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Pai Hoc Hoa Sen H¢ Thong Panh Gia Mdt Bé va Toc Py Giao Thong

TRICH YEU

Ngay nay cac ky thuat dé giam sat giao thong duong bd dya vao cic cam
bién dién tir (sensors) thi c6 gidi han vé kha ning cling nhu khong c6 tinh linh hoat
cao dong thoi gia thanh dé trién khai hé thong nay cao va phuc tap khi thiét 1ap.
Vi su tién bd cua khoa hoc k¥ thuat da c6 nhitng bién phap khac hiru dung hon,
tén it chi phi ciing nhu dé dang cho viéc lip dat d6 chinh 13 sir dung camera két
hop k¥ thuat thi giac may tinh (computer vision) va k¥ thuat xir Iy anh. Hé thong
giam sat giao thong dua vao k¥ thuat thi gidc may tinh va xt Iy anh c6 kha nang
cling cAp nhiéu thong tin vé phuong tién dang luu thong trén dudng nhu ching
loai xe, mau xe, bién s6 xe ciing nhu kha ning tinh toan mat d xe luu thong va

tdc d6 trung binh cia cac phuong tién luu thong trén dudng.

Trong cudn bao cdo ndy s& gi6i thiéu hé thdng gidm sat giao thong sir dung
k¥ thuat trong linh vyc thi gidc may tinh va xir Iy anh. Hé thong ndy c6 kha ning
phan tich cac hinh anh tir cic cameras giao thong tir d6 xac dinh cac thong tin vé

mat do, tc do, cua phuong tién dang luu thong.
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LOlI CAM ON

Nhoém chiing t6i xin chan thanh giri 161 cam on dén giang vién khoa khoa
hoc va cong nghé truong Pai Hoc Hoa Sen la Ths. L& Thanh Tung va Ths.
Nguyén B4 Trung da hudng dan tan tinh va truyén dat nhimg kién thitc chuyén

mon trong dé an nay cho nhoém ching toi.

Tran trong

Nhom thue hién dé an
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NHAP PE

Thoi gian gan ddy, sy gia ting vé tai nan giao thong cling nan ket xe ngdy
cang tré nén nghiém trong tai cac thanh phd 16n nhu Ha No6i, Tp.Hd Chi Minh.
Véi s6 luong phuong tién luu thong trén duong gia ting khong ngimg cing véi
nhirng han ché cua viéc diéu tiét, quan 1y, xtr phat giao théng ciia con ngudi dan
dén véan nan ket xe, tai nan giao thong. Diéu nay giy can trd va lam lang phi nhiéu
thoi gian va tién bac ctia con ngudi va xa hoi.

Tir nhitng diéu trén da dat ra 1 van d¢ burc thiét 1a phai co 1 hé thdng giam
sat giao thong dudng bo trén dudng dé thuc hién viéc quan 1y, diéu hanh, diéu tiét
giao thong trén duong. Hé théng quan 1y giao thong ngay cang dong 1 vai tro quan
trong viéc quan 1y do thi & cac thanh phd 1on.

Hé thong nay sé& thong qua cac camera dit tai cac giao 10, quoc 16 dé truyén
hinh anh vé hé théng phdn mém giam sat thong dat tai trung tim diéu tiét giao
thong. Thong qua cac chirc niang ciia hé thong giam sat ma hé théng c6 thé gui tinh
trang giao théng & cac tuyén dudng cho chu phuong tién hay 14 c6 thé giri thong
tin cac phuong tién vi pham luat giao théng nhu chay qua toc do, sai tuyén... cho
canh sat giao thong.

Muc dich ctia dé an nay 1a nghién ciru so bd phuong phap xay dung lén 1
hé théng gidm sat giao thong va cac thuat toan vé xir Iy hinh anh. Bén canh d6, xay
dung 1 tng dung thyuc té dé hién thirc hoa phuong phap va cac thuat toan vé xir 1y

hinh anh da nghién ctru dugc.
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1. GIOI THIEU

1.1 Téng quan vé dé an

1.1.1 Pham vi dw dn

O @ an nay nhom ching t6i s& nghién ctru cac phuong phap
co ban dé xay dung 1 hé théng giam sat giao thong. Sau do6
chung t6i st dung cac thut toan vé xtr Iy hinh anh ma nhém
nghién ciru duge dé xay dung 1 Gng dung giam sét giao thong
V61 cac chirc ndng co ban nhu sau:

+ Nhéan dang xe dang chay trén duong.

+ Tinh toan van téc xe dang chay trén duong véi truong hop

1 xe luu thong,.

+ Tinh todn mat d§ xe dang cd trén duong tor d6 dua ra cac
canh béo vé cac muc do ket xe nhu: ket xe, sép ket xe, dong xe
va vang xe.

1.1.2 Nhirng gid dinh
Do déy 1a nghién ctru so bd ban dau cho 1 hé théng giam sat
giao thong duong bd phuc tap va do khong c6 day di thiét bi chuyén
dung,vi tri thuan loi dé dit camera quan sat giao thong ciing nhu thoi
gian thyc hién dé an ngin. Do d6, nhém chiing t6i dd dwa ra nhiing
gid dinh duoi day dé giam bot sy kho khan va do phuc tap khi thuc
hién du an nay:

+ Chtrc ning tinh toén toc d6 phuong tién trong dy 4n nay chi

ap dung cho 1 phuong tién duy nhat dang chay dudng.

+ Piéu kién thoi tiét cho xe chay trén dudng dé cho hé thong

¢ thé nhan dang chinh x4c dugc 1a vao budi sang, bong cua

xe trén duong khong qua 16n, khong co gié 16n, khdng mua, it

cay co1 2 bén duong.
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1.2 Heé thong giam sat giao thong duwdng bd (Road-traffic Monitoring)

Giam sat giao thdng duong bo lién quan t6i viéc thu thap dir liéu
mé ta vé cac dic tinh cua cac phuong tién va su di chuyén cua no trén
duodng. S6 luong, van tdc, mat do, chiéu dai, trong lugng, loai phuong
tién 1a dir liéu hiru ich trong hé théng giam sat giao thong dudong bo.

Nhitng dit liéu nay sé dugc dung vao nhitng muc dich sau day:

e Vi pham luit giao thong: xac dinh viéc cac phuong tién chay qua
tbc d6 quy dinh, khong chap hanh luat giao thong, chay sai lan
duong va xac dinh cac phuong tién bi truy tim hay bi mét trom.

e Cong thu phi tw dong: Cic cong thu phi giao thong hién tai bat
cac phuong tién phai dimg va lai xe mua vé qua tram. Vi hé théng
thu phi tu dong thi cac phuong tién s& khong can phai dimg xe. Khi
cac phuong tién chay ngang qua cong thu phi hé théng s& phan tich
va phan loai dang xe (xe tai, xe con, xe buyt...) dé tinh phi qua
tram 1 cach phu hgp. Bang s6 xe s& duoc luu lai va chu xe s& duoc
gui hoa don thanh toan phi qua tram.

e Du bdo ket xe: Cac phuong tién di chuyén voi toc d6 chdm va nbi
doi nhau 1a nhitng dau hiéu canh bao viéc ket xe sép dién ra trén
tuyén dudng. Vi hé théng giam sat giao thong tu dong nhiing
thong tin trén s& dugc gui dén cac tai xé dé cho ho chuyén huéng

khac dé di chuyén.
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Hién nay, dé giam sat giao thong trén dudng bd cac nude trén thé
gidi thuong ding hé théng cam bién dién tu dwa vao ky thuat song
rada, song am (microwave), tubes, loop detectors.

e Radar: Dung thiét bj phat song rada dit trén dudng ta c6 thé do
chinh x4c van téc xe dang chay trén dudng.

e Microwaves: Thiét bi phat ra séng am nay thudng duoc dit &
trén cao va chiéu thing dung xudng mit dudng (trén cau, trén
cac cot dén giao thong). Thiét bi ndy s& phat ra séng am chiéu
xubng dudi mit duong va phan xa lai thiét bi cam bién. Khi 1
phuong tién di ngang qua thiét bi nay thi séng 4m chiéu xudng
mat duong bi dut quang nhd vao diéu nay thi phuong tién dugc
phat hién boi cam bién gin trong thiét bi do.

e Tubes: Thiét bi nay 1a 1 dng cao su duwoc gan ngang trén mat
duong dung dé dém sé phuong tién dang di trén duong. Khi
phuong tién nao chay qua thiét bj nay banh xe ctia phwong tién
s& gay ra 1 ap luc 1én 6ng cao su va dua vao mdi ap luc d6 cam
bién 4p luc duge gin bén trong éng cao su sé phat hién va dém
cac phuong tién di qua trén duong.

e Loop detector: Thiét bj nay bao gébm 1 cudn day 16n duoc
chon dudi mat duong. Khi c6 phuong tién chay ngang qua cudn
day, d6 ty cam (inductance) cua cudn ddy thay doi tir d6 c6 thé

phat hién ra phuong tién.
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f
/ Microwave Sensor

r Based Speed Sensor

Tube Sensor

'| \ /

Hinh 1: H¢ thdng giam sat giao thong dwa vao ky thuit cam bién dién tir

Str dung hé thong giam sat voi k¥ thuat trén rat ton kém ciing
nhu ¢6 nhiéu khé khan khi 1ap dat hé thong trén ¢ trén timg tuyén

dudng trong thanh phd.
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1.3 Hé thong giam sat giao thong dwong bd va Thi giac may tinh
(Computer Vision)

- Thi gidc may tinh 14 1 quy trinh sir dung may tinh dé lay ra nhiing

thong tin & mic cao tir cac hinh anh k¥ thuét s6 (digital image).

