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1 Ly do chon dé tai

Trong bbi canh d6 thi héa nhanh va su phat trién manh mé ctia cac dich vu van tai thong
minh, viéc du bdo chinh xdc thdi gian di chuyén (ETA — Estimated Time of Arrival) cia
phuong tién trd thanh mot yéu td quan trong trong tdi wu héa diéu hanh giao thong, 1ap ké
hoach van tai vA ning cao trdi nghiém ngudi diung. Céc hé théng nhu Grab, Uber hay dich vu
taxi truyén théng déu dua vao md hinh ETA d€ udc tinh thdi gian dén, phan bd tai nguyén
hop ly va cung cip thong tin chinh xac cho khach hang. Tuy nhién, dic trung di liéu giao
thong do6 thi ludn bién ddng, chiu anh hudng clia nhiéu yéu té6 nhu mat do duong, diéu kién
thoi tiét, thoi gian trong ngay va hanh vi di chuyén ciia con ngudi, khién cac phuong phéap du
bdo truyén thdng khé dat hiéu qua cao. Xuét phat tir thuc t& d6, dé tai “Du doan thdi gian di
chuyén ctia phuong tién vén tai hanh khach bing mé hinh hoc may XGBoost” dudc lua chon
nham xay dung va kiém ching mot mé hinh du bao c6 do chinh xac cao, kha ning md rong

va ing dung thuc tién trong cdc hé théng giao thong thong minh.
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2 Tong quan veé van de nghién cuu

Nhiéu nghién ctiu trong va ngoai nudc da tip trung vao bai toan du bao ETA duéi nhiéu
gbc dd khac nhau. C4c phuong phdp truyén théng dua trén mo hinh théng ké nhu ARIMA,
SARIMA hay Kalman Filter c6 wu di€ém trong viéc mo6 hinh héa chudi thoi gian nhung lai bi
han ché bdi gia dinh tuyén tinh va khong thé nam bat dudc cac mdi quan hé phi tuyén giita
cac bién dau vao. Vi su phat trién ctia hoc mdy, cic mo hinh nhu Random Forest, Gradient
Boosting, XGBoost va LightGBM da chiing minh kha nang vugt trdi trong viéc khai thac cac
dic trung phic tap ctia dif liéu giao thong. Pic biét, XGBoost ndi bat véi co ché hoc ting
cuong gradient, kha nang regularization manh mé va tinh mé rdng cao, cho phép xu ly tap du
liéu 16n nhu bd NYC Taxi 2024. Trong khi do, cac m6 hinh hoc sau nhu LSTM hay Graph
Neural Network (GNN) mang lai do chinh xdc cao hon trong mot s6 kich ban, song doi hdi
tai nguyén tinh toan 16n va thdi gian huan luyén dai, han ché kha ning trién khai thuc té. Do
d6, XGBoost dugc Iua chon 1am phuong phap nghién ctiu chinh trong dé tai nay nhu mot giai
phép can bang giita hiéu ning, do chinh xac va kha ning giai thich két qua.

3 Muc dich nghién ciru

Muc dich ctia dé tai 1a xay dung mot mo hinh hoc mdy c6 kha ning du bao chinh x4c thoi
gian di chuyén clia phuong tién trong moi trudng giao thong do thi phuc tap, thong qua viéc
khai thac hiéu qud cdc dic trung khong gian—thdi gian va cac yéu td ngit canh. Cu thé, nghién
ctiu huéng dén viéc thiét ké quy trinh khai ph4 dit liéu c6 hé thdng, bao gdm lam sach, xi ly
ghép ban dd, tao diic trung va phan tich tuong quan, tif d6 huin luyén moé hinh XGBoost dé du
bdo thdi gian di chuyén. Bén canh d6, dé tai cling huéng t6i viéc danh gid mo hinh thong qua



cic chi sb dinh lugng nhu RMSE, MAE va MAPE, dong thdi phén tich y nghia clia cdc dic
trung bang phuong phap SHAP nham dim bio mo hinh khong chi chinh xdc ma con c6 kha
ning dién giai cao, phuc vu tot cho cac dng dung thuc tién trong linh vuc van tai thong minh.

4 P6i twgng va pham vi nghién ciu

Déi tuong nghién ctiu clia dé tai 12 cdc md hinh hoc mdy 4p dung trong du bdo thdi gian
di chuyén ctia phuong tién, trong d6 tap trung vao md hinh XGBoost va céc ky thuat khai pha
dit liéu ho trg. Pham vi nghién cifu dugc gidi han trén bo dif liéu taxi cong cong ciia thanh phd
New York nim 2024, bao gdm hon 2 triéu ban ghi vé hanh trinh thuc té. Dit liéu dugc xi ly
va phan tich nhim mo hinh héa mdi quan hé gitta cic yéu tb nhu vi tri don — tra, khoang cach
theo mang 1u6i dudng, thdi gian trong ngay, mat do giao thong va diéu kién thdi tiét véi bién
muc tiéu 12 thdi lugng chuyén di. Pham vi clia dd 4n tip trung vao viéc kiém chiing tinh kha
thi cia mo hinh trong diéu kién dit liéu lich st va ban tinh, chua mé rong sang di liéu thoi
gian thuc hoic cic yéu t6 du bdo ngan han nhu su kién bat thuong hay thay d6i tuyén duong.

