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Abstract. Traffic accidents on the expressway network remain a major challenge to road
safety in Vietnam, requiring effective solutions to mitigate risks. This study uses data from
108 traffic accidents that occurred on expressways between January 2023 and February 2025
to analyze the impact of highway infrastructure and traffic characteristics on accident severity.
The results show that vehicle type, accident type, and infrastructure conditions are significant
factors: accidents involving coaches, head-on collisions, rollovers, and roads with a higher
number of lanes tend to increase injury severity; whereas the presence of median barriers and
emergency lanes significantly reduces the risk of fatalities and injuries. The study also
highlights the importance of considering road design elements when developing safety
policies for expressways. Through a comparative analysis of three regression models—
Ordinary Least Squares (OLS), Poisson regression, and Negative Binomial (NB) regression—
the NB model is identified as the most appropriate for predicting the severity of traffic
accidents on expressways due to its ability to handle over-dispersed count data effectively.
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Tom tat. Tai nan giao thdng trén hé thong duong cao tdc tiép tuc 13 mot thach thac 16n dbi
v6i an toan giao thong tai Viét Nam, doi hoi cac giai phap hiéu qua nham giam thiéu rui ro.
Nghién ciu nay sir dung dir liéu tir 108 vu tai nan xay ra trén cac tuyén cao toc dé phan tich
tac dong cua cac yéu té két cau ha tang duong cao toc va dic diém giao thong dén muc do
nghiém trong cua tai nan. Két qua cho thay loai phuong tién, dang tai nan va diéu kién két cau
ha tang 1a nhitng yéu té c6 anh huéng dang ké: tai nan lién quan dén xe khach, va cham ddi
dau, lat xe va sé 1an xe 16n ¢ xu huéng lam tdng mure do thuong vong; trong khi sy hién dign
cua dai phan cach va lan dirng khan cap gidp giam dang ké nguy co tir vong va chan thuong.
Qua phan tich so sanh ba md hinh hoi quy gom: hdi quy tuyén tinh (HQTT), hdi quy Poisson
va hoi quy nhi thiec &m (NTA), mé hinh nhi thitc 4m duoc xac dinh 1 pht hop nhét trong viéc
du bao murc d6 nghiém trong cua tai nan giao thong trén duong cao téc.

T khoa: Dy bao tai nan giao thong, Mo hinh Poission, Md hinh nhi thiee am, Tw vong, Chan
thuong, duong cao toc.

@ 2025 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE
Tai nan giao thong duong bé (TNGTPB) van la vin d& nghiém trong toan cau. Theo

WHO [1], nam 2021 ¢6 khoang 1,19 triéu nguoi tir vong do TNGTDB, giam 5% so vai 2010,
Ty 1€ tir vong toan cau 1a 15/100.000 nguoi, giam 16% trong boi canh s6 phuong tién, dan so
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va mang ludi duong tang manh. Tuy nhién, muc tiéu giam 50% tir vong trong “Thap ky Hanh
dong vi An toan PBuong bo 2011—2020? chua dat dugc, V{‘il kha nang hoan thanh muc tiéu
tuong tu theo cac “Muc tiéu Phat trien Bén virng toan cau” van con xa.

B4o cdo WHO nam 2023 cho thdy TNGTDB la thach thuc 1on vé y té va phét trién. Nam
2019, day la nguyén nhan tr vong hang dau & nhdm 5-29 tudi, dung the 12 ¢ moi lra tudi.
Gan 2/3 s6 ca tir vong thudc nhom lao dong (18-59 tudi). Nhom di xe may/ba banh chiém
30% sb ca tir vong, tiép dén 1a 6 t6 (25%), ngudi di bo (21%), xe dap (5%) va xe tai/xe khach
(19%). Khoang 90% ca tir vong xay ra & cac nudc thu nhap thap va trung binh, dic biét 1a
Pong Nam A (28%) va Tay Thai Binh Duong (25%).

Tai Pong Nam A, Viét Nam c6 ty ¢ tir vong do TNGT cao, chi sau Théi Lan. Theo
UBATGT [2], 11 thang dAu ndm 2024 ghi nhan 21.691 vu TNGT, 10.026 ngudi tir vong va
16.103 ngudi bi thuong. So véi cling Ky 2023: tang 5,67% sb vu, giam 7,89% ca ti vong, ting
13,43% s6 ngudi bi thuong. Trén duong cao tdc, tuy chi chiém khoang 1% tong s6 vu nhung
hau qua thuong nghiém trong [3], doi hoi cac giai phdp manh mé hon.

Viét Nam bat dau xay dung hé thong cao tdc tir 1998. Pén nam 2025, tuyén Bic — Nam
phia Pong dai 2.063 km hoan thanh, nang tong chiéu dai mang ludi Ién khoang 3.000 km. Sau
2030, khi hoan thién tuyén phia Tay, hé théng du kién dat 8.400 km [4]. Mot sb tuyén co tur
4-6 lan, trang bi day du dai phan cach va lan dirng khan cap, toc do téi da 100-120 km/h. Tuy
nhién, do han ché ngan sach, nhiéu tuyén phat trién theo giai doan, thiéu dai phan céach va lan
dirng, toc do chi 80-90 kmv/h.

~ Ngoai yéu t6 ngudi diéu khién va thoi tiét, nhiéu TNGT trén cao toc con bét ngudn tir han
che ha tang, nhat la ¢ cac tuyen phan ky thieu dai phan cach va lan dung khan cap. bicu nay
dat ra yéu cau cai thién dong bo két cau ha tang dé giam nguy co tai nan.

