa hiéu suat tinh toan ma van
duy tri do chinh xac can thiét trong viéc nhan dang doi
tuong. Mo hinh da duoc huan luyén sir dung mot tap dir
liéu 16n da dugc dén nhén, cho phép nd hoc va nhan dién
cac dbi twong hiéu qua hon. So dd giai thuat thuc hién cac
chire nang cua khdi DNN duoc thé hién trong hinh 2.

N Y JTA N rar s LR 2 Khung hinh 3
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su dung mo hinh tri tué nhan tao va trich rut dac trung doi Thut hién khi Thut hién tich chap 2D | Cac 16p dy doan d6i tugng co
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loai cac dbi twong trong anh. Tir két qua nhan dang, "Trich
rit dac trung HOG" dugc thuc hién, noi cac thong tin vé
huéng va d6 16n cia gradient duoc sir dung dé tao ra céc
vector ddc trung gitp cai thién d6 chinh xac cua viéc theo
ddi hozc nhan dién tiép theo caa dbi twong. Cudi cung, hé
thong xu 1y két qua tdng hop tat ca dit liéu va "Bam dbi
tuong" dé theo ddi sy di chuyén cua ddi tuong qua céc
khung hinh tiép theo. Quy trinh nay khéng chi cung cap
cach tiép can tong thé trong viéc nhan dang va theo ddi doi
tuong ma con phu hop véi nhiéu ang dung trong thuc tién
nhu giam sat an ninh, phén tich hanh vi, va nhiéu hon nira.
Diém ndi bat trong quy trinh nay c6 ba khéi xir Iy quan
trong nhat 1a: nhan dang dbi twong (DNN), trich rt dic
trung HOG, va bam ddi tuong s& duoc trinh bay chi tiét
trong phan tiép theo cua bai bao: myc 2.1. Giai thuat thyc
hién; muc 2.2. Thir nghiém va danh gia; muc 2.3. Két luan.

Il. NOI DUNG CAN GIAI QUYET

A. Gidi thugt thyc hién
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Hinh 2. So do gidi thudt thue hién cdc chire ndng ciia DNN

2) Trich rut dac trung HOG

Pau ra cua khdi "Nhan dang ddi tuong" (DNN) bao
gdm mot danh sach cac dbi tugng dugc phat hién, cling vai
thong tin chi tiét nhu toa do, kich thudc ving chiém gii,
diém sé phan loai, va chi s loai d6i twong. Dya vao cac
thong tin nay, mdi dbi twong dugc xac dinh s& duoc cit ra
thanh maot anh con tir anh dau vao. Mai anh con nay sau dé
dugc sir dung dé trich xuét dic trung HOG (Histogram of
Oriented Gradients). Qua trinh nay bao gém viéc tinh toan
cac gradient (46 dbc) theo hudng va cudng do tai mdi diém
anh, va sau d6 tong hop cac thong tin nay thanh mot vector
dic trung. Vector dic trung HOG nay mang day du thong
tin vé hinh dang va cu trc cua déi twong trong khdng gian
anh, hd trg cho viéc nhan dién va theo ddi ddi twong trong
cac bugc xiur Iy tiép theo.
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Tinh toan toc d¢ bién thién (gradient) cia cac diém anh
theo 2 phuong ngang (x) va doc (y): thuc hién viéc loc voi
2 tap hé s6 Hx (cho phwong ngang x) va Hy (cho phuong
docy). Hx = [-1, 0, 1], Hy = [-1, O, 1]. Goi A la mang dix
liéu diém anh 2 chiéu c6 sé cot Nx = 64, va s6 hang Ny =
128. Tap gié tri téc do bién thién theo x (cot), goi la Gx.
Tap gia tri tbc d6 bién thién theo y (hang), goi Ia Gy. Gx va
Gy ciing 1a cac mang dir liéu 2 chiéu c6 cuing sb hang va sé
cot vai A, va dugc tinh theo cong thac (1) va (2) [16].

Gx=Hx*A=[-101]*A
-1
y=Hy+*A=|0]|*A
1

Vi anh dau vao 1a RGB véi 3 kénh, nén cac mang A, GX,
Gy s& 1a cac mang dir liéu v6i 3 kénh, mdi kénh c6 2 chiéu.
Sau khi Gx, Gy duoc tinh toan, cac tap dit liéu vé bién do
va goc huéng cua toe do bién thién s& dwoc tinh theo cac
cbng thac (3) va (4) [16].

