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LOI CAM ON

Loi dau tién, tdi xin bay to su cam on chan thanh ddi voi Thay gio, Tién
sT Phan Xuan Hiéu va Thay gi4o, Tién st Nguyén Vin Tang — hai gido vién hudng
dan cua t6i. Hai thay da cho t6i nhiing goi y va chi din quy béu, ciling nhu ngudn
dir liéu dé thuc nghiém trong dé tai, téi da khong thé hoan thanh luan van néu
khong c6 su chi bao cua hai thay.

T6i xin cam on Céng ty Trach nhiém hitu han phéat trién Cong nghé Bién
tir Binh Anh va Céng ty C6 phan Céng nghé AIB Viét Nam d4 cung cap dir liéu
phuc vu cho nghién ctu trong luan van.

T6i xin giri 161 cam on téi cac Thay C6 trong khoa Cong nghé thong tin,
truong Pai hoc Cong nghé, Pai hoc Qudc gia Ha Nbi da diu dat, huéng dan, day
dd ciing nhu chi bao va tao diéu kién cho toi hoc tap va nghién ctu tai truong
trong sudt thoi gian vira qua.

T6i Xin cam on nhimg ngudi than trong gia dinh, ban bé, d6ng nghiép da
quan tam, dong vién gitp d&, tao dicu kién cho t6i trong thoi gian hoc tap va
nghién ctu luan van t6t nghiép.

Mic du da c¢b gang hoan thanh luan vin nhung chic chan s& khéng tranh
khoi nhirng sai sot, t6i kinh mong nhan duoc su thdng cam va chi bao cua cac
thay ¢ va cé4c ban.

Xin chan thanh cam on.
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LOI CAM POAN

T6i la Trinh Ba Quy, hoc vién I6p Khoa hoc may tinh K22 xin cam doan
bo cdo luan van nay duoc viét bai toi dudi su huéng dan caa Thay giéo, Tién si
Phan Xuan hiéu va Thay gi4o, Tién si Nguyén Vian Tang. T4t ca két qua dat duoc
trong luan vin nay 1a qua trinh tim hiéu, nghién ctu caa riéng t6i. Trong toan bo
noi dung cua luan vin, nhimg diéu duoc trinh bay 1a két qua caa ca nhan tdi hoic
1a duoc tong hop tir nhiéu ngudn tai liéu khac. Céc tai liéu tham khao déu c6 xuat
Xt 10 rang va duoc trich dan hop phap.

T6i xin hoan toan chiju trach nhiém va chiu moi hinh thac ky luat theo quy
dinh cho 161 cam doan cta minh.

Ha Noi, ngay....thang....nam 2018

Nguoi cam doan

Trinh Ba Quy
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viii
MO DAU

Phan tich dir liéu giao thdng 1a mot cong viéc quan trong va c6 nhiéu y
nghia trong thyc tién. Bai toan nay dang thu hut sy quan tdm cta cac don vi quan
ly va van hanh ha tang giao thong ciing nhu cac nha khoa hoc trong linh vuc lién
quan. Phan tich dit liéu giao théng gitp ich rat nhiéu cho cac nganh nhu nganh
VAN tai: van chuyén nguoi va hang héa dén dich mot cach an toan, tiét kiém; nganh
giao thong: diéu phéi luu lugng giao thdng, trach Un tic giao théng; nganh quy
hoach d6 thi: dua ra nhitng giai phap trong viéc quy hoach céc tuyén duong, nha
ga, bén xe.

Trong khoang thoi gian gan day, cac dbi tuong kinh doanh van tai déu bét
budc gan thiét bi giam sét hanh trinh, va céch thic kinh doanh van tai ciing dugc
hién dai hoa bang cach ap dung cong nghé thong tin, dac biét 1a nhiing thiét bi di
dong théng minh. Dit liéu tir nhitng hé thdng gidm sét hanh trinh, hé théng nghiép
vu ndy phan nao cho phép ta biét duoc vi tri hién thoi cua phuong tién van tai,
biét duoc nhirng thong tin di kém cta phuong tién van tai nhu van téc, nguoi lai,
cac sai pham cua phuong tién van tai. Tuy nhién viéc khai thac dir liéu nay con
dang gip khé nhiéu thach thic do luong dit liéu 16n, dix liéu nhidu nhiéu.

Luan van nay néu phuong phap: (1) phén vung va phan cum céc cung
duong di chuyén theo thoi gian dé tim ra quy luat di chuyén ciia cac phuong tién
van tai; (2) M6 phong ludng di chuyén cua cac phuong tién van tai theo vang; (3)
Xép hang cac khu vuc don, tra khach; (4) Dy doan ludng giao théng trong céc
vung; (5) Pua ra goi y di chuyén cho tai xé dya vao mat do6 giao théng va két qua
xép hang cta cac ving. Cac bai toan nay duoc thuc hién theo tiép can phan tich
dix liéu giao thdng, cu thé 1a phan tich di liéu hanh trinh thu nhan tir taxi theo thoi
gian thuc va gan thoi gian thuc.

B cuc cua luan van duoc té chie nhu sau:

e Chuwong 1: Khai quat bai toan khai pha dir li¢éu phwong tién van
tai gioi thiéu tong quan vé bai toan khai phé dit liéu phuong tién van
tai, dinh nghia va cac hudng tiép can.

« Chwong 2: Mt sé6 nghién ciru vé phan tich, mé phéng tinh trang
giao théng gisi thiéu mot sé phuong phap, k¥ thuat da duoc nghién
ctu va &p dung cho bai toan phén tich, mé phoéng tinh trang giao
thong.
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« Chwong 3: Xay duwng hé théng phan tich, mé phéng tinh trang
giao thong trinh bay md hinh bai toan phén tich va mé phong tinh
trang giao théng dva vao khai pha dir liéu van tai, quy trinh thuc hién
giai quyét cac bai toan trong luan vin, cac dé xuat bo sung cho cac
nghién ciu & chuong 2 dé giai quyét cac bai toan dit ra.

e Chuwong 4: Thir nghiém va danh gia trinh bay qué trinh thir nghiém
mé hinh d3 xay dyng dwa trén hai bo dit liéu vé taxi, va thuc hién
danh gia d6 chinh x&c cia mo hinh du béo

o K&étluan: Tong két cac déng gop va két qua dat dugc trong qué trinh
nghién cau va thuc hién luan van, ciing nhu huéng phat trién trong
tuong lai dé hoan thién hon két qua nghién ctu.
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Chwong 1: Khai quat bai toan khai pha dir liéu
phwong tién van tai

Ngay nay, véi su phat trién manh mé& va vuot bac vé Cong nghé théng tin,
cling nhu ha ting co sé giao théng, viéc hién dai hda qua trinh khai thac, kiém
soat phuong tién van tai dang duoc chd trong trién khai sau rong. Diéu nay thic
day su gia tang vé dit liéu cia phuong tién van tai. Céc dit liéu nay dén tir cac
thiét bi giam sat hanh trinh ciing nhu cac thiét bi di kém trong qua trinh thuc hién
giai quyét cac bai toan nghiép vu. Vi vay, nhiéu nha khoa hoc di nghién ctru cac
cdng nghg, thuat toan dé giai quyét bai toan vé khai pha di liéu cach nhanh nhat
dap tng duoc nhiing yéu cau thuc té ma cac to chic hay doanh nghiép dua ra.
Chuong nay s& mo ta khai quat vé dir liéu tir phuong tién van tai [1] cling nhu vai
tro va tng dung cua no.

1.1 Tong quan vé dix liéu GPS

GPS - Hé théng dinh vi toan cau 1a hé thong xac dinh vi tri duwa trén vi tri
ctia cac vé tinh nhan tao, do Bo Québc phong Hoa Ky thiét ké, xay dung, van hanh
va quan ly. Trong cing mot thoi diém, toa do cuia mot diém trén mat dat sé duoc
x4c dinh néu xac dinh duoc khoang cach tir diém doé dén it nhat ba vé tinh.

GPS str dung nguyén tac huéng thang tuong doi cta hinh hoc va luong giac
hoc. MJi vé tinh lién tuc phét va truyén dir liéu trong quy dao cua né, do o, moi
thiét bi GPS nhan s& lién tuc truy cap dix liéu quy dao chinh x4c tir vi tri cua tat ca
vé tinh. Tir d6 tin hiéu hodc séng vo tuyén di chuyén & van téc hang sé (thuong
bang van toc anh sang — C), cac thiét bi GPS thu c6 thé tinh toan khoang cach lién
quan tir GPS dén cac vé tinh khac bang cach may thu GPS so sanh thoi gian tin
hiéu duoc phat di tir vé tinh véi thai gian ma thiét bi GPS thu nhan duoc tin hiéu
do cac vé tinh khac. Nguyén 1y xac dinh toa d6 cua hé thong GPS dya trén cong
thire quing dudng bang van tc x thoi gian. Vé tinh phat ra céac tin hiéu bao gom
vi tri cia ching, thoi diém phat tin hiéu.

May thu tinh toan dugc khoang cé&ch tir cac vé tinh, giao diém cua cac mat
cau c6 tam la cac vé tinh, ban kinh 1 thoi gian tin hiéu di tir vé tinh dén may thu
nhan van téc song dién tir 1a toa do diém can dinh vi.

GPS hién tai gom 3 phan chinh: Phan khong gian, phan kiém soat va phan
su dung.



1.1.1 Phan khoéng gian

Phan khong gian gom 27 vé tinh (24 vé tinh hoat dong va 3 vé tinh du
phong) nam trén cac quy dao xoay quanh trai dat. Ching cach mat dat 20.200 km,
ban kinh quy dao 26.600 km.
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Hinh 1.1 V¢ tinh GPS

Chuing chuyén dong 6n dinh va quay hai vong quy dao trong khoang thoi
gian gan 24 gio voi van téc 7 nghin dam maot gio. Cac vé tinh trén quy dao duoc
bé tri sao cho cac may thu GPS trén mat dat c6 thé nhin thay téi thiéu 4 vé tinh
vao bat ky thoi diém nao.

Cac vé tinh duoc cung cap bang nang luong Mat Troi. Ching ¢ cac ngudn
pin du phong dé duy tri hoat dong khi chay khuat vao viing khdng cé énh sang
Mt Troi. Cac tén ltra nho gan & mdi qua vé tinh gitr ching bay ding quy dao da
dinh.

1.1.2 Phan kiém soat

Muc dich phan nay Ia kiém soét vé tinh di dung huéng theo quy dao va
thong tin thoi gian chinh xéac. C6 5 tram kiém soat dat rai rac trén trai dat. Bon
tram kiém soat hoat dong mot cach tu dong, va mot tram kiém soat 1a trung tam.
BN tram nay nhan tin hiéu lién tuc tir nhitng vé tinh va giri cac thong tin nay dén
tram kiém soat trung tdm. Tai tram kiém soat trung tdm, n6 s& sta lai dix liéu cho
dung va két hop véi hai ang-ten khac dé giri lai thong tin cho cac vé tinh. Ngoai
ra, con mot tram kiém soat trung tam du phong va sau tram quan sat chuy@n biét.



