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LOI CAM ON

D& 4n tbt nghiép nay 1a két qua clia mot qud trinh hoc tép, nghién cifu va rén luyén
nghiém tic. Em xin dudgc bay t5 long biét on sdu sic dén PGS.TS. Nguyén Manh Hing
— ngudi thiy di ddng hanh, dinh hudng chuyén mén va dua ra nhitng nhan xét quy bau
gitip em hoan thién ndi dung nghién cifu mot cach khoa hoc va chat ché.

Em ciing xin gifi 15i cim on chén thanh dén Ban 1anh dao, cic thiy cd trong Khoa
va Hoc vién Céng nghé Buu chinh Vién thong — nhitng ngudi da trang bi cho em nén
tang kién thdc viing chéc, tao diéu kién hoc tip va nghién ciu thuin 10i trong subt thoi
gian theo hoc tai truong.

Miic dit d danh nhiéu tam huyét d€ thuc hién dé 4n nay, song véi gi6i han vé thai
gian va ning Iuc, chic chin khong trinh khoi nhiing sai sét. Em rit mong nhin dugc
nhiing gép ¥ quy bau tir quy thiy cd d€ hoan thién hon trong nhitng nghién ciu tiép theo.

Em xin chin thanh cam on!
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1 Ly do chon dé tai

Trong bbi canh d6 thi héa va su phat trién nhanh cia céc dich vu vén ti thong minh
nhu Grab va Uber, viéc du bdo thoi gian di chuyén (ETA — Estimated Time of Arrival)
tr$ thanh yéu tb then chdt d€ t6i wu héa diéu hanh va ning cao trai nghiém ngudi ding.
Céac phuong phép théng ké truyén théng thudng gip khé khin khi xif Iy dit liéu giao
thong bién ddng manh v phi tuyén. Do d6, dé tai lya chon md hinh hoc miy XGBoost
nhim xiy dung mot gidi phdp du bdo ETA c¢6 d9 chinh xic cao va kha ning ung dung
thuc tién.

2 Tong quan vé van dé nghién citu

Nhiéu nghién citu truée diy st dung cic md hinh théng ké nhu ARIMA hay
Kalman Filter, nhung cc phuong phap nay bi han ché bdi gid dinh tuyén tinh nén khé
mo ta cdc quan hé phifc tap trong dif liéu giao thong. Sy phat trién clia hoc mdy v6i Ran-
dom Forest, Gradient Boosting va XGBoost, ciing nhu cic m6 hinh hoc sdu nhu LSTM
hay GNN, d4 md ra kha ning ci thién déng k€ chét lugng du béo. Trong sb d6, XGBoost
dugc lua chon 1am phuong phép chinh nhd sy can bdng gilta hiéu ning, d6 chinh xdc,
kha ning md rong véi dit liéu 16n va tinh giai thich dudc clia m6 hinh.

3 Muc dich nghién citu

Muc dich ciia dé tai 1a xay dung mot mo hinh hoc mdy ¢ kha ning du bdo chinh
xac thdi gian di chuyén trong méi trudng d6 thi bang cach khai thic cdc dic tning khong
gian—thdi gian va ngit canh. Nghién cifu tip trung vao viéc thiét ké quy trinh khai phd
dit liéu c6 hé théng, bao gdm 1am sach dit liéu, xi 1y ghép ban dd, xdy dung dic trung,
hu4n luyén mé hinh XGBoost va d4nh gid thong qua céc chi s6 RMSE, MAE va MAPE.
Ngoai ra, phuong phap SHAP dugc st dung d€ phan tich vai trd ciia titng dic trung, gidp
mé hinh dim bio tinh dién gidi.

4 Poi tuong va pham vi nghién citu

Dbi tugng nghién ctfu clia dé tai 12 md hinh XGBoost va céc ky thuét khai phé di
liéu hd trg du bdo thdi gian di chuyén cla phuong tién. Pham vi nghién cfu tap trung
vao bd dif liéu taxi cong cong New York (NYC Taxi) ndm 2024 v6i hon 2 triéu ban ghi.
Dit liéu ducc phén tich trong diéu kién lich sii va béan tinh, chua md rong sang dit liéu
thdi gian thirc hodc cdc yéu t6 du bdo theo ngit canh dong tai thoi diém hién tai.



5 Phuong phap nghién ciru

P tai sit dung phuong phdp tiép cin dinh lugng két hgp véi ky thuit khai phd dit
liéu va hoc mdy. Qua trinh nghién cttu gdm céc budc: (1) thu thap va tién xtt 1y di liéu tit
NYC Taxi Dataset; (2) xay dung dic trung khong gian, thdi gian va ngif canh; (3) huén
luyén md hinh XGBoost véi i tu siéu tham sb; (4) danh gid md hinh bang cdc chi sb
RMSE, MAE, MAPE; va (5) phén tich mé hinh bing SHAP nhim dim bdo kha ning
dién gii va hé tr¢ trién khai thyc té.



CHUGONG 1: BAI TOAN DU POAN THOI GIAN VAN TAI
HANH KHACH
1.1 Giéi thiéu bai toan du doan thoi gian van tai hanh khach
1.1.1 Dinh nghia va muc tiéu ctia bai toan

Bai todn du dodn thsi gian védn tai hanh khach (Estimated Time of Arrival — ETA)
12 mot trong nhitng vin dé trong tAm trong linh vyc giao théng thong minh (Intelligent
Transportation Systems — ITS). Muc tiéu chinh cda bai toin 1a udc lugng chinh xac
khoang thdi gian ma mot phuong tién vén tai, ching han nhu taxi hodc xe buyt, sé mét
d€ hoan thanh hanh trinh tir diém dén dén diém tra khich trong diéu kién giao thong
thyc té.

Trong pham vi clia d& 4n ndy, nghién cttu tip trung vao du bao ngsfm han (Short-
Term Forecasting), tic 1a udc Iugng thdi gian di chuyén trong khoéng vai phit dén mot
gid ké tiép. Loai du bdo nay c6 y nghia thyc tién cao trong cic hé théng diéu phéi van tai
thai gian thuc (real-time dispatching), dac biét dbi véi céc dich vu taxi cdng nghé, noi
viéc ra quyét dinh phan bd phuong tién can dudc thuc hién nhanh chéng va chinh xdc.

Bén chit cla bai todn 1a tim mot ham hdi quy f(x) md t2 mdi quan hé giita thoi
gian di chuyén y va céc diic trung dau vao x (chéng han nhut vi tri, thdi di€m, loai phuong
tién hoic diéu kién giao thong).

Du béo ngin han déng vai trd then chét trong viéc hd trg ra quyét dinh tic thdi,
gitip t5i vu héa qua trinh diéu phdi va phan b3 phuong tién, nang cao hiéu qué khai thac
doi xe, gidm thdi gian chd ddi ciia hanh khach va ting d9 tin cdy cla dich vu. Trong bbi
canh d6 thi c6 mat do giao thong cao, viéc phét tri€én md hinh dy bio chinh xéic theo thoi
gian thuc 12 mot théch thifc quan trong nhung cin thiét d€ hudng t6i hé thong giao thong
théng minh va bén viing.

1.1.2 Ung dung gidi quyét bai todn trong thuc té
Bai toan du bdo thdi gian di chuyén (ETA — Estimated Time of Arrival) khong chi

mang ¥ nghia cung cip thong tin cho ngudi s& dung, ma con déng vai trd trung tim trong
viéc t&i vu héa chi phi van hanh trong cic hé thong vén ti hanh khach va logistics. Vé
bén chit, mbi lién hé giita ETA va chi phi van tai 12 m&i quan hé nhén qua tryc tiép trong
ham muc tiéu kinh té cia doanh nghiép.
Trong thitc t&, t3ng chi phi vin hanh C khéng chi bao gdbm chi phi nhién liéu, ma
12 ham téng hop ciia nhiéu thanh phan:
C = Guhién tigu + Cobin su 1 Ceo hoi

trong d6 ETA d6ng vai trd 1a tham s6 d4u vao quan trong &nh hudng dong thdi dén cé ba

3
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thanh phin chi phi trén. Mot mé hinh dy bdo ETA chinh xdc cho phép t6i uu héa ham
chi phi C thong qua céc co ché sau:

o Giam thdi gian rong (Idle time): Dut bio ETA chinh xéc gidp hé thong diéu phoi
phuong tién dén diém dén theo nguyén tic Just-in-Time, han ché tinh trang xe dén
sdm va chd doi trong khi ddng cd van hoat dong, tit d6 gidm lang phi nhién liéu va
chi phi van hanh khong tao ra gié tri.

« T6i wu vong quay phwong tién: ETA ding tin ciy cho phép nha quan 1y xdy dung
lich trinh x&p chdng cdc chuyén (trip-chaining) mét cach chit ché hon, rdt ngén thoi
gian chét gita cac chuyén va ting s& lugt phuc vu trén cling mdt ngudn luc tai xé,
qua d6 giam chi phi nhan sy trén mbi chuyén di.

» Giam chi phi co héi: Viéc gidm sai s6 du bio ETA gitip han ché céc t6n thét do tré
gid, hily chuyén hozc khiéu nai tir khdch hang, déng thdi trdnh cdc khoan phat hgp
ddng trong logistics va ning cao mic do hai long clia ngudi sit dung dich vu.

Do dé, bai toidn du bdo ETA khong chi ditng lai & viéc ndng cao d§ chinh xdc cua
md hinh hoc mdy, ma v& ban chit chinh 13 bai toan tdi uu héa hiéu qua kinh t€ va bién
101 nhudn cho doanh nghiép vén tai thong qua viéc ra quyét dinh dua trén dif liéu.

1.1.3 Cdc nghién ciiu lién quan trong lich s

Dé 4n tap trung trinh bay t8ng quan cc nghién citu lién quan dén bai todn dy dodn
thdi gian di chuyén (Estimated Time of Arrival — ETA), bao gdm céc phuong phap théng
ké truyén thdng, cic md hinh hoc mdy, va cdc m6 hinh hoc siu hién dai. Céc nghién citu
trudc diy chii yéu huéng t6i viée tn dung dit liéu lich sit hanh trinh, dit liéu giao thong
theo thdi gian thuc, va dic trung khong gian — thdi gian d€ udc Iugng chinh xic thoi
diém mot phuong tién s& dén dich. Céc ki thuit duge dp dung trdi dai tt md hinh hdi
quy tuyén tinh, hdi quy Poisson, cho ti cic m6 hinh ning cao nhu Random Forest,
Gradient Boosting, va cidc mang no-ron sdu (Deep Neural Networks — DNN) [1, 2].

T nim 2015 trd di, sy phét trién manh mé ciia cdm bién GPS, di liéu ban db sd,
va hé théng thu thép dit lidu giao théng di tao diéu kién dé cic mé hinh hoc siu dua trén
kién tric mang no-ron héi tiép (RNN) vA mang no-ron tich chidp (CNN) dudc dp dung
rong rai trong linh virc ETA. Nghién cttu clia Wang va cdng sy (2018) da dé xuit mo
hinh DeepTTE — mdt mang hoc sau end-to-end két hop c thong tin theo chudi (LSTM)
va dic trung ban dd, dat két qui cii thién RMSE tit 20% dén 30% so vdi cdc md hinh
hoc mdy truyén théng [28]. Tucng tu, Li va cdng su (2019) di gidi thién md hinh ST-NN
(Spatio-Temporal Neural Network), tdn dung CNN dé€ trich xut dic trung khong gian
va LSTM d€ hoc phu thudc thsi gian, dat MAE giam trung binh 15% so v6i baseline
Gradient Boosting [3].



Theo tdng hop cia dé 4n, cc phuong phap ETA c¢6 thé dugc chia thanh hai loai
chinh. Loai thi nhét dua trén mé hinh huin luyén truéc hoic mé hinh nén tang (pre-
trained / foundation models) vé dif liéu giao thong, sau d6 tinh chinh (fine-tune) hodc
két hop vdi thuét todn khic d€ du doan ETA. Loai thif hai la cdc m6 hinh end-to-end
duge huin luyén true tiép tit dit liéu dAu vao dén két qua dy dodn thdi gian dén dich.

(1) Mé hinh sit dung dac trung tir mé hinh huéin luyén trude. Vi du, Xu va
cong su (2020) da st dung mé hinh Graph Convolutional Network (GCN) huén luyén
trude trén dit liéu ban dd giao thong dé sinh dic trung tuyén dudng, sau dé két hop véi
Gradient Boosted Decision Trees (GBDT) dé du dodn ETA cho dich vu giao hang trong
d6 thi, dat MAE giam 12% so vdi Random Forest. Nghién cifu cia Ke va cong su (2017)
cling cho thiy viéc két hop dic trung tf ban dd va dit liéu GPS lich sif v6i md hinh
XGBoost gitp gidm sai s& du don tir 8.2 phiit xubng con 6.5 phiit trung binh cho taxi
tai Bac Kinh [6, 2].

(2) M hinh end-to-end. Trong d6, toan bd pipeline tit di liéu thd (chubi GPS,
diéu kién giao thong, thai tiét) dén ETA dugc hoc tryc tiép bdi mot md hinh hoc sau.
Nghién cttu DeepETA ciia Google (2020) 4p dung kién tric két hgp LSTM va Attention
d€ du do4n thdi gian dén clia phuong tién trong Google Maps, dat cai thién 50% do chinh
xac ETA trong cic tuyén dudng phic tap so v6i md hinh trude d6 [4]. Tuong ty, Bai va
cong su (2021) da d& xuit md hinh Transformer-based ETA (TETA), khai thdc quan hé
dai han giita cic diém GPS, dat RMSE gidam 18% so v6i DeepTTE trén b dif liéu taxi
New York City [5].

Ngoai ra, mét sb nghién cifu gin day tap trung vao viéc tich hop thong tin theo thoi
gian thyc nhu tinh trang tac nghén giao thong, sy kién thai tiét, hodc dit liéu tir thiét bi
I6T d€ nang cao d6 chinh xdc du doén. Vi du, Zhang va cOng su (2022) di bs sung dit
liéu thoi tiét va su kién xa hoi vio md hinh Gated Graph Neural Network, gilp céi thién
d6 chinh xdc ETA thém 9% trén cic tuyén giao hang déng dic [25]. Nhitng két qua nay
ching minh ring viéc 4p dung cidc md hinh hoc sdu va ky thuat khai thic dit liéu da
ngudn khong chi nang cao hiéu suit dy dodn ETA ma con gitip mé hinh thich ing tot
v4i bién dong giao thong phifc tap. Day 1a nén ting quan trong d€ tiép tuc céi tién céc hé
théng dur do4n thdi gian di chuyén trong tucng lai.

1.2 Cic phuong phap du dodn truyén thong truée day
1.2.1 Phuong phdp dua trén thong ké

Cac md hinh théng ké ¢ dién déng vai trd nén ting trong bai to4n du béo thdi gian
vAn t4i hanh khéch. Truée khi céc k§ thuit hoc mdy va hoc sau pho bién, nhitng mé hinh
tuyén tinh nay vita dé trién khai vira tao chuén so sdnh (baseline) cho cic phuong phap
hién dai.



a) Mo hinh ARIMA/SARIMA
MO hinh (Autoregressive Integrated Moving Average — ARIMA) 1a mét trong nhiing
phuong phap théng ké kinh dién va dudc sit dung rong rii nhét cho bai toan du bio
chudi thai gian. Cd sd 1y thuyét cia ARIMA dya trén gia dinh ring gid tri tuong lai
clia mot chudi thi gian c6 thé dudc biéu dién dusi dang mot ham tuyén tinh cia
céc quan st va sai sb du bao trong qua khi. M hinh nay bao gdm ba thanh phén
chinh:

o Tit hoi quy (Autoregressive — AR): M6 hinh ha mdi quan hé gita mot quan sat
hién tai va mot sb Iuodng cic quan sat trude d6 (do tré).

» Tich hop (Integrated — I): S dung phép sai phén (differencing) dé 1am cho
chubi thoi gian trd nén dimg (stationary), tifc la cdc tinh chéat thong ké nhu
trung binh va phuong sai khong thay ddi theo thdi gian.

* Trung binh truot (Moving Average — MA): M6 hinh héa mbi quan hé gilta mot

quan sat hién tai va sai s6 du bao clia cic quan sdt trudc do.

Mot md hinh ARIMA khong c6 thanh phin mua vu duge ky hiéu la ARIMA(p,d, q),
trong d6 p, d, va g 1an lugt 1a bic cla cac thanh phin AR, I va MA. Dang todn hoc
tdng qudt cia mo hinh 1a

(1— y ¢,-Bi> (1-B)%Y, =c+ <1+Zq:e,-31') &. (1.1)
i=1 j=1
Trong dé :

* Y, 12 gia tri cda chudi tai thai diém z.

» Blatoan td lni (BY; = Y;—1).

* ¢ va 0; la céc tham s6 cia md hinh.

e ¢ 12 hing s6.

e & 1a nhiéu trang (white noise).

Quy trinh xay dyng md hinh ARIMA thung tuin theo phucng phap luin Box—Jenkins,
bao gdém céc budc:

e Nhdn dang mé hinh (Identification): Kiém tra tinh ding cua chubi thdi gian
thong qua viéc quan sit biéu do chudi va céc ham tu tuong quan (ACF) va tg
tuong quan riéng phin (PACF). Néu chudi khong diing, thuc hién phép sai phan
(tham s d) cho dén khi chubi trd nén diing. Dya vao hinh dang cia ACF va
PACF ciia chubi di ditng, xac dinh c4c bac p va ¢ tiém ning.



 Udc lwgng tham sé (Estimation): St dung céc phuong phap nhu hop 1y cuc dai
(Maximum Likelihood) d€ u6c Iugng cac tham sb ¢; va 6; ciia md hinh da nhan
dang.

e Kiém dinh chdn dodn (Diagnostic Checking): Kiém tra xem md hinh ¢é phi
hop hay khéng bing cich phan tich phin du (residuals). Phan du cia mft mo
hinh t6t phai tuin theo phan phéi nhiéu tring, tdc 1a khong co ty tuong quan.
Céc kiém dinh théng ké nhu Ljung—Box c6 thé dugc sit dung cho muc dich nay.