Gm = \/Gx * Gx + Gy * Gy
G
GO = arctan (_y)
Gx

Vi mdi anh c6 3 kénh nén gié tri I6n nhét trong 3 gia tri cua
mdi phan tir trong mang bién d6 G va goc Ge & dugc chon
dé tao ramang dit liéu gm max va angle max cho céc buge
Xt ly sau.

Anh con dau vao
kich thudc bat ky

v

Thay d&i kich thuGc thanh
64 x 128 di€ém anh

v

Tinh t&c dé bién thién cac diém anh
theo 2 phuong ngang (x) va doc (y)

v

Tinh bi€u d6 bién thién cta
cac 8 8 x 8 di€m anh

v

Chuan héa céac gia tri bién thién
theo cac 6 16 x 16 diém anh

v

Tinh bi€u dé cua vector dic trung
gia tri bién thién dinh hudng

Hinh 3. So d6 gidi thudt thire hién trich rit dic trung HOG

O
8x 8
thw 13

Hinh 4. Anh gm_max Hinh 5. 4nh angle_max
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(4)

Gm cell: 13
17 7 6 6 22 | 37 | 29 74
9 5 6 12 19 | 24 | 45 37
4 8 10 | 13 | 17 | 25 | 63 36
3) 3 2 12 12 20 38 81 27
1 2 3 7 8 51 78 26
7 4 1 7 5 31 | 69 43
14 5 7 3 22 30 50 49
23 7 6 3 7 14 | 35 60
Bang 2. Cac gia trj géc cua 6 thir 13
Angle cell: 13

Tinh biéu d6 bién thién cua cac 6 8 x 8 diém anh dé xéac
dinh phan bd bién do bién thién theo khoang géc: Cac anh
gm_max va angle max duoc chia thanh cic 6 8 x 8 diém
anh. Véi kich thude 64 x 128 diém anh, s& c6 128 6 kich
thude 8 x 8. Vi mdi 6 8 x 8, s& tinh dwoc mot biéu dd bién
thién bién do theo 9 khoang gdc (9 bins) tir 0° t&i 180° véi
gia tri bat dau caa mdi khoang 1a: 0°, 20°, 40°, 60°, 80°,
100°, 120°, 1400, 160°.

. Dé khong mat tinh tong quat, chon 6 8 x 8 thur 13, gia
tr1 bién d6 va goc tai mdi diém anh cua 6 nay duoc hién thi
nhu Bang 1, 2.

(2)

Bang 1. Cac gia tri bién do cua 6 thir 13

25 54 43 | 42 22 | 45 22 45
51 30 47 52 14 | 56 | 49 50
57 51 36 | 55 | 45 | 24 | 52 50
30 38 39 57 50 | 54 | 20 57
44 52 19 54 | 47 | 52 | 50 40
29 46 25 | 35 | 48 | 54 | 46 45
37 23 43 | 34 | 50 | 51 | 51 50
45 36 56 | 32 | 47 | 28 | 40 35

Goi 6 8 x 8 bat ky cua gm_max 1a gm_max_8x8, 6 8 x
8 cua angle_max la angle_max_8x8. Nguyén tic tao biéu
d bién thién nhu hinh 6 cho mdi 6 8 x 8 nhu sau:

Tai vi tri x4c dinh (i, j) cia mang angle_max_8x8, kiém
tra gia tri géc xem cach can bién dudi va can bién trén bao
nhiéu d¢, va tinh ti 1& % khoang cach dé so véi 20°. Khoang
cach cang gan thi ti 1& cang Ién. Vi du, tai vi tri (0,0), gia tri
géc 1a 259, cach can bién dudi 20° 1a 5° va can bién trén 40°
la 15°. Theo ti 1€ %, thi 5° twong ung véi 100% - 5/20 =
75%, va 15° twong tring véi 100% - 15/20 = 25%.

Cling tai vi tri xac dinh (i, j) cua mang gm_max_8x8,
ldy gié trj bién do nhan vai 2 ty 1é % cuia goc tai vi tri twong
ung, cho 2 gid tri twvong duong va4i can bién dudi va can
bién trén cua goc. Vi du tai vj tri (0,0), gid tri bién do6 la 17,
tuong (ng Véi can bién dudi ta co giatri 1 =17 * 75.00 %
= 12.75, twong (ng véi can bién tréntaco giatri 2 =17 *
25% = 4.25
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Ap dung phuong phap trén cho 64 diém anh ctia mdi ,
sau do tinh tong gia c4c gia tri bién d6 tai mdi khoang goc.
Cudi cung, s& c6 mot vector 9 phan tr cho mot & 8 x 8. Ap
dung twong tu cho toan b6 128 & 8 x 8 cila mang gm_max
va angle_max, ta s& c6 mot tap hop 128 vector 9 phan tir
biéu di&n phan bé bién do bién thién theo khoang goc. Dir
liéu thé hién trén hinh 6 1a két qua cua tap hop 128 vector
9 phan tir biéu dién phan bd bién do bién thién theo khoang
g6c, tir vector thir 1 dén vector thir 9 ¢6 cac gia tri tuong
@ng lan luot 1a 5.85, 221.50, 694.35, 482.30, 0.00, 0.00,
0.00, 0.00, 0.00.

