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Tém tit
Trong béi canh dé thi héa, viéc quan 1y va t6i wu héa ha tang giao théng nham giam thiéu
tinh trang un tdc la can thiét. Du dodn luu heong phwong tién tai ting thoi diém gdp phan gidi
quyét bai todn in tdc, tao co s¢ dé xdy dung hé thong giao thong théng minh, do thi théng minh.
Bai bao nay tién hanh nghién cuu, danh gia cac mo hinh hoc sau GRU, LSTM, Transformer,
RNN va MLP trong phdn tich chudi thoi gian va duw dodn heu lwong giao théng. Két qua thir
nghiém cho thdy cic mé hinh hoc sdu déu cho do chinh xdc twong doi cao, trong do,
Transformer dat gid tri cao nhdt la 93%. Nhitng két qua trén cho thdy tiém nang g dung ciia
hoc sdu trong viéc du doan som luu lwong giao thong va quy hoach do thi.
Tir khoda: GRU, LSTM, Transformer, RNN, MLP, dy dodn luu lwong giao thong.

Abstract

In the context of urbanization, managing and optimizing transportation infrastructure to
reduce traffic congestion is essential. Predicting vehicle flow at different time points helps
address congestion issues and provides a foundation for building intelligent transportation
systems and smart cities. This paper studies and evaluates deep learning models, including
GRU, LSTM, Transformer, RNN, and MLP, for time series analysis and traffic flow prediction.
Experimental results show that all deep learning models achieve relatively high accuracy, with
the Transformer model attaining the highest performance at 93%. These findings highlight the
potential of deep learning in early traffic flow prediction and urban planning.

Keywords: GRU, LSTM, Transformer, RNN, MLP, traffic flow prediction.

1. Mé diu

Sy phat trién nhanh chong ctia d6 thi doi hoi cac chién luoc quan 1y va quy hoach ha tang
giao thong hiéu qua nham giam thiéu tinh trang Un tic, tdi uu héa sir dung khong gian do thi va
han ché tac dong tiéu cyc dén moi truong. Mot trong nhimg yéu t6 quan trong trong cong tac
quy hoach va xay dung hé thong giao thong 1a kha ning du bao chinh xac luu lugng phuong
tién. Pidu nay ho tro lap ké hoach m& rong va nang cép ha t?lng, tdi uu hoa diéu phéi giao thong,
cai thién hiéu sut khai thac cac tuyén duong. Hién nay, mé hinh hoc sau di chimg minh kha
ning hiéu qua trong phan tich dit liéu chudi thoi gian, giup ting ¢ chinh x4c cua dy bo luu
luong giao théng, tao co s& cho viée xay dung, quan Iy ha ting giao thong théng minh va do
thi.

C6 nhiéu giai phap tmg dung hoc siu di dugc sir dung trong cac nghién ciru vé du doan

