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MICROSCOPIC TRAFFIC SIMULATION AND GENETIC ALGORITHM-BASED TRAFFIC SIGNAL OPTIMIZATION
FOR AN URBAN CORRIDOR IN DOWNTOWN NHA TRANG, KHANH HOA PROVINCE

Traffic congestion in coastal tourism cities has become a serious problem due to mixed traffic flow and
strong seasonal fluctuations in tourism. In Nha Trang City, the old Loc Tho Ward (now Nha Trang Ward)
frequently experiences congestion during peak hours, affecting traffic operation efficiency and urban quality
of life. This study develops a microscopic traffic simulation model using AnyLogic software for the Tran Phu
- Nguyen Thi Minh Khai - Hung Vuong - Nguyen Thien Thuat corridor, combined with a genetic algorithm to
optimize traffic signal control parameters. Directional traffic flow data by vehicle type were collected using
specialized recording devices at three critical intersections, processed and converted to standard passenger
car units (PCU) as model input. Results show that the optimized scenario reduces average delay by 25-
30%, maximum queue length by nearly 30%, and increases average travel speed by approximately 30%,
while improving the level of service from D to C. The study confirms the effectiveness and applicability of this
method in the context of coastal tourism cities in Vietnam.

Keywords: traffic simulation; signal optimization; genetic algorithm; AnyLogic; traffic congestion; Nha Trang.

Un téc giao théng tai céc dé thj du lich ven bién dang trd thanh van dé nghiém trong do luu luong giao
théng hén hop va bién déng manh theo mia du lich. Tai thanh phé Nha Trang, khu vuc phudng Léc
Tho cd (nay la phudng Nha Trang) thudng xuyén xdy ra un tic trong gio cao diém, &nh hudng dén
higu qua van hanh giao thdng va chét lugng sbng dé thi. Nghién ciu nay xay dung mé hinh mé phdng
giao théng vi mé bang phan mém AnyLogic cho hanh lang Tran Phd - Nguyén Thi Minh Khai - Hung
Vuiong - Nguyén Thién Thuét, két hop thudt toan di truyén dé t6i uu héa cac tham sé diéu khién tin hiéu
dén giao théng. DT liéu luu luong theo huéng va theo loai phuong tién dugc thu thap tu thiét bj ghi hinh
chuyén dung tai ba nuit giao trong yéu, xt ly va quy déi vé don vi xe con tiéu chudn (PCU) lam déu véo
cho mé hinh. Két qué cho thdy phuong &n sau t6i uu héa gidp gidm dé tré trung binh 25-30%, gidm
chiéu dai hang chd cuc dai gdn 30% va ting van téc hanh trinh trung binh khodng 30%, dong thdi céi
thién muc phuc vy tir D 1én C. Nghién ctiu khdng dinh tinh hiéu qua va kha néng ting dung cta phuong
phép trong bdi canh dé thi du lich ven bién & Viét Nam.

Tir khéa: mé phéng giao théng; t6i uu hoa tin hiéu; thuat toén di truyén; AnyLogic; un téc giao théng;
Nha Trang.

70 a.xn 6 138 .2025



 BCXW nganh |

1. Giéi thiéu

Un tac giao thong db thi 1a hé quéa phé
bién clia qua trinh dé thi hoa nhanh, gay
tén that 16n vé thai gian, chi phi nhién
liéu va gia tang phat thai khi nha kinh.
Tai nhiéu thanh phd trén thé gidi, un tac
lam suy gidm chét lugng séng va hiéu
qué kinh t& do thi, d4c biét nghiém trong
& cac qudc gia dang phat trién, noi toc
do gia tdng phuang tién vugt xa ndng luc
ha tang [1].

Tai Viét Nam, Un tic giao thong khong chi
tap trung & cac do thi I6n ma ngay cang rd
nét tai cac thanh phé du lich ven bién nhu
Nha Trang, Da Néng va Viing Tau. Thanh
ph6 Nha Trang don hang triéu lugt khach
méi nam trong khi quy mé dan sé thudng
tri & mic trung binh [2]. Khu vuc phudng
Loc Tho, nai tap trung day déc cac co sé
luu trd va dich vu du lich, thudng xuyén
xay ra Un tac tai cac nit giao trén truc
Trdn Phd - Nguyén Thi Minh Khai, dac
biét trong gid cao diém sang va chiéu t3i.