DE xit Iy cac chudi thdi gian c6 tinh mia vy rd rét (vi du cdc mau hinh ldp lai hang
ngiy hoic hang tuin trong di liéu giao thong), md hinh ARIMA dudc mé rong
thanh mo hinh ARIMA Mua vu (Seasonal ARIMA — SARIMA). SARIMA bd sung
thém céc thanh phan mua vu (P,D, Q) trong d6 P, D, O 1a cdc bac AR, I, MA cla
thanh phan mia vu va m 13 d6 dai cia mdt chu ky mia vy.

Céc md hinh ARIMA va SARIMA tuong déi don gi4n, dé trién khai va c6 kha néng
dién giai cao. Cic tham sb ciia md hinh cung cAp céi nhin 16 ring vé cich cic gid
tri trong qui khi anh hudng dén du béo tuong lai. Chiing hoat dong hiéu qua dbi
véi cac chudi thdi gian c6 xu hudng (trend) va tinh mua vu (seasonality) ro rang va
thudng dugc st dung 1am mdt mé hinh cd sé (baseline) manh mé dé€ so sanh véi cic
phuong phdp phic tap hon.

Han ché 16n nhit cia ARIMA/SARIMA 14 ban chit tuyén tinh cia ching. Cic mo
hinh nay khong thé nim bit dugc cic mbi quan hé phi tuyén phic tap vén c6 trong
hé thdng giao thong do thi. Ching chi xem xét sy phu thude vé mit thoi gian cla
mdt chudi duy nhit va hoin toan bd qua cic tudng tic khong gian—tiic 1a anh
hudng tlf cdc tuyén dudng hodc cic phuong tién khéc trong mang 1uéi. Do d6, hiéu
sult cia ching suy giam déng ké khi c6 cac sy kién bét thudng (su cb, thdi tiét xau)
ho#c nhiing thay ddi dot ngdt trong diéu kién giao thong ma khong duge phan dnh
trong di liéu lich sit. Mt s& nghién citu thyc nghiém tham chi con cho thiy ring
md hinh SARIMAX (SARIMA vdi céc bién ngoai sinh) c6 hiéu suit kém hon so
v6i cdc mo hinh chudi thdi gian khéc trong mét sb trudng hop cu thé [7].

b) B0 loc Kalman
B6 loc Kalman, do Rudolf E. Kdlmén phét tri€n, 1a mot thuat todn dé quy t6i wu
dugc thiét k& dé wéc tinh trang thdi cda mot hé théng dong hoc tuyén tinh tir mot
chudi cdc phép do cé chita nhiéu. Trong bbi canh du doan ETA, hé thdng dong hoc
chinh 12 chiéc xe buyt, va trang thai ciia n bao gdm cac bién nhu vi tri va van tdc.
B loc Kalman hoat dong theo mét chu trinh hai budc: dy béo va cép nhat. N6 lién
tuc cap nhat du doan vé trang théi clia xe buyt bang cach két hgp mot cich tdi wu
du doén tit mé hinh chuyén déng (dua trén trang théi trude d6) véi di lidu do ludng
thuc té (vi du tt GPS/AVL). M6 hinh khong gian trang thdi cia bd loc Kalman
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bao gdm hai phuong trinh chinh: phuong trinh qué trinh va phutong trinh do ludng.
Thuit todn hoat dong theo hai bu6c:

(1) Budc Du bdo (Prediction/Time Update): B loc du bdo trang thdi va hi€p
phuong sai 16i cfia hé thong tai thdi di€ém hién tai, dua trén udc tinh tit thoi
diém trude dé.

 Du bdo trang thai tién nghiém:
Reje—1 = FX—1)p—1 + By (1.2)
« Dy bdo hiép phuong sai 16i tién nghiém:

By-1=FP_1-1F, +0 (1.3)

(2) Budc Cdp nhdt (Update/Measurement Update): Sau khi c6 dugc phép do mdi
¥z, b0 loc sé hiéu chinh lai du béo tién nghiém dé c6 dudc udc tinh hiu nghiém
(da dugc cai thién).

e Tinh d6 1oi Kalman:
T T -
K, = PyyHT (HPy 1B +R) (1.4)
+ Cap nhit udc tinh trang thai hdu nghiém:
£t|t :)@it—l +K; (Yt “‘Htfﬂt—l) (1.5)
* Cap nhat hiép phuong sai 16i hau nghiém:
Pt]t = (I_Kth)Ptht—l (1.6)

Trong d6 £ 12 vector trang thdi, P 12 ma trin hiép phudng sai 161, F; 1a ma tran chuyén
ddi trang thai, B; 12 ma tran diéu khién, u, 12 vector diéu khién, Q; 12 ma tran hiép
phuong sai nhiu qua trinh, H; 12 ma tran do ludng, R; 1a ma trén hiép phuong sai
nhiéu do ludng va y; 1a vector do luSng.

Céc dic tinh van hanh ciia b loc Kalman c6 thé khii quit qua nhiing diém sau.

e Diéin manh: Bo loc Kalman cyc ky hiéu qué trong viéc loc nhiéu tit dit liéu
cam bién (nhu GPS) va cung cip céc udc tinh trang thii dugc hiéu chinh lién
tuc trong thdi gian thyc. Thuit todn c6 tde do tinh todn nhanh do céc phuong
trinh don gin, 1am cho né rit phil hdp cho céc ng dung tryc tuyén (online).

e Diém yéu: Gii dinh co bin ciia bd loc Kalman tiéu chuén vé tinh tuyén tinh clia
hé théng va nhidu tuin theo phan phdi Gauss la mot han ché 16n. Giao thong
d6 thi 12 mot hé thdng c6 tinh phi tuyén cao, lam gidm hiéu qué cia KE. Mic
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du céc bién thé nhu B6 loc Kalman M4 rong (Extended Kalman Filter — EKF)
va Bo loc Kalman Khong miii (Unscented Kalman Filter — UKF) da dugc phat
trién dé xit 1y tinh phi tuyén, chiing vin con nhitng gidi han va c6 thé khong 6n
dinh.

Vugt ra ngoai vai trdo 12 mét mé hinh dy bao don thuan, bd loc Kalman thyc chit 1a
mot framework tich hgp, dai dién cho mot budc nhay vot vé mit khai niém ti cac
md hinh ngoai tuyén (offline) nhu ARIMA sang céc hé théng tryc tuyén (online)
c6 kha niing tu hiéu chinh. N6 déng vai trd nhu mét ciu ndi gilta thé gisi théng ké
thuin tiy v cac hé théng diéu khién thoi gian thyc. Trong khi ARIMA dugc hun
luyén trén dit liéu lich si va dua ra dy bido ma khong c6 co ché stta sai tifc thoi, KF
duge thiét k& v6i mét vong Lip “du bdo—do ludng-hiéu chinh”. N6 dua ra mét du
doén, so sanh né v3i mot phép do thuc té (vi du: vi tri GPS méi), va sit dung su
khéc biét (sai s6) dé diéu chinh lai udc tinh cia minh. Do d6, KF khéng chi 1a mét
md hinh du bdo ma con 12 mdt “bd loc” va “bd udce tinh trang thii”, 1am cho né trd
thanh mot thanh phin quan trong trong nhiéu hé théng ITS, thudng duge két hop
v6i cdc mo hinh khic (vi du: mang nd-ron két hgp KF) d€ tin dung wu diém cla ca
hai.

Nhin chung, cdc phuong phap théng ké c8 dién vén 12 chuén tham chiéu quan trong,
song han ché trong viéc mo hinh héa quan hé phi tuyén va tuong téc khong gian—thoi
gian phifc tap ctia hé théng giao thong hién dai.

1.2.2 Phuong phdp dva trén mé hinh hoc mdy

Céc m6 hinh hoc méy truyén théng da ndi 1én nhu nhitng gidi phdp thay thé manh
mé cho han ché ciia cic phuong phap théng ké trong viéc md hinh héa quan hé phi tuyén
va dic trung phifc tap. Dt khong xt 1y chu tric khong-thdi gian tinh vi nhut hoc su,
ching dat hiéu qua tdt véi di liéu lugng vira phai va thudng dem lai do chinh x4c cao.

a) Hoi quy k-Lang giéng gé\in nhét (k-Nearest Neighbors — kNN Regression).

kNN 12 phuong phdp hoc mdy don gian, truc quan va thuc nhém “hoc ludi”, tic
khong xiy dung mdt md hinh tudng minh trong giai doan huin luyén. Khi du bio
cho mot diém dif liéu méi (vi du dic trung hanh trinh hién tai), thuét todn tim k
diém dit liéu tuong ty nhét trong tap huin luyén theo mot thuse do khodng céch
(thudng ding khodng cich Euclidean). Gi tri cin du dodn thudng dugc 14y trung
binh (hoiic trung binh c6 trong sb) cla céc ldng giéng ndy.
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Két qua du doan ctia KNN dudc tinh theo cdng thic:

k
_Z wi(x) yi

9(x) = E—r, (17)
;wi(x)

Trong do:

« x 12 diém dif liéu mdi cin du dodn (vi du dic trung hanh trinh hién tai).

* y; 1a gid tri muc tiéu quan st dugc cda di€ém dit liéu thit i trong tap k lang giéng
gin nhit.

* w;(x) 1a trong s& gan cho ldng giéng thit i. Thong thudng wi(x) dudc chon la
nghich do ciia khoang cich d(x,x;) (vi du w; = 1/d) d€ nhiing ldng giéng gan
hon anh hudng manh hon; néu sit dung kNN khong trong s6 thi w;(x) = 1.

« d(x,x;) 1a ham do khoang cich gilta diém méi va ldng giéng thit i, phd bién
nhit 12 khodng cich Euclid.

Cdc ddic tinh ciia hdi quy kNN c6 thé khdi qudt nhu sau:

o Diém manh: D& hiéu, dé trién khai, khong gia dinh phan phdi dit liéu nén linh
hoat v6i cic mbi quan hé phi tuyén phic tap.

* Piém yéu: Chi phi tinh todn cao & giai doan dy dodn vi phéi so sdnh vdi toan
bd tap dif liéu huin luyén; kém hiéu qua véi dit liéu thdi gian thyc va chiu dnh
hudng cla “18i nguyén chiéu” (curse of dimensionality) néu dic trung khong
dugc chuin héa tbt.

b) Hoi quy Vector Ho trg (Support Vector Regression — SVR).
SVR 12 bién thé ctia mdy Vector H6 trg (Support Vector Machine — SVM) ting dung

cho hdi quy. Khéc v8i hdi quy tuyén tinh, SVR tim mét “6ng” (tube) tbi uu quanh
dit lidu sao cho sai sb ndm trong bién £ khdng bi phat, trong khi sai s6 vugt ngoai
bién sé& chiu mifc phat theo chudn céu tric (Structural Risk Minimization). Nh& th
thuét hat nhan (kernel trick), SVR dnh xa dif liéu 1én khéng gian ddc trung cao hon
d€ tim siéu phing tuyén tinh chia tich di liéu hiéu qué. Cac hat nhin thudng dung
gdm tuyén tinh, da thitc va RBF.

Bii todn tbi tu ciia SVR dudgc phat biéu nhut sau:

w,b,E E*

subjectto y;— (W' o(x;) +b) < e+ &, (1.8)
(W' (x;)+b)—yi < e+Ef,
&, Er >0, i=1,...,n

minimize %HWHZ-FCi(éi‘l‘éi*)
i=1
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Trong dé:

* x; 13 vector dic trung clia quan sét thit i; y; 1a gia tri muc tiéu tuong ung.

* ¢(-) 1a nh xa (kernel) dua dit liéu vao khong gian dic trung cao hon.

« w va b 12 trong sb va sai sb dich (bias) clia siéu phing hdi quy.

» ¢ 12 bién dung sai; sai s6 nim trong “bng” ¢6 do rdng 2¢e khong bi phat.

» &, £X 1a bién trugt (slack variables) cho phép vi pham bién dung sai.

o C > 012 hé sb didu chinh mtc phat, cin bing giita d6 phing cla siéu phing va
sai s6 huin luyén.

* 1 12 s mAu huén luyén.

Giai bai toan trén bang phuong phap dbi ngiu s& din t6i dang hat nhan cia SVR,
trong dé siéu phang tdi uvu dugc x4c dinh bdi cdc vector ho trg.
Cdc ddc tinh cia hdi quy kNN c6 thé khdi qudt nhu sau:

e Diém manh: Khi ning khai quét t6t ngay ca véi dit liéu it, nhd diéu khién rdi
ro qua khdp; nhidu nghién ciiu cho thdy SVR vugt trdi hon mot s6 mo hinh héi
quy khéc va cd mang nd-ron khi dit liéu khong qud 16n.

« Diém yéu: Viéc Ia chon ham hat nhan vi tinh chinh siéu tham s6 (C, €, hé sb
hat nhan) kha phiic tap va tén thdi gian; chi phi huin luyén ting nhanh néu di
liéu ¢o kich thuéc 16n.

b) Cay Phan loai va Hoi quy (Classification and Regression Trees — CART).
CART 12 mdt trong nhiing thuat toan hoc mdy nén tang va dugc sit dung rong rai
cho c4 hai bai to4n phan loai (classification) va hdi quy (regression). Phuong phap
nay dugc dé xuit bdi Breiman va cong su (1984), dya trén y tudng chia tich khong
gian dic trung thinh cic ving con (subspaces) sao cho méi viing ¢6 do thuin nhit
cao nhit vé& gid tri muc tiéu. Md hinh CART c6 dang ciu tric cdy nhi phén, trong
d6é mdi mit (node) dai dién cho mot phép kiém tra diéu kién trén mot dic trung, cac
nhénh (branches) thé hién két qua ctia phép kiém tra, va céc 14 (leaves) chita gia tri
du doan cudi ciing.

DAbi v6i bai todn hdi quy (nhu du dodn thdi gian di chuyén), CART tim kiém ngudng
chia s trén déc trung x; sao cho sai sb6 binh phuong téng (sum of squared errors —
SSE) ciia hai tip con sau chia nhé nhat. Muc tiéu tbi wu dugc bi€u dién nhu sau:

mn| Y i—¥r)*+ Y, 0i—Ir)?| (1.9)

5 . .
55| xeRy (i) X €R(j,5)

trong do:
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e R1(j,s) = {x|x; < s} vaRy(j,s) = {x| x; > s} 1a hai viing con dugc chia bsi
ngudng s trén dac trung x;.

* &, Va g, 14n lugt 12 gid tri trung binh cla bién muc tiéu trong hai ving con
tuong ung.

Qu4 trinh hufn luyén ciia CART dudc thire hién dé quy tir gbc dén 14 (top-down
recursive partitioning) cho dén khi dat diéu kién ding, vi du nhu s§ lugng miu
trong nit qud nhd hodc db giim sai sb khong déng k€. DE tranh hién tugng qué
khop (overfitting), md hinh thudng duge cit tia (pruning) bang cch loai bd céc
nhanh kém quan trong dua trén tiéu chi xadc thuc chéo (cross-validation) hodc do
phic tap mo hinh.

Cdc ddc tinh ciia phuong phdp CART c6 thé khdi qudt nhu sau:

o Diém manh: D& dién gidi, cé thé xit 1y ca dit liéu s6 va phan loai, tw dong chon
dic trung quan trong; hoat dong tbt v6i dif liéu phi tuyén va c6 khé ning mo
hinh héa tuong tac gitta cac dédc trung.

* Dién yéu: Nhay cim vdi nhiéu va dif liéu huén luyén nhd; ciy don 1& thudng
dé bi overfitting, do d6 trong thuc t thudng dugc két hop trong cdc md hinh
ensemble nhu Random Forest hoic Gradient Boosting dé ting d6 6n dinh va

chinh xic.

Nho kha ning biéu dién tric quan va dé hiéu, CART thudng duge xem la budc trung
gian quan trong trong viéc phat tri€n cdc md hinh phiic tap hon nhu Random Forest,
XGBoost hodc LightGBM trong bai toin dut dodn thdi gian di chuyén (ETA) [8].

1.3 Cac phuong phap du doan hién dai
1.3.1 Ung dung mé hinh hoc mdy két hop (Ensemble Learning)

Céc phuong phép ensemble két hop nhiéu moé hinh “yéu” (thudng 13 ciy quyét
dinh) dé tao ra m6 hinh “manh” duy nhét c¢6 hiéu suét dy béo cao hon.

a) Rirng ngau nhién (Random Forest — RF).

Rirng ngéu nhién 13 mét phuong phip hoc mdy truyén thong thudc nhém mé hinh
tap hop (ensemble learning), dugc dé xuit bdi Breiman (2001) nht mdt md rong
cla thuit todn CART. Y tudng cbt 16i ciia Random Forest 12 két hgp nhiéu ciy quyét
dinh (decision trees) dugc huén luyén doc 14p trén cic miu dif liéu ngau nhién, sau
d6 tdng hop (ensemble) két qua dy doén ciia ching d€ gidm phuong sai va ting do
chinh x4c tong thé ctia md hinh.
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Co ché huén luyén cla RF dva trén ky thuét bootstrap aggregating (bagging). Gia
stt tap dit liéu huin luyén ban d4u c¢6 N miu, mé hinh sé tao ra B cdy quyét dinh,
mdi ciy dugc huin luyén trén mét tép con bootstrap (1iy mau ngdu nhién c6 hoan
lai) gdm N phin t&. Tai m&i nit ciia cdy, chi mdt tap con ngéu nhién gdém m dic
trung trong tdng sb p dic trung dugc chon d€ fim ngudng chia tdt nhit, gitip ting
tinh ngiu nhién va gidm hién tugng qua khdp.