5 Phuong phap nghién ciu

Pé tai stt dung phuong phap tiép can dinh luong két hop véi ky thuat khai pha dit lidu va
hoc may hién dai. Qua trinh nghién ctiu bao gdom cac budc: (1) thu thap va tién xi ly dit lidu tix
bd NYC Taxi Dataset; (2) khai pha dit liéu dé phat hién va xay dung cic dic trung c6 y nghia,
bao géom dic trung khong gian, thdi gian va nglt canh; (3) huin luyén m6 hinh XGBoost véi
cac ky thuat t6i vu siéu tham s6 nhu Grid Search va Cross-validation; (4) d4anh gid mo hinh
bing céc chi s6 sai s6 RMSE, MAE, MAPE; va (5) phan tich md hinh bang cong cu SHAP dé
xé4c dinh vai tro cda ting dic trung trong du bdo. Céch tiép can nay cho phép dam bdo ca do
chinh x4c, tinh 6n dinh va kha ning dién giai ctia mo hinh, dong thdi tao nén tang viing chic
cho viéc mé rong sang cac hudng nghién ctiu trong tuong lai nhu du bao ETA thdoi gian thuc
hodc mo hinh lai gitta hoc sau va boosting.



CHUONG 1: BAI TOAN DU POAN THOI GIAN VAN TAI
HANH KHACH

1.1 Gidgi thiéu bai toan du doan thgi gian van tai hanh khach
1.1.1 Dinh nghia va muc tiéu cua bai todn

Bai toan du doan thoi gian van tai hanh khach (Estimated Time of Arrival — ETA) 1a
thanh phan c6t 16i trong hé thong giao thong thong minh (ITS). Muc tiéu 1a uéc lugng chinh
xac thoi gian phuong ti€n hoan thanh hanh trinh dua trén cac dic trung khong—thdi gian nhu
vi tri, thoi di€m, diéu kién giao thong. Pé an tap trung vao du bao ngi’ln han, phu hgp cho

diéu phoi thoi gian thuc trong cic dich vu taxi, xe buyt va logistics do thi.

ETA dugc mo hinh hoa nhu mot bai toan hdi quy f(x) = y v6i x la dic trung hanh trinh
va y 1a thoi gian di chuyén. Du bao chinh x4c gitp gidm thdi gian chd, t6i uu héa diéu phoi va
nang cao hiéu qua khai thac doi xe.

1.1.2  Ung dung gidi quyét bai todn trong thuc té

« T6i vu héa 16 trinh va chi phi van hanh.
» Nang cao trai nghiém khach hang nho uéc Iugng thai gian chinh xac.

* HJ tro ra quyét dinh diéu phdi va phan bd phuong tién.

1.1.3 Cdc nghién cvu lién quan trong lich suw

Céc nghién ciiu ETA phat trién tif mo hinh théng ké (ARIMA, Kalman), sang hoc may
(Random Forest, Gradient Boosting), dén hoc sau (LSTM, CNN, Transformer). C4c md hinh
gan day khai thac dit liéu da nguodn, quy dao GPS va dic trung khong—thdi gian d€ cai thién
do chinh xac du bao.

Hai huéng chinh trong nghién cttu: (1) mé hinh dva trén dac trung (GCN, routing fea-
tures) két hop XGBoost/GBDT; (2) mo hinh end-to-end nhu DeepTTE, ST-NN, TETA hoc
truc tiép tir dit lidu tho.

Céc md hinh Transformer cho thay uu thé vé kha niing hoc phu thudc dai han va tuong
tac khong—thoi gian phuc tap [?, 2, 2, ?].
1.2 Cac phuong phap du doan truyén thong truée diy
1.2.1 Phuong phdp duwa trén thong ké

a) ARIMA/SARIMA.

ARIMA md hinh héa gia tri tuong lai ctia chudi thsi gian thong qua quan sat va sai sd
qué khii. SARIMA md rdng cho dit liéu c6 mua vu. Mic du dé trién khai va c¢6 tinh dién gidi



t6t, md hinh tuyén tinh nay khé mo ta quan hé phi tuyén va khong gian—thdi gian trong giao

thong do thi. Cong thic tdng quat:

(12¢,B’> (1—B dYt—c+<l+ZGB/> g. (1.1)

j=1
b) Bo loc Kalman.

Kalman Filter uéc lugng trang thai (vi tri, van téc) bang co ché du bao—cap nhat, phu
hop cho dit liéu GPS nhiéu va tng dung thdi gian thuc. Han ché chinh 12 gia dinh tuyén tinh
va nhiéu Gaussian, khong phul hgp cdc quan hé giao thong phi tuyén manh.

