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TOM TAT

Truc quan héa khoa hoc va truc quan héa f/1611g tin la nhitng linh viec da nganh
mdi dwoc tdp trung phat trién trong thdp ky gan day. Thoi gian trudc day, truc
quan héa chii yéu tdp trung vao viéc hién thi va givip danh gid cdc két qua mé
phong. Tuy nhién, véi cdc di ligu Iom ngay nay thi truc quan hod con duoc giao
mot nhiém vy lom hon, do la givip khdm phd div liéu dé giiip cdc nha khoa hoc hiéu
hon nhitng khdi niém, nhitng quan hé va quda trinh bén trong dit liéu. Tai Viét Nam
chii dé giao théng & cdc thanh phé 16n nhu thanh phé Hé Chi Minh, Ha Noi dang
dwge nhiéu nguoi quan tam & nhiéu goc nhin khac nhau. Trong nhlmg ndm gan
day, xe buyt dan tré thanh phwong tién cong cong phé bién va chinh Yéu ciia nguoi
dan. Trong bai bdo nay, nhém tdc gia tip trung vao phan tich dir liéu dong giao
théng xe buyt dé xdy dyng mé hinh dit liéu xe buyt huéng thoi gian. Dya vao mé
hinh dit liéu nay, nhom tdc gia phdt trién gidi thudt tim duwong di xe buyt theo thoi
gian thue. Cuoz ciing, bang ky thudt WebGL, két qud tim dwong xe buyt sé duwoc
hién thi trén nén béan dé 3D.

ABSTRACT
Visualizing results of finding bus lines based on data
of the space and time traffic flow

Scientific visualization and information visualization are the interdisciplinary
subfields that have attracted a great deal of attention in recent decades. In earlier
time, visualization mainly focused on displaying and this was an essential tool
Jor supporting to evaluate the simulation results. However, for bigger data, visu-
alization has a greater mission to explore the data, concepts, relationships and
processes within the data. Vietnamese traffic issues in big cities such as Ho Chi
Minh City, Hanoi Capital are paid attention a lot in many different aspects. In a
Jew years ago, the bus transport was quite popular and has gradually become the
main transport of the Vietnamese people. In this research, the authors Jocus on
analyzing bus traffic data in order to build the time oriented bus data model. Bas-
ing on the data model, the authors develop an algorithm to solve the shortest path
problem of bus routing in real time. Finally, by employing WebGL technology, the
shortest path will be displayed visually on the 3D map.

* Nghién ciru nay dwoe tai trg'béi PHQG TP.HCM trong khuén khd d tai ma sé C2014-20-07.
** ThS, Truwong PH Biach Khoa - PHQG TP.HCM.
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1. Gioi thiéu

Truc quan héa khoa hoc va truc quan hoa
thong tin 14 nhitng linh vic da nganh méi dugc
tap trung phat trién trong thap ky gan day. Thoi
gian trude do, tryc quan hoa chu yéu tap trung
vao viéc hién thi va gitip danh gia cac két qua
md phong. Tuy nhién, v6i cac dit liéu 16n ngay
nay trong rAt nhiéu linh vyc thi tryc quan hoa
con duge giao mdt nhiém vy 16n hon, d6 la giap
kham pha dit liéu dé giip céc nha khoa hoc hiéu
hon nhitng khdi niém, nhitng quan h¢ va qua
trinh bén trong dit liéu. Trong xu thé d6, nhiéu
nha khoa hoc da d& xuat tdch nhiém vy tryc quan
ho4 ra hai nhanh khéc nhau 12 tryc quan hoé khoa
hoc va tryc quan hoa thong tin dé phén biét viéc
truc quan hai nhém dit liéu tuong ting 1a dir liéu
lién tuc va dit liéu roi rac [9]. Tai Viét Nam chu
d8 giao thong & cac thanh phd 16n nhu thanh phd
H Chi Minh, Ha Noi dang duoc nhiéu ngudi
quan tam & nhidu géc nhin khéc nhau. Hién nay
dd co qua nhiéu cac nhan dinh trai chiéu vé giao
théng Vidt Nam, va ciing tir d6 da 6 rét nhiéu
cac quyét sach chua hgp ly. Theo nhén dinh
chung cia céc nha khoa hoc thi mét trong nhitng
nguyén nhéan 1a viéc thiéu tram trong dit liéu
giao thong ¢ nhitng thanh phd 16n ctia Viét Nam.
Ngoai ra viéc thiéu nhitng cong cu phén tich dit
liéu, vi du nhu cong cu tryc quan hod dix liéu,
cling 12 mot trong nhitng nguyén nhéan chinh.