DAi véi bai todn hdi quy (nhu du dodn thoi gian di chuyén), két qué dy doén ciia
Random Forest dugc tinh bing trung binh clia cic dy doén tit titng ciy thanh phan:

1 B
$(®) =3 X (), (1.10)
b=1

trong do:
* T (x) 1a gid tri du dodn ciia cy thi b dbi v6i diém dit liéu x.
« B la tong s6 ciy trong riung ngiu nhién.

Phuong phédp nay giip gidm phuong sai ca md hinh don 1€ (CART) ma khong lam
ting dang k€ sai 16ch (bias). Ngoai ra, RF con cung cip cd ché ddnh gid tim quan
trong clia dic trung (feature importance) dya trén d6 gidm trung binh cia sai sb
hoic chi s6 Gini, hd trg viéc giéi thich mé hinh trong céc bai toan thyc té.

Cdc diic tinh ciia phuong phdp Random Forest c6 thé khdi qudt nhu sau:

e Diéin manh: Manh mé truée nhifu va di lidu thidu; c6 kha ning tdng quat tbt
nhd co ché bagging; hoat dong hiéu qua trén di liéu phi tuyén va dit liéu cé
chiéu cao; tu ddng uéc lugng tim quan trong cla dic trung.

« Piém yéu: Chi phi tinh todn cao hon CART; khé dién gidi tryc quan khi o
luong cdy 18n; ddi khi cé xu hudng du dodn trung binh (lam md cic quan hé
cuc tri).

Trong bai to4n du dodn thdi gian di chuyén (ETA), Random Forest thudng dudc sit
dung nhu mdt mo hinh baseline manh, dic biét khi dif liéu ¢ s6 Iuong vita phai va
cac dic trung di dugc thiét ké thi cdng. RF ciing 13 nén téng cho cdc phuong phap
hoc mdy ning cao hon nhu Gradient Boosting va XGBoost.

d) Phuong phap Ting cuong Gradient (Gradient Boosting) va XGBoost.

Gradient Boosting 12 mdt phuong phap hoc mdy truyén thdng thudc nhém ensemble
learning, dugc phit trién dia trén ¥ tudng két hop tuan ty nhiéu md hinh yéu (weak
learners) — thudng 1a cic ciy quyét dinh nho (shallow trees) — d€ tao thanh mot
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md hinh manh (strong learner). Phudng phap niy dugc gi6i thiéu 14n dau bdi Fried-
man (2001), va sau nay dudc cai tién trong nhiéu bién thé hién dai nhu XGBoost,
LightGBM va CatBoost.

Khac v6i Random Forest (k&t hop song song nhiu ciy doc 1ap theo co ché bagging),
Gradient Boosting xay dung mé hinh theo cach tuén ty (sequential learning), trong
d6 mbi cay méi duge huin luyén d€ sita 1i cda t6 hgp cac cdy trude d6. Cu thé, tai
mdi budc 1dp m, md hinh hoc phén du (residual) gitta gia tri thuc té va du dodn hién
tai, sau d6 cdp nhét du doan tdng thé bing cch cong thém két qué ciia cdy mdi cé
trong s6 nho 7 (learning rate).

Dang tong quét clia md hinh Gradient Boosting dugc bi€u dién nhu sau:
Fm(x):Fm—l(x)_l_nhm(x)a (1.11)
trong do:

e F,,(x): md hinh sau buéc ldp thid m,

* 1 € (0, 1]: hé s6 hoc (learning rate) diéu chinh téc do cip nhat,

e hu(x): ciy quyét dinh mdi dugc hufn luyén trén gradient 4m ciia ham mét mat
tai buéec m — 1.

Qua4 trinh t6i wu clia Gradient Boosting c¢6 thé hiéu 12 tim day mé hinh 4, d€ cuc
ti€u héa ham mét mét tdng thé:

N
rrgni;L(y,-,F(x,-)), (1.12)

trong d6 L(y;, F(x;)) 12 ham mit mat, thudng 14 sai s6 binh phuong dbi véi hdi quy

hoic log-loss d6i véi phén loai.

XGBoost (Extreme Gradient Boosting) 13 phién ban cai tién manh mé cda Gradi-
ent Boosting do Chen va Guestrin (2016) phat trién. Thuét todn nay bs sung céc co
ché t6i vu nhu:

« Regularization: thém thanh phan phat L; /L, dé€ kiém soat do phic tap ciia cy,
gitp giam overfitting.

» Shrinkage: sit dung hé s6 hoc nhd d€ c4p nhét din mé hinh, tranh c4p nhat qua
manh.

 Column Subsampling: chon ngu nhién mot phan dic trung tai mdi ciy, ting
tinh da dang tuong tu Random Forest.

« Parallelization: t6i uu hoa tinh toan trén GPU hoic multi-core CPU, gitip huén
luyén nhanh hon nhiéu so véi Gradient Boosting truyén thong.
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XGBoost duge xem 14 mdt trong nhitng thuit toin manh nhit trong cic cudc thi
trén Kaggle va dugc tng dung rdng rii trong thuc té, dic biét 12 c4c bai toan du
doén gi tri lién tuc nhu thoi gian di chuyén (ETA), tiéu thu ning lugng, hay gid tai
chinh. Trong bai todn ETA, XGBoost c¢6 kha ning mé hinh héa tbt cac quan hé phi
tuyén giita dic trung khong gian — thoi gian, déng thdi van dédm bio tdc d§ huén
luyén cao va khi ning giai thich tuong dbi tét théng qua cac chi sb tim quan trong
dic trung (feature importance) hodc gia tri SHAP.

Cde dic tinh ciia Gradient Boosting va XGBoost c6 thé khdi qudt nhu sau:

« Dién manh: Hiéu ning du doin cao; khi ning md hinh héa phi tuyén tot; hd
trg regularization va song song hoa; hoat ddng hiéu qua véi dit li€u vira va I6n;
cung cap thudc do quan trong cta dic trung (SHAP, gain, cover).

s Diém yéu: Nhay cam v6i tham sb siéu (learning rate, depth, sd cay); dé qué
khép néu khong diéu chinh tét; khé dién gidi khi sb-cdy 16n; thdi gian huin
luyén cao hon mé hinh tuyén tinh hodc kNN.

Nh3 sy cin bing giita hidu qui dut dodn, tbc d6 va kha niing giéi thich, XGBoost
thuding dugc sit dung 1am mé hinh chii dao (baseline model) trong nhiéu nghién ciu
va ¥ng dung du doén thdi gian di chuyén (ETA) trudc khi so sdnh véi cdc mo hinh
hoc sdu nhu LSTM hay Transformer [19, 26].

Su trdi déy clia cic phuong phip ensemble gidp nang cao hiéu suit cao cta cdc
hé théng du bio ETA. Pic biét 1a XGBoost, di dénh ddu mdt budc ngodt quan trong.
Chiing dai dién cho cédch hoc “hdp den”” manh mé véi kha nidng “hgp tan” (black-box)
trong khi budc vao xit Iy nguyén chu theo siu. Tuy nhién, thanh c6ng nay ciing di kem
v&i mot sb danh d6i: kha ning dién gidi gidm. Trong khi cic mo hinh thing tuyén tinh
thudng rit minh bach—hoc gid ¢ thé biét tm quan trong va hudng tic dong ciia dic
trirng mot céch truc tiép—thi mot md hinh XGBoost bao gdm hang trim cdy quyét dinh
lai gin nhu khong thé dién gidi truc tiép. Khong dé d€ trd 18i cau héi “Tai sao md hinh du
dodn chuyén xe nay sé tré 10 phiit?”. Sy minh bach bi han ché 1a mét tr8 ngai trong cic
hé théng quan trong va c6 yéu ciu giai thich, noi cdc nha quén Iy cn hiéu nhiéu nguyén
nhan clia sy cham tré dé€ c6 thé can thiép mot cach hiéu qui. Khoéng tréng vé kha ning
dién gidi nay da tryc tiép thuc ddy sy ra doi va dp dung rong rai ciia cic phuong phap
giai thich mé hinh hiu kiém nhu LIME vi SHAP. C6 thé thdy, v6i nhiing di€m yéu nay
ciing khoéng khéc céc mo hinh hop den khac, nhung chinh hiéu qui du dodn vuot trdi da
gitip XGBoost trg thanh la chon hang d4u trong nhiéu hé thdng dy bdo thdi gian.
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1.3.2  Ung dung mé hinh hoc séu

Hoc sdu di tao ra mot cude cdch mang trong nhiéu linh vyc, va dy béo giao thong
ciing khong ngoai 18. Céc kién tric mang no-ron siu ¢4 kha ning tu dong hoc céc biéu
dién dic trung phifc tap tit dit lidu tho, dic biét 12 cdc méu hinh khong—thdi gian—thach
thifc 16n d6i véi cic phuong phap truyén thong.

a) Mang B6 nhd Dhi—NgE’ln han (Long Short-Term Memory - LSTM).

LSTM 12 mdt bién thé dic biét ciia mang nd-ron hdi tiép (Recurrent Neural Network
— RNN), dugc Hochreiter va Schmidhuber d& xuft nim 1997 nhim khic phuc vin
d@ vanishing gradient trong qud trinh huin luyén chubi dai. Khic v6i mang RNN
truyén théng, LSTM dudc thiét ké véi cd ché “bd nhd” giip luu giit thong tin quan
trong trong chudi dif liéu theo thdi gian dai, dong thdi loai bd céc thong tin khong
cin thiét thong qua cc cbng diéu khién (gates).

Trong bai todn du dodn thoi gian di chuyén (ETA), dif liéu thudng c6 tinh chudi
manh (vi du: vi tri GPS lién tuc, véan tdc theo thdi gian, hoic ludng giao thong theo
phiit). Do d6, LSTM trg thanh mét trong nhiing mo hinh hoc siu hiéu qua nhét d€
hoc cdc quan hé phu thudc theo thdi gian (femporal dependencies) trong dit liéu.

Mot khéi LSTM dién hinh bao gém ba cdng chinh:
« Cong quén (Forget Gate) — xic dinh thdng tin nio tir trang thi trudc cin duge
loai bo.
» Cong dau vao (Input Gate) — quyét dinh thong tin méi nao duge thém vao b
nhd.
« Céng dau ra (Output Gate) — xdc dinh thong tin ndo dugc st dung d€ sinh ra

dau ra hién tai.

Céc phuong trinh tinh todn cia mét don vi LSTM tai thoi diém ¢ dugc md ta nhu

sau:
fi = 6(Welhi—1,%] +by), (1.13)
ir = o(Wilhe—1,%] +bi), (1.14)
C; = tanh(W,[h;—1, %] +bc), (1.15)
C=fixGa+ixG, (1.16)
0r = & (Wolhu—1,%] + bo), (1.17)
ht =0 * tanh(Ct), (118)

trong do:
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e x;: dAu vao tai thoi diém 7 (vi du: dic trng GPS, tbc dd, thdi tiét),
* h;_1: dau ra 4n tit budc trudc,

e C;: trang thai bo nhd tai thoi diém ¢,

o f,,ir, 04 gid tri clia cdc cdng quén, diu vio va déu ra tuong dng,

e W, va b,: ma trin trong sb va vector bias clia ting cong,

« &: ham sigmoid, tanh: ham kich hoat phi tuyén.

Nho kha ning ghi nhé va hoc cdc méu phu thude dai han trong dit liéu chubi, LSTM
thudng dudc sit dung dé€ du bao chudi thdi gian, nhan dang giong ndi, va dic biét la
dy doén thoi gian dén (ETA) trong giao thong théng minh. Mét bién thé phé bién
khic 13 Bi-directional LSTM (BiLSTM), cho phép m6 hinh hoc quan hé theo ca
hai chiéu thdi gian (qué khit va tuong lai), cai thién d6 chinh xéc trong cdc tdp di
liéu c6 bbi canh phuc tap.

Cdc ddc tinh ciia phitong phdp LSTM c6 thé khdi qudt nhu sau:

e Diéin manh: M6 hinh héa hiéu qua dit liéu chudi ¢6 phu thudc dai han; xtt 1y 5t
céc tin hiéu dong theo thsi gian; thich hgp cho dif liéu ¢6 thit tt nhu GPS, van
téc, hay mét do giao thong; hoat dong t6t khi két hop véi CNN hodc Attention
d€ trich xuét dic trung khéng gian—thdi gian.

o Diéin yéu: Chi phi huin luyén cao; khé didu chinh siéu tham sb; d& overfitting
khi dit liéu huin luyén nho; kha ning song song héa thip so véi cdc kién tric
Transformer.

Trong céc nghién ciiu hién dai vé ETA, LSTM thudng déng vai tro 1a nén tang cho
nhiéu mo hinh k&t hop, ching han nhu ST-NN (Spatio-Temporal Neural Network)
hoic DeepTTE (Deep Travel Time Estimation) — trong d6 LSTM dugc diing dé€
xit 1y chudi dic trung theo thdi gian, trong khi cdc ting CNN hodc Attention dim
nhiém phéan trich xuft dic trung khong gian. Diéu nay giip mé hinh dat do chinh
xéc cao hon déing k€ so véi cac phuong phap hoc mdy truyén théng nhu Random
Forest hodc XGBoost [27].

b ) Mé hinh Transformer va Co ché Chii ¥ (Attention-based ETA Models).

Transformer 13 mot trong nhitng kién tric mang no-ron hoc siu tién tién nhit hién
nay, dudc Vaswani va cdng su (2017) gidi thiéu trong cong trinh “Attention Is All
You Need”. Khic véi cdc m6 hinh hdi tiép (RNN, LSTM) dua vio lan truyén trang
thai tudn tu, Transformer dya hoan toan trén co ché Self-Attention d& ndm bit mbi
quan hé giita cic phan i trong chudi dif liéu ma khong can xit Iy theo thif ty thdi
gian cb dinh.
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Trong bai todn du doan thdi gian di chuyén (ETA), Transformer vi cdc bién thé dua
trén Attention nhu DeepETA, ST-Transformer, hay TETA (Transformer-based ETA)
da cho thiy hiéu ning vuot troi so v6i cic mo hinh truyén théng va LSTM, dic biét
trong viéc hoc cdc quan hé khong gian—thdi gian phitc tap tit dit liéu GPS, ban dd
va tin hiu giao thong.
CG ché Self-Attention cho phép md hinh danh gid mic d quan trong tudng dbi gita
céc phén & trong chudi diu vio. Cho ma trén dau vao X = [x,x2,...., %y}, cdc vector
truy vin (Q), khéa (K) va gia tri (V) dugc sinh ra thong qua phép bién ddi tuyén
tinh:

Q0=XWy, K=XWg, V=XW, (1.19)
trong d6 Wp, Wk, Wy la cic ma tran trong s& dugc hoc. Trong sb chii ¥ (attention
weights) dugc tinh bing:

Attention(Q, K, V) = softmax (QKT> 1% (1.20)
? ? \/‘i_k ? .

v6i d, 12 kich thudc vector khéa. Co ché nay cho phép md hinh tip trung vao céc
phién tit dAu vio c6 lién quan nhit dén diém du dodn hién tai.

Trong thuc t&, kién triic Transformer thudng gdm nhiéu 16p Multi-Head Attention,
mdi 16p hoc mot khong gian biéu dién khic nhau clia mbi quan hé gita cic diém
dit liéu. Ngoai ra, céc thanh phin nhu Position Encoding duge thém vao dé cung
cAp thong tin v& thit tu thii gian cho chudi diu vio, vén bi mit di do tinh chat song
song cua Transformer.

ﬂ'ng dung trong ETA: Cic md hinh nhu DeepETA (Google, 2020) va TETA (Bai
et al., 2021) m& rong Transformer d& hoc dong thoi dic trung khdng gian va thoi
gian. DeepETA két hop cic ting LSTM va Attention d€ md hinh héa chudi GPS cia
phuong tién, trong khi TETA st dung hoan toan kién tric Transformer, khai thic
mdi quan hé dai han giita cic diém GPS, thdi gian va diéu kién giao thong. Két qua
thuc nghiém cho thiy TETA dat gidm RMSE t6i 18% so v6i DeepTTE va 25-30%
s0 v6i cdc mo hinh hoc mdy truyén théng.

Cdc diic tinh ciia phuong phdp Transformer / Attention-based ETA c6 thé khdi qudt

nhu sau:

e Piém manh: Kha ning hoc phy thudc dai han vugt trdi; xii 1y song song tot; mo
hinh héa quan hé khong gian—thdi gian hiéu quéa; dé mé rong trén di liéu 16n;
dat d6 chinh xdc cao trong ETA thic té (Google Maps, Grab, Uber).

e Piéin yéu: Doi hoi dit liéu va tai nguyén tinh todn 16n; khé gidi thich két qu;
yéu cu tinh chinh nhiéu siéu tham sb; dé qua khép néu dit liéu khong di da
dang.
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Nh& co ché Attention linh hoat va kha ning xit 1y song song, Transformer di trd
thanh nén ting clia hiu hét cic md hinh ETA hién dai. C4c nghién ctitu gan ddy con
md rong hudng nay sang cac bién thé nhu Graph Transformer Networks (GTN) hay
Spatial-Temporal Transformer, cho phép hoc tric tiép trén dd thi giao thong thuc,
md ra trién vong 16n trong viéc dit doan thoi gian di chuyén chinh xéc trong bbi
cénh d6 thi théng minh [20, 21, 22, 23, 24].

Céac md hinh hoc siu nhu LSTM va Transformer d3 danh diu budc tién vugt bac
trong bai toan dy dodn thdi gian di chuyén (ETA), nhd kha ning hoc biéu dién phi tuyén
phiic tap va khai thac dong thdi mdi quan hé khong gian — thoi gian trong dit liéu giao
thong.

LSTM thé hién vu thé rd rét trong viéc xit ly chudi dit liéu c6 tinh lién tyc theo thoi
gian, dic biét khi mé hinh cin ghi nhé cdc trang thai qua khit dai (nhu chudi GPS, tbc
d6 di chuyén, hosic ludng xe theo phiit). Véi cu triic cdng bd nhd (forget, input, output
gates), LSTM duy tri cin bing gitfa viéc luu giit va quén thong tin, giip md hinh héa
chinh xdc cdc quan hé phu thudc dong hoc trong qua trinh di chuyén. Tuy nhién, han
ché chinh ctia LSTM 1a kh3 niing song song héa thip va chi phi tinh toan cao khi d6 dai
chuéi ting, lam gidm hiéu qua trong c4c hé thong ETA quy m6 16n.