)et|t—1 = thr—lh—l + By, (1.2)
K, =Py H, (HP, H +R)™". (1.3)

1.2.2 Phuong phdp dvwa trén mé hinh hoc may
a) KNN Regression.

Phuong phdp don gian, phi tuyén tu nhién; du dodn theo trung binh k ling giéng gan
nhét:

Zé(:l wi(X)y;

_ (1.4)
Zi'(:l wi(X)

$(x) =
Han ché: chi phi tinh todn cao khi du bdo.
b) Support Vector Regression (SVR).

SVR tbi uu siéu phang hodi quy trong bién & thong qua kernel. Manh véi dit liéu via
nhung khé tinh chinh tham sd.

¢) CART.

Cay quyét dinh chia khong gian dic trung theo ngudng ti uu dé€ gidm SSE. Dé dién giai
nhung dé overfitting; thudng 1am base learner trong ensemble.
1.3 Cac phuong phap du doan hién dai
1.3.1 Ung dung mé hinh hoc mdy két hop (Ensemble Learning)

a) Random Forest.

RF két hop nhiéu cdy CART huén luyén trén mau bootstrap, giam phuong sai va ting do
on dinh. Du doan dudc tinh theo trung binh:

lB
= — T, (x
Bb;b()
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b) Gradient Boosting va XGBoost.
Gradient Boosting xy mo hinh tuan tu d€ stra 15i vong trudc:
Fu(X) = Fp_1(X) + nhpy(x).
XGBoost ti uu hoa hon nhd regularization L1/L.2, subsampling, parallelization va 1a mo hinh
manh trong ETA [?].
1.3.2  Ung dung mé hinh hoc siu
a) LSTM.
LSTM xit ly chudi thdi gian GPS dai, khic phuc vanishing gradient:
fr = o(Welh—1,x] + by), (1.5)
C; = f,C_1 +i,C,. (1.6)
Manh véi dit liéu chudi nhung huén luyén cham.
b) Transformer va Attention.

Transformer ding Self-Attention dé hoc quan hé dai han ma khong can tuan tu:

Attention(Q, K,V) = softma (QKT> V (1.7)
AN = X . .
Vi

Céc mo hinh DeepETA, TETA dat két qua vuot troi trong ETA [?, ?].
1.4 Dé xuit phuong huéng
1.4.1 Khai pha du liéu trong bai toan ETA
Khai ph4 dif liéu déng vai tro nén tang trong ETA, gitp xd 1y dit liéu da ngudn va trich

xuét dic trung khong—thdi gian chit lugng cao. Quy trinh gdom:

a) Thu thap va tich hop di liéu GPS, traffic, weather.

b) Lam sach nhiéu GPS, xt ly ngoai Ié.

¢) Map-matching bing HMM d€ tii tao quy dao.

d) Tao dic trung khong—thdi gian, tuyén dudng, thoi tiét, mat do.

e) Lua chon dic trung dua trén tuong quan va SHAP.

1.4.2 St dung hoc mdy két hop Ensemble Learning

XGBoost dugc chon 1am mé hinh chinh nhd su cin bing gitta d6 chinh xéc, téc do va
khé ning dién giai (SHAP). Két hop véi pipeline dic trung chuin (khoang cach, thai gian, dic
trung OSRM) gitip mo hinh dat hiéu ning cao va on dinh trong di liéu taxi do thi.

5



1.5 Két luin chuong

Chuong 1 da t6ng quan bai toan ETA tif théng ké truyén thong dén hoc siu hién dai.
ARIMA/Kalman phi hgp cho dit liéu tuyén tinh nhung han ché trong moi trudng giao thong
phi tuyén. Cac mo hinh hoc sau (LSTM, Transformer) dat do chinh xdc cao nhung yéu cau tai
nguyén 16n.

XGBoost — dai dién cho Gradient Boosting — ndi bat nhd hiéu ning manh, kha ning xu
ly phi tuyén va mé rong tot trén dit lidu 16n. Cung véi quy trinh khai phd dit liéu chét lugng
cao, day 1 cd s dé trién khai mo hinh ETA & Chuong 2.



CHUONG 2: HUAN LUYEN MO HINH DU BAO THOI GIAN VAN TAI HANH
KHACH

2.1 Ky thuat khai pha du liéu

Trén cac bo di liéu NYC Taxi (Trip Duration, Taxi Fare), nhiing 161 giai dat thd hang
cao trén Kaggle déu nhidn manh mot quy trinh khai pha dit liéu chiit ché, két hop tai ciu triic
quy dao, rit gon hinh hoc, lam gidu ngii cdnh khong-thdi gian va bd sung thong tin mang
lu6i duong. Muc tiéu cia quy trinh 13 chuyén déi toa d6 GPS va mbc thdi gian thd thanh mot
khong gian dic trung gidu y nghia, 6n dinh phuong sai va c6 kha ning khéi quat trén cic diéu
kién giao thong khac nhau.

