Ky yéu Héi nghi Khoa hoc Quéc gia lan thir IX “Nghién ciru co ban va vmg dung Cong nghé théng tin (FAIR'9)”; Can Tho, ngay 4-5/8/2016
DOI: 10.15625/vap.2016.00092

TRWC QUAN HOA DU LIEU TRANG THAI GIAO THONG TREN NEN WEB
Dw Phwong Hanh, Vii B4 Duy, Nguy&n Ngoc Hoa
Truong Pai hoc Cong nghé - PHQGHN
hanhdp@vnu.edu.vn, duyvb@vnu.edu.vn, hoa.nguyen@vnu.edu.vn

TOM TAT— Bai bao nay trinh bay md hinh tryc quan hoa dir liéu trang thai giao thong, triee tuyén trén internet, dua vao cd yéu té
khéng gian va thei gian. Trang thai giao thong tai nhitng tuyén phé c6 tinh trang giao thdng néng sau khi dirge thu thap sé diege roi
rac va chudn hoé thanh sau mite da, tir thong thoang dén tic nghén. Dit liéu trang thai giao thong sé duwoc trire quan hod theo cd
thoi gian va khong gian, trén nén bdn dé sé triee tuyén. Trang thai giao théng sé duepe truc quan theo phirong phdp két hop ca triee
quan theo diém va theo doan véi ky thudt ban dé nhiét. Péi Véi chiéu thoi gian, hai biéu do thoi gian tuyén tinh da dwoc phéi hop
theo kiéu biéu do ving co dé thé hién trang thai méi tuyén phd. Pé gidi quyét van dé quy md dir liéu l6n, chiing ti da tién hanh
phan tich, loc dir liéu thoi gian va khong gian d@é chi gii lai nhitng khodngldoan déng quan tam vé trang thai giao thong. Dira trén
mé hinh @4, chlng t8i dé xdy dung hé thong thir nghiém véi dit liéu thu thdp duoc trén mét sé tuyén phé tai Ha Ngi. Két qud thue
nghiém d@a minh chitng nhitng wu diém ciia md hinh ciia ching tdi nhu cho phép két hop true quan diroc ca thoi gian va vi tri dia 1y;
cho phép c6 ngay diroc théng tin trang thai giao théng tir tong thé (mize thanh phd) dén chi tiér (mike diém ndng giao thong).

Tir khéa— Tryc quan hod di lidu, hé théng thong tin trang thai giao thong, ban do sé truc tuyén, ITS.
I. GIOI THIEU

Hién nay, un tic giao thong van 1a van dé “noéng” cua cac do thi 16n, ching han nhu & tha d6 Ha Noi va TP. Ho
Chi Minh. Tir d6, viéc c6 thé mang dén nhiing thong tin tirc thoi vé trang théi giao thdng tai nhimng tuyén phé nguoi
ding quan tam rat c6 y nghia thyuc tién. Nhiéu phuong thire khéc nhau da duoc tién hanh dé cung cap thong tin giao
thong nhu thdng qua cac phuong tién dai chiing nhu VOV Giao théng, cic trng dung trén dién thoai thdng minh [7],...

Dé khic phuc tinh trang nay, nganh giao thong can day manh viéc tmg dung CNTT mét cach tong thé dé co thé
tao ra dwoc nhitng hé thong giao thong thong minh (Intelligent Transport System — ITS) [1][12]. D6 la cac giai phap
thu thap thong tin giao thong; quy hoach, diéu tiét duong sa; diéu khién giao thong; dém luu luong giao théng va cung
cap thong tin giao thong toi ngu’01 tham gia giao thong, canh bao sdm cho nguoi tham gia giao thong vé tinh trang un
tac tai cac tuyén phd, dé ngudi dan chu dong thay a6i phuong tién, huéng di trén duong... Trong dé tai nghién ctru ma
s6 01C-04/08-2014-2 cta S& KH-CN Ha Noi vé “Hé thong thong tin trang thai giao thong thanh phd Ha Noi: Thyc
trang va g1a1 phéap”, c6 muyc tiéu xay dung giai phap thu