Trén thé gidi, hién nay cling da c6 kha nhiéu
nghién ctiu vé viéc xdy dung cac cong cu truc
quan hoé dit liéu giao théng. Michael va cac
cong su da két hgp cdc mo hinh nghién ctru cii vé
3-D va dua vao dong dit liéu giao thong thoi gian
thuc [1]. Tuy nhién, chi c6 hai dai lugng chinh
ctia dong giao thong 1a tdc do va khéi luong di
chuyén dugc cung cép va diéu nay da han ché
khé nhiéu viéc truc quan hoa. Hon nifa, céc tac
gia chi trinh bay hoat hinh lai cic phuong tién
dua trén hai dai lugng trén chir khong md hinh
that cac phuong tién va vi tri ciia chiing. Nguyén
mau nay chua hudng dén duogc viéc phan tich
tryc quan ma chi méi dat dwoc mic do hoat hinh
hoéa st dung dd hoa may tinh. Str dung phuong
cach hoat hinh da gay ra rAt nhiu bét tién trong
viéc phan tich dit liéu dong giao thong vi nha
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phan tich khé co thé thdy dugc céac yéu t6 tai
nhitng thoi diém khac nhau cung mét lic. Nhu
duoc chi ra trong [6], cdc cong cu truc quan cd
dién tré nén kém hiéu qua trong viéc phén tich
truc quan dé 1am 1o duge mdi quan hé gifta cac
dbi tuong di chuyén, hoic cc dai lugng mo ta
dong giao thong. N6i mot cach khéc, cac phuong
thirc va cong cu truc quan c¢b dién kho gitp ich
duoc cho cac nha quy hoach. Bén canh cong
trinh [6] thi co rét nhiéu cac cong bd twong tu
[7]. Tuy nhién, hau nhu tit ca cac nghién ciru nay
dé ap dung cac phuong cach hién thi 2-D, 3-D,
4-D huéng dén mot moi truong hoat hinh nhim
phuc vy muc tiéu hién thi nhidu hon 1a gitip cho
phén tich dong giao thong. Mot khao sat kha chi
tiét vé tryc quan hoa trong linh vue quy hoach
d6 thi c6 bao gdm dit liéu giao thong duoc trinh
bay trong [8]. Trong tai liéu nay, nhom tc gia da
khao sét rat tbt cac phuong phap tryc quan hoa
phuc vu cho quy hoach ¢ miic quan ly vi mo.
Tuy nhién, hudng nghién ctru vé tryc quan hoa
dong giao thong chua duge dé cap.

Tai Viét Nam, c6 thé noéi hiu nhu cac nghién
clru trong nudc vé tryc quan hoéa trong giao
thong 13 gan chat voi cac hé thong tin dia ly. Cac
nghién ctru chu yéu 14 st dung céc cong cu c6
sin dé truc quan hoa cac dai lugng trong mot
linh vuc quén ly cu thé nao d6, ma chua dao siu
vao nghién ctru cich tryc quan hop ly va méi dé
phuc vu viéc phan tich. Tim kiém trong cac thu
vién v& cac cong trinh nghién ctru, cling nhu trén
Internet thi c6 thé nhan thdy da sé cdc nghién
ctru 1a trong 1anh vye GIS.

Nhu da phan tich trén, viéc thiéu nhan dinh
chinh x4c v& giao thong Viét Nam la do thiéu dit
liéu va cong cu phén tich. Tuy nhién dé giai quyét
toan dién ca hai yéu tb trén trong hoan canh hién
nay 12 twong dbi kho khan. Tai thanh phé HO Chi
Minh, xe buyt dan tré thanh phwong tién cong
cong phd bién va chinh yéu clia ngudi dan. Do
d6 trong nghién ctru nay, nhom nghién ctru tap
trung phan tich dit liéu giao thong xe buyt dé tir
d6 x4y dung md hinh dit ligu céac tuyén xe buyt
theo thoi gian. Dya vao md hinh dit li¢u theo
thoi gian trén, nhém nghién clru trién khai bai
toan tim duong di xe buyt theo thoi gian thye.



