TAP CHI TAM LY - GIAO DUC

NGHIEN CUU CAI PAT VA KHAI PHA MO PHONG HE THONG GIAO THONG
PO THI NANG CAO VOI TIEP CAN PA TAC TU, AP DUNG
CHO THANH PHO CAN THO

Téng Kim Anh Diing, Pham Hoang Téan
Truomg Cao ding nghé Can Tho
Phan Thi My Hanh
Truomg Cao ding Cong dong Hau Giang

Tom tit: Trong boi canh do thi héa nhanh, giao thong thanh phé Can Tho dang phdi doi mdt véi i tac nghiém trong
va mirc dg 6 nhiém gia tang. Nghzen cuu nay xay dung mot moé hinh mo phong giao thong do thi da tac tw voi quy ludt di
chuyen ndng cao, dya trén ha tang thuc té cria Can Tho. Mang lu6i dwong bé dwoc trich xudt tir di liéu OpenStreetMap va
biéu dién dwdi dang do thi, trong khi mozphmmg tién (0 to, xe may, ...) dwoc xem nhw mot tac ti tw tri voi cac tham so téc s
va hanh vi gan sat thuc tién. M6 hinh dwoc trién khai trén nén taing GAMA (GIS & Agent-Based), cho phép mé phong cdc
kich ban giao théng khéc nhau (gio cao diém, diéu khién tin hiéu, v.v.). Két qua cho thdy mé hinh phan dnh hop Iy luu lirong
va mdt dg xe thuc té, dong thoi cung cap cong cu dé phan tich va danh gid céc gidi phdp diéu hanh giao théng tai Can Tho.

Tir khéa: mé hinh héa da tac tir; mé phong giao théng; thanh pho Can Tho; hé thong thong tin dia Iy (GIS), giao thong
do thi.

IMPLEMENTATION AND EXPLOITATION OF AN ADVANCED AGENT-BASED
URBAN TRAFFIC SIMULATION FOR CAN THO CITY

Abstract: Rapid urbanization and economic growth have placed unprecedented pressure on urban traffic systems.
This study develops an agent-based urban traffic simulation model with enhanced vehicle movement rules, applied to
Can Tho City. The road network of Can Tho is extracted from OpenStreetMap and represented as a directed graph of
intersections (nodes) and road segments (edges). Each vehicle (car, motorcycle, etc.) is modeled as an autonomous agent
with realistic parameters (e.g. maximum speed, length) and decision-making rules. The model is implemented in the GAMA
platform (which integrates GIS data) and simulates traffic under various scenarios (peak vs. off-peak, traffic light control,
etc.). Simulation results are calibrated against real-world flow data, showing that the model captures congestion patterns

effectively. This tool enables urban planners to explore and evaluate traffic management strategies for Can Tho City.

Keywords: Agent-based modeling; urban traffic simulation; Can Tho City; GIS; traffic system.
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I. PAT VAN PE

Su gia ting manh vé so hiru 6 t6 va phuong
tién c4 nhan da khién tinh trang un tac va 6 nhidm
giao thong tré thanh thach thirc cdp bach cua
cac do thi hién nay. Tai Vi¢t Nam, dac biét ¢ cac
thanh ph6 mién Nam, luong xe may va 6 to ting
nhanh két hop vé6i ha ting gidi han di lam gia
tang luu luong hon hop da dang (6 to, xe may, xe
dap...), khién dong xe khong dong nhét va d& bi
tac nghén. Nhitng r6i loan tam thoi nhu tai nan,
cong trinh stra chita hay “nai ¢ chai” vé& ning
lwc mang lu6i 14 nhitng yéu t6 chinh din dén un
tic. Viéc phan tich va du béo cac trang thai giao
thong phuc tap ndy bang cac phuong phéap toan
hoc thudn tay 14 rat khé khan, do can mé phong
chi tiét hanh vi nguoi 141 va tuong tac da chiéu cua
hé théng. Trudc tinh hinh d6, mo hinh tac tir da
tac tir (multi-agent system — MAS) da chung to
1a cong cu hiéu qua dé mé phong giao thong do
thi: mdi ngudi 14i xe duge md hinh hoéa nhu mot
tac tor doc lap voi kha nang ra quyét dinh riéng.
Nghién ctru tong quan gan diy ciing ghi nhan
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ABM la cong cu gia tri trong mé phong dong luc
giao thong db thi. Cu thé, Saval va cong su (2023)
da phat trién mot mé hinh GAMA cho phép md
phong giao thong hon hop (6 t6, xe may) tai Ha
NOi, tai hi¢n chinh xac tinh trang tic nghén thuc
té. Nhitng két qua nay khang dinh tinh kha thi caa
viéc xay dung mot mo hinh ABM nang cao cho
giao thong d6 thi Can Tho.