Ngudc lai, Transformer va cac bién thé dua trén Attention nhu DeepETA, TETA
hay ST-Transformer di khic phuc diém yéu niy bang cich loai b6 lan truyén tuin tr va
thay thé bing cd ché Self-Attention. Nhd d6, Transformer ¢6 thé hoc quan hé giita moi
diém di liéu trong chudi ciing hic, gidp ting téc do huin luyén va dat d6 chinh xdc cao
hon trong cdc bdi canh giao théng phifc tap. Cu tric song song clia Transformer dic
biét phit hop véi dit liéu 16n va da ngudn (GPS, cam bién, ban dd, thdi tiét), ddng thai
cho phép tich hop tbt hon véi cédc kién tric hién dai khéc nhu Graph Neural Networks
hodc Multi-head Attention.

1.4 Dé xuht phuong hudng
1.4.1 Khai phd dit liéu trong bai todn du dodn thoi gian di chuyén (ETA)

Trong bbi canh giao thong db thi phc tap, ky thuat khai phd dit liéu giit vai tro nén
tang d€ dv don chinh xdc thai gian di chuyén (ETA). Hé thong ETA hién dai cAn khai
théc khéi Iuong di liéu 16n va da dang v& khong gian—thdi gian, it dit lisu GPS/AVL
ctia phuong tién, cim bién giao thong, thai tiét dén ban do sb va su kién dic biét. Viéc
tich hop nhidu ngudn dit lidu gitip mod hinh ETA bao quét diy di cic yéu td 4nh hudng;
nghién citu cho thiy viéc dua thém yéu & ngoai cnh nhu thai tiét hay sy kién (vi dy: 18

hi, tai nan) vao md hinh da ci thién dang k€ d6 chinh xéc di bao.

Ngugc lai, céch tiép can chi dua trén mot loai dif liéu thudng bo sét tuong quan 4n
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giita cac ddi tuong giao thong. Do viy, khai phé dif liéu da ngudn trd thanh chia khéa dé
md hinh nim bit mbi quan hé tiém 4n trong hé théng giao thdng phic tap.

Bén canh d6, dit liéu thu thap thd thudng nhiéu va khéng ddy du; néu khéng dugc
xtt Iy, ching c6 thé din dén suy ludn sai 1éch. Khai pha dit liéu dam bao 5V cia dif liéu
16n (Volume, Velocity, Variety, Value, Veracity), dic biét 1a tinh dung din (veracity) clia
dit liéu — yéu t then chbt quyét dinh hiéu qué cia cac md hinh théng minh.

Tém lai, khai phd dif 1iéu dit nén méng cho toin bd quy trinh ETA: tir chuin bj dit
liéu ddu vao chit lugng dén kham pha kién thifc 4n, gitip md hinh mdy hoc du béo thdi
gian di chuyén mot cdch tin cdy va hiéu qua.

Quy trinh khai ph4 dit liéu cho bai todn ETA c6 thé chia thanh cdc nhém budc
chinh nhu sau:

a) Thu thip va tich hgp dir liéu da nguon Dit liéu GPS/AVL cung cip quy dao chi
tiét theo thdi gian thuc; cam bién giao thong do dém luu lugng va toc dd dong xe;
dit liéu thai tiét va su kién phan 4nh diéu kién moi trudng. Viéc tich hgp nay doi hoi
dbng bo thoi gian va khong gian, tao ra bic tranh toan canh vé giao thong. Cac hé
théng nhu MDTP di chiing minh hiéu qui khi két hgp nhiéu ngudn quy dao khéc
nhau.

b) Lam sach va xi Ij dit liéu bét thuong Dit lidu giao thong chifa nhiéu GPS, diém
ngoai 1& hodc thiéu s6t. Cc ky thuit nhu bd loc Kalman, trung binh trudt hodc mé
hinh hoc mdy dudc sit dung dé loai bd sai sb va dong bd hoa dit liéu thai gian-khong
gian. Khi dit liéu bi thidu, cic phuong phép ndi suy hogc dién khuyét dudc dp dung
d€ bao dam tinh nhét quén.

¢) Map-matching va khai thac quy dao (trajectory mining) Sai s6 dinh vi GPS
khién toa d6 c6 thé 1éch khéi dudng thuc té. Thuit todn Markov 4n (HMM) hoic
cong cu mi ngudn md Valhalla duge sif dung d€ 4nh xa diém GPS 1én doan dudng
kha di nhét, tai tao hanh trinh thuc té. Sau d6, ky thuit phin cum khong—thdi gian
nhu ST-DBSCAN gitip phét hién cum quy dao tuong dong va loai bd hanh trinh dj
thuong.

d) Tao dac trung (Feature Engineering)

Qua trinh tao dic trung (Feature Engineering) déng vai trd quan trong trong viéc
nang cao hiéu qua ciia md hinh du do4n thdi gian di chuyén. Dy 12 giai doan nhdm
b sung céc thong tin tiém An khong c6 sin trong di lidu gdc, ddng thdi tinh loc va
t8 chiic lai cdc bién dAu vao theo hudng gitip m6 hinh hoc tbt hon mébi quan hé gitta
cic yéu t dnh hudng dén thdi gian di chuyén.
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e) Phat hién miu va hra chon diic trung

Trudc khi dua vao huin luyén, tip dit liéu dwdc 1am sach va tinh chinh dé€ loai bo
céc ban ghi bit thudng, ching han nhu cdc chuyén di cé thdi lugng qué ngén hoic
qué dai, hoic tdc do trung binh vugt mic gidi han cho phép. DPong thoi, budc hra
chon dic trung (feature selection) dudc tién hanh dya trén phén tich tim quan trong
vA tuong quan giita cdc bién. Cac dic trung ¢ mifc dnh hudng thap nhu vendor_id
hay passenger_count dugc loai bd, trong khi cdc dédc trung tuong quan cao chi
giit lai mot bién dai dién nhit main_street_ratio d€ tranh tring lip thong tin.

Sau qud trinh xit 1y, tap dic trung cudi cang dugc rit gon con khoang 11 bién c¢6 gid
trj théng tin cao nhit. Cic dic trung nay bao gdm cé thong tin tinh (nhu ciu tric
dudng, diém dén va di€m trd) va thdng tin dong (nhu thoi gian, mét do giao thong,
thdi tiét), gitip md hinh c6 cdi nhin toan dién hon vé bdi cénh di chuyén.

Cic dic trung sau khi dugc tao ra dugc chuin héa va mé hoa (encoding, normal-
ization) nhim dam bao ddng nhit vé ty 1& gid tri va ting hiéu qua hufn luyén cia
mo hinh. Viée x4y dung mot hé théng dic trung gidu thong tin va ¢ khé ning khdi
quit cao 1i yéu t6 then chét gidp cii thién dd chinh xdc ciia m6 hinh du dodn thai
gian di chuyén.

Nho 4p dung quy trinh khai pha dit liéu mot cach bai ban, dd chinh x4c va hiéu
ning ciia hé théng ETA d6 thi dugc céi thién ro rét. Viéc tich hop da ngudn dif liéu gidp
giam sai s6 du béo; dif liéu sach va dong bd gitip md hinh trénh bi nhiéu. Ngoai ra, quy
trinh xt 1y hdp 1y con dam bio khé ning du bdo gin thi gian thyc trén quy md hang
chuc triéu ban ghi moi ngay.

Tém lai, k¥ thuét khai phd dit liéu déng vai trd trung tim trong toan bg chudi du
béo ETA. Su két hop giita khai pha dit lidu chét lugng cao va cdc mé hinh hoc mdy hién
dai hia hen mang lai hé thdng du bdo thdi gian di chuyén ngy cang chinh xéc, thich ding
va ding tin cdy trong tucng lai.

1.4.2 Sw dung hoc mdy két hop Ensemble Learning

Qua t8ng quan cic phuong phap di trinh by, cé thé nhan thiy ring méi hudng tiép
can — tit cic md hinh hoc mdy truyén théng nhu kNN, CART, Random Forest cho dén
c4c mo hinh hoc siu hién dai nhu LSTM v Transformer — déu mang nhiing wu diém va
han ché riéng. Cdc mé hinh hoc siu cho phép hoc biéu dién khong gian-thsi gian phic
tap, song doi hdi lugng dd liéu huin luyén 16n, tai nguyén tinh todn cao va khé giai thich
két qua. Trong khi d6, cic m6 hinh truyén théng c6 khé ndng trién khai nhanh, dé dién
gi4i nhung doi khi bi gidi han vé @9 chinh xdc trong cc quan hé phi tuyén phic tap.

Trong bdi canh d6, thuit toan XGBoost (Extreme Gradient Boosting) dudc lua
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chon 1am md hinh d& xuft cho dd 4n vi dat dudc su cdn bdng t6i wu gilta hidu suit
dy doan, d6 phiic tap tinh todn va kha nang giai thich. XGBoost 1a mét phuong phap
ensemble learning thudc nhém Boosting, két hop nhiéu ciy quyét dinh yéu thanh mot
md hinh manh bing cich huin luyén tuin tu va gidm dan sai sb cla cdc vong trude. So
vi Random Forest (dua trén Bagging), XGBoost khdng chi gidm phuong sai ma con t6i
uu sai Jéch (bias) théng qua co ché hoc c6 trong sb, gitp céi thién ddng k€ 46 chinh x4c.

V& mit ky thuat, XGBoost ap dung chién lugc gradient boosting v6i ham mat mat
kha vi, co ché regularization (L1, L2) dé ki€m sodt d6 phic tap mé hinh, va ky thuat
shrinkage (learning rate) gitip tranh hién tugng qué khdp. Bén canh d6, khd ning xit ly
dit liéu thiéu, hd trg song song héa, va tinh mé rong tot trén cic tap di lidu 16n gitip
XGBoost dic biét phil hop v6i cic bai todn dy dodn thdi gian di chuyén (ETA) sit dung
dit liéu giao thong thuc té.

Mot vu diém quan trong khac clia XGBoost 1a khé ning ddnh gid tdm quan trong
ctia ddc trung (feature importance), giip mo hinh khéng chi dua ra dy dodn chinh xéc
ma con cung cp thong tin hitu ich v& yéu & nao inh hudng manh nhét dén thai gian di
chuyén (vi du: khoéng céch, thdi gian trong ngay, tinh trang giao thong). Diéu nay rat c6
gid tri trong bdi cinh nghién cifu, nai viéc dién gidi két qui va x4c dinh yéu t6 tic dong
12 can thiét.

Cuéi ciing, dé khai thac téi da tiém ning cia XGBoost, d6 4n nay két hgp phuong
phép v6i cac k§ thuit tao va chon diic trung (feature engineering) nhim nang cao kha
ning bi€u dién dit liéu d4u vao. Qu4 trinh nay bao gdm trich xuft cc dic trung khong
gian—thdi gian (vi du: khodng céch Haversine, thai di€ém trong ngay, ngay trong tuin),
két hop dic trung dinh tuyén (OSRM), va loai bd céc bién it dnh hudng dua trén phéan
tich tuong quan. Su két hop gitta mot md hinh ensemble manh mé va mdt pipeline dac
trung dudc thiét ké cin than ky vong sé mang lai hiéu niing du dodn cao, on dinh va cé
thé gii thich dudc — d4p ting tbt muc tiéu ctia d6 4n vé dy dodn thsi gian di chuyén cho
dit liéu taxi do thi.

1.5 Két luin chuong

Chuong 1 di hoan thanh viéc gidi thiéu khai quat vé bai todn dy doén thdi gian
di chuyén uéc tinh (ETA), cic ting dung thyc té va tdng quan vé cdc phuong phdp gidi
quyét, tit théng ké truyén théng dén hoc séu hién dai. Cic mod hinh théng ké kinh dién
nhu ARIMA/SARIMA v B loc Kalman bi han ché bdi gia dinh vé tinh tuyén tinh cla
dit liéu, khién ching khong thé nim bit dide cac mbi quan hé phi tuyén phic tap vn
c6 trong giao thdng do thi. Trong khi d6, cic kién tric hoc sdu (GNN, Transformer) mic
di manh mé trong viéc X1 1y cic mAu hinh khong—thdi gian phic tap, lai thuong doi hoéi
tai nguyén tinh toan va dit liéu 16n d€ huén luyén. Hoc ting cudng Gradient (GBM), dic
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biét 12 phién ban t6i uu XGBoost, ndi bat 1&n 12 mo hinh dugc wu tién hang diu nhd kha
ning md hinh héa cdc mbi quan hé cyc ky phife tap va thudng xuyén dat dudc dd chinh
x4c hang diu trong cic bai todn dy bio.

Dé xit Iy khéi lugng dit liéu khdng 16, GBM di dugc md rong thanh cdc hé thong
phan tin, chiing minh kha ning md rong quy md 1én hang trdm GB di liéu va dat do
chinh x4c vuot trdi so véi cac mé hinh hdi quy tuyén tinh hodc mang nd-ron truyén théng
trong dit bio ETA. Thanh cong nay dugc xiy dung trén nén ting cla ky thuét khai pha
dit liéu bai ban, bao gdm viéc thu thap, 1am sach nhiéu GPS, x ly ghép ban do (Map-
matching), va tao dic trung khong—thdi gian chét lugng cao, nhim cung cip dif liéu dlu
vao tin cdy cho mé hinh hoc may.

Tém lai, hiéu qui dy dodn vugt trdi, kha ning x{ 1y phi tuyén, va tinh md rong
clia Gradient Boosting phén tan 1a cd s3 viing chic dé chuyén sang Chuong 2, ndi sé tip
trung chi it vio k¥ thut khai pha di¥ liéu va 4p dung Mb hinh du doén XGBoost d&
x4y dung mo hinh du bdo thdi gian van chuyén hanh khéch.
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CHUONG 2: HUAN LUYEN MO HINH DU BAO THOI GIAN VAN TAI HANH
KHACH

Chuong nay trinh by quy trinh huAn luyén mo hinh dy bdo thdi gian vén tai hanh
khéch st dung thuét todn XGBoost, bao gdm céc budc khai pha dit liéu khong-thdi gian,
x4y dung dic trung, lua chon mé hinh, tinh chinh siéu tham sb6 va danh gia hiéu suit.
Muc tiéu 1a thiét 1ap nén ting k¥ thudt vitng chic d€ phan tich két qua va rit ra két ludn
trong Chuong 3.

2.1 Ky thuat khai pha du liéu

Trén cic bd dit 1iéu NYC Taxi (Trip Duration, Taxi Fare), nhiing 161 giai dat thi
hang cao trén Kaggle déu nhin manh mét quy trinh khai phd dif liéu chat ché, két hgp
tdi chu tric qu§ dao, nit gon hinh hoc, 13m giu ngl cdnh khéng—thdi gian va bd sung
thdng tin mang ludi dudng. Muc tiéu clia quy trinh 1 chuyén déi toa d6 GPS va mbc
thoi gian thd thanh mot khéng gian dic trung gidu ¥ nghia, dn dinh phuong sai va c¢d kha
ning khéi quat trén cac didu kién giao thdng khic nhau. Noi dung dudi diy hé thong hod
c4c bube chinh va nhém dic trung cbt 16i di chitng minh hiéu qua trong thuc nghiém
[29, 15].

2.1.1 Xuly ghép bdn dé — Map matching

Dit liéu GPS db thi chiu anh hudng nhiéu da ngudn, do dé can 4nh xa cdc diém
quan sat 1én dd thi dudng thuc (road network) dé khit léch vi tri va khoi phuc tuyén
dudng hop 1y. Cach tiép cin phd bién 12 m6 hinh 4n Markov (HMM), trong d6 mdi diém
GPS dudc quy chiéu sang mot tap ding vién canh dudng véi xdc suit phét xa phu thude
sai sb do, con xdc suit chuyén tiép phan 4nh rang budc hinh hoc va dong hoc giita céc
canh ké nhau [11].

Bén canh dnh xa HMM, céc 13i gidi didng hang cao con khai thac cac dich vu dinh
tuyén mi ngudn mé (vi du OSRM) d€ suy ra céc dai lugng theo mang ludi, nhu thoi gian
14i xe tbi uu, chidu dai 16 trinh theo dudng, sb 14n ré, sb mit giao va sb dén tin hiéu trén
tuyén. Nhiing bién nity mang tinh dién gidi cao hon khoang cdch dudng chim bay, gitip
md hinh tiép cin gin hon véi chi phi thdi gian thyc t€ [13].

2.1.2 St dung thudt toan Ramer-Douglas—Peucker

Sau ghép ban dd, quj dao van c6 thé day dic diém. Thuét todn Ramer-Douglas—
Peucker (RDP) dudc 4p dung d€ nén hinh, gif lai tip diém “xuong sdng” dai dién cho
hinh dang tuyén véi sai s6 bién kiém soat dugc. Viée rit gon nay 1am gidm do phic tap
tinh todn cho cic phép suy luin theo mang 1uéi, dong thdi cai thién tinh dn dinh cia céc
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dic trung hinh hoc (géc phuong vi, d6 udn khiic, chi s6 ngodn ngoéo) trude nhiéu vi tri
cuc bd [12].

2.1.3  Bién doi dit liéu va tao ddc trung méi

Céc dic trng khong gian cd ban thudng bit diu tir khodng cach hinh hoc gila
diém dén va trd. Khoang céch haversine mo ta do dai cung tron trén mit cu, trong khi
khoing cdch “Manhattan” (taxicab distance) xap xi bt cho Iudi phé tryc giao ciia New
York. Géc phuong vi (bearing) chuin hod hudng chuyén dong, con ty sb thing tuyén
(khoang cach dudng thang chia cho dd dai 16 trinh theo mang) phan dnh mic d6 ngoan
ngozo. Trong bbi cinh thanh phb ¢ nhidu diém hip din (POIs) anh hudng ludng xe,
khodng céch tdi cdc san bay 16n (JFK, LGA, EWR), trong tim Manhattan hay trung
tAm thuong mai dude sit dung nhu bién ngit canh cb dinh. Céc bién nhi phin nhan dién
“chuyén sin bay” gidp mo hinh hoc céc ché d6 lvu thong dic thi [30].