Computer Vision

Algorithms

['rallic Information

\

Hinh 2: 1 hé thong giam sat giao thong sir dung thi giac may tinh

1 camera dit trén dudng sé& cung cdp hinh anh truc tiép giao
thong. Hinh anh nay duoc sb hoa va truyén truc tiép vé hé thong
may tinh dé xu ly. Hé théng may tinh s& sir dung céac thuat toan cua
thi gidc may tinh dé phén loai, nhian dang phuong tién, udc luong tbe
d6, mat d6 va nhan dang bién sb xe... tir hinh anh dugc truyén vé.

Viéc xdy dung 1 hé théng gidm sat giao thong dwa vao thi giac
may tinh thi ¢ nhiéu loi ich cling nhu tén it chi phi va cong strc lap
dat hon 1a 1 hé thong giam sat giao thong dua vao cac cam bién dién

tur (sensors).
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2. GIOI THIEU THI GIAC MAY TINH VA XU LY HINH ANH

2.1 Thi giac may tinh

Computer vision (CV) tam dich la thi giac may tinh la nganh khoa
hoc va cong nghé lam cho may moéc ¢6 kha nang "nhin".

La mot mon khoa hoc, CV lién quan dén 1i thuyét va cong nghé
trong viéc xay dung cic hé thong tri tué nhan tao nhan thong tin tir hinh
anh. Hinh anh c6 thé dugc truyén vao dudi nhiéu dang: video, cic goc
nhin cta nhiéu camera, dit liéu nhiéu chiéu tir may chup trong y té.

La mot nganh cong nghé, CV nghién ciru va tng dung cac 1y thuyét,
cac md hinh trong thi gidc mdy tinh dé xay dung cac hé thong thi giac
may tinh.

Mot sb tng dung cta CV c6 thé ké dén:

+ Piéu khién qua trinh (robot cong nghiép hay xe ty dong).

+ Xac dinh su kién (hé théng giam sat)

+ T6 chure thong tin (liét ké co so dir liéu anh)

+ M0 hinh héa vat thé va méi truong (phan tich anh y té, mo
hinh hoéa dia hinh)

+ Tuong tac (Iam dau vao cho twong tic ngudi-may).

Thi gidc may tinh c6 thé coi 1a bd sung (nhung khong trai nguoc)
cho thi giac sinh hoc (biological vision). Trong thi gidc y hoc, nhan
thirc thi gidc cua con ngudi va dong vat, 1a cadc qua trinh sinh 1i hoc.
Trong CV, d6 14 cac qua trinh thuc hién boi cac phdn mém, phan cing.

Cac linh vyc con cia CV bao goém: xdy dung canh (scene
reconstruction), xac dinh sy kién (event detection),tracking, nhan dang
vat thé (object recognition), learning, indexing, ego-motion va khoi

phuc hinh anh.
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2.2 Xir ly hinh anh

Xt 1y anh 13 1 nghanh khoa hoc con twong d6i méi mé so véi nhiéu
nganh khoa hoc khac. Hién nay n6 dang la 1 trong nhitng linh vuc dugc
quan tdm va da tré thanh 1 mén hoc chuyén nghanh cua sinh vién
nghanh CNTT.

Cong nghé xir Iy anh duoc 4p dung trong rat nhiéu cac linh vuc nhu
l1a y hoc, h¢ théng giam sat an ninh, hé théng nhan dang khuén mat, doi
tuong, san xuét Robot. ...

Xt ly anh duoc chia ra lam 3 linh vuc nhu sau:

+ Xir Iy dnh (Image Processing): xtt 1y anh ban dau dé co
dugc anh mai theo 1 yéu cau xac dinh. Vi du nhu anh bi md can xir NG
dé anh dugce rd hon.

+ Phdn tich anh (Image Analysis): Phan tich anh ban dau dé
thu duoc cac thong tin dic trung giup cho viée phan loai va nhan biét
anh. Vi du phan tich hinh anh khuén mat hay van tay cua 1 nguoi trong
1 hé thong an ninh.

+ Ly gidi anh (Image Understanding): Ly giai anh ban dau dé
c6 dugc mo ta cao hon, sau hon. Vi du anh tir 1 vu tai nan giao thong
phac hoa 1én hién truong tai nan.

2.2.1 M@t s6 khdi nigm
a. Phan tir anh
Anh trong tir nhién 1a nhirng tin hiéu lién tuc vé khong
gian va gia tri d6 sang. Dé c6 thé luu trir va biéu dién anh
bang may tinh, con ngudi phai tién hanh bién doi cac tin hiéu
lién tuc d6 thanh mot sb hiru han cac tin hiéu roi rac thong
qua qua trinh lwong tir hoa va ldy mAu thanh phan gia tri do

sang.
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Mot phan tir anh (Picture Element) 1a mot gid tri biéu
dién cho mtrc xam hay cuong do anh tai mot vi tri sau khi da

bién do1 anh thanh mot s6 hiru han cac tin hi€u roi rac.

b. Mirc xam
La két qua cua sy bién doi twong tng gia tri d6 sang
ciia mot diém anh véi mot gia tri sé nguyén duong. Ty thudc
vao sb gia tri biéu dién murc x4m ma mdi diém anh s& duoc
biéu dién trén 1, 4, 8, 24 hay 32 bit. S6 luong bit biéu dién
mirc xAm cang 16n thi chat lwong anh cang cao nhung sé& ton
dung lvong bo nhé nhiéu hon dé luu trir va can mot hé thong

manh hon dé xtr 1y.
I

- p . |

Lo

:

v ¥

4 4

i 1
'/l’/v . ,"l"!r.
JAA 8 A8
Ay

2 bits
Hinh 3: Anh mirc xam biéu dién & cAc gia tri khac nhau
C. Anh
La mdt tap hop hitu han cac diém anh ké nhau. Anh
thuong dugc biéu dién bang mot ma tran hai chidu, mdi phan

tor ciia ma tran tuong tng voi mot diém anh.
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X =
58 59 60 61 62 63 64 65 66 67

y = 41 | 210 209 204 202 197 247 143 71 64 80
42 | 206 196 203 197 195 210 207 56 63 58
43 | 201 207 192 201 198 213 156 69 65 57
44 | 216 206 211 183 202 207 208 57 69 60
45 |21 206 211 194 19 197 220 56 63 60
46 | 209 214 224 199 194 183 204 173 64 60
47 | 204 212 213 208 191 190 191 214 60 62
48 | 214 215 215 207 208 180 172 188 69 72
49 | 209 205 214 205 204 196 187 196 86 62
50 | 208 209 205 203 202 186 174 185 149 71 0O .
51 | 207 210 211 199 217 194 183 177 208 90 62 64 52 983 52
52 | 208 205 209 209 197 194 183 187 187 239 58 68 61 51 56
53 | 204 206 203 209 185 203 188 185 183 221 75 61 58 60 60
54 | 200 203 199 236 188 197 183 190 183 196 122 63 58 64 66
55 | 205 210 202 203 199 197 196 181 173 186 105 62 57 64 63

Hinh 4: Anh s6 dwgc biéu dién dwéi dang 1 ma trin
C6 3 loai anh s6 thong dung 1a
+ Anh xdm: cac diém anh duogc biéu dién bang 8 bit gia

tri tir 0-255

Gray level images
I(x,y) € [0..255]

Hinh 5: Anh xam

+ Anh nhi phdn(den tring): cac diém anh dugc biéu

dién bang 1 bit gia tri 1a 0 hay 1
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Binary images
I(x,y) e {0, 1}

Hinh 6: Anh nhi phin (tring den)

+ Anh mau: thong thudng anh mau dugc tao nén tir 3
anh xam d6i véi mau nén do (Red), xanh (Green),
xanh lam(Blue). T4t ca cac mau trong tu nhién déu c6

thé duoc tong hop tir 3 mau trén theo ty 1 khac nhau

(@ (b) (©)

Hinh 7: (a)Anh xam nén dé,(b) Anh xdm nén xanh luc,
(¢) Anh xam nén xanh lam

Color images
L(xy) I(xy) Te(xy)

Hinh 8: Anh mau hé¢ RGB
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d. DPiém ké (neighborhood)

Cho truéc mot diém anh I(x,y), khi do:

Céc diém anh I(x-1,y), I(x+1,y), I(x,y-1), I(x,y+1)
dugc goi 1a cac diém ké 4 cua I(x,y).

Céc diém anh I(x-1,y-1), 1(x+1,y-1), I(x-1,y+1),
I(x+1,y+1) va cac diém ké 4 duoc goi 1a cac diém ké 8 cua
1(X,y).

Tuong Gng v6i cac diém ké 8, ta c6 mit na 8 hudng

xac dinh cac diém ké 8 do:

3 12 |1
4 [P |0
5 |6 |7
Tuong trng vé1 cac hudng nhu sau:
2
3 1
4 0
5 7
6
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3. CAC MO HINH XAY DUNG HE THONG GIAM SAT GIAO
THONG

3.1 He¢ thong giam sat giao thong dwong b phi hinh miu (Road
Traffic Monitoring- Non Model Based)

Hé thong giam sat giao thong phi hinh miu xay dung dua vao viéc
phat hién chuyén doéng dé phan chia thanh cic ving chuyén
dong(motion regions) tir cac chudi hinh anh thu duoc tir camera. Néu
ving chuyén dong cé nhitng dic diém phu hop véi 1 phuong tién, thi
nhimng d6i tuong nay sé& dugc hé théng xem nhu 13 1 phuong tién va sau
d6 s& duoc hé thong dém hay luu lai nhitng thong tin cta phuong tién
nhu 1 chiéu dai, tdc do, hinh dang...Cé 1 vai phuong phap va thuat
toan trong thi gidc may tinh dung dé nhan dang chuyén dong thuong
dugc s dung trong hé thong giam sat giao thong phi hinh mau nay.
Trong tai liéu ndy nhom ching toi sé trinh bay vé phuong phap Frame
Difference

e Frame Difference:
Phuong phap Frame Difference dua vao su khac biét gitra 2

anh duoc chyp tai nhitng thoi diém khac nhau sé cho ta thdy ving
chuyén dong.