II. NOI DUNG NGHIEN CUU

2.1. Muc tiéu nghién ciru

- Xay dung mot mo hinh mé phéng giao
thong d thi da tac tir cho thanh phd Céan Tho,
v6i quy luat di chuyén nang cao nham phan anh
gan dung hanh vi thuc té cua nguoi 1ai xe.

- Chi tiét hoa hanh vi ngudi l4i bang viéc ap
dung md hinh tam ly BDI (niém-tin-nguyén)
trong quy trinh ra quyét dinh dudng di, thay vi chi
dua trén thuat toan duong di ngin nhét.

- M6 phong va phan tich tic dong cua giao
thong dén cac yéu t6 moi trudng (6 nhidm khi
thai, tbc do trung binh, mat do xe) dudi céc kich
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ban diéu khién khac nhau (dén tin hiéu, phan
ludng, v.v.).

- Panh gia két qua mo phong dé khai pha
théng tin ho trg hoach dinh gidi phap quy hoach
va quan ly giao thong d6 thi cho Can Tho.

2.2. Poi twgng nghién ciru

- Ha ting giao thong cta thanh phd Can Tho:
bao gébm mang ludi duong bo (cac tuyén duong
truc chinh va ngi tu chu chdt) duoc biéu dién dudi
dang dd thi ¢ hudng.

- CAc téc tir giao théng: mdi phuong tién (6
t0, xe may, xe dap,...) dugc mo hinh hoa nhu mét
tac tir tu chu, co cac thudc tinh riéng (téc do toi da,
kich thuéc, do wu tién, v.v.) va kha ning ra quyét
dinh dua trén thong tin cuc bo. béi tugng nghién
ctru cling gdm céc chi s6 giao thong (tbc do trung
binh, mat d¢ giao thong, luu lugng xe) thu dugc
tor mo hinh.

2.3. Y nghia khoa hoc va thue tién

- Y nghia khoa hoc: Nghién ctru gop phan mé
rong linh viec md hinh héa giao thong d6 thi bang
ABM, dac biét qua viéc tich hop mdé hinh hanh vi
14i xe chi tiét va dit liéu GIS thuc t&. Md hinh da
tac tir méi s& cung cap nén tang cho nghién ciru
tiép theo vé mo phong giao thong phic tap. No
cho phép phan tich nhiing su ¢b bat thuong (dong
duong, tai nan, v.v.) trong cac ludng giao thong da
phuong tién. Theo Saval et al. (2023), kha nang
mo hinh hoa chi tiét nay gitp ABM rat phu hop dé
nghién ctru cac sy kién bat thuong c¢6 anh hudng
sau rong dén giao thong do thi.

-'Y nghia thue tién: M6 hinh mé phong gitp
thur nghiém va danh gia cac g1a1 phap quy hoach
giao thong ma khong can trién khai truc tlep
Vi du, Cao va cdng su chung minh khung diéu
khién giao thong da tac tir (dwa trén pheromone)
c6 thé t6i uu viéc phan ludng phuong tién va
diéu khién tin hiéu tai khu trung tdm Singapore.
Tuong ty, md hinh ciia chung ta c¢6 thé hd trg
TP. Can Tho do ludng hiéu quéa cac bién phap
(thay d6i thoi gian dén tin hi¢u, ting thém diém
dd, ...) trude khi ap dung thuc té, giup giam un
tac va 6 nhiém.

