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Nghién cuu ung dung phuong phap LightGBM dé
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A study on applying the LightGBM method for traffic flow prediction
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Ndi dung bai bao nghién cou ing dung thuat toan LightGBM
cho ma hinh duy béo lru lreng giao thang st dung b dif ligu
gdm 2.976 ban ghi va 9 dac trung ddu vao: Time, Date, Day
of Week, Carcount, Bikecount, buscount, truckcount, total,
situation. Nham téac gia da tign hanh thir nghigm va danh gia
ket qua qua higu sudt cia md hinh, ma tran nhdm |an va mdi
turoeng quan giira gid tri thuc va gia tri du bao. Cac k&t qua thu
duoc cho thdy thuat toan LightGBM 1a mat lra chon rét pho
hop céc hé thang phan tich va du bao lru lrgng giao thang
hién dai.

Tir khaa: Dy bao giao thang; LightGBM; He thang giao thang thang
minh; LightGBM Regressor; LightGBM Classifier.

1. DAT VAN DE

Du bao luu lugng giao théng la mét van dé nghién cdu quan
trong trong nhiéu (ng dung ctia Hé théng giao théng théng minh
(ITS). Su m& réng cua Internet van vat (loT) da dan dén cac giai
phép sang tao mai, chdng han nhu cac thanh phé théng minh, gidp
cudc séng cla chung ta trd nén hiéu qua, tién lgi va théng minh
hon. C6t 16i clia cac thanh phd thdng minh la Hé théng giao thong
théng minh (ITS) da dugc tich hgp vao nhiéu tiing dung thanh phé
théng minh nhdm cai thién giao théng va kha nang di chuyén. ITS
nham gidi quyét nhiéu van dé giao théng, chdng han nhu van dé
tdc nghén giao théng. Gan day, cac mo hinh va khung dy doan luu
lugng giao théng mdi da dugc phat trién nhanh chéng cung véi
viéc ap dung cac phuong phap tri tué nhan tao nham cai thién dé
chinh xac ctia du doan luu lugng giao thong. Dy bao giao théng la
mét nhiém vu quan trong trong nganh Giao thong van tai. N6 ¢6
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ABSTRACT

This study explores the application of the LightGBM algorithm
in developing a traffic-flow forecasting model using a dataset
comprising 2,976 records with nine input features: Time, Date.
Day of Week, Carcount, Bikecount, Buscount, Truckcount, Total
and Situation. The authors conducted a series of experiments
and evaluated the model using performance metrics, the
confusion matrix and correlation analysis between actual and
predicted values. The experimental results demonstrate that
LightGBM is a highly effective and robust approach for modern
traffic analysis and forecasting systems.

Keywords: Traffic forecasting; Intelligent transport systems;

LightGBM; LightGBM Classifier; LightGBM Regressor.

thé anh hudng dang ké dén thiét ké cac cong trinh va du an dudng
b, bén canh tdm quan trong clia né déi vai viéc 1ap ké hoach tuyén
dudng va quy dinh giao thong. Hon nifa, tinh trang tdc nghén giao
théng la mot van dé nghiém trong & cac khu vuc d6 thiva cac thanh
ph6é déng duc. Do d6, n6 can dugc danh gia va du bao mot cach
chinh xac. Vi vay, mét phuang phap dang tin cdy va hiéu qua dé du
doan luu lugng giao thong la diéu can thiét. Phuang phap du bao
dung LightGBM dugc rat nhiéu tac gia trén thé gidi sit dung [1-6].
C6 nhiéu cach khac nhau st dung LightGBM dé du bao luu lugng
giao théng, trong d6 [1] st dung LightGBM két hgp véi GRU dé du
béo tdc nghén vai dir liéu dugc thu thap tir dich vu goi xe tai Thanh
Do, Trung Qudc. Két qua cda [1] cho thdy mé hinh dugc dé xuat co
nhimng cai thién dang ké vé dé chinh xac va hiéu sudt ting phan
50 VvGi cac nghién ctu truéc dé nho viéc két hop LightGBM va GRU
dé sinh dac trung va du bdo chi s6 tic nghén; bao céo cai thién so



www.tapchixaydung.vn

vGi mé hinh don 1é nho tan dung ca cay boosting va mang hoi tiép.
[2] lai tng dung LightGBM d€ du bao luu lugng hanh khach tuyén
metro (short-term), cho thay LightGBM nhanh va chinh xac hon mét
s6 mé hinh truyén thong.