luu lugng giao thong. Bai bdo [1] st dung cdc mo6 hinh hoc may khéc nhau trén bd dir li¢u
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Huawei Munich nhim t6i wu héa phan ludng phuong tién, trong d6 moé hinh Multilayer
Perceptron Regressor dat két qua tot nhat voi gia tri EV dat 0.93. Nhim nang cao d6 chinh xéac
cua du bao trong diéu kién c6 nhiéu yéu td tac dong nhu thoi tiét, tai nan, cac tac gia trong [2,
3] d& xuit md hinh két hop bén thuét toan gdbm DAN (Deep Autoencoder), DBN (Deep Belief
Network), RF (Random Forest) va LSTM (Long Short-Term Memory), dua trén dit li¢u tir cam
bién giao thong dé cai thién kha ning du doan. Khi cac hé théng giao thong thong minh dan
phat trién, viéc thiéu dit liéu huan luyén chi tiét tir trudc d6 tro thanh van dé 16n. Dé khic phuc
van dé nay, bai bao [4] thir nghiém phuong phap hoc chuyén doi voi khung du bao ba bude
gém Iwa chon nguén dir liéu, huén luyén mo6 hinh va chuyén dbi két qud, mang lai hiéu qua
trong du bao ngan han, nhung con han ché dbi v6i du bao dai han. Trude tinh bién dong cao
ctia hé théng giao thong, bai béo [5] gidi thiéu mo hinh hoc siu STAWnet (Spatial-Temporal
Attention Wavenet), c6 kha ning tu hoc cac déc tinh giao thong khu vuce thong qua co ché cha
¥, giup nang cao do chinh xac du bao theo thoi gian. Cac mé hinh hién tai van gip kho khan
trong viéc dy bao Un tic giao thong trong cac tinh hudng khong ¢ dinh. Bé giai quyét van dé
nay, bai bao [6] dé xuat mo hinh Ising-Traffic, gdm hai budc: “Tai hién” (Reconstruct-Ising)
thu nhan dir licu va xtr 1y cac yéu td bat dinh, va “Du bao” (Predict-Ising) du doan trang thai
Un tic dya trén két qua ctia budc dau tién. Mo hinh nay tdi vu hoa tai nguyén tinh toan, cho két
qua nhanh hon 98 1an, giam 98.2% sb phép tinh va cai thién do chinh xac 1én 5% so véi cac mod
hinh hién c¢6. Huéng dén t6i wu hoa hidu suat dy bao cho nguoi tham gia giao thong don 1¢, bai
bao [7] d& xuat mo hinh két hgp hoc may va phuong phap Bayesian céi tién (Improved Bayesian
Combination Model with Deep Learning — IBCM-DL), ap dung trén dit liéu thuc té cua giao
thong Béc Kinh két hop véi lich st dir liéu qua khtr, mang lai két qua dy doan twong ddi tot.
Bai bao [8] phat trién hé thong diéu phdi tin hiéu dén giao thong phén cép, st dung mang LSTM
két hop vai hoc cing ¢b (Reinforcement Learning — RL) nham tdi wu hiéu qua diéu tiét giao
thong trén pham vi rong. Bai bao [9] dé xuat mo hinh hoc may sir dung thuat toan chuyén biét
dé danh gia mat do phuong tién v&i do chinh xac cao hon so voi cac thuat toan truyén thong.
Khoéng sir dung hoc sau, mé hinh dat dg chinh xac cao nhét 91% khi ap dung thuat toan Random
Forest..

R rang, rat kho xac dinh phuong phap nao tdi wru nhat trong viéc du doan luu luong giao
thong, do cac kién trac duoc phat trién khac nhau, ciing nhu céc nghién ctru thudng khong cong
b6 day du ma ngudn. Bai bao nay tién hanh nghién ctru va thir nghiém nim mé hinh hoc sau
phé bién g@)m Transformer, GRU, LSTM, MLP, RNN du doan luu lugng giao thong trén dir
lidu thoi gian thyc. Két qua thuc nghiém cho thiy mé hinh dat d6 chinh xac cao nhét Ia

Transformer véi dd do R? 14 93%.
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Phén tiép theo trinh bay mot s mé hinh hoc sau tng dung trong dy doan luu lwong giao
thong. Phan 3 trinh bay vé bd dir liéu. Phan 4 13 két qua thuc nghiém. Cudi cung, Phan 5 1a két

luan.

1. MOT SO MO HINH HQC SAU
1.1. M hinh LSTM

Long Short-Term Memory (LSTM) 12 mét bién thé cia mang no-ron hdi quy (RNN) duoc
gidi thidu dé giai quyét cac van dé mat mat gradient trong mang RNN truyén thong [10]. Khong
gidng voi cac mang truyén thang, LSTM c6 chira cac két ndi phan hdi, sir dung dé xur 1y cac
diém dir liéu don 1é va toan bo chudi dir liéu. LSTM c¢6 kién triic gdm cac cong gitip kiém soat
thong tin cu thé nhu sau. Cong quén (Forget Gate) co vai trd quyét dinh thong tin duogc gitr lai
hay bo di, duoc tinh theo cong thitc ft = a(Wf - [ht — 1,xt] + bf). Cong nhap (Input Gate)
quyét dinh thong tin ndo duoc cap nhat khi ghi nhd, dugc tinh theo cong thuc it = o(Wi
- [ht — 1, xt] + bi) va Ct = tanh(WC - [ht — 1, xt] + b). Cong dau ra (Output Gate) quyét
dinh thong tin duoc sir dung dé tao dau ra véi cong thire Ct = ft - Ct — 1 + it - C~t. Kién truc
nay giup LSTM ghi nhé thong tin tot hon, phtt hop véi cac bai toan xtr 1y ngdn ngit tu nhién,
nhan dang hanh dong, phan tich giam st va chudi thoi gian nhu du doan luu lugng giao thong.