Céc dic trung thdi gian déng vai trd truc chinh d€ mé hinh hoé chu ky giao thong.
Thuc hanh tdt bao gdm tich gid trong ngdy, ngly trong tudn, thang trong nim; ma hod
cac khung gid cao diém sang/chiéu; thém cd ngay cudi tudn va ngay nghi 1€ theo lich
Hoa K¥; v3, khi sin c6, két hop didu kién thoi tiét ddng bd theo mdc thdi gian (nhiét do,
lugng mua/tuyét, gié). Nhidu 16i gidi 4p dung bién ddi logIp cho bién muc tiéu thdi gian
nhim &n dinh phén phéi 1éch phai va gidm 4nh hudng ngoai lai, dong thoi chudn hod
hodc chudn vi (standardization) cho cic thiéc do khoang cich d€ ting hiéu qua t6i wu
hoa.

Pic trung theo mang luéi dudng cho thdy déng gép ndi trdi khi du bao thdi gian.
Bén canh thdi gian va cu ly 14i xe theo OSRM, s6 14n & trdi/phai, sb mit giao va sb phan
doan dudng (segments) trén tuyén 14 cac bién gin tryc tiép véi chi phi tré thuc té. Tai cdc
niit giao day dic, thém proxy cho mét d6 dén tin hiéu hodc gidi han tbc dd mic dinh theo
phén loai dudng cang tang tinh mo ta ctia mo6 hinh [14].

Pic trung mat do—dém (counting features) duge xay dung bing cach phin manh
khong gian theo lwdi déu, geohash hoic cum K-means trén toa d§ dén/trd. Vi mdi &
hodc cum, ta tinh céc thdng ké lich sit nhu s chuyén, tdc dd trung binh, thdi gian trung
vi theo khung gi%; nhiing bién nay thé hién nén tic nghén cyc bd va xu thé theo thdi gian
[16]. K§ thuit “dém c6 diéu kién” (vi du dém sb chuyén trong ciing gid va cliing cum)
gitip mé hinh phat hién hiéu Ung ti cuc bo.

Pic trung phan cum con duge tin dung 6 midc cao hon bing cich gin nhin cum
cho diém dén va tra, rdi xiy dung tuong tac “cidp cum” (origin cluster x destination
cluster). Cach 1am niy cho phép mé hinh hoc c4c tuyén OD phd bién nhu “Midtown —
JFK” v6i hanh vi thoi gian 6n dinh. Khi cAn tinh gon, geohash & nhiéu d6 phan gii déng
vai trd phan cip khong gian, b8 sung hiéu dng da ti 1& cho md hinh.
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Céc dic trung tuong tic dudc hinh thanh cé chi dich nhim ndm bit phi tuyén
giita khong gian va thoi gian, tiéu bi€u nhu tich sd ciia khodng cich véi cO gid cao
diém, hodc tuong téc gita cit ly theo mang va lwgng mua. Viée thém céc ty sult tde do
(distance /duration) lich st theo 6 khong gian-thdi gian cling gitp rang budc dy béo vao
bbi canh giao thong dia phuong. Cubi cing, d€ gidm rii ro ro ri dit liéu, moi déc trung
dua trén thdng ké lich st can tinh trong khung thdi gian qud khit so vdi ban ghi muc tiéu,
va cdc phép chudn hoa phai 16ng trong quy trinh chia train/validation [17].

2.1.4 Phan tich moé ta va tinh tuong quan ddc trung

Sau khi hinh thanh khong gian dic trung, phén tich mé ta gidp thdm dinh truc quan
phén phdi va phat hién ngoai lai, trong khi phén tich tuong quan dinh lugng déng vai
trd sang loc. Hé sb tuong quan Pearson hitu ich v6i quan hé tuyén tinh sau cic bién ddi
log, con mutual information va d6 quan trong hodn vi (permutation importance) pht hgp
hon cho quan hé phi tuyén. Trong thyuc nghiém véi XGBoost, viéc dién gii thong qua
SHAP values cho thiy cac dic trung theo mang luéi (thdi gian/dd dai 16 trinh OSRM),
hudng chuyén dong, chi bdo gits cao diém va cum khéng gian thudng xép hang cao vé
mitc déng gdp, trong khi cac bién ngit cinh nhu thdi tiét va sin bay gia ting 6n dinh cho
nhitng tuyén c6 hanh vi khac biét. Cac két qua nay ciing cb luan diém ring két hop dic
trung hinh hoc, khdng gian phan cip, ngit canh thdi gian va thong tin luéi dudng la chia
kho4 d€ t6i wu hod du bdo ETA trén dit liéu NYC [18].

2.2 Mo hinh du doan XGBoost

XGBoost (Extreme Gradient Boosting) 1a mét thuat todn hoc mdy manh me thudc
ho mé hinh boosting, dugc thiét k& nhim nang cao hidu suét dy bdo thdng qua viéc két
hop nhidu mo hinh yéu (weak learners), thudng 1a céc ciy quyét dinh nhd, thanh mét mo
hinh t8ng hop ¢6 ning Iuc khai quat héa vudt trdi. Trong bai todn du doén thdi gian di
chuyén (ETA), XGBoost dic biét hidu qua vi c6 thé hoc dude cdc mdi quan hé phi tuyén
phifc tap gitta cic dac trung khong-thdi gian, nhu tucng tic gilta diéu kién giao thong,
vi tri dia Iy va khung thdi gian. M6 hinh nay d4 chiing minh wu thé 13 rét trong nhiéu bai
toan Kaggle vé trip duration prediction v taxi fare estimation [29].

2.2.1 Nguoén gbc mé hinh

XGBoost dugc phat trién bdi Tiangi Chen va Carlos Guestrin vao nam 2016 trong
bai bdo “XGBoost: A Scalable Tree Boosting System™ [10]. M6 hinh nay dugc xem la
phién ban cai tién va mé rong cta Gradient Boosting Machine (GBM) truyén théng do
Friedman dé xut nim 2001. Muc tiéu chinh ciia XGBoost 12 téi tu héa tdc d6 huin
luyén va kha ning md rdng trén céc tap dif liéu 16n, dong thdi duy tri dd chinh xdc cao
théng qua co ché chuén héa (regularization) va xit Iy song song.
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Khoéng gibng cdc md hinh boosting trude d6 chi tip trung vao d6 chinh xdc, XG-
Boost dudc thiét k& véi dinh hudng hé thdng (system optimization) toan dién. Cu thé, né
khai thac ki thuét song song héa trong qu trinh xay dung cdy, t6i uu bd nhd thong qua
block structure va hé trg ca CPU 1an GPU dé€ ting tbc tinh toan. Chinh nhd khé ning
nay, XGBoost nhanh chéng tré thanh thuit todn tiéu chudn trong cdc cudc thi hoc mdy
quy md 16n nhu Kaggle, nci ma téc d6 huén luyén va do chinh xdc déu 1a yéu tb quyét
dinh [14, 30].

Ngoai ra, XGBoost h trg nhiéu dang bai toan khac nhau, bao gém hoi quy, phan
loai, xép hang va du bdo chudi thdi gian. Trong linh vuc giao théng, m6 hinh nay dugc
stt dung rong rii trong cic bai toan udc lugng thdi gian hanh trinh (ETA), duy dodn do tré
phuong tién cong cong, va tbi uu héa didu phbi xe trong cdc nén ting chia sé hanh trinh
(ride-sharing platforms) nhu Uber, Lyft hodc Grab.

2.2.2 Cdc tinh ndng chinh

XGBoost ké thita cd ché hoc ting cudng dan (additive boosting) ti GBM, trong d6
cdc md hinh yéu dudc huén luyén lién tiép dé gidm sai sb con lai cia md hinh hién tai.
Ma&i cay quyét dinh mdi dude xdy dung dua trén phén du (residuals) ciia dy dodn trude
d6, va téng hop lai tao thanh mé hinh cubi cling. Céch ti€p cén nay cho phép XGBoost
dan hoc duge cic mau phiic tap ma cic mé hinh tuyén tinh khong thé nim bit.

Mot trong nhiing cai tién cbt 16i cia XGBoost 12 viéc bd sung diéu khodn chuin
héa (L1, L2 regularization) vio him muc tiéu, gidp kiém sodt do phic tap cia cdy va
tranh hién tugng qua khdp (overfirting). Ham muc tiéu cua XGBoost ¢ dang:

n K
L =Y 1y,35)+ Y Q) 221)
i=1 k=1

voi Q(fy) =T + %l ij%, trong d6 T 13 sb nit 14 clia ciy va w; 1a trong sb tai mdi
14. Thanh phan Q(f;) gitip rang budc do phifc tap, cho phép mé hinh cén bing gita kha
ning khép dit liéu va do tdng quat hda.

Ngoai co ché chuidn héa, XGBoost con ¢6 nhiéu dic diém k§ thuét ndi bat:

* Tbi wu hoa phan tich: Thuit toan Weighted Quantile Sketch gitip xac dinh diém
chia (split point) hiéu qua ngay ca khi dif liéu ¢6 trong sb khong ddng déu.

« Xit Iy thiéu dif liéu: XGBoost tu dong hoc hiténg phén nhanh ti vu khi gip gid tri
thiéu, do d6 khéng cin thay thé thi cong (imputation).

« HO trg tinh song song: Qua trinh xiy dung ciy dudc song song héa theo chiéu dic
trung thay vi theo méu, gidp tin dung t6t tai nguyén CPU/GPU.
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» Tinh mé rong cao: Chu tric dit liéu theo dang cOt nén (block structure) gidp mo
hinh m& rong quy mod 1én hang trim GB dit liéu ma vin dém bao téc do huén luyén
cao [10].

Nh& cdc cii tién nay, XGBoost thudng dat hiéu suét vugt trdi trong cdc bai todn ¢
dic trung phi tuyén va tiuong téc phifc tap, d4c biét khi két hgp véi cac k§ thudt khai pha
dit liéu khong—thdi gian da trinh bay § Muc 2.1.

2.2.3 Ung dung ciia mé hinh

Trong bii todn du doén thdi gian di chuyén clia phuong tién vén tai, XGBoost thé
hién hiéu qué rd rét nhd kha ning xi ly cic tuong téc phi tuyén gilta cdc dic trung nhu
thosi gian, vi tri, mat do giao thdng va didu kién thai tiét. Mé hinh ¢4 thé hoc duge mbi
quan hé phifc tap nhu tic déng clia gid cao diém tai cdc khu vuc trung tAm, hoic su két
hop giita khoang cdch tuyén va tinh trang tic nghén trong tiing kKhung thdi gian.

Céc nghién citu gin ddy va thuc nghiém tit cdng dong Kaggle cho thiy XGBoost
thudng dat sai s trung binh tuyét dbi (MAE) va sai s binh phuong gbc (RMSE) thap
hon 10-15% so véi cac mé hinh hdi quy tuyén tinh hoic mang né-ron don gian khi dp
dung trén bd dit liéu NYC Taxi [29, 15]. Viéc st dung céc dic trung tit mang luéi OSRM
va dic trung ngit canh thdi gian gitip md hinh nidm bat tbt hon cic quy luit tic nghén
giao théng cuc bd va thdi gian di chuyén theo mua vu.

Ngoai ra, XGBoost cho phép dién giai k&t qua thong qua c4c chi s6 tdm quan trong
cla dic trung (feature importance) hodc gia tri SHAP (SHapley Additive exPlanations)
[18]. Piéu niy mang lai 1di thé trong mdi trudng trién khai thyc €, noi céc o chiic giao
thong hoic doanh nghiép van tai cin hiéu rd 1y do m6 hinh dua ra dy bao. Céc dic triung
quan trong nhit trong céc thuc nghiém bao gdm thdi gian trong ngdy, khoang cch theo
OSRM, ¢t gid cao diém, mat do diém dén tai Manhattan va diéu kién thdi tiét.

Cuéi cliing, nhd khi niing mé rdng va tbc dd huin luyén cao, XGBoost dugc tri€n
khai hiéu qué trén cdc hé théng phan tin (Spark, Dask, Ray) d€ xi ly dit liéu 16n theo
thdsi gian thuc, hd trg ing dung trong céc hé théng gdi y tuyén dudng, di bio thdi gian
ETA ciia xe buyt hodc dich vu chia sé hanh trinh.

2.3 Phuong phap dinh gi va thuc nghiém m6 hinh

Sau khi hoan thién quy trinh khai pha dif 1iéu va lua chon m6 hinh XGBoost, budc
tiép theo 12 x4y dung phuong phap danh gid va thiét 14p quy trinh thyc nghiém. Muc tiéu
ctia phin nay 1 trinh bay cach thic tién hanh huén luyén, tinh chinh siéu tham s, lya
chon chi s& dnh gid va cic budc kiém chitng md hinh, 1am cd s& cho viéc phan tich két
qua & Chuong 3.
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2.3.1 Muc tiéu va pham vi danh gia

Viéc dénh gid md hinh trong nghién citu ny nhim xéc dinh kha ning du bédo ciia
XGBoost trong bii todn ude lugng thdi gian di chuyén (ETA), dong thdi kiém dinh tinh
&n dinh va kha ning t8ng quat cia md hinh trén di liéu c¢6 dic trung khong—thdi gian
phtic tap. Pham vi dédnh gié tip trung vao:

« Do chinh x4c ciia mé hinh trong viéc uéc lugng thdi gian di chuyén;

» Mtic d6 6n dinh cia md hinh gita cdc phan doan thdi gian va khu vic dia Iy khac

nhau;

« Khé ning dién giai cia mo hinh théng qua céc chi sb tim quan trong dic trung.

Toan bd qua trinh danh gia dugc thiét ké theo hudng tai 1ap (reproducible) va c6
thé ma& rong (scalable), dm bao ring cic két qui & Chuong 3 phan dnh chinh xdc hiéu
qua ctia md hinh trong diéu kién thyc .

2.3.2 Quy trinh hudn luyén va chia tdp di liéu

D€ tbi uu hod hiéu sudt mé hinh trén tap dit liéu quy md 16n trong diéu kién tai
nguyén tinh todn gidi han, bo dit 1iéu dugc chia thanh hai phan: tdp hudn luyén (Training
set) va tdp kiém dinh (Validation set) véi ty 1& 80% — 20%. Cach phan chia nay giip md
hinh ¢6 di dit lidu d€ hoc cac mau hinh phifc tap, déng thdi van gilt lai mot lugng di
liéu doc 1ap dii 16n dé danh gid kha ning tng quit hod va han ché hién twgng qua khdp
(overfitting). Viéc sit dung random split 1a phi hop véi ban chit cua bai todn udc hugng
thdi gian di chuyén, noi méi chuyén di dugc xem nhu mot quan sit doc 1ap thay vi mot
chubi thoi gian lién tuc.

Bién muc tiéu dugdc xic dinh 14 thoi gian di chuyén thic té (don vi phit). Viée biéu
dién thdi gian dudi dang phiit thay vi gidy gitip cho cdc chi sb danh gid nhu RMSE va
MAE tr& nén truc quan hon va phan dnh rd hon sai sb trong thyc € van hanh. Trudc khi
dua vao md hinh, dit liéu dugc xit Iy ngoai 1€ va 1am giau dic trung (Feature Engineering)
nhim chuyén ddi cic thudc tinh khong gian—thdi gian thé thanh cac bién ¢6 ¥ nghia ngi
nghia cao, nhu gid trong ngay, ngay trong tun, khoang cich Haversine, tbc do trung
binh udc tinh, va cac dic trung theo mua vu.

Qua trinh huén luyén sif dung ham mét mat hdi quy binh phuong 16i (Squared Error
Loss), dudc ciu hinh thong qua tham sb reg:squarederror trong thu vién XGBoost.
Ham mit mat nay dudc tbi wu hod bing thuat toén Gradient Boosting, trong d6 méi ciy
quyét dinh méi dugc xay dung nhim gidm dan phin du (residuals) ma cic cy trude d6
chua giai thich digc. Co ché hoc tudn tyf niy gitip md hinh hdi ty hidu qua va xt 1y tot
cac dic trung phi tuyén trén khong gian dic trung phic tap.
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2.3.3 Tinh chinh siéu tham sé (Hyperparameter Tuning)

Viéc Iya chon va tinh chinh siéu tham sb (hyperparameters) déng vai trd quyét dinh
dén hiéu ning ciia XGBoost. Trong nghién ciiu nay, qud trinh tinh chinh dugc thuc hién
bing phuong phap Grid Search két hop v6i ki€m dinh chéo 5-fold cross-validation d€
quét khong gian tham sb va chon ra cAu hinh t5i uu.

Céc siéu tham sb chinh bao gom:

» max_depth: d6 sau téi da cia ciy, anh hudng dén kha ning hoc phi tuyén;

o learning_rate (17): tdc d6 cap nhit trong s, diéu chinh mic dg hoc ciia md hinh;

* n_estimators: sd lugng cy trong mo hinh boosting;

« subsample va colsample_bytree: ty 1& méu va dic trung duge chon ngiu nhién
mdi vong, gitip gidm overfitting;

* lambda va alpha: cic hé s6 chuin hod L2 va L1, kiém sodt dd phic tap ctia md

hinh.

Cic cAu hinh tham sb khac nhau dugc thit nghiém va danh gia theo cling bo chi s,
qua d6 lua chon t& hop tham s6 t6i tu ¢6 dd chinh x4c cao nhit va muc sai s thip nhat
trén tap ki€m dinh.