1000
500

0
123456789

Hinh 6. Biéu dién phdn bé bién dg bién thién theo khodng
géc

Chuan héa céc gid tri bién thién theo cac 6 16 x 16 diém
anh: Cac ddi twong xuat hién trén anh cé thé bién doi vé
kich thuéc va bi thay ddi vé chiéu sang phu thudc vao vi tri
db6i twong theo khong gian va thoi gian. Nhimg thay déi nay
cling s& dan dén sy thay ddi vé cac gia tri bién do bién thién,
dan dén nhiing anh hudng d6 chinh xac cua viéc trich rit
dic trung. Dé tdi thiéu nhitng anh huong nay, céc vector 9
phan tir nay s& duoc chuan héa theo kich thudc céc 6 16 x
16 diém anh. Phuong phép thuc hién nhu sau:

Tap hop 128 vector 9 phan tir duoc t6 chic thanh mot
mang dit liéu gdm 16 hang x 8 cot. Mai phan tir cia mang
1a mot vector 9 phan tir. Tao mot cira s6 gom 4 6 lién ké
nhau gém 2 hang x 2 cot. Tir cira sd ndy tao ra mot vector
36 phan tir bang cach ghép 4 vector 9 phan tir cua 4 6 lién
k&. Mai phan tir cia vector 36 phan tir duoc chuin hoa theo
).

Xi

f 35
i=0 Xi * Xj

Tiép tuc dich ctra s6 di mot cot theo chidu ngang téi khi
s6 cot bang 7, thi quay lai cot ddu véi s hang tang 1én 1 toi
khi s6 hang bang 15. Mdi lan dich cira sé s& tao ra mot
vector 36 phan tir duoc chuan hoa. Qua trinh nay lap lai dén
khi s6 cot bang 7 va sé hang bang 15. Téng cong sé tao ra
7 x 15 = 105 vector 36 phan tu.

llx: 1l =

Ghép ndi tiép 105 vector 36 phan tir tao dwoc tir budc
trén, s& tao ra mot vector 3780 phan tir. Vector 3780 phan
tir nay 1 biéu d6 HOG cua anh d6i twong duoc chon.

3) Bdm déi twong
Béam déi tuong dugc thuc hién dya trén cac nguyén téc sau:
- Tap dbi twong dugc bam dugc khoi tao 1a tap ddi
tuong dugc nhan dang tai khung hinh dau tién, moi doi
tuong nay dugc gan mdt s6 dinh danh duy nhat.
- V6i cac khung hinh tiép theo, néu ddi tugng bam &
khung hinh truéc duge tim thay & khung hinh hién tai, thi
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s6 dinh danh cua d6i tuong tiép tuc duoc duy tri va dac
trung cua ddi tugng dugc cap nhat voi dac trung méi.

- Vé6i cac khung hinh tiép theo, néu doi trong bam ¢
khung hinh trudc khong dugce tim thay 6 mot so khung hinh
lién tiép tiép theo, ddi tugng bam dwoc két luan 13 da bi
mét. Dic trung cla dbi tugng bi mét duoc duy tri tiép mot
) khung, sau d6 s€ duoc xd6a khoi danh sach.

- V6i cac khung hinh tiép theo, néu c6 ddi tugng nhan
dang méi va khong tim thay trong danh sach cac doi tuong
da bam, thi d6i tuong duge xem 1a ddi twong bam moi.

Thong tin dwoc sir dung cho viéc bam dbi tugng bao
gom: vi tri ddi twong va ving chiém giir, vector dic trung
HOG, va diém phan loai d6i tugng. Cac thong tin nay cé
duogc tir budc nhan dang ddi twong DNN va trich rat dic
trung HOG d3 mo ta & trén.