LSTM bao gém nhiéu 16p 4n két hop Dropout dé tranh overfitting.
1.2. M6 hinh GRU

Mo hinh Gated Recurrent Unit (GRU) 1a mét bién thé cai tién cia LSTM véi s6 luong
tham s it hon, giup giam thoi gian hun luyén ma vén gitr duoc kha ning ghi nhé thong tin
chudi thoi gian [11]. GRU sir dung hai cong chinh 14 Update Gate va Reset Gate cu thé nhur sau.
Cong Update Gate xac dinh phan nio cia trang thai cii can dugc giir lai v6i cong thic zt =
o(Wz - [ht — 1,xt] + bz). Cong Reset Gate quyét dinh bao nhiéu thong tin tir trang thai cii co
thé bo di, duge tinh theo cong thuc rt = o(Wr - [ht — 1,xt] + br). V&i cdu tric hai cong,
GRU diéu chinh dong chay thong tin, don gian hoa kién tric t6t hon so voi LSTM nhung van
dam bao hiéu qua trong cac bai toan chudi thoi gian. GRU thudng dugc uu tién sir dung khi tai
nguyén tinh toan bi gidi han hodc khi can téi wu tbc d6 hudn luyén.

1.3. M6 hinh MLP

Multi-Layer Perceptron (MLP) 1a mot mang no-ron truyén thang véi nhiéu 16p an. Mo
hinh nay str dung cic 16p Dense cling voi ham kich hoat phi tuyén nhu Relu hoic Sigmoid dé
hoc cac dac trung dir li¢u [12]. Tuy nhién, do MLP khong c6 co ché ghi nhé chudi thoi gian

nén mé hinh nay thuong khong dat 6 chinh xac cao bang LSTM hodc GRU trong céc bai toan
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du doan chudi thoi gian. MLP thuong dugce sir dung nhu mdt baseline dé so sanh véi cac mod

hinh tién tién hon trong hoc sau.
1.4. M6 hinh RNN

Recurrent Neural Network (RNN) 1a mdt loai mang no-ron dugc thiét ké dé xur ly dir liéu
chudi va dir liéu co tinh tuan tu, chéng han nhu vin ban, 4m thanh, chudi thoi gian va dir licu
chudi sinh hoc. Khong gidng nhu mang no-ron truyén thang, RNN c¢6 kha ning ghi nhd théng
tin tir cac budc trude d6 nhd co ché hidden state, gitip mé hinh c6 kha ning hoc va du doan cac
phu thudc theo thoi gian [13]. RNN c¢6 thé duoc str dung cho bai toan du doan luu luong giao
thong, nhung nhuoc diém gip phai 1 hién tuong mat mat gradient khi s budc thoi gian ting
1én. Piéu nay khién RNN gap kho khan khi xir 1y chudi dai va anh huéng dén do chinh xéc cua

viéc du doan.
1.5. M6 hinh Transformer

Transformer 12 mdt mé hinh Deep Learning duoc gidi thi€u trong bai bao [14]. M6 hinh
nay thiét ké dé xtr Iy dir liéu tuan tu mot cach hiéu qua, dic biét 13 trong cac bai toan xir Iy ngon
ngtr tu nhién, sau d6 dugc mé rong sang nhiéu linh vuc khac, bao gém du doan chudi thoi gian.
Mo hinh nay dua trén co ché Self-Attention cho phép n6é nam bat mbi quan hé giita cac phan tir
trong mot chudi ma khong can dya vao cac budc tuan ty nhu LSTM hay RNN. Kién trac chinh
ciia md hinh bao gém cac thanh phan Positional Encoding, Attention, Feed Forward Layer,
Normalization & Residual Connection. Vi co ché Attention, mo hinh c6 thé hoc dugc quan hé
dai han trong dir liéu ma khong gap van dé mat dan thong tin nhu RNN/LSTM.