1.1.3 Phan sir dung

Phan sir dung 12 thiét bi nhan tin hiéu vé tinh GPS va ngudi st dung thiét
bi nay.
1.2 Dir liéu phwong tién van tai

Dir liéu phuong tién van tai chinh 1a mot loai di liéu GPS, né c6 thé ¢ tir
c4c thiét bi giam sat hanh trinh str dung nhitng céng nghé c6 san: Hé thdng dinh
vi 6 td, GPSylon, Open GTS [10], dir liéu tir c4c thiét bi di dong thdng minh ding
trong viéc giai quyét cac bai toan nghiép vu [9] (dién hinh 1a cac tng dung goi xe
Xuat hién ¢ Viét Nam gan day)

GPS satellite ral mobjle

Iee provider

GSM/GPRS
communiuMTo

GPS pissgdon

GSM/GPRS
communication

Client PC

Tracking server

Hinh 1.2 D lidu dén tir cac thiét bj giam sat hanh trinh
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Hinh 1.3 Kién tric cia hé thong dinh vi siz dung thiét b di dong thong
minh

XU LY VA TINH TOAN THONG TIN
DE RA LENH DIEU PHOI

‘ i, GU1 THONG TIN . ‘
- CUA KHACH HANG
b -
" TRALOI NHAN

DIEU PHOI VIEN LENH DIEU PHOI CLOUD SERVER

_GUN VI TRI
VE CHO SERVER|

GU1 LENH CHO
NHUNG XE GAN

GOI DEN .
KHACH NHAT

THONG TIN L .
XE DEN DON TRA LOT NHAN
LENH DIEU PHOI

N 4

KHACH HANG

XE NHAN BUQC THONG
TIN DIEU PHOT

Hinh 1.4 So' d6 hoat déng ciia mét 1ing dung goi Xe taxi si dung thiét b; di
déng thong minh

Dir liéu phuong tién van tai ¢ thé cd tir cac thiét bi giam sat hanh trinh sir
dung nhitng céng nghé c6 san: Hé thong dinh vi 6 td, GPSylon, Open GTS [10],
dir liéu tir cac thiét bi di dong théng minh dung trong viéc giai quyét cac bai toan
nghiép vu [9] (dién hinh 1 cac tng dung goi xe xuat hién & Viét Nam gan day).
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Ngudn dit liéu dugc ldy tir chinh bai toan kinh doanh cua cac cong ty, c&

nhan kinh doanh van tai nén thuong bao gdm thém maét sé thong tin hitu ich co
thé khai thac nhu: thong tin cua cac cam bién (déng mo cira, diéu hoa, xing dau,
mat than trén taxi). Khai quat vé dit liéu cuia mot phuong tién van tai:

Thai gian (tinh bang giy)

Kinh do

Vi do

Cao d0

Van toc (do thiét bi thu nhan ting gidy, c6 thé dugc tinh tuong dbi tir 4
thong tin dau)

Hudéng di chuyén (do thiét bi thu nhan ting gidy, cd thé duogc tinh tuong
dbi tir 4 thong tin dau)

Trang théi (do thiét bi thu nhan ting gidy, do cac day cam bién trén thiét
bi hanh trinh gin véi nhitng thanh phan cu thé trén xe)

1.3 Cac wng dung cua khai pha dir liéu phwong tién van tai

Nhin chung, trng dung caa khai phéa dir liéu phuong tién van tai kha rong,

tuy nhién c6 thé duoc chia 1am nhitng muc chinh sau [1, 2]:

Dich vu Hb tro 1ap ké hoach giao thong.

Dich vu Quan ly va bao tri co s& ha tang giao thong.
Dich vu Giam sat va diéu khién giao thong.

Dich vu Quan 1y co s¢ dir lidu tai nan giao thong.

Dich vu Quan Iy nhu cau giao thdng.

Dich vu Hb tro giam sat viéc chap hanh luat giao thdng.
Dich vy Hb tro quan 1y thong tin phuong tién van tai.
Dich vu Hb trg quan ly thong tin lai xe.

Luan van ndy tap trung vao mang ang dung “Dich vy Giam sat va diéu

khién giao thong” — la mot nhu cau buc thiét hién nay dé giai quyét cac van dé vé
tac duong, quy hoach do thi véi céc bai toan cu thé:

Phan viing va phan cum céac cung dudng di chuyén theo thoi gian dé tim
ra quy luat di chuyén cua cac phuong tién van tai.

M6 phong ludng di chuyén cua cac phuong tién van tai theo ving.

Xép hang cac khu vuc dén, tra khach.

Dy doan ludng giao thong trong cac ving.
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e Duara goiy di chuyén cho tai xé dya vao mat do giao thong va két qua
xép hang cua cac vung.

Két luan: Chwong 1 cia luin vin trinh bay tong quan vé dir liéu GPS,
gom nguyén ly va cac phan caa dir liéu GPS, dwa ra hai nguon cia dir liéu
phuong tién van tai — mot loai dir liéu GPS Ia qua céc thiét bi giam sat hanh
trinh va cac &ng dung quan 1y nghiép vu trén thiét bi di déng thong minh,
md ta khai quat vé dix liéu van tai. Pong thoi chwong nay ciing néu ra dwoc
cac @wng dung cua dir liéu phwong tién van tai, chi ra nhirng wng dung caa
khai pha dir liu phwong tién van tai ma luan van tap trung.
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Chwong 2: Mt s6 nghién ciru vé phan tich, mo

phéng tinh trang giao thong

Nhu da dé cap trong chuong 1, luan van tap trung vao nhing bai toan cu

thé sau:

Phan vung va phan cum cac cung dwong di chuyén theo thai gian
dé tim ra quy luat di chuyén ciia cac phwong tién van tai: Cu thé ¢
day luan van tién hanh phan tich dit liéu cua nhiéu taxi trong cling mot
ngay, trong mot khoang thoi gian nhat dinh dé tim ra cac cum (céc cung
duong chung), loai bo nhitng dix liéu nhiéu, cum khong dic trung, phuc
vu cho bai toan md phong ludng di chuyén, tim ra cac duong di chung,
cac duong di toi wu phuc vu cho bai toan goi ¥ di chuyén. Phuong phap
phan cum thuong chia thanh [7]: khong giam sat, giam sat, ban giam
sat. Luan van lua chon phuong phap khong giam sat, cu thé 1a mé hinh
va thuat toan Trajectory clustering cua Jae-Gil Lee va cong su [6] s€
trinh bay bén dudi.

M6 phéng ludng di chuyén ciia cac phwong tién van tai theo ving:
Nham dat muc tiéu khai quat hoa va tang hiéu ning tinh ton luan van
st dung tu tuong chia vung theo cong trinh cua Naoto [8] va cach chia
cung thoi gian theo cong trinh ctia Xiaomeng Wang va cong su [15] va
dé xuét cach biéu dién mat do theo van tc

Xép hang cac khu vure dén, tra khach: Luan van thuc hién khai quat
hoa khu vuc don, tra khach theo tu tuong chia vung trong cong trinh cua
Naoto [8] va céch chia cung thoi gian trong cong trinh cia Xiaomeng
Wang va cong su [15]

Dw doan ludng giao thdng trong cac ving: Luan van thuc hién dy
doan ving dén ké tiép theo cong trinh ctia S”ebastien Gambs va cong su
[11, 12] v&i cach gan nhan dya trén xép hang va mat do, phuc vu cho
bai toan goi y di chuyén tiép theo

Puwa ra goi y di chuyén cho tai xé dwa vao mat dé giao thong va két
qua xép hang cia cac vung: Duya trén bai toan du doan ludng giao
thong va xép hang don khach, luan vin thuc hién dwa ra cac goi y di
chuyén cho tai xé, sir dung cac cung duong da phan cum dé goi y cung
duong tét nhat.



8
2.1 Thuat toan phan cum TRACLUS

Phan cum 14 céch chia cac dbi twong dix liéu thanh cac nhém sao cho céc
d6i tuong trong cling mot nhdm gan nhau hon va cac dbi tuong cua hai nhom khéc
nhau thi khac nhau rat nhiéu. Trong luan van, bai todn phan cum cho phép tim
hiéu c4c quy luat quiang dudng cua ting taxi. Cac quy luat duong di cua taxi gdom
c6 cac doan dudng duoc taxi dung dé di chuyén nhiéu nhat, cac cum quéng duong
s& duoc phan ra dya trén khoang céch thuc té.

Pé giai quyét hai bai toan trén luan van st dung cong trinh ctia Jae-Gil Lee
va cong su [6], d6 1a thuat toan TRACLUS.

Pé 1am rd thuat toan, gia st c6 5 quiang duong nhu trong Hinh 2.1, ¢6 thé
nhin rd rang c6 mot dic diém chung, biéu dién bang miii tén trong hinh chir nhat.
Tuy vay, néu nhém nhimg quing duong ndy lam mét, ching ta khong thé kham
pha dic diém chung nay khi ma ching di chuyén di cac huéng khac nhau, vi vay
s& bi mat mot sb thong tin quy gia.

TR,. TR,

Quang duong con chung

TR,

TR,

TR,

Hinh 2.1 M6 hinh quéang dwong con chung

Giai phap ¢ day sé la phan chia cac quang duong thanh tap hop cac phan
doan duong va sau d6 nhom cac phan doan dudng. Cong viéc nay nam trong
khudn khd phan viing va cum. Muc tiéu chinh cua viéc phan ving va cum nay 12
kham pha cac quang duong con (phan doan duong) chung tir bo dir liéu quéng
duong dau vao.

Viéc kham pha cac quing duong con la rat hitu ich do chdng ta c6 nhiing
viing quan tam dac biét dé phan tich. Trong trudng hop nay, ching ta tap trung
vao nhiing hanh vi cu thé trong khu vuc do.
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Phuong phap phan ving va cum s& gom 2 giai doan:

e  Budc phan viing: Mbi quing dudng dugc téi wu phan chia lam cac phan
doan dudng. Cac phan doan duong nay sé 1a dir liéu dau vao cho budc
tiép theo.

e  Budc phan cum: cac phan doan dudng gidng nhau duoc nhém vao mot
cum. Trong bai b&o nay, thuat toan phan cum dua trén mat do dugc sir
dung.

Hinh 2.2 miéu ta toan bd qua trinh phan cum quang duong trong phuong
phap phan ving va cum. Dau tién, mdi quing duong duoc chia ra 1am céc phan
doan duong. Sau d6, cac phan doan duong ma chiing ¢ gan nhau da trén tiéu
chi khoang cach dugc nhém thanh mot cum. Cubi cung, doan duong tiéu biéu
duoc tao ra cho mdi cum. Thuat toan nay duoc viét lai chi tiét nhu trong Thuét
toan 1.

TR, TR,

TR,

(1) Phan vang Tap hop quang duong

/ TR2 <\\\
\ TR Phan doan

I a2 - . R
duong ticu bicu

!

— 73 (2) Phan cum
\ \ Cum

Tap hop phan doan duong

Hinh 2.2 Vi du vé phan ving va cum qudng dwong

Thuat toan 1: TRACLUS (TRAjectory CLUStering)
Input: Tdap hop quang dwong | = {TRy, - - -, T Roumtra }
Output: (1) tap hop cac cum O ={Cy, - - -, Crumclus }

(2) tap hop cac doan dudong tiéu biéu
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Thuat toan:

/* BUGC PHAN VUNG */
01: for each (TR € 1) do

[* Thuat toan 2 */

02:  Thuc hién thuat toan phan vung quang duong; Nhan tap hop L cua cac
phan doan duong;

03: Tich lay L vao trong mét tap hop D;

[* BUGC PHAN CUM */

[* Thuat toan 3 */

04: Thyc hién phan cum phan doan duong cho D; két qua gom mat tap hop
O gom cac cum;

05: for each (C € O) do

06:  Thuc hién viéc tao doan dwong tiéu biéu; két qua gom ¢ doan dwrong
tidu biéu;

2.1.1 Phan vung quang duwong

Chuing ta mudn tim nhitng diém ma hanh vi caa cac quing dudng thay doi
nhanh chéng, ching ta goi nhitng diém nay 1a nhitng diém dic trung. Dbi voi moi
TRi = p1 P2 Ps. . .Preni, chiing ta xac dinh mot tap hop cac diém dic trung {pe1, Pea,
Pesy. . Pepari ¥ (C1 < C2 < ... < cpari). Mi diém p; twong g véi mot toa do gom
kinh d6 va vi do (X va Y trong tép dit liéu dau vao). Sau d6 TR; dugc phan ving
tai mdi diém dic trung, va mdi ving duoc biéu dién boi phan doan duong. Hinh
2.3 miéu ta mot vi du vé quing dudng va cach né duoc phan doan.