Pac trung giao théng hén hgp vdi ty 18
Xe may cao, cling su gia tang nhanh clia
xe con va xe khach du lich, khién dong
Iuc hoc dong giao thong trd nén phc tap
va kho mé ta bang cac mo hinh truyén
théng dugc phat trién cho moi trudng 6
t6 chiém uu thé [3]. Trong thuc tién quan
ly, cac bién phap nhu diéu khién tin higu
theo chu ky ¢6 dinh hoac diéu chinh thdi
gian xanh theo khung gid thudng dudc
ap dung, song chua phan anh day di su
bién dong cua luu lugng, dic biét trong
b6i canh du lich mang tinh mua vu, dan
dén kéo dai thai gian chd hoac phat sinh
hién tugng hang chd tran ngugc.

M6 hinh mé phdng giao théng vi md da
dugc sl dung rong rai trén thé gioi dé
phan tich va t6i uu hoa diéu khién tin hiéu,
vGi nhiéu cong cu nhu VISSIM, Aimsun
hay SUMO, cho phép danh gia hiéu qua
cac phuong an diéu khién trong moi
truGng. Tuy nhién, viéc &4p dung cac mo
hinh nay cho giao théng hén hgp chiém
uu th& xe may van con han ché va cac
nghién clu t6i uu hda tin higu tai Viét
Nam con tuong doi it.

Xuét phat ti khoang tréng nghién ciiu

dé, bai bao nay xay dung md hinh mo
phodng giao thong vi mod bang phan mém

AnyLogic cho hanh lang giao théng
phudng Loc Tho (cl) dya trén dif liéu
thuc do, dong thai Ging dung thuat toan
di truyén dé t6i uu hoa cac tham sé diéu
khién tin hiéu gbm chu ky, thdi gian xanh
va d léch pha [4]. Muc tiéu cla nghién
cliu la gidm Un tic va nang cao muic phuc
vu clia mang Iugi giao thong ma khéng
can mé rong ha tang hinh hoc; déi tugng
nghién ctu la hé théng diéu khién tin hiéu
den giao thdng tai cac nut giao trén hanh
lang Tran Phu - Nguyén Thj Minh Khai
thudc phudng Léc Tho (ci) trong diéu
kién giao thong do thi ven bién co ty I&
Xe may cao.

2. Phuong phap nghién cau
2.1. Khu vuc nghién cuu

Khu vuc nghién cltu [& hanh lang
giao théng trung tdm phudng Léc Tho
(ct), gébm bén tuyén chinh: Trén Ph,
Nguyén Thj Minh Khai, Hung Vuong va
Nguyén Thién Thuat. Day la khu vuc
tap trung day dac cac cd sd luu tru, dich
vu du lich va hoat dong thudng mai, cé
luu lugng giao thong 16n va bién dong
manh theo mua du lich [2].

Pudng Tran Phu 1a truc ven bién chinh,
mat c&t ba lan méi chiéu, ddm nhan
phan I6n luu lugng xe du lich va xe ca
nhan. Nguyén Thi Minh Khai dong vai
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tro truc két ndi Dong - Tay gitia khu noi
d6 va Tran Phu, trong khi Hung Vudng
va Nguyén Thién Thuat 1a hai tuyén
mat chiéu song song, méi tuyén ba lan,
thuc hién chic néng thu gom va phéan
phéi luu lugng trong khu vuc.

Nghién clu tap trung vao ba nat giao
then chét: nat A (Tran Phd - Nguyén
Thi Minh Khai), nut B (Hung Vuong
- Nguyén Thj Minh Khai) va nat C
(Nguyén Thién Thuat - Nguyén Thi
Minh Khai). Bay l1a cac nat c6 muc dd
tudng tac cao va thudng xuyén xay ra
un tac trong gid cao diém, dic biét vao
mua du lich [5], do d6 dugc lya chon
lam khu vuc dai dién dé danh gia hiéu
qua md phdng va t6i uu héa diéu khién
tin hiéu trong diéu kién giao thdng do thi
ven bién (dugc thé hién & Hinh 1).