Viéc so sanh va xac dinh quan hé gitta cac ddi tuong
giita cac khung hinh lién tiép nhau (duoc tim thay hoic
khong duoc tim thiy) dua trén cc co sé toan hoc sau:

- Gia tri phép do twong ddng cosine [17] (dcos) giita cac
vector dic trung cia cac di twong. Gia thiét 2 vector A va
B ¢6 kich thudce 1a n, gia tri cosine gifra 2 vector nay duoc
tinh theo (6, 7):

) = 5.(4,B) = =2
cos(9) = ,B) = ————
‘ A1l - 1|1 BII
_ ILAB ©)
\/2?:1‘41z ’ \/Z?zl Bi2
dcos = 1.0 — cos(6) = 1.0 — S.(4,B) @)

- Gia tri phép do IoU [18] (Intersection over Union) cho
thdy su twong ddng (align) gitra ving ddi twong hién hanh
va ving ddi tugng da bam duoc. Goi ving dbi twong hién
hanh 13 A, ving ddi tugng da bam dwoc la B, gi4 tri loU
duoc tinh theo (8).

(IoU) =

©,0) x1a

d(ANB)
d(AUB) (8)

X1b x2a x1b

G . s

Hinh 7. Ving chira cic doi twong can bam
Gia sir ving ddi tugng A va B nhu hinh 7, trong do:
v' i tugng A ¢6 viing chiém giix duoc xac dinh boi
toa do (X1a, Y1a) va (X2a, Y2a); doi tuong B co vung
chiém gitr dugc xac dinh bai toa d6 (X1b, Y1b) va
(X2b, Y2b).
v VUng giao cta A va B dugc xac dinh boi 2 toa do
(X1b, Y1a) va (X2a, Y2b)

v Dién tich ving dbi twong A: d(A) =
(X2a - X1a) - (Y2a- Yla)
v Dién tich ving d6i tuwong B: d(B) =

(X2b - X1b) - (Y2b - Y1b)
v Dién tich ving giao cia A va B: d(AnB)
(X2a — X1b) - (Y1b — Y1a)
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v Dién tich vang hop cua A va B: d(AUB) =
d(A) + d(B) — d(A N B)
v Vagidtri lou s la: d(loU) = 370

Giai bai toan tim anh xa ti uu gitra cac ddi tuong duoc
nhan dang cua khung hién hanh va cac déi tugng da bam
duoc ¢ khung trude do, sir dung giai thuat Hungarian [19].
Gia str c6 mot danh sach A gom n cac d6i tuong duoc nhan
dang cua khung hién hanh, va mot danh sach B gdm m déi
tugng da bam duoc cua khung thir nhat. Lap mot ma tran
¢6 kich thuéc m hang va n cot 1a D[m x n], trong d6 cac
phan tir 1a d twong ddng cosine dcos hoic gié tri d(loU)
gita mdi ddi twong dugc nhan dang va mdi dbi tuong da
bam duoc. Biéu dién todn hoc ma tran D nhu (9):

dAlBl dAIBZ dAan
dAZBl dAZBI dAZBn
dAmBl dAmBl dAmBn

Bai toan duoc giai véi didu kien m = n, trong truong
hop m # n, hoac mét s6 hang hoac mét sé cot dugc thém
vao dé dat dugc m = n véi cac phan tir ¢6 gié tri khoang
cach mac dinh I6n nhét. Cac gié tri d4ip; hoac s€ la gia tri
dcos hodc s€ la gia tri d(loU).

Giai thuat Hungarian duoc st dung dé tim kiém nhanh
sa0 cho tong cac gid tri d;g; 12 nhd nhat véi diéu kién chi
c6 nhiéu nhat 1 gia tri trong mdi hang va mdi cot tham gia
Va0 tong nay, nghia 1a khong c6 tir 2 gia tri tro 1én cling
hang hoac cung cot.

Trang thai da biét Bu'dc du doan:

trudc (khdi tao) — Pt : —> Dy doan céc gia tri
‘ k—1k-1 ké tiép
PA k-1

ke—k+1 Xk|k—1
Cac gia tri do
Py P Budc cap nhat: -
Xk |k So sanh gi tri dy Y .
‘ doan vdi gia tri do

Dua tra trang thai
. tinh todn

Hinh 8. So do tong qudt thue hién bé loc Kalman

v’ Gia tri khoang cach cosine dcos dugc tinh toan dya

trén vector HOG caa mdi déi twong

v’ Giatri d(loU) dugc tinh toan duya trén vi tri va ving

chiém gitr ctia moi doi tugng.

v Diém phan loai dugc st dung dé lam ngudng xac dinh
hoic bo qua hodc chip nhan déi twong khi lap ma tran D.