@ : Pieém dic trung = = = : Phan doan duodng

Hinh 2.3 Vi du Vé qudng dwong va cdc phdn doan
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Viéc phan chia téi uu can phai cé hai tinh chat sau: chinh xéac va sc tich.
Tinh chinh xdc c6 nghia rang su khac nhau gitta quing dudng va mot tap hop
phan doan dudng cang nho cang tét. Tinh stc tich dong nghia véi sb luong phan
doan cang it cang tét. Bé thuc hién diéu nay ching ta ding thuat toan 2.

Thuat toan 2: Approximate Trajectory Partitioning
Input: TRi = p1 P2 P3-..-Pj---Pleni
Output:  Tap hop céac diém dic trung CP;

Thuat toan:

01: Thém pyvao tap hop CP;; /* diém bat dau */

02: startindex:= 1, length:= 1;

03: while (startindex + length < len;) do

04: currindex:= startindex + length;

05:  costpar := MDLpar(pstartindex, pcurrindex);

06:  cOSthopar := MDLngpar(pstartindex, pcurrindex);
/* kiém tra néu phan ving ¢ diém hién tai 1am MDL 16n hon khi khong
phan vung */

07:  if (cosStpar> COStnopar) then

/* phan ving diém trudc do */

08: Thém peurrindex—1 Vao trong CP;;

09: startindex := currindex — 1, length := 1;
10: else
11: length := length + 1;

12: Thém diém pieni VAOCP;; /* diém két thiic */

Chiéu dai téi thiéu md ta (MDL - Minimum Description Length) duoc sir
dung dé phan ving doan dudng. MDL s& dugc do dua trén L(H) (d6 do tinh stc
tich) va L(D|H) (d6 do tinh chinh x4c). Cong thirc tinh cua L(H) va L(D|H) lan
luot nhu sau:
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par;—1
L(H) = Z IDgZ(len(pijCj—f—l))
j=1
par; —1¢j4+1—1

L(DIH) = Y > {logs(di(pe;pe;srsPkPri1))+

=1 k=c;
7 logg (dﬂ (pcj' pc‘?'+1 :pkpk+1))}

trong d6 dLva dy lan luot 1a khoang céch vudng goc va khoang cach goc
gitra 2 phan doan duong L; = sj & va L = s;j €;.

1 p:
|
| % ___________
!
\\pm !
v
L(H) =loga(len(pps))
L(D|H) =logx(d.(p1ps, prp2) +di(p1ps, p2p3)+du(pips, p3ps)) +
log2(de(p1 ps, prp2) +de(prps, p2p3)+das(pips, p3 p4))

Hinh 2.4 Cach tinh dé do MDL

Dua vao cong thuc trén, va vi du trong Hinh 2.4, tinh dugc L(H) va L(D|H)
cho quang duong {p1p2 pPs P4 Ps ...}
2.1.2 Phan cum

Trong thuat toan TRACLUS, thuat toan phan cum DBSCAN duoc sir dung.
Péi voi thuat toan DBSCAN, chiing ta can xac dinh 2 tham sé: € (tuong tng Véi
khoang cach nho nhat giita 2 diém dé c6 thé goi 1a diém hang x6m) va minPts
(twong Gng Véi s6 lugng diém hang xom).

Ne(L) duoc goi la cac hang xom cua phan doan duong L € D trong khoang
cach ban kinh : Ng(L;) = {Lj€ D | dist(L;, L; ) < ¢&}.

Phéan doan duong Li€ D duoc goi 1a phan doan duong voi diéu kién € va
MinLns théa man néu |Ne(Li)| > MinLns va s& goi la ngoai bén néu khdng thoa
man diéu kién nay.
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Mot phan doan duong Li€ D dugc coi la ¢ kha nang truy cap mat do truc
tiép (directly density reachable) tir mot phan doan duong khac L€ D véi didu
Kién € va MinLns thoa man néu L;€ Ne(L; ) va [Ne(L; )| > MinLns.

Mot phan doan duong Li€ D dugc goi la c6 kha nang truy cap mat do tur
mot phan doan duong khéc Lj€ D véi diéu kién & va MinLns théa man néu c6 mot
chudi cac doan duong L, Ls-1, - - -, Lixs, Li€ D sao cho L la mat do truy cap
truc tiép tir Lies VG diéu Kién € va MinLns thoa man.

M6t phan doan duong Li€ D duoc goi 1a mat do két ndi (density-connected)
toi mot phan doan duong khac Lje D véi diéu kién € va MinLns théa man néu co
mot phan doan duong L€ D sao cho ca hai Liva Ljla cé kha nang truy cap mat do
tor L.

Chung ta hdy nghién ctu vi du trong Hinh 2.5 sau dugc 4p dung DBSCAN
cho bai toan phan cum cac doan duong. O day minPts = 3 va € 1a cac hinh eclipse,
dua vao dinh nghia trong DBSCAN chung ta s€ c0:

—
L, La—L,—L—L—L,

Hinh 2.5 Vi du vé mdr dé truy cdp va mdt do két noi
° L1, L2, L3, L4, va L5 1a phan doan duong chinh
o L2 va L3 c6 mat do truy cap truc tiép tir L1
° L6 cd mat do truy cap tir L1 nhung nguoc lai khong diing
e L1, L4vaL5 la matdo két ndi.
Thuat toan phan cum trong TRACLUS duoc viét lai nhu trong thuat toén

Thuat toan 3: Phan cum

Input: (1) Mot tap hop phan doan D = {L1, ...., Lyym,, },
(2) Hai tham s6 ¢ and MinLns

Paura: Mottap hopcum 0 = {C1, ..., Crym,,,, }
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Thuat toan:

/* Budcl */

01: clusterld = 0; /* khéi tao id dau tién */

02: Dé tat ca cac doan duong trong D 1a chua dugc phan loai;
03: for each (L €D) do

04: if (L chwa dwoc phan logi) then

05: Compute Ne(L),

06: if (|[Ne(L)| > MinLns) then

07: Gan clusterld chovX &€ Ne(L);

08: Thém Ne(L) — {L} vao trong hang doi Q;
[* Step 2 */

09: ExpandCluster(Q, clusterld, e, M inLns);
10: Tang clusterld thém 1; /* id méi */

11: else

12: bat L nhu ngoai bién;

[* Step 3 */

13: Chi dinh "L € D cho cum Cgusterid;

/* kiém tra s6 lugng quing duong */
14: for each (C €0) do

/* mot ngudng khac MinLns cd thé sir dung */
15: if (|PTR(C)| < MinLns) then
16: Xba C khoi tap hop cac cum O;

/* Step 2: tinh tap mat do két ndi */
17: ExpandCluster(Q, clusterld, &, MinLns) {
18:  while (Q # @) do
19: Let M be the first line segment in Q;
20: Compute Ne(M);,

o1

21: If (|Ne(M)| > MinLns) then

22: for each (X € Ne(M)) do

23: If (X chua dwoc phan logi hogc ngogi bién) then
24: Gan clusterld cho X;

25: if (X chua dugc phan loai) then

26: Thém X vao hang doi Q;

27: B6 M ra khoi hang doi Q;
28: }
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2.2 MO0 hinh giao thong dwa trén “PageRank”

2.2.1 Xép hang bing duyét web

Thuat toan PageRank 1a mot trong nhitng thuat toan xép hang trang web
duoc sur dung rong réi nhat, dua trén gia thuyét raing néu mot trang web cé nhiing
lien két quan trong dén no, thi lién két cua nd dén cac trang khac ciing trd nén
quan trong. Do vay PageRank tinh toan cac backlink(lién két dén trang do) va
chia sé xép hang thong qua lién két: Mot trang c6 xép hang cao néu tong cia cac
trang co lién két d¢én n6 cao [13].

Hinh 2.6 Vi du vé backlink

Theo nhu Hinh 2.6 trang A la backlink cua trang B, va trang C, trong khi
trang B va D 1a backlink cua trang D. Trong hinh trén ta c6 2 loai lién két (link):
in-link va out-link. Lién két giira trang A va trang B duoc coi |3 in-link d6i voi B
va coi la out-link vai A.Cong thirc co ban clia PageRank duoc dinh nghia nhu

Sau.
PR(w) = Z PRE)

VEB(u) Nv

Trong cong thtrc ta c6 nhirng ky hiéu sau:

e u dai dién cho mot trang web

e B(u) la mot tap hop cac trang c6 lién két dén u

e PR(u) va PR(V) la s6 diém xép hang cua trang u va trang v
e N, lasd luong out-link tir trang v

Theo cbng thuc PR(u) 1a tong cua cac xép hang PR(V) chia cho sé luong
out-link. Qua trinh lan truyén nay duoc lap lai cho dén khi thi hang cua tat ca cac
trang web duoc hoi tu. Qua trinh trén duoc goi 1a duyét web: mang xép hang tir
mot trang web v dén mot trang lién két u
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Hinh 2.7 Vi du vé phién ban don gian ciia PageRank

2.2.2 Damping factor trong PageRank

CoO mot khai niém quan trong trong PageRank goi 1a “damping factor” sir
dung trong qua trinh chuyén thir hang. Khai niém duoc st dung dé tranh van dé
duong cut dwoc mo ta & hinh 2.8 va hinh 2.9 . O hinh 2.8 ¢6 3 trang web: u, v, K
nhung khong c6 out-link tir k. Vi vay tat ca xép hang déu don ¢ k va khong ra
ngoai. O hinh 2.9, ¢6 2 trang web u va v, nhung hai trang nay lién két véi nhau.
Vi vay xép hang chi chuyén giira hai trang véi nhau.