Muc tiéu chinh cia nghién ctiu nay la: Trinh bay mét téng quan
toan dién vé thuat toan LightGBM dugc ap dung trong du doan giao
théng va tir d6 thir nghiém danh gia cho mé hinh dé€ xac dinh tinh
phu hgp ctia mé hinh véi yéu cau dy bao luu lugng giao thong.

2. MO HINH TOAN HOC CUA THUAT TOAN LIGHTGBM

2.1. Pac diém cha bé dit liéu st dung

Tap dit liéu dugc st dung trong nghién cttu nay dugc thu thap
tU camera gidm sat giao théng va luu trir theo dinh dang CSV dugc
dua ra trong Bang 1.Tap d(i liéu bao gobm céc cot nhu: Thai gian tinh
theo gid, ngay, ngay trong tuan va sé lugng cho tiing loai phucng
tién (CarCount, BikeCount, BusCount, TruckCount). Cot “Téng” biéu
thi téng s6 luong cla tat ca cac loai phuong tién dugc phat hién
trong khoang thai gian 15 phut. Bé di liéu dugc cdp nhat 15 phut
mot diém. Ngoai ra, bo dir liéu bao gébm moét cét chi ra tinh huéng
giao thong dugc phan loai thanh 4 loai: 1-Heavy, 2-High, 3-Normal
va 4-Low. Dt liéu tinh huéng giao théng nay gitp danh gia muc do
nghiém trong cda tinh trang tac nghén va theo déi tinh trang giao
théng tai cac thoi diém va ngay khac nhau trong tuan.

2.2. Thuat toan LightGBM dé du bao luu lugng giao théng

Méi ban ghi trong bo dit liéu CSV dugc biéu dién bang vector
dac trung:

X = If-j.d-f. Wy, r:',‘::m'.cjl:[“, C'FM.C,EUHLIHI & lI-E?

Trong dé:

-t - Thdi gian trong ngay;

- di - Ngay thang;

- w, - Ngay trong tuan;

- ¢”- 56 lugng xe theo tiing loai trong 15 phut.

Bi€n muc tiéu la téng luu lugng:

y; = Total; = [E'm' + [ff!ru + {IBII'!\ + {:Il'r'u-:'fr

Téng cac cay héi quy ctia LightGBM:

M
Ful) = ) fnl2)

Trong d6, méi la mot cay quyét dinh mé ta cac ngudng chia
lién quan tryc tiép dén dir liéu giao théng. Ham muc tiéu t6i uu tai

budc boosting thi m nhu sau:
N
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Ham mat mat:
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3 1 y
Limh = ZI;:.J‘-- () + 5 B fin(20)7] + 10(f)
im]

&4 = _(-'.“" o - ¥i [;.'l‘:sclil.'ul - thé |'|i¢|! eSS ||.:l."|!| liFis hEomg lILI b 5o v I|I|r|.' III.l]

ty = 1 (Hessian cho L2-loss)

Nhitng mau cé sai léch 16n (cao diém, tic dudng, dt liéu bién
déng manh) sé c6 14l 16n va dugc uu tién trong qué trinh hoc.

Mot cay c6 T, méi la tugng trung cho mét nhém diéu kién giao
théng giéng nhau (vi du: “gid cao diém sing vai nhiéu xe may”).
Vi tdp mau thudc 1a f:

Iy = (i rori vho 2}

Giéa trj t6t nhat cta 14 la:

w . El’CIjﬂf
] / EiEi’, hl' + 4
Y nghia:
- Néu tai la d6 du bao luén thap hon thuc té€ - gradient duang
— am — mo hinh tdng du béo.
- Néu du bao cao han thuc té — gradient am — m6 hinh giam
du bao.
Nhu vay, méi la dugc hoc dé hiéu chinh sai s6 luu lugng theo
dung dit liéu thuc té giao théng.
Chon Split dua trén bién giao théng c6 Igi nhat ta cho diém
tach la:
Gi Gis (G, + Gg)*
Mt A T H+d HotHg+ 2 !
L [ L [}

Grai _1
:am—zg

Néu tach theo “carcount > 22" cho Gain cao nhat - mo6 hinh
nhan ra s xe con & muic nay dan dén thay déi dang ké trong téng
luu lugng.