Gia xtr ta xem anh tai thoi diém t1 ¢ toa d6 (i,j) 1a fu(i,j), va
anh khac tai thoi diém t2 c6 toa d6 (i,j) 13 f(i,j) va di(ij) 1 anh
chtra ving chuyén dong duoc phat hién. Sau d6 ching ta s& dung
1 gia tri goi 1a ngudng T(Threshold) dé 1am noi bat 1én ving

chuyén dong.

0 Né fu(ij) — fe(i,j) |[<=T

di(i,j) =
Nguoc lai

Thong thuong thi fu(i,j) 1a nhitng anhhién tai(current image)

con fu(i,j) 12 anh dung lam nén dé so sanh (background image).
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Anh 1am nén thuong 1a anh khong c6 phuong tién trong d6. Néu
anhhién tai khong chira phuong tién nio thi né sé giébng véi anh
lam nén do d6 ving chuyén dong di(i,j)= O ttrc 1a chung ta s&
chuyén diém anh (pixel) tai toa do (i,j) thanh mau den. Néu anh
hién tai c6 chira phuwong tién sau khi so sanh voi anh nén thi dy
(i,j)= 1 tirc 1a s& chuyén diém anh & toa d6 (i,j) thanh mau tring va

tir 46 ving chuyén dong d6 sé& duoc phat hién.

Hinh 9: Hinh 1 chiéc xe dang chay trén dwong

Hinh 10: Hinh chup duwong khi khong c6 xe
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Hinh 11: Hinh anh tring den ciia xe sau khi loai bé hinh nén

Muc dich cta ngudng T 1 giam bét sy anh hudng cua nhiéu
(noise),loai bo nhitng ving chuyén dong ma khéng co nhitng dic
diém cta 1 phuong tién, va su thay d6i anh sang, gio, bong d6co
trong khung hinh.

Co 3 thuat toan trong thi gidc may tinh dua vao phuong phap
Frame Difference dé tim ra ving chuyén dong do6 1a Consecutive
Frame Difference, Simple Background Modeling, va Custom
Frame Difference.

Co ban 3 thuén toan trén déu dua vao nguyén tic ciia phuong
phap Frame differncing 1a so sanh 2 hinh anh & 2 thoi diém khac
nhau dé tim ra ving chuyén dong nhung mdi thuit toan co wu
nhugc diém khac nhau va dugc ap dung vao nhiéu myc dich khac
nhau.

3.1.1 Thudt toan Consecutive Frame Difference

Pay 14 thuat toan don gian nhat dé phat hién ra ving c6
chuyén dong.Dya vao su khac biét vé diém anh (pixel) giira
2 khung hinh lién tiép nhau dé tim ra ving c6 chuyén dong.
Su khac biét gitra 2 khung hinh ¢ 2 thoi diém khac nhau
cang 1én thi ving c6 chuyén dong cang dé phat hién.
Nhuoge diém cua thudt toan nay la néu su khac biét ¢ 2
khung hinh qué nhé thi n6 sé khong phat hi¢n ra vung cé

chuyén dong.
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3.1.2 Thudt toan Simple Background Modeling

Thuat toan nay thi c6 khac chut it voi thuat toan
Consecutive Frame Difference d6 1a n6 s€ sir dung hinh anh
dau tién lam hinh nén rdi dung hinh nén nay dem so sanh
v6i cac hinh con lai trong chudi video dé tim ra ving c6
chuyén dong.

Gia xtr chung ta ¢6 1 anh hién tai ¢ thoi diém t1 (current
image) va 1 anh ¢ thoi diém t» dung lam anh nén
(background image). Sau d6 ching ta s€ so sanh 2 anh hi¢n
tai va anh nén dé tim ra sy khac biét gitra 2 anh nay. Cong
viéc nay duoc lap lai cho dén anh cubi cung cua chudi
video.

Sau khi da tim ra dugc sy khac biét gitra anh hién tai va
anh nén thong qua cac diém anh khac nhau (pixel). Chung
ta dung 1 gia tri ngudng T dé tach biét hinh nén va ving co
chuyén dong. Néu cac gia trj diém anh ma chlng ta tim
dugc khi so sanh anh hién tai va anh nén nho hon gia tri
ngudng T thi ta s& chuyén gia tri diém anh d6 vé 0 tic 1a
mau den, con nguoc lai néu céc gia tri diém anh 16n hon
gia tri ngudng T thi ta chuyén né thanh 1 trc 1a mau trang.
Nhu vay dau ra cho thudt toan nay 1a 1 hinh tring den
(binary image) v6i mau den 1a khu vuc hinh nén khong ¢
su chuyén doéng, mau tring 1a ving c6 su chuyén dong.

Thuyc té thi hinh anh ludn bi tac dong boi thoi tiét, anh
sang va cac diéu kién tu nhién khac do dé anh nén sé dugc
cap nhat lién tuc trong 1 khoang thoi gian  t do do6 gitp
cho vi¢c nhan danj chuyén dong & thudt todn nay chinh xac

hon.
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3.1.3 Thudgt toan Custom Frame Difference

Thuat toan phat hién d6i tuong chuyén dong nay 1a su
két hop cua 2 thudt toan & trén. Mot mat viéc phat hién ddi
tuong chuyén dong dua vao su khac biét giita 2 khung hinh
lién tiép nhau nhu 1a thudt toan Consecutive Frame
Difference diéu nay 1am cho né xir Iy nhanh hon. Mt khac
né ty dinh nghia 1 hinh anh nén ma trong d6 khong co 1
phuong tién ndo trén duong, ndé dung anh nén nay dé so
sanh tuan tu v6i cac khung hinh ké tiép dé tim ra su khac
biét cuia cac khung hinh. Hinh nén nay s€ dugc cap nhat
trong 1 khoang thoi gian quy dinh dé tang sy chinh xac cho
viéc phat hién ddi tuong chuyén dong.

Trén thuc té thi rat khé dé duoc 1 hinh nén ma nd
khong chira bat ki 1 dbi tuong chuyén dong nao dic biét 1a
¢ trén duong bd. Do do thuat toan nay chi phu hop véi cac
hé thdng giam sat an ninh noi ma dé dang c6 dwgc anh nén

khéng c6 d6i twong chuyén dong nio.

Bao cado khoa ludn tot nghiép 2010 17



DPai Hoc Hoa Sen Heé Théng DPanh Gia Mdt Bo va Téc B Giao Thong

3.2 H@¢ thong giam sat giao thong dwong b theo hwéng so sinh miu
(Road Traffic Monitoring- Model Based)

O hé thong gidam sat giao thong dudng bd phi hinh miu ding
phuong phap Frame Difference dé tim ra ving c6 chuyén dong.
Phuong phéap ndy chi don thuan 1a phat hién va luu trit nhitng diém anh
thay doi gitra cac khung hinh & nhitng thoi diém khac nhau chir khong
c6 sy phan tich vé hinh dang cta nhitng diém anh nay.

Hé théng giam st giao thong dua theohudng so sanh mau s& tan tién
va phtrc tap hon,é chd cic thuat toan s& c6 thé phan tich cac diém anh ¢
nhimg ving c6 su chuyén dong. Sau khi 4p dung cac thuit toan dé loai
b6 hinh nén dé co cac diém anh thay doi giita cac khung hinh. Hé thong
s€ md hinh héa cdc hinh dang cua phuong tién thanh hinh 3D sau do
dung hinh anh 3D nay dé so sanh va dinh vi cac loai phuong tién c6

trong chudi video tir hinh nay qua hinh khac.

Hinh 12: M6 hinh 3D ciia 1 chiéc xe
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(c) (d)

Hinh 13: M6 hinh 3D ciia cac phuong tién (a) Xe 4 chd, (b) xe 7 chd, (c) xe tii nhe,
(d) xe buyt

Hinh 14: Loai bé hinh nén dé tim phuong tién chuyén dong (a) hinh gbc, (b) hinh
phwong ti€n chuyén dong
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(@) ()

Hinh 15: Sau d6 so sanh va dinh vi phuwong tién trén hinh (a) mé hinh 3D, (b) hinh
phwong tién dwgc phat hién

Hinh 16: Hinh anh sau khi h¢ thong xir Iy nhan dang xe (a) hinh géc, (b) hinh sau
khi xir ly.