2.1.1 Xir ly ghép ban do — Map matching

Dit liéu GPS db thi chiu 4nh hudng nhiu da ngudn, do d6 can 4nh xa cic diém quan sét
1én d6 thi dudng thuc (road network) d€ khit 1éch vi tri va khoi phuc tuyén dudng hop ly. Cach
tiép can phd bién 12 mo hinh 4n Markov (HMM), trong d6 mdi diém GPS dugc quy chiéu sang
mot tip tng vién canh dudng vdi x4c sult phat xa phu thudc sai sd do, con xac suit chuyén

tiép phan 4nh rang budc hinh hoc va dong hoc giiia cdc canh ké nhau.

Bén canh 4nh xa HMM, cdc 18i giai diing hang cao con khai thac cac dich vu dinh tuyén
ma ngudn md (vi du OSRM) dé€ suy ra cdc dai luong theo mang 1u6i, nhu thdi gian 14i xe tbi
uu, chiéu dai 16 trinh theo dudng, s 1an ré, sd nit giao va s6 dén tin hiéu trén tuyén. Nhiing
bién nay mang tinh dién giai cao hon khoang cach dudng chim bay, gitip mod hinh tiép can gan
hon véi chi phi thsi gian thuc té.

2.1.2 Su dung thudt toan Ramer—-Douglas—Peucker

Sau ghép ban dd, quy dao van c6 thé day dic diém. Thuat toan Ramer—Douglas—Peucker
(RDP) dudc ap dung dé nén hinh, giit lai tip diém “xuong song” dai dién cho hinh dang tuyén
v6i sai s6 bién kiém soat dudc. Viée rit gon niy 1am gidm do phtic tap tinh todn cho cic phép
suy luin theo mang ludi, dong thdi cai thién tinh &n dinh clia cdc dic trung hinh hoc (goc

phuong vi, dd udn khuc, chi s6 ngoan ngoeo) truéc nhiéu vi tri cuc bo.

2.1.3 Bién doi dit liéu va tao ddc trung méi

Cic dic trung khong gian co ban thudng bat dau tit khoang cach hinh hoc giita diém don
va trd. Khodng cich haversine md ta do dai cung tron trén mit cau, trong khi khodng céch
“Manhattan” (taxicab distance) xap xi tot cho ludi phd truc giao ctia New York. Géc phuong
vi (bearing) chuin hoa hudng chuyén dong, con ty sb thang tuyén (khoang cich dudng thang
chia cho do dai 16 trinh theo mang) phan anh mic do ngoin ngoeo.

Trong bbi canh thanh phd cé nhiéu diém hap din (POIs) 4nh hudng ludng xe, khoang



cach t6i cac san bay 16n (JFK, LGA, EWR), trong tdim Manhattan hay trung tam thuong mai
dudc st dung nhu bién ngit canh cb dinh. Cac bién nhi phan nhan dién “chuyén san bay” gidp
md hinh hoc céc ché do luu thong dic thu.

Céc déc trung thoi gian dong vai trd truc chinh d€ mo hinh hod chu ky giao thong. Thuc
hanh t6t bao gdm tach gid trong ngay, ngly trong tuan, thang trong nim; ma hod cic khung
git cao diém sang/chiéu; thém cd ngay cudi tuan va ngay nghi 1€ theo lich Hoa Ky; va, khi sin
6, két hop diéu kién thdi tiét ddng bd theo mbc thdi gian (nhiét do, luong mua/tuyét, gio).
Viéc ap dung bién d6i loglp cho bién muc tiéu thdi gian gitp 6n dinh phan phbi 1éch phai va
gidm 4nh hudng ngoai lai, dong thdi chuin hod hoic chuin vi cho cac thudc do khoing céch.

Dic trung theo mang Iu6i dudng cho thdy déng gép ndi troi khi du bao thdi gian. Bén
canh thdi gian va cu ly ldi xe theo OSRM, s6 1an ré trai/phai, sd nit giao va sd phan doan
dudng (segments) trén tuyén la cac bién gan truc tiép vé6i chi phi tré thuc té. Tai cdc nit giao
day dic, viéc bS sung proxy cho mat do deén tin hiéu hoic gidi han téc do theo phan loai dudng

cang tang tinh mo ta cua mo hinh.

Pic trung mat do—dém (counting features) dudc xiy dung bang cach phan manh khong
gian theo 1udi déu, geohash hoic cum K-means trén toa do dén/tra. Vi mdi 6 hoidc cum, ta
tinh cdc thdng ké lich st nhu s6 chuyén, téc do trung binh, thdi gian trung vi theo khung gio.
Céc dic trung phan cum con dudc tan dung & miic cao hon bang cach gan nhan cum cho diém

don va tra, roi xay dung tuong tac “cip cum” (origin cluster x destination cluster).

Cic dic trung tuong tac dugc hinh thanh c¢6 chi dich nham nam bét phi tuyén giita khong
gian va thoi gian, tiéu biéu nhu tich s6 ctia khoang cach véi cd gid cao diém, hoic tuong tic
gitta cu ly theo mang va luong mua. Céc ty suat toc dd theo 6 khong gian—thdi gian ciing gidp
rang budc du bao vao bdi canh giao thong dia phuong. Cudi cliing, d€ gidm ri ro ro ri dit liéu,
moi dic trung dua trén théng ké lich st can tinh trong khung thdi gian qua khi so v6i ban ghi

muc tiéu.