2. Co s6 dir liéu

Trong bai bao ndy, chung toi sir dung bo dir liéu ctia Coplin voi 26479 ban ghi thé hién
s6 luong phuong tién trén duong phé, v6i cap nhat mdi nim phut mot lan [15]. Dt ligu duoc
thu thap lién tuc trong khoang thoi gian bon thang, tir 00:00 ngay 04/10/2015 dén 23:55 ngay
03/01/2016 v61 hai cot thong tin, cdt thir nhét ghi lai thoi gian thu thap dir li€u, cot thir hai la sb
luong phuong tién tung tng tai thoi diém d6. Dir liéu duoc tién xir Iy va phéan chia thanh hai
phﬁn huén luyén va kiém tht. Hinh 1 va Hinh 2 minh hoa su phan bd cua dit liéu huin luyén
va dit liéu kiém thir. Theo d6, dir liéu huan luyén duoc lay tir 08/10/2015 dén 15/11/2015, di
lidu kiém thir duoc 1ay tir 27/12/2015 dén 31/12/2015. Dix liéu sau khi phéan chia duoc tién xir
1y bang k¥ thuat Min/Max scaling dé chuan héa va gitp tit ca cac dic trung c6 cing quy md

trong khoang tir 0 dén 1, ting toc do huin luyén ciing nhu cai thién kha ning hoc ctia mé hinh.
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Dit liéu luu lugng giao théng theo gio trong tip huén luyén
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Hinh 1. Phan b6 sb lugng phuong tién trong tap dir liéu huan luyén tir ngay 08/10/2015 dén
ngay 15/11/2015

Dit liéu lwu lwong giao théng theo gio trong tap huan luyén
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Hinh 2. S6 lugng phuong tién trong tap dir lidu kiém thir tir ngay 27/12 dén ngay 31/12
3. Két qua thuc nghiém

Trong phan nay, ching toi trinh bay két qua huan luyén va kiém thir cac mo hinh hoc sau
d3 nghién ciru dé du doan luu luong giao thong. Cac mé hinh duoc xdy dung va huan luyén
trén Google Colab véi cdu hinh GPU Tesla T4, RAM 12GB, Python 3.6, TensorFlow voi
Learning Rate to 1e-4, batch_size=64, 200 epoch, time_step = 24.

Pé lam danh gia hiéu qua cia mo hinh, ching ti thue hién thong ké va so sanh ba gia tri
sau khi kiém thir cic mo hinh bao gdm R%, MSE va RMSE. Cu thé, R? 1a hé s6 dung dé danh
gia do chinh xac ciia mot md hinh hdi quy, thé hién ty 18 phan trim ctia tong bién thién cac gia
tri du doan so véi thuc té, véi cac gia tri thuc té duoc tinh theo cong thuc (1). Gia tri R? cang
gan 1, thi mé hinh dat d6 chinh xac cang cao. Mean Squared Error (MSE) 12 mot chi s6 théng
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ké duoc st dung dé do ludng muc do trung binh cua sai sd giita cac gia tri du doan va gia tri
thuc té trong mo hinh hdi quy. MSE gitip danh gia d6 chinh x4c ctia mét mé hinh dy bao bang
cach tinh trung binh ctia binh phuong céc sai sb giita gia tri du doan va gia tri thuc té, dugc tinh
theo cong thtc (2). Khi gia tri MSE cang thap cho thdy mé hinh du doan cang chinh xéc, voi
cac gia tri dy doan sat gén hon voi gié tri thuc té. RMSE 14 cin béc hai cia Mean Squared Error

(MSE), thé hién trung binh ctia MSE, duoc tinh theo cong thirc (3).

n L 52
RZ =1— l;l(yl )il)z (1)
Lin (i = )
n
1 5.\2
MSE = = (i = 9) @
i=1
1 n
RMSE = |~ (= 9,)? &)
i=1

Tai céc cong thirc trén, y; 13 gia tri thuc té tai diém di liéu tha i, ; 1a gia tri du doan cua
mo hinh tai diém dir liéu tha i, ¥ 14 gid tri trung binh cta cac gia tri thuc té y;. Céc gia tri R?,
MSE, RMSE cua ndm mo6 hinh dugc so sanh trong Bang 1.