Phuong phap niy giup may tinh c¢6 thé nhan dang chinh xdc cac
phuong tién dang di chuyén trén duong 1a xe tai, xe hoi, xe bus....
Nhung phuong phap nay c6 do phurc tap, chi phi va thoi gian thuc hién

16n hon nhiéu so véi hé théng giam sat phi mé hinh.
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4. XAY DUNG 1 HE THONG GIAM SAT GIAO THONG THEO
HUGNG TIEP CAN CUA CHUNG TOI

4.1 Tong quan vé huéng tiép cin

Trong d& an nhu da dé cdp ¢ nhitng phan trén ching toi s& di theo
huéng xay dung hé théng giam sat giao théng phi mé hinh va sir dung
k¥ thuat xtr Iy hinh anh dé xdy dung nén 1 tng dung mau. Cac budc
chinh dé xay dung nén tng dung nhu sau:

a. Thu thap dir li€éu hinh dnh (Image Acquisition)

Pau tién chung t6i phai quay dugc doan phim vé canh cac
phuong ti¢én dang luu thong trén duong. Poan phim nay dugc
quay bang 1 camera dugc dat trén gia d& c6 toe do quay 1a 30
khung hinh/ gidy (frame per second). Thong thuong thi trong cac
camera k¥ thuat sb6 hién dai déu c6 cac chuc nang nhu chéng
nhiu, rung tay... chung ta nén st dung nhirg chitrc ning nay dé
¢6 duge doan phim tot nhat. Vé vi tri quay, do trong dy an nay
¢6 2 chirc nang 16n 1a tinh toan van tdc ciia 1 phuong tién dang
chay trén duong va tinh todn mat dd phuong tién dang luu thong
trén 1 tuyén duong do d6 chung t6i chon 2 vi tri va hudng quay
khac nhau cho 2 chirc nang trén.

b. Tién xir Iy anh (Image pre-Processing)

Sau khi da c6 dugc cac doan phim, bude tiép theo 1a chiing
toi s€ tdch doan phim nay ra thanh cach khung hinh riéng biét.
Nhu cac ban biét doan phim 13 tap hop cua nhidu khung hinh.
Sau d6 chung t6i sé& tién xir 1y nhiing hinh anh duoc tach ra tir
doan phim & budc nay nhiing hinh anh tir hinh mau s€ duogc
chuyén thanh hinh xam va loc nhidu néu c6. Myc dich cta viéc
chuyén thanh hinh xam la dé giam dung luwong hinh va dé cho hé

thdng xir 1y dit liéu hinh anh nhanh hon.

Bao cado khoa ludn tot nghiép 2010 21



Pai Hoc Hoa Sen

H¢ Théng Péanh Gia Mt P va Téc D6 Giao Thong

Xac dinh chuyén dong (Motion Detection)

Pay 1a budc quan trong nhét trong hé thong, chuyén dong
dugc phat hién va tach ra khoi hinh nén trong tién trinh xir Iy nay
s& 1a dau vao cho cac budc xir 1y tiép theo. C6 nhidu phuong
phap dé thuc hién viéc tach vung chuyén dong ra khoi hinh nén
va ching t6i dd chon phuong phap Frame Difference dé thuc

hién viéc xac dinh chuyén dong.

. Nhén dang d6i twong (Object Recognition)

Sau khi phat hién va tach doi tuong ra khoi anh, ta thu duogc
anh nhi phan(trang den) chi chtra cac d6i twong 1a phuong tién
giao thong dang chuyén dong. Sau d6 s& nhan dang phuong tién
dang di chuyén bing cach v& 1 khung hinh chit nht bao quanh
hodc 1a t6 do phuong tién do 1én trén khung hinh.

Tinh toan van tdc ciia ddi twong ( Speed Calculation)

Sau khi da nhan dang dugc phuong tién dang di trén duong
viéc tiép theo 13 phai x4c dinh dugc quang duong va thoi gian ma
phuong tién d6 di chuyén dong thoi can phai chuyén d6i gia tri
ciia quang duong duoc tinh bang pixel sang km va thoi gian tir
gidy sang gio. Khi ¢ duoc cac thong sé trén thi s& suy ra duoc
van tdc cua xe.

Tinh toan mat d§ luu thong (Density Calculation)

O budc niy ching t6i s& tinh toan ti 1& mat dudng con trong
trén duong va dua vao cic biéu dd vé sy thay doi giira cac diém
anh dé dua ra cac mic du bao vé mat do nhu 1a ket xe, xe dong,

Xe vang.
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4.2 M5 hinh hé théng
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4.3 Thu thap dit liéu hinh 4nh

Viéc dau tién 1a chung ta phai c6 duge hinh anh cac phuong tién luu

thong trén duong. Trong dy an nay chung toi str dung nhiéu doan phim

duge quay & nhitng goc d6 va huéng khac nhau dé phuc vu cho viée

tinh toan van tdc cling nhu 1a tinh toan mat do luu thong ctia phuong

tién.

Ddi véi doan phim danh cho viéc tinh toan van tbe phuong ti¢n

ching t61 dat may camera vuong goc voi hudng di chuyén cua xe va ké

2 vach son ngang duong dé xac dinh diém xe vao, va di€m ra khéi

vung nhin trong camera viéc nay phuc vu cho qua trinh tinh toan van

toc xe s€ dugc md ta & phia dudi. Khoang cach gifra diém xe vao va

diém xe ra ma chiing to1 xac dinh la 4m.

4m

/

/

/
-————F--

i

/

/

\‘

\.

\—
-——*———

‘\'

\‘

bdi v6i doan phim danh cho viéc tinh todn mat d¢ xe luu thong trén

duodng ching t61 phai chon vi tri dit camera ¢ trén cao va hudng quay

th.'fmg xuéng dudi mat duong va vi tri thuén loi dé c6 duoc 1 doan phim

nhu vay la dat camera trén thanh cau vuot.

/

/
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4.4 Tién xir Iy anh

Pay 1a qua trinh dau cia qua trinh xir 1y anh. Giai doan nay hé thong
s€ thuc hi¢n cac cong viéc nhu tach doan phim ra thanh nhiéu khung
hinh va loai bo nhiéu dong thdi chuyén toan bd khung hinh vé dang anh
xam don gian(grayscale image) dé nang cao téc do xur 1y va do chinh
xac cho cac giai doan sau. Anh thu dugc tir camera thuong 1a anh cua
hé mau RGB 24bit hay RGB 32bit nay hé thong s& chuyén vé dang dnh
xam don gian bang coéng thirc sau:

Gia tri mau = 0.299*R + 0.587*G + 0.114*B.

Sau d6 anh duoc duoc quét bang bd loc nhidu Median dé loai bo
nhiéu.

Trong anh & mirc xam mdi 1 diém anh bao gdm 8 bit dai dién cho
chudi gia tri tir 0 dén 255. Gia tri 0 dai dién cho mau den con gia tri

255 dai dién cho mau tra“ing.

Hinh 17: Anh géc
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Hinh 18: Anh & mirc xam

4.5 Xac dinh chuyén dong

Pé xéc dinh duge chuyén dong tir hinh anh giao thong, chiing ta c6 2
thuat toan dugc dung phd bién 14 Consecutive Frame Difference va
Simple Background Modeling. Trong du an nay ching t6i dung thuat
toan Simple Background Modeling cho chirc ning tinh véan tdc con
thuat toan Consecutive Frame Difference cho churc nang tinh mat dg.

Thuan toan Consecutive Frame Difference xac dinh chuyén dong
ciia phuong tién thong qua su khac biét giira cac anh lién tiép nhau.
Ban dau hé thdng s& nhan vao 2 hinh anh lién tiép cuia khung hinh.
Hinh anh chira chuyén dong c6 duoc thong qua viée xur Iy nhirg hinh
anh lién tiép nhau duoc dwa vao. Nhitng hinh anh nay di duoc tién xir
1y dé chuyén thanh anh mirc xam va loc nhidu. Sy khac biét gitta 2 4nh
duoc tinh toan bang cach tim su khac biét giita cac diém anh (pixels)
trén moi anh.

Thuan toan Simple Background Model doi hoi phai ¢6 1 anh dong
vai tro lam anh nén (background) & day mac dinh 1a anh dau tién duoc
tach ra tir doan phim. Sau d6 anh nén nay duoc dem di so sanh véi
nhirng anh con lai dé tim ra su khac biét. Su khac biét cling dugc tinh
toan thong qua sy khac biét giira cac diém anh véi nhau. Pé dam bao

cho viéc xac dinh chuyén dong 1 cach chinh xac anh dugc chon la anh
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nén trong thuat toan nay khong phai luén luén 13 anh dau tién ma anh
nén sé& duoc cap nhat lién tuc.

Dau ra cho budc nay 1a anh nhi phan. Anh nhi phan 13 nhiing anh ma
cac diém anh chi chira 2 gia tri 0 hay 1. Anh nhj phan thuong duoc
hién thi 1 hinh tring den. Anh nhi phan nay s& hién thi ving chuyén
dong cua dbi twong qua cac khung hinh. O giai doan nay ving chuyén

dong cua dbi tugng chi 1a nhitng dém tring (blob) hién thi trén nén

mau den.

(b)

Hinh 19: (a) Anh dung lam hinh nén, (b) Anh phuong tién di chuyén, (¢ ) Anh nhj phén
phat hién ra ving chuyén djng

Nhu vay két thiic giai doan nay hé thong da tach duoc hinh nén (mau
den)la nhimg ving khéng c6 chuyén dong véi ving c6 dbi tuong

chuyén dong(mau trang) ra voi nhau.
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4.6 Nhén dang d6i twong

Sau khi d3 c6 duoc vung c6 dbi tugng chuyén dong hé thong s& bit
dau nhan dang ddi twong. Pau vao cho budc nay 1a hinh tring den véi
nhiéu diém tring dai dién cho phan chuyén dong. Luc nay hé thong s&
bat dau thyc hién thuat toan loc va nhém cac diém trang lai v&i nhau dé
nhan dang ra 1 d6i tuong phuong tién. Thuat toan nay s& quét qua ting
diém anh 1 (pixel by pixel ) tir trén xudng dudi va tir trai qua phai dé
nhém cac diém tréng c6 vi tri toa do gén nhau lai thanh 1 déi tuong va
loai bé nhung diém trang don 1¢ khong c6 lién hé gi voi cac diém anh
ké s& bi loai bo.

