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TOM TAT

Nghién clru nay dé xuét khung phwong phap luan
nham dinh lwong kha ndng phuc héi clia mang lwdi
giao théng d6 thi trwéc cac nhiéu loan phi tuyén.
Théng qua viéc thiét 1ap méi trwong Ban sao sb,
nghién cu moé phdng kich ban nhiéu loan hén hop
nhdm khac phuc rao can thiéu hut di liéu lich st.
Thuat toan tang cwdng do déc cwc han (XGBoost)
dwoc ing dung dé kiém thir strc chiu tai, phan tich
doéng lwe hoc lan truyén un tac khéng-thei gian. Két
qua nghién clru da toan hoc héa thanh céng chi s6
phuc hdi mang lwéi va dinh vi chinh xac cac nguéng
suy gidm t&i han. Khung tiép can nay cung cap nén
tang thwc chirng virng chéc phuc vu cong tac quy
hoach ha tang va thiét Iap chién lwoc diéu tiét giao
thong chd dong.

Tr khoa: Kha nang phuc hé‘i giao théng d6 thi, Hoc
may, Ban sao s6, XGBoost, Un tac khong - thoi gian.

ABSTRACT:

This study proposes a methodological framework
to quantify the resilience of urban traffic networks
against nonlinear disturbances. By establishing a
Digital Twin environment, the research simulates
mixed disturbance scenarios to overcome the barrier
of historical data scarcity. The Extreme Gradient
Boosting (XGBoost) algorithm is applied to conduct
stress testing and analyze the spatiotemporal
propagation dynamics of congestion. The research
results have successfully mathematized the network
resilience index and accurately pinpointed the critical
degradation thresholds. This approach framework
provides a solid empirical foundation for infrastructure
planning and establishing proactive traffic regulation
strategies.

Keywords: Urban traffic resilience, Machine learning,
Digital Twin, XGBoost, Spatiotemporal congestion.

1. DAT VAN BE

Un t&c giao thdng do6 thi lam suy
giam nang lwc théng hanh va gia
tang chi phi van hanh mang Iwoi.
Sy phét trién cia cac hé théng
giao théng thong minh (ITS) dwa
trén internet van vat va tri tué nhan
tao (Al) d& nang cao dang ké hiéu
qua giam sat va dy bao Iwu lwvong
[1, 2]. Tuy nhién, phan I&n cac kién
tric dy bao hién hanh dwoc t6i wu
héa cho diéu kién lubng giao théng
4n dinh, dan dén gidm dé tin cay
khi mang lw&i chiu tac dong bdi
céc bién sé nhiéu loan ngau nhién
c6 bién do lon [3].

Han ché nay doi hdi sw thay déi
phwong phap luan tlr viéc téi wu
héa cong suét thiét ké sang danh
gid khd nang phuc hdi giao thong
dé thi nhdm xac dinh cac nguwdng
chiu dwng téi han. Thuc té cho thay
hon 50% nguyén nhan gay un tac
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xuét phat tlr cac tac nhan ngoai
sinh khong 1&p lai nhw thoi tiét bat
loi hodc sy kién do thj [4]. Viéc xac
dinh cac ngwdng t&¢i han — mwrc dd
nhiéu loan t6i da ma hé théng c6 thé
chiu dwng trwéc khi gidm nang lwc
théng hanh 1a théng sé kj thuat cbt
I6i dé quy hoach va quan ly ha tang
dai han [5]. Mac du vay, trong quy
trinh tién x& ly di¥ liéu hoc may, cac
gia tri bat thwoéng phan anh cac sy
kién nay thudng bj chuan héa hoac
loai bd. Dong thoi, viéc thiéu dir liéu
lich st vé cac kich ban nhiéu loan
hén hop can tré danh gia chinh xac
gi®¢i han suy gidm chirc nang cua
mang lwoi.

