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TOM TAT— Hién nay, hé thong giao théng dieong bé ciia nueée ta da dwoc cdi thién dang ké. Bén canh viée xdy dung dirong sd
mdi, dat chudn hién dai thi viéc quan Iy, gidm sdt giao thong ciing duoc tang cuong. Nhiéu hé théng camera dé theo doi tinh hinh
giao théng két hop véi gidm sdt an ninh dé dwoc ldp dat. Pd 6 ngdy cang nhleu ung dung khai thac dir liéu tir hé théng gidm sdt
nay nhuw tinh toan mdt do luu thong, dém luu luong xe, nhdn dang bién so, do toc dg xe. Viéc xdc dinh vin téc ciia xe tir hinh dnh
camera quan sat da dwoc nghién ciru trudc ddy, thuong dua trén két hop cdc phirong phdp mdy hoc aé nhdn dang xe va sir dung
thudt toan Meanshift hodc Camshlﬁ dé theo déi doi twong va bo loc Kalman d@é dw dodn di chuyén va vin téc ciia xe. Bdi bdo nay sé
trinh mét phwong phap xdc dinh téc @¢ chuyén dong ciia xe tir hinh anh video v&i mot “khung do” dwoc thiét Igp trén mét sé
phuong phap co ban cua xi [y dnh nhu phiwong phdp trie nén dé phat hién doi twong chuyén dong, sir dung phép toan trung binh c6
trong s6 dé d dodn huwéng di chuyén va van téc cia doi twong. Viéc cai dat va thir nghiém da cho thdy dg chinh xdc va tinh kha thi
ciia phirong phdp ndy ld hodn todn cé thé dwa vao img dung thiec té.

Tir khéa— Khung do, téc do di chuyén, nhdn dang doi tiegng, trung binh cé trong s6, phirong phdp trir nén.
1. GIOI THIEU

Hién nay, viéc x4c dinh téc d6 xe chu yéu dwoc thyuc hién béi cac co quan chirc ning véi muc dich kiém tra toc
d6 cua xe dang luu thong trén dudng bang cach st dung moét thiét bi chuyén dung trong nganh dé xac dinh toc do cua
Xe, tuy nhién phuong phap trén cé nhiéu han ché nhu ton kém chi phi cho viéc mua thiet bi va nhén luc dé st dung.

Vi sy phat trién manh mé cua cong ngh¢ thong tin, viéc xac dinh tdc d6 xe hoan toan co thé thuc hién bdi mot
thiét bi camera thong thuong voi gi thanh ré hon, c6 kha nang xu 1y trén nhidu xe ctng lic trén mot dién rong va duoc
thyc hién mdt cach ty dong. Hon nita, nhu cAu xéc dinh téc do cta xe khong chi phuc vu trong co quan chitrc nang ma
¢6 thé ung dung rong réi trong cac noi khac nhu giam sat toc do phuong tién trong co quan, truong hoc.

Trong bai bao nay, chling tdi trinh bay tong quan vé phuong phap xac dinh tdc do xe qua camera, dé xuit giai
phap xac dinh téc do bang viéc xay dung “khung do” don gian hon nhung khong kém phan hiéu qua.

I1. PE XUAT PHUONG PHAP PO TOC PQ BANG KHUNG PO

1. Thiét 1ap khung do xac dinh vang xir ly

Khung do la mot ving hinh chit nhat duoc xac dinh béng 4 diém danh diu trén lan duong, dung dé xac dinh
kich thudc, vi tri cua vung can giam sat. Tu 4 diém danh diu tao thanh 2 vach gém vach phat hién ddi tugng di vao va
vach phat hién ddi tuong di ra khoi ving do. Khoang cach cua 2 vach twong tng véi chiéu dai thuc té va phuong
huéng cua doan duong can quan sat. Sau khi dbi twong di vao vach dau tién, hé thong s& ghi nhan vi tri di chuyén cta
dbi twgng qua tir frame anh lam co so theo ddi chuyén dong ciia ddi tuong.