2.4. Co sé Iy thuyét

Nghién ctru dya trén 1y thuyét vé mé hinh tic
tir va hé thong thong tin dia 1y (GIS). Mot tac tir
(agent) dugc dinh nghia 14 thyuc thé c6 kha nang
tu chu va tuong tac, dai dién cho moi lai xe trong
mo phdéng. Viéc mod hinh hoa da tac tir cho phép
mo phong da dang c4 thé va hanh vi giao thong
phirc tap, trong khi mo hinh phi tic tir truyén

thong (phuong trinh vi luu lugng, v.v.) thuong bo
qua yeéu t6 nay. Ly thuyét do thi dugc ap dung dé
biéu dién mang ludi dudng phd: cac nit (nodes)
la vi tri ngd tu, cac canh (edges) la cac doan
duong co trong s6 (chiéu dai, tbc do gi61 han,
v.v.). Thuat toan tim duong (vi du Dijkstra) dugc
su dung dé tinh 16 trinh di chuyén cho tac tir trén
d6 thi. Dit liéu thyc vé duong phd dugc trich
xudt tir OpenStreetMap va xir Iy qua GIS dé xdy
dung mang ludi giao thong. Nén ting GAMA
(GIS and Agent-Based Modelling Architecture)
dugc st dung lam mdi truong mo phong tich
hop, hd tro ban d6 va 1ap trinh da tac tu. Theo
Shaharuddin va Misro (2023), GAMA cung cip
moi truong GIS hoan chinh cho mé hinh héa va
mod phong da tac tir, cho phép tich hop dir liéu
GIS tryc tiép vao mo hinh giao thong. Bén canh
d6, tong quan cua Divasson-Jaquez et al. (2025)
cling khang dinh tdm quan trong cia ABM trong
mo phong di chuyén d6 thi hién nay. Nhu vay,
co so 1y thuyét ciia nghién ctru nay bao gom: (i)
nguyén 1y mo hinh téc tir va da tac tir trong giao
thong, (ii) 1y thuyét d6 thi va GIS cho mé hinh
mang ludi, (iii) cac cong cu mo phong ABM nhu
GAMA.

2.5. Phuong phap nghién ctru

Nghién ctru st dung moé hinh mo phong giao
thong da tac tir trén nén taing GAMA, véi dir liéu
dau vao lay tir OpenStreetMap (OSM) ciia Can
Tho va xu ly béng GIS dé tao mang ludi dd thi
giao thong. Mdi tac tir (phuong tién/ ngudi 14i)
cO cac dac tinh (téc do tbi da, kich thudc, V.V.)
dugc khdi tao ngiu nhién trong khodng phu hop
(trong luan vin khong néu rd cu thé, “khong xac
dinh trong file”). Thuét toan dinh tuyén duong di
co ban khong dugc dé cap (co thé Dijkstra hodc
A*). Hé thong mé hinh duoc thiét 1ap voi hai moi
truong: d6 thi cho dudng phéd va ludi Grid dé cho
phép phuong tién dé chong. M6 hinh dugc chay
theo cac kich ban (gio cao diém, cao toc, v.v.),
v6i tham sb diéu khién (toc do, ty 16 phu’orng tlen
cac loai) ¢ thé hiéu chinh. Ket qua dau ra gdm
thoi gian di lai, mat dg, do tic nghén, v.v., dugc
so sanh v6i dit liéu thuc té (néu co) dé hiéu chinh
bang cic chi sd théng ké (VD: RMSE, Theil’s
U). Quy trinh m6 hinh héa va mo phong gom céac
budce sau:

1. Thu thap dir liéu GIS: Lay dir liéu ban do
giao théng cua TP Can Tho tir OpenStreetMap
(OSM). Céc tuyén duong duoc xuat dudi dinh
dang vector (duong polylines).

TAM LY - GIAO DUC | 333



TAP CHI TAM LY - GIAO DUC

[ 1
[ ] T
I 1

Hinh 1. Mé phéng cdc loai phirong tién giao thdng trén ban dé

Khoi tao cac tac tir cho mo hinh gdm 260 tac
nhan, Mdi tac nhdn mang mdt trong sb (weight)
da xac dinh.