2.2, Thu thap va xd ly dii liéu

D{ liéu giao théng dudc thu thap nham
cung cép di liéu dau vao cho mé hinh
mo phong vi mé théng qua thiét bi ghi
hinh chuyén dung b tri trén cao tai ba
ndt giao trong yéu (A, B, C). Vi tri dat
camera bao ddm bao quat toan bé khu
vic giao 16 va cac doan dan nhap, cho
phép ghi nhan day dd luu lugng va dic
trung hang chd nhu dudc trinh bay &
Hinh 2.
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Hinh 1: Dic trung hinh hoc va dic diém van hanh tai cac tuyén dudng nghién ciu
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Hinh 2: Thu thap dit liéu giao thong bang thiét bi chuyén dung

a.XD sé138.20 71



Khao sat dugc thuc hién trong tuan cao
diém du lich, tap trung vao hai khung gio
cao diém 07:00-09:00 va 17:00-19:00
dé phan anh diéu kién tai I6n clia mang
[uGi. TU dd liéu video, luu lugng dudc
trich xuét theo tling huéng di chuyén
va phén loai theo ndm nhém phuadng
tién chinh. D liéu dudc tdng hap theo
khoang thgi gian 15 phut nham xac
dinh cac dinh luu lugng cuc bd.

P& phan anh dic trung giao thdng hén
hop, luu lugng dugc quy déi vé don vi
xe con tiéu chudn (PCU) theo TCVN
4054:2005 [6]. Cac ma trén luu lugng
PCU sau dé dugc chuén hoa va st dung
lam di liéu dau vao cho cac kich ban
mo phdng trong phan mém AnyLogic.

2.3. Xdy dung mé hinh mé phdng vi mé
M6 hinh mé phdng vi mé dudc thiét 1ap
trong moi trudng phan mém AnyLogic, st
dung thu vién Road Traffic Library nham
tai hién dac trung dong giao thdng hén
hgp tai khu vuc nghién ctiu (thé hien &
Hinh 3 va 4). Quy trinh x&y dung mé hinh
dudc thuc hién theo cac giai doan sau:
(i) S6 hda ha tdng mang ludi: Hinh hoc
cac tuyén dudng, s6 lan xe, hudng di
chuyén, vi tri vach diing va céc lan ré
danh riéng dugc xay dung dua trén di
liéu &nh vé tinh va két qué khao sat thuc
dia tai khu vuc phudng Loc Tho (ci).
(i) M6 hinh hoéa diéu khién nat giao:
Trong kich ban co sd, nat A dugc thiét
l&p 1a nut khéng tin hiéu; cac nat B va C
dudc cdu hinh hé théng dén tin higu vai
cdu trtc hai pha, tuong tng véi ché do
diéu khién hién hiu.

(iii) Thiét Iap dong giao théng dau vao:
Luu lugng tai cac diém clia ngd cla
mang lugi dugc gan theo chudi thai gian
dua trén ma tran luu lugng xe con quy
déi (PCU). Ty & cac loai phuong tién
(xe may, xe con, xe khach...) dudc thiét
lap theo phan phdi thuc té trich xuat ti
dit liéu ghi hinh kh&o sat.

(iv) Hiéu chinh tham s6 hanh vi: Cac
tham s6 vé téc do tu do, khoang cach
an toan, gia téc va giam téc dugc diéu
chinh nh&m phan anh dac thu hanh vi
giao théng hén hdp vdi ty 1&é xe may
cao tai Viét Nam. Qua trinh hiéu chinh
dudc thuc hién théng qua so sanh chiéu
dai hang chd va van téc hanh trinh mo
phdng véi s6 liéu quan trac thuc té.
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Hinh 3: M6 phdng mang lui giao thong va thiét 1ap tham s& hanh vi, logic di chuyén ctia cac
phuong tién trong AnyLogic

(v) Thiét 1ap cac kich ban mé phdéng:
Trén ¢ s mod hinh da dudc hiéu chinh
va kiém dinh, hai kich ban chinh dugc
xay dung: (1) kich ban hién trang, trong
dd nut A khdng c6 tin hiéu va cac nut B,
C van hanh véi chu ky c6 dinh 90 giay
(hai pha) va khéng c6 phdi hdp tin hiéu
doc tuyén va (2) kich ban sau t6i uu
héa, trong do6 toan bdé hanh lang dugc
tin hiéu hoa, nut A ap dung céu tric ba
pha tach dong ré trai, cac nat B va C ap
dung c4u tric bén pha tach dong. Cac
tham s6 diéu khién nhu chu ky chung
(C), thoi gian xanh (gi) va do léch pha
(offset) dugc xac dinh théng qua thuat
toan di truyén.