Bai todn tim dwong di ngdn nhat (shortest path)
da duoc nghién ctru nhiéu nim va c6 nhidu giai
thuat giai quyét cho nhiing truong hop co didu
kién, rang budc kém theo. Trong d6, van dé fim
dwong di ngdn nhat theo thoi gian tao ra nhiéu
théch thirc véi céc nha nghién ctru. Cudi cing,
dwa vao cong ngh¢ WebGL, két qua tim tuyén
xe buyt theo thoi gian thyc s& dugc hién thi truc
quan trén nén ban dd 3D. Trong phén con lai cia
bai bao, nhém nghién ctru s& chia lam 4 phan
chinh. Phén 2 s& gi6i thiéu vé dit liéu xe buyt ma
nhom st dung cho nghién ctru va md hinh luu trit
dir liéu giao thong xe buyt theo thdi gian. Phin
3 nhém s& gidi thiéu vé giai thuat tim dudng di
xe buyt theo thoi gian thuc. Phan 4 nhém sé gidi
thiéu mot sb két qua dat duogc. Cudi cung la mot
s6 két luan va du dinh nghién cttu ciia nhém
trong twong lai.

2. Phén tich di liéu

2.1 Dit liéu dong giao thong xe buyt

Dit liéu dong giao théng xe buyt duoc thu
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thap thong qua céc thiét bj GPS dugc gin trén
céc xe buyt. Cac thiét bi nay dugc dinh thoi dé
gui nhitng tin hidu vé méy chii. Dit liéu tho nhan
dugc chi don gian véi cac dong thong tin nhu
sau:

53U1917,10.751246,106.7019,0.0,0.0,0,1,0,
Wed Jun 04 00:00:19 ICT 2014

Dit liéu nay cho biét cac thong tin bao gbm
ma sb quan ly cua thiét bi, toa do cta thiét bi va
thoi diém giri tin hiéu. Tir nhitng thong tin trén
c6 thé biét duoc vi tri cua mot thiét bi theo thoi
gian. Hinh 1 thé hién duong di va vi trf cia mot
thiét bi. O do, thoi gian gitta cac tin hiéu khong
déu nhau, c6 luc thua hoac day dic.

Vi s6 lwong 16n thiét bi GPS duoc gin cho
céc xe buyt trong TPHCM (khoang 6000 thiét
bi), ta c6 dwge mot mang ludi day dic cac duong
di cua c4c xe buyt. Nhu hinh 2 thé hién mot mang
ludi duong di clia cac xe buyt trong khoang thoi
gian tlr 6 gid dén 7 gio.
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Hinh 1: Bwong di va vi tri cia cdc tin hién trén ban do 2D
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Hinh 2: Duong di ciia cdc xe buyt phii khéip TPHCM trén
bén do 2D
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Céc thiét bi tra vé mot sé luong 16n dit ligu,
khoang 2.5 triéu dit li€u trong mot ngay. Tuy
nhién trong d6 c6 mot sb truong hop dit lidu
khong dung dugc. Khi cac tin hiéu duoc guri déu
dan va thoi gian gitra cc 1An g tin hiéu nho thi
c¢6 thé thiy 18 duoc duong di ciia cac phuong
tién. Tir d6 c6 thé tinh todn dwgc quang duong di
va van tbc cua cac phuong tién mot cach twong
dbi chinh xac. Nhung trong thuc té thi nhiéu
trudong hop tin hiéu co6 thoi gian ngét quang qua
16n. C6 nhiéu nguyén nhan nhu thiét bi hét ning
lwgng, tin hiéu bi mét, nguoi didu khién tit thiét
bi va didu nay din dén khé ma x4c dinh duge
duong di chinh xac cua xe buyt cling nhu khong
thé xé4c dinh duoc van téc ciia xe buyt. Déi véi
nhiing dit liéu nhu vay thi sé_ bi loai bo.

2.2. Dit liéu ban d6 tuyén xe buyt

T dit liéu ban dd xe buyt hay con goi la
- mang ludi xe buyt clia trung tdm didu hanh cong
cong Tp. HO Chi Minh, c6 thé nhém céc thong
tin vé xe buyt thanh c4c thanh phin sau:

» Ban dd xe buyt dwoc phit boi hon 110 tuyén,
mdi tuyén c6 luot di va lugt v&. Trén mdi tuyén
xe buyt ta biét dugc 16 trinh di cta tuyén, gia vé,
lich chay.

 C6 khoang hon 4300 tram dung.

e Cac tram dung duoc nbi v6i nhau bai cac
tuyén di qua do.

Sau khi da hiéu ro ban d6 xe buyt & thanh
phé H) Chi Minh, ta s& quan sat ban dd xe buyt
dudi goc nhin dd thi nhdm dinh ra md hinh luu
trit trén may tinh:

o Céac dinh la cac tram xe buyt.