Hinh 1. M6 hinh khung do

Céc diém x1, x2, X3, x4 1a cac diém mdc duge quan sat trén lan duodng thyc té, s 1a chiéu dai (mét) cua doan
duong dugc xac dinh.
2. Phat hién chuyén dong bz‘“lng phuong phap trir nén

MJdi mot hinh anh trong video giam sat luén ton tai nén (background) va dbi tugng (foreground), nén 1a khung

canh tinh khong thay d6i, dbi tuong chuyén dong 1a cac ddi tuong co trang thai Vi tri thay d6i trong ting frame anh, cac
dbi twong chuyén dong s& dugc phat hién khi so sanh frame hién tai voi nén, vi vay viéc xdy dung mo hinh nén
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(background modeling) 1a yéu t6 cbi 16 cua phuong phép trir nén, md hinh nén c6 thé duoc xiy dung qua mot hoic
nhiéu frame anh[1].

Y tudng chung ctia phwong phép trir nén:
- X4y dung mo hinh nén tir mot s6 frame hinh anh.

- Dung mo hinh nén dé so sanh véi cac frame khac.

|F; —B| < TH 1)

Trong dé:

o F;: frame thu i

e B: Mo hinh nén duoc xdy dung dya trén n frame

e TH: ngudng xac dinh

Mot s6 phuong phap trir nén: Frame Differencing, Running Average, Running Gaussian Average,...
3. Theo doi nhiéu ddi tweng trong khung do

Sau khi CE:IC dbi twgng di vao khung do, vi tri ctia mdi ddi tuong tai mdi frame déu dwoc ghi nhan lai nhu 1a mot
“lich str di chuyén” cta doi twong. Moi doi tugng khi di vao khung do cdé mdt lich sir di chuyén riéng. Trong truong
hop cé nhicu doi tugng cung ltc di vao khung do, thi moi doi tuwong xuat hién & frame hién tai déu la do mot doi tuong
nao do6 trong qua khir di chuyén dén, vi vay van dé dat ra 1a lam thé nao dé xac dinh mét doi tuong & hién tai thudc vé
mot doi tugng nao trong qua khur [2][10].

Mot hudng tiép can dé giai quyét van dé nay 1a can cir vao lich sir di chuyén cua dbi tuong trong qué khir dé dy
doan vi tri xuét hién cua ddi tuong & frame hi¢n tai, Xét khoang céch cua vi tri du doan voi tat ca cac vi tri thuc cia cac

déi tuong ¢ frame hién tai, néu khoang cach nao nho hon mot ngudng thi cap nhat thém vi tri thuc cua déi tugng dang
xét vao lich str di chuyén trude d6.

3.1. Y twéng ciia phwong phdp

Cho danh dach Leontainer 1uru trit tit ca cac ddi twong da dwoc xac dinh tinh dén thoi diém frame thir i-1, Loe, 12
cac doi tuong méi dugce nhan dang tai frame thir i.

Moi frame 1a mot hinh anh doc 1ap nén cac doi tugng trong Ly, chua duoc xac dinh 1a do d6i tuong nio trong
Leontainer di chuyén téi. Vi van can xac dinh moi lién hé cac doi tuong trong Lyew Va Leontainer -

Goi a la mot ddi tuong trong Leontainer €0 Vi tri duw doan 1la p va a’ 1a mét déi tugong trong L. c6 vi tri thuc 1a q,
a va a’ 1la mot néu khoang cach ctia p va q nho hon mét ngudng cho trudec.

| p—- q| <TH (2)
Trong do:
e TH: ngudng xac dinh
Chu thich:
® O : diém du dodn
p P P i ® : diém thyc
P2 3
® « L ® o p
e
q) Le B U
'S ® o 5§
"
=
0 i-‘ i-‘ i-.: i-l I frame

Hinh 2. Minh hoa dy doén va xé4c dinh dbi tuong

3.2. Dw dodn diém di chuyén ké tiép

V6i mbi frame trén video, ddi twong c6 mot vi tri twong ung, vi tri cua d6i tuong trén frame dugc xac dinh dya
trén d1em trong tim ctia d6i tugng (center point) va dugc ghi nhan lai qua mdi frame 1am co s& cho viée du doan diém
ké tiép (next point) ctia ddi tugng khi & frame tiép theo.