2.4. Thuét toan di truyén t6i uu héa
tin hiéu

Nghién clu Ung dung Thuat toan Di
truyén (Genetic Algorithm - GA) tich
hgp trong cong cu OptQuest clia phan
mém AnyLogic dé giai quyét bai toan
t6i Uu hoa tin hiéu giao théng phdi hop
cho hanh lang nghién ctiu. GA dugc lua
chon nhd kha nang tim kiém 16i giai toi
uu trong khong gian da bién phi tuyén
tinh, dac biét phu hgp véi dac thu dong
giao théng hén hop tai do thi Viét Nam
[7] (nhu thé hién & Hinh 5).

Hinh 4: Chay ki

Khéng gian tim kiém va bién quyét
dinh: C4u trlic c4 thé trong quan thé GA
dudc thiét lap dya trén ba nhom bién
quyét dinh then chét nhdm déng bé hoa
mang luéi:

(i) Chu ky chung (C): Rang budc trong
khoang 60-120 giay dé dam bao tinh
chu ky déng nhét cho toan mang IUGi.
(i) Phan bé thsi gian xanh (Splits): T4
uu héa dung lugng théng hanh cho tuing
pha tai méi nut giao dua trén Iuu lugng
PCU thuc do.

(iii) Do 1éch pha (Offsets): Thiét 1ap mdi
lién hé thdi gian gilia cac nut doc truc
Nguyén Thi Minh Khai nhdm hinh thanh
“lan séng xanh”, gidm thiéu viéc diing
xe dot ngot.

Ham muc tiéu (Fitness Function):

Pé danh gia hiéu qua cla tling phuong
&n diéu khién, mét ham muc tiéu da
tiéu chi f(x) dugc xay dung dua trén
céach tiép can Ham chi phi téng hop
(Performance Index - PI) tuU md hinh
TRANSYT [8]. Ham nay dugc diéu
chinh trong s6 dé phan anh cac uu tién
quan ly giao théng tai khu vuc phudng
Léc Tho:

f(x)=0.6.D0,,+0,3.Q,,,+0,1.S,, (1)

max

ch ban m6 phéng (2) dudi dang 2D va 3D trong AnyLogic
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Hinh 5: Thiét lap ham muc tiéu va i uu héa tin hiéu den giao thong bing thuat toan di truyén
trong AnyLogic

Trong do:

Davg (D tré trung binh) dugc gan trong
s0 uu tién 0,6 vi day la thudc do chinh
clia Mdc phuc vu (LOS) theo Highway
Capacity Manual [9].

Q,,, (Chiéu dai hang cho t6i da) co
trong s6 0,3, phan anh muc dé cap thiét
clia viéc ngan chan hién tugng un tac
lan truyén (spillback) gidia cac nut giao
cy ly ngan.

Sug (S6 lan dting) co trong s6 0,1, dai
dién cho chi phi van hanh phuong tién
va phat thai moi trudng.

Quy trinh van hanh va kiém soat
nhiéu: Co ché t6i uu héa dugc van
hanh theo quy trinh tién héa lap. Dé
triét tiéu nhiu ngdu nhién dic trung
cia mdé phong vi mé va dam bao do
tin cay thdng k&, méi gidi phap (ca thé)
dudc thuc hién 13p lai 05 1an vai cac hat
giéng ngdu nhién khac nhau. Gia trj
trung binh cla ham muc tiéu f(x) qua
cac lan chay dudc st dung lam can cU
dé thuc hién cac toan tdi lai ghép va dot
bién. Thuat toan s& dung lai khi gia tri
ham muc tiéu hoi tu hodc dat dén gidi
han thé hé da thiét lap.

2.5. Chi tiéu danh gia hiéu qua

pé danh gia dinh lugng hiéu suét van
hanh clia mang ludi giao théng trudc va
sau khi t6i uu hoa, nghién cliu st dung
hé thong chi tiéu dugc trich xuét truc
tiép t mé hinh mo6 phdéng AnylLogic,
bao gém:

(i) D6 tré trung binh (Davg): Thdi gian
di chuyén cong thém cla phuong tién
do &nh hudng cia diéu khién tin hiéu
va cac xung dot giao thong (s/xe). Bay
|& chi tiéu phan anh truc ti€p muic do un
tic clia mang Iudi.

(i) Chiéu dai hang chd cuc dai (Qmax):
Khoang cach hang xe dai nhat tinh ti
vach dling (m), dudc st dung dé danh
gid nguy cd tran ngudgc (spillback) gay
un tac day chuyén gidia cac nat giao.
(iii) SO lan dung trung binh (Savg): S6
lan phudng tién phai diing hoan toan
khi di chuyén qua mang luéi (lan/xe),
chi tiéu nay c6 méi lién hé chat ché véi
mdic tiéu hao nhién liéu va phat thai khi
nha kinh.