« Céc canh 13 duong di cta cac tuyén xe buyt
di qua 2 tram ké nhau. Mdi cip tram ké nhau c6
thé c6 nhiéu tuyén xe buyt di qua, mdi tuyén di
qua cdp tram tao thanh mot canh cua dd thi va
canh nay 1 canh c6 huéng. Mdi canh c6 thong
tin v& quing dudng di va thoi gian di. Ngoai ra,
gifta nhitng tram & gan nhau c6 thé di chuyén
qua lai bang cch di bg. Tir d6 sé& tao thém nhitng
canh méi cho db thi xe buyt. Viéc thém canh nay
dé phu hop vai thuc té khi di xe buyt.

* C6 khoang gan 10000 canh nbi boi xe buyt
va khoéng 14000 canh ndi béi cac tram gan nhau.

o Pay 1a dd thi thua véi s6 bac trung binh 1a
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2.6. Con sb nay chua tinh téi cac canh ndi boi
céc tram gan nhau.

Nhém nghién ciru da tién hanh luu trit dit ligu
ban dd xe buyt trén dia ban Tp. H5 Chi Minh trén
nén co s& dir liéu quan hé va st dung hé quan tri
co s¢ dit liéu SQL Server. Cho dén bude nay, ta
da c6 dugc dit liéu dong giao thong va dit ligu
mang luéi xe buyt tinh chwa c6 yéu t6 thoi gian
dong. Vi vy viéc can lam tiép theo 1a lam sao
anh xa duoc dir liéu dong giao thong vao mang
ludi xe buyt tinh dé c6 duoc dir liéu mot mang
ludi xe buyt theo thoi gian.

2.3. Dit liéu ban do tuyén xe buyt theo thoi
gian

Trude tién, dit liéu dong giao théng cho biét
thong tin mot phuong tién di toi diém A ¢ thoi
diém t1 1di di toi diém B & thoi diém (2. Nhu
vay ta chi c6 dugc khoang thoi gian di chuyén
gitta A va B, nhung chua biét duong di thyc su
gitta A va B. Nhu da trinh bay & phan trude, ta
chi quan tdm t&i nhiing truong hop ma (t2-t1) la
mot khoang thoi gian nho At thi ¢6 thé xem nhu
duong di tir A t6i B 1a mot duong thing. Tir d6
ta c6 thé tinh dugc quing dudng di gitta A va B
bing cong thirc khoang cach Euclide, cling nhu
vén tbc trung binh trén doan duong AB trong
khoang thoi gian tir t1 dén t2. Vi cach nay, ta s&
tinh dwoc vén tdc cho tit ca cac cap vi tri lién tyc.

Tiép theo viéc quan trong can lam 14 tinh toan
dé xay dung dir lidu cho dd thi xe buyt theo thoi
gian tir dit li€u da dugc tinh toan & trén. Ban dau
dd thi xe buyt chi c6 thong tin v& nhiing bd dit
liéu tinh ( <v1,v2>, d, r), & d6 <vl,v2> la doan
dudng di c6 chidu dai d gitta tram v1 va v2 béi
tuyén r, & ddy chua cung cap dugc thong tin vé
thoi gian. Nhoém nghién ctru chia thoi gian mot
ngay thanh nhitng khoang thoi gian nho T lién
tuc. Mdi b dit lidu tinh ( <v1,v2>, d, r) v6i tiing
khoang thoi gian T s& c6 thong tin vé van tbc va
chi phi thoi gian twong tng. Tl d6 ta c6 nhiing
bo dit liéu theo thoi gian gian (<v1,v2>,d, 1, T,
s, t) cho biét doan duong di co chidu dai d giita
tram v1 va v2 bdi tuyén r trong khoang thoi gian
T véi van tdc s va chi phi thoi gian dé di t . Dé
tinh dwoc vén toc s va chi phi thoi gian t cho ting
bo dit liéu, nhom nghién ctru dung giai thuat sau:
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Budc 1: Véi mdi bo dir lieu (<vl,v2>,d, 1, T ), 6 do <vl,v2> la doan duong di cd chiéu dai d
gitta tram v1 va v2 béi tuyén r trong khoang thoi gian T,
Tim t4t ca nhitng doan AB di trong khoang thoi gian tir t1 dén t2, sao cho:

+AB gén voi <vl,v2>.
+ [t1,t2] thudc khoang thoi gian T.