Tuy nhién, nghién ctru trong nuéc vé yéu té anh huong va mo hinh du bdo TNGT trén
cao tc — dic biét nghién ctru dinh lwong voi mé hinh théng ké — con han ché. Do d6, nghién
cttu ndy nham xay dung mé hinh du bao mirc d6 thuong vong do TNGT va so sanh hiéu suét
gitta cac md hinh: Poisson, nhi thac &m (NTA), va hdi quy tuyén tinh (HQTT) — dé xac dinh
mo hinh pht hop nhit véi dit liéu ¢ém va tinh chat quéa phan tan caa TNGT.

Ngoai ra, nghién cuiru ciing phan tich nguyén nhén, danh gia tac dong cua c4c yéu té rui ro
va hau qua trén mang ludi cao tdc. Trén co s& d6, nhom nghién ciru dé xuat cac giai phap
giam thiéu tai nan, thwong vong va thiét hai, dong gop co s& khoa hoc cho quan ly va hoach
dinh chinh sach an toan giao thong duong cao toc tai Viét Nam.

2. TONG QUAN

Tai nan giao thong trén dudng cao tdc 1a mot van dé phuc tap, chiu anh huong bai nhiéu
yéu td nhu dic diém hinh hoc tuyén duong, diéu kién van hanh, dic tinh phuong tién va hanh
vi nguoi lai. Cac nghién ctiu qubc té da chi ra rang mic d6 nghiém trong va tan suit tai nan bi
chi phéi dang ké bai cac yéu té nhu téc do xe, didu kién mat duong va yéu té hinh hoc nhu
ban kinh dudng cong nam, chiéu dai dudng cong chuyén tiép, chiéu dai doan dbc, ban kinh
dudng cong dang 16i va 18m [5-7].

Qin va cac cong su [5] da nghién ctru nguy co tai nan trén cac tuyen cao toc vung doi nui,
noi dia hinh phuc tap va diéu kién méi truong bi gidi han boi yeu t6 ty nhién, cho thay ruai ro

tai nan c6 xu hudng gia tang ro rét. V& dic diém hinh hoc tuyén duong, cac yéu t nhu chiéu
dai doan doc c6 tuong quan duong véi nguy co tai nan. Cac doan doc dai, ca Ién va xuong,
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thuong di kém véi mic d6 nguy hiém cao hon. Ban kinh duong cong nam nho lam tang luc ly
tdm, din dén nguy co truot banh, lat xe va han ché tim nhin. Pudng cong chuyén tiép ngan
gay kho khin cho nguoi lai trong viéc diéu chinh huéng di chuyén ¢ téc do cao, lam ting kha
ning mat on dinh ngang. Tuong tu, ban kinh nho cua cac duong cong dirng 16i va 16m 1am
giam tam nhin va anh huéng xau dén kha nang kiém soat phuong tién khi luu thong ¢ téc do
lon.

Vé khia canh méi truong lai xe, nghién cau [5] ciing cho thay ty 1& va toc do bién thién
ciia xe tai va xe con c6 tuwong quan dwong v&i nguy co tai nan, nhan manh vai trd cua luu
lwong va thanh phan dong xe trong viéc anh huong dén an toan giao thong. Pac biét, luu
luong Xe tai cao 1am gia ting rui ro do bi che khuat tim nhin va hau qua tai nan thudng
nghiém trong hon. Nguy co ciing ting 1én tai cac khu vuc nhu diém dung nghi va 16i ra vao,
noi xay ra sy pha tron giita cac ludng giao théng va thay doi toc do dot ngot, dan dén nhiéu
loan dong xe. Nguoc lai, ty 1¢ tham thuc vat va dudng c6 tuong quan &m voi nguy co tai nan,
goi Y rang moi trudng don gian va tam nhin tét giap nguoi lai giam cang thang va ra quyét
dinh kip thoi hon.

Cac nghién ctru khac nhu cua Kumar va cac cong su [6] va Madushani va cong su [7] chi
ra rang cac khu vuc co dic diém dia hinh phuc tap, diém chuyén tiép hinh hoc (nhu doan vao
— ra ham, doan giao cit) hoic cac doan duong c6 luu lugng I6n 1a nhitng vi tri c6 nguy co xay
ra tai nan cao. Trong khi do, Yang va cac cong su [8] cing nhu Bisht & Tiwari [9] nhan manh
tam quan trong ciia viéc xac dinh cac diém den tai nan dé c6 thé ap dung céc bién phap can
thiép hiéu qua.

Vé mat phuong phap nghién ctu, dir liéu tai nan giao thong thuong cd dang dém (so vu
tai nan, s6 nguol tir vong, so ngudi bi thuong), nén cac mo hinh thdng ké dém nhu hdi quy
Poisson va hoi quy NTA duoc st dung rong rdi. Mo hinh Poisson 1a co s& phd bién nhung
nhay cam véi hién tugng phan tan qua mac — mot dic trung phd bién trong dit lidu tai nan
[10]. M hinh NTA khic phuc duoc han ché nay va da chirng minh hiéu qua trong nhiéu
nghién ctru nhu cua Zhang va cong su [11], Naghawi va cac cong sw [12], Yan va cong su
[13], Ma va cong su [14], va Ihueze & Onwurah [15]. Mot s6 mé hinh cai tién nhu NTA c6
hiéu tng ngau nhién ciing duoc sir dung nham xu |y bién thién chwa quan sat duoc giira cac vi
tri nghién cau.

Bang 1. Téng hop mot s nghién ctiu trén thé gigi.