Nha&m giai quyét van dé trén, nghién
clru nay dé xuat khung phuong
phap dinh lwvong khd nang phuc
hoi dwa trén moi trwdng ban sao
sb dbi v&i mang lwdi giao théng Ha
NGi. Moi trwdng mo phoéng dwoc

str dung dé tao lap tap di liéu nhan
tao tich hop da bién sé nhiéu loan.
Béng viéc (rng dung thuat toan hoc
may XGBoost — mét phwong phap
c6 hiéu suét cao trong viéc xt ly
dir liéu phi tuyén va nhiéu, nghién
ctru tién hanh cac bai kiém tra kha
nang chiu dwng nham dinh vj cac
vung khoéng gian nhay cadm va dinh
lwong thoi gian phuc héi clia hé
thdng dwdi cac diéu kién van hanh
bét loi [6].

2. PHUGNG PHAP NGHIEN CUU
2.1. Thiét ké mai trwong ban sao sé

M6i trudng ban sao sb trong
nghién ctu nay dworc thiét 1ap nhw
moét thwc thé sd hoéa dong, phan
anh cAu trac va quy luat van hanh
clia mang lwéi giao théng thuc té
nhdm dinh lwong kha nang phuc
héi dwéi cac tac nhan gay bét loi.
Qué trinh thyc thé héa bat dau
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bang viéc mé hinh héa ha tang
dwéi dang db thi co6 huéng G = (V,
E), v&i V 1a tép hgp cac nut giao
va E la cac phan doan dwong bd.
D@ liéu hinh hoc dwoc trich xuét
tr OpenStreetMap théng qua thw
vién OSMnx trong ban kinh 15 km
tinh tw trung tam Ha Noi. Mbi canh
trong dé thi duwoc gan cac tham
sb vat ly nhw chiéu dai, cdp hang
dudng va téc do thiét ké dé xac
dinh nang lyc thdng hanh co sé.

Dé giam sat mang Iwéi, nghién ciru
trién khai hé thébng cam bién &o tai
cac vi tri chién lwoc, ghi nhan van
téc trung binh, thoi gian di chuyén
va chi sb un tic theo chu ky 10 pht.
Giai phap nay khéc phuc cac han
ché vé do pha va rai ro mat mat div
liéu cla thiét bi vat ly, tao ra chudi
di¥ liéu nhan tao quy mo Ion dé
huén luyén cac thuat toan hoc may.

Diém then chét cla ban sao s6 la
kha nang gia lap kich ban nhiéu
loan hén hop: sw twong tac phi
tuyén gitra nhiéu loan khi twong
va bién déng nhu cau di lai dot
bién. Cu thé, lwvong mwa dwoc tich
hop qua ham gidm nang lwc théng
hanh, trong khi sw gia tdng nhu cau
dwoc diéu chinh béng trong sé lwu
lwong tai cac khung gi cao diém.
CAu trac nay cho phép quan sat sy
chuyén dich trang thai mang lwéi
tir van hanh 6n dinh sang suy giam
chirc nang, tlr d6 xac dinh ngudng
t&i han phuc héi ctia hé thdng dudi
cac tac dong cong hwéng.

2.2. Kién tric md hinh hoc may

Kién trac md hinh dw bao trong
nghién ctu nay duwoc phat trién
dwa trén thuat toan tang cwdng
XGBoost. Viéc lwa chon thuat toan
nay dwoc can clr vao nang lyc mo
hinh héa cac mbi quan hé phi tuyén
tinh phirc tap cia dong chay giao
théng, doéng thoi kiém soat chat
ché hién twong qua khép théng
qua viéc tich hop cac thanh phan
diéu chuan truc tiép vao ham muc
tieu. Khong gian dac trung dau
vao duoc thiét 1ap dwa trén sy két
hop da chiéu ctia ba nhdm bién sb
chi phéi trang thai van hanh mang
[wdi: (1) nhém dac trwng hinh hoc
va chu ky th&i gian giup phéan tich
quy luat nhu cau I&p lai; (2) nhém
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bién ngoai sinh (cwdng dod lwong
mua, sy kién d&c biét) nhdm céu
thanh cac kich ban kiém thir strc
chiu dwng; va (3) nhém dac treng
tw hdi quy ghi nhan thoi gian di
chuyén trong qua kh& gitp ndm
bat déng lwc hoc lan truyén un téc
trén cau tric khong - thoi gian.