Trong dir liéu giao théng, bién dong thudng xay ra:

- Gi& cao diém;

- Xe 16n (truck/bus) xuat hién dot ngot;

- Ngay 1&/khoéng 1&;

- Su kién bat thudng.

Cac mau nay c6 gradient cao. GOSS gilt toan bd cac mau
gradient I6n (vi du top 20%) va ldy mau ngau nhién & phan con lai.

Gradient clla mau dugc gilt lai hoac 1ay mau dugc diéu chinh:

i néui € A (gradient Ién)
'=4{1—a

o —5 i néu i € B (gradient nho)

Tu d6, mo hinh hoc tap trung vao céc doan giao théng quan
trong nhat.

Cac dac trung xe thudng khong cung khac 0 bat ky ltc nao (vi
du: Xe buyt rat it xuat hién cung ltc véi s6 lugng xe truck I6n trong
mét giai doan nhd). Do d6, LightGBM gép cac dic trung dé gidm sé
chiéu ma khéng lam méat théng tin dé tang t6c do huan luyén:

bumdie
x = Xegr + Xpus + Xruck

Cap nhat cudi mdi vong Boosting:

E:.’m‘.l = P;Im_l] + N fm ()

Trong dé: n - Toc d6 hoc ctia m6 hinh.

Y nghia trong dir liéu giao théng:

- M&i cay hiéu chinh mé hinh dua trén sai s6 con lai ciia du béo
luu lugng theo tiing khodng thai gian;

- M6 hinh ngay cang khép hon véi quy luat di chuyén clia xe
trén tung loai.

3. THU NGHIEM VA DANH GIA

Tién hanh th nghiém dy bao v&i mo hinh LightGBM st dung
b6 di lieu gébm gom 2.976 ban ghi duéi dinh dang tép CSV va 9
dac trung dau vao: Time, Date, Day of Week, Carcount, Bikecount,
buscount, truckcount, total, situation. Két qua danh gia cho mé hinh
nhu sau:

3.1. Danh gia hiéu suat ciia mé hinh

Trong nghién ctu nay, hai mé hinh LightGBM dugc xay dung
nham giai quyét hai muc tiéu danh gia khac nhau: (i) M6 hinh héi
quy (LightGBM Regressor) du bao téng luu lugng phuong tién trong
méi khoadng thdi gian va (ii) mé hinh phan loai (LightGBM Classifier)
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nhan dién muic d6 Un tac giao thong (“low”, “normal’, “high’, “heavy”).
Cac két qua thuc nghiém cho thay ca hai m6 hinh déu dat hiéu suat
rat cao va 6n dinh, phan anh kha niang mé hinh héa tét cau trac di
liéu va méi quan hé gilra cac dac trung dau vao nhu trong Bang 1
duci day:

Bang 1. K&t qua danh gia hiéu suat cia hai mé hinh LightGBM
phan loai va héi quy

M6 hinh héi quy LightGBM | M hinh phan loai LightGBM
Regressor Classifier
MAE 1,63 Accuracy 0,9798
RMSE 2,31 Precision 0,9801
R? 0,9985 Recall 0,9798
F1-score 0,9799