2.3.4 Chi s6 dinh gid hiéu sudt mé hinh

Dé danh gi4 chit luong du bio ciia cic md hinh, dé 4n sit dung cic chi s4 phd bién
trong bai toan dut doan, bao gdm:

« MSE (Mean Squared Error) — do ludng sai s4 bing trung binh binh phuong chénh
1éch gifta gid tri thuc va gid tri du doan:
1 n
MSE =~ ;(y,- —5i)>. (222)
=
MSE cang thép chiing t6 md hinh cang chinh xac, trong khi MSE 16n phan 4nh sai
s6 du bdo cao.

« MAE (Mean Absolute Error) — do ludng sai s trung binh theo gia tri tuyét di:
1 n
MAE =~} [yi =il (2.23)
i=1

MAE c¢6 ciing don vi v6i bién muc tiéu, nhd d6 cho phép dién gidi tryc quan vé mic
d 1éch trung binh giita du bdo va thuc té.
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« MAPE (Mean Absolute Percentage Error) — do sai sb titong dbi theo phan trim,
phéan 4nh khé ning dy bao theo ty 1€ chénh I&ch.

Bén canh céc chi sb dnh gid sai s6, 6 4n sl dung phuong phép giéi thich md hinh
SHAP (Shapley Additive Explanations) nhim phén tich mic d§ déng gép cia ting
dic trung vao dy bio. SHAP dua trén ly thuyét trd choi d€ gan gid trj déng gép cho ting
dic trung, gitip mo hinh trd nén minh bach va dé dién gii hon. Cic cong cu quan trong
bao gom:

 SHAP values — thé hién muic tic dong (ting hodc gidm) ciia timg dic trung 1én két
qua du bao;

« Summary Plot — biéu dién toan bd SHAP values theo miic dd quan trong va phan
phéi gia tri;

Viéc két hop ddng thdi cic chi sb dinh lugng (RMSE, MAE, MAPE) va phén tich
giai thich bing SHAP gidp dénh gid md hinh toan dién hon, vita ddm bao do chinh x4c
dy béo, vira dam bao kha niing dién gii cin thiét cho céc ing dung thyc €.

Bén canh d6, md hinh XGBoost dugc phan tich bing phuong phap SHAP values
dé€ danh gid mitc d6 déng gop cua ting déc trung, gitip ting tinh minh bach trong qua
trinh du bdo.

2.3.5 Phuong phdp dién gidi va kiém dinh mo hinh

Bén canh viéc do luong dd chinh xdc, mé hinh dugc phén tich thém vé kha ning
dién giai thong qua cic chi sb feature importance va SHAP values (SHapley Additive
exPlanations) [18]. Cac phuong phip nay cho phép xdc dinh miic déng gdp cuia titng
dic trung dbi vSi két qua du bdo, gitp hiéu rd hon céc yéu t6 tac dong dén thai gian di
chuyén.

Viéc kiém dinh md hinh dugc thuc hién bing cach so sanh hiéu sut giita cic chu
hinh khic nhau (theo siéu tham sb, nhém dic trung hoic chién htge chia dif liéu). Két
qué clia cic budc nay sé dudc trinh bay va phén tich chi tiét trong Chuong 3.

2.4 Két luin chuong

Chuong 2 d3 hoan thién viéc trinh bay khung phuong phéap luin cho bai todn du
dodn thdi gian di chuyén (ETA) ciia phuong tién vén tai hanh khéch trong diéu kién giao
thong d6 thi phitc tap. Noi dung chuong da 1am 18 vai trd then chdt cla viée khai pha
dit liéu trong viéc chuén hda, 1am sach va bién d8i dit liéu GPS tho thanh tip dic trung
khong-thdi gian gizu thong tin. Céc k¥ thuat nhu ghép ban dd, nén quy dao va tao dic
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trung tit yéu t& khong gian, thdi gian va ngit canh da gop phin quan trong trong viéc dim
bio tinh tin cdy va chit ltgng cda dit liéu dau vao cho md hinh hoc mdy.

Trén nén ting d6, md hinh XGBoost duge Iva chon 1am cong cu hoc mdy chinh
nh3 kha ning mé hinh hod linh hoat céc quan hé phi tuyén, ki€m soat do phic tap thong
qua co ché chuin hod, va hiéu ning vugt trdi khi xi 1y dit liéu quy mé 16n. Bén canh do,
khung dénh gid mo hinh dudc thiét k& mot céch c6 hé théng, bao gdm quy trinh huin
luyén, chia dit liéu, tinh chinh siéu tham sb va lua chon cdc chi s& ddnh gid phu hop.
Cach tiép c4n nay giip dam bio ring mé hinh khong chi dat dd chinh xdc cao ma con
duy tri dugc tinh &n dinh va kha ning tong qut héa khi 4p dung trén dif liéu méi.

Tém lai, Chuong 2 di xay dung nén ting phuong phép viing chéc, két hgp hai hoa
gilta ky thuat khai ph4 dif liéu va m6 hinh hoc méy hién dai, ddng thdi x4c 14p quy trinh
d4nh gia khoa hoc cho bai todn dy bdo thdi gian di chuyén. Nhiing co s 1y thuyét va
phuong phap ditge trinh bay trong chuong nay sé 12 tién dé cho Chuong 3, nai nghién
ctu tap trung vio qud trinh trién khai mo hinh trén dit liéu thyc t€ va phan tich két qua
thuc nghiém nhiim kiém chiing hiéu qué clia phuong phap dé xuit.
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CHUONG 3: THUC NGHIEM VA PANH GIA KET QUA

Chuong 3 trinh bay chi tiét qua trinh tri€n khai m6 hinh XGBoost trén bd dif liéu
thuc t& NYC Taxi 2024. Noi dung chuong sé mé t& cy thé mdi trudng thuc nghiém trén
nén tang Databricks, quy trinh bién d6i dic trung (Feature Engineering) chi tiét, va két
qué huin luyén mé hinh so véi cic phuong phip cd s3. Dong thdi, chuong ny ciing tap
trung phén tich sdu céc sai s6 du bdo va sit dung phuong phap SHAP d€ giai thich miic
dd déng gép ciia tiing dic trung, qua d6 ki€m ching tinh hiéu qua va kha ning dng dung
ctia m6 hinh dé xuét.

3.1 Bai toan chi tiét

Chuong ndy tip trung trinh bay qua trinh thuc nghiém va danh gid m6 hinh dy bao
thdi gian di chuyén (ETA — Estimated Time of Arrival) dudc xdy dung dya trén thuét
toan hoc mdy XGBoost. Pay 1a bai todn hdi quy phi tuyén; trong d6 dau vao bao gdom
cac dic trung khong gian—thdi gian, va diu ra 1a gia tri thuc duong biéu dién thdi lugng
chuyén taxi.

Muc tiéu clia mé hinh 12 du bédo chinh x4c thoi gian di chuyén dya trén cic yéu t6
nhu vi tri dén, vi tri tra, thoi diém khdi hanh, quing dudng, s6 hanh khich va céc bién
phu trg khic. Bai todan ETA ¢6 y nghia thyc tién 16n trong cac hé théng van tai thong
minh, gép phén t6i vu hod vin hanh phuong tién va gidm thiéu n tic giao thong.

3.2 Kich ban tién hanh thuc nghiém
3.2.1 Méitruong thuc nghiém

Céc thi nghiém trong nghién citu dudc trién khai trén nén ting Databricks Com-
munity Edition, mot moi trudng dién toan ddm may mién phi h6 trg xit 1y dif liéu phan
tin bang Apache Spark. Cum tinh todn méc dinh ciia Databricks Community Edition
duge cu hinh véi mdt mit don (single-node cluster), st dung bd xtit Iy CPU thay cho
GPU, véi gidi han tai nguyén bao gdbm 15 GB RAM va 2 vCPU.

Mic di khong hé trg ting tdc phin ciing bing GPU nhu cdc mdi trudng thuong
mai, Databricks Community Edition vin cho phép thyc hién hiéu qué céc thao tic tién
xit 1y dif 1iéu 16n nhd co ché t6i wu hoa ciia Spark. Toan bd quy trinh lam sach dif liéu,
tao dic trung va huin luyén md hinh dugc thyc hién bang Python 3.10 véi céc thu vién
PySpark, Pandas, NumPy, Scikit-learn, Matplotlib, SHAP va XGBoost.

Pbi v6i mo hinh XGBoost, nghién citu st dung SparkXGBoost (XGBoost4]-
Spark) dé tan dung khi ning huén luyén phan tn trén Spark, phit hgp véi han ché tai
nguyén cia Databricks Community Edition. Cdc mé hinh baseline nhu Linear Regres-
sion, Random Forest, Decision Tree va LightGBM dudc huin luyén trén méu di liéu
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(sample-based training) nhim dam bao tinh kha thi va trdnh 16i tran bd nhd (out-of-
memory) trong méi trudng han ché i nguyén.

Mic di 6 gi6i han vé phin ciing, nén tang Databricks mang lai 1gi thé trong viéc
t4i 1ap thuc nghiém, quan 1y notebook, truc quan hod pipeline xi 1y dif liéu va theo doi
md hinh, giip ddm bio tinh khich quan va kha niing kiém chitng ciia két qua nghién cifu.

3.2.2  B6 dit liéu thuc nghiém

B dit lién dudc sit dung trong nghién cifu 12 NYC Yellow Taxi Trip Records
thang 10 nim 2024, do Uy ban Taxi va Limousine thanh phé New York (TLC) cong bd.
B dit liéu bao gdm hon 3.7 triéu ban ghi, phan 4nh diy di hoat dong van chuyén hanh
khach ciia hé théng taxi vang trong subt thang khao sit. Mi ban ghi mé té chi tiét dic
diém ctia chuyén di, bao gdm thdi di€ém dén — tra khéch, vi tri dia Iy (theo ma viing Taxi
Zone Lookup), s6 luong hanh khach, quing dudng di chuyén va cic thong tin van hanh
lién quan.

DE dam bao chit lugng diu vao cho qua trinh huén luyén md hinh, dit liéu duge
1am sach theo ba budc chinh.

(1) Loai bo cac ban ghi khong hop €.

Mot s& ban ghi trong bd dit liéu gbe c6 gid tri khong hop Iy vé mat ngli nghia, nhu
s& hanh khéch bing 0, quing dudng di chuyén bing 0 hoic thdi gian di chuyén gan bing
0 gidly. Cac trudng hop nay thudng xuit phat tit 18i thiét bi do, 18i nhép liéu hodc cic
giao dich chua hoan tit. Do d6, cic ban ghi thda man diéu kién passenger_count > 0,
trip_distance > 0 va time_taken > 0 dugc gilt lai d€ dim bao tinh chinh xac cda bién
muc tiéu. Sau budc nay, sb lugng ban ghi gidm tif 3,833,771 xubng codn 3,359,242 ban
ghi hop I¢.

(2) Phét hién va loai b6 ngoai 1¢ bing phuong phap z-score.

Bo dit liéu thuc t& c6 quy md 16n va dic trung phan phéi 1&ch, khién céc gia tri cuc
doan c6 thé gay anh hudng dén qua trinh t&i vu héa mé hinh. D& han ché hién tugng nay,
phuong phép z-score dugce ap dung cho titng déc trung dinh lugng theo cong thuc:

xX—Xx
o

trong dé x 1a gid tri dit liéu, X 1a gid tri trung binh va o 1a 46 1éch chu4n cia ting dic
trung.

Céc ban ghi c6 gid tri |z| > 3 dugc xem 1a ngoai 1¢ va bi loai bd. Phuong phép nay
dic biét hiéu qua trong viéc han ché cic béan ghi ¢6 quing dudng qué dai (> 160,000m),
thdi gian di chuyén bét thudng (hon 500,000 gidy), hodc cic trudng hop sb lugng hanh
khéch vuot mic thong thuong. Sau khi 4p dung z-score, s6 lugng ban ghi con lai 1a
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3,251,980, tudng ting véi ty 18 git 1ai khoing 96.8%.

(3) PAm bAo tinh én dinh va phan phéi hep Iy ciia dit liéu d4u vao.

Viéc lam sach dit liéu khdng chi loai bd cdc ban ghi nhiéu ma cdn gidp phén phdi
clia cdc dic trung trd nén 6n dinh hon, gidm bién do bién dong va han ché anh hudng cia
céc gid tri cuc doan. Sau budc loc cd ban, s6 ban ghi hop 1€ gidm tir 3,833,771 xubng
con 3,359,242 béan ghi. Khi tiép tuc 4p dung phuong phap loai bd ngoai 1€ bing z-score,
s& Iuong ban ghi con lai 1a 3,251,980, tuong ting khoéng 97% sb ban ghi sau budc loc
ban diu. Piéu nay cho thiy phin 16n di liéu c6 chit lugng tét va phi hgp dé dua vao
huén luyén mé hinh.

So sénh giita Bang 3.1 va Bang 3.2 cho thdy d6 l&ch chuén cla nhiéu dic trung
gidm dang ké, dic biét 1a trip_distance (ti 88.20 xubng 4.62) va time_taken (tit 2058.36
xubng 848.28). Diu nay phan 4nh hiéu qua cfia budc xd 1y ngoai 1¢, gitip phan phdi dit
liéu dau vio trd nén hop ly va &n dinh hon, tit d6 cai thién qua trinh hoc va kha nang hoi
tu cia mo6 hinh XGBoost.

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

Metric  PULocationID  DOLocationID  passenger_count  trip_distance  pickup_day  pickop_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 Théng ké mo ta bd dif liéu sau khi loai bé ngoai 18 bing z-score

Metric  PULocationlD  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 dic trung (Feature Engineering)

Qua trinh khai phd va mé rong dic trung (feature engineering) déng vai tro quan
trong trong viéc ning cao hiéu qua dy bdo cia mé hinh. Do bd dif liéu NYC Taxi nim
2024 khong con cung cip toa do GPS clia di€ém d6n va diém tra khach, cic dic tnung
khong gian truyén thdng nhu Haversine distance hay Manhattan distance khong thé ap
dung truc tiép nhu cic nghién cifu cd. Thay vao d6, dd 4n sit dung céc dic trung khong
gian thay thé dua trén hé théng ma ving taxi (Taxi Zone Lookup) va céc thudc tinh ngit
canh md rong. Cic nhém déc trung chinh duge xdy dung nhu sau:
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(1) Bac trung khong gian theo ma ving (Spatial features).

Céc trudng PULocationID va DOLocationID dudc dnh xa sang ba thudc tinh thdng
tin dia ly: Borough, Zone va Service Zone thong qua bang Taxi Zone Lookup. Tu
dé, céc dic trung nhi phian dugc tao ra, vi du: is_manhattan_pu, is_manhattan_do,

is_airport_pu, is_airport_do.

Bén canh d6, cic dic trung két hop nhu borough_pair hay OD_pair (PU_ID_DO_ID)
dudc xay dung nhim phin dnh mi quan hé gitta vi tri dén va trd khach. Viéc mo ta rdi
rac khong gian dua trén ma viing t ra phit hgp véi dit lidu méi va vin thé hién tbt chu
tric ludng di chuyén ciia toan bd hé thbng taxi.

(2) Pac trung thai gian (Temporal features).

Tor truding tpep_pickup_datetime, cic bién thoi gian dugce trich xuit gdm: pickup_date,
pickup_hour, pickup_minute, pickup_dow, is_weekend.

Céc diic trung ndy giip m6 hinh hoc dugc anh hudng cia luu ludng giao théng
theo thdi gian, ching han gid cao diém hodc cic dip cudi tudn. Ngoai ra, cdc bién thdi
gian con dudc ma hod chu ky (sine—cosine encoding) d€ phan anh tinh tuin hoan cia gid
trong ngay:

27 - pickup_hour _ 2x - pickup_hour
7 ) , hour_cos = cos ( 4 .

hour_sin = sin (

(3) Phan cum vi tri theo LocationID (Geospatial clustering).

Mic di dit liéu khong cung cép toa dd GPS, dic tinh khéng gian vin c6 thé khai
thdc bing cich dp dung thuit todn K-Means truc tiép trén PULocationID vaDOLocationID.
Hai md hinh phin cum (100 cum mdi loai) dugce huén luyén nhim gom nhém cic ving
¢6 dic tinh di chuyén tuong dong. Hai dic trung méi pickup_cluster va dropoff_cluster
gitip mo hinh nhén dién dugc céc khu vuc ¢ hanh vi di chuyén tuong tu, dic biét trong
bdi canh dit liéu phan cip theo ving taxi.

(4) Cic dac trung ngir canh mé rong (Contextual features).

Mot s dic trung dudc xdy dung thém nh3m phan 4dnh diéu kién vdn hanh cia
chuyén di, bao gdm: trip_duration_sec, trip_duration_min, van toc trung binh avg_speed_mph,
vi ¢8 has_congestion_fee biéu thi viéc 4p dung phi tic nghén ctia thanh phd New York.

Céc dic trung nay gbép phén lam 16 hon su khac biét giita cdc tuyén dudng va diéu kién
giao thong thuc té trong ting khung gio.