Hinh 1: Biéu db duong cong hoc tap

Quy trinh huén luyén va kiém dinh
(Hinh 1) cho thdy sai sé tuyét dbi
trung binh (MAE) hdi tu én dinh khi
quy mdé mau tang, khang dinh hé
théng da hoc dwoc cac quy luat
phan phdi noi tai mét cach khach
quan va giai quyét van dé hoc vet.
V& mat dinh lwong (Bang 1), md
hinh XGBoost dat hiéu suét dw
bao tbt trén tap kiém tra v&i hé sb
Rz = 0.9852, RMSE = 3.1389 va
MAE = 1.4274. Két qua nay minh
ching nang lyc tdng quat héa dap
(ng day da tiéu chuén ky thuat dé
trién khai tinh toan thoi gian phuc
hdi va dinh lwong gi¢i han sup db
clla mang lwéi trong cac kich ban
bét loi [7].

Bang 1: So sénh hiéu suét mé
hinh XGB trén 3 tép huén luyén

Tap dirliéu| MAE | RMSE | R?

Tap huén

o 0.9609
luyén

1.8584 | 0.9950

1.4274
1.0612

3.1389
2.1975

0.9852
0.9930

Tap kiém tra

Toan bd tap

3. THIET LAP THUC NGHIEM VA
CHi S0 PHUC HOI

Nham dinh lwong khd ndng phuc
héi ciia mang lwéi giao théong do
thi, nghién ctu thiét lap khung
kiém tra strc chiu tai thong qua viéc
phan tich déi chiéu hai trang thai
van hanh mé phéng nhw da thiét
lap tai muc 2.1: kich ban co s& (dai
dién cho trang thai van hanh tiéu
chuén) va kich ban nhiéu loan hén
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hop (tdc dong coéng hwdng gilra
khi twong bét loi va sy kién do
thi). Théng qua thuat toan hoc may
XGBoost, tap di¥ liéu tr kich ban
nay dwoc phan tich dé dinh lwong
chinh xac cac ngwéng dit gay ma
tai d6 hé thdng mat kha nang duy
tri chirc nang théng hanh. Quy
trinh nay cung cdp nén tang toan
hoc dé tinh toan bién do suy giam
hiéu suét va chu ky thei gian phuc
hdi cta clu tric giao thong dudi
ap lwc van hanh bét loi.

Dé thiét 1ap hé quy chiéu khach
quan vé nang lwc chbng chiu cta
ha tang giao thdng trwéc cac tac
nhan nhiéu loan, nghién ctu tién
hanh toan hoc héa khai niém nay
théng qua viéc xay dwng chi sé
phuc héi mang lwéi (NRI). V& mat
phwong phép luan, chi s6 NRI
dwoc cdu thanh tr hai tham sb
dong lwc hoc cbt 16i: bién do suy
gidm hiéu suét van hanh cyc dai
va chu ky thoi gian phuc héi.

,,,,,,,

Hinh 2: Bén dé nhiét thoi gian
Dé tim hiéu chinh xac cac tham sb
nay, nghién ctru trng dung phwong
phap phan tich khdong gian trang
thai thong qua ban dé nhiét thoi
gian (Hinh 2) két hop v&i cac tham
s6 thdng ké mo ta (Bang 2). D liéu
thuwre chivng tlr Bang 2 chi ra tinh phi
ddng nhat va quy luat chu ky dic
trwng cdia ludbng phwong tién dé thi,
trong d6 chi s6 un tic trung binh
duy tri & ngwdng cao vao cac ngay
lam viéc trong tudn. Sy tap trung
lwu lwong tai cac khung gi¢ cao
diém (17h - 18h) di kém v&i d6 léch
chuan I6n va gia tri cuec dai gia tang
dot bién, cung cap minh chirng cho
sw ton tai cla cac xung lwc nhiéu
dong cuc bd c6 cuwdong dd cao.

Khi tham chiéu cac tham sé thdng
ké nay lén ma tran phan phéi hai
chiéu tai Hinh 2, sy bién thién dai
mau cung cap co s& thuc chirng
lién tuc dé trich xuat chinh xac thoi
diém hé théng bét dau suy gidm
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chirc nang, cham nguwédng t&i han
va hoan tat qua trinh phan tan ap
lwe. Viéc tich hop chudi bién thién
thoi gian nay vao céng thirc dinh
lweng NRI giup lwgng hoa chinh
xac cac buwdc chuyén déi téi han.
Co ché toan hoc nay cung cép
cong cu do lwong dinh lwong,
tao tién dé ly thuyét dé danh gia
nguwdng dit gay cla ha tang trong
céac kich ban kiém thtr ap luc phirc
hop, khdc phuc cac han ché cla
phwong phap dw bao diém tinh
truyén théng.