Sau khi dd nhém cac diém anh thanh 1 dbi twong xe hé thong sé& bat
dau 1am noi bat d6i twong chuyén dong bang cach ké 1 6 vudng bao

xung quanh dbi tuong chuyén dong.

Hinh 20: Di twong 1a 1 tap hop cac diém tring
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Hinh 21: Péng khung ddi twong dwoc nhin dang

Hinh 22: Péng khung dbi twong chuyén dong

4.7 Tinh toan vén tdc ciia ddi twong

O budc nay ching ta s& bat dau tinh van toc ctia d6i tuong duoc phat
hién. Trudc tién ching ta phai c6 duge quang dudng ma ddi tuong di
chuyén, thoi gian ddi twong di chuyén. Dé co duoc 2 théng sb nay
nhém ching t61 lam nhu sau:

Nhu d3 dé cap & phan trude, trude khi quay doan phim phuc vu cho
viéc tinh van ddi dbi twong chung to6i di xac dinh trude diém bét
dau(start point) va diém két thuc(end point) trén duong va khoang cach
gitra 2 diém nay dugc do ¢ dinh 1a 4m. Pay 13 khoang cach thyc ma

dbi tuong da di chuyén qua.
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Starting Point End Point

Known Distance

I(=)

Hai diém bat dau va két thuc duoc ké trén duong s& dugc vé 1én
khung hinh va khoang cach gitra 2 diém nay trén khung hinh duoc tinh

bang pixel.

Hinh 23: 2 diém bit diu , va két thic dwoc vé 1én khung hinh
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Chung ta s& chi phat hién chuyén dong va luu ddi tuong trong 2 vach
bat dau va két thuc trén.

Dé xac dinh dugc quing dudng ma dbi twong di chuyén ching toi sir
dung thuat todn sau:

Buéc 1: Khoi tao 1 mang dit liéu rdng D dé chira tit ca doi tuong
chuyén dong phat hién duoc ¢ timg khung hinh. Nghia 13 sau khi chay
hét cac khung hinh thi mang D s& dugc lam diy boi danh sach cac
khung hinh va kém theo tat ca chuyén dong cho tig khung hinh.

Buwée 2: Khi thuat toan phat hién chuyén dong dugc chay ching ta
s& phat hién ra nhitng diém thay d6i - diém trang (blob — 13 khung d6
bao quanh ving chuyén dong) cua timg khung hinh, tip hop cac diém
trang & 1 khung hinh chinh 1a dir liéu s& luu vao mang D & trén (thuat
toan khoanh ving blob dugc giai thich & budc 4.6). Mdi 1 diém tring
s& ¢6 1 trong tAm va vi tri toa do cua riéng né. Khi chiing ta duyét hét
tat ca khung hinh véi giai thuat phat hién chuyén dong va luu hét vao
mang D thi ta s& duyét qua tit ca phan tir & mang mot lan nita dé tao

danh sach cac doi twong xe co.
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Hinh 24: Déi twong 1a tip hop nhiéu diém tring

Buéc 3: Tao méi 1 danh sach cac dbi twong xe c6 V. Mdi mot dbi
tuong xe cd s€ kem theo danh sach céc blob ctia n6. Vi tri cua cac diém
trang s& thay ddi qua ting khung hinh, dé xac dinh 1 diém tring co
thudc 1 ddi twong xe ¢ khung hinh truéc hay khong ching ta dwa vao
khoang céach giita trong tim céc diém tring véi nhau. Néu khoang cach
trong tAm cta diém tring & khung hinh hién tai 16n trong tdm cac diém
trang cua cac dbi tugng trudc (blob ciia ddi twong xe cd & khung hinh
trude khung hinh hién tai) tirc 1a diém tring khong thudc vé ddi tuong
duoc phat hién ¢ khung hinh trude, khi d6 ta s& tao mot dbi tuong xe
¢d mdi va luu blob nay vao danh sach blob cua ddi tugng do.

Buéc 4: Sau d6 chung ta sé& ldy ra ddi tuong nao co tap hop cac diém
trang (blob) 16n nhét vi ddy chinh 1a phuong tién va xoéa di nhitng ddi

tuong con lai trong danh sach cac doi tuong xe co.
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Nhu vay sau khi chay xong thudt todn trén ching ta da xdc dinh
quing duong xe chay thong qua vi tri cua ddi tuong khi vira vao vach
bat dau va vi tri cua dbi tuong khi ra vach két thuc, khoang cach trén
dugc tinh bang pixel.

Tiép dén 1a xac dinh xem céac d6i twong trong mang V mat bao nhiéu
khung hinh dé ra khoi 2 diém bat dau va két thuc. O day, sb lugng
khung hinh dé di hét 2 diém trén s& dugc tinh khi dau banh xe cham
vach bit dau va cho dén khi dau banh xe cham vach két thic thi luc d6
s& ngimg tinh. Nhu vy sau budc trén ta di tinh dugc sé khung hinh ma
d6i twong can dé di hét quang duong gitra 2 diém. Ta ciing biét duogc 1a
doan phim d6 c6 bao nhiéu khung hinh dugc quay mdi gidy tir d6 tinh
dugc mat bao nhiéu gidy dé di chuyén tir khung hinh A téi khung hinh
B.

Nhu vay hé théng di c6 day du thong sb vé quang dudng thuc ma xe
di chuyén tinh bang pixel, va thoi gian xe di chuyén tinh bang gidy.
Nho vao 2 thong sb khoang cach giita 2 diém bat dau va két thic dugc
do bang mét va bing pixel ching ta dé dang chuyén dbi don vi do tir

pixel sang mét.
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Object (t,) Object (t,)

X: chiéu rong ctia khung hinh tinh bang pixel

Y: chiéu cao ciia khung hinh tinh bang pixel

D: 1a khoang cach thuc giira diém bat dau va diém két thuc dc tinh
bang mét

Dx: 14 khoang cach giita diém bat dau va diém két thuc dc tinh bang
pixel

Po: 13 vi tri ciia xe & thoi diém to (xe di qua diém bat dau) tinh bang
pixel

Pn: 13 vi tri ciia xe & thoi diém tn tinh bang pixel

Pn-Po: 12 quing dudng xe di dugc tir khung hinh to dén t

to: 1a xe tai khung hinh bat dau qua diém bat dau

tn: 1a xe tai khung hinhtht t,

Ds : 1a tham s6 chuyén dbi tir meter qua kilometer Ds ( 1/1000)

Tt : 1a tham sb chuyén doi tir gidy thanh gio Tr (1/60*60)
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Khoang cach giita d6i tugng (xe) so vi diém bat dau duoc tinh
Quéing dwong = Dt * (D/Dx) * (Pn — Po)
Thoi gian ddi tugng di chuyén ti vi tri Pn dugce tinh
Thoi gian = Ts * [(tn — to) / 30]
Vin tbc ctia ddi tuong tinh bang Km/h qua timg khung hinh 1a
V = Quang dwong / Thoi gian (km/h)

4.8 Tinh toan mat do luu thong

O giai doan nay dé co thé tinh duoc mat do xe dang luu thong trén
duong nhom chung t61 sir dung gidi phap tinh toan ti I¢ mat duong con
tréng roi tir 6 dua ra cac canh bao vé ket xe.

Cach tinh ti 16 mat duong trong nhu sau. Pau tién chung téi chia
khung hinh thanh nhirng 6 nho(cell) véi kich thudce 1a 8x8 , 16x16 hay
25x25.

EAf

T4 TTEET A

Al

= = — — J

Hinh 25: Khung hinh dwgc chia véi ti 1€ 16x16

Bdo cdo khéa ludn tot nghiép 2010 35



Pai Hoc Hoa Sen H¢ Thong Panh Gia Mdt Bé va Toc Py Giao Thong

Ti 1€ chia nay phu thudc vao khoang cach cia camera tdi phuong
tién nghia 1a phuong tién cang tién gan tdi camera thi kich thudc nd
cang 16n. Néu nhu camera c6 khoang cach 16n véi phuong tién tirc 1a
cac phuong ti€n dang & kich thudc nho thi kich thudc ctiia cac 6 cling
phai duge diéu chinh nhé lai dé phu hop véi kich thude phuong tién &
xa. Nguoc lai, néu cameara c6 khoang cach gin phuong tién ttc 1a kich
thudc phuong tién d6 16n thi kich thude cac 6 cling phai diéu chinh 16n
1én.

Tiép theo ching ta s& chon nhitng 6 chira phan dudng ma cd xe di
chuyén va loai bé nhung 6 chira phan ma khong c6 xe di chuyén nhu 13
1¢ duong, dii phan cach (phan 6 mau do). Chung ta s& dung giai thuat
Consecutive Frame Difference dé thu dugc anh nhi phan cac thay doi
gitta 2 khung hinh lién tiép. Sau d6 chung ta s& chuyén anh nhi
phantrén thanh mot mang cac diém anh. Ta quét qua ting diém anh
(pixcel) dé xac dinh diém anh d6 thudc vao 6 nao va néu diém anh d6
c6 gid tri 12 1 (Mau tring) thi s& ting sd chuyén dong cua 6 d6 I1én. Khi
c6 tong s6 chuyén dong & mdi 0, ta s& 1iy tong sd chuyén dong ctia mot
6 chia cho tong s6 diém anh cua 6 d6 ta dugc % thay doi. Dua vao %
thay d6i nay va vi tri cac 6 khong tinh chuyén dong & trén ma quyét
dinh xem c6 t6 d6 6 d6 dé théng bao co chuyén dong hay khong.

