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PHAT TRIEN GIAI THUAT DIEU KHIEN DEN GIAO THONG THONG MINH
NGO LE NGOC BICH, NGUYEN CHI NGON

Truong Dai hoc Can Tho

T6é6m tit. Bai bao dé xuit mo hinh cai dat he théng den giao thong ap dung cho mot nga tu dua
trén syt két hop ciia ki thuat xit Iy dnh va diéu khién md. Sau khi dén dd duge bat vai giay, hinh anh
sé duge chup v ude lugng mat do xe luu thong. Duya trén két qui udc lugng nay, bo didu khién mo
sé quyét dinh thdi gian dén xanh cho chu k¥ tiép theo, v6i muc tiéu lam cho tuyén dudng c6 mat do
xe luu thong cao hon thi thai gian cla chu ky dén xanh sé dai hon va ngugc lai. Chuong trinh mo
phéng duge xay dyng dé danh gia mo hinh dé xuit ciing nhu so sanh véi hé théng hoat dong theo
co ché dinh thoi phd bién hien nay. Két qui mo phéng da ching minh dugce thoi gian dén xanh phuy
thudc vao mat do xe trén dudng, xe cang nhiéu, thoi gian cang dai va ngugc lai. Khi mat do xe giita
2 tuyén dudng chéch léch nhau 13 5 1an thi téng thoi gian chd clia mo hinh hoat dong theo co ché
thong minh gidm tit 15 dén 20 lan so vdi co ché dinh thoi.

Abstract. This study presents an implementation of an intelligent traffic light control system for a
crossroads based on combination of image processing and fuzzy controller. After certain seconds of
red light, traffic densities are estimated from captured images. Based on this estimated result, a fuzzy
controller determines the length of the next green light period in order to generate longer period
for higher density road, vice versa. A software was developed to evaluate the suggestion algorithm,
and to compare it with traditional timer-based traffic light system. Simulation results indicate that
the road with higher traffic flow has a longer green light period, and vice versa. When the traffic’s
densities of 2 roads are 5 times different, the vehicle red-light waiting times of the suggested system
are reduced from 15 to 20 times better than the traditional system.
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1. GIGI THIEU

Hau hét cac chdt giao thong 6 nude ta c¢6 chu ky den xanh - dé duge thiét lap ¢b dinh,
bat chap lwu lugng cac phuong tién tham gia giao thong trén méi tuyén dusng. Trong khi
trén mot tuyén c6 kha it xe qua lai, thi ¢ tuyén kia xe phai n6éi duoi nhau chd dén xanh ngay
mot nhidu hon vA lugng xe nay khong thé gidi téa chi trong mot hodc hai chu ky, dic biét vao
nhitng gi¢ cao diém. Viéc tiéu tén qua nhiéu thsi gian tai mdi chét giao thong gay ra hang
loat hau qua nhu: thoi gian lutu thong kéo dai; xang, dau duge sit dung ma khong sinh ra bat
ky lgi ich nao ngoai viéc tang lugng khi thai vao moi truong anh hudng sic khoé ngusi tham
gia luwu thong... Thyc trang nay thé hién ré tinh kém linh hoat ctia céc chét giao thong st
dung co ché dinh thsi phé bién hién nay.

Nhitng chdt giao thong hoat dong theo co ché tir diéu khién (tu diéu chinh thai gian den
tin higu tuy thudc vao luu lugng xe) dang duge ting dung rong rii ¢ cdc nude phét trién. Dya
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vao 1tu thé vé co sd ha tang va tinh trang phan ludng giao thong ré rang giita cic lan xe, hau
hét nhitng mo hinh nay st dung cam bién dé xac dinh thyc trang Ivu lugng xe ciing nhu ki
thuat diéu khién md lAm nén tang cho viéc thiép lap thoi gian den tin hieu ¢ chu k¥ tiép theo
[1-8]. Tuy nhién, cong nghe nay ¢ nudc ta van con chua duge 4p dung. Da c6 nhiéu cong trinh
khoa hoc duge thye hien nhim khic phuc thye trang giao thong trong nude [9-12]. O cong bd
[12] trude day ctia nhéom nghién ciu, gidi phap udce lugng mat do luu thong duge dua ra la so
sanh sy khac biét gitta hai 4nh duge chup lién tiép sau khi den dé duge bat 1én. Gidi phap nay
¢6 han ché ¢ chd, néu lugng xe ding truéc den do qua dong, thi sy khac biet gitta 2 &nh chup
lien tiép nhu trén 14 khong 16n. Ngoai ra, néu vi Iy do ki thuat, ma dnh thu dugc bi nhoe, thi
sai sO thu dugc khi so sdnh hai &nh lien tiép ciing sé rat 16n. Nhidm khic phuc han ché cla
[12], nghién cttu dé xuat mot gidi thuat wéc lugng mat do xe thong qua viéc chup anh mot lan
va uéc lugng ty lé gitta cac phuong tién giao thong cé trong anh vd miat duong. Dong thoi,
nghién cttu nay ciing xay dyng mot chuong trinh mo phong mot cach tric quan hé thong den
giao thong trén co sd ma nguon md, 4p dung cho mot nga tu c6 kha nang hoat dong theo 2
cd ché: dinh thoi (mo hinh dang sit dung) v& thong minh (m6 hinh dé xuét), dé so sanh dugc
nhitng wu, khuyét diém ctia mbi mo hinh vi huéng t6i viec phét trién san pham trong tuong
lai.