4. PHAN TiCH KET QUA VA THAO
LUAN

4.1. TAm quan trong vat ly

Dé giai thich co ché suy luan cla
md hinh dy bao va dinh lwong
mirc d6 déng gop cla cac bién
sb dau vao dbi voi trang thai van
hanh mang lwdi, nghién clru tién
hanh phan tich tdm quan trong cla
cac dac trwng. D liéu dinh lwong
duwoc triee quan hoa tai Hinh 3 chi
ra rdng, nhém dac trung tw hoéi quy,
cu thé 1a thoi gian di chuyén trong
cac chu ky qua khi, déng vai tro
chi phéi v&i trong sé cao nhét la
0.8453. Tham sé nay minh chirng
cho tinh phu thudc th&i gian cla
dong phwong tién, noi trang thai
un tac chiu sw chi phdi truc tiép tiv
doéng lwe hoc cda ludng giao théng
trwdc d6. Bang cha y, cac bién sb
dai dién cho kich ban nhiéu loan
ngoai sinh, bao gdm lwong mua
va su kién d6 thi, ghi nhan mec dé
anh huéng I&én hon cac dac treng
hinh hoc tinh cda ha tang. Ty trong
nay khang dinh cac tac nhan ngoai
lai 1a nguyén nhan chinh gay ra sw
mat 6n dinh cla toan hé théng.

Hinh 3: TAm quan trong ctia cac
déc trung
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Bang 2: Théng ké un tac theo thir trong tuan

Thertrong| Trung | BOlech |yt | g5 | trungvil 75% | Max | €192
tuan binh | chuan diem
The 2 | 20.9056 | 26.3919| 04131 | 6.7826 | 13.0675 | 24.5486 | 4235278 | 18
The3 | 21.0779| 26.3113 | 0.4097 | 6.8503 | 13.2486 | 24.7959 | 423.5278 | 18h
Thid | 20.8867 | 26.0899 | 04179 | 6.8178 | 131387 | 24.6141 | 4235278 | 18
The5 | 21.2326| 27.1913| 0.4042 | 6.8145 | 13.1641| 24.7907 | 423.5278 | 18h
Thi6 | 209703 | 26,5627 | 04168 | 6.7929 | 13.0893 | 24.5965 | 4235278 | 17h
Tha7 | 20.1856 | 25.5798 | 0.3944 | 6.5526 | 12.5684 | 23.6569 | 423.5278 | 17h
Chi nhat | 19.9734 | 25.0697 | 0.3876 | 65018 | 12.5352 | 235173 | 423.5278 | 18h

Tuy nhién, phwong phap do luvdng
tdm quan trong co s& khéng phan
anh dwoc chiéu hwéng tac dong
va dac tinh phi tuyén cta di liéu.
Do do, nghién clru &rng dung ky
thuat giai thich mé hinh SHAP
nhdm phan tich chi tiét hiéu (ng
twong tac gitra cac bién sbé doc
lap. Biéu d6 phan phdi SHAP tai
Hinh 4 1 co s& thwc chirng dé
danh gia merc d6 lam suy gidm
kha nang phuc hdi cia mang lwéi.
Cu thé, khi cwong dd lwong muwa
va quy mo sy kién tang lén, gia tri
SHAP twong &ng chuyén dich vé
phia dwong, khuéch dai chi s Un
tdc. Sy phan bd phan tan va kéo
dai clia cac diém di liéu trén truc
SHAP chirng minh réng sw két hop
gitra diéu kién khi twong bét loi va
bién déng lwu lwong tao ra mot tac
dong cong hwéng phi tuyén phirc
tap. Sy cong hwdng nay khién
mang lwdi giao théng tién téi cac
nguwdng dut gay téi han, lam suy
giam van tbc lvu théng va kéo dai
chu ky th&i gian phuc héi cla cau
trdc ha tang dé thi.