Téc gia Qudc gia Phwong phap  Yéu té chinh phan tich Ghi chu
QIRVACEC  Trung Quic Mo i oo may 1 124 Ak doan dfc dai, - Du béo i 4 rio
Une Ao Mommiogn 00 ey P i o
Madyshanl V& oianka MB hinh hot may Mat dlIO'ng,"[hO'I tiét, anh Du b_a}o muic do
cac cong su [7] sang nghiém trong

Zhang va cac Phén tan qua mirc

cong su [13] Trung Quoc Poisson, NTA Toc do, hinh dang tuyén dwot xit I bing NTA

Mavacac L - Quéc NTA +Hiéu Gtng  Luu luong, do doc, chieu So sanh NTA va NTA
cong su [14] 9 ngau nhién dai doan hiéu tng ngau nhién

Tai Viét Nam, cac nghién ctu ap dung md hinh thong ké dém dé phan tich — dy béo tai
nan trén hé thong duong cao toc — von dang mé rong manh mé — van con thiéu hut. Day la
khoang tréng nghién ctru ma bai bao nay hudng tai, thong qua viéc so sanh hiéu suat du bao
gitta cac md hinh Poisson, NTA va HQTT, trén co so dir liéu tai nan thu thap duoc tai cac
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tuyén duong cao téc ¢ Viet Nam.
3. THU THAP VA PHAN TiCH THONG KE DU LIEU

1. Thu thap dir liéu

Nghién ciu st dung bo dit liéu gdm 108 vu tai nan giao thdng xay ra trén cac tuyén cao
tc & Viét Nam tir 1/1/2023 dén 20/2/2025, thu thap thu cong tir cac ban tin va bdo mang
thong qua tinh ning “tim kiém nang cao” ctia Google Chrome vai tir khoa “tai nan giao théng
trén cao toc”, gisi han trong lanh tho Viét Nam. Dir liéu duge ddi chiéu tir nhiéu ngudn dé
loai bo trung lap, thiéu chi tiét va dugc ma hda, hé thong hoa bang Excel phuc vu phan tich
dinh lrong. Mdi vu tai nan ghi nhan cac thong tin: tuyén duong, thoi gian, sé ngudi tr vong
va bi thuong (theo muc d6), so phuong tién lién quan, nguyén nhan so bo. Thong tin ky thuat
tuyén cao toc dugc bd sung tir tai lidu thiét ké va co so dir lieu cong khai, gom sé lan xe,
chiéu rong, dai phan céach, lan ding khan cap va toc do toi da. Trudc khi phan tich, dir ligu
duogc xir 1y so bo dé loai bo ban ghi thiéu thong tin, chuan héa dinh dang va dam bao tinh nhat
quan, sian sang cho cac md hinh thdng ké trinh bay & phan tiép theo. Cac thong tin chinh cua
dir liéu duoc tom tit trong Bang 2.

Bang 2. Théng k& md ta dir liéu vé tai nan giao théng trén dudng cao toc.

B¢ 14cdp Landing P Bi ~ Bi

Giai doan dau

STT o Sé lan rli:{ng thida Khin cAp phén Sévu Chét thlf(mg thuwong
an cach nang nhe
1 Phan ky 2 350 80 Khdéng? Khong 30 39 66 57
2 Phan ky 4 3,50 90 Khéng Khéng 18 12 3 0
3 Hoan chinh 4 3,75 100 Cé Cé6 54 12 60 39
4 Hoan chinh 4 3,75 120 Co Co 3 3 0 3
5 Hoan chinh 6 3,75 120 Co Co 3 6 12 18

Tong 108 72 141 117
Ghi chi: ? Khéng c6 lan dirng khan cap nhung c6 2x2m 1é gia ¢b

54
30
30 18
20 3 3
10 4 4

2 lan xe phan ky 4 lan xe phan ky 4 lan xe hoan 4 lan xe hoan 6 lan xe hoan
Vmax = 80 Vmax =90 chinh Vmax =100 chinh Vmax = 120 chinh Vmax = 120

Hinh 1. S6 vu tai nan theo loai cao toc, sb lan xe va toc do toi da.

2. Yéu t6 ha ting duwong cao tdc va tai nan giao thong

Dt liéu tai nan giao thong trén cao toc cho thay sy khéac biét 1o rét theo giai doan dau tu,
SO lan xe, gidi han toc d6 va ha tang nhu lan dirng khan cap, dai phén cach.
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Trong giai doan phan ky, xay ra 48 vu tai nan, chu yéu trén tuyén 2 lan téc do 80 km/h
(30 vy, 39 ngudi tir vong). Tuyén 4 lan toc do 90 km/h c6 18 vy (12 ngudi tir vong). Giai
doan hoan chinh ghi nhan 60 vuy, tap trung trén tuyén 4 lan toc d6 100 km/h (54 vu, 12 ngudi
tir vong). Tuyén 4 1an va 6 lan téc do 120 km/h chi c6 3 vu mdi tuyén, nhung tuyén 6 lan gay
hau qua nghiém trong hon (6 nguoi tir vong, 12 nguoi bi thwong nang) (Hinh 1).

Xét theo sb lan, tuyén 2 1an c6 ty I¢ tai nan cao nhat (27,8%), trong khi tuyén 6 lan thap
nhét (2,8%). Vé téc do, cac tuyén dudi 100 km/h ¢ s6 vu cao hon, dic biét tuyén 2 1an téc do
80 km/h. DU céc tuyén toc do 120 km/h c6 it tai nan hon, mirc d6 nghiém trong van cao do va
cham & tc do I6n.

Su khéc biét vé thuong vong gitra cac tuyén duoc thé hién rd trong Hinh 2. Tuyén 2 lan
c6 sé thuong vong cao nhat (39 tir vong, 66 bi thuong niang, 57 bi thwong nhe), do mat do xe
cao, thiéu lan dirng va kha ning tranh va cham thap. Tuyén 4 lan giai doan phan ky (90 km/h)
c¢6 thuong vong thap hon nhiéu, nhung khi nang cap Ién téc do 100 km/h lai ghi nhan thuong
vong tang, cho thiy téc do nay chua phu hop. Trong khi d6, cac tuyén 4-6 lan téc do 120
km/h ¢6 thuong vong thap nhat, phan anh hiéu qua cua thiét ké hién dai véi lan ding va dai

phan cach day du.