2. PHUONG PHAP NGHIEN CcUU

2.1. M5 hinh hé théng

Phat trién tit cac két qua dat duge ¢ [9] va 12], nghién citu nay xay dyng phan mém mo
phong mot cach trygc quan mot mo hinh nga tu véi 2 lan dudng. O méi lan duong, camera
chup anh trang thai mit dudng sau khi den tin hiéu chuyén sang mau dé khoing 1-2 giay.
Hinh 4nh thu dudc diing dé udc lugng mat do cic phuong tién tham gia giao thong, két qua
udc lugng lam dau vio cho bo didu khién md, dé quyét dinh thoi gian deén xanh cho chu ky
tiép theo.

2.2. Uéc lugng mat do xe

C6 kha nhiéu nghién citu véi tham vong c6 thé xéc dinh duge chinh x4c s6 lugng xe dang
luu thong trén dudng, thyc té cho thiy tham vong nay c6 thé kha thi khi dém lugng xe dang
luu thong thong qua video [10]. Tuy nhién, véi nhitng phuong tién dang chd tin hiéu den (xe
di chuyén véi van tdc nhé hodac gan nhu ditng yén), tham vong nay tré nén kho khan. Ngoai
ra, sO lugng xe luu thong trén duong ciing khong phan anh duge chinh xéc tinh trang mat do
xe vi n6 phy thudc tryc tiép vao dién tich mit duong. Do dic trung ciia mo hinh dé xuat 1
stt dung logic m& dé quyét dinh thoi gian chd cho den tin hiéu, nhém nghién khong tap trung
vao viéc xac dinh chinh xdc mat do xe, thay vao dé 1a mot két qua ude lugng thoa céc tieu chi
sau: (i) thoi gian x1t Iy nhanh, phuong phap don gian, khong can vi xit 1y ¢6 cau hinh cao; (ii)
luru Iugng xe chi 14 mot gia tri wde lugng, tuong quan dén sé lugng cac phuong tién tham gia
giao thong trén duong va khong bi anh hudng qui nhiéu bdi cac tac nhan gay nhiéu. Phién
ban dau tién ctia nghién ctu nay (|9, 12]) st dung phuong phép chup 2 anh lien tiép trude
den do dé uéc luong Iuu lugng xe. Tuy nhién, phuong phap nay gip phai sai sé 16n khi lugng
xe chiém day khung anh Iam cho sy khac biét gitta hai lan chup lién tiép 13 khong dang ké. Dé
khic phuc han ché d6, nghién ctu nay phét trién mot phién ban mdéi ctia giai thuat uéc lugng
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mat do xe. Y tudng ciia gii thuat la phan doan dnh thanh 2 viing chinh gdm mit dudng va
phuong tién giao thong. Két qua uée lugng 1 ty 1é phan trim gita tong s6 pixels dai dien cho
phuong tién giao thong trén tong sb pixels ciia viing can quan tam, xac dinh béi (1):

n .
result = #100%, (1)
ijl 4q;

trong do, p; 1a pixel thit ¢ ciia ving anh dai dién cho phuong tién giao thong va g; 1a pixel thi
j ctia viing anh can quan tam sau khi loai bé c4c chi tiét thita ctia ca biic anh.