Thai gian di chuyén (s)
Chiéu dai doan dudng (m)
Lugng mua (Khong)

Téc d dong ty do (km/h)
Sy kién dac biét (Khéng)
Dao dong thai gian

Dao déng thai gian

**T|+TTI

Thai gian di chuyén (s)
Thai gian di chuyén (s)
Thai gian di chuyén (s)

Pht trong ngay

aaddlan

Gid tr] ddc trung

Ngay cudi tuan (Khéng)

-+

Nhiét 66 (C) 1
Thir trong tuén_2

Ma cam bién +'—
Thir trong tudn_5

Thi trong tudn_6

Thir trong tuén_4

Thap
100 150 200

Tac ddng SHAP (Gid tri > 0 lam tang Un tac, < 0 lam giam in tac)

Hinh 4: Biéu d6 SHAP

4.2. Phan tich rai ro va doé tin cay

Trong qua trinh dinh lwong muic
dd rdi ro va danh gia do tin cay
clia mang lwgi giao thong, nghién
ctru tién hanh phan tich déi chiéu
cac tham sb théng ké mo ta giva
kich ban co s& va kich ban nhiéu
loan hén hop. D liéu thye ching
tr Bang 3 cho thdy sw suy giam
hiéu suét rd rét khi hé théng chiu
tdc dong cong hwdng clia cac tac
nhan ngoai sinh. Cu thé, chi s6 Un
tdc trung binh tang gan gap doi,
ddng thoi do léch chuén va gia tri
cwc dai cling gia tang manh so voi
diéu kién van hanh tiéu chuén. Sy
gia tdng déng thoi cla gia tri trung
binh va phwong sai minh ching
rang sy twong tac gitra khi twong
bat loi va bién dong lwu lwong
khéng chi lam giam nang Iwc thong
hanh ma con khuéch dai tinh bat
4n dinh ctia toan mang lwéi, khién
dong phwong tién tr&@ nén kho
kiém soat.

Viéc danh gia do tin cay cla ha
tang dwoc phan tich chuyén sau
théng qua biéu dd phan phdi xac
suét tai Hinh 5. Sy dich chuyén
cla ham mat dd xac suét giva
hai kich ban phan anh sy gia tang
rdi ro suy gidm chirc nang clia hé
thdng. Trong khi kich ban co s&
duy tri dang phan phéi tap trung tai
vung gia tri un tac thap, kich ban
nhiéu loan hén hop lai hinh thanh
mot phan phéi cé cAu tric dudi kéo
dai vé phia cac gia tri un téc 16n.
CAu tric phan tan nay la nén tang
dé tinh toan x&c suat mang luéi roi
vao trang thai dit gay khong thé
phuc hoéi. Théng qua viéc luong
héa suw dich chuyén xac suét, hé
thédng mé hinh cho phép do luwéng
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chinh xac bién dé rdi ro, tlr d6 thiét
l&p cac ranh gié¢i an toan virng
chéc phuc vu cdng tac quy hoach
va van hanh giao théng chi dong.

Hinh 5: Biéu dé so sanh kich ban

4.3. Sw khong déng nhat vé
khéng gian

DPanh gia kha nang phuc hdi cla
mang lwéi giao théng can phan
tich sw khéng ddng nhét vé khong
gian, do nang lwc chéng chiu cla
ha tAng phan bé khong ddng déu
trén toan bé pham vi dé thj. D liéu
tai Bang 4 phan tich tinh nhay cdm
cla mang lwgi theo 4 vung dia ly
tinh ti trung tdm thanh phd. Két
qua thdng ké chi ra sw phan héa
rd rét vé mrc dd bat 6n dinh cua
dong phuwong tién: vang ngoai vi
ghi nhan chi sé un t&c trung binh
va do léch chuan cao nhét cung
khodng t& phan vi rong. Diéu nay
khang dinh day 1a khu vic c6 ndng
lwc phuc hoi thdp nhét, rat dé bi
suy gidm chirc nang khi chiu cac
tac dong cong hwéng.

Twong tw, vung trung tam ciing thé
hién mirc dd bién dong lon, phan
anh tinh trang qua tai thuwdng xuyén
do mat dd giao cat cao. Pang chu
y, mac du vung can ngoai co chi sb
un tac trung binh twong dbi thap,
khu vic nay lai chira cac diém div
liéu cé gia tri Un tic cwc dai cao
nhat trén mang lwéi. Sy dbéi lap
nay cho thay su tdn tai clia cac nat
that cuc b c6 tinh chat bat loi, noi
kha nang Iwu théng cé thé bi gian
doan hoan toan khi tiém can cac
ngwdng dut gay.