Budc 2: Gan van toc trén doan dudng <v1,v2> béng vén téc trung binh cuia tit c nhitng doan
AB tim duogc. Ttr d6 tinh dugc chi phi thoi gian trén doan dudng nay.

Budce 3: Néu khong tim duoc doan AB nao thi van tdc s& b?mg mat gia tri van tbc mic dinh. Ta
c6 thé sir dung vén tc trung binh cua toan by dit li€u dong giao thong.
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Hinh 3. M6 ta nhitng doan mau do dwoc tinh la gan véi
doan dirong <vil,v2>

Trong Budc 1, muc tiéu la tim ra dugc nhitng
doan AB gin v6i doan dudng <v1,v2>, mot doan
AB dugc tinh 1a gan v6i <v1,v2>, khi tdn tai mot
diém vi thugc <v1,v2> ma khoang cach tir vi t6i
trung diém ciia doan AB nho hon mot gia tri Ad
cho trudc. Nhu hinh 3 m6 ta nhitng doan AB
14 nhitng doan thing( mau den va do), trong do
nhitng doan mau d6 1a nhitng doan AB duoc tinh
14 gan véi <v1,v2>.

Con Buéc 2 chi don gian 14 tinh ra van tdc
trung binh cua tit c4 nhitng doan AB tim duoc,
rdi gén gia tri van téc nay cho doan dudng
<vl,v2>. Buéc B3 diung dé xir ly cho nhiing
doan duwong khong tim dugc nhitng doan AB
nao gan né, nén s& gan cho nd mot gia tri van
tdc trung binh ciia dong giao thong. Sau khi thuc
hién theo giai thuat nay, nhém nghién ciru da xay
dung dugc dir liéu dd thi xe buyt theo thoi gian.
Trong phan sau, nhém trinh bay vé mé hinh dd
thi theo thoi gian va giai thudt tim duong di xe
buyt theo thoi gian.

3. Gidi thuit tim dwong di xe buyt theo

thoi gian thuce

Trong phin nay nhém s& trinh bay nhiing
khai niém lién quan, md ta bai toan ciing nhu
giai thuat dé giai quyét bai toan nay.

3.1. D6 thi phu thude thoi gian

Do thi phy thudc thoi gian (G, E, V) (hoic
viét tit 1a G,) duoc dé cap chi tiét trong [10],
duogc dinh nghia:

*V={v} latép céc dinh cta d thi

*Ec VxV latap cac canh cia do thi.

 W'1a tap cac ham c6 gia tri duwong.

* V6i mdi canh (v, Vj) € E, c6 mdt ham

w,; (e W, voi 1a bién thoi gian trong mét
khoang thoi gian .

e Ham d6 tré-canh (edge-delay function)
w;; (t) xdc dinh thoi gian dé di chuyén tir dinh %
dén dinh v, néu xuét phat tir dinh vao thoi diém
t.

3.2 Bai todn tim dwong di ngdn nhat véi do
thi phu thugc thoi gian

Dinh nghia: Bai toan tim duong di ngin nhat
v6i b thi phy thudc thoi gian 1a tim duwong di ¢6

SO 07 - THANG 05/2015 103




- NGHIEN cUU KHOA HOC

thoi gian di chuyén nho nhét tir diém bat ddu dén
diém dich v&i thoi didm bét dau trén dd thi phu
thudc thoi gian. Thoi gian di chuyén 1a thoi diém
dén diém dich trir thoi diém bt diu, goi tit 14 bai
toan TDSP (time-dependent shorsted path).

Trong [10] ciing d& cép t6i bai toan TDSP
tim ra dudong di voi thoi gian di chuyén nho
nhét va thoi diém bét dau dé di cho van dé van
chuyén. Con & déy, tim ra duong di véi thoi gian
di chuyén nho nhit ¢ mdi thoi diém dugc biét
trudce.

O mdi dinh ¢6 céc dai lugng:

* Ww(v,) ki hiéu cho thoi gian doi (waiting
time) tai dinh

e arrive (v) ki higu cho thoi diém dén dinh

* depart (v) ki hi¢ u cho thoi diém xuat phat
tir dinh .