- Ap dung bd loc Kalman [20-21] dé du doan vi tri cua
d6i tugng dugc bam trong khung hinh ké tiép dwoc mo ta
nhu hinh 8. Bo loc Kalman s& sir dung dac trung HOG cua
cac ddi twong hién tai va dic trung HOG cua céac di tuong
trong khung hinh quéa khir dé du doan dic trung cia doi
tuong ¢ khung hinh ké tiép tuwong ng véi mot hop bao
quanh du doan. Khi dén khung hinh ké tiép, cac hop bao
quanh du doan duoc so sanh véi cac hop bao quanh phéat
hién dugc thong qua ma tran (9).

SO 04 (CS.01) 2024

Tir cac co s toan hoc trén, ching toi xay dung so do
thuc hién bam ddi tugng nhu hinh 9. C6 thé thiy, so d6 bam
ddi twong 1a qua trinh 13p lai tir khung hinh thi 2 t6i khung
hinh cudi cung. Tai budc cudi caa chu trinh, danh sach déi
tuong dugc bam s& dwoc hién thi hoic duoc sir dung dé
kiém tra cac diéu kién xur 1y khac nhu phén tich hanh vi,
danh gia mic 6 nghi vén,... va sau d6 s& dugc luu ra mot
tap khung hinh riéng biét dé phuc vu cac nghiép vu chuyén
nganh khéc.

Khdi tao bd loc Kalman cho tap d6i
twong cla khung hinh dau tién

A
Xay dwng ma tran D gilta tap d6i twgng khung hinh hién hanh va |
tap d6i twong d3 bam cta khung hinh trudc st dung dcos

A
Chay gidi thuat Hungarian dé tim ra anh xa
t8i wu gilra 2 tap d6i tugng

)

\
Kiém tra anh xa t8i wu dé xac dinh céc cip déi
tuwong phu hop hoic 13 déi twgng méi

A\
Néu cé cdp d6i tugng phu hop thi duy tri s6 dinh danh d6i
twong va cap nhat dic treng. Néu cé ddi twong mdi, thi khéi
tao b loc Kalman cho d8i twgng méi dé.

A
Xay ding ma tran D gitta tp d6i twong khung hién hanh va tap
d6i twgng dau ra bo loc Kalman st dung d(loU)

A
Chay gidi thuat Hungarian dé tim ra anh xa
t8i wu gilra 2 tap d6i tugng

\
Kiém tra anh xa t8i vu dé xac dinh xem déi tugng
c6 dugc tim thay hay khong?

\
Né&u khéng tim thay d6i tugng trong mot vai khung lién
ti€p thi xéa d6i twgng ra khdi danh séch bam

\
Pua ra danh sach d6i tugng dugc bam
va danh sach d&i tugng d3 mat dau

Hinh 9. So do gidi thudt bam doi twong
ll. TH NGHIEM, PANH GIA

M3i giai thuat thuc hién bam dbi tugng chung t6i da dé
xuit déu dugc thir nghiém véi cac dir lidu tiéu chuan dé
danh gia dwoc hiéu qua va do chinh xac. Cac dit liéu tiéu
chuén 12 tuan tu anh cua cac video dugc thu cé chu dich
trong nhiéu diéu kién khac nhau vé chiéu sang, mat do déi
tuong, goc nhin thay ddi, ti 1& dbi trong thay ddi, c6 sy che
khuat giita cac ddi twong, thay doi do phan giai,. ..

Céc thir nghiém vé cai thién toc do do xir Iy dugce danh
gi& trén mot méy tinh chay hé diéu hanh Windows 10, chip
Intel Core i7, toc d6 CPU 2.2 GHz, 8GB RAM, vdi card
man hinh NVIDIA GeFore GTX 1050 Ti 4GB Memory.
Céc anh duoc thir nghiém lan luot chira céc tap s luong
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ngudi, phuong tién giao théng, khudn mat va bién sb khéc
nhau nhu Bang 3. Bang 3 cho thay hiéu qua téc do xu ly
c4c tap s6 lugng ngudi, phuong tién giao thong, khudn mat
va bién s6 caa mé hinh d& xuat. Kiéu anh dau vao dé tha
nghiém gom c6 03 kiéu, kiéu anh thir nhat gém 48 doi
tuong nguoi, 1 déi tugng xe 6 16, 7 ddi tuong xe dap; kiéu
anh thir hai gom 7 ddi twong nguoi; Kiéu anh thir 3 gom 56
khudn mat nguoi. Két qua cho thiy higu qua toc do tinh
theo ty 1 % cua md hinh YOLOv3 dé xuét cao hon so voi
md hinh YOLOV3 géc lan luot theo ting kiéu anh dau vao
la 25%, 20% va 31%.