Phan tich truc quan théng qua biéu
dd hop tai Hinh 6 xac nhan c4u tric
phi tuyén cla cac ving nhay cam.
Sw phan tan rong cuia cac diém di
liéu bat thuwdng tai viing ngoai vi va
vung trung tdm chi ra réng day la
cac khu vye c6 gidi han chiu dwng
yéu. Trong céc kich ban kiém thiy,
nhirng vung nay sé& dong vai trd la
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Bang 3: Théng ké so sénh hai kich ban

Trung
binh

Pé lach

Kich ban %
: chuan

Trung
vi

Min | 25% 75% | Max

Kich bén co s 15.6526 | 18.3364

0.4070 | 54238 |10.1128|18.9177 |157.1871

Muwa + Sy kién 30.7081 | 35.8385

0.8356 | 10.820820.2405 | 36.3128 |281.9753

Béng 4: Thong ké un tac theo vung

Trung
binh

. boléch| .
Ving chudn Min

Q3
(75%)

IGR

Q1 | Trung
i (bién d6)

25%) | vi Max

\Vung [6i
(0-3km) 18.5270

18.9639| 0.4263

6.8780 |13.5695 | 23.1996 |191.3686| 16.3216

Vung trung tam

-7k | 21654

28.0645 | 0.3876

5.9144 112.8896 | 25.3351 |385.1975| 19.4207

VUng can ngoai

o2k | 189269

241735/ 0.4914

6.7239 [12.3629 | 22.6560 |423.5278| 15.9321

VUing ngoai vi

(> 12 km) 24.7918

30.1857 | 0.9915

8.3732 |14.1417| 28.1198 |340.0147 | 19.7466

tdc nhan gay ra sw suy gidm chuirc
nang, lam cham chu ky phuc hoi
clia toan bd hé thdng. Viéc dinh vi
chinh x&c cAu tric khéng gian cta
cac khu vuc nay cung cap co sé&
dé thiét lap mirc do6 wu tién phan
bd ngudn lwc va trién khai cac
chién lwoc kiém soat giao théng
cuc bd.

1

S ==

S

Hinh 6: Biéu dé boxplot theo viing
4.4. Pong lwc hoc lan truyén

DPanh gia dong lwc hoc lan truyén
un téc 1a nén tang phan tich thiét
yéu nham gidi ma co ché suy gidam
kha nang phuc hdi cla céu tric
mang lwdi trén truc khéng - thoi
gian. D liéu thyc chirng tai Bang
5 cung cép tién trinh phan tich chi
tiét v& sy bién thién cha chi sb
un tac trong chu ky 150 phat, véi
thoi diém hé théng chiu tai lwong
phu,’cmg tién cwc dai T lam hé quy
chiéu trung tam. Tai pha tich Gy
ap luc kéo dai twr T, - 60’ dén TO
- 30', chi s0 un tac trung binh duy
tri & ngwdng cao, minh chirng cho
sw hinh thanh va gia tang mat do
cla cac diém nghén cuc bo. Khi
tién dén thoi diém T,, mang luoi
cham ngudng bao hoda voi gia

tri un tac trung binh dat mirc cuwc
dai la 43.4089. bang chu y, qua
trinh hé théng tw phan tan ap luc
sau do dién ra theo mot cau truc
hoan toan phi tuyén. Cu thé, thay
vi suy gidm déng déu, chi sé nay
dao dong phurc tap va gia tang tr&
lai mirc 43.4061 tai T, + (ESO' trwée
khi thyec sy phan tan xudng muac
24.7287 tai TO + 90'. Sy tri hoan
nay cung cap luan c toan hoc
chng minh cho s ton tai clia cac
soéng xung kich giao théng va hién
twong trao nguwgc hang ché, truc
tiép lam gian doan va kéo dai chu
ky phuc héi ciia mang lwéi.