Sau d6 dé chung ta tinh ti 18 % 0 thay d6i ttrc 1a ti 16 % mat duong bi
phi1 béi phuong tién bang cong thirc sau:

Ti 1é % mdt dwong bi phii = Tong s6 6 ¢6 chuyén déng * 100/ (tong
6 6 dwoc chia trén khung hinh — sé 6 khéng c6 chuyén dong).

Ti Ié¢ % mat duong con tréng = 100 — Ti l¢ % mat duwong bi phu.

Nhung chi dwa vao sb liéu su thay doi cua cic 6 qua timg khung
hinh théi chua da vi s€ xay ra truong hop ti 1€ che phu mat duong &
truong hop ket xe va ving xe 1a nhu nhau do ¢ truong hop ving xe vi
khong c6 xe trén dudng nén thudt toan Consecutive Frame Difference

khong phat hién ra sy chuyén dong nao trén duong con & truong hop
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ket xe thi cac xe khong thé di chuyén nén thuit toan Consecutive
Frame Difference ciing khong thé phét hién ra chuyén dong nao. Do do
chung t6i s& st dung thém céc biéu do dé lam khac biét giira truong
hop ket xe va truong hop ving xe.

Chung t6i sir dung dir lidu 1a gi tri cac diém anh thay doi qua timg
khung hinh dé v& ra 2 biéu do

+ Biéu d0 Mean: hién thi cac gia tri thay doi trung binh qua ting
khung hinh.

+ Biéu do Range (D0 bién thién thay ddi): gia tri nay duoc tinh bang
cach 1ay gia tri thay doi 16n nhit ctia 1 6 trong 1 khung hinh trir cho gi&
tri thay d6i nho nhat cta 1 6 trong 1 khung hinh. Véi biéu d6 nay sé
gitip chiing ta phan biét duoc trudng hop ket xe va vang xe bang cach
dém cac budc séng va tinh % nhitng khung hinh c6 gia tri thay doi 16m
hon 0.5.

Chung t6i chia ra 5 cap do dé thong bao vé tinh trang mat do phuong
tién trén duong:

e Rt vang xe: Thinh thoang c6 vai xe chay qua.

e Ving xe: Co xe chay qua véi van toc nhanh.

e Dong xe: C6 nhiéu xe dang chay véi van tdc binh thuong.
e Sip ket xe: C6 nhiéu xe chay v6i van téc chiam.

e Ket xe: Cac xe di chuyén rat it.
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5. XAY DUNG UNG DUNG THUC TE

5.1 Yéu chu ky thuat

Ung dung chung t6i xay dung st dung 1 s chuong trinh sau:
+ Microsoft Visual Studio 2010.
+ C#.net.
+ Aforge Imaging Library.

5.2 Giao dién &rng dung

ol Speed and Density Calculation System |££Iéj

Video Information
Codec:

FrameRate:
\Wwidth:
Height
Length
Minutes:

cooooo
[+

Setfing

Option: | Mat Do |
Draw Region: ‘$|
Image Type: 3 [Jps ]
ThresHold: 0.0015

Number OFf Cell: 16

Noise Reduction:

Menu
Video Path:

Chllzers\kchanh\Desktop moton MVI_3710.aw

Driver:

c\MctienTracling 4

Initizl Folder: 40

|r } Open File | ‘ﬁExtract Frame |
Contrel
[U Play ] | ) Frame by Frame ‘ |ﬁ Show Bacleground | ‘ﬂ Detect | | & Initial 5 ‘ 4 HELF ‘

— 6 () exir
Information |€asour |

Copright2010 [
HOA SEN
UNIVERSITY Property of Hoa Sen University

%

Hinh 26: Giao dién chinh cia chwong trinh
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[1]: Khung video player dé chay cac doan phim.

[2]: Khung thong tin doan phim (Video Information): hién thi thong tin vé chiéu
cao(hight), chiéu rong(width), va do dai cta phim(minutes), sé khung

hinh/gidy(frame/rate), tong s6 khung hinh (length)
[3]: Khung thiét 1ap nhitng thong sb cho hé thong (Setting)

e Lua chon (Option): chon chirc ndng tinh mat do (density) hay tinh van
toc (speed)

e V& khung giéi han vung tinh chuyén dong(Draw Region): dung dé vé
ra khu vyc dé xac dinh chuyén dong. Trong muc nay géom co 2 giao
dién nho ntra 1a:

= Giao dién dung cho vi¢c tinh mat do: gém co 3 nut

% Open Image: chon hinh 1am hinh nén dé cho
ngudi dung xéc dinh vung nao la vung di
chuyén

% Export File: Cho phép xuit ra vi tri cac 6 da
chon trong 1 hinh nén nao do.

% Import File: Nhép lai file chtra vi tri cac 6 da

chon ¢ 1 hinh nén nao do.
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Hinh 27: Giao dién chon vung tinh chuyén dong cho chirc nang tinh mét do

= Giao dién dung cho viéc tinh van tdc: gdm 3 nut
% Open Image: Chon khung hinh 1am hinh nén
+¢ Draw: V@ ra khung hinh chir nhat dé xac dinh
pham vi xac dinh chuyén dong
¢ Delete: Xo6a bo khung hinh chit nhat da vé trude
do
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o) Lo )

Hinh 28: Giao dién chon viing xac dinh chuyén ddng cho chirc ning tinh van toc

e Loai hinh (Imgae Type): dinh dang cac loai hinh nhu jpeg, png...

e Gia tri ngudng (Thersthod): thiét 1ap gia tri ngudng

e Ti 1é chia khung hinh (number of cell): chia khung hinh thanh céc 6
v6i kich thude 8x8, 16x16 hay 25x25.

e Loc nhiéu (Noise Reduction)
[4]: Khung Menu

e Video path: duong dan cua doan phim can xir 1y.

Driver: O dia dé luu trit hinh.

Initial Folder: Thu muc d& luu trit hinh duoc trich ra tir doan phim.

Open File: Chon doan phim can xir 1y.

Extract Frame: Tach doan phim xur 1y thanh céc hinh riéng biét.
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[5]: Khung diéu khién (Control) gdm céc nut

e Play: cho chay doan phim can xu 1y.

e Frame by Frame: cho chay doan phim qua tirng khung hinh 1
e Show background: hién thi hinh anh 1am nén

e Detect: Pong khung d6i twong duoc phat hién

e Initial: Khoi tao cac thong sb duoc thiét 14p ¢ khung thiét 1ap
[6]: Khung nay bao gdm céc nut

e Help (trg giup): hién thi thong tin tro gitip vé chuong trinh

e About : thong tin vé tac gia

Chuwong trinh tinh mat d6 va vén toc
Cac thanh vién:
Nguyén Triréng Giang - QLO81L - 083136
Tr&n Chi Khdnh - QLO92L - 09253L
Thai Thuc Phén - QLO92L - QL09256L

Version 1.0

Hinh 29: Giao dién form about

e Exit(thoat): Thoat khoi chuong trinh

[7]: Khung thong tin vé ban quyén.

Bdo cao khoa luan tot nghiép 2010

42



Pai Hoc Hoa Sen Heé Thong Pdanh Gid Mdt Bé va Toc P Giao Thong

Sau khi doan phim d3 duoc chay chung ta s& xir Iy doan phim bang cach nhap phai

Ién man hinh video player.

Result
Export Excel
Process

Draw Chart

Hinh 30: Hién thi két qua
+ Process: Thuc hién viéc xur Iy doan phim dugc chay tuy vao chirc nang la tinh

van toc hay tinh mat d6 ma viéc xir Iy dién ra khac nhau.

+ Draw line: V& ra duong di da di qua cua phuong ti¢n trong chirc nang tinh van

tdc va vé ra khu vue xéac dinh chuyén dong trong churc nang tinh mat do.
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Hinh 31: Hién thi dwong di ciia phwong tién cho chirc ning tinh van téc

Hinh 32: Hién thi viing xac dinh chuyén déng cho chirc ning tinh mat do
+ Result: Hién thi bang két qua vé viéc xtr 1y cho chtrc ning tinh van téc va chirc

nang tinh mat do.
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gl ResultForm

Result
= 4
= 359
Pn-Po= 399
= 0.001
TF= 0.000277777777777778

tn-t0 = 0.333333333333323
Distance = 0.004
Time = 9.255925925925026E-05
Speed =

Hinh 33: Bang két qua cho chirc ning tinh vén téc

"5 DensityResultform - Lo | O ]
Téng o8 Cells: T w |
S5 Cals khing od i chuyln: 69
% Tilé Cells bing 67 6398659966459
e R
Ving Xe

Hinh 34: Bang két qua cho chirc ning tinh mat do

+ Export Excel: Dung dé xuét ra file excel nhiing thong s6 thay doi cia ting
khung hinh.
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+ Draw chart (v& biéu dd): V& ra biéu dd vé nhirng thong s6 thay doi

s N
Mean
0.4
0-2 WM’\J"MW
0
0 g 99 149 199 249 299
Range
1 : . .
“'A\WMM/W
0
0 9 99 149 199 249 299
\. p,

Hinh 35: Biéu do hién thij cac théng sb thay doi ciia 1 doan phim.
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6. THU NGHIEM

6.1 Két qua thir nghiém phat hién phwong tién di chuyén

Qua nhiing doan phim ma ching t6i quay trong diéu kién thoi tiét 1y

tuong thi hé thong da phat hién chuyén dong tuong ddi chinh xac.