Tu Bang 1 cho thay, mé hinh héi quy cho két qua MAE = 1,63,
RMSE = 2,31 va R? = 0,9985, chiing té muc d6 du bao chinh xac rat
cao trén toan bo tap di liéu. Gia tri MAE thap cho thay sai léch trung
binh gilta du doén va thuc té chi khoang 1,63 phuong tién, diéu nay
dac biét dn tugng khi téng sé phuang tién trong cac phién do cé
thé dao déng Ién t&i han 200. Chi s6 RMSE nhé phan anh ring sai sé
I6n hau nhu khong xuat hién va mé hinh khong gédp phai tinh trang
du doén léch c6 hé théng. Pic biét 1a chi s6 xac dinh R* = 0,9985,
chiing minh rang mé hinh giai thich dugc 99,85% phuong sai cla
dit liéu thuc té. Mdc R? nay cho thay su phu hgp gan nhu hoan hao
gilta gia tri du bdo va gia tri thuc, vugt xa muc thong thudng trong
cac mé hinh du bao luu lugng vén thudng chiu tac déng manh bai
nhiéu thai gian thuc, thay d6i hanh vi giao théng hodc sai léch cdm
bién. K&t qua nay déng thdi cho thdy LightGBM tan dung hiéu qua
cac dac trung dau vao nhu thdi gian, ngay trong tuan va sé lugng
ting loai phuang tién (car, bike, bus, truck) dé hoc va suy luan quan
hé phi tuyén cé trong dit liéu.

D3ivai nhiém vy phan loai mic d6 luu thdng, mé hinh LightGBM
Classifier dat Accuracy = 0,9798, Precision = 0,9801, Recall = 0,9798
va F1-score = 0,9799. Két qua nay chiing minh mé hinh c6 kha nang
phan biét rat tot gilta cac muc do luu lugng khac nhau va duy tri sy
can bang gilra du bao ding va han ché 16i bo sot. Gia tri Accuracy
gan 98% cho thdy mé hinh phan loai ding phan 16n céac trudng hgp.
Precision cao chiing td mé hinh du doan ting |3p rat chinh xéc, gan
nhu khéng xay ra du bao nham sang 16p khac mét cach khéng can
thiét. Recall dat gan tuong duang precision, cho thdy mé hinh van
duy tri kha nang phat hién day du cac trudng hgp thuéc ting 16p,
bao gdbm ca cac I6p c6 tan suat xuat hién thap hon nhu“heavy” hodc
“high”. Chi s6 F1-score xap xi 0,98 phan anh su can bang rat tt gila
precision va recall, dac biét quan trong trong ngir cdnh giao théng,
ndi bo sét trang thai Un tac (false negative) hodc bao dong gia (false
positive) déu c6 thé gay anh hudng tiéu cuc dén hiéu qua van hanh
hé théng. Két qua nay ching minh rang LightGBM khong chi phan
loai chinh xac cac trang thai giao théng ma con duy tri d6 tin cdy cao
trong nhiéu diéu kién van hanh khac nhau.

Nhu vay, tir hai nhom két qua trén cho thay, LightGBM la mé
hinh cuc ky pht hgp cho ca bai toan héi quy va phan loai lién quan
dén dir liéu luu lugng giao thédng. M6 hinh dat sai s6 thap, muc dé
gidi thich cao va do6 6n dinh t6t. Su nhat quan gilra cac chi s6 hiéu
suat xac nhan rang mo hinh khéng bi overfitting va c6 kha nang
téng quat hoa manh mé trén tap dit liéu da dang theo thdi gian. Véi
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d6 chinh xac cao va kha nang moé hinh héa quan hé phi tuyén phuc
tap, LightGBM c6 tiém nang Ung dung thuc té trong cac hé théng
du bao luu lugng giao thong theo thai gian thuc.

3.2. Panh gia theo ma tran nham lan (Confusion Matrix)

DPé& danh gia toan dién hiéu qua mé hinh phan loai luu lugng
giao thong, nghién cdu s&t dung ma tran nham lan (confusion
matrix) nhu mot cong cu phan tich chi tiét bén canh cac chi sé téng
hgp nhu Accuracy, Precision, Recall hay F1-score. Ma tran nham lan
cho phép quan sét truc quan muc dé du doan dung/sai cla mo
hinh cho tiing 16p cu thé, tir d6 cung cip cac théng tin quan trong
vé hanh vi cla mé hinh déi véi ting trang thai giao théng (“low”,
“normal’,“high”, “heavy”). K&t qua thu dugc nhu trén Hinh 1:

LightGBM (Acc: 0.9798)
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Hinh 1. Ma tran nhdm Ian khi dung thuat toan LightGBM