Bang 3. Hiéu qua toc do xii 1y cAc tap so heong nguoi,
phuong tién giao thdng, khuén mgt va bién so cia md

hinh dé xudt

Mo Hiéu

2, . YOL;O hinh Al qua
Kiéu anh doi tugng v3 goc f gk £ an
(FPS) cai tien | toc do

(FPS) | (%)

48 doi twong nguoi, 1 doi
tugng xe 0 t0, 7 doi tugng xe

10.2 Tang

81fos | tos | 25%

215 Tang

18.1 fps fos 20%

305fps | 402fp | Lo

Pé danh gia hiéu qua cia cic mo hinh bam dbi tuong
trong cac khung hinh, théng thuong cdc nhém nghién ciu
str dung tap di liéu MOTChallenge [22], tap dir liéu KITTI
[23], tap dir liéu HiEve, tap dir lieu TAO dé danh gia theo
tung tiéu chi. Trong bai bao nay, ching toi st dung tap di
lieu MOTChallenge dé danh gia hiéu qua va do chinh xéac
ctiia m6 hinh d& xuat véi mot s6 md hinh tét nhat duoc cong
bé tai https://motchallenge.net boi dir liéu dung dé huan
luyén cho cac mo hinh bam dédi tugng cé cac dac tinh nhu
dbi tugng bi che khuét bai mét hoic nhiéu déi twong khéc,
hinh anh dbi tuong bi bién dang, mat nén cua déi twong
nhiéu x4o tron, chiéu sang vao d6i tugng bién dbi, chuyén
dong nhanh, khung hinh mod do chuyén dong, quay ngoai
mit phang, quay trong mat phang, ¢ phan giai thap, ngoai
tam nhin.

Trong tap dir liéu MOTChallenge, ching t6i st dung
hai phuong phap danh gia 1a Clear Mot va phuong phap
Identity. D& khong phu thudc vao kiéu tap dir liéu, ching
t6i sir dung cac tham s6 TP, TN, FP, FN, MOTA, MOTP,
MT, ML, Flag cho phuong phap Clear Mot; cac tham sé
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IDP, IDR, IDF1 cho phuong phap phuong phap Identity
[23].

- TP (True Positives): S dbi trong duge xac dinh 1a ¢,
va thyc té 1a c6. Gia tri TP cang cao cang tét.

- TN (True Negatives): S6 dbi twong dugce xac dinh 1a
khdng c6 hodc mat dau, va thuc té 1a khdng c6 hoic mat
dau. TN cang thip cang tot.

- FP (False Positives): S6 ddi tuong duoc xac dinh 1a
¢6, nhung thuc té khdng c6. FP cang nho cang tot.

- FN (False Negatives): S dbi tuong dugc xac dinh 12
khong c6 hodc mét dau, nhung thyc té 1a c6. FN cang nho
cang tot.

- MOTA (Multiple Object Tracking Accuracy): Do
chinh xac bam nhiéu ddi twong, dugc tinh theo cac tham sb
nhu s6 151 dwong FP (False Positives), s6 16i am FN (False
Negatives), s lan thay ddi dinh danh dbi twong IDSW, va
téng sé déi tugng thuc GT (Ground Truth). Tiéu chi nay
cho thay do chinh xéc gitra cac d6i tuong bam duoc va cac
d6i tuong da dugc dan nhan. MOTA cang cao cang tot.
Cdng thirc tinh MOTA nhu sau:

FN + FP + IDSW
GT

- MOTP (Multiple Object Tracking Precision): D§
chinh xac bam nhiéu déi twong, dugc tinh theo sb dém cac
d6i tugng phu hop trong cac khung hinh d_(t,i) va sé dém
cac ddi twong dwoc dan nhén c_t. Tiéu chi nay cho thiy do
chinh xé&c cuia phan nhan dang dbi twong cua giai thuat bam.
MOTP cang cao cang tét. Cong thirc tinh MOTP nhu sau:

Leide

tCt
- IDP (ID Precision): D6 chinh xac dinh danh ddi tuong,
dugc tinh theo céc tham sé nhu sb 16i duwong dinh danh
IDFP (ID False Positives), s6 dinh danh dang IDTP (ID
True Positives). IDP cang cao cang tt. Cong thirc tinh IDP
nhu sau:

MOTA=1-

(10)

MOTP = (11)

IDTP
IDP = ——"
IDTP+IDFP

(12)