Hinh 36: Hinh nhi phan sau khi xir ly

Hinh 37: Phat hi¢n va nhin dang doi twong
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6.2

Két qua thir nghiém tinh vin téc phwong tién

6.3

Dé thir nghiém cho chirc ning do vén tdc trong tng dung nay chung
to1 da thyc hién viéc quay thur nghiém cai doan phim véi 1 phuong tién
dang chay ¢ véan tbc 12km/h, 20 km/h, 28 km/h, va 40 km/h. Két qua

thu dugc qua tng dung nay twong dbi chinh xac sai s6 1a + — 3 km/h.

Téc djc that Téc d9 tinh toan dwoc Sai 6 ‘
12Km/h 14 Km/h 2 Km/h
20 Km/h 18 Km/h 2 Km/h
28 Km/h 25 Km/h 3 Km/h
40 Km/h 39 Km/h 1 Km/h

Két qua thir nghiém tinh mat do xe

Dé thtr nghiém cho chtic ning tinh toan mat 46 phuong tién dang luu
thong ching toi gdp kha nhiéu kho khin cho viéc quay phim. Y dinh
cua nhom chung t6i 1a phai quay dugc 5doan phim minh hoa cho 5
trang thai ket xe, sép ket xe, dong xe, Véng xe, Tat Véng xe trén cung 1
tuyén dudng dé kiém chimg cho giai thuat tinh toan ti 1¢ trong trén mat
duong duoc dung trong tng dung nhung rat tiéc do nhitng khé khin vé
phuong tién, dia diém va thoi gian ma chung t6i chi ¢ thé quay dugc
doan phim cta cing 1 tuyén dudng & 2 trang thai 1a dong xe va ving xe
con cac truong hop con lai ching toi phai tim doan phim & 1 tuyén
duong khac.

Vi céc doan phim khong duoc quay & cing 1 tuyén dudng, khong
cung hudng va goc do quay, khong cing khoang cach tir camera dén
phuong tién diéu nay dan t6i viéché théng dua ra cac muc du bao ket

xe chua dugc chinh x4c hoan toan cho 1 tuyén dudng.
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Qua cac doan phim quay dugc thi cé thé noi rr?mg thuat toan tinh ti I¢
mit dudng con tréng cua chiing toi tinh twong ddi chinh x&c.

e Truong hop vang xe: 50% <= Ti 1¢ mat dudngtréng < 80%

85 Speed and Density Calculation System (o8] % ]

Video Information

Codec:

| FrameRate:
Width:

Height.

Length:

Minutes:

coo oo

Setting

Draw Regin:
Image Type:
Number Of Cel: %

Noise Reduction: ]

Menu

Video Path:
C:\Users\khanh\Desktop\motion\MVI_3710.avi
Driver:

c:\MotonTracking

Inital Folder:  matdo2

= LL \?
W DensitResultform Lo B
Contidl
[CPay_] [© FramebyFrame ] [ Show | [#iDetect | [ sl | 1607 36 Cele. 1z
S5 Cels Mhing oo i chinér: (63
Information
% Tilé Cels rdng: 67,6398659966499
Copyrght 2010 2
M HOA SEN o Kahso. =
UNIVERSITY  Froperty of Hoa Sen Univessly Viéng Xe
Hinh 38: Truwong hop dwong vang xe
4 )
Mean
0.2 — — B
0
0
199 399 600
Range
199 399 600
N v

Hinh 39: Biéu d6 hién thi truomg hop dudng ving xe.
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e Trudng hop dong xe: 30%<= Ti 1& mat duong con tréng < 50%. Va
néu ti 16 mat dudng con tréng nho hon 30% thi can phai xét thém cac
thdng s6 & phan biéu db dé co thé dua ra két qua du bao chinh xac.
Thong sb ¢ biéu dd thé hién cho trudong hop ddng xe s& nhu sau :

+ Gi4 tri thay d6i trung binh (biéu dd6 Mean) s& > 0.1
+ S6 budc séng (biéu d6 Range) s& > 5 va % s6 khung hinh

c6 gia tri thay d6i 14 0.5 s& > 50%

4l Speed and Density Calculation System =B %
Video Information
Codec: 0
FrameRate 0 |
Width: 0
eight. 0
Téng s5 Cells:
S Cells khang o6 di chuyén: 93 =
% Tilé Cels tiéng: 15.2727272727273
Regon
Ketlusn =
Bbong Xe -
Di chuyén binh thwong | F

Menu
Video Path
C:\Users\khanh\Deskiop\motion\MVI_3710.avi
Driver

\MotonTracking
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e Truong hop sip ket xe: Ti 1& mit dudng con tréng< 30% va thong sb
& biéu db thé hién cho truong hop dong xe s& nhu sau :
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Hinh 43: Biéu d6 hién thi truong hop sip ket xe
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14

e Truong hop ket xe: Ti 1é mit dudng con tréng < 30% va thong sb &
biéu d6 thé hién cho truong hop dong xe s& nhu sau :
+ Gi4 tri thay d6i trung binh (biéu dd6 Mean) s& < 0.1
+ S6 budc séng (biéu d6 Range) s& < 5 va % s6 khung hinh

c6 gia tri thay d6i 14 0.5 s& < 50%
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Hinh 45: Biéu d6 hién thi trwong hop ket xe
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7. HAN CHE

Hién tai do day chi laphién ban ddu nén con co nhiéu han ché can phai
khic phyc. Sau ddy 1a 1 vai han ché 16n can phai duogc nang cp trong
nhirng phién ban tiép theo.

7.1 Van dé giam sat vao ban dém

Hé thdng hién tai chua thé xac dinh chuyén dong va phat hién chinh
xac dbi twong vao budi tdi. Boi vi budi tbi cac phuong tién bat dén xe
phia truéc va do tuong phan cua anh sang gy ra su sai 1éch khi xéc

dinh chuyén dong.

Hinh 47: Anh nhi phén sau khi qua xir ly
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Hinh 48: Phat hién sai

7.2 Van d@é khi phwong tién di qua gin nhau

Khi cic phuong tién qua gan nhau thi xay ra hién tuong hé thong
phat hién ca cum phuong tién d6 13 1 phuong tién do hé théng khi xtr Iy
khong tach biét dugc cac dém tre‘mg (blob) dan dén hé théng nhan dang

sal.

Hinh 49: Hinh nhi phéin 2 xe di sat nhau
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Hinh 50: Nhan dang 2 xe la 1 xe

7.3 Vian dé ddi véi bong ciia phwong tién

Bong cua phuong tién cling la 1 trong nhitng nguyén nhan gay ra
nhan dang sai. Tty vao huéng cia anh ning mit trdi ma béng cua xe
va xe ¢6 khi 14 2 phan tach biét ¢ khi dinh lai v&i nhau nén hé thong s&
nhén ra bong ciling 1a 1 phugng tién. Viéc xd6a bong khoi xe 1a 1 quy
trinh phudc tap can c6 thoi gian thém thoi gian nghién ctu.

7.4 Vian dé chi tinh van toc ciia 1 phwong tién

Hién tai trong dé an nay ching t6i chi co thé tinh dugc van tdc cua 1
phuong tién dang luu théng trén dudng vi giai thuat phat hién chuyén
dong khong thé tach biét dugc nhidu phuong tién cung 1 lic. Can phai
nghién ctru 1 giai thuat khac cho viéc nay. Mot ly do nira 1a khong tim
dugce vi tri ddt camera thuén 1gi cho viée tinh vén toc cta nhiéu phuong

tién.
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7.5 Van dé vé d¢ chinh x4c trong chirc niing tinh mat do

Két qua ¢ chuc ning tinh mat do chua that chinh xdc. C6 2 nguyén

nhan dan t6i viéc két qua nay:

+ Thir nhét 1 do trong chirc ning tinh mét d6 chung tdi ding
thuat todn Consecutive Frame Difference dé phat hién chuyén
dong thay cho thuat toan Background Simple Modeling ly do
1a ching t6i khong thé c6 duge 1 hinh nén cua 1 tuyén dudng
ma khong c6 xe di chuyén trong d6. Viéc sir dung thuat toan
Consecutive Frame Difference trong chirc nang tinh toan mat
d6 dan dén 1 so trudng hop xac dinh khong chinh xac nhu 1a
truong hop duong dang ket xe voi duong dang vang xe vi 2
truong hop trén thuat toan xac dinh chuyén dong Consecutive
Frame Difference déu tinh ra ti 16 mit dudng con trong tuong
duong nhau vi luc ket xe thi xe khong thé di chuyén dugc din
dén thuét toan xéac dinh su chuyén dong it con luc véng xe thi
do it xe di chuyén nén thuit toan ciing xac dinh su chuyén
dong it. Do d6 chung toi di dua thém phan biéu d6 cia cac

gia tri thay d6i dé c6 duoc két qua chinh xac hon.

+ Thir 2 12 do s6 phim quay duoc ciing nhu kiém dugc qua
internet dat diéu kién(nhu cung 1 tuyén dudng, goc quay,
khoang cach...) khong nhiéu nén dir liéu kiém tra cho thuat

toan khong dugc hoan hao.
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8. KET LUAN VA HUONG PHAT TRIEN

8.1 Két luan

Sau 3 thang thuc hién dé tai trén c6 thé ndéi nhom ching t61 hoan

thanh duoc nhitng yéu cau ma dé tai dé ra. D& hoan thanh dwogc dé tai

trén nhom chung t61 da rat co gang va no lyc hét sirc minh.