Tu Hinh 1 ta thdy mé hinh LightGBM dat dé chinh xéac téng thé
Accuracy = 0,9798, déng thai duy tri muc léch phan loai cuc thap
gira cac 16p. Cu thé, I6p normal v8n chiém ty 1& I6n nhat trong tap dir
liéu, dat 306 mau dugc du doan chinh xac, chi cé téng cong 6 mau bi
nham sang cac I6p khac. Biéu nay minh chiing rang mé hinh hoc t6t
céac quy luat phé bién clia trang thai giao théng trung binh va hoat
déng 6n dinh ngay ca khi dit liéu khéng hoan toan can bang.

DGi v6i I6p low, mé hinh du doén chinh xac 64 trudng hop, chi
¢6 1 trudng hgp bi nham sang I6p normal. Day la moét két qua tich
cuc, cho thdy moé hinh cé kha nang phan biét tét gitta muic luu lugng
thap va muc trung binh - hai I&p thudng dé bi nham 1an do bién dé
di liéu gan nhau. Tuong tu, I16p high cing dat hiéu suat rat tét vai
61 du doan chinh xac, chi 1 mau bi nham sang normal, chiing minh
rang mo hinh van duy tri d& nhay (recall) cao cho nhiing muc luu
lugng it xuat hién hon.

L&p heavy, vén cé anh hudng quan trong trong cac hé théng
diéu khién giao théng vi lién quan tryc tiép dén tinh trang Un tac,
cho két qua 152 mau dugc phan loai dung va chi c6 2 mau nham
sang high va 2 mau nham sang normal. Ty |& nham lan nay la rat
nhd so vai téng s6 mau, cho thdy mé hinh c6 thé nhan dién trang
thai luu lugng ndng moét cach dang tin cay, tur dé gitip hé trg tot cho
céac hé théng diéu khién den giao théng thich ing hodc canh bao
Un tac.

3.3. Panh gia bang tuong quan giita gia tri thuc va gia tri
du doan



www.tapchixaydung.vn

LightGBM
MAE: 1.63, RMSE: 2.31, R*: 0.9985
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Hinh 2. Két qua md hinh LightGBM dua trén quan hé giita gia tri thuc va gia tri du dodn

Hinh 2 dudi day minh hoa méi tuong quan gitta gia tri luu
lugng giao théng thuc té (Actual Total) va gia tri du doan (Predicted
Total) ciia mé hinh LightGBM Regressor trén tap dit liéu kiém thr.
Budng chuan ly tudngy = x.

K&t qua thu dugc cho thay cac diém dit liéu phan bé tap trung
va bam sat dudng tham chiéu, chiing td mé hinh hoc tét quan hé
gilfa cac dac trung dau vao va bién muc tiéu. Khéng thay c6 cac
diém “ngoai lai manh” (outliers) vugt qua dudng ly tuéng mét cach
rd rét. Cac diém & khoang 200 - 260 (luu lugng cao) cing bam sat
dudng ly tudng. Sai s6 & viing gia tri thap (<50) cling rat nhé. Diéu
nay chiing minh LightGBM khoéng bi sai léch theo phéan bé (no bias
shift) - mot uu diém rat quan trong trong Ung dung thuc té.

4, KET LUAN

Noi dung bai bao da nghién cttu iing dung thuat toan LighGBM
dé du béo luu luong giao théng st dung bé dir liéu gém 2.976 ban
ghi va 9 trudng dir liéu dau vao: Time, Date, Day of Week, carcount,
bikecount, buscount, truckcount, total, situation. Két qua thu
nghiém dugc danh gia qua hiéu suat ctia mé hinh, ma tran nham
1&n va tinh tuong quan gilia gia tri thuc va gia tri dy doan. Tat ca cac
két qua thu dugc déu cho thay mé hinh du bao sir dung LightGBM
la c6 dé tin cay cao va phu hgp cho viéc ting dung vao cac hé théng
phan loai muic dé luu lugng thai gian thyc. Diéu d6 chiing minh
rang LightGBM la lua chon manh mé va hiéu qua cho céc hé théng
phan tich va du bdo luu lugng giao thong hién dai.
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