- IDR (ID Recall): D6 chinh xac phat hién d6i twong,
duoc tinh theo cac tham sb nhu s 16i dinh danh &m IDFN
(ID False Negatives), s6 dinh danh ding IDTP. IDR cang
cao cang tét. Cong thire tinh IDR nhu sau:

IDTP
IDR = ——
IDTP+IDFN

- IDF1 (ID F1 Score): Piém dinh dang F1, cho thay do
chinh xac phét hién di tuong so véi téng sé dbi tuong dan
nhin va ddi twong duogc tinh todn. IDF1 cang cao cang tot.
Cong thue tinh IDF1 nhu sau:

(13)

2-IDTP

T L " 2.IDTP + IDFP + IDFN
IDP IDR

IDF1 =

(14)

- MT (Mostly Tracked): Ti I¢ s6 quy dao bam diing so
V6i s6 quy dao duoc dan nhan tai it nhat 80% s6 khung hinh
thir nghiém. MT cang cao cang tét.
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- ML (Mostly Lost): Ti I& s6 quy dao bao mét so véi s6
quy dao béo mat dugc dan nhan tai it nhat 10% sé khung
hinh thir nghiém. ML cang nhé cang tét.

- Flag: Tong s6 lan cac quy dao bi phan doan do viéc
bam dbi twong tao ra so vai it nhat 80% sb quy dao dugc
dan nhan. Flag cang nho cang tét.

Chung t6i st dung phuong phap Clear Mot va Identity
dé danh gia mo6 hinh bam d6i tugng do chung t6i dé xuat.
MGi phuong phép sir dung 07 tap dit liéu duge danh sé thir
tu Mot16-02, Mot16-04, Mot16-05, Mot16-09, Mot16-10,
Mot16-11, Mot16-13 sau do6 14y gia tri trung binh theo ting
tiéu chi danh gia. Cac gia tri trung binh nay duoc so sanh
Vi cac gia tri twong tng cia 04 mo hinh da dugc cong bd
trén muc Public cia MOTChallenge tai dia chi
https://motchallenge.net/results/MOT16/ ngay 31/5/2024,
duoc thé hién tai Bang 4.

Bdng 4. So sanh két qua thir nghiém ciia mé hinh dé xudt
Vi cac mo hinh da cong bo

Tiéu chi danh gia
g};‘;‘;‘; Giai thuat '\T"g 'Y'FF? IDP| IDR| IDF] MT| ML] Flag
0, 0, 0, 0, 0, 0,
06 | oy | @] 0] 00| 06|06 00
Mohinhdé | 26 | g17 304|31 | 108
Xuat
CLEA| OUTTrack | o9, | 755 283|145 2.6
R fm p
MOT | MAT 67.6 | 736 188|202 62.3
Hugmot 645 | 70.5 216 208| 3.5
XJTU 644 | 705 220 204] 3.6
M hinh de 81.572.7/ 76.8
Xuat
Identit it’nTgraCk 75.561.3/ 67.5
Y 'mMAT 81.260.8/69.5
Hugmot 75.7|53.5| 62.7
XJTU 75.9]53.8] 62.9

Trong phuong phép Clear Mot tai Bang 4 cho thdy, md
hinh dé xuét c6 do chinh xac bam nhiéu dbi tuong dat dugc
theo hai tiéu chi vé do chinh xac bam déi tuong MOTA va
MOTP lan luot 14 75.6% va 81.7% va céc gi4 tri MT, Flag
ML lan luot 1a 304, 31 va 1.8.

Trong phuong phap ldentity tai Bang 4 chung t6i dua ra
3 tiéu chi dé danh gia, so sanh v4i cac mé hinh da duoc
cdng bé trén muc Public caa MOTChallenge cho thay, mo
hinh dé xuit c6 d6 chinh xac dinh danh d6i tugng IDP, d6
chinh xac phét hién ddi twgng IDR, IDF1 lan luot 12 81.5,
72.7, 76.8. Céc két qua nay cho thdy do chinh xac bam déi
tuong, dinh danh di twong va phét hién dbi twong cua md
hinh d& xuét t&t hon so v6i cac mod hinh OUTTrack_fm_p,
MAT, Hungmot va XJTU da cong bd trude do.