Hinh 2.8 Khdng co outlink tzr trang k

Hinh 2.9 Chuyén xép hang gizza hai trang u va v

Dé xtr ly nhitng van dé nay trang web cd thé nhay dén mot trang ngau nhién
khéc Véi ty 18 a.
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Kha ning nhay ndy trong PageRank dic trung boi hé s “damping factor”
(d). Hé sb nay thuong duoc dit 12 0.85. Cong thic tro thanh:

PR(v)
Ny

PRW) =1—d+d z

vEB(u)

2.2.3 PageRank co trong sé

Pinh nghia trén cua PageRank c6 mot gia dinh 1a xép hang caa mot trang
duogc chia déu cho tat ca nhitng trang nd co lién két. Vi du trang A c6 bén lién két
in-link dén tir bon trang B, C, D va E. Theo cdng thirc PageRank [13] mdi trang
trong bén trang trén dong gop cho A xép hang nhu nhau. Tuy nhién gia dinh nay
khong ding trong thuc té. Nhiing trang quan trong hon hay phé bién hon thuong
c6 ty 1é chia sé xép hang cao hon. N6i cach khac xép hang chuyén dén mot trang
web A tir cac trang khac phu thudc vao do phd bién cua cac lién két caa né (in-
link va out-link) [14]

Do pho bién duoc tinh tir in-link va out-link duoc ky hiéu la: WZ',, va
Wout

(vu)

W(qu) 1a trong s6 cua link(v,u) tinh dya trén s luong in-link cua trang u va
s6 lugng in-link cua tat ca nhiing trang co lién két tur trang v
Iu
ZPER(V) I

in _
vuw) —

O day I, va |, dai dién cho s6 in-link cia trang u va trang p, R(v) dai dién
nhitng trang ma trang v lién két dén (nhiing trang c6 in-link tir v)

W(‘,’,’jf) la trong s6 cua link(v,u) tinh dya trén sb lwong out-link cua trang u
va s luong out-link cuia tat ca nhitng trang c6 lién két tir trang v

O day O, va O, dai dién cho s out-link cua trang u va trang p, R(v) dai
dién nhiing trang ma trang v lién két dén (nhiing trang c6 in-link tir v)
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Hinh 2.10 Lién két cua nhitng trang web

O hinh 2.10 14 vi du cho lién két cua nhitng trang web. Trang A c6 2 trang
lien két ¢én: p1 va p2. S lwong in-link va out-link cua hai trang nay Ia:

L4 |p1:2,|p2:1
e 0,=2Va0n,=3

Vi vay
in = —Ipl = E
@ApD) [+, 3

0 2
wout — — pl _Z
AP = 0,1 +0,, 5

PageRank co trong s6 duoc dinh nghia nhu sau:

PR =1-d+d ) PRI W, WSS,

VEB(u)

2.2.4 Xép hang biang taxi

Luén vin 4p dung tu tudng cua PageRank c6 trong sé cho mé hinh giao
théng bang cach thay qua trinh duyét web bang qua trinh di chuyén cua taxi [8].
C6 nghia 1a mot chiéc taxi s& mang xép hang tir mot viing Mg j dén mot vang 1an
can Mg j» nhu Hinh 2.11. Giong véi tu tuéng cua PageRank c6 trong sb, ludng
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giao thong c6 xu hudng dugc chia sé xép hang cho nhirng viing quan trong hon
(nhimg dia diém, dudng pho bién nhiéu ngudi biét) thay vi chia gié tri xép hang
ctia mot ving dong déu cho nhitng viing né co lién két.

Gia dinh rang xép hang bai taxi c6 thé tim thdy mét viing ¢6 anh huong
l6n dén ludng giao thong.

Hinh 2.11 Xép hang bdi taxi
Trong trudng hop cua cac trang web, tat ca trang web co lién két déu co the
1a d6i twong cho qua trinh ludt web — qué trinh chuyén tht hang, trong khi d6 taxi
chi cd thé chuyén dén céac vung lan can. Vi vay kha nang chuyén dich tir viing
hién tai M) dén ving lan can Mg ;) duoc dinh nghia bang ma tran P;;. C6 8 viing
1an can ttr ving M j hien thoi, va mdi kha niing dugc ky hiéu béi p;j (kha ning tré
lai vung hién thoi l1a 0).

Pi-1,j-1 Pij-1 Pi+1,j-1
pij=| Pi-1; 0 Di+1,)

Pi-1,j+1 Pij+1 DPi+1,j+1
2.3 Sir dung xich Markov trong dw doan diém dén tiép theo
2.3.1 Xich Markov

Xich Markov 1a mét truong hop dic biét cua automat hitu han cé trong sb
(weighted finite-state automaton). O day automat hitu han c6 trong sé duoc dinh nghia
la mot mo rong don gian cua automat hitu han, trong d6 mdi cung lién quan dén mot
X4c suit, cho biét kha ning duong di d6 duoc thuc hién. Xac suit trén tit ca cac cung

phai c6 tong 1a 1. Véi xich Markov chudi dau vao xac dinh duy nhét trang thai automat
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s& di qua. Xich Markov chi hitu ich trong viéc gan xac suat cho cac chudi rd rang vi n6

khéng thé biéu didn cac vn d& mo hd [3, 5].

Hinh 2.13 Xich Markov biéu dién xac sudt mét chudi tir

Hinh 2.12 1a mét xich Markov biéu dién mét chudi su kién thoi tiét, cac
trang thai gdm c6 “HOT”, “COLD”, “RAINY”. Hinh 2.13 12 mot biéu didn don
gian khac cua chudi Markov cho viéc gan xac suat cho mot chudi céc tir. Mot
chudi Markov duoc xac dinh bang:

Q = gi02...qn Mot tap hop trang thai

A = apdgy. . .an1. . .am Mot ma tran xac suat chuyén d6i A, mdi aij dai
dién cho mot kha nang chuyén doi tir trang théi i
sang trang thai j. 3%_; a;; = 1 Vi

Qo, Gend M6t trang thai bat dau va két thuc dac biét khong
lién quan dén cac quan sat
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Mot xich Markov st dung mot gia dinh quan trong trong thir tu caa xich
Markov bac nhit: x4c suit caa mot trang théi cu thé chi phu thuoc vao trang thai
trudc do.

Thugc tinh Markov:P(q;lq; ..-qi-1) = P(q;|q;-1)
Bai vi mdi a;; biéu dién mot xac suat p(a;|g;), luat Xac suat yéu cau gia tri

cua tat ca cung di ra tir mot trang thai phai cé tong la 1:

n

zau=1Vl

j=1

Mot céch biéu dién thay thé déi khi duoc sir dung cho xich Markov ma
khong phu thudc vao trang thai bat dau hay két thuc ma thay vao d6 no biéu dién
su phan bo cua cac trang thai bat dau va trang thai dugc chap nhan:

T = y,Ty, ..., Ty, Phan b xac suat ban dau trén c4c trang thai mr; 1a kha
ning xich Markov sé& bat dau ¢ trang thai i. Mot vai
trang théi j c6 thé co m;=0, nghia la chung khong thé
14 trang thai bat dau. Ciing theo phan phdi Xac suat
e =1

QA = {qx,0y...} Mot tap hop QA < Qcua nhiing trang thai dugc chap

nhan hop 1€

Vi vay kha ning trang thai 1 1a trang thai bat dau c6 thé duoc biéu dién nhu
la ap; hoac ;. Vi mdi m; biéu dién xéac suat p(q;|START), tit ca xac suat w co
tong la 1:

n

Zﬂfi:].

i=1



Hinh 2.14 Xich Markov biéu dién theo phan bé cho chudi sir kién thoi tiét

Mot céch biéu dién thay thé déi khi duoc st dung cho xich Markov ma
khong phu thudc vao trang thai bat ¢au hay két thuc ma thay vao d6 no biéu dién
su phan bo cua cac trang thai bat dau va trang thai dugc chap nhan

2.3.2 Xich Markov di dong (Mobility Markov Chain - MMC)

Xich Markov di dong (tén tiéng Anh 12 Mobility Markov Chain, tir bay gio
s& ky hiéu 1a MMC) mé hinh héa hanh vi di chuyén cta mot ngudi nhu 1a mot
qué trinh ngau nhién roi rac. Trong d6 xac suat di chuyén dén mot trang thai (O
day 1a mot dia diém) chi phu thudc vao trang thai trude d6 (dia diém trude do) va
phan bd xac suat cia qua trinh chuyén doi giira cac trang thai [11, 12]. Chinh xéc
hon mot MMC bao gom:

Mot tap hop trang thai P = {p,...,.px}, & diy mdi trang thai tuong
ing véi mot dia diém cd tan suat cao (Xép hang theo thir tu giam
dan cua tam quan trong). Nhiing dia diém nay thuong c6 mot y
nghia va do d6 cac nhan nhu “Nha” hoac “Noi lam viéc” thuong cd
thé dugc gan vao ching. Ngir nghia ctia mot sb trang thai doi khi
c6 thé duoc suy ra tir cau tric cia MMC. Trong luan vin nay ching
ta khéng dan cac nhdn ngir nghia cho cac dia diém, thay vao do
chiing ta gan ID cta ving cho cac dia diém nay.

Mot tap hop cac chuyén tiép, nhu 14 t; j, dai dién cho viéc chuyén tir
trang thai p; sang trang thai p;. Mot chuyén doi tir mot trang thai
sang chinh no c6 thé xay ra néu nhu ngudi d6 di chuyén tir mot
trang thai sang mot dia diém khong thuong xuyén rdi quay lai trang
thai d6. Vi du mot ca nhan co thé roi khoi nha minh dé dén hiéu
thude, sau d6 tro vé nha (O day hiéu thube 1a dia diém khong thuong
xuyén nén khong dugc dua vao cac trang thai)
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Mot xich Markov di dong c6 thé duoc biéu dién nhu 13 mot dd thi hoic mot
ma tran chuyén dich. O biéu dién theo d6 thi, nhitng node dai dién cho nhitng
trang thai, con nhitng miii tén mo ta cac chuyén tiép giita nhitng trang théi. Trong
biéu dién bang ma tran chuyén dich, hang dai dién cho cac trang thai ngudn (dia
diém ngudn) va cot dai dién cho trang thai dich (dia diém dich). Gia tri cia mdi &
1a x4c suat caa chuyén tiép tai hang va cot.

Xich Markov di dong tiéu chuan 1a khéng nhé theo nghia 1 du doan diém
tuong lai chi phu thudc vao diém hién tai. Tuy nhién, diéu ndy cé han ché 1a xich
markov di dong “quén” diém di timg dén trudc d6 trude khi dén trang thai hién
tai, diéu nay c6 tac dong tiéu cuc dén do chinh xac cia du doan. Dé giai quyét van
dé nay, S ebastien Gambs va cac cong su dé xuat khai niém n-MMC [12] - la
mét MMC ma trang thai tiép theo khdng chi dua vao mot trang thai trudc d6 ma
duavaOChUOlnnangthaluuocdo
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2.3.3 Sir dung n-MMC dé dy doan diém dén tiép theo

Trong [12] tac gia bai bao sur dung thuat toan DJ-Cluster dé tim ra nhiing
dia diém ma mot ngudi hay dén, tuy nhién, trong khuén kho luan van nay, ching
ta str dung c4c 6 (ving) di chia ¢ budc trudc nhu 1a nhitng dia diém trong viéc du
doan diém dén tiép theo.

Dé du doan diém dén tiép theo dua trén n vi tri cudi cung, ta sir dung ma
tran chuyén dich c6 thay d6i, ma trong ma tran nay hang dai dién cho n diém dén
cudi clng — thay d6i so véi ma tran chuyén dich & nguyén ban 13 hang dai dién
dia diém cudi, cot dai dién cho diém dich. Pé minh hoa viéc du doan diém dén
tiép theo, & day sir dung bang 1 va hinh 2.16 lan luot cho ma tran chuyén dich va
biéu dd cta 2-MMC. 2-MMC bao gém 4 trang thai khac nhau: “Home”(H),
“Work”(W) “Leisure”(L) va “Other”’(0). Muc tiéu 12 doan diém dén tiép theo dya
trén 2 diém phia trudc (6 day n = 2). Vi vay, hang cta ma tran chuyén dich ky
hiéu tat ca nhitng cap co thé két hop cua cac dia diém (HH, HW, HO, WH, WW,
WO, OH, OW, 00,...) trong khi d6 mot cot dai dién cho dia diém tiép theo trong
n-MMC. Vi du, néu nhu dia diém lac trude 1a H va dia diém hién gio 1a W, dy
doan dia diém tiép theo s& 1a Home (H) va su chuyén dich s& chuyén tir trang théi
HW sang WH, béi vi ching ta cap nhat vi tri trude d6 cho W va vi tri hién thoi
cho H.