Mbi quan hé cta ba dai lugng trén dugc thé
hién qua cong thirc sau:

depart(v,) = arrive(v, + w(v,)
Cho mot duong di

P =0, v, ) (v, vy)

va thoi diém bat dau la arrive(v,) =t ,

arrive(v,) = depart(v,) +w, , (depart(v,)

arrive(v,) = depart(v;_,) +w,_,, (depart(v,_,)

g, (1) = arrive(v,)

g,(¢) 1a ham thoi giangdén tr v, t6i v, theo
duong di p, voi thoi diém bt dau 7. Tir d6 ta
c6 ham thoi gian di chuyén theo duong di p 1a

g,(t)—1 . Muyc tiéu cua bai toan TDSP 1a tim ra

dudng di c6 thoi gian di chuyén ngén nhat p* :

g, O-t= m;(r)l {g,(0-1
e
Do c¢6 thém yéu t6 thoi gian nén khong gian
nghiém béan toan TDSP 16n hon nhiéu so véi bai
toan tim dudng di ngén nhét khong c6 yéu 6 thoi
gian. Giai thudt sau dung phuong phap gan nhan
(labeling method) st dung dé giai quyét bai toan
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TDSP dua trén d& xudt tir [11], nhung giai thuat
nay hoat dong trén dd thi théa man gia dinh 1a
céc canh ciia dd thi déu c6 tinh chit FIFO [10]

[12]. Tinh FIFO: M4t canh (v,,v;) c6 tinh FIFO
néu va chi néu w, (1)) <t, +w,,(t, +1,)
véi 1, 20 hodc £, +w, () <t, +w, (t,) voi

t, > t,. Tinh chit nay khing dinh néu bat dau
xuét phat & mot canh trude thi s€ ra khoi canh do
truge. Tinh chat nay pht hop véi viée luu thong
trén dudng néu moi xe déu chay véi dung toc
d6 hién tai trén duong do, va cling phu hgp véi
phuong tién 1a xe buyt, vdi kich thudce 16n trong
khi dudng lai nho trong dia ban Tp.HO Chi Minh.

Diu vao:
Pon dd thi
Diém bét ddu va diém cudi s,e; thoi gian bt
dau ts
Piu ra: Duong di p tirs dén e
fs=ts
Q.enque({fs,s}) , Q is a priority queue con-
taining pairs, {fi,vi}, ordered by fi in ascending
order.
While Q is not empty
{fi ,vi} = Q.deque()
If vi is e, stop
For each neighbors vk of vi
if vk is not visited
fk = fi + wi,k(fi)
Q.enque({ftk,vk})
label(vk)={tk,vi}
elseif {fi+wi,k(fi),vi} is better label(vk)
fk = fi + wi,k(fi)
Q.enque({fk,vk})
label(vk)={fk,vi}
end for
end while
if e is visited
{te,vp} = label(e)

t*=te-ts
p=e
while vp =5
p=vp.p
{fi,vp} = label(vp)
end while



p=s.p
end if

Giai thuat trén dung mot hang doi chira nhitng
cip gia tri bao gdm mot dinh vi va thoi gian di
t6i dinh d6 £, tir dinh bat dau s. Giai thuat két thiic
khi gap dinh cudi e hodc hang doi tréng (khong
c6 nghi€m). Giai thuat s& thuc hién viéc tinh toan
cac gia tri thoi gian f, dé di t6i mot dinh v, va dua
cap gia tri nao vao trong hang doi.

3.3 Ap dung cho bai todn tim dwong di xe
buyt theo thoi gian

Nhu da trinh bai ¢ trén la vé bai toan tim
duong di ngdn nhit cho mot dd thi phu thudc
thoi gian noéi chung. Con bai toan tim dwong di
xe buyt theo thoi gian ma nhom mudn giai quyét
duoc 1a tim duong di bang xe buyt c6 thoi gian di
chuyén nho nhat tir diém bit ddu dén didm dich
voi thoi diém bat dau trén dd thi xe buyt theo
thoi gian thod man cac rang budc (sd 1an chuyén
tuyén, s6 tién can ding, thoi gian doi). Khong
mat tinh tong quat, nghién ciru trong bai bao chi
str dung rang budc s6 14n chuyén tuyén, cac rang
budc khac ¢ thé ap dung twong ty.