2.1.4 Phdn tich mé td va tinh tuong quan ddc trung

Sau khi hinh thanh khong gian déc trung, phan tich md ta gitp thim dinh truc quan phan
phdi va phat hién ngoai lai, trong khi phan tich tuong quan dinh luong déng vai trd sang loc.
Hé s6 tuong quan Pearson hitu ich véi quan hé tuyén tinh sau cac bién ddi log, con mutual
information va do quan trong hoan vi (permutation importance) phu hgp hon cho quan hé phi

tuyén.

Trong thuc nghiém véi XGBoost, viéc dién gidi thong qua SHAP values cho thy cic
dic trung theo mang ludi (thdi gian/dd dai 16 trinh OSRM), hudng chuyén dong, chi bao gid
cao diém va cum khong gian thudng xép hang cao vé mic dong gép, trong khi cic bién ngit

canh nhu thdi tiét va san bay gia ting on dinh cho nhiing tuyén c6 hanh vi khac biét.



2.2 M0 hinh du doan XGBoost

XGBoost (Extreme Gradient Boosting) 1a mdt thuat toan hoc may manh mé thudc ho mo
hinh boosting, dudc thiét ké nham nang cao hiéu suit du bao thong qua viéc két hop nhiu mo
hinh yéu (weak learners), thudng 1a cic ciy quyét dinh nhd, thanh mdt mo hinh téng hop c6
ning luc khai quat hoa t6t. Trong bai toan du dodn ETA, XGBoost dic biét hiéu qua vi c6 thé
hoc dudc cac mbi quan hé phi tuyén phic tap gitta cac dic trung khong—thdi gian.

2.2.1 Nguén goc mé hinh

XGBoost dugc phat trién nham t6i vu héa tdc dd huin luyén va kha ning mé rong trén
cdc tap dif liéu 16n, dong thdi duy tri d6 chinh xic cao thong qua co ché chuin héa va hd trg
tinh todn song song. M6 hinh nay nhanh chéng trd thanh chuin muc trong céc cudc thi hoc
may nho hi€u nang vuot troi.

XGBoost hé trg nhiéu dang bai toan khac nhau, bao gdbm hoi quy, phan loai, xép hang va
du bao chudi thoi gian. Trong linh vuc giao thong, md hinh ndy dudc st dung rong rai trong
céc bai todn u6c luong thoi gian hanh trinh (ETA), du dodn do tré phuong tién cdng cong va

toi uu hoa diéu phoi xe.

2.2.2 Cdc tinh ndng chinh

XGBoost ké thita co ché hoc ting cudng dan (additive boosting), trong d6 cdc mo hinh
yéu ducc huin luyén lién tiép d€ gidm sai s6 con lai. Mot trong nhitng cai tién cot 16i ctia
XGBoost 12 viéc bd sung diéu khodn chuin héa (L1, L2 regularization) vao ham muc tiéu:

K
L =Y 1yi,3)+ ). Qf) (2.8)
i=1 k=1
vGi |
Q(fi) = 1T +5A Y wi, (2.9)
J

trong d6 7 1a s6 nit 14 va w; 1a trong sb.

Ngoai ra, XGBoost con ndi bat nho:

« Toi wu hoa phan tach: thuit todn tim diém chia hiéu qué ngay cé khi dit liéu c6 trong sb
khong déu.

« Xit Iy thiéu dif liéu: tw dong hoc hudéng phan nhanh khi gip gid tri null.
« H0 tro tinh song song: ting toc qua trinh xay dung ciy quyét dinh.

« M6 rong tot: xit Iy dit liéu 16n nhd cAu tric bd nhd tbi uu.
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2.2.3 Ung dung ciia mé hinh

Trong bai todn du doan thdi gian di chuyén ctia phuong tién van tai, XGBoost dat hiéu
qua cao nhd khé ning hoc phi tuyén gilta cic dic trung nhu thdi gian, vi tri, mat do giao thong
va diéu kién thoi tiét.

XGBoost ciing hd trg phan tich dién giai thong qua feature importance va SHAP values,
giip mo hinh minh bach hon va dé 4p dung trong thuc té.

2.3 Phuong phap danh gia va thuc nghiém mo6 hinh
2.3.1 Muc tiéu va pham vi danh gida

Viéc danh gia mo hinh nhiam x4c dinh kha ning du bao ETA, kiém dinh tinh 6n dinh va
kh4 ning téng quét. Céc tiéu chi chinh gom:

e do chinh xac du bao,
 muc on dinh trén cac phan doan dit liéu,
* khé ning dién giai.
2.3.2  Quy trinh hudn luyén va chia tdp dit liéu

Dé tbi uu hoa hiéu suit mo hinh trén tap dif liéu quy mo 16n trong diéu kién tai nguyén
tinh todn gidi han, bo dit liéu dugc chia thanh hai phan: tdp hudn luyén (Training set) va tdp
kiém dinh (Validation set) vdi ty 1&€ 80% — 20%. Cach phan chia nay gitip mo hinh c6 du dit
liéu d€ hoc cdc mau hinh phtc tap, dong thdi van giit lai mot luong dit liéu doc 1ap di 16n dé
danh gia kha ning tdng quat hoa va han ché hién tuong qua khép (overfitting). Viée st dung
random split 12 phit hgp véi ban chét cta bai toan udc lugng thdi gian di chuyén, noi mdi

chuyén di dugc xem nhu mot quan sat doc 14p thay vi mot chudi thdi gian lién tuc.