Lam Hitu Tuin, Huynh Phung Toan, Nguyén Thi Héng Nhung, Trdn Cao Dé 145

Q nextpoint

¥<

i-4 i-3 -2 i-1 i
Hinh 3. Hinh hoa dy doén diém két tiép
Trung binh cong c6 trong sd hay sé binh phuong gia quyen 1a mt gia tri trung binh cdng c6 phan anh tam quan
trong cuia cic phan tir (hay gia tri quan sat). Trong d6, mdi mot phan tir s& duogc gan mot trong so.
Trong sb thé hién mirc d6 quan trong ctia phan tir trong mot tap hop phan tir [14].
Cong thuc:
W1X| +WoXg +...+ WXy

X= @)
W+ Wy + .+ W)

Trong do:
e X: la gia tri trung binh
e W;: trong s6 danh gia mirc d6 quan trong cta phan tir thir i
e X;. phan tir thr i
e i: 1a thir tw cua cac phan tir.

Phuong phéap nay thuong duoc ap dung dé tinh toan cac chi sé trong cac bai toan thng ké va cac bai toan danh
gia. Tu y tuong cua phuong phap nay, c6 thé van dé tinh khoang cach di chuyén trung binh ctia doi tugng qua moi
frame va dy doan khoang cach di chuyén cua doi tugng & frame tiép theo.

—_— Yiz1(Pi — Pi-1)*i
P =pit =5 —

i=1

(4)
Trong do:

e P71: vi tri du doan ké tiép thir cua dbi tuong

e p;. vi tri thtr i cua d6i tuong

® Diq: Vi tri thr i-1 ctia ddi tuong

e i: thir tw cla cac vi tri da luu trir trude do.

e n:sb lugng vi tri dd duoc ghi nhan qua n frame.

Céc vi tri po, Py, . Pn 1a mot diy cac diém ma ddi tuong di di qua nhu 1a mot “lich sir di chuyén” thé hién qua
trinh di chuyén cua doi tuong.

3.3. Xdc dinh ciing mét déi twong qua 2 frame lién tiép

Mbdi frame trong video 1a mét hinh anh doc 14p, cung mot déi tuong xuét hién & nhiéu frame s& ¢o nhiing vi tri
khac nhau, vi vay can x4c dinh d6i tugng nay la duy nhét trén tt ca cac frame dwa vao sy thay doi khoéng qua 16n vé
khoang cach ctia ddi twgng nay trong 2 frame lién tiép [2][10].

Bing viéc tinh khoang cach diém dy doan “next point” dua trén “lich st di chuyén” cua ddi tuong & cac frame
trong qua khir va diém “center point” ciia d6i tugng & frame hién tai, néu khoang cach nho hon % d6 dai duong chéo
cta ddi tugng thi xem nhu dbi tuong xudt hién trén 2 frame lién tiép la mot.

Goi Rect 1a hinh chit nhat bao quanh déi tuong O; xuét hién tai frame thtr i, w 1a chiéu ngang, h 1a chiéu cao cua
Rect.

pj = fhistory ©_1) ()

d=lpi-p ©
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2 2
w~ +h
d<——— (7
2
Trong do:

e [ :vitri dudoan ddi twong tai frame thir i-1 xuét hién ¢ frame thir i;

e pj:vitri thuc ddi tuong xuat hién & frame tht i;

e 0,4 dbi tuong ¢ frame thir i-1;

e d: khoang cach cua vi tri thyc va vi tri du doan.

Y tudng nay ciing c¢6 thé hiéu rang diém dy doan nam bén trong long ctia dbi twong dang xét thi thoa yéu cau.

Ut por) Cenlmy poas

Frume i+1 Frome |

Hinh 4. Minh hoa xac dinh déi twong
4. Xac dinh toc dd

Viéc tinh véan tdc qua camera chu yéu dua trén sy thay doi vi tri cia ddi tuong trén trén khung do, mdi khoang
di chuyén trong khung do trén man hinh may tinh duoc tinh bang cac pixel, vi vy cin qua trinh 4nh xa chiéu dai cac
pixel thanh chiéu dai thuc té thong qua ty 18 gitra chiéu dai thuc té s va chiéu dai h ctua khung do.
s

€=z (8)

Trong do:
e C: ty 18 chiéu dai thuc va chidu dai cia khung do:
e s: chiéu dai thuc té (mét);
e h: chiéu dai khung do(pixel).