Hinh anh thu tit camera dugc chuyén vé mitc xam, sau do dugc xit 1§ dé cai thien do tuong
phén ctia anh bang bang look-up. Bang look-up 1a mot d&nh xa mot-mot (hay nhiéu-mot) dinh
nghia tinh gid tri méi (newlIntensity) cho mdi pixel. N6 14 mang mot chiéu, va déi anh muic
xam (nghién cttu chi xit 1§ anh mic xdm) do dai cia né 1a 256. Moi gia tri thit ¢ dinh nghia
mot gid tri mdi cho pixel theo (2):

newlIntensity = lookup|oldIntensity]. (2)

Duya vao bang look-up, ta tién hanh cai thién do twong phan cho anh theo cach sau: (i)
tim gia tri nho nhat (i = 0) va 16n nhét (imax) trong méng biéu do anh (histogram); (ii)
tinh lai gia tri mdi cho moi pixel theo (3):

0, © < imin
255, i > imax (3)
255(i — imin) 0.5

tmax — Ymin

lookupli] =

Ma gid cho giai thuat dugc minh hoa nhu Hinh 1.

Image getPreProcess(Image img, Integer minValue) {
/! tinh biéu d6 dnh
Array histogram= getHistogram(img);
// tim gid tri nho nhdt l6n hon minValue tir bén trdi (cuc trdi)
Integer imin= 0;
for( ; imin < histogram size() ; imin++ )

if (histogram(i] > minValue) break;
// tim gics tri nho nhdt [on hon minValue tir bén phdi (cuc phdi)
Integer imax= histogram.size() - 1;
for( ; imax >= (; imax-- )

if (histogram(i] > minValue) break;
//'tgo bang lookup
Array lookup[256] ;
/lkéo dan gia tri giira imin va imax
for (int i=0; i<256; i++) {

if (i < imin) lookupl[i]= 0;

else if (1> imax) lookup[i]=255;

else lookupli] = 255.0*(i-imin)/(imax-imin)+0.5 ;

Image result= applyLookUp(img,lookup);
return result;

}

Hinh 1. Minh hoa giai thudt wdc lugng mat do xe bing ma gia
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Sau qué trinh tién xit Iy dé lam ndi lén céc lugng thong tin can quan tam, 4p dung bo
loc Canny[19] dé tim ra nhitng dudng bién giita phuong tiégn giao thong va mat dudng. Bo
loc nay can 2 tham s6 dau vao lan lugt 1a ngudng trén (high threshold) va ngudng dudi
(low_threshold). Két qua ctia phép loc 1a hinh 4nh méi, chita cac dudng bién ctia phuong tien.
T tap hop cédc dudng bién nay, ta vé lai ching véi do day (thick edge) tuy thudc vao kich
thude ctia hinh anh can uéc lugng va mau ctia dudng bién 14 mau dai dién cho phuong tién
giao thong. Ap dung mat ma (mask image) dé phan vimg anh can udc lugng, ta ¢6 duge hinh
anh phan doan ctia mat duong va phuong tién giao thong. Tt day, tinh ty 1é phan tram sb
pixel dai dién phuong tién trén tong sé pixel dé c6 dugc két qua wéc lugng. Luu do cho gii
thuat cing nhu vi du duge minh hoa trén Hinh 2 va Hinh 3.

itnage = origin_image
wnage = getPreProcess(image)

getCannyiimage, low _threshold, high threshold)
List list edges = getEdges(image)

draw_contoursiinage edge, edge,

dges i list_ed,
R L thick_size, color_wehicle)

image edge += mask

total = getConcernedPixel(irnage edge)
vehicle = getVehiclePixel{image edge)
result = (vehicleftotaly* 100

END

Hinh 2. Luu dd gidi thuat uéc lugng mat do xe

T qué trinh thie hién, ta nhan thay ban than bo loc Canny da loai bo nhitng tdc nhan
gay nhiéu do d6 két qua sé khong bi anh hudng nhiéu bdi cac yéu t6 gay nhiéu cling nhu
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origin image origin image

draw_contours + mask

S »
- —
11, o

result =39 result =38

result = 56

Hinh 8. Vi du minh hoa két qua udc lugng mat do xe
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yéu t6 thoi tiét (do sang ctia hinh anh khac nhau tuy vio ting thoi diém khac nhau trong
ngay). Viéc 4p dung mit ma cho ta kha niang linh hoat trong viéc uéc lugng véi nhing goc
dat camera khéac nhau.