Source/Dest| H W L @)
HW 1,00 | 0,00 | 0,00 | 0,00
HL 1,00 | 0,00 | 0,00 | 0,00
HO 0,64 | 0,34 | 0,00 | 0,00
WH 0,00 | 0,84 | 0,08 | 0,08
LH 0,00 | 0,50 | 0,00 | 0,50
OH 0,00 | 1,00 | 0,00 | 0,00
oW 1,00 | 0,00 | 0,00 | 0,00

Bang 2.1 Ma trgn chuyén dich

Thuat toan 4: Tgo mgt n-MMC
Input:  D: tdp hop cac ban ghi di ligu di chuyén

n: s lwong cac dia diém lic truedc
MinPts: sé lirong nhé nhdt cia ban ghi diz liéu trong mét cum
&: ban kinh 16n nhat ciia mét cum
dmer: khoang cach cac cum c6 thé hop nhat
Output: n-MMC dugc tinh
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/*Tim ra danh sach cac cum*/

01: Tién xt ly dit liéu trong tap D bang cach x6a nhiing ban ghi dit ligu
c6 su di chuyén va dix liéu du thira, duoc tap D’

02: Chay thuat toan phan cum trén D’ dé tim ra nhiing cum tiéu biéu

03: Hop nhét cac cum c6 ciing mot diém chung

04: Hop nhét cac cum nam trong khoang cach dier

05: Thu duoc danh sach POlIs 1a danh sach cua tat ca cac cum duoc
khai tao

/*Gan nhan cho cac dia diém, khai tao nhan cua cot va hang trong ma

tran chuyén dich*/

06: for each cum C in danh sach POls do

07:  Tinh khoang thoi gian, ban kinh va mar do cua C

08: end for

09: Sap xép cac cum trong danh séch POIs theo giam dan vé mat do

10: for each cum C; trong danh sach POls do

11: Tao céc trang thai p; trong ung trong xich Markov di dong

12: end for

13: for each ban ghi diz liéu m trong D’ do

14:  if khoang cach gitra ban ghi diz lieu m va tdm cum C; nho hon ban

kinh; then
15: Cap nhat n -1 dja diém lac truéc (1an luot theo thoi gian) va dia

diém hién tai theo Ci

15: Dan nhan ban ghi diz ligu m véi n — 1 dja diém trude d6 va C;
16: else

17: Dan nhan ban ghi diz ligu m véi gia tri “unknown”

18: endif

19: end for
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[*Tinh xac suat chuyén dich*/

20: X06a tat ca ban ghi dit liéu gan nhan “unknown”

21: Pua tat ca ban ghi dit liéu c6 cung nhdn vé mot thé hién duy nhat

22: Tinh tat ca kha nang chuyén dich gitra mdi cap trang thai trong xich
Markov

23: return n-MMC da dugc tinh

Thuat toan dy doan diém dén tiép theo doi hoi n diém da dén trudc d6 va
n-MMC lam dau vao. Thuat todn 1am viéc theo cach don gian sau day: Vi du dau
vao 1a ma tran chuyén dich & bang 1 va hai dja diém trudc d6 1a HO. Thuét toén
tim hang twong ng véi n dia diém trudc d6 va tim kha ning chuyén dich Ién nhat
c6 thé xay ra. Trong vi du trén, vi nhiing dia diém trude d6 1a HO, dia diém duoc
du doan la H véi kha nang 1a 64%.

Hinh 2.16 D¢ thi biéu dién 2-MMC
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Thuat toan 5: Dy doan sir dung n-MMC

Input: n-MMC: Xich Markov di dong cho n vi tri qua kha
M: Ma tran chuyén dich caa n-MMC
n dia diém lic truedc

Output: Piém dén tiép theo duroc dir béo

01: Tim hang r trong ma trdgn M tuong (ng véi n dia diém dén trude d6
02: Tim cot tuong Gng véi kha ning 16n nhat caa chuyén dich ppax cho
dong r

03: return dia diém tuwong (ng voi cot VOi Prax

Két luan: Chwong 2 ciia luan vin trinh bay cac phwong phap, ki thuat
dwoc nghién ctiru va ap dung cho bai toan phan tich, mé phéng tinh trang
giao thong trong luan vin gém: Thuat toan phan cam TRACLUS, cach md
phéng tinh trang giao thdng dwa trén thuat toAn PageRank sir dung qua trinh
di chuyén ciia taxi dé xép hang, du doan diém dén tiép theo sir dung xich
Markov di dong n. Chwong nay ciing chi r6 cach sir dung cac ky thuat,
phuong phap trén dé giai quyét cac bai toan cu thé dwoe dit ra trong luan
van.
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Chwong 3: Xay dwng hé thong phan tich, mé phéng

tinh trang giao thong

Véi co sé dit lidu duoc cung cap 1a ngudn thu thap tir thiét bi gidam sat hanh

trinh gén trén xe taxi va tir tng dung goi Xe taxi, ta tién hanh xay dung hé théng
qua cac budc téng quan nhu sau:

B1: Chia dit liéu ra thanh cac tap ban ghi theo ngay (moi ngay 1a mot tap
ban ghi), chia phan biét ngay thuong va ngay cudi tuan.

B2: Tién hanh chay thuat toan phan cum trén tirng tap ban ghi theo ngay ta
duoc cac cum ciia cung duong di chuyén theo ngay (1), tién hanh chay thuat
toan phan cum trén tung khung thoi gian ta dugc cac cum cung duong di
chuyén theo khung thoi gian (2).

B3: Chia viing ban ¢4 Ha Noi thanh cac 6 (ving) ta duogc toa do, gigi han
cua cac 0 (vung) (3).

B4: Dua trén toa do cta cac 6 (ving) (3) va cac cum cung dudng di chuyén
theo khung thoi gian, biéu dién luong di chuyén cua cac phuong tién van
tai theo thoi gian.

B5: Dua vao thuit toan PageRank, véi cac cach tinh diém ban dau dya vao:
S6 luong xe; sb lugng khéch 18n xe, xudng xe; van toc; ta tinh cac xép hang
khac nhau cho céc viing dya vao PageRank, thu dugc xép hang cia cac 6
(ving) (4).

B6: Dua trén viing va mat do cua vung hién tai/ viing va xép hang cua ving
hién tai clng véi md hinh n-MMC [12], chon cac diém dén tiép theo la céc
vuing 1an can, ta xac dinh ving dén tiép theo, duoc ving co thé lua chon va
vling cO xac suat dén nhiéu nhat thoi diém tiép theo (5).

B7: Dua trén (5) dua ra cé4c lva chon tét nhat cho tai xé, dua trén (1) goi y
cho tai xé cach di chuyén theo cac cung duong khac nhau dua trén két noi
gitta Cac vung

3.1 Cac dé xuat

3.1.1 Pé xuat phan ving ban d6 Ha Ni

Dé khéi quat hoa cac dir liéu van tai trong mot khu vuc, ta tién hanh chia

ban d6 Ha Noi thanh cac 6 (viing), sé 6 nay c6 thé duoc cai dit theo cac thdng sé:

- Kinh d6, vi d6 ciia diém phia trén goc trai (diém bat dau)
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e Chiéu dai, chiéu rong caa mdi 6
e S6 luong céc 6 theo chiéu ngang
e S6 luong céc 6 theo chiéu doc
3.1.2 Céch tinh xép hang cho PageRank c6 trong sé

Dua trén két qua nghién ciru cta Bin Jiang va cac cong su [4] ta thay rang:
dir liéu giao théng va di chuyén phi hop véi mé hinh PageRank c6 trong sé do
dic tinh cua giao thdng la cac khu vic gan khu vuc phaét trién, giao théng thuan
loi c6 xu huéng phét trién (twong tu Véi tic duong) nén ta chon mé hinh PageRank
c6 trong s6 dé biéu dién dit liéu giao théng va tinh xép hang cho cac ving

Dua trén mé hinh PageRank cd trong s6 [14] ta thuc hién thuat toan
PageRank c6 trong sé cho cac muc dich khac nhau véi cac in-link, out-link 1a cac
ludng di chuyén cua taxi:

e S6 luong xe: Ta lay gia tri khoi tao 1a s6 xe trong mdi vung khi bat dau
chay thuat toan

e S6 lugng khéch 1én xe, xuéng xe: Ly gia tri khai tao 1a s6 khach Ién xe;
xubng xe

e Vantdc: Lay gi4 tri khai tao 14 van toc trung binh toan ngay chia cho van
tdc trung binh caa ving, phan nay can xu Iy dé tranh céc ving c6 van téc
trung binh 1a 0

3.1.3 Sir dung mé hinh n-MMC véi cac nhan vé xép hang

Dua trén két qua nghién cau cia S”ebastien Gambs va cac cong su [11, 12]
va dac tinh caa di liéu giao théng, ta nhan thay:

e Céc ludng di chuyén giao théng 1a cé quy luat, dya vao dia diém lac trude
ctia mot ngudi (Mot nhom ngudi) ta cd thé du doan duoc diém tiép theo

e Dit liéu giao théng c6 tinh lan truyén (mot ving tic dudng cé thé khién cac
vuing tiép theo cua ludng di chuyén bi tic)

Ta tién hanh gan nhan cac dia diém cua mot nguoi (MOt nhom nguoi) dua
trén ca van téc di chuyén (tic — thap — trung binh - cao) hoic xép hang cua dia
diém (vung) d6 (thap — trung binh — cao), cu thé tir Bang 2.1 ta tao thanh Bang
chi tiét hon nhu sau:
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Source/Dest H W L O
thap | cao | thap | thip
H thap W thap 1,00 | 0,00 | 0,00 | 0,00
H cao L thap 1,00 | 0,00 | 0,00 | 0,00
H trung binh O tic 0,64 | 0,34 | 0,00 | 0,00
W cao H cao 0,00 | 0,84 | 0,08 | 0,08
L trung binh H trung binh | 0,00 | 0,50 | 0,00 | 0,50
O cao H thap 0,00 | 1,00 | 0,00 | 0,00
O thap W cao 1,00 | 0,00 | 0,00 | 0,00

Bdng 3.1 Bdang ma trgn chuyén dich c6 thém nhan vé téc dé di chuyén

Tir co so cac dia diém dich, ta tinh diém cho mdi lua chon va dua ra 151 khuyén
cho tai xé.