Diém khac biét ¢ day 1a dd thi xe buyt theo
thoi gian c6 mot s6 dic diém riéng cta cé nhu:
duoc két ndi boi mot hé thong cac tuyén xe buyt,
c6 thé di chuyén bang cach di bo giita cac tram
gin nhau, ton chi phi khi chuyén tir chuyén nay
sang chuyén khéc. D6 d6 db thi xe buyt theo thoi
gian c6 mot s6 ddc diém khac nhu sau:

Véi  moi  canh (v,v;)eE

d

h,J
Wav,) =| w0
|1 knéu huyén tuyén
Lj o con lai

cho biét mot canh d6 ¢6 phai 1a canh chuyén
tuyén (gié tri 1a 1) hay khong. C6 ba loai canh
trong don do6 thi nay:

o Loai a: Canh duoc két ndi boi cac tuyén

xe, v6i d, ; 1 quang duong di chuyén, w, (¢)

Ia thoi gian di chuyén, &, ; =0 .
Loai b: Canh cho biét thong tin chuyén
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tuyén, d, =0, k,=1,w,®) = wy)

chinh 14 thoi gian doi dé chuyén sang tuyén méi

tai v -8
e Loai ¢: Canh thé hién viéc di b, vdi

d, ; 1a quang duong di by, w; ,(¢) = w,1a thoi

gian di bg, k; ; =0.

bé giai quyét bai toan tim duong di xe buyt
theo thoi gian voi rang budce vé sb 1an chuyén
tuyén, nhém dé xudt giai thuat (goi tit 1a D3) dya
trén phuong phap gan da nhin (multi-labeling
method) sau:

Giai thuat D3 c6 vai diém dang cha v 1a tai
mdi dinh c6 thé gén nhiéu nhan, trong giai thuat
c6 hai thao tac 1a chon nhan c¢6 gia t6t hon va nhan
c6 thdi gian tot nhat. V6i 2 nhan n,={f,c,v,}.n, =
{];,cj,vj},, nhin r}i tot hon nhan nj khi va chi kl:li
ﬁ<]§ (t‘(”)t hon vé fnét th,c‘)ri gian) hodc ¢, < c, (tot
hon vé mét chuyén tuyén). Con nhén co thoi gian
t6t nhét 14 nhan c6 gia tri £ nho nhét trong cic
nhén con lai, thao tac nay dung dé chon ra dugc
duong di c6 thoi gian nho nhét.

4. Két qua

Dé hién thyc chuong trinh mé phéng, nhém
ding céng nghé WebGL trén nén web. WebGL
c6 thé chay trén dbi tuong dd hoa 3 chidu, truc
tiép trén trinh duyét, WebGL str dung ngdn ngit
lap trinh Javascript. Cong nghé nay c6 thé truy
cép vao card dd hoa st dung JavaScript. WebGL
c6 thé chi phdi giao dién DOM, dya trén cong
nghé OpenGL ES 2.0, c6 thé van hanh trén nhiéu
thiét bi khac nhau gdm c6 mdy tinh c4 nhén,
dién thoai di dong... WebGL c6 thé chay truc
tiép trén card dd hoa. C6 mot vai thu vién sir
dung cho WebGL tao ra dé user c6 thé d& dang sir
dung. Tuy nhién s& tot hon néu hiéu 13 cbt 16i cia
WebGL tir d6 tiép can cong nghé nay. WebGL c6
thé chay thoi gian thuc v6i ddi twong dd hoa 3D
va tit nhién WebGL c6 thé 4p dung cho nhiéu
linh v thd vi v6i nhitng ai mudn tiép can cong
nghé nay.

Ngoai ra nhém nghién ctru lwa chon nén ban
d0 Open Street Map. Déy 1a dy 4n cho phép moi
ngudi cling xay dung ban do thé gi¢i mé vai mot
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Pau vao:
DPon db thi

S6 1an dbi tuyén cho phép m
Péu ra: Puong dip tirs dén e
fs =ts, ¢ =0, parent = nil

in ascending order, c is transit times, ¢ <= m.

While Q is not empty

{fi ,c,vi,vp} = Q.deque()

If vi is e, stop

For each neighbors vk of vi

if c+ki,j<=m
if vk is not visited

fk = fi + wi,k( fi)

Q.enque({fk,c+ki,j,vk,vi})
labels(vk)={fk,c+ki,j,vi}
set vk is visited

fk = fi + wi,k(fi)
Q.enque({fk,ct+ki,j,vk,vi})
labels(vk).add({fk,c+ki,,vi})
end if
end if
end for
end while
if e is visited

t*=te-ts ,p=¢e
while vp I=s
p=Vvp-p

end while

{te,c,vp} is label has time is best of labels(e)

biém bat dau va diém cudi s,e; Thoi gian bat dau ts

Q.enque({fs,c,s,nil}) , Q is a priority queue containing vectors, {fi ,c,vi,parent}, ordered by fi

elseif {fi+wi,k(fi),c+ki,j,vi} is better than labels(vi)

{fi,vp} is label has time is best of labels(vp)

cong ddng ngudi dung dong dao tham gia hd tro.
O Viét Nam, cling c6 mdt du an con nhim xay
dung ban dd chi tiét va day da hon. P4y 1a ngudn
ban dd m& kha chi tiét dé phat trién nhitng tng
dung v& GIS. Bén canh d6, nhom con sir dung
mdt sb thu vién 3D nhu ReadyMap — thu vién hd
trg mod phong trai dat, va ThreeJS cho phép tao
nhitng dbi twong 3D mot cach tién lgi.