Sau khi hoan tét budc feature engineering, bd dit 1iéu md rong bao gdm hon 30 dic
trung mdi, phan dnh diy di ciu tric khong gian, thdi gian va ngi canh vin hanh. Viéc
b3 sung céc dic trung nay gitip md hinh XGBoost céi thién déng k& hiéu ning dy bio,
ddng thdi ting kha ning dién gidi thong qua phén tich mfc d6 quan trong cla ting dac
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trung.
Bang 3.3 Danh sich cac dic trung méi duge tao ra
Tén dic trung Nhém déc trung Y nghia / Md ta
pickup_date Thdi gian Ngay dién ra chuyén di (YYYY-MM-DD).
pickup_hour Thai gian Gi6 dén khdch (0-23).
pickup_minute Thdi gian Phiit trong git don khach.
pickup_dow Thdi gian Thit trong tudn (1-7).
is_weekend Thoi gian 1 néu 13 thi 7 hodic CN, ngudc lai 0.
hour_sin, hour_cos Thai gian (chu ky) Ma hod tuén hoan gid trong ngay bing him sine/cosine.
dow_sin, dow_cos Thdi gian (chu ky) M3 hod tufin hoan thif trong tuin.
pickup_cluster Khong gian (cluster) Cum phan loai di€ém dén dya trén LocationID (KMeans, k=100).
dropoff_cluster Khong gian (cluster) Cum phan loai diém trd dya trén LocationID (KMeans, k=100).
PU_Borough, PU_Zone,  Khdng gian (Lookup) Théng tin hinh chinh — ving/vinh dai/loai dich vu tai diém dén.
PU_service_zone
DO_Borough, Khong gian (Lookup) Thédng tin hanh chinh tai diém tra.
DO_Zone,
DO_service_zone
borough_pair Khéng gian két hgp Két hop Borough dén va trd (vi du: Manhattan_Queens).
OD_pair Khéng gian két hgp Ghép PULocationID-DOLocationID (vi dy: 162_246).
is_manhattan_pu, Khéng gian (nhi phin) C x4c dinh diém dén/ira n3m trong Manhattan.
is_manhattan_do
is_airport_pu, Khong gian (nhi phén) C3 x4c dinh diém dén/tra tai sin bay (JFK, LGA, EWR).
is_airport_do
trip_duration_sec Chuyén di Thoi ugng chuyén di tinh theo gidy.
trip_duration_min Chuyén di Thdsi lugng chuyén di theo phit.
avg_speed_mph Chuyén di Vin tdc trung binh trong sudt chuyén di.
has_congestion_fee Tai chinh — ngi cinh 1 néu c6 phi tic nghén NYC Congestion Pricing.

Phan phbi thoi lugng chuyén di (phit)
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Hinh 3.1 Phan phéi thai lugng chuyén di (don vi: phiit)

Hinh 3.1 thé hién phan phdi ciia bién trip_duration_min. Phan phdi cé dang léch
phéi (right-skewed), tap trung chil yéu & khoang 5-20 phiit, va gidm nhanh sau mbc 30
phiit. Céc gi tri 16n hon 60 phit xut hién véi tin sult rit thép, cho thay phan 16n chuyén
taxi tai Manhattan va c4c khu vyc 14n c4n c6 thdi gian di chuyén ngin.
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Phan phdi van toc trung binh {mph)
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Hinh 3.2 Phan phéi van téc trung binh cfia cic chuyén taxi (mph)

Hinh 3.2 md t4 phan phbi van téc trung binh (avg_speed_mph). Biéu db cho thiy
phén 16n chuyén di ¢6 vén téc trong khoing 820 mph, tucng ting véi diéu kién giao
thong d6 thi New York dong diic. Phin dudi dai bén phai biéu thi cdc chuyén di tdc do
cao hon, thuding xudt hién trén cic tuyén dudng 16n hoic trong thdi diém it tic nghén.

Tan subt céc chuyén theo gid trong ngay
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Hinh 3.3 Thn suéit cic chuyén taxi theo git trong ngay

Hinh 3.3 cho thiy phan b s lugng chuyén taxi theo tiing gits. Lugng chuyén ting
manh tif 6 giS sdng, dat cuc dai vio khoang 17-19 gid, tuong dng véi gid cao diém tan
tAm tai Manhattan. TAn suft gidm siu sau 22 gid va thip nhét vao khoang 3-5 gid sang.
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Pairwise Correlations of the Features
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Hinh 3.4 Ma trin tuong quan giira cac dac trung chinh

Hinh 3.4 trinh bay ma trdn tuong quan dudi dang “bubble matrix” gilta cc dic
trung quan trong dugc st dung trong md hinh dy bdo thoi gian di chuyén. Mét s6 nhin
dinh chinh rit ra ti¥ biéu dd nhu sau:

* (1) trip_duration tuong quan thuin manh véi distance. biéu nay phu hop véi dic
tinh vat Iy ciia chuyén dong: quing dudng cang 16n thi thoi gian di chuyén cing dai.
Két qua xdc nhén ring trip_distance 1a mot trong nhiing-dic trung du bio cbt 161
cia mo hinh ETA.

* (2) avg_speed tuong quan Am rd rét véi trip_duration. Thii gian di chuyén ting
lam giam téc do trung binh, dic biét trong cdc chuyén di c6 tic nghén giao thong.
Su tuong quan dbi nghich nay cling b vai trd clia avg_speed nhu mét ddc trung mo
ta trang thai giao thdng.

s (3) pickup_hour c6 tuong quan duong voi trip_duration. Gia tri tuong quan tuy
khong manh nhung thé hién xu huéng ETA cao vao mot s khung gid (dic biét 1a
gid cao diém). Diéu nay phit hgp véi phan tich déc trung thdi gian da trinh bay trong
muc trudc.

* (4) dayofweek va weekend cho thiy mdi tweng quan véi thoi gian di chuyén. Cic
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diém tuong quan duong thé hién riing cubi tudn va diu tuin 6 xu hudng xuit hién
céc miu giao thong khéc nhau. Vi du, cudi tudn thudng it tic dudng hon nhung cé

mot s& “diém néng” giao thong vao budi tbi.

« (5) Céc dic trung khong gian nhw PU_manhattan va DO_manhattan ¢ tuong
quan duong dang ké. Diéu nay phan anh dic thi cda Manhattan: mat do giao thong
cao, nhiéu nit giao va tin suft tic nghén 16n, ddn dén thdi gian di chuyén dai hon.
Dic biét, khi ca diém dén va trd déu thudc Manhattan thi tuong quan cang manh
hon.

* (6) congestion_fee c6 tuong quan dueng voi hau hét cic diic trung khéng gian.
Phi tic nghén chi 4p dung trong khu viic Manhattan vao cdc khung gid nhét dinh, vi
viy diic trung nay gép phan mo ta muc do luu thdng phiic tap clia mang ludi dudng
phd trung tAm.

Tém lai, biéu db tuong quan cho thiy cdc dic trung thai gian, khong gian va hanh
vi giao thong (nhu tbc d6 trung binh hoic phi tic nghén) déu mang thong tin quan trong
d6i voi mo hinh du bao ETA. Su b sung céc diic trung niy gitip md hinh XGBoost nim
bit tdt hon céc quan hé phi tuyén gilia thdi gian di chuyén va ngif canh do thi phiic tap
ctia thanh phé New York.

3.2.4 Hudn luyén mé hinh

Trong nghién ctu niy, mé hinh XGBoost dugc hufn luyén trén toan bd tip dif
liéu sau khi 1am sach va 1am giau dic trung, véi hon 3.25 triéu ban ghi. Cac md hinh
d6i chiing (baseline models) gdom Linear Regression, Decision Tree, Random Forest va
LightGBM dudc huén luyén trén tip miu (khodng 15%) nhim dim béo cin bing gitta
chi phi tinh toan va khd nidng so sanh.

Bién muc tiéu 12 thoi gian di chuyén theo phiit (trip_duration_min), duge chuin
hoé tit trudng thdi gian gbc. Dit liéu dugc chia ty 1€ 80% huén luyén va 20% kiém dinh.

Pé&i véi XGBoost chay trén toan bd dit liéu, moé hinh dugc huén luyén bing trién
khai phén tdn SparkXGBRegressor ciia XGBoost4]J trén Databricks, gitip tédn dung song
song hod tinh to4n & mic cym (cluster-level parallelism). Dya trén quy trinh tinh chinh
da trinh bay tai Muyc 2.3.3, sau khi thuc hién ki€m dinh chéo trén tip huén luyén, b siéu
tham sb t6i vu mang lai RMSE thép nhét dugdc Iva chon nhu sau:

» max_depth = 8, learning_rate = 0.08,n_estimators = 800;

* subsample = 0.8, colsample_bytree = 0.8;
* reg_lambda = 1.0, reg_alpha = 0.5;
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* objective = reg:squarederror, tree_method = hist.

Nhé chu tric tinh todn song song ciia XGBoost trén Spark, md hinh c6 thé xi 1y
toan bod 3.25 triéu ban ghi mot cach hidu qua, ddng thoi duy tri dugc thdi gian hun luyén
hop ly.

3.3 Két qua thuc nghiém va dénh gia hiéu sut mé hinh

3.3.1 Két qua thuc nghiém

Bang 3.4 trinh bay két qui ddnh gia nim md hinh khic nhau, dya trén chinh dit liéu
NYC Taxi thang 10/2024. Pay 1a két qua thuc nghiém thu dugc tit viéc huin luyén md
hinh véi diic trung da dugc 1am sach va lam giau.

Bang 3.4 So sinh hiéu niing giita cic md hinh trén tip ki€ém thi

M5 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

Tir bang két qua c6 thé riit ra mot s6 nhan xét quan trong:
« Linear Regression khong phil hdp véi phén phéi dit liéu thuc t€, din dén sai sd cuc
16n.

« Random Forest c6 MAPE thip nhét nhung thdi gian huén luyén rit cao (120 gidy),
khong phi hop véi hé théng tryc tuyén.

» Decision Tree va LightGBM c6 hiéu niing tuong dbi tét, huin luyén nhanh.

« XGBoost dat su cin bing tbi wru giita tée d6 va do chinh xae, véi RMSE tdt thit
hai va thdi gian huén luyén thip hon nhiéu so v6i Random Forest.

Két qua nay xdc nhin XGBoost 12 md hinh ph hgp nhét cho bai todn dy bdo thoi
gian di chuyén (ETA) trén quy md dit liéu 16n nhu NYC Taxi.
3.4 Phan tich két qua va thio luin

Két qua thyc nghiém cho thy mé hinh XGBoost khong chi dat do chinh xic cao
ma cdn duy tri tinh 6n dinh trong nhidu ving dit liéu. Céc chuyén di ngin trong khu vye
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Manhattan c6 sai s6 thdp nhd mat do dif liéu day va quy luét giao thong 1 rang, trong khi
céc chuyén di dai chiu dnh hudng bdi cic yéu b ngdu nhién nhu thay déi tuyén dudng,
su kién d6t xuit hoic tic nghén bat thudng.

Viéc bé sung dic trung tit cic nhom thude tinh khong—thdi gian, dic biét 1a ma
hoa thdi gian, phén loai khu virc dia 1y va cdc quan hé xuat phat—diém dén, gitip gidm
dang k& sai sb du bao, cai thién RMSE gidm tif 505 gidy xubng con 458 gidy (tuong ing
9.3%). Piéu nay khang dinh vai trd then chét ctia ki thuit feature engineering trong viéc
nang cao chit luong du vao clia md hinh dy bio ETA.

3.4.1 Sosdnh truc quan giita cdc mé hinh
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Hinh 3.5 So sanh hiéu ning giita cic md hinh: RMSE, MAE, MAPE va thoi gian
huén luyén

Biéu dd cho thiy su khéc biét rd rét gifta cdc md hinh dénh gid. Linear Regression
hoin toan khong phit hop véi clu tric dif liéu thuc té, din dén sai sb cyc 16n. Decision
Tree va LightGBM cho két qua twong dbi tot dbi véi cac chuyén di ¢6 thdi luong ngdn.
Random Forest dat MAPE thip nhat nhd kha niing chia nho khong gian dic trung, nhung
thdi gian huén luyén qué dai, khéng phit hgp voi muc tidu trién khai trong thyc té.
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Trong khi d6, XGBoost dat su cin bing t6i wu giira do chinh xic va chi phi
huén luyén: RMSE vi MAPE déu thugc nhém t6t nhét, ddng thoi thdi gian huén luyén
chi 16 gidy trén toan bo dif liéu 3.25 triéu ban ghi. Két qua nay khang dinh XGBoost 14
mo hinh phil hop nhét cho hé théng du bédo ETA quy md 16n.

3.4.2 Dudng hoi tu ciia mé hinh

Learning Curve - XGBoost (NYC Taxi 2024}
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Hinh 3.6 Duong hdi tu cia mé hinh XGBoost (Training vs Validation RMSE)

Hinh 3.6 cho thiy su thay d6i RMSE trén tip hun luyén va kiém dinh theo s6 vong
boosting. Két qua chi ra ring mé hinh XGBoost hoc rt nhanh trong giai doan diu khi
ca Train RMSE va Validation RMSE déu giam manh trong khoang 100-200 vong dau
tién. Sau mbc nay, Validation RMSE gin nhut giit Sn dinh, cho thiy mé hinh d3 dat hiéu
qua t6i wu véi bd dic trung hién tai.

Train RMSE tiép tuc giadm trong khi Validation RMSE duy tri khong ddi, thé hién
muc db overfitting nhe — dic trung phd bién ctia md hinh boosting khi sb lugng ciy
ting cao. Tuy nhién, su chénh léch khong 16n, ching t6 mo hinh vén tng quét héa tbt.

Nhin chung, Learning Curve cho thiy XGBoost dat dugc su cin bing tdt giita tde
do hdi tu va dd chinh xic, 1a lya chon phu hgp cho bai todn du bao thdi gian di chuyén
(ETA) véi dit liéu taxi NYC.
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3.4.3 Phdn phbi sai s6 du bdo

Distribution of Residuals - XGBoost Mode!
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Hinh 3.7 Phan phéi sai sé du bao clia mé hinh XGBoost

Hinh 3.7 md ta phan phéi phin du (residuals) giita gi tri dy bdo va gid tri thuc t&
ctia md hinh XGBoost. Phan phéi c¢6 dang tap trung manh quanh gid trj 0, thé hién ring
phin 16n sai s6 dir do4n 12 nhd va khong c6 chéch hé thong (systematic bias). Dudng
théng ding mau db biéu difn gia tri trung binh cda phéin du, gan nhu triang véi 0, cho
thdy mo hinh khéng c¢6 xu hudng du doin qua cao hodc qua thap.

Phin dudi phén phdi trai dii v& phia bén phai, phan dnh mot s6 chuyén di ¢6 sai
s& 16n hon — chi yéu thude cic trudng hop ngoai 1é nhu tic dudng dot xuét, thay doi
tuyén, hoic cdc chuyén di dai v6i phuong sai cao. Tuy nhién, cdc trudng hop niy chiém
t§ 18 nhd va khong dnh hudng ding ké dén chit lugng tdng thé clia mé hinh.

Nhin chung, dé thi phin du cho thy mo hinh XGBoost dat do 6n dinh cao, sai s6
phan bd déi xing, va khé niing téng quét héa tbt trén dit liéu taxi NYC 2024.
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3.4.4 Phdn tich SHAP Summary Plot

SHAP Summary Plot - NYC Taxi Trip Duration Model
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Hinh 3.8 Biéu d6 SHAP thé hién mitc d6 déng gép clia cc dic trung vao du doan

Hinh 3.8 trinh bay biéu d5 SHAP Summary Plot cho md hinh XGBoost hu4n luyén
trén bo dit liéu NYC Yellow Taxi 2024 sau khi lam sach va md rong dic trung. Cac dac
trung duge sip xép theo thit tif quan trong giam din dya trén gid tri tuyét d6i trung binh
ctia SHAP, trong dé truc hoanh thé hién mitc do déng gop vao sai 1éch so véi gid tri ky
vong ctia md hinh, con mau sic (dd—xanh) thé hién gi4 tri cao-thip cla dic trung tuong
ung.

Tht ty quan trong ciia cic dic trung cho thiy:

e trip_distance 12 dic trung c6 anh hudng 16n nhét t6i thdi lugng chuyén di. Cac diém
dit lidu c6 gia tri trip_distance 16n (mau do) tap trung & phia bén phai truc 0 véi gia
tri SHAP duong, cho thiy quing dudng dai ludn ¢6 xu hudng 1am ting thai gian du
bao. Ngudc lai, cac chuyén di rit ngin (mau xanh) c6 gia tri SHAP gén 0 hoic 4m
nhe, phan 4dnh viéc md hinh coi ddy 1a nhitng hanh trinh “ngin chuin”, it lam ting
thém thoi lugng so véi mic trung binh.

« avg_speed_mph ding thi hai v& tim quan trong va th€ hién quan hé nghich bién
vdi thosi gian di chuyén. Céc diém c6 téc d6 trung binh thip (mau xanh) twong tdng
vé6i gid tri SHAP duong, nghia 1a 1am téng thoi gian dy bdo do thudng gén véi tinh
trang tic nghén hoic di chuyén chim trong khu vifc déng dic. Ngudc lai, tbc do
trung binh cao (mau dd) tao ra gia tri SHAP 4m, gép phan kéo thsi gian dy béo
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xubng thip hon mic trung binh. Diéu nay phi hgp véi truc gidc: cling mét quing
duding, tde do cao hon din dén thdi gian di chuyén ngén hon.

* is_manhattan_pu va is_manhattan_do (cic c6 nhi phan cho biét diém dén/tra nim
trong quin Manhattan) ciing c6 anh hudng ding ké. Céc quan sit c6 gia tri déc
trung bing 1 (mau dd) thudng cé6 SHAP duong, cho thiy viéc xuit phat hoic két
thic hanh trinh tai Manhattan 1am ting thdi gian di chuyén dy bdo, do dic trung
mat do giao thong cao va tin sut tic nghén 16n & khu vyc trung tim. Ngudc lai,
céc chuyén khong di qua Manhattan (gi4 tri 0, mau xanh) c6 SHAP gan 0 hoic 4m
nhe, phan 4dnh diéu kién Ivu thdng thdng thodng hon & cdc quin ngoai vi.

« pickup_hour va pickup_dow (thtt trong tudn) c6 mic do quan trong trung binh
nhung vin mang y nghia 16 rang. Bi€u dd cho thiy cdc gid cao di€m (gid tri
pickup_hour 16n, mau dd) cé xu huéng di kém SHAP duong, lam ting thoi gian
du béo, trong khi cdc khung gi¢ dém va rang siang (mau xanh) c6 SHAP gan 0 hoic
am. Tuong tu, mdt sb ngay trong tudn (nhu céc ngly lam viéc) c6 SHAP nhinh hon
s0 Vi cudi tudn, cho thdy mé hinh da hoc dugc quy luat tic nghén mang tinh chu
ky theo thai gian.

s has_congestion_fee thé hién tic dong ciia viéc 4p dung phi tic nghén. Céc diém cé
gid tri bang 1 (miu dd) thudng xuit hién phia bén phai truc 0, véi SHAP duong,
cho thiy nhitng chuyén thudc viing 4p dung phi tic nghén (thudng 1a khu vie trung
tdm Manhattan) c6 thoi gian di chuyén dai hon. Dic trung nay vita 1a chi béo gidn
tiép vé khong gian (viing thu phi), vita phan dnh mat do luu thdng cao.