3.2 Tong quan hé thong

Hé thdng duoc thiét ké nhu sau

l

DiF liéu theo khung théi gian API
.‘7

Luru theo khung
théi gian

Phan cum siF
dung

b Trajectory

Clustering

Tign % Iy di lidu X&p hang cung | | Goijycung
GPS durong di chuyen dwong di chuyen

h 4

Xép hang cac
ving don khach
ding PageRank

Phan tich, mé phdng tinh trang giao théng va duwa ra goi ¥ cho ti xé

Hinh 3.1 Hé thong md phong va dua ra goi y giao thong
Véi cac thanh phan:

e GPS data: Co s dir liéu cua hé thdng, & hé thong trong luan van co s di
liéu nay luu trit:
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o Dir lidu vé céc ban tin GPS cua tiing phuong tién (mdi phuong tién
phan biét bang id cua phuong tién)

o Dit liéu vé cac cung di chuyén da phan cum bang thuat toan TraClus
o Dir liéu vé ma tran chuyén dich qua tap huan

Tién xir ly dir liéu GPS: Module xir ly cé4c dit liéu nhidu (kinh d, vi o,

van téc khong hop Iy)

e Phan cum sw dung TrajectoryClustering: Module phan cum st dung
thuat toan TrajectoryClustering va luu trit dir li€u da phan cum

e Xép hang cac ving dén khach bang PageRank: Module sir dung thuat
toan PageRank dé xép hang cac viing theo cac tiéu chi khac nhau

e Xép hang va goi y cung dwdng di chuyén: Hai module sir dung md hinh
n-MMC dé tap huan va goi ¥ cac cung duong di chuyén dua trén dy doan
vé luong di chuyén, van toc

Phan lya chon cac cong nghé dé xay dung hé thong s& dugc trinh bay

trong muc 4.2

M6 hinh xir Iy dit liéu cho phan dy doan dugc mo ta nhu hinh 3.2:

TRAINING PHASE e
about data 1
praedogoooonconaoag  Booooog e
0 Training output [ <
s sssssssspE s s s s CEE LR i
L W) : o . .
' . .
: ’ “ L}
A 4 £ Y
Raw training Extracted
data (input) Feature features Classification,
Extraction J (Xerai) Regression,
(Feature - “|  Clustering,...
DD HD Engineering) Algorithms
" L}
Y Y
Raw test Extracted
data (input) Feature fe;ct” res Classification,
Extraction _ (Xrest) N Regression,
(Feature - "1  Clustering,...
-l.ﬂl Engineering) Algorithms
Y
TESTING PHASE
(ytest)

Hinh 3.2 M6 hinh chung cho céc bai toan du dodn
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Co0 hai pha I6n la Training phase va Testing phase. Véi bai toan du doan

diém dén tiép theo sir dung n-MMC, chiing ta c6 cap dix liéu (input, output)
Training Phase:

e raw training input. Raw input I tit ca cac théng tin ta biét vé dir
liéu. Véi bai toan trong luan vin thi chinh 1a thong tin vé dit liéu GPS
ctia phuong tién van tai

e (optional) output cia training set. Trong luan vin phan nay chinh
la ma tran xac suat chuyén dich dy doan phuong tién dén tiép theo
véi thong tin vé van toc trung binh trong ving d6

e (optional) Prior knowledge about data: La gia thiét vé dit liéu dang
6, & day luan van dua ra gia thiét van tdc trung binh ctia phuong
tién ¢ trong viing la trung binh cong van téc cua cac ban ghi

Main Algorithms: Luan van st dung thuat toan va mé hinh n-MMC

Testing Phase: V&i raw input mai, luan van stir dung dir liéu thu duoc tir

Training phase qua main algorithms dé du doan output.

Két luan: Chwong 3 ciia luan vin trinh bay mé hinh vé hé thong bai
toan phéan tich va mé phéng tinh trang giao théng dwa vao khai phéa dir li¢u
van tai va md hinh tap huan, danh gia dir liéu cho bai toan du doan — goi y
di chuyén cho phwong tién van tai. Chwong nay ciing dwa ra quy trinh thuc
hién giai quyét cac bai toan trong luan vin, cac dé xuat dé két ndi, bd sung
cho céc k§ thuat, giai phap trinh bay trong chwong 2 nham giai quyét cac bai
toan trong luan van néu ra é chwong 1



33
Chwong 4: Thir nghiém va danh gia

4.1 Téng quan vé dir liéu sir dung trong dé tai

4.1.1 Pinh dang dir li¢u

Dit liéu dinh vi caa phuong tién van tai duoc thiét bi dinh vi ghi lai va gui
vé may chu theo mot khoang thai gian ¢ dinh. Néu mot phuong tién bat may (&
trang thai bat chia khoa dién), dit liéu s& dugc gui 18n 15 gidy mot lan, nguoc lai,
& trang thai tat may, dit liéu s& duoc gui 30 gidy mot lan.

Nhu d3 trinh bay trong chuong 1, dit liéu dinh vi tuy c6 cach biéu dién khac
nhau véi nhitng thiét bi khac nhau, tuy nhién dit liéu co ban nhat ciia phuong tién
van tai gom nhiing thong tin nhu sau:

e Thoi gian (tinh bang giay)

e Kinh dd

e Vidd

e Van tdc (do thiét bi thu nhan ting gidy, c6 thé dugc tinh twong d6i tir 4
thong tin dau)

e  Hudng di chuyén (do thiét bi thu nhan tirng gidy, c6 thé duoc tinh tuong
dbi tir 4 thong tin dau)

e Trang thai (do thiét bi thu nhan tirng gidy, do cac day cam bién trén thiét
bi hanh trinh gin véi nhitng thanh phan cy thé trén xe)

Dir liéu sir dung trong luin vin 1a dir liéu tir cac ngudn nhuwr sau:

Dix liéu thiét bi giam sat hanh trinh cua Cong ty TNHH Phat trién Cong
nghé Dbién tir Binh Anh vai phuong tién la xe taxi va dir liéu tur irng dung dat xe,
diéu phdi taxi do chinh tac gia luan van xay dung.

4.1.2 Dir liéu tir thiét bi giam sat hanh trinh

Dit liéu dau vao tir thiét bi giam sat hanh trinh caia céng ty trach nhiém hitu
han Phat trién Cong nghé Dién tir Binh Anh duoc luu trong file text, véi dinh
dang nhu sau:

Puong dan dén file text: \<nam: 4 chit sé>\<thang: 2 chir sé>\<ngay: 2

chir s6>

1 dong dit liéu c6 nhitng thong tin nhu sau (cach nhau bai dau phay):

@00:00:17,105.862778,20.992922,0,0,131112,0,0,km(0),vbgt(0),mt()
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Trong do:
@: bat ¢au dong tin
00:00:17: thoi gian trong ngay: gio: phat: giay
105.862778: Longitude: kinh dg
20.992922: Latitude: vi do

S6 0 & vi tri thir 6 12 status, s& thé hién trang thai co khach hay khong nhu
sau:

- CO KHACH = Status &3>0 ( phép AND bit)
- KHONG KHACH = Status & 3=0 (phép AND bit)

1] 1005.6¢ - Notepad ([ E ] N

File Edit Format Wiew Help

HCN Tracklog » 2016 » 02 » 01 ~[4][ s )
200:02:00,105. 760313, 21. 02965, 0, 0,297, 0, 0,km(0), vbgr (03 . | |
200:03:00,105.760313, 21.02965,0,0, 297, 0, 0, km(0), vbgr (0} ) -
@00:05:00,105. 760313, 21. 02965, 0,0, 297, 0,0, km(0), vbgr (0 |=|| Print  New folder = O
200:07:00,105.760313, 21.02965,0,0, 297, 0, 0, km(0), vbgr (0} | e
@00:09:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km{0) , vbgt (0) Mame Date modified Type 5~
200:11:00,105. 760313, 21. 02965,0,0, 297, 0, 0, km(0), vbgr (0}
@00:13:00,105.760313,21.02965,0,0,29?,0,0,EME(]g,VEgtgﬂg ] 1000.6¢ Text Document
200:15:00,105.760313, 21. 02965, 0,0, 297, 0, 0, km(0), vbgr (0 L
@00:17:00,105.760313,21.02965,0,0,29?,0,0,tm%0%,vggtgog 110016t Text Document 3
200:19:00,105.760313, 21. 02965, 0,0, 297, 0, 0, km(0), vbgr (0
@00:21:00,105. 760313, 21. 02965, 0, 0, 297, 0,0, km(0), vbgr (0) = 100200 fextloamsent
I@00:23:00,105.760313,21.02965,0,0,29?,0,0,tmg0%,vggtgog 10030 Text Document
200:25:00,105.760313, 21.02965,0,0, 297, 0, 0, km(0), vbgr (0
@00:27:00,105.760313, 21. 02965, 0, 0, 297, 0, 0, km(0), vbgr (0} | 1004.bt Text Document
200:29:00,105.760313, 21.02965,0,0, 297, 0, 0, km(0), vbgr (0} 100560t Text Document
200:31:00,105.760313, 21.02965,0,0, 297, 0, 0, km(0), vbgr (0}
'@00:33:00,105.760313,21.02965,0,0,29?,0,0,km(0),vbgt(0) || 1006.bet Text Document

@00:35:00,105.760313, 21. 02965, 0,0,297,0, 0, km(0), vbgr (0)

@00°37:00,105. 760313, 21. 02965, 0, 0, 297, 0,0, km(0), vbgr (0) = 100704 extlocument
@00:39:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km{0) vbgr (0) 100800 Text Docurnent

ll2oo:41:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km{0), vbgr (0)

@00:43:00,105. 760313, 21. 02965, 0, 0,297,0,0, km(0), vbgr (0} ] 1009.6¢ Text Document
@00:45:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km{0) vbgr (0) —_— - A
@00:47:00,105. 760313, 21. 02965, 0,0, 297, 0, 0, km{0) , vbgr (0) e seumen
||200:49:00;105. 760313, 21. 02965, 0, 0,297, 0, 0, km(0), vbgt (0) £ 10110¢ Text Documnent
@00:51:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km{0) vbgt (0)

||20053:00;105. 760313, 21. 02965, 0,0, 297, 0, 0, km(0) ; vbgt (0} 1012 Text Document
@00:55:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0) vbgt (0) 103 Text Document
@00:57:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km{0) vbgt (0)

.@00:59:00,105.760313,21.02965,0,0,29?,O,U,km(u),vbgt(ﬂ) 1 1014.6c Text Document
@01:01:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0), vbgt (0)

@01:03:00,105. 760313, 21. 02965, 0,0, 297, 0, 0, km{0), vbgt (0) = 101500 U=
@01:05:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0) vbgt (0) 10066 Text Documnent
@01:07:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0), vbgt (0)
@01:09:00,105. 760313, 21. 02965, 0,0, 297, 0, 0, km{0), vbgt (0) L1017 bt Text Document
@01:11:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0) vbgt (0) gL Text Document
@01:13:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0), vbgt (0)

[lz01:15:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0) vbgt (0) | 101900 Text Document
@01:17:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0), vbgt (0)

[lzo1:19:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0), vbgt (0) S 1020.0¢ [lextDecument
@01:21:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km{0) vbgt (0) 102 Text Documnent
@01:23:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km{0) vbgt (0)

@01:25:00,105.760313, 21. 02965, 0,0,297,0,0, km(0), vbgt (0} ] 1022.6¢ Text Document

||201:27:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km{0), vbgt (0) —_ - A
@01:29:00,105. 760313, 21. 02965, 0,0, 297, 0, 0, km{0), vbgt (0) e seumen i

||@01:31:00;105. 760313, 21. 02965, 0,0, 297, 0, 0, km(0), vbgt (0) — = i ;
@01:33:00,105. 760313, 21. 02965, 0, 0, 297, 0, 0, km(0) vbgt (0)

@01:35:00,105.760313, 21. 02965,0,0,297, 0,0, km(0), vbgt (0) iad /LS : = A2 5
Plaol: 37:00: 105. 760313: . 02965: 0: 0: 29?: 0: 0: km((]): vbgt (09 il at&mc(hfl.ecl‘ 3/1/2016 11:57 PM Date created: 4/2/2016 4:47 PM

Hinh 4.1Di lidu gps tir thiét b; giam sat hanh trinh cia cong ty Binh Anh

Dit liéu tu thiét bi gidm séat hanh trinh caa cong ty TNHH Phét trién Cong
nghé bién ta Binh Anh gom 30 ngay, véi s6 xe 1a 100 xe, tong dung lugng la 1.33
GB.
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4.1.3 Dir liéu tir tng dung dit taxi, diéu phoi taxi

Dir liéu dau vao tir tng dung dit taxi, diéu phéi taxi duoc luu trong CSDL
MongoDB va dinh dang nhu sau:

{

"userPost": "58573bb02714c9029a615¢c5c",
"time": 1487138188,

"lat™: 21.0056755,

"Ing": 105.8010069,

"state™: 1,

}

trackings 4
& root[[5 aib.vn local.aib.vn:2411 [ taxi_tonghop[| " trackings

Query & {}

Projection  {} Sort {}

Skip Limit

b Bl 0 ~ | Documents1to50 | @ | [& ¢ (2 [2 g
trackings

_id updatedAt createdAt userPost time lat Ing state v
[4515962d14cc334... 58573bb82714c... [3] 1499648331 210132583 13 105.8631388 E (=] 0
[25/5962d165c334... 58573bb8271dc... [ 1499648356 210135306 5 105.8630181 = 1
[8515962d17ec334... [T7] 2017-07-10T00:... 58573bb&2714c... [32] 1499648381 21013707 [t 105.8629833 [ 1 [ 0
[25/5962d197c334... [T] 2017-07-10T0L:... 58573bb82714c... [] 1409648406 210137526 123 105.8620574 [ 1 [ 0
[£5/5962d1b0c334... [T 2017-07-10TOL:... 58573bb82714c... [3] 1499648431 210140045 & 105.8628513 @ 1
[£5/5962d1c0¢334... [T 2017-07-1070 58573bb82714c... [3] 1499648456 210149587 & 105.8626464 @ 1 [=] 0
[25/5962d1e5¢334... [T 2007-07-10TOL:... 58573bb82714c... [ 1499648481 210174699 & 105.8620453 @ 1 [=] 0
125/5962d1fec334... [T 2007-07-10T0L:... 58573bb82714c... 3] 1499648509 210177961 i3] 105.8619874 @ 1
125/5962d217¢334... 58573bb82714c... 3] 1499648534 210184882 173 105.8613957 i 1 (=] o
125/5962d230¢334... 58573bb82714c... 3] 1429648559 210186552 155 105.8603479 [ 1 [ o
[25/5962d24ac334... 58573bb8271dc... [ 1499648585 210187373 155 105.8598918 = 1
[45/5962d263c334... 58573bb82714c... [3] 1499648610 210186948 123 105.8599858 E (=] 0
[45/5962d27cc334. 58573bb82714c... [3] 1499648635 21018573 123 105.8602947 E (=] 0
[£515962d295¢334... 58573bb82714c... [3] 1499648660 21018479 [T 105.860764 E [ 0
[£515962d2aec334... [TT] 2017-07-107T0: 58573bb&2714c... [3] 1499643685 210184082 [t 105.8612312 [ 1 [ 0
[25/5962d2c7c334... [T 2017-07-10T01-... 58573bb82714c... [] 1409648710 210185376 121 105.8607699 [ 1 [ 0
[£5/5962d2e0c334... [T 2017-07-10TOL:... 58573bb82714c... [ 1499648735 210186508 & 105.8603709 @ 1 (=] 0
[£5/5962d2f9c334... [T 2017-07-10TOL:... 58573bb82714c... [3] 1499648760 210187434 & 105.8599497 @ 1 [=] 0
[£5/5962d312¢334... [T 2017-07-10TOL:... 58573bb82714c... [ 1499648785 210186555 & 105.8600654 @ 1
125/5962d32bc334... [TT] 2017-07-10TOL:... 58573bb82714c... [ 1499648810 210186002 i3] 105.8602685 @ 1 [ o
125/5962d345¢334... 58573bb82714c... %] 1499648835 210184528 175 105.8607415 [ 1 [ o
125/5962d35ec334... 58573bb82714c... 3] 1499648861 210184754 155 105.8617271 Y
[4515962d377c334... 58573bb82714c... [3] 1499648886 210192548 13 105.8616978 E [#] 0
[45/5962d390c334... 58573bb82714c... [3] 1499648911 210217327 123 105.8615107 E (=] 0
[4515962d329¢334... 58573bb82714c... [3] 1499648936 210227619 123 105.8611294 E (=] 0
[2515962d3c2¢334... 58573bb82714c... [3] 1499648961 210238316 [z 105.860775 [ 1 [ 0
[£515962d3dcc334...  [T7] 2017-07-10T0L:... 58573bb82714c... [3] 1499648087 21.0253009 [tz 105.860093 [ 1 [ 0
[£5/5962d3f5c334... [T 2017-07-10TOL:... 58573bb82714c... [ 1499649012 21026712 & 1058591673 @ 1 (=] 0
[£5/5962d40ec334... [T 2017-07-1070 58573bb82714c... [3] 1499649037 210289402 & 1058578752 @ 1 [=] 0
[£5/5962d427¢334... [T 2017-07-1070 58573bb82714c... [ 1499649062 210306861 & 1058570353 @ 1
1£5/5962d440c334... [T 2017-07-1070: 58573bb82714c... 3] 1499649087 210311677 i3] 105.8568077 @ 1 [ 0
125/5962d459¢334... [T7] 2017-07-10TOL:... 58573bb82714c... [ 1499649112 210312003 i3] 105.8568091 @ 1 [ o
125/5962d473c334... 58573bb82714c... [ 1499649138 210330517 175 105.8559525 [ 1
125/5962d48cc334... 58573bb82714c... 3] 1499649163 210348667 155 105.8550773 Y [ o
[4515962d4a5¢334... 58573bb82714c... [3] 1499649188 210359545 123 105.8563633 E [#] 0
[25/5962d4bec334... 58573bb8271dc... [ 1499649213 21.036655 155 105.8580261 = 1 0
[45/5962d4d7c334... 58573bb82714c... [3] 1499649238 210375019 123 105.8602133 E (=] 0
[2515962d40c334... . 58573bb82714c... [3] 1499649263 210383427 [l 105.8622455 [ 1 [ 0

||_£=/5962d509¢334... [T 2017-07-10T0L.... [T7] 2017-07-10T0 58573bb&2714c... [3] 1499649288 21.0389866 [T 105.8639480 =1 [ 0

Hinh 4.2 Diz liéu tir #eng dung diéu phoi taxi
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Dit liéu tir ung dung dat xe taxi gom 23 triéu ban ghi, chiém dung lugng
3GB, tuy nhién dir liéu tir tng dung kha roi rac va nhiéu nhiéu
4.1.4 Dir liéu xir ly trong hé thong

Sau khi tién xu Iy dit liéu tir cAc nguoén dir lidu, ching ta thu dugc dir liéu
dau vao dé chay thuat toan phan cum nhu sau: dit liéu c6 4 cot lan luot 1a: vi d6
(Y), kinh d6 (X), ID (ID tuong &ng véi mdi taxi), trang thai khach hang gom co
3 trang thai: 1- khong c06 khach, 2 - trén duong don khach, va 3- ¢ khach

Vido (Y) Kinh d6 (X) ID Trang tha

khach hang
21.0300596 105.7889164 0 3
21.0300596 105.7889164 0 3
21.0301935 105.7859652 0 3
21.0301178 105.7896338 0 1
21.0287439 105.7889675 0 1
21.0296401 105.7913306 0 1
21.0671696 105.8348092 0 1
21.0671696 105.8348092 1 1

Bang 4.1 D liéu dau vao cho thudt toan phan cum

Pau ra sau khi phan cum trong thuat toan TRACLUS . Dix liéu s& gom diém
Xuat phat (vi do, kinh d6), diém dich (vi d6, kinh d¢), 1D va ID cum.

Diém xuat phat Piém dich
ID ID cum

Vido (Y) | Kinhdo (X) | Vido(Y) | Kinhdd (X)

21.04617 | 105.790172 | 21.046049 | 105.781655 0 2
21.038296 | 105.791987 | 21.032248 | 105.790092 0 1
21.030695 | 105.784669 | 21.030111 | 105.788194 0 5
21.030111 | 105.788194 | 21.03984 | 105.790379 0 1

Bang 4.2 Di ligu sau khi phan cum
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4.2 Lwa chon cong nghé

Dé xay dung API phan tich va ldy dix liéu online, ta st dung ngdn ngit
Nodejs dé viét api cho truy van dit liéu, python dé phan tich, mé hinh hoa di
liéu, va co so dir liéu la Mongodb
4.2.1 Ngon ngir Nodejs

Node.js 1a mot phan mém ma ngudn mé duoc viét dua trén ngdn ngit
JavaScript cho phép Iap trinh vién c6 thé xay dung cac (ng dung chay trén may
cha. Ban dau, Node.js dugc phat trién boi Ryan Dahl. Phién ban dau tién cua
Node.js duoc cho ra mat vao nam 2009.

Node.js c6 thé chay duoc trén nhiéu nén tang khac nhau nhu Windows,
Linux hay Mac OS. Node.js dugc phat trién sir dung V8 Engine 12 bo thu vién
JavaScript duoc Google phat trién dé viét trinh duyét web Chrome.

Ban than Node.js khong phai la mdt ngon ngit 1ap trinh mai, thay vao do6
Node.js 1a mot nén tang ma ngudn mé (hay phan mém ma ngudn mé) duoc viét
dua trén ngbn ngir JavaScript.

Node.js c6 thé duoc dung dé tao cac tng dung chay trén méi truong may
chu nhu cac ung dung web. Tuy nhién Node.js khéng chi gidi han ¢ viéc tao cac
website ma n6 con co thé dugc dung dé phat trién cac cdng cu chay trén may
tinh ca nhan.

Trong khi JavaScript thuong dugc dung trén trinh duyét thi Node.js lai
duoc sir dung dé phat trién tng dung chay trén may cha server. Node.js cling c¢6
thé duoc chay nhu mot tng dung doc 1ap trén may tinh ca nhan (ma khdng can
phai thong qua mdi trudng caa trinh duyét). No6i chinh xac hon thi khong thé
chay Node.js sir dung méi truong trinh duyét.

Vé ban chat Node.js 12 mot phan mém mé rong dugc phét trién trén nén
tang ngén ngir JavaScript. Vi vay cl phéap cua Node.js giéng véi cu phap cua

JavaScript.
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Uu diém caa Node.js

e  JSON APIs: NodeJS duoc diéu khién boi REST/JSON APIs, véi co
ché event-driven, non-blocking 1/0(Input/Output) va md hinh két hop
véi Javascript 1a su lua chon téi wu cho cac dich vu Webs 1am bing
JSON.

. Ung dung trén 1 trang: Voi kha nang xtr Iy nhidu Request/s dong thoi
thoi gian phan hdi nhanh, cac @ng dung st dung Node.js s& khong can
tai lai trang, c6 thé gdm rat nhiéu request tir ngudi dung can sy hoat
dong nhanh.

. Shelling tools unix: NodeJS s& tan dung t6i ¢a Unix dé hoat dong. Tuc
1a NodeJS c6 thé xir Iy hang nghin Process va tra ra 1 ludng khién cho
hiéu xuat hoat dong dat muc t6i da nhat.

o Streamming Data (Luong dé liéu): Cac web thong thuong giri HTTP
request va nhan phan hdi lai (Ludng di liéu). Gia xu s& can xu ly 1
ludng giir lidu cuc 16n, NodelS sé& xay dung cac Proxy phan ving céac
ludng dix liéu dé dam bao t6i da hoat dong cho cac ludng dir liéu khac.

. Ung dung Web thuc: Node.js c¢d thé s dung dé xay dyng 1 tng dung
chat, feed ... Facebook, Twitter.

4.2.2 Ngon ngir python

Python 1a mét ngdn ngit 1ap trinh pho bién. Puoc tao ra bgi Guido van
Rossum vao nam 1991.

Ngay nay, Python dugc sir dung trong nhiéu muc dich, trong luan van ngon
ngt python duoc st dung vai muc dich phuc vu cac tinh todn khoa hoc

Hién nay, vaéi kha nang xu ly cac phép toan phuac tap cua minh, Python
dang duoc sir dung nhiéu trong viéc phét trién Tri Tué Nhan Tao va cac nghién
ctru trong linh vuc Machine Learning.