Hién tai nhém da hién thyc chuong trinh truc
quan héa thong tin xe buyt bao gdm hai ndi dung
can tryc quan hoa. Noi dung tryc quan hoa thi
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nhit d6 1a phan tich ban dd xe buyt theo thoi
gian. Trong d6 chiéu cao thé hién thong tin vé
thoi gian, v6i nhitng doan déc cho biét di qua
doan d6 mit nhiéu thoi gian hon, tng véi van tbe
cham va ngugc lai. Noi dung truc quan hoa thir
hai d6 12 biéu dién két qua giai thuat tim duong
di ngén nhét 16 trinh xe buyt theo thoi gian thyc.
Hinh 4a, 4b va hinh 5 cho thiy viéc hién thi két
qua tim dudng di xe buyt ngin nhét theo thoi
gian trén nén ban dd 3D gitp ngudi ding cudi
d& dang quan sat duogc téc d6 di chuyén cua xe
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theo thoi gian thuc hon. Mau sic ctia timg doan

duong duoc thé hién theo Bang 1. Nhu hinh 4a va 4b, van téc chim & nhiing

noi nhu diém bt dau xuét phat, diém két thic 16

Mau sic Gi4 tri van téc trinh, va nhing chdt luu thong. Ngoai ra, quan

Po <= 5km/h st thdy duoc van tdc clia cac doan duong khi

Vang 1 Ol xudt phat vao liic 8h (mét o luu thong cao) thap
Xanh duong <=90km/h hon lac 15h (méat 6 Ivu thong thap hon).

Xanh 14 xay >20km/h P
5. Két luan

Trong bai bao, nhém nghién ciru da trinh bay

Bang 1: Ghi chit mau thé hién doan dwong di oo o e R Ta des %
cac két qua nghién ctru ndi bat lién quan dén bai

xe buyt trén nén ban dé 3D.

- o oy
/ e AN { A\
/ == N -~
~ 2 / Sn /
'\ AN \‘ ol
/ - o N\
WAL Va7
Sl = R
{ - s "N ‘-.‘/1 4 g
-® ‘1]'\ s =
\ 4B, 4 -

Hinh 4a: Truc quan héa mét 1§ trinh ciia xe bupt xudt phdt tiv bén xe An Swong dén
Cho Lén bat dau tir liic 8h trén ban do 3D, co goc nhin tir trén xuong

Hinh 4b: Tryee quan héa mét I3 trinh ciia xe buyt xudt phdt tir bén xe An Swong dén
Cho Lén bat dau tir liic 15h trén ban do 3D, co goc nhin tir trén xuong

Hinh 5: Két qua gidng nhue hinh 4a, cé géc nhin ngang thé hién hién thoi gian di chuyén
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toan giao thong Viét Nam ndi chung va bai toan
xe buyt tai Tp. HO6 Chi Minh néi riéng. Nhém da
thu thap dugc dir liéu giao thong xe buyt tai Tp.
H6 Chi Minh va dwa vao dit liéu nay d& xuét mé
hinh Iuu trit dit liéu tuyén xe buyt theo thoi gian.
Nhoém ciing dd phat trién giai thuat tim duong
di xe buyt ngén nhat theo thoi gian thuc, d6 la
gidi thuat dugc phat trién dya trén phuong phap
gan da nhan. Dé hién thi téc do di chuyén cia xe
buyt theo timg tuyén, timg thoi diém ciing nhu

két qua tim dwong di xe buyt ngén nhét theo thoi
gian thyc mot cach truc quan trén nén ban dé 3D,
nhém dé tai lya chon cong nghé WebGL va nén
ban dd Open Street Map. Két qua budc dau rat
kh& quan va 1a dong luc cho nhom dé tai tiép tuc
nghién ciru, t6i wu cac ndi dung da hoan thanh.
Trong thoi gian t&i, nhom s& tién hanh nghién
ctru thém cac phuong cach truc quan hoa dix liéu
giao thong dé ngudi ding c6 thé dé dang quan
st ddc biét vao nhiing gio cao diém.
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