Dé chon dudc cac canh thyc sy cling nhu loai bé nhitng chi tiét gay nhiéu, chon gia tri cho
ngudng trén (high threshold) va ngudng dudi (low threshold) 1an lugt 1a 200 va 100. Do day
(thick _size) ctia duong bién c6 thé tinh chinh dé phit hgp véi kich thudce dnh can udc lugng.
Thyc nghiém cho théy, giai thuat hoat dong 6n dinh khi s6 lugng xe trén dudng tuong ddi
dang ké. Tuy nhién, t6 ra kém hiéu qua khi sé lugng xe trén dudng it, nhitng vat gay nhiéu
(vach ké, bong ctia phuong tién...) cing duge giai thuat Canny nhan dang va duge danh dau
14 nhitng pixels dac trung cho syt ¢6 mat ciia phuong tién trong két qua cudi ciing. Do d6, yéu
t6 gay nhidu nay can dugc quan tam trong qué trinh xay dung bo diéu khién ma.

2.3. Thiét ké bo didu khidn m&

Bo diéu khién mo duge diing dé quyét dinh thsi gian den xanh & chu k¥ tiép theo dya trén
két qua u6c lugng tir hinh anh thu duge ¢ hai lan xe duge ké thita tir [12], v6i 2 ngd vao va 2
ngod ra. Cac ngd vao l1a mat do xe trén hai tuyén duong LO va L1, ¢6 gid tri bién thién trong
[1...100]% va dugc mo hoé thanh 5 tap mdo chinh tac: {RatVang, Vang, TrungBinh, Dong va
RatDong}, nhu Hinh 4. Tuong ty, cic ngd ra la thoi gian déen xanh T0 va T1 cta hai tuyén
duong 6 gid tri vat 1y bién thien trong |[15... 80] gidy, dugc md héa thanh 4 tap mo chinh tic:
{Ratngan, Ngan, Dai va Ratdai}, trén Hinh 5.

rit ving ving trung hinh dong rit déng
1.0
0.8
0.6
04
0.2
0 19 37 55 73 91 100

Hinh 4. Cac ham lién thudc ngd vao

rit ngin ngin dai rit dai
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Hinh 5. Cac ham lién thudc ngd ra

Bo didu khién md c6 25 luat duge xay dung dya trén thite nghiém v minh hoa trén Bang
1, v6i co ché suy dién MAX-MIN v& gidi mo theo phuong phap diém trong tam. Chi tiét vé
bo diéu khién mo xin xem [12].
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Bdng 1. Luat diéu khién cho md hinh den giao thong thong minh

Li LO Ratvang Wang TrungBinh Donig Rathiong
TO:RatMNgan | TO:MNgan TO:MNgan TO:Ratngan | TO:Ratngan
Ratvand | 11 .ratNgan | T1:Dai T1:Dal T1:Ratdai | T1:Ratdai
vang To:Dai TO: RatMgan | TO:MNgan TO:Ratngan | TO:Ratngan
T1:Mgan T1: RatMNgan | T1:Dai T1.Dai T1:Ratdai
, TO:Cai TO:Dai TO: RatMgan | TO:MNgan TO:MNgan
TrungBinh . .
T1:Ngan T1:Ngan T1: RatMNgan | T1.Dai T1:Dai
TO:Ratdai TO:Ratdai TO:Drai TO: RatNgan | TO:Ngan
Deng T1:Ratngan | T1:MNgan T1:Mgan T1: RatMgan | T1:Dai
TO:Ratdai TO:Ratdai TO:Dai TO:Dai TO: RatMNgan
Ratbong T1:Ratngan | T1:Ratngan | T1:MNgan T1:Mgan T1: RatMgan
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3. MO HINH MO PHONG VA KET QUA THUC NGHIEM

3.1. M5 hinh mé phéng

Dé kiém chitng cAc gidi thuat da dé xuit, nghién cttu ndy xay dyng mo hinh mo phéng
mot chdt den tin hiéu giao thong duge minh hoa nhu Hinh 6. Dén giao thong duge diéu khién
dya trén hai co ché: dinh thoi (thoi gian den tin hieu cho 2 tuyén duong la ¢6 dinh) va thong
minh (mo6 hinh dé xuat). Ngoai ra, mo hinh con ¢6 cac thong so tuy chinh sau: mat do xe cho
2 tuyén duong, thoi gian deén xanh cho 2 tuyén dudng, toc do di chuyén ciia xe, do dai cia
phan dudng can quan sat...