2 lan xe phan ky 4 lan xe phan ky 4 lan xe hoan chinh 4 lan xe hoan chinh 6 lan xe hoan chinh
Vmax = 80 Vmax = 90 Vmax = 100 Vmax = 120 Vmax = 120
S0 ngudi bi thuong nhe 57 0 39 3 18

180
160
140
120
100

S0 ngudi bi thuong ning 66 3 60 0 12
SO ngudn chét 39 12 12 3 6

=SH nguai chét " S ngudi bi thuong ning =S ngudi bi thuong nhe

Hinh 2. S6 ca tir vong va chan thuong theo loai cao tdc, sé lan xe va toc do tdi da.

Lan dirng khan cap va dai phan cach dong vai trd quan trong trong giam tai nan. Cac
tuyén khong co 1an ding, chi co 1& gia ¢ 2x2m, ghi nhan 48 vy tai nan — cao hon dang ké so
VGi Cac tuyén cd ha tang day du (60 vu du tong chiéu dai 16n hon). Tuyén 2 lan téc do 80
km/h, khéng c6 lan dirng hay dai phan céch citng, cd ty Ié thwong vong cao nhét, cho thay can
sém nang cap ha tang. Nguoc lai, cac tuyén 4-6 lan hién dai, tc do cao hon lai an toan hon,
khang dinh vai trd then chét caa thiét ké ha tang trong giam thiéu thuong vong.

3. Khung gio xdy ra tai nan giao thong

MG&i quan hé giita khung gio tai nan va mic 6 thuong vong dugc thé hién trong Hinh 3.
Tai nan xay ra nhiéu nhét vao 0:00-6:00 va 12:00-18:00 (33 vu), tiép theo la 6:00-12:00 (27
vu); it nhat la 18:00-24:00 (15 vu). Khung 0:00-6:00 ciing ghi nhén thuong vong cao nhét (8
nguoi tr vong, 20 bi thuong ndng, 18 bi thuong nhe), c6 thé do lai xe mét moi, téc do cao,

tam nhin kém va thoi gian ctu hé cham. Du it vu hon, khung 18:00-24:00 van c6 12 ca bi
thuong nang. Cac khung gio con lai ghi nhan thuong vong ¢ muc trung binh.
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0

33

33
27
20
18
15
1 12
8 8
6 7 7 7

- uER EulE RN

N .

0:00-6:00 6:00-12:00 12:00-18:00 18:00-24:00

ESdvutainan ®Ta vong ® Chin thwong nang = Chan thwong nhe

Hinh 3. Mdi quan hé giita s vu tai nan, mirc d6 thwong vong va khung gio xay ra tai nan.

3.1. Loai phwong ti¢n, loai hinh tai nan va mirc d¢ thwong vong

Hinh 4 cho thay tai nan lién quan dén xe khach c6 sé ca chan thuong cao nhét (102 nang,
81 nhe, 27 tir vong), con xe tai c6 sb tir vong cao nhat (57 ngudi), cing 84 chan thuong ning
va 51 nhe. Tai nan xe con c6 thuong vong thap nhét (1 tir vong, 2 chan thuong nhe). Nguyén
nhan 1a do xe khach ché dong nguoi, it thit day an toan; xe tai lon, va cham manh, thuong
hoat dong ban dém; con xe con c6 hé thong an toan tét, it nguoi trén xe.

200
180
160
140
120
100
80
60
40
20
0

Chi ¢6 xe con
Xe tai
Xe khach

S6 ngudi chét S6 ngudi bi thuong ndng | S6 ngudi bi thuong nhe
1 0 2
57 84 51
27 102 81

m Xe khich ™ Xe tai ™ Chi co xe con

Hinh 4. Muc d6 thuong vong theo phuong tién.

45
40
35
30
25
20
15
10
5
0 N T X R
Tu vong Chan thuong nang Chan thuong nhe
Lt xe/lao khoi duimg 3 12 15
Xe dimg dd thiéu canh bao AT 3 _ 3 3
D61 dau 9 _ 5 3
Pam va tir phia sau do thiéu KCAT 7 17 11
® Dam va tir phia sau do thiéu KCAT = Ddi du = Xe dimg dd thiéu canh bao AT = Lt xe/lao khoi dudng

Hinh 5. Loai hinh tai nan va mic d6 thuong vong.

V& loai hinh tai nan (Hinh 5), dam tir phia sau phd bién nhat (63 vu, 62%), thuong gay
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nhiéu chan thuong nhung it tr vong. Tai nan ddi dau tuy chi 15 vu nhung nguy hiém nhit (9
tur vong) do va cham tryc dién. Lat xe/lao khoi duong va dam vao xe dung d6 (déu 12 vu) gay
3 ca tir vong mbi loai, chu yeu khi lién quan dén xe khach hoac xe tai. Piéu nay cho thay can
kiém soat tdc do, nang cao y thic tai xé va cai thién két cau ha tang dé giam thiéu tai nan.

4. LY THUYET VE CAC MO HINH HOI QUY

4.1. Héi quy tuyén tinh

Hoi quy tuyén tinh 12 mot ky thuat pho bién dung dé wée lugng cac tham so trong mo
hinh hoi quy tuyen tinh, bang cach giam thicu tong binh phuong sai 1¢ch gitra gia tri quan sat
va gid tri dy doan tir md hinh. M6 hinh HQTT c6 dang tong quét [16]:

Y=o+ frXi+ B Xo+ o+ [ Xy + ¢ (1)

Y la bién phu thude, X1, Xz, ..., Xk la cc bién doc Iap, p1, Be,..., Bc la céc tham s6 chua
biet, ¢ la sai so ngau nhién phan phoi chuan véi trung binh 0 va phuong sai khong doi.
Phuong phap HQTT don gian, dé ap dung cho bien phu thugc lién tuc, nhung khong phu hop
vei dir liéu phan phoi khdng chuan, phuong sai thay doi hodc dir liéu dém, khi d6 md hinh
Poisson va NTA dugc su dung thay thé.