Hinh 5. Ty 1¢ chiéu dai thuc va chiéu dai khung do

Thoi gian di chuyén ciia ddi tuong dugc tinh dua trén s6 khung hinh dugc phat trong 1 gidy ddi voi xir 1y trén
video hodc duoc tinh bang viéc ghi nhan thoi gian hién tai voi thoi gian xuat hién trude do ciia dbi twong [3].

1
Video: Vt = — C))
fos
Camera: Vt = tcyrent — tprevious (10)

Trong do:

e Vt: thoi gian chuyén doi gitra 2 frame
o fps: s frame trén gidy

® teurent: thoi gian hién tai

® tprevious- thoi gian trudc

Qué trinh tir khi xe bét dau di vao va ra khoi khung do trai qua nhidu frame, mdi frame ghi lai mot vi tri. Viéc
tinh vén toc trung binh dya trén viéc tinh van toc ctia doi tugng khi di chuyén qua tirng cip frame lién tiép.
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Khoang cach di chuyén cta ddi tuong trén 2 frame lién tiép dua trén khoang céch cua diém pi.1(x1,y1) cia ddi
tuong & frame trude va diém pi(X,,y,) 6 frame sau, v6i d la cach cta pjig, p;, ta c6 thé tinh duge khoang cich twong doi
cua doi tugng da di dugc trong thyec te.

d=+/(x; —x1)% + (y2 — y1)? (11)
s=d=*c (12)
v = % (13)
n
i v'
Vavg = l_nl l (14)

Trong do:
e d: khoang céch giita 2 diém pi.y, pi
e C: ty 1¢ chiéu dai
e s: khoang cach da di trong thuc té
e V;: van toc ciia ddi twong di chuyén tir frame i-1 dén frame i
® Vayg: Van tde trung binh
e n: s6 luge van toc do duoc trén khung

Pl #2 3 Fii i

Hinh 6. Tinh vén tdc trung binh cia cac giai doan

I11. KET QUA THU'C NGHIEM VOI GIAI PHAP XAC PINH TOC PQ BANG KHUNG PO
1. Lwu d6 hoat dong co ban nhw sau:
Input: dir liéu tir camera hodc video.

Output: van toc ctia d6i tuong.

< Batdi D
File video
’r_-_‘_l Frame cuoi ‘_ _—_i_f‘—"r:_j Két thie ‘__’

Xétwmg frame

lA,

no
Phat hiem xe

—_ Véo khung do

ves l‘

Tinh vin toc xe tir frame F, den F .

" Phit hida xe —~—
e o khungdo _—

l ves

Tinh vin 1oc rung binh cla xe

}

Hinh 7. Luu d6 hoat dong

2. Thiét 1ap thye nghi¢m:

Dia diém thyuc nghiém tai khu dan cu d6 thi, camera ghi hinh dugc dat ¢ d6 cao 4m, co téc do ghi 25fps/gidy,
kich thuéc video 1a 720x576 v6i dinh dang .mpg. Chiéu dai do dat ciia ving nhan dang 14 12m dwoc danh déu trén lan
duong. Thyc hién 12 lugt chay bé“mg xe md td & cac mure tde do: 30, 40, 50, 60, 70, 80 km/h v&i mirc dao dong +3km/h,
mdi toc do thyuc hién 2 1an chay thu duge 12 video.
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Danh séach cac videos: 30_1.pmg, 30_2.pmg, 40_1.pmg, 40_2.pmg,50_1.pmg, 50 _2.pmg, 60_1.pmg, 60_2.pmg,
70_1.pmg, 70_2.pmg, 80_1.pmg, 80_2.pmg.

Thuyec hién do dat chiéu dai ciia ving quan sat va danh déu cac vi tri, trich xuat hinh anh tir khung do trén video.

~40) Kmm/h

Hinh 8. Trich xuét hinh anh dugc xac dinh bang khung do trén video 40_1.mpg

Két qua phat hién chuyén dong bang phuong phép frame differencing tir anh dugc trich xuat

Két qua ctia viéc du doén vi tri bing phuong phap trung binh c6 trong s6 v6i mirc ngudng dugc xac dinh dya
trén khoang cach tir tim cua do6i tuong dén bién chir nhat bao quanh do6i tuong, diém trong tdm cua doi tuwgng dwoc ghi

Hinh 9. Phat hién chuyén dong

nhan dé x4c dinh vi tri trong qué trinh theo dudng di cta dbi tugng.