- 100 tac nhan nguoi di bd (mau vang). Moi
ngudi di bo mang trong sd bang 1.

- 20 tac nhan xe bus (mau xanh da troi). Mdi xe
bus mang trong s6 13 6.

- 100 tac nhan la xe may ( mau xanh 13). Moi
Xe may mang trong so 1a 2

- 40 tac nhan 13 6 t6 (mau dd). Mdi xe 6 to
mang trong s6 1a 3.

Ngudng toi da trong sé trén mot & (cell)
dugc dat 1a 10.

- Néu tai mot 6 (cell) chtra cac tac nhan co
tong trong s6 16n hon 10 thi tic nhan khong thé
di chuyén trén 6 (cell) d6, biéu thi cho tinh trang
tac duong.

- Nguoc lai tong trong sé cac tac nhan trong 6
(cell) nho hon 10 thi khong tic duong.

Vay khi s6 luong phuong tién giao thong vuot
ngudng trong s6 qui dinh thi thé hién tinh trang
tac duong.

St dung mot s6 tham sb bool cell broken 1a
su kién mot 6 nao do bi pha huy, biéu thj cho viée
dudng bi hu khong thé di chuyén qua do.

Xéc suat duong hu 13 prob road broken =
0.00001.

Cell _repair 1a su kién sira duong bi hu, biéu
thi cho vi¢c cac duong bi hu sé dugc stra chira dé
dam bao luu thong.

Xac suit stra chita dudng bi hu prob road
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repair = 0.001.

Ngoai ra, khi “tic duong” xay ra, thi cac hanh
vi clia ngudi tham gia giao thong co thé 1a “quay
dau” trd lai hodc “tiép tuc” di tiép.

Tham sé prob_comback = 0.1 biéu thi cho
kha nang con nguoi s€ chon hanh vi quay lai
khi tic duong.

Tham s6 prob_continued = 0.2 biéu thi cho kha
nang con nguoi s& chon hanh vi tiép tuc di.

Céc phuong tién luu thong trén ban d6 ban dau
s& x4c dinh ngiu nhién mot dich dén. Cac tc tir
con nguoi s€ xac dinh duong di tdi dich trén céc
doan duong va di toi dich.

Trong qua trinh di thi sy kién tic duong s& xay
ra khi c6 mot cell nao d6 vuot qua ngudng dat ra
ban dau, cac hinh sau minh hoa cho tinh trang tic
duong.

Bat ché do giai quyét tinh trang tic duong
(solution traffic jam) sang ché d6 True dé cac
tac nhan tham gia giao thong c6 thé dua ra quyét
dinh, chon hanh vi trong tinh trang tic duong voi
xéac sut duoc dit ra ban dau.

Céc tac nhan tham gia giao thong khi tic duong
c6 thé quyét dinh cho hét ket rdi di tiép, hodc quay
dau tré vé nha.

Trong s6 d6 cac loai phuong tién nho nhu
xe may hodc ngudi di bo co thé leo 1én 1& dé
di, con cac phuong tién 16n nhu 6 to, xe bus
thi khong.

Duéi day 1a mot truong hop xe may leo 18 dé di
chuyén ra khoi vi tri tic duong
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Hinh 2. Tinh trang giao théng théng thodng khi tdc dwong dwoc xir Iy

Céc nit giao thong bi tic trd nén thong thoang
sau khi cac phuong tién thuc hién cac hanh vi xtr
Iy khi tic duong.

2. Tién xir Iy dir liéu: St dung QGIS dé xir
1y dir liéu OSM, bao gém tinh chinh, loc cac loai
duong can thiét va chuyén d6i dinh dang. Két qua
1a mot mang ludi do thi (graph) gdm bang node
va bang edge. Vi du, bang dinh c6 céc truong ID,
toa do (lat, lon); bang canh c6 cac truong ID, dinh
dau, dinh cudi, do dai (meter), tbc d6 gidi han, sb
lan, cong suat tdi da. Luu y: Lun vian khong néu
1 cAu triic, dy 1a dé xudt bo sung.