Co ché hinh thanh hién twong suy
gidm phi tuyén nay dwoc thé hién
théng qua chudi biéu dd dién bién
lan truyén tai Hinh 7. Cac phan
tich trwc quan xac nhan méi twong
quan khéng gian chat ché, trong do
cac cum qua tai cuc bd khoéng bj co
lap ma lién tuc khuéch tan doc theo
céc lién két ctia dd thi mang luGi ra
cac phan vung lan can. Sy mé réng
cau tric khong gian nay bién cac
diém nghén cuc bd thanh cac tac
nhan tryc tiép kich hoat hién twong
suy gidm chlrc nang toan cuc. Sy
ddng thuan gitra cac tham sé bién
thién thoi gian va cau tric mé rong
khong gian khéng dinh rang ning
lwe phuc héi ctia mang lwdi khdng
phai la mét tham sb tinh, ma thuc
chat 1a mét qua trinh dong lwc hoc
phire tap phu thudc chat ché vao
céu truc hinh hoc ha tang va téc do
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khuéch tan nhiéu loan dwai cac tac
doéng cong huwéng.

5. KET LUAN

Nghién clru nay da dé xuat mot
khung phwong phap luan tién tién
nhdm danh gia dinh lwong kha
nang phuc hdi ciia mang ludi giao
théng d6 thi dwdi cac tac dong
cong hwédng. Thong qua viéc kién
tao moi trd'ng ban sao sb do trung
thwe cao cho khu vue ha tang 16i,
nghién clu da giai quyét van dé
khan hiém di liéu trong cac kich
ban bat loi. Sw tich hop cua thuat
toan XGBoost da chirng minh wu
thé trong viéc gidi ma cac doéng luc
hoc phi tuyén clia dong giao théng
dwdi kich ban nhiéu loan hén hop,
bao gébm suy gidm nang lwc do
bién dong khi twong va gia tang
nhu ciu van tai dot bién.

Két qua thwc chirng chi ra rang,
strc chiu tai cia hé théng khong
mang tinh tuyén tinh ma tén tai cac
nguwdng dit gay. Sy tiém can cac
gi®i han nay kich hoat hiéu tng lan
truyén un téc khong - thdi gian, 1am
suy giam cuc bd nang lwc théng
hanh va gia tang theo cép s6 nhan
thoi gian phuc hoi.

Vé mét thuc tién, nghién ctru tao
tién dé khoa hoc dé dich chuyén
mo hinh quan ly giao thong tir dap
trng thu déng sang danh gia ranh
gi¢i phuc hdi cha déng. Céac tham
s6 vé nguwdng duit gay can dugc
dwa tryc tiép vao ciu truc cla hé
théng ITS dé téi wu hoa chién lwoc
diéu tiét lwu lwong dong va phan bd
ngudn lyc khan cp. Trong twong
lai, viéc m& rong quy md dd thi
khong gian va tich hop céac ludng
d liéu da phwong thirc theo thoi
gian thuc sé tiép tuc hoan thién
khung danh gia, dinh huwdng xay
dwng ha tang dé thi théng minh va
bén virng.m

L&i cdm on: Nghién cir nay la moét
phan noéi dung nam trong dé tai
trong diém cép trwdng ndm hoc
2024 - 2025: “Xay dwng mé hinh
Al: Dy doan un téc giao théng dua
trén lich s va thoi gian thwe”, ma
sd PTTD-21, Chd nhiém dé tai:
Dang Thi Minh. Nhom tac gia chan
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Bang 5: Théng ké un téc theo khung thoi gian quanh dinh

Khun_g thoi Léch (phat) | Trung binh | Trung vi o Ie}Ch Max
gian chuan
T,-60 -60 39.3532 25.5431 46.5448 423.5278
T,-30' -30 30.2429 18.7649 34.8858 271.6802
T, (Binh) 0 43.4089 27.7843 50.2567 423.5278
T,+30 30 32.3626 20.8571 38.1939 311.3019
T, +60 60 43.4061 27.7843 50.2567 423.5278
T, +90' 90 247287 15.8023 29.0974 236.3719

Hinh 7: Biéu dé dién bién lan truyén
Giao théng van tai d& nhém tac gia
thwe hién cac ndi dung trong deé tai.

thanh cdm on sw hé tro vé kinh phi
clia Trwdng Dai hoc Cong nghé
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