4.2. Hdi quy Poisson
Phan phéi Poisson md hinh hda xac suat xay ra y sy kién (tr vong, chan thuong...) véi
cong thac [17]:

e~ 41y
Pr(Y = y1) = = (1=0.1.2...) @

Phan phdi Poisson chi sir dung mot tham sé duy nhat 1a A, dai dién cho ty I& xuét hién
trung binh cta su kién hiém trén don vi phoi nhidm, c6 thé 1a thoi gian, khéng gian, khoang
cach, dién tich, thé tich, dan sd, v.v. Bic diém quan trong caa phan phdi Poisson 1a ky vong
(E[Y]) va phuong sai (Var(Y) biang nhau.

~ Trong md hinh hdi quy Poisson, gia dinh rang ky vong A dugc xac dinh bai mot tap céc
bién giai thich (X;):

/11' = 950+61X1+32X2+"‘+ﬁk/¥k (3)

Céc hé sb B, B2, ... B« la cac tham sé chua biét, duge woc lugng tir dit liéu. Khi d6, md

hinh hdi quy Poisson co ban cho ting quan sét i dwoc viét 1a:
e —liiiyi

Pr(Y = yil2) == 7= 0=0.1,2..) (4)

!

Hoi quy Poisson pht hop khi phuong sai s6 1an xay ra sy kién xap xi bang gié tri trung

binh. Tuy nhién, trong thuc té, dit liéu thuong co phuong sai 16n hon trung binh (qua phan

tan), khién md hinh Poisson khong con phii hop va c6 thé dan dén sai léch trong udc lugng

tham so.

4.3. Hoi quy nhij thirc 4m

Phan phdi Poisson co :[hé dugc téng quat héa bang cach dua vao nhiéu gamma, trong do
bién gamma c6 ky vong bang 1 va tham so ty 1€ 1a v. Su két hop gitra phan phoi Poisson va
gamma (duoc goi la ph&n phdi nhi thic @m) cd cdng thic xac suat [18]:
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_ __Tita™ (N4
PF(Y - yilﬁ'i!a) - F(y[ + 1)F(a_1) (a,—l +A) (m) (5)

Trong d6: o = 1/v: 1a tham s6 phan tan (dispersion parameter), ty I¢ nghich v&i mue do
bién thién. Nhu vay, hoi quy NTA 1a mot mo rong cua hoi quy Poisson nham giai quyét van
dé quéa phan tan bang cach bo sung mot tham sé phan tan a, cho phép phuong sai 16n hon ky
vong theo cong thuc:

2
Var(Y) = 2+ al? = 1+ % (6)

Khi v — oo, phuong sai ctia md hinh NTA tién dan vé A, khién NTA trg thanh md hinh
Poisson, tir @ NTA tré nén linh hoat hon khi xir ly dir liéu dém cé phuong sai 16n hon trung
binh. Tuy nhién, NTA phtc tap hon Poisson va can kiém dinh dé xac dinh tinh can thiét. Lya
chon md hinh phu thugc vao tinh chét dir liéu: HQTT phu hop véi bién lién tuc; Poisson ding
khi phurong sai bang trung binh; con néu dir liéu qua phan tan, NTA 1a lya chon tét hon. Céc
kiém dinh nhu overdispersion va Vuong dugc dung dé chon md hinh phi hop.

5. XAY DUNG MO HINH VA KET QUA

5.1. Xay dung mo hinh

4 BIEN PAU VAO "\ [ kiémtra | cao [ Loaibién
- Két ciu ha ting duong cao téc: ) twong quanf (> 0,7) tuor::i;luan
= Sélanxe
= Dai phan cach (c/khong) 3 Thip (< 0,7)
=  B&rong lan xe Mo hinh Loai bién khong cé
= Lan dung khan cap (c6/khong) .~ OLS ¥y nghia (p > 0,1)
= Tbc d t6i da cho phép g N
- Khung gio xay ra tai nan (0:00-600; 6:00-12:00, 12:00- Kiém dinh: Md hinh
18:00; 18:00-24:00) - Breusch-Pagan HQTT
- Loai phuong tién lién quan (xe tai, xe khach, xe con...) - Shapiro-Wilk
- Loai tai nan (d6i dau, dam va tir phia sau, lat xe/lao khoi - RESET
\_ duong, dam vao xe dirng d6) J | Histogram
Khong phtihop |- Q-Q plot
[ N\
! ! v Phu hop
Mb hinh Possion Mb hinh NTA Durng lai
So sanh
v

Chon m6 md hinh phu hop

Hinh 6. Trinh tu xay dueng md hinh.

Theo quy dinh hién hanh cua Viét Nam [19], co s¢ dit ligu tai nan chi ghi nhan cac
truong hop ti vong hoac bi thuong, khong phan biét miac do chan thuong. Do do, bai bao chi
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xay dung mo hinh du bdo tong sé ca tir vong hozc chan thuong.

Bai b4o sir dung va so sanh ba m6 hinh HQTT, Poisson va NTA dé dy béo sb ca tir vong
va chan thuong trén dudng cao tdc, dong thoi xac dinh cac yéu té anh huong (Hinh 6). Trudc
tién, cac bién doc lap duoc kiém tra twong quan va loai bo céc bién c6 hé sé twong quan cao
(> 0,7). M6 hinh HQTT duoc wéc lugng va danh gia bang cac kiém dinh Breusch-Pagan,
Shapiro-Wilk, RESET va phan tich d6 thi phan du (histogram, Q-Q plot). Sau d6, cac md
hinh Poisson va NTA duoc udc lugng va so séanh théng qua kiém dinh Vuong va kiém dinh
overdispersion dé chon mé hinh phii hop nhat.