(iv) Van to6c hanh trinh trung binh
(Vavg): Téc do trung binh cta phuodng
tién trén toan hanh lang nghién clu
(km/h), ph&n anh kha nang luu théng
téng thé cla tuyén.

(v) Mtc phuc vu (Level of Service -
LOS): Chi tiéu dinh tinh ding dé phan

(2)

Trong dé: Q. la luu lugng quan sat
thuc té tai mat cat va Qsim l1a Iuu
lugng trich xudt tr mo hinh mé phéng
(PCU/h). Theo khuyén nghi cla Cuc
Quén ly Budng cao téc Lién bang Hoa
Ky (FHWA), m6 hinh dugc coi la dat
yéu cau cho muc tiéu phan tich va t6i
uu héa tin hiéu khi gia tri GEH < 5,0
tai it nhat 85% cac mat cét kiém soat.
K&t qua kiém dinh cho thdy tai 06 ludng
giao thong dai dién G ba nut A, B va
C, tat ca cac gia tri GEH déu nhd han
5,0, vGi sai s6 phan tram luu lugng dao
dong trong khoang 4-11%. G cap do
vi mo, thdi gian hanh trinh moé phdng
trén hanh lang Tran Pha va Nguyén Thj
Minh Khai c6 sai s6 dudi 3,5% so véi dit
liéu thuc té thu thap ti cdm bién. Ddng
thoi, chiéu dai hang chd mé phdng tai
nit C thé hién sy tuong déng tét véi
hinh anh ghi nhan ti thiét bi ghi hinh
chuyén dung. Céc chi ddu théng ké
trén cho phép khéng dinh m6 hinh m6
phdng c¢é do tin cay cao, tao nén tang
viing chac cho cac budc phan tich va t6i
uu hoa tin hiéu tiép theo.

loai trang thai van hanh cla nut giao tU [

mdc A (luu thong ty do) dén F (Un tac §

nghiém trong), dugc xac dinh chl yéu dua
trén ngudng do tré theo hudng dan cla
Highway Capacity Manual (HCM 2010).

3. Két qua va thao luan

3.1. Hiéu chinh va kiém dinh mé hinh §
M6 hinh mé phdng giao thong vi mo |

dugc hiéu chinh va kiém dinh nh&m
dam bao mic do phu hop véi diéu
kién thuc t€. Qua trinh hiéu chinh tap

trung vao cac tham sé hanh vi cla §
dong giao thong hén hgp va dugc §

déanh gia thdng qua so sénh luu lugng
tai cac mat cat kiém soat va chiéu dai

hang chd tai nit C - diém nghén chinh &

clia mang luéi.

Chi s6 GEH (Geoffrey E. Havers) dugc
sl dung lam thudc do chinh dé danh
gia mtc do phu hgp cia luu lugng mo
phdéng. Céng thlc dugc xac dinh nhu
sau [10]:




Bang 1: So sanh chf tiéu van hanh truéc va sau t6i uu hoa

Chi tieu Hien trang | Sau téi wu haa Thay dai
B6 tré trung binh {sixe) 325 241 -25 8%
Chitu dai hang ché cue dai {m) 524 585 -29,0%
Van 16c trung binh (kmih) 15,2 198 +30,2%
S6 lan ding trung binh (l&nie) 35 21 -40, 0%
Murc phuc vy {(LOS) C C Caithién 1 bac

3.2. Hiéu qué téi uu héa tin hiéu
Bang 1 trinh bay so sanh céac chi tiéu
van hanh chinh gidia kich ban hién trang
va kich ban sau t6i uu héa bang thuat
toan di truyén trong gid cao diém t6i.

K&t qua cho thdy phuong an diéu
khién sau t6i uu héa mang lai sy cai
thién rd rét vé hiéu suét van hanh cla
mang lugi. Cu thé, do tré trung binh
gidm hon 25%, van téc hanh trinh
tang khoang 30%, s6 lan diing giam
40% va muc phuc vy toan mang dugc
nang tu muc D 1én muc C. Bang chu
y, chiéu dai hang chd cuc dai tai nat
C gidm gan 30%, qua dé han ché hiéu
qua hién tugng hang chd tran ngudc
vé nit B - mot trong nhiing nguyén
nhan chinh gay un tic day chuyén
trén hanh lang nghién ctu.