Théng qua viéc so sanh cac tiéu chi cta hai phuong
phép néu trén cho thay, mé hinh dé xuat trong bai bao nay
dat duoc @6 chinh xac trong bam, phét hién va dinh danh
d6i twong tir cac khung hinh cho két qua tot, phd hop ap
dung cho cac hé thong truy vét ddi twong. Két qua nghién
ctru nay c6 thé dwa vao tng dung trong nhiéu linh vyc cua
doi sdng xa hoi, dac biét 1a trong linh vyuc an ninh qubc
phong.
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IV. KET LUAN

Phuong phap bam ddi tugng da dé xuat da gop phan giai
quyét bai toan hd tro con ngudi trong viéc theo ddi cac ddi
tuong bang “nhin may”, gitp giam céng suc va thoi gian
theo dbi thu cong, tdng cudong do chinh xac do khéng phu
thudc vao dac tinh sinh hoc ciia mat nguoi theo ddi nhu
nhin l1au moi mat, mat tap trung, giam su chinh xac,... hd
trg tot cho cong tac diéu tra, truy vét doi twong can giam
sat. Cac két qua dat dugc nhu d6 chinh xac bam ddi tuong
MOTA va MOTP lan luot 12 75.6% va 81.7% va cac giatri
MT, Flag ML lan luot 12 304, 31 va 1.8; do chinh xac dinh
danh d6i twong IDP, phét hién d6i twong IDR va IDF1 lan
luot 12 81.5%, 72.7% va 76.8%. C6 thé thdy mé hinh dé
Xuit cho két qua khé tot so véi céc giai thuat khéc & hang
muc Public cia MOTChallenge, nhung do s lugng dit liéu
huan luyén con & miic han ché nén chét lugng chua dwoc
cao. Hudng phat trién tiép theo sé tiép tuc thu thap dix liéu
& nhiéu diéu kién moi truong khac nhau dé huan luyén mo
hinh tri tué nhan tao cho phéat hién ddi twong hiéu qua hon,
tir 6 s& nang cao chat luong giai thuat bam ddi tuong dé
phu hop &p dung cho céc hé thdng truy vét dbi trong tng
dung trong nhiéu linh vuc doi séng x& hoi, dac biét 1a trong
linh vyc an ninh, quéc phong.

LOI CAM ON
Nghién ctru nay duoc tai trg boi Dé tai nghién ciru khoa
hoc ma sé CNC.2021.A06.01.
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PROPOSING SOLUTION FOR OBJECT
TRACKING BASED ON IDENTIFICATION
USING ARTIFICIAL INTELLIGENCE
MODEL AND OBJECT FEATURE
EXTRACTION

Abstract: In this article, we will present a proposal for
a technique that tracks people and vehicles based on object
recognition using an artificial intelligence model,
combined with the targets’ special extraction method
named HOG (Histogram of the orientation gradients) to
create some HOG feature vectors, this HOG feature vectors
are used as an input for the proposed object tracking
algorithm. Then, the object tracking algorithm used the
Kalman filters, combined with solving the Hungarian
optimal path matrix to maintain tracking objects of the
previous frame and the current frame, and predict the
objects sticking in the next frame. The proposed algorithm
was tested on the MOTChallenge MOT16 data set,
compared to two methods including CLEAR MOT using
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the criteria, namely MOTA, MOTP, MT, ML, Flag; and
Identity uses the IDP, IDR, IDF1 criteria. The experimental
results achieved are better than the previously published
OUTTrack_fm_p, MAT, Hugmot, XJTU algorithms. The
achieved results have object-tracking accuracy according
to MOTA, MOTP, MT, and Flag ML criteria of 75.6%,
81.7%, 304, 31 and 1.8 respectively; and according to the
IDP, IDR and IDF1 criteria achieved 81.5%, 72.7% and
76.8% respectively.
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Nguyén Vin Tai, nhan bing tét
nghiép DPai hoc Giao théng van tai
Ha Nbi nim 2006, nhan bang thac si
Pai hoc Bach Khoa Ha Noi nam
2010. Anh bit ddu lam nghién ciu
sinh tai Hoc vién Cong nghé Buu
chinh vién théng vao nam 2017 va
nhan bang Tién si Ky thuat dién tir
vao nam 2022. Huéng nghién cuu
cua anh bao gdm éng dan song nano plasmonic, trudng dién tir
Va truyén séng va nghién ciru trong linh vuc phong chéng toi
pham s dung cdng nghé¢ cao.

Lé Xuin Hung, nhan béng tot
nghiép dai hoc nam 2004 tai
Trudng Dai hoc Giao théng van
tai Ha Noi, nhan bing thac si
nam 2020 tai Pai hoc Bach Khoa
Ha Noi. Hudng nghién ctu cia
anh bao gém théng tin quang, xt
ly dir liéu, hoc may, tri tué nhan
tao.
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