5.2. Két qua mé hinh hoi quy tuyén tinh

M6 hinh HQTT da duoc udce lugng va cac két qua Kiém dinh ciia mo hinh dugc thé hién
trén Bang 3. M6 hinh HQTT ¢4 muc d6 gii thich trung binh kha d6i voi s6 ca tir vong (R2 =
0,45) va tt hon d6i vai sé ca chan thuong (R = 0,58). Hé sb R2 hiéu chinh ciing cho thay xu
hudng tuong tu, Vi gia tri cao hon & md hinh chan thuong (0,55) so véi md hinh dy bao sb
ca tir vong (0,41). Piéu nay cho thdy mé hinh c6 kha ning giai thich su bién thién cua sé ca
chan thuwong tét hon. Tuy nhién, theo Ozili [20], d6i voi md hinh ma hau hét cac bién doc lap
déu c6 ¥ nghia thdng ké, thi gia tri R? ¢ thé chap nhan dugc 1a R > 0,5. Theo tiéu chi nay,
chi ¢ mo hinh sé ca chan thuong 1a c6 thé chap nhan dugc. Két qua kiém dinh téng thé bang
F-statistic déu cho thay cac bién doc 1ap c6 anh huong dang ké dén bién phu thuoc (p <
0,001). Tuy nhién, md hinh HQTT vi pham mét s6 gia dinh quan trong. Kiém dinh Breusch-
Pagan (p < 0,001) chi ra hién twong phuong sai khong déng nhat. Bong thoi, kiém dinh
Shapiro-Wilk (p < 0,001) cho thdy phan du khong tuan theo phan phdi chuan, 1am giam tinh
chinh xac cua udc lwong. Ngoai ra, RESET test (p < 0,001) ciing cho thay mé hinh c6 van dé
vé tinh tuyén tinh. Nhitng vi pham nay anh huéng dén dé tin cay cia mé hinh, do do, can can
nhic str dung cdc md hinh phi hop hon nhu Poisson hoic NTA dé cai thién do chinh xac va
do6 phu hop.

Bang 3. Két qua kiém dinh cia md hinh HQTT.

Chi s HQTT - Sé ca tir vong HQTT — Sé ca chan thwong
Hé s6 R2 0,45 0,58
Hé sb R2 hi¢u chinh 0,41 0,55
F-statistic (p-value) 10,22 (p < 0,001) 19,39 (p < 0,001)
Kiém dinh Breusch-Pagan (p-value) 35,99 (p < 0,001) 49,94 (p < 0,001)
Kiém dinh Shapiro-Wilk (p-value) 0,90 (p < 0,001) 0,85 (p < 0,001)
Kiém dinh RESET (p-value) 24,064 (p <0,001) 76,39 (p < 0,001)

Hai biéu do tan suat phan du va Q-Q plot (Hinh 7) cho thiy phan du caa mé hinh khong
tuan theo phan phdi chuan. Biéu d tan suat phan du co xu hudng léch, trong khi Q-Q plot thé
hién sy léch khoi duong chuan ¢ hai dau, dac biét véi sb ca tir vong va chan thuong. Diéu nay
cung ¢ két qua kiém dinh Shapiro-Wilk, cho thiy gia dinh vé phan phdi chuan caa phan du
bi vi pham, anh huong dén d¢ tin cay cua suy luan thong ké tir md hinh HQTT.

5.3. Két qua mé hinh hdi quy Poision va NTA

Két qua kiem dinh md hinh Poisson va NTA trén Bang 4 cho thiy NTA c6 Log-
Likelihood cao hon va AIC thap hon trong ca hai mo hinh du bao so ca tw vong va chan
thuong, cho thay kha nang phu hgp tot hon. Tuy nhién, cac chi s6 danh gia d6 phu hgp nhu
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McFadden R?, r2MI7 va r2CU cua Poisson déu cao hon so v6i NTA, dic biét Ié’MCFadden R2
(0,37 so v6i 0,19 doi voi md h‘mhydu béo s6 ca tu vong vé} 0,44 so véi 0,28 doi véi mo hinh
du béo so6 ca chan thuong), cho thay md hinh Poisson c¢6 thé giai thich bién phu thudc tot hon.

Biéu db tAn suét phan dv - T vong Biéu db xac suét chuén (Q-Q plot)

30 40

Téan suat

10 20
Sample Quantiles (Lugng tif mau)

2 0 2 4 -2 1 0 1 2
Phan du Theoretical Quantiles (Luong tir 1y thuyét)
Biéu dd tan suat phan dw - Chan thwong Biéu db xac suat chuan (Q-Q plot)

— w

Tén suét
15 20 25 30 35
|

10
Sample Quantiles (Lugng tir mau)
2

Phén dw Theoretical Quantiles (Lugng tir ly thuy€ét)

Hinh 7. Biéu d6 tan suat phan du va Q-Q.

Luu ¥ rang, theo Louviere va cong su [21], chi s6 McFadden R2 hiém khi dat gia tri gan 1
khi str dung dit liéu thuc nghiém. Dé c6 gia tri bang 1 (tic 1a mé hinh khop hoan hao), gia tri
likelihood phai bang 1, va do d6 log-likelihood s& bang 0. Trén thyc té, cac gié tri nay thudng
thip hon nhiéu so Véi ch1 s6 R2 trong hoi quy tuyén tinh. Theo quy wéc chung, cac gia tri tu
0,2 dén 0,4 c6 thé duoc xem la biéu hién cua moét mé hinh c6 d6 phu hop tét. Theo tiéu chi
nay, md hinh NTA du bao sé ca tr vong c6 phan bét loi hon so v&i md hinh Poisson do hé sb
McFadden Rz chi dat 0,19.