Phan tich chi tiét theo tling nut giao
cho thdy cac cai thién dat dudc co
méi lién hé chat ché véi cau tric diéu
khién tin hiéu dugc diéu chinh. Tai

nut A, viéc bd sung dén tin hiéu ba
pha gilp loai bé cac xung dot ré trai
ti dudng Nguyén Thi Minh Khai vao
Tran Phu, dong thoi hinh thanh céac
doan xe 6n dinh, tao diéu kién thuan
Igi cho viéc ph6i hgp tin hiéu doc
tuyén, mac du do tré tai nat nay tang
nhe so véi trang thai khéng diéu khién
tin hiéu. Tai nat B, viéc t6i uu hoa chu
ky va dé léch pha giup cac doan xe
tir huéng bién vao trung tam gép lién
ti€p nhiéu pha xanh hon, ti do lam
gidm dang ké s 1an dling khong cén
thiét. Tai nat C, viéc chuyén sang cau
tric diéu khién bén pha, tach riéng
cac dong ré va uu tién thai gian xanh
cho huéng chinh Béng - Tay dudc xac
dinh 1a yéu t0 quyét dinh gilp giam
manh do tré va chiéu dai hang chg,
g6p phan gidi quyét hiéu qua diém
nghén cla toan hanh lang.

Cac két qua thu dugc phu hgp véi

xu huéng chung dugc ghi nhan trong
cac nghién clu t6i uu hoa tin hiéu

b&ng cac phuong phap metaheuristic,
trong d6 mdc giam do tré thudng
dao dong trong khoang 10-25% déi
vGi cac mang ludi dé thi khac nhau.
bPéng thdi, nghién cliu nay cho thay
kh& nang ap dung hiéu qua phudng
phap t6i uu hoa dua trén thuat toan di
truyén trong béi canh giao thong hén
hop tai cac dé thi du lich ven bién &
Viét Nam.

4. Két luan va huéng nghién
clu tiep theo

Bai bdo da xay dung va ting dung thanh
céng moé hinh md phdng giao thong
vi mdé bang phan mém AnyLogic cho
mot hanh lang giao thong dién hinh tai
phudng Loc Tho (ci) dua trén di lieu
luu lugng thu thap tu thiét bi ghi hinh
chuyén dung. Trén nén tdng mo hinh
da dugc hiéu chinh va kiém dinh thong
qua céc chi tiéu luu lugng va thai gian
hanh trinh, thuat toan di truyén dudc
ap dung dé t3i uu héa cac tham sé diéu
khién tin hiéu dén giao théng tai ba
nat giao trong yéu. K&t qua moé phdng
cho thdy phuong an diéu khién sau
ti uu hoéa giup giam dang ké do tré,
chiéu dai hang chg va s6 lan diing cla
phuang tién, déng thdi ndng muc phuc
vy toan mang ti D 1&n C ma khong can
m& rong ha tang hinh hoc. Cac két qua
nay khang dinh tinh kha thi va hiéu qua
cla cach tiép can két hgp mo phdng vi
mé va t6i uu hoa dua trén thuat toan di
truyén trong bai toan giam un tac giao
théng tai cac do thj du lich ven bién &
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Viét Nam, dac biét trong béi canh nguén luc
dau tu cho ha tang con han ché. Tuy nhién,
nghién ctu hién mai diing lai & muc t6i uu hoa
ngoai tuyén dua trén di liéu khao sat trong
mot giai doan cao diém dién hinh. Cac phuong
an diéu khién tin hiéu dé xuat van mang tinh
tinh theo khung gid va chua tich hgp di liéu
giao thong thdi gian thyc dé diéu chinh linh
hoat theo cac bién dong ngén han cla luu
lugng. Trong cac nghién cliu tiép theo, cé thé
mé réng pham vi mé hinh cho mang ludi giao
théng & quy mo toan thanh phd, déng thai két
hgp danh gia hiéu qua kinh t€ - x& hoi cla
cac phuong an diéu khién. Bén canh d¢, viéc
tich hgp cac nguén di liéu giao thong thai gian
thuc ti camera va cdm bién vao mé hinh sé 1a
budc quan trong nham hudng t6i cac hé théng
diéu khién tin hiéu thich tng linh hoat han
theo diéu kién van hanh thuc té.
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