« is_weekend 13 dic trung it quan trong nhit trong nhém nhung van ¢4 xu hudng
SHAP am nhe dbi véi cic ban ghi cubi tudn (gi4 tri bing 1). Piéu nay phi hgp vdi
thyc té khi giao thong vio thit Bay, Chii nhat thudng théng thoang hon, dan dén thoi
gian di chuyén ngin hon so véi cdc ngay 1am viéc.

Nhin chung, SHAP Summary Plot khang dinh ring mo6 hinh XGBoost da khai thac
hiéu qua céc dic trung mang tinh vit ly (quang dudng, tbc do), dic trung khong gian
(Manhattan vs. cdc quin khéc) va dic trung thoi gian (gid trong ngay, thit trong tuin).
Su phén bd déng nhit va hop 1y clia cic diém di lidu trén ting truc dic trung cho thiy
md hinh khong phu thudc vio mot bién don 18, ma sit dung két hgp nhiéu yéu t dé dua
ra du bdo thdi gian di chuyén, qua d6 nang cao ca do chinh xdc 14n khé ning dién gidi
cua mo hinh.
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3.5 K&t luan chuong

Chuong nay da trinh bay toan bo quy trinh thyc nghiém cho bai todn dy béao thdi
gian di chuyén (ETA) trén b dit 1iéu NYC Taxi 2024, bao gdm cdc budc 1am sach dit
liéu, xdy dung dic trung, huén luyén md hinh va ki€m dinh hiéu suit.

Két qua danh gid cho thdy mé hinh XGBoost vugt trdi so véi cdc md hinh doi
chiing trén c4 ba chi s6 RMSE, MAE va MAPE. Linear Regression khong phu hgp do
phan phdi dit liéu 1éch manh va quan hé phi tuyén; Decision Tree va Random Forest méc
dii hoc duge ciu tric dit liéu nhung bi han ché vé kha niing tong quit hda; trong khi d6
LightGBM c¢6 hiéu niing kh4 t&t nhung vin thip hon XGBoost & ca sai sb tuyét dbi 14n
sai sb tuong dbi.

Phan tich chuyén sau bing phuong phiap SHAP ciing xic nhén cd ché hoat dong
ctia md hinh: cic dic trung nhu trip_distance, avg_speed_mph va pickup_hour 1a nhiing
yéu té anh hudng manh nhit t6i thdi gian di chuyén. Céc dic trung khong gian nhu
is_manhattan_pu/do va yéu t6 tic nghén has_congestion_fee ciing gop phan quan trong
gitip m6 hinh nim bit dugc dic tha giao théng clia khu vic Manhattan va cic quan lan
can.

Tir cdc két qua thuc nghiém, c6 thé két luan ring XGBoost 12 mé hinh phd hgp nhét
cho bai todn du bio thdi gian di chuyén trong pham vi dit liéu NYC 2024. M6 hinh dat
dudc su can bing tdt giita d chinh xdc, tbc dd huin luyén va kha ning dién gidi, dong
thdi thé hién mic do &n dinh cao khi dp dung trén tip dit liéu quy mé 16n va c6 nhiéu
yéu t6 phi tuyén. Day 12 nén ting quan trong d€ phit trién va md rong cic hé théng ETA
trong cac nghién citu va ing dung thyc t€ tiép theo.

Trén cd s6 d6, mo hinh trong dé 4n c6 thé dugc phét trién theo mdt vong ddi hoc
mdy c6 su tham gia clia con ngudi (human-in-the-loop model lifecycle). Cu thé, dit liéu
dugc thu thiap va cip nhit theo titng ngay, sau d6 cac budc Feature Engineering dudc
thue hién c6 chi dich v6i su can thiép clia con ngudi, bao gdbm 1am sach dif liéu, xay
dung va diéu chinh cic dic trung dya trén hi€u biét mién bai todn giao thong. M6 hinh
dugc huln luyén trén tap dit liéu di xit Iy va ddnh gid béng céc chi sb sai s nhu RMSE
va MAE. Tiép theo, qu4 trinh 1y gidi md hinh thong qua phuong phip SHAP dudc sit
dung dé phén tich mic d6 déng gdp cua ting dic trung, tf d6 xéc dinh cdc ddc trung
quan trong, cic ngudn sai sb va cac han ché trong khau bi€u dién dit liéu. Nhitng két qua
phén tich nay déng vai trd phan hdi (feedback) cho budc Feature Engineering & vong lidp
tiép theo, gitp didu chinh hoic b8 sung dic trung nhim cai thién kba ning ndm bat trang
thai giao thong thuc té. Vong 13p nay dugc 1dp lai theo thdi gian, cho phép mo hinh dan
thich nghi véi su thay déi ciia diéu kién giao thong va nang cao hiéu qua du béo.
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KET LUAN

Dé 4n “Ung dung mo hinh dit dodn chudi thdi gian t6i wu chi phi van tai” da trién
khai mot quy trinh nghién cifu ddy di nhim xay dung va danh gid cic mo hinh du bao
thdi gian di chuyén (ETA) — mot thanh phin cbt 15i trong cac hé thong ti wu hod vén ti
hién dai. Thong qua ba chuong 1in hugt trinh bay béi canh, phuong phép luén va két qua
thuc nghiém, dé 4n di hoan thanh muc tiéu dit ra: phat trién mot mo hinh du bdo thoi
gian di chuyén chinh x4c, 8n dinh va c¢6 kha ning dng dung thuc té trong viéc gidm chi
phi van tai théng qua 14p lich phuong tién téi vu.

Két qua thyc nghiém cho thdy mo6 hinh XGBoost dat hiéu nédng vugt trdi nhit so véi
c4c md hinh d6i ching (Linear Regression, Decision Tree, Random Forest, LightGBM),
dic biét trén cdc chi sb quan trong trong bai todn chubi thdi gian nht RMSE, MAE va
MAPE. Nhd kha ning hoc phi tuyén manh, tbc d6 huln luyén cao va tinh on dinh khi xit
1y dit liéu nhifu, XGBoost dp dng tot yéu ciu clia bai todn tbi vu chi phi van tai — noi
ma chét lugng du bdo ETA tic dong truc tiép dén hiéu qua diéu phdi phuong tién, thoi
gian phyc vu va muc tiéu hao tai nguyén.

Dé 4n ciing déng gép mot quy trinh xit Iy dit liéu toan dién, bao gém lam sach,
tich hop dit lidu ving, tao dic trung khong gian—thdi gian va bd sung dic trung tac
nghén. Phéan tich SHAP cho thiy cic dic trung nhu trip_distance, avg_speed_mph va
pickup_hour déng vai trd quan trong nhét trong dy béo thdi gian di chuyén. Piéu niy
gitip Iy gi4i hoat dong clia mé hinh, ddng thdi cung cip nén téng cho viéc ra quyét dinh
trong cdc bai todn van tai nhu t&i wu tuyén duting, didu phdi xe theo thoi diém va phén
bd ngudn lyc theo khu vuc.

Miic du dat duge nhidu két qua tich cuc, dé 4n vén tdn tai mot sb han ché. B dit
licu NYC Taxi 2024 khong bao gdbm thong tin GPS chi tiét, khién viéc m6 hinh héa quy
dao phuong tién hodc cdc mé hinh hoc sau theo chudi thdi gian dai nhu ST-NN hoic
DeepTTE chua thé trién khai ddy di. Ngoai ra, cdc yéu 16 ngoai sinh nhu thdi tiét, sy
kién dic biét hay tai nan giao thong chua dugc tich hdp vao hé théng dic trung, trong
khi day 12 c4c yéu td anh hudng tryc tiép dén chi phi van tai.

Dua trén nhitng han ché nay, dé 4n d& xuit cdc hudng phat trién tiép theo:

« Tich hop cic dic trung chinh sich mdi, dic biét 1a bién cbd_congestion_fee
trong bd dit liéu TLC tif nim 2025 nhim md hinh héa chi phi tic nghén trung tAm.

» X4y dung md hinh dy bdo chuyén biét cho céic diéu kién giao thdng cuc doan d€ céi
thién d6 &n dinh va gidm rdi ro trong vin tai.

» Két hop XGBoost véi cdc md hinh hoc siu ndng cao nhu Graph Neural Networks
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(GNN) d€ md hinh héa ludng giao thong va chu tric mang ludi 4o thi.

« M& rong nghién ciu véi dif liéu GPS chi tiét hodc dif liéu cim bién thdi gian thyc,
tit d6 t6i wu thém cac thanh phin chi phi nhu miic tiéu hao nhién liéu, phin b3 ddi
xe, t&i uu tuyén dudng dong.
Tong két lai, d& 4n da minh chitng ring md hinh XGBoost 14 Itta chon hiéu qua va
cén bing nhit cho bai toan du do4n chudi thdi gian trong ti wu chi phi van tai. M6 hinh

két hop tét giita o chinh xac, tbc d6 huin luyén va kha ning dién gidi, md ra nhiéu tiém
ning ung dung trong hé théng vén tdi thdng minh va cic dich vu logistics do thi.
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BAN NHAN XET BE AN TOT NGHIEP THAC St
(Diing cho nguoi phéan bié¢n)

Tén dé tai ¢ an t8t nghigp: Ung dung m hinh dyr doén chudi thei gian 16i wu chi phi vgn
ta

Chuyén nganh: Khoa hoc may tinh

Ma chuyén nganh: 8.48.01.01

Ho va tén hoc vién: Pham Minh Py

Ho va tén ngudi nhén xét: D3 Thi Bich Ngoc

Hoc ham, hoc vi; TS

Chuyén nganh: CNTT

Co quan cong tic: Hoc vién Céng ngh¢ Buu chinh Vién théng

S5 dién thoai: 0912084382 E-mail: dothibichngoc@gmail com

NOIDUNG NHAN XET

L Co s& khoa hoc va thue tién, tinh cép thiét ciia d2 tai:

Ngdy nay, céc hg théng vén tai théng minh duge ung dung rong réii. C4c h¢ théng
ndy cin mét thye hién dy dodn thei gian vén chuyén, udc hugng chi phi vén chuyén
gifta 2 diém. Vi vily, @8 tai c6 tinh thyc tidn,

Dé 4n thyre hién xdy dyng gidi phép hudn luyén mé hinh dy bo th; gian van tii 4p
dung céc ky thuat khai ph4 dit liéu va thyre hién thye nghiém, danh gid trén mdt b dir
liu uy tin. Vi vy d& 4n c6 co s& khoa hoc.

II. N§i dung ciia @& 4n t6t nghigp, cac két qui di dat duge:

D8 4n trinh bay trong 52 trang. Gdm;

Chuong 1: Giéi thiéu bai todn dw do4n thdi gian v4n tai hanh khach va céc phuong
phap dy doén cé truyén théng va hién dai.

Chuong 2: trinh bay giai phap huén luyén mé hinh dur bdo théi gian vén t3i hanh
khach gbm céc k§ thuat khai phé dit li¢u, mé hinh dy doan XGBoots va céc phuong
phap dé dénh gi4 va thuc nghiém mb hinh,

Chuong 3: trinh bay thyc nghiém va danh gi4 két qud sir dung 1 b dit lidu uy tin.

III. Nhitng van dé cin giai thich thém:



Lam r8 céch danh gia chét luong cia viée phan cum dung thuét todn K-Means
(trang 35, myc (3)

Tai sao chi tinh mbi weekend? lidu c4c ngay nghi 1 c6 cung tinh chit khéong? Vé
bd dir ligu duge hea chon, tai sao phén bigt riéng mbi viing Manhattan? Ligu cé trudng
hop cén mét ving khéc, mét khu vire nhé khéc cling ¢6 cing dic trung gidng
Manhattan khéng?

Lam r3 ndi dung lién quan t6i chi phi vén tai.

C6 nhiédu cdng thirc toan hoc, nhimg mét sé cdng thirc chwra gidi thich dy du cac ki
hi€u, vi dy cong thirc (2.21).

IV. Két lugn:
No6i dung d2 4n phi hop véi tén dé tai va dd cuong da duoc duyét. Noi dung dép
Umg yéu cdu ctia d& an thac sf,

Dong y (hodekhdng-ddng¥ycho phép hoc vién bio vé dé an bt nghiép.

.........

NGUGQI NHAN XET
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D3 Thi Bich Ngoc
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BAN NHAN XET PE AN TOT NGHIEP THAC Si
(Ding cho nguoi phdn bién)

Tén @& tai dé 4n tt nghiép: UNG DUNG MO HINH DU POAN CHUOI THOI
GIAN TOI UU CHI PHI VAN TAI

Chuyén nganh: Khoa hoc may tinh

Ma chuyén nganh: 8.48.01.01

Ho va tén hoc vién : Pham Minh Dirc

Ho va tén ngudi nhidn xét: Trin Thi Oanh

Hoc ham, hoc vi: PGS.TS

Chuyén nganh: Khoa hoc méy tinh

Co quan cong tac: Truomg Qudc té - PHQG Ha Ngi

S6 dién thoai: 0362220684 E-mail: tranthioanh@vnu.edu.vn / oanhtt@gmail.com

NQI DUNG NHAN XET

I/ Co sé khoa hoc va thuc tlen, tinh cﬁp thiét cua dé tai:

Dé tai ¢ tinh cAp thiét, xuit phét tir nhu clu thyec tién trong viée t8i uvu chi phi va ning
cao hidu qué vén hanh cia cac h¢ théng vén tai thong minh, Viéc 4 ap dung mo hinh hoc
may XGBoost két hgp v6i khai phé dir liéu khong gian — thoi gian thé hién tinh img
dung thue té r3 rét, phiy hop véi dinh huéng dio tao thac si theo huéng Gmg dung.

Nhin chung, de &n c6 su két hop haj hoa gitra co s¢ ly thuyét va bai todn thye tién, dép
ting t6t yéu cAu khoa hoc ciia mét d8 4n ot nghiép trinh @9 thac sf.

II/ N$i dung ciia dé 4n t6t nghiép, céc két qua da dat duge:
Dé 4n tét nghiép da thue hién:
e Ap dung md hinh XGBoost d& huin luyén va dyr doén thoi gian di chuyén trén

b dit liéu taxi quy md 16n.
e Thyc hién d4nh gi4 mé hinh bing céc chi s6 RMSE, MAE, MAPE vi so s4nh

v6i mot s6 mo hinh khéc. i )
» Sir dyng phuong phép SHAP d€ phén tich va dién gidi két qui mé hinh, 1am r3
murc 46 dong gbép cla cic dic trung,

ITI/ Nhitng van d& cin giai thich thém:
Vé hinh thire. bd cuc:

- R4 soét lai cac cOng thirc todn, cac ky hiéu cho hop 1y va théng nhét. Vi dy ko
ding x va x; ¢ vira mé ta cling khéi niém v& dbi twong.



- Phén gi6i thiéu céc thuit todn sir dung cac ky hiéu khong théng nhéit; Vi du
trong KNN xi chi d6i twong/samples, nhung trong Cay hdi quy xi, xj (P. 11) lai
chi dic trung ciia d6i twong.

- Péu cac churong myc cin b d& din mo ta khai quat ndi dung dugc trinh bay ¢
timg chuwong myc. Sira ddi @4 dn thanh dé dn.

- Ra soét lai tai liéu tham khdo theo 1 dinh dang théng nhét, ghi diy du cic thong
tin vé tai lidu.

Vé ndi dung:

o Cin 1am 18 hon mbi lién hé truc tiép giita bai todn dy dodn ETA va muc
tidu t6i wu chi phi vén tai.

o Taisao lai chon 15% dit li¢u d& huén luyén cdc mo hinh co s& dé so
sanh? Thu t& thir nghiém két qua & Bang 3.4 thi thdi gian huén tuyén
ko déng ké (1.4s voi DT trong khi XGBoost 1a 16.1s), ma két qua lai kha
canh tranh, sw khéc biét nhd, c6 thé khong ¢6 ¥ nghia vé mit thong ke,

o Taisao RF khong chay song song trén Spark dé c6 thé hudn luyén song
song nhiéu data 1 luc.

o Viéc Iya chon md hinh XGBoost 12 hop 1y, tuy nhién phén so sénh véi
céc mo hinh hoc séu hién dai (LSTM, Transformer) méi ding ¢ mirc ly
thuyét, chwa c6 thuc nghiém d6i chimg, do d6 chua chimg minh dugc
dly 0 tinh wu viét cia phwong phép G xuét.

o Chua c6 d4nh gi4 r& ring vé d0 n dinh ciia mo hinh khi dit ligu thay déi
theo mua, theo khung gid cao diém ho#c trong céc tinh hudng giao théng
bét thurong.

Ciu héi:

1. Vi sao hoc vién lya chon mé hinh XGBoost 1am m6 hinh chinh, trong khi bai
toén dy dodn ETA c6 ban chét chudi thoi gian va c6 thé phit hop véi céc md
hinh hoc siu nhu LSTM hogc Transformer?

2. Viéc str dung XGBoost trong @& 4an duge xem 12 mot bai toan hdi quy tinh. Yéu
t6 phu thudc theo thdi gian (temporal dependency) di dwoc xir Iy nhir thé nao
trong thiét ké dic trung?

3. Trong qui trinh x4y dumg djic trung, hoc vién dd thuc hién lya chon dic trung
(feature selection) hay chura, hay sit dung toan bj dic trung dugce tao ra? Co s&
cho quyét dinh ndy 1 gi?

IV/ Két lugn:
Pdng ¥ cho phép hoc vién bio v dé 4n tt nghiép. Tuy nhién, hoc vién cén tiép thu va
lam 8 thém céc y duge néu & muyc IIL
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