Kiém dinh Likelihood Ratio Test (LRT) giira hai md hinh cho thdy vai md hinh dy bao
s6 ca tir vong, gi tri p-value = 0,007 (< 0,05) cho thdy NTA phi hop hon, trong khi véi md
hinh du bao s ca chan thuong, p-value = 0,9605 (> 0,05) khdng cho thay sy khac biét dang
ké, dong nghia véi viéc Poisson cd thé van duoc st dung. Kiém dinh overdispersion cho thay
khéng c6 dau hiéu phan tan manh (p-value > 0,05 trong ca hai trudng hop), diéu nay cho thiy
mo hinh Poisson van c6 thé 4p dung ma khdng gay sai léch dang ké. Nhin chung, néu dit liéu
c6 overdispersion, md hinh NTA s& 14 lya chon hop 1y. Tuy nhién, trong truong hop khdng co
overdispersion rd rang, md hinh Poisson van cd thé duoc vu tién nho chi sé R? cao hon va su
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chénh léch AIC khong qua Ion.
Bang 4. Két qua kiém dinh ciia mé hinh Poisson va NTA.

Mb hinh S6 ca tir vong S6 ca chan thwong

Chi s6 Poisson NTA Poisson NTA
Log-Likelihood -137,61 -133,98 -127,26 -126,27
AIC 293,23 287,96 270,53 268,53
McFadden R2 0,37 0,19 0,44 0,28
r2ML 0,77 0,43 0,84 0,61
r2CU 0,79 0,46 0,85 0,63
Likelihood Ratio Test (LRT) gitra Poisson va NTA:
x2 (p-value) 7,26 (p-value = 0,007) 0,0025 (p-value = 0,9605)
Kiém dinh Overdispersion cho NTA:
Ty & phan tan (p-value) 0,99 (p-value = 0,504) 1,11 (p-value = 0,2173)

Két qua phan tich mé hinh hdi quy Poisson va NTA duoc thé hién trong Bang 4. Nhin
chung, hé s6 udc lwong khdng cé nhiéu khac biét giira hai md hinh cho ca sb ca tir vong va
chan thuong. Két qua cho théy nhiéu yéu té anh huéng dang ké dén mtrc d6 nghiém trong cua
tai nan giao théng. Hang so ¢6 gia tri am Ion (-3,00%** dén -3,39*** cho tir vong, -2,27***
cho chan thuong), cho thiy x4c suat xay ra tai nan nghiém trong trong diéu kién co s 1a thap.

Bang 5. Két qua u6e lwong ciia mo hinh Poisson va NTA.

Mb hinh S6 ca tir vong S6 ca chan thwong
Bién phu thugc Poission NTA Poission NTA
Hang s6 -3,00%** -3,39%*% D p7wkk D DTk
Tai nan xay ra vao 6:00-12:00: 1-dung, 0-sai -0,83** -1,01** - -

Tai nan co lién quan xe khéch: 1-dang, 0-sai 1,47%** 1,47%** 1,54%** 1,54%**
Tai nan co lién quan xe tai: 1-dtng, 0-sai 0,98*** 1,14** 0,53* 0,53*
Tai nan ddi dau: 1-dung, 0-sai 0,97*** 0,98** 0,96***  0,96%**
Tai nan lat xe/lao khoi duong: 1-dang, 0-sai 1,36%** 1,39%** 1,27%** 1,27%**
S6 lan xe/chiéu 2,20%** 243%%* L TIxRE ] T]RRE
Dai phan cach: 1 c6, 0 khong c6 -4, 3*** -4,41%**% 3 5Q*** 3 GQFr*
Lan dung khan cap: 1 ¢6, 0 khong co -1,43%** -1,44%** 1] 13%** -] 13***

Ghi gha: *** p-value < 0,01; ** p-value < 0,05; * p-value < 0,1

Tai nan xay ra trong khoang 6:00-12:00 c6 hé s6 am (-0,83** dén -1,01**) trong md hinh
du bao sé ca tir vong, cho thay khoang thoi gian nay c6 thé lién quan dén muac do nghiém
trong thap hon. Tuy nhién, bién nay khong c6 ¥ nghia déi véi md hinh dy béo sb ca chan
thuong (va da bi loai bo). Co thé cac khung gio khac (chang han nhu 0:00 — 6:00) c6 mirc do
thwong vong cao hon do tc d6 di chuyén cao va nguy co tai xé budn ngu.

Loai phurong tién lién quan dén tai nan c6 anh hudng dang ké. Tai nan lién quan dén xe
khach lam tang nguy co tir vong (1,47***) va chan thuong (1,54***), trong khi xe tdi cling c6
tac dong tang nhung ¢ muc thap hon (0,98*** dén 1,14** cho m6 hinh dy béo so6 ca tir vong,
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0,53* cho md hinh dy béo s6 ca chan thuong). Diéu nay ham ¥ rang xe khach thuong ché sb
lugng hanh khach I6n, va hién nay nhicu xe khach khong yéu cau hanh khach that day an
toan, dan dén hau qua thuong vong nghiém trong hon khi xay ra tai nan.

Vé nguyén nhan tai nan, tai nan d6i dau 1am ting nguy co tir vong (0,97*** dén 0,98**)
va chan thuong (0,96***), trong khi tai nan do lat xe hoic lao khoi duong co tac dong manh
hon (1,36*** dén 1,39*** cho md hinh du bao s ca tir vong, 1,27*** cho md hinh du béo sé
ca chan thuong).

Két cau ha ting dudng cao toc anh huong dang ké dén muc do nghiém trong cua tai nan.
S6 1an xe trén mdi chiéu ¢ hé s6 dwong 10n (2,2%** dén 2,43*** cho tir vong, 1,71*** cho
chan thuong), cho thay s6 lan xe cang nhiéu, mic d6 nghiém trong cua tai nan cang cao. Can
luu y rang duong co nhiéu lan xe thudng c6 toc d6 khai thac cao (100 hoac 120 km/h). Do
vay, mic du tang sd 1an xe c6 thé gilp giam s6 vu tai nan giao thong, nhung néu tai nan xay
ra, hau qua thuong vong c6 thé nghiém trong hon. Nguoc lai, sy hién dién cua dai phan céch
giup giam déng ké nguy co tir vong (-4,3%*** dén -4,41***) va chan thuong (-3,59***). Diéu
nay ham y riang cac duong cao téc chi c6 hai lan xe va khong c6 dai phan cach giita s& co
nguy co thuong vong rat cao khi xay ra tai nan.