Bdng 1. So sanh d6 chinh xéc gitta cdc mo hinh

M6 hinh R2-score | MSE | RMSE
GRU 09173 | 434 |6.59
LSTM 09136 |454 |6.74
MLP 0.81 68.24 | 8.6
Transformer | 0.93 41.27 | 6.42
RNN 0.89 52.66 | 7.26

Theo d6, Transformer dat hiéu suat tot nhat voi R?>=0.93, MSE = 41.27, RMSE = 6.42,
nho co ché Self-Attention giap ndm bét quan h¢ dai han, tir d6 gidm dang ké sai sb du bao so
v6i cdc md hinh khac. GRU c6 R?=0.9173, MSE = 43.4, RMSE = 6.59, nhinh hon LSTM véi
R?=0.9136, MSE =45.4, RMSE = 6.74, cho thiy GRU c¢6 loi thé vé viéc sir dung sb lwong tham
s it, nhung vén giit dugc kha ning ghi nhé thong tin dai han, gitp ting toc d6 huan luyén va
giam tai nguyén tinh toan. RNN ¢6 R?>=0.89, MSE = 52.66, RMSE = 7.26, thiap hon GRU va
LSTM, phan anh han ché cia mé hinh RNN truyén thng trong viéc xt 1y dit liéu chudi dai do

van dé mat mat gradient, khién mé hinh khé hoc dugc théng tin quan trong & cac budc thoi gian
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xa va dan dén du bao thiéu chinh xac hon. MLP c¢6 hi¢u sudt kém nhat v6i R?=0.81, MSE =
68.24, RMSE = 8.6, m6 hinh nay khong phu hop véi bai toan du bao chudi thoi gian do ban
chét 13 mang no-ron truyén thang, nén khéng c6 co ché luu trit trang thai hay ghi nhé thong tin
tuan tu, lam giam kha nang nédm bét cac mdi quan hé trong dit liéu thoi gian thuc, dan dén do
chinh xé4c thip hon va sai sé du bao cao hon so v&i cac mé hinh c6 kién trac hdi quy. Bang 3
cho théy Kkét qua dy doén tir mo hinh Transformer la tdt nhat. Dé truc quan hoéa viéc du doan
ctia md hinh Transformer, chung t6i biéu dién thong qua Hinh 3. Theo d6 truc hoanh biéu dién
thoi gian tir ngay 22/12/2015 dén 31/12/2015, tryc tung biéu dién sé luong phuong tién, voi
duong mau do thé hién gia tri thuc té va duong mau xanh dai dién cho gia tri du bdo tr mo
hinh. Biéu d6 cho thay hai duong cé sy twong quan cao, dic biét 1a dy bao dugc chinh xac cac
dao dong theo chu ky ngay, dém, phan anh rd rang xu hudng bién dong cia luu lugng phuong
tién trong khoang thoi gian nghién ctru, tuy nhién, Transformer du doan van ton tai mot s6 sai
léch déng ké tai cac dinh va day, cho thiy mé hinh c6 thé gip kho khin trong viéc du bao cac
d6t bién 16n vé luu lugng giao thong. Tuy nhién xét vé tong thé, Transformer van thé hién do
chinh xé4c kha t6t khi duy tri dugc xu hudng chung va phan anh duoc tinh chit tudn hoan cua
luu lugng giao thong theo thoi gian, chimg té mé hinh ¢ tiém ning cao trong cac ung dung dy
b4o ngdn han nham hd tro t6i wu hoa hé thong giao thong va quan 1y ha tang d6 thi hiéu qua.

Du béo luvu lugng giao thong

Sé lwong phuong tién

Thoi gian
Hinh 3. Két qua dy doan ciia mé hinh Transformer
4. Kétluan
Du doan luu lugng giao thong ngdy cang tré nén can thiét trong bdi canh d6 thi hoa nhanh
chong hién nay. Hiéu & cic mo hinh va phén tich dir lidu giao thong c6 thé mang lai nhiing
thong tin quy gia cho viéc 1ap ké hoach, phat trién co s ha tang va quan Iy tac nghén. Bai bao
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da trinh bay, danh gia cdc mo hinh hoc sau GRU, LSTM, MLP, Transformer va RNN trong duy
doan luu lugng giao thong trén di liéu thoi gian thyc. Két qua cho thdy mé hinh Transformer
cho d6 chinh xéac cao nhit voi R?-score dat 0.93. Trong tuong lai, chung t6i s& tiép tuc nghién
clru va phat trién cac phuong phap méi dé cai thién do chinh xac ctia mé hinh, dong thoi ap
dung két qua nghién ctru vao viée xay dung cac ing dung nhim phat trién hé thong giao thong
thong minh va quy hoach do thi tai Vi¢t Nam.
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