Bién muc tiéu dudc xdc dinh 12 thoi gian di chuyén thuc té (don vi phiit). Viéc biéu dién
thoi gian dudi dang phiit thay vi gidy gitp cho céc chi sd danh gia nhu RMSE va MAE tr nén
truc quan hon va phan anh rd hon sai sb trong thuc t& van hanh. Trudc khi dua vao mé hinh,
dit liéu dudc xi ly ngoai 1& va lam giau dic trung (Feature Engineering) nham chuyén déi cac
thudc tinh khong gian—thdi gian tho thanh cac bién c6 y nghia ngit nghia cao, nhu gio trong
ngay, ngay trong tuan, khodng cach Haversine, toc do trung binh udc tinh, va cic dic trung

theo mua vu.

Qu4 trinh huén luyén st dung hAim méat mat hdi quy binh phuong 16i (Squared Error
Loss), dudc chu hinh thong qua tham sb reg: squarederror trong thu vién XGBoost. Him
mat mat nay dugc tdi uu hod bang thuit todn Gradient Boosting, trong d6 mdi ciy quyét dinh
méi dudc xay dung nham gidm dan phan du (residuals) ma cic cay trudc dé chua giai thich
dugc. Co ché hoc tuan ty nay gitip md hinh hoi tu hiéu qua va xt ly tot cac dic trung phi tuyén
trén khong gian dic trung phuc tap.
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2.3.3 Tinh chinh siéu tham sé

Tinh chinh dudc thuc hién bang Grid Search hoic Bayesian Optimization. Cac siéu tham

s6 quan trong gom:

* max_depth,
* learning_rate,

* n_estimators,

subsample, colsample_bytree,

* lambda, alpha.

2.3.4 Chi sé ddnh gid hiéu sudt mé hinh
Céc chi s6 danh gia gom:
MSE: .
1 .
MSE = - Y (i 9%
i=1
MAE:

1 & .
MAE = ZZ |yi—yi‘.
i=1

MAPE: do sai s6 theo ti 1& phan trim.

Bén canh d6, phan tich SHAP gitip dién gidi dong gdp cua tiing dic trung.

2.3.5 Phuong phdp dién gidi va kiém dinh mé hinh

Mo hinh dugc phan tich bang feature importance va SHAP d€ hiéu miic do dnh hudng

clia dic trung. Hiéu suit dudc ki€ém dinh qua nhiéu cAu hinh siéu tham s6 khéic nhau.

2.4 Két luan chuong

Chuong 2 da trinh bay diy du k§ thuat khai pha dit liéu, xdy dung dic trung, md hinh
XGBoost va quy trinh danh gia. Khung phuong phép nay 12 nén tdng cho Chuong 3 — noi cic
két qua thuc nghiém sé dudc phan tich chi tiét.
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CHUONG 3: THUC NGHIEM VA PANH GIA KET QUA
3.1 Bai toan chi tiét
Chuong nay mod ta qud trinh thuc nghiém mo hinh du bdo thdi gian di chuyén (ETA)
biang XGBoost. Pay 1a bai toan hodi quy phi tuyén, diu vao gdm cic dic trung khong—thdi
gian va dic trung ngilf canh, dau ra 1a thdi luong chuyén di theo phit. Muc tiéu 1a xay dung
mo hinh du bdo chinh xac, phi hop dit liéu giao thong bién dong ctia do thi.

3.2 Kich ban tién hanh thuc nghiém
3.2.1 Moi truong thuc nghiém

Thi nghiém dugc trién khai trén Databricks Community Edition (CPU: 2 vCPU, RAM
15 GB). Du khong c6 GPU, Spark hd trg xi ly phan tdn hiéu qui. Céc thu vién st dung gom
PySpark, Pandas, NumPy, Scikit-learn, SHAP va XGBoost. M6 hinh XGBoost dudc huin
luyén bang XGBoost4J-Spark, con ciac md hinh baseline dugc huan luyén trén tip mau.

3.2.2 B dit liéu thuc nghiém

Bo dit liéu NYC Yellow Taxi 10/2024 goém 3.8 triéu ban ghi. Sau loc ban ghi khong hop
1¢ va loai bd ngoai 1¢ bang z-score, con 3.25 triéu ban ghi dung huan luyén. Viéc lam sach

gilip gidm nhiéu, chuin héa phan phéi dic trung va cai thién kha ning hoi tu.