Dang chu §, 1an dimg khan cip ¢6 hé s am (-1,43*** dén -1,44*** cho s6 ca tir vong,
-1,13*** cho s ca chan thuong), cho thay su hién dién cua lan nay gitp giam murc do nghiém
trong cua tai nan. DleU nay c6 thé 1a do lan dung khan cap cung cap khong gian an toan cho
phuong tién gap su ¢d, tranh viéc dirng truc tiép trén 1an xe chay cua cao téc.

Nhin chung, cac yeu t6 nhu xe khach, xe tai, s6 1an xe 16n, va nguyén nhan tai nan
nghiém trong nhu d6i dau hoac lat xe deu lam tdng mirc do nghiém trong cua tai nan. Trong
khi do, dai phan cach va lan dung khan cip dong vai tro quan trong trong viec giam s6 ca tu
vong va chan thuong. Két qua ndy nhin manh tam quan trong cua viéc quy hoach két cau ha
tang duong cao téc hop ly nham giam thiéu hau qua tai nan.

6. KET LUAN

Tai nan giao thong trén hé thong duodng cao tdc tiép tuc 1a mot thach thac 1on dbi véi an
toan giao thong tai Viét Nam. Du da c6 nhicu no luc cai thién, so vu tai nan va muc do
nghiém trong cua ching van dat ra yéu cau cap thiét vé cac giai phap hiéu qua nham giam
thiéu rai ro.

Nghién ciru nay da phan tich dir liéu tir 108 vu tai nan trén cac tuyén cao toc tai Viét Nam
dé danh gia anh huong cua cac yéu td két ciu ha tang duong cao tdc va dic diém giao thong
dén mic do nghiém trong cua tai nan. Két qua cho thiy, ngoai yéu té con ngudi va diéu kién
thoi tiét, nhitng han ché vé thiét ké két cau ha tang nhu thiéu dai phan cach giira, khdng ¢ lan
dirng khan cip, va téc do khai thac khdng phi hop c6 tac dong dang ké dén muac do thuong
vong.

Céc yéu td két cau ndy anh huong dén co hoi xir Iy va giam nhe va cham khi c6 su ¢ xay
ra. Cu thé, thiéu dai phan céch giira lam ting kha ning xay ra tai nan d6i du, von Ia loai tai
nan c6 mirc do nghiém trong cao. Khdng cé lan dirng khan cap khién cac phuong tién gap su
¢ khong c6 khong gian an toan dé dung, dan dén va cham day chuyén hoic can tré hru
thong Trong diéu kién van hanh tai Viét Nam, noi y thuc chap hanh luét giao thong chua cao
va cOn ton tai tinh trang 1an 1an, ding d6 sai quy dinh, thi cac yéu té ha tang nay cang tré nén
quan trong.
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So sanh giita cac md hinh hdi quy HQTT, Poisson va NTA cho thay md hinh NTA c6 do
pht hop cao nhit trong viéc du béo sé ca tir vong va chan thuong. Két qua phan tich hoi quy
chi ra rang loai phuong tién Ia yéu té quan trong, voi xe khach lam ting nguy co tir vong va
chan thuong cao hon so v&i xe tai, ¢6 thé do s6 luong hanh khach dong va thiét ké an toan han
ché. Cac loai tai nan nghiém trong nhu dbi dau hoic lat xe ciing lam gia ting mirc d6 thwong
vong. Ve ha tang, s6 1an xe 16n ¢6 thé lam ting toc do khai thac, kéo theo hau qua nang né
hon khi xay ra tai nan, trong khi dai phan cach va lan ding khan cap gop phan giam mic do
thuong vong thong qua cai thién kha nang xir Iy va phan tng khi c6 su cé.

Tuy nhién, nghién cttu nay van con mot sé han ché, dac biét 1a do quy mé dit liéu chua du
lon, chi bao gom 108 vu tai nan, c6 thé anh hudng dén tinh chinh xéc cia cac mo hinh du béo.
Do d6, nghién ctru trong twong lai cAn mé rong quy mo dir liéu dé nang cao do tin cay cua két
qua phan tich. Ngoai ra, cac phuong phap tién tién nhu hoc may, bao gdm mang no-ron nhan
tao (ANN), ring ngau nhién (Random Forest) va thuat toan ting cuong do doc cuc dai
XGBoost, ¢6 thé duoc ung dung dé cai thién kha ning du b&o va cung cap cai nhin sau hon vé
cac yéu td anh hudong dén mirc d6 nghiém trong cua tai nan.

Dua trén nhitng két qua dat duoc, mot sb giai phap dé xuat bao gébm: nang cap cac tuyén
cao téc chwa phan ky day du, bd sung dai phan céch va lan ding khan cap, kiém soét téc do
hiéu qua hon, dong thoi nang cao y thirc nguoi tham gia giao thong thong qua cac chuong
trinh dao tao va tuyén truyen phu hop véi diéu kién van hanh tai Viét Nam. Nhirng bién phap
nay khdng chi gitp giam s6 vu tai nan ma con gop phan han che mic do thiét hai vé nguoi va
tai san. Dé nang cao an toan giao thong mot cach bén virng, can mot chién Iugc tong thé két
hop gitra quy hoach két cau ha tang hop 1y, chinh sach kiém soat hiéu qua va tng dung cac
mo hinh phan tich hién dai nham hd tro ra quyét dinh va quan Iy rai ro trén cac tuyén cao téc.
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