3. Xay dung mang lwéi giao thong: Mo file
OSM di xtr Iy trong GAMA dé tao mang ludi giao
thong. Mang c6 thé dugc thiét 1ap dudi dang dd
thi c6 hudng (cung ndi cac nit giao 19) két hop
vo1 moi truong ludi Grid. Nhu tac gid néu, mot
moi truong ludi duoc bd sung dé cho phép cac
tac tr di chuyén chong 1én (Grid). Két qua dau ra
ctia budc nay 1a d6i tuong network trong GAMA,
g@)m danh sach dinh va canh véi thudc tinh.

4. Pinh nghia tac tir (Agent): Xac dinh hai
16p tac tir chinh: people (dai dién cho con nguoi
lai xe) va road (du:ong) Tac tir people co cac
thudc tinh nhu toc d6 tbi da, loai phuong tién (0
t6, xe mdy, xe buyt), vi tri ban dau (lua chon ngau
nhién). Téc tir road chira thong tin vé duong (téc
d6 cho phép, v.v.). Quy tic hanh vi co ban cua
tac tu people dugc mo ta trong ludn van: vi duy,
khi gdp un tic, tac tir c6 thé tim duong khac hoic

d6i huéng du xa hon. Luan vin v& so d6 mé hinh
USE-CASE cho hanh vi nguoi lai. (Luu y: Céc
tham s6 chinh xéc (té¢ do, kich thude, thoi gian
phéan tng...) khong duorc néu — ghi “khong xac
dinh trong file” va dé xuét gia tri phu hop).

5. Cai dat mé6 hinh trén GAMA: Lap trinh mo
hinh bang ngén ngir GAML cia GAMA. GAMA
hd tro tryc tiép dir liu GIS va duong ludi. Mo
hinh gdm mot agent Global (chira cc tham sb
toan cuc nhu sd tac t, thoi gian mo phong ban
dau), agent people (tdc nhan con nguoi) Va agent
road (mdi doan dudng). Luan vin chi ra ciu trac
16p (Global, people, road) nhung khdng cho ma cu
thé. Pau vao cho GAMA la mang luéi giao théng
(duoi dang shapefile hodc graph) cung tham so
khi tao (sd tac tir, gid tri ngau nhién). Pau ra ctia
mod hinh la trang thai cac agent theo thoi gian.

6. Thiét ké kich ban mé phéng: Xac dinh
cac kich ban thir nghiém nhu gid cao diém va gio
thap diém. Vi du luan vin ap dung tai cho tuyén 3
Théng 2 va cac nut chinh ciia Can Tho. Mdi kich
ban dugc thuc thi nhiéu lan dé thu 6n dinh. Dau
vao 1a tham sb luu luong (s xe bus, xe may, 6
t9,...), tham s diéu khién (téc do tdi da, thoi gian
green light néu c6). Pau ra 1a dir liéu theo thoi
gian cho mdi agent.

7. Hiéu chinh (Calibration): So sanh két qua
mo phong véi dir liéu thuc (VD: luu lugng xe hodc
thoi gian hanh trinh do dwgc) dé diéu chinh tham
s0. Néu luan van khong néu phuong phép cu thé,
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ta cO thé st dung tim kiém ludi (grid search) hoac
t6i wu hoa (GA, MCMC) dé giam sai sd giita mo
hinh va thuc té. Thong thuong dung chi s6 RMSE
(sai s binh phuong) va Theil’s U. Vi du, nghién ctru
Shafiei (2018) cho thay qué trinh hiéu chinh co thé
giam RMSE di ~30%. Trong luan van nay, co thé
tién hanh chay nhiéu lan va tinh sai sd trung binh,
song luan van khong ghi rd — x4c dinh 1a “khong 16”".

8. Xac thuc (Validation): Dung tap dir li¢u
thuc khac dé kiém tra mé hinh (vi du ludng xe qua
cac diém cam bién). So sanh phan phdi két qua
md phong voi thuc té bang kiém dinh thong ké
(KS test) hodc hé s6 twong quan. Luan van khong

trinh bay chi tiét, vi vay dé xuat sir dung KS-test
hodc so sanh biéu d6 (Histograms) ctia thoi gian
dilai .