Bang 3.1 Thong ké mé ta bd dit liéu ban dau sau loc co ban

Metric PULocationID DOLocationID passenger_count trip_distance pickup_day pickup_hour time_taken

count 3,359,242 3,359,242 3,359,242 3,359,242 3,359,242 3,359,242 3,359,242
mean 165.4313 164.8266 1.3213 3.5718 4.1124 14.4921 1106.1202
std 63.1270 69.2999 0.7587 88.1959 1.8840 5.7499 2058.3556
min 1 1 1 0.01 1 0 1.0
max 265 265 8 160,244.91 7 23 585,424.0

Bang 3.2 Thong ké mé ta bo dit liéu sau khi loai bo ngoai 1é bang z-score

Metric PULocationID DOLocationID passenger_count trip_distance pickup_day pickup_hour time_taken

count 3,251,980 3,251,980 3,251,980 3,251,980 3,251,980 3,251,980 3,251,980
mean 165.5400 164.9288 1.2189 3.4797 4.1084 14.4863 1058.9179
std 63.0748 69.2589 0.4885 4.6164 1.8776 5.7418 848.2776
min 1 1 1 0.01 1 0 1.0
max 265 265 3 208.0 7 23 7,280.0

3.2.3 Bién doi va tao ddc trung

Dic trung dugc md rong theo bdn nhém: khong gian (Taxi Zone Lookup), thdi gian (chu
ky), phan cum vi tri (KMeans) va dic trung ngit canh (tbc do, thoi ludng, phi tic nghén). B
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dit liéu cudi ciing c6 hon 30 dic trung, gitip md hinh hoc tot hon quan hé phi tuyén.

Bang 3.3 Danh sach cac dac trung méi dugc tao ra

pickup_date
pickup_hour
pickup_minute
pickup_dow
is_weekend
hour_sin, hour_cos
dow_sin, dow_cos
pickup_cluster
dropoff_cluster
PU_Borough ...
DO_Borough ...
borough_pair
OD_pair
is_manhattan_pu ...

trip_duration_sec ...

Thoi gian
Thai gian
Thoi gian
Thoi gian
Thoi gian
Chu ky
Chu ky
Khong gian
Khong gian
Lookup
Lookup
Khong gian
Khong gian
Nhi phin
Ngi canh

Ngay dién ra chuyén di (YYYY-MM-DD).
GiG don khach (0-23).

Phut trong gid don khach.
Tht trong tuan (1-7).

1 néu 1a thd 7 hodc CN.

Ma hoa gio trong ngay.

Ma hod thif trong tuan.
KMeans trén PULocationID.
KMeans trén DOLocationID.
Thong tin vung don.

Thong tin vung tra.

Két hop Borough PU/DO.
Ghép ID PU-DO.

Cd khu vuc Manhattan.

Thoi lugng / vén tbc.

160000 1
140000 -

120000 -

= |
T ED00O A
]
[Fa]
ROO0D -
40000

20000 1

Phén phdi thai lwang chuyén di (phat)

-

0 200

e00 800 1000 1200 1400

Thai lugng (phat)

Hinh 3.1 Phan phdi thoi lugng chuyén di (don vi: phut)
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Phan phai van téc trung binh (mph)
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25000 1

20000 1
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Van tdc (mph)
Hinh 3.2 Phén phéi van tdc trung binh ctia cic chuyén taxi (mph)
Tan suat cac chuyén theo gid trong ngay
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12000 -
10000 1
BOOD -
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4000 1
2000 1
04
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Gid

Hinh 3.3 Tan suét cic chuyén taxi theo git trong ngay
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Pairwise Correlations of the Features
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Hinh 3.4 Ma tran tuong quan gitra cac dac trung chinh

3.2.4 Hudn luyén mé hinh

Dii liéu dugc chia theo ty 1& 80/20. M6 hinh XGBoost huin luyén biang SparkXGBRe-
gressor véi 800 cdy, learning rate 0.08, max_depth=8. Viéc song song hoéa gitip huin luyén
trén 3.25M ban ghi trong thdi gian hop ly.

Bang 3.4 So sanh hiéu ning giira cic mé hinh trén tap kiém thix

Mo hinh RMSE (min) MAE (min) MAPE (%) Training time (s)
Linear Regression  900,481.15 2,857.56 2004.70 0.17
Decision Tree 17.66 0.69 1.57 1.43
Random Forest 23.33 0.72 0.86 120.38
LightGBM 18.16 0.61 1.65 13.52
XGBoost 17.96 0.63 1.78 16.13
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RMSE Comparison MAE Comparison
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Hinh 3.5 So sanh hiéu niing giita cic mé hinh: RMSE, MAE, MAPE va thoi gian huén

luyén

Learning Curve - XGBoost (NYC Taxi 2024)
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Hinh 3.6 Puong hdi tu cia mé hinh XGBoost (Training vs Validation RMSE)
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Distribution of Residuals - XGBoost Model
80000 { I

70000 i
60000 4

50000

40000 A

Freguency

30000 4

20000

10000

1000 500 D 500 1000 1500
Residual

Hinh 3.7 Phan phdi sai s6 du bao ctia md hinh XGBoost

SHAP Summary Plot - NYC Taxi Trip Duration Model
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Hinh 3.8 Bi€u do SHAP thé hién mitc dé déng gép cta cac dic trung vao du dodn