4.2.3 Co s¢ dir lieu Mongo

MongoDB (bat nguén tir “humongous”) 1a mot hé co sé dir lieu NoSQL ma
nguon ma.
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Thay cho viéc luu trix dit lidu vao cac bang c6 quan hé véi nhau nhu truyén

théng, MongoDB luu céc dit liéu cau trac dudi dang giéng voi JSON(JavaScript
Object Notation) va goi t&n 1a BSON. Dy an duoc bat dau trién khai vao thang 10
nam 2007 boi 10gen trong khi cong ty nay dang xay dung mot nén tang nhu 1a
dich vu (Platform as a Service) gidng nhu Google App Engine. Phai dén nim
2009, dy an nay duoc tach doc 1ap. Hé thong co thé chay trén Windows, Linux,
OS X va Solaris. N6 dugc mét s6 t6 chuc sir dung trong thuc té nhu:

Caigslist : Cong ty lam viéc trong lich vuc mdi gidi quang cao trén cac
website khac (gidng adMicro cua Viét Nam). MongoDB gitp cho cong
ty nay quan ly hang ti cac ban ghi quang céo thuan tién va nhanh chong.
Foursquare 12 mot mang xa hoi gan cac thong tin dia ly. Cong ty nay
can luu dir liéu cua rat rat nhiéu vi tri caa cac dia diém nhu quan cafe,
nha hang, diém giai tri, lich s, ... va ghi lai nhiimg noi ma nguoi su
dung da di qua.

CERN : Trung tdm nghién ciru ning lugng nguyén tir cia Chau Au, st
dung MongoDB d¢ luu trit lai cac két qua, dit liéu thi nghiém caa minh.
Pay 1a mot lugng dir lieu khong 16 s& dung dé sir dung trong tuong lai.
MTV Networks, Disney Interactive Media Group, bit.ly, The New York
Times, The Guardian, SourceForge, Barclays, ...

4.2.3.1 Uu diém cta MongoDB

D& hoc, c6 mot s nét kha giéng voi CSDL quan hé — Quan Iy bang
command line hoic bang GUI nhu RockMongo hodc phpMoAdmin
Linh dong, khéng can phai dinh nghia cau trdc dit liéu trudc khi tién
hanh luu trit, diém nay rét hitu ich khi ta can 1am viéc véi cac dang dir
liéu khéng c6 cau truc.

Kha ning mé rong tot (distributed horizontally), kha ning can bang tai
cao, tich hop céc cong nghé quan ly dit liéu van tét khi kich thuéc va
thong luong trao doi dit liéu ting.

Mién phi
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4.2.3.2 Kién tric ciia MongoDB

Mot MongoDB Server sé& chia nhiéu database. Mdi database lai chira mot
hoac nhiéu colection. Pay 1a mot tap cac documnents, vé mat logic thi ching gan
tuong tu nhu céac table trong CSDL quan hé. Tuy nhién, diém hay ¢ déy 1a ta
khdng can phai dinh nghia trudc cau tric cua dit liéu trude khi thao tac thém, sira
dir liéu... Mot document la mot don vi dir liéu — mot ban ghi (khéng 16n hon
16MB). Mbi chiing lai chira mot tap cac trudc hoic cac cap key — value. Key la
mot chudi ky tu, dung dé truy xuat gia trj dang : string, integer, double, ... Dudi
day 1a mot vi du vé MongoDB document

{
_id : Objectld(*4db31faOba3aba54146d851a™),

username : "“joegunchy",

email : "joe@mysite.org",

age : 26,

Is_admin : true,

created : "Sun Apr 24 2011 01:52:58 GMT+0700 (BDST)"

}

CAu trlic c6 vé kha giéng JSON, tuy nhién, khi luu trir document nay ra
database, MongoDB sg serialize dir liéu thanh mot dang ma hda nhi phan dac biét
— BSON. Uu diém ctia BSON 1a hiéu qua hon cac dang format trung gian nhu
XML hay JSON ca hé¢ tiéu thu b nhé 1an hiéu niang xtr ly. BSON ho tro toan bo
dang dit liéu ma JSON hé tro (string, integer, double, Boolean, array, object, null)
va thém mot sé dang dir liéu dic biét nhu regular expression, object ID, date,
binary, code.
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RDBMS MongoDB
Database R » Database
' '
Table S > Collection
! !
Row Qomnmnnmmnnca e » Document
' '
Column Ml i o m—————————— > Field

Hinh 4.3 So sanh gitra RDBMS va MongoDB
4.3 Két qua thu dwoc
4.3.1 Moi treong thir nghiém

Cac thuat toan va md hinh hé théng duoc xay dung va thir nghiém trén cac
may tinh ¢ cau hinh nhu sau:

May server

e +CPU: Intel(R) Xeon(R) CPU E3-1230 v5 @ 3.40GHz
e RAM:8GB

e GPU: Intel HD Graphic

e Heé diéu hanh Centos 7

May client

e CPU: Intel® Core ™ 15 CPU M520

e RAM:8GB

e GPU: ATI mobility Radeaon HD 5730
e Hé diéu hanh Win7 Ultimate
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4.3.2 Két qua thir nghiém

Cac quang duong ma xe di qua dugc phéan chia thanh cac cum quang duong
nho vao thuat todn TRACLUS. Céc cum nay sé& dugc biéu dién bai cac mau khéc
nhau trén Hinh 4.4. Ching ta cd thé thdy cac quing duong c6 chung dic tinh (dic
diém dia ly) s& duoc gom chung vao ciing mét cum. Mdi cum duoc biéu dién bang
mot mau ngau nhién khac nhau. Mot cum thoa mén nhitng yéu té nhu sau:Cac
doan dudng con chung ¢6 su gan nhau vé dia ly, sé lugng dudng con trong cum
tbi thiéu 12 3. Vi cac thdng sb nay cho phép phét hién hanh vi ciing nhu quy luat
di chuyén cua taxi.

Hinh 4.4 Két qua thudt toan TRACLUS trén diz liéu mau
Pé thyc hién dé xuat & muc 3.1.1 ta tién hanh chia viing (6) cho ban d6 Ha
Noi, voi diém bat dau 1a: (20.9333, 105.75 ) va diém két thic 14 (21.1333, 105.95),
cac diém bit dau va diém két thuc duoc 14y theo dit liéu vé ban d6 dia chinh va
theo nhu cau cua bai toan dat ra, thu dugc chiéu dai gom 50 ving (6), chiéu rong
gom 50 vung (8), tong thé 1a 2500 vang (8), mdi ving (8) ¢ chiéu dai va chiéu

rong xap xi 500m
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Hinh 4.6 Hién thj cac tuyén di chuyén trén ban dé chia 6 (ving)
Dé c6 thém thong tin vé d6 quan trong cua cac ving (8) luan vin thyuc hién

thong ké va vé& biéu do vé van tdc trén cac ving (6) nhu hinh 4.7
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Hinh 4.7 Biéu d6 vdn téc v
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Pé c6 thdng tin tong quan, luan van tién hanh xép hang céc ving (8) bang

phuong phap thong k&, & hinh 4.8 1a xép hang cac ving (6) theo van tdc, véi cac

mau d6 dam hon 13 cac ving (6) ¢6 van téc di chuyén cao hon.
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Hinh 4.8 Xép hang cé&c ving bang théng ké

Thuc hién xép hang bing PageRank cd trong sé cho van téc di chuyén cuing

thoi gian véi hinh 4.8, ta nhan thay cac vang (6) ¢6 mau do6 dam trong thuat toan

PageRank cho ta cac ving d6 lién mach hon (do tinh chat lan truyén) va tap trung
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vao cac doan duong cao tdc, nhitng viing do d¢am lién tiép c6 thé goi y cho tai xé
di chuyén trén cung dudng cé van tdc cao (gilp tranh tac duong, tiét kiém nhién

liu)
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Hinh 4.9 Xép hang cac viing bang PageRank c6 trong sé
Ngoai ra luan van tién hanh training dit liéu dwa trén céc ngay trong tuan
trong hai tuan bang mé hinh n-MMC (két qua trong hinh 4.10) tir d6 dua ra du

doan cho tai xé tai mot thoi diém dé lya chon cung duong tbt nhat trong hinh 4.11
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Hinh 4.11 Gei ¥ cac ving c6 thé di chuyén

4.4 Tinh chinh xac cua dir liéu du doan
Str dung m6 hinh chung cho céac bai toan du doan nhu ¢ hinh 3.2 trén hai
nguon di liéu & muc 4.1 luan vin tién hanh du doan diém dén va mat do diém
dén tiép theo dya trén tap di liéu ta thu duoc két qua du doan chinh xac vé diém
dén tir 70% - 85% véi dit ligu tir thiét bi giam sé&t hanh trinh, va 50 — 73% véi di
lidu tir ing dung dit xe taxi, va chinh xac vé ca diém dén va mat do diém dén tur

45% - 60% vai ca hai bo dir liéu.
Véi cac tham so nhwr trong hinh 4.12:
Miss: Cac diém dé dy doan khong nam trong tap dix liéu huan luyén

[ ]
e Incorrect: Dy doan sai ca vé nhan va mat do cua diém dich
e Correct cell: Du doan dung vé diém dén, nhung sai vé mat do cua
diém dich
e Correct: Pung ca vé diém dén va mat do

Vi cach tinh nhw sau:
Do chinh xac vé ca diém dén va mat o = correct/tong
Do chinh xac vé ca diém dén = (correct + correct cell)/tong
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Hinh 4.12 Kiém tra tinh chinh xac cua diz lidu du dodn

Két luan: Trong chwong 4 ciia luin viin tac gia da trinh bay qua trinh
thir nghiém bao gém: maéi truong thir nghiém, két qua thir nghiém. Két qua
thir nghiém dwoc thuc hién trén hai bd dir liéu vé taxi tir thiét bi giam sat
hanh trinh va &ng dung dit xe taxi, trinh bay téng quan vé cac két qua thu
dwoc, dwa ra cach danh gia va danh gia d¢ chinh xac ciia mé hinh dw bao
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KET LUAN

Nhitng van dé da dwoc giai quyét trong luan vin

Luan van da tién hanh nghién cau giai quyét cac bai toan trong Giam sat
va diéu khién giao thdng. Bai toan nay duoc danh gia c6 do phuc tap cao va co
trng dung thuc tién [on. Phuong phéap giai quyét caa luan van tap trung vao phan
cum cac cung duong di chuyén, xép hang cac viing giao thong, du doan luu lugng
va diém dén, trén co so d6 goi y cung duong di chuyén cho ngudi tham gia giao
thong.

Dua trén c4c nghién ctru di co, luan vin dé& xuat mot sé cach ap dung, két
hop céc nghién ciru dé giai cac bai toan thyc tién. Luan vian da xay dung mé hinh
nham giai quyét cac bai toan dit ra va thir nghiém trén may tinh ca nhan.

Luan van ciing da tién hanh xay dung giao dién truc quan dé hién thi két
qua cua cac bai toan dit ra. Luan van duoc chay trén hai bo dix liéu thyc té tir hai
ngudn dit liéu khac nhau va da c6 mot so két qua nhat dinh.

Pinh hwéng nghién ciru trong twong lai

Tién hanh khac phuc tinh trang thiéu chinh xéc do di liéu thua, dic biét 1a
dir liéu tir cac Gng dung di dong. Tién hanh xay dung hé théng goi v theo hudng
tiép can hoc tiang cudng.
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