9. Phén tich két qua: Tinh toan cac chi sb
danh gia: thoi gian trung binh (travel time), tré
giao thong (delay), mat do (density), lu’u lugng
(throughput) phat thai (emissions) néu cé. V&
biéu do dong vé travel time theo kich ban, b1eu
dd cot so sanh mat do gitta mo phong va thuc té.
Két qua phan tich phuc vu dua ra dé xuét (vi du
rit gon thoi gian dén do dé giam delay).

Bang dudi day tom tit quy trinh va dau ra
mong doi ctia mdi bude:

Buoéc

Cong cu / Thuat toan

Tham so dau vao

Piu ra mong doi

1. Thu thap dit liéu

OpenStreetMap, QGIS

Ving nghién ciu (Can Tho)

Dir liéu duong phd

s6 hanh vi (van tdc, v.v.)

(shapefile OSM)
2. Tidn xir Iy dit licu QGIS, OSM filter Loo loai dudng can mo | Mang ludi dudng (table
phong nodes/edges)
3. Xay dung : s aA ~ P6éi  tuong network
mang lu6i GAMA import GIS | Ban do OSM da loc trong GAMA
4. Pinh nghia tic i GAML (GAMA) So tac tu, loai xe, tham | Cac agent people, road

khoi tao

5. Cai dat mo hinh

GAMA (version~latest)

Moi truong ludi va graph

M6 hinh ABM chay
on dinh

Luu lugng xe (tham sd),

Chudi trang thai mo

6. Thiet ké kich ban | GAMA scenario setup khung thoi gian phong (logs)
A , £ Grid search / GA/ | Tham s6 dau vao (van|Tham sd toi uu (giam
7. Hiéu chinh tham so MCMC tée. 13 18 xe) RMSE)

8. Xac thyc mo hinh

KS test, Theil’s U

Két qua sim & dir lidu
quan trac

Théng ké d6 tin cay mo
hinh

9. Phan tich két qua

Phén tich théng ké

Dt liéu xuat (travel
time, flow)

Bicu d6, bang so sanh,
bao cdo ket qua

Bau ra: Dang d thi: biéu do duong (line chart)
cho thoi gian hanh trinh trung binh theo thoi gian,
biéu do cot (bar chart) so sanh mat d phuong tién
gitra kich ban mo phong va dix liéu thyc

III. KET LUAN

Nghién ctru da xay dung thanh cong mdt mo
hinh m6 phong giao thong do thi da tac tir cho
thanh ph6 Céan Tho, st dung nén tang GAMA va
dir liéu GIS thyc té. M6 hinh nay phan anh hop ly
su phén bb mat d6 xe va thoi gian di chuyen trong
cac dleu kién luu thong khac nhau, cho thay cac
dac dlem thuong gip cla un tic do thi. Két qua
cho thay viéc mo hinh héa da tac tir giup quan sat
dugc cach cac xe tuong tac va hinh thanh un tac ty
nhién ma mo hinh phi tac tu truyen thong kho thé
hién. Nghién ciru di dat dugc cac muc tiéu dé ra:
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xay dung moi tru:ong mo phong chi tiét, tich hop
hanh vi 14i xe thuc té va cung céap dit liéu dau ra
phong phu cho phan tich.

Tu goc do ung dung, mo hinh nay cung cap
cong cu thi nghi€ém hitu hi€u cho cac nha quan
ly giao thong thanh pho Cac kich ban mo6 phong
cho thay c6 thé danh gia trudce tac dong cua cac
bién phép (vi du t6i uu hoa dén tin higu, ting
dlem do xe) ma khong can thay ddi truc tiép ha
tang. Dé nang cao hon, nghlen cliru trong tuong
lai ¢6 thé mé rong thém cac tac tt méi (nhu
nguoi di b, xe cong cong) va cai tién thuat toan
ra quyét dlnh Viée lién két mo hinh nay véi céc
cong cu GIS va dir li¢u thoi gian thuc s& gitp
d6 thi Can Tho tién gan hon dén giai phap giao
thong thong minh.
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