Intelligent Mode

Intelligent Traffic Light Simulation

_f Traffic Light T Other variations T About ]

Vertical Lane(lane0) Horizontal Lane(lane1)

Density ;m——— Density jm———
Per Truck :emm(@u—, 2 Per Truck :emmm(m— ), 3
Per Car: 0.8 Per Car: 0.7

Green Time :com—(y— Green TiMe | emm—(—— ()

Mode :
@® Both

() Normal O Intelligent

[ Run ] L Stop J

a) Bang diéu khién cac thong s6 mo phéng b) Giao dién mo phéng chdt giao thong

Hinh 6. Giao dién mo6 phéng mot chdt den giao thong

3.2. Két qua thuc nghiém

Thong s6 mo ta mat do xe ctia mdi lan dudng c¢6 gia tri trong [1, 9]. Mo hinh duge khao
sat dya theo hai tieu chi: (i) mat do xe va (i) do dai clia viing can quan sat. Gia tri mat do
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Bang 2. Thai gian cho dén xanh v6i do dai viing quan sat 14 10m

Lo Thoi gian cho dén tin hi€u (gidy)
L1 1 3 5 7 9
é = 1 20-20 30-40 30-45 17-70 17-75
S ‘gl 3 40-30 30-30 30-40 17-60 17-65
=2 | 5 | 4530 | 4030 | 3535 | 3045 | 3055
:::"‘:; 7 70-17 60-17 45-30 20-20 30-35
=7 9 75-17 65-17 55-30 35-30 35-35

Bang 3. Thai gian cho dén xanh véi do dai viing quan sat 1a 20m

L0 Thoi gian cho dén tin hiéu (gidy)
L1 1 3 5 7 9
§ = 1 16-16 25-35 30-50 25-60 17-75
% igi" 3 35-25 32-32 30-45 20-60 17-65
g2 5 50-30 45-30 30-30 30-50 30-60
;’g 7 60-25 60-20 50-30 20-20 30-45
=7 9 75-17 65-17 60-30 45-30 3535

c6 5 mbe lan lugt 1a: 1, 3, 5, 7 va 9. Gia tri do dai viing quan sat duge khéo sat theo 2 mbce:
10m va 20m. Chot giao thong c6 2 tuyén dudng véi cac gid tri mat do xe gidng hodic khéc
nhau, do d6 sé c6 50 trudng hgp can duge khao sat. Trong mdi trusng hop duge thiye hien 10
lan v6i thoi gian chay cho mdi lan 1a 20 phat. Nhu vay, sé ¢6 500 thiyc nghiém duge khio sat.
Két qua dugce théng ké trong Bang 2 va Bang 3. Két qua nay cho thay, khi mat do xe trén
2 tuyén duong bang nhau, thoi gian dén xanh khoang 16-35 giay, gan giong nhu co ché dinh
thoi. Khi mat do xe chéch léch nhau thi tuyén duong nao c6 lwu lugng xe dong sé ¢6 thoi gian
den xanh dai hon. Thai gian dén xanh t6i thiéu 1a 1944 giay va dbi da 1a 7544 giay. Ngoai
ra, két qua ciing phan anh duge bo diéu khién md trén hai tuyén dudng cé vai trdo nhu nhau.
Diéu nay tao ra nhidu thuan 1gi khi trién khai mo hinh trong thyc té. Tt Bang 2 va Bang 3
ta thay néu quang truong qua ngan, hé théng sé hoat dong it hiéu qua khi khong c6 sy chéch
lech 16n vé thoi gian gitta 2 tuyén duong, trong khi sy chéch lech vé mat do phuong tién giao
thong 1a kha cao.

3.3. So sanh giita hai cd ché: dinh thai vaA théng minh

Mo phong duge thiye hien véi cing cac tham sé dau vao, thoi gian den xanh (cho co ché
dinh thai) 1a 30 gidy ¢ ca 2 tuyén duong, do dai quang truong (pham vi quan sat clia camera)
13 20m, hinh anh duge chyp sau khi dén dé duge bat 1én 2 giay va do dai doan dudng can
khéo sat trong khodng 830-850m (tinh tit vi trf dat den do trd vé trude). Tuwong ing véi moi
gid tri mat do cta 2 tuyén duong (L0-L1) sé ¢6 30 chu ky duge thyc hién, trong d6 mdi chu k¥
bt dau khi dén tin hiéu chuyén sang dé ¢ lan duong L1. Ngoai ra, ta qui uéc goi lan dudng
thang ding 1a duong 0 (L0) v& lan dudng ndm ngang 13 dudng 1 (L1).