Viéc xdy dung 1 hé thdng giam sat giao théng c6 nhiéu hudng tiép

can ciing nhu phuong phép khac nhau. Nhom chung toi da can nhic vé

doc phirc tap cta cac phuong phép véi thoi gian thyc hién dé chon ra

phuong phap co ban nhét dé co6 thé dya vao né ma xay dung nén 1 Gng

dung giam sat giao thong thuc té

Sau déy 14 nhiing két qua ma nhom toi da thyc hién dugc.

a. Vé mat nghién ciru

Hiéu vé cac dinh nghia vé anh sd ciing nhu cac ki thuat xtr Iy
anh trong linh vuc cong ngh¢ xtr 1y anh

Hiéu vé cac thuat toan dé phat hién chuyén dong.

Hiéu vé phuong phap tinh van toc cta phuong tién.

Hiéu vé phuong phap tinh toan mat do luu thong.

Hiéu vé cac phuwong phap va cac budc co ban trong tién trinh

xay dung 1 hé thong giam st giao thong dudng bd.

b. Vé mat g dung

Chung t6i dd x4y dung hoan chinh 1 chuong trinh dé hién

thuc nhitng gi nhém da nghién ciru duge. Chwong trinh bao gom

nhirng chirc nang co ban nhu phat hién chuyén dong, nhan dang

dbi tuong, tinh todn van tbc va mat do luu thong. Két qua cua

g dung dua ra tuong ddi chinh xéc.

Ung dung c6 thé phat hién hau hét cac dbi tuong trong diéu

kién thir nghiém, viéc tinh toan vén téc ciia phuong tién cho sai

s0 chi khoang +- 3 km/h so v6i van toc thuc cia xe, va viéc tinh
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todn mat do cua phuong tién vé mit thuat toan xu 1y thi tng dung
c¢6 thé tinh toan ra duoc ti 1& dudng con tréng tir d6 dua ra cic
muc dd canh bao vé ket xe kha chinh xac.
C. Vématky nang
e Nang cao kinh nghiém lam viéc nhom ciling nhu lam quen
dugc véi moi truong lam vige thuce té.
e Biét cach phan chia thoi gian 1am viéc hop 1y.

e Rén luyén k¥ nang tu nghién ctru, tim hiéu cong nghé méi.
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8.2 Hudng phat trién

Huéng phét trién cua tng dung nay 1a khic phuc nhitng han ché da
dé cap O trén nhu la cai thién viéc nhan dang doi tuong vao ban
démciing nhu trong cac diéu kién thoi tiét khac nhau (mua, swong
mu...), nghién ctru phuong phap dé loai bo bong ciia phuong tién va giai
quyét viéc nhan dién sai khi cic phuong tién di qua gan nhau thi tGng
dung can 4p dung nhitng thuat toan khac trong viéc phét hién chuyén
dong,va nhan dang phuong tién.

O phién ban sau tng dung can nang cip vé mit giai thuat dé co thé
tach biét tirng phuong tién trén dudng. Sau do6 st dung phuong phap so
sanh mau (model based) dé nhan dang ting ddi tugng. Phuong phap
nay sé so sanh dbi twong véi 1 sé miu cho trude. Pdi tuong s& dugc
nhan dang khi c6 nhimng dic diém gidng v6i danh sach mau. Khi doi
tuong da dugc nhan dang chinh xac thi viéc xac dinh $6 lugng xe, phan
loai xe va tinh van tdc nhiéu xe s& co thé giai quyét duoc.

Bén canh d6 (mg dung cin mé rong chirc nang ctia minh ra nhu 1a:

+ Chure ning tinh vén tdc trung binh cta nhiéu xe dang luu thong
trén duong.

+ Pém s phuong tién dang luu thong trén dudng.

+ Phan loai phuong tién (xe hoi, xe buyt, xe tai...)

Vé phén chtrc ndng tinh mat do can phai thu thap duoc dir liéu vé céc
trang thai xe trén cung 1 tuyén duong dé phuc vu cho viéc kiém tra

thuat toan.
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10. PHU LUC

10.1 Béang phan cong cong viéc

Tuén 1 (13/09/2010)

Tuén 2 (20/09/2010)

Tuén 3 (27/09/2010)

Tuén 4 (4/10/2010)

Tuén 5 (11/10/2010)

Nguyén Truong Giang

- Tim tai lidu vé xay
dung hé thong giam sat
giao théng

- Lap ké hoach du 4n

- Tim tai liéu vé xay
dung hé théng giam sat
giao théng

- Tim tai liéu vé cach

tinh van toc phuong tién

- Tim tai liéu vé cach

tinh mat do

- Tim hiéu vé thi giac

may tinh

- Nghién ctru vé 1y thuyét

xtt 1y anh

- Quay video

- Nghién ctru vé 1y thuyét

xtt 1y anh

- Nghién ctru vé thu vi¢n

xur ly anh Aforge

- Nghién ctru céc thuat

Tran Chi Khanh
- Tim tai liéu vé xay
dung hé théng giam sat

giao théng

- Tim tai liéu vé xay
dung hé théng giam sat
giao théng

- Tim tai liéu vé cach
tinh van tbc phuong
tién

- Tim tai liéu vé cach
tinh mat do

- Tim hiéu vé thi giac
may tinh

- Nghién ciru vé 1y
thuyét xir 1y anh

- Quay video

- Nghién ciru vé 1y
thuyét xir 1y anh

- Nghién ctru vé thu

vién xu ly anh Aforge

- Nghién ctru cac thuat

Théi Thuc Phén
- Tim tai lidu vé xay
dung hé thong giam sat

giao théng

- Tim tai liéu vé xay
dung hé théng giam sat
giao théng

- Tim tai liéu vé cach
tinh van toc phuong
tién

- Tim tai liéu vé cach
tinh mat do

- Tim hiéu vé thi giac
may tinh

- Nghién ciru vé 1y
thuyét xir 1y anh

- Quay video

- Tong hop huéng tiép
can dé xay dung hé
thdng giam sat giao
théng

- Téng hop phuong
phap tinh van toc
phuong tién

- Nghién ciru vé thu
vién xu 1y anh Aforge
- Nghién ctru phuong
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Tuén 6 (18/10/2010)

Tuan 7 (25/10/2010)

Tuan 8 (01/11/2010)

Tuan 9 (08/11/2010)

Tuén 10 (15/11/2010)

Tuan 11 (22/11/2010)

toan xéac dinh chuyén
dong, nhan dang ddi
tuong

- Nghién ctru vé thu vién
xur ly anh Aforge

- Lap trinh chtrc nang
xac dinh chuyén dong,
nhan dang d6i tuong

- Quay Video

- Lap trinh chirc nang
xac dinh chuyén dong,
nhén dang ddi tuong.
- Lap trinh chirc nang

tinh van toc phuong tién

- Stra 161 chirc ndng xac
dinh chuyén dong, nhan

dang d6i tuong

- Stra 16i chire ning xac
dinh chuyén dong, nhan
dang d6i tuong

- Lap trinh chiric nang
tinh van tdc phuong tién
- Quay Video

- Stra 16i chire ning tinh

van tdc phuong tién

toan xac dinh chuyén
dong, nhan dang ddi
tuong

- Nghién ciru vé thu
vién xu Iy anh Aforge
- Lap trinh chirc nang
xac dinh chuyén dong,
nhan dang d6i tuong

- Quay Video

- Lap trinh churc nang
xéc dinh chuyén dong,
nhéan dang ddi tuong.

- Lap trinh churc nang
tinh van tbc phuong
tién

- Lap trinh chirc nang
tinh van tbc phuong

tién

- Lap trinh chirc nang
tinh van téc phuong
tién

- Quay Video

- Lap trinh chirc nang

tinh mat d¢ phuong tién

phép tinh mat do
phuong tién
- Nghién ctru vé thu

vién xu 1y anh Aforge

- Nghién ctru phuong
phap tinh mat do
phuong tién

- Nghién ctru vé thu
vién xtr ly anh Aforge
- Quay Video

- Tong hop phuong
phap tinh mat do xe.

- Kiém thir chtrc ning
xéc dinh chuyén dong,
nhan dang phuong tién
- Kiém thir chtrc ning
xéac dinh chuyén dong,
nhan dang phuong tién
- Thiét ké giao dién tmg
dung

- Kiém thir chtrc ning
tinh van téc phuong
tién

- Quay Video

- Kiém thir chtic ning
tinh van toc phuong
tién

- Viét bao cdo k¥ thuat
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Tuén 12 (29/11/2010) | - Lap trinh chirc ning

tinh mat do phuong ti¢n

Tuén 13 (06/11/2010) | - Lap trinh chtc nang

tinh mat do phuong tién

Tuén 14 (13/11/2010) | - Stra 18i chiic ning tinh

mat d¢ phuong tién

Tuén 15 (20/11/2010) | - Viét bao cdo ca nhan

- Lap trinh chure nang

tinh mat do phuong tién

- Lap trinh churc nang

tinh mat do phuong ti¢n

- Stra 16i chtre niing tinh

mat d¢ phuong tién

- Viét b4o c4o ca nhan

- Kiém thir chtric nang
tinh mat do phuong
tién.

- Viét bao cao k¥ thuat
- Kiém thir chtic ning
tinh mat do phuong
tién.

- Viét bao cao k¥ thuat
- Kiém thir chtrc ning
tinh mat d¢ phuong
tién.

- Viét bao cao k¥ thuat
- Viét bao cao k¥ thuat

- Viét bao cao ca nhan
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