3.3 Két luan chuong

Chuong nay trinh bay toan bd quy trinh thuc nghiém: lam sach di liéu, tao diac trung,
huin luyén va ddnh gid mo6 hinh. XGBoost thé hién vudt tri vé do chinh x4c va téc do, dong
thoi SHAP gitip md hinh ¢6 kha ning dién gidi cao. Két qua xac nhan XGBoost 12 m6 hinh
phit hop nhét cho bai toan ETA trén dit liéu NYC Taxi 2024.
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KET LUAN

Pé 4n “Ung dung md hinh du doan chudi thoi gian tdi wu chi phi van tai” da trién khai
mot quy trinh nghién cu day di nham xay dung va danh gid cic md hinh du béo thdi gian di
chuyén (ETA) — mot thanh phan cbt 16i trong cic hé thdng t6i uu hoa van tai hién dai. Thong
qua ba chuong 1an ludt trinh bay bdi canh, phuong phap luan va két qua thuc nghiém, dé 4n
da hoan thanh muc tiéu dit ra: phat trién mdt mo hinh du bao thdi gian di chuyén chinh x4c,
on dinh va c¢6 kha ning ting dung thuc té trong viéc gidm chi phi van tai thong qua lap lich
phuong tién tdi vu.

Két qua thuc nghiém cho thdy mo hinh XGBoost dat hiéu ning vudt troi nhit so vdi cac
mo hinh dbi chiing (Linear Regression, Decision Tree, Random Forest, LightGBM), diic biét
trén céc chi sd quan trong trong bai toan chudi thdi gian nhu RMSE, MAE va MAPE. Nho
kha ning hoc phi tuyén manh, toc d6 huan luyén cao va tinh &n dinh khi xi 1y dit liéu nhiéu,
XGBoost dap dng tot yéu cau ciia bai toan tbi wu chi phi van tdi — ndi ma chat luong du bdo
ETA tic dong truc tiép dén hiéu qua diéu phdi phuong tién, thdi gian phuc vu va miic tiéu hao
tai nguyén.

Dé 4n cling déng gép mdt quy trinh xit ly dif liéu toan dién, bao gébm l1am sach, tich hgp
dit liéu viung, tao dic trung khong gian—thdi gian va bs sung dic trung tic nghén. Phan tich
SHAP cho théy cdc diic trung nhu trip_distance, avg_speed_mph va pickup_hour déng vai tro
quan trong nhat trong du bdo thdi gian di chuyén. Diéu nay gitp ly giai hoat dong clia mo
hinh, dong thdi cung cip nén tang cho viéc ra quyét dinh trong céc bai todn van tai nhu t6i uu
tuyén dudng, diéu phdi xe theo thdi diém va phan b6 nguodn luc theo khu vuc.

Miic du dat dudc nhiéu két qua tich cuc, dé 4n van ton tai mot s6 han ché. Bo dit liéu NYC
Taxi 2024 khong bao gdm thong tin GPS chi tiét, khién viéc mo hinh héa quy dao phuong tién
hoidc cac md hinh hoc sau theo chudi thdi gian dai nhu ST-NN hoic DeepTTE chua thé trién
khai ddy di. Ngoai ra, cic yéu td ngoai sinh nhu thoi tiét, su kién dic biét hay tai nan giao
thong chua dudc tich hop vao hé thdng dic trung, trong khi day 1a cic yéu t6 anh hudng truc
tiép dén chi phi van tai.

Dua trén nhitng han ché nay, dé an dé xuat cac huéng phat trién tiép theo:

« Tich hop céc dic trung chinh sach mdi, dic biét 1a bién cbd_congestion_fee trong bd
dit liéu TLC tir nim 2025 nham md hinh héa chi phi tic nghén trung tam.

* Xay dung m6 hinh du bao chuyén biét cho céc diéu kién giao thong cuc doan dé cai thién

dd 6n dinh va gidm rii ro trong van tai.

« Két hop XGBoost vdi cac mo hinh hoc su nang cao nhu Graph Neural Networks (GNN)
dé mo hinh héa ludng giao thong va ciu tric mang ludi do thi.

« M§ rong nghién cifu vé6i dit liéu GPS chi tiét hodc dit liéu cam bién thdi gian thuc, tir d6
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t6i vu thém cic thanh phan chi phi nhu mtc tiéu hao nhién liéu, phan bs ddi xe, ti uu

tuyén dudng dong.

Téng két lai, dé 4n da minh chiing ring mo hinh XGBoost 12 lua chon hiéu qua va can
bing nhét cho bai toan du dodn chudi thdi gian trong t&i wu chi phi vén tai. Mo hinh két hop
tot gilta do chinh xdc, tbc do huin luyén va kha niing dién gidi, md ra nhiéu tiém ning Ung

dung trong hé théng vén tai thong minh va cac dich vu logistics do thi.
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