Tinh hinh giao thong nudc ta chua c6 sy phan ludng o rang, do dé dé phan dnh dudc két
qua mo phoéng, nghién citu nay thyc hién uéc lugng tuong quang vé sb lugng xe toi da trong
pham vi 100m trén thyc té nhu sau: (i) gid st do dai cia xe may 1a 2m, trong lan dudng qui
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dinh sé c6 t6i da 3 xe may dang chd. Nhu vay, trong pham vi 100m c6 khoang tdi da 140-160
xe méy dang cho; (ii) do dai ude lugng cho xe hoi 1a 3m va xe tai 1a 4m. Nhu vay sé c6 ti
50-70 xe 4 banh trong pham vi xem xét. T gid thuyét nay, mo phong sé cé tit 140-160 xe
méay va tit 50-70 xe bén banh trong pham vi 100m. Néu qui wdc mot xe bat dau & trang thai
cho khi khong di chuyén (van tdc bang 0) thi ta cé thoi gian chd ctia mdi tuyén duong duge
tinh bing cach lay tong s6 lugng xe dang chd sau mbi giay ké tir khi den dé dugce bat, xac
dinh béi (4):

1 N

=1

trong d6, W 1a tdng thoi gian chd (don vi 1a phit), S; 1a tong s6 xe dang ¢ trang théi chd tai
giday thit i va N 1a tong s6 gidy cta chu ky den do.

Bl Mormal mode: waitingtime_ lane0ll Intelligent mode: waitingtime_ laned

Narmal mode: waitingtime_ lanel, Intelligent mode: waitingtime_ lanel

waiting timelminutes)
&0

400

200]

1-8 1 3& 5% 78 68 48 28 -7 3-8

. ] ﬂégnsity {LO-L1)
Waiting Time

Hinh 7. Téng thoi gian c¢hd ctia 2 mo hinh ¢6 sy thay d6i mat do

Hinh 7 cho th&y sy khéc biét vé tong thoi gian chd ciia 2 mo hinh. Thai gian nay duge
tinh trong chu k¥ ngay trudc khi mat do ciia 2 tuyén dudng chuyén sang gia tri méi. Hinh
8 minh hoa hiéu do khao sat s6 lugng xe trén doan dudng tinh tit vi tri dit den giao thong
trd vé trude. Céc biéu do so sanh cho thay déi véi co ché dinh thai, khi luu lugng xe khong
duge giai téa hét trong 1 chu k¥, s6 lugng xe chd sé& duge tich luj va ngay cang tang theo thoi
gian. Trong khi d6, d6i v6i mo hinh hoat dong theo co ché thong minh, thoi gian dén xanh &
tuyén duong c6 luu lugng xe cao kha dai, do dé sb lugng xe chd duge gidm di mot cach dang
ké. Didu nay 1a mot trong nhitng nhan tét quan trong giGp gidm nguy cd uin tic giao thong.
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a) Tong s6 xe dang chd trén ting tuyén dudng cé sut thay ddi mat do

—a— Mormal maode: Total of waited wehicle
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b) Téng s6 xe dang chd trén ci hai tuyén duong cé sy thay doi mat do

Hinh 8. Tong s6 xe dang chd ctia 2 mo hinh c¢6 sut thay déi mat do

Ngoai ra, két qua mo phéng ciing cho théy, khi cac tuyén duong c6 Iuu lugng xe it hodc gan
bang nhau, thi hoat dong ctia co ché dinh thoi va co ché thong minh tuwong ty nhau. Tic I3,
mo hinh dé xuit trong nghién cttu nay t6 ra hiéu qua hon khi 4p dung cho cac tuyén duong
6 lugng xe tham gia luu thong 16n hodc ¢6 mat do xe chénh léch dang ké.

4. KET LUAN VA DE NGHI

Nghién cttu da dé xuat mot gidi thuat don gian trong viéc udc lugng mat do phuong tién
luu thong trén dudng va didu khién md duge mot chét giao thong thong minh cho mot mo
hinh nga tu. Ké qua mo phéng cho thiy, mo hinh dén giao thong thong minh c6 wu diém
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VUGt troi so véi mo hinh dinh thoi. Khi do chéch lech vé Ivu lugng xe ¢ hai tuyén duong khac
nhau, mo hinh diéu khién thong minh sé ty diéu chinh thai gian chg thich hgp. Do dé, thoi
gian chg ctia mdi phuong tien da duge gidm ding ké. M6 ra mot kha ning trién khai mo hinh
thyc té, gop phan lam gidm tinh trang in tat giao thong gay ra nhiéu thiet hai vé kinh té, xa
hoi va moi truong hién nay.
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