Bang 1. Két qua du doan vi tri trén video 40_1.mpg

Stt frame Vi tri thuc Vi tri du doan Khoéng cach N,glr("mg Két qua
(X, y) (X, y) 2 diém x4c dinh (true/false)
71 | {X=89,Y=22} {X=90,Y=18} 4,12 38,85 True
72 | {X=92,Y=25} {X=88,Y=26} 4,12 41,21 True
73 | {X=94,Y=28} {X=94,Y=28} 0 457 True
74 | {X=97,Y=32} {X=96,Y=31} 1,41 49,04 True
75 | {X=100,Y=36} {X=99,Y=36} 1 52,74 True
76 | {X=103,Y=40} {X=103,Y=40} 0 55,87 True
77 | {X=107,Y=44} {X=106,Y=44} 1 59,78 True
78 | {X=110,Y=49} {X=110,Y=48} 1 63,78 True
79 | {X=114,Y=54} {X=113,Y=53} 1,41 68,57 True
80 | {X=119,Y=59} {X=118,Y=59} 1 72,8 True
81 | {X=124,Y=64} {X=123,Y=64} 1 80,12 True
82 | {X=131,Y=70} {X=129,Y=69} 2,24 84,22 True
83 | {X=134,Y=76} {X=137,Y=75} 3,16 91,55 True
84 | {X=140,Y=82} {X=139,Y=82} 1 97,35 True
85 | {X=145,Y=89} {X=145,Y=88} 1 104,31 True
86 | {X=152,Y=96} {X=150,Y=95} 2,24 110,79 True
87 | {X=157,Y=104} {X=158,Y=103} 1,41 119,2 True
88 | {X=164,Y=112} {X=163,Y=111} 1,41 127,39 True
89 | {X=172,Y=124} {X=170,Y=120} 4,47 134,09 True
90 | {X=180,Y=138} {X=179,Y=134} 4,12 138,12 True
91 | {X=188,Y=154} {X=188,Y=150} 4 143,95 True
92 | {X=196,Y=172} {X=196,Y=168} 4 150,21 True
93 | {X=206,Y=190} {X=204,Y=188} 2,83 157,4 True
94 | {X=218,Y=210} {X=215,Y=207} 4,24 164,59 True
95 | {X=228,Y=232} {X=228,Y=229} 3 172,66 True
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Hinh 10. Biéu do biéu dién vi tri du doan va thuc té trén video 40_1.mpg

Két qua cua viéc do van tdc trén video 40 _1.mpg, diém dé xéac dinh vi trf 14 canh bién cta hinh chit nhat bao
quanh xac dinh chu vi cia doi tuong.

Bang 2. Két qua do van tbc trén video 40_1.mpg

Stt Vi tri hién tai Vi tri trwée do Khoang cach | Khoang cach Vin tdc
frame (x, ) (X, ) 2 diém(pixel) | thuec té (mét) (km/h)
69 {X=64,Y=1} {X=56,Y=42} 41,77 1,222537 110
70 {X=56,Y=42} {X=59,Y=49} 7,62 0,223024 20,1
71 {X=59,Y=49} {X=57,Y=56} 7,28 0,213073 19,2
72 {X=57,Y=56} {X=59,Y=63} 7,28 0,213073 19,2
73 {X=59,Y=63} {X=61,Y=72} 9,22 0,269854 243
74 {X=61,Y=72} {X=63,Y=79} 7,28 0,213073 19,2
75 {X=63,Y=79} {X=66,Y=88} 9,49 0,277756 25
76 {X=66,Y=88} {X=68,Y=97} 9,22 0,269854 24,3
77 {X=68,Y=97} {X=71,Y=107} 10,44 0,305561 275
78 {X=71,Y=107} {X=75,Y=117} 10,77 0,31522 28,4
79 {X=75,Y=117} {X=75,Y=127} 10 0,292683 26,3
80 {X=75,Y=127} {X=82,Y=138} 13,04 0,381659 34,3
81 {X=82,Y=138} {X=82,Y=151} 13 0,380488 34,2
82 {X=82,Y=151} {X=86,Y=163} 12,65 0,370244 33,3
83 {X=86,Y=163} {X=89,Y=177} 14,32 0,419122 37,7
84 {X=89,Y=177} {X=95,Y=191} 15,23 0,445756 40,1
85 {X=95,Y=191} {X=97,Y=207} 16,12 0,471805 42,5
86 {X=97,Y=207} {X=102,Y=223} 16,76 0,490537 44,1
87 {X=102,Y=223} {X=106,Y=241} 18,44 0,539707 48,6
88 {X=106,Y=241} {X=112,Y=259} 18,97 0,55522 50
89 {X=112,Y=259} {X=117,Y=280} 21,59 0,631902 56,9
90 {X=117,Y=280} {X=123,Y=303} 23,77 0,695707 62,6
91 {X=123,Y=303} {X=129,Y=327} 24,74 0,724098 65,2
92 {X=129,Y=327} {X=136,Y=353} 26,93 0,788195 70,9
93 {X=136,Y=353} {X=143,Y=382} 29,83 0,873073 78,6
Van tc trung binh(km/h) 41,7
Bang 3. Két qua do van tdc ctia qua trinh thyc nghiém trén 12 video
Video Vin tdc thue (km/h) Vin tbc nhan dang (km/h) Sai s6 (%)
30_1.mpg ~30 35,8 19,33
40 1.mpg ~40 417 4,25
50 _1.mpg ~50 49,5 1
60_1.mpg ~60 59 1,67
70_1.mpg ~70 76,3 9
80_1.mpg ~80 85,9 738
30 2.mpg ~30 28,7 4,33
40_2.mpg ~40 40,5 1,25
50 2.mpg ~50 48 4
60 _2.mpg ~60 56,9 5,17
70 _2.mpg ~70 69 1,43
80_2.mpg ~80 83,2 4
Sai sb trung binh 5,23
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IV. KET LUAN

Phuong phap do tdc dé bang viée sir dung khung do két hop v6i phép toan trung binh trong sé dé dy doan vi tri
c6 cach thirc thuc hién va cai dat don gian, tinh toan nhanh khi xir 1y tryc tiép trén camera, d& dang tiy bién trén nhiéu
lan duong khac nhau trong truong hop camera dugc dac tai vi tri khong thuédn 1gi. Viéc dy doan vi tri va luu vét di
chuyén cua déi twong bang phuong phép trung binh c6 trong sb co thé xac dinh dugce dudng di cia nhiéu ddi tugng
cling ltic trong khung do 1am ting kha nang xir Iy va hiéu qua cua hé thong.

Viéc thuc nghiém cho thdy két qua kha chinh xac véi sai s6 chap nhan dugc, hoan toan c6 thé ng dung phuong
phép nay vao trong thyc tién.

Kha nang do téc d6 ctia nhidu phuong tién clng lic va xir 1y trén camera thong thuong gilp tiét kiém rat nhidu
chi phi khi trién khai vi chi phi cho mdt camera chuyén dung c6 gia thanh rat cao.
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PREDICT THE MOVEMENT AND DETERMINES THE VEHICLE SPEEP
THROUGH THE CAMERA
Lam Huu Tuan, Huynh Phung Toan, Tran Cao De, Nguyen Thi Hong Nhung

ABSTRACT— Currently, road traffic system of our country has been improved significantly. Besides building new roads to modern
standards, the management, traffic monitoring have also been strengthened. Many camera systems to monitor the traffic situation in
combination with security surveillance has been installed. There have been more and more applications of data mining from this
monitoring system as traffic density computing, vehicle traffic counts, number plate recognition, vehicle speed measured... The
determination of the velocity of the vehicle from the image of the CCTV system has been studied before, they often rely on a
combination of machine learning methods for identification and use Meanshift algorithm or Camshift algorithm to track objects.
Use Kalman filter to predict the movement, the velocity of the vehicle. This paper will present a method of determining the speed of
movement of the car from the video image with a "measurement frame" is set on some basic methods of image processing such as
background subtraction method to detect objects motion, using the weighted average calculations to predict the direction of
movement and velocity of the object. The installation and testing has shown the accuracy and feasibility of this approach is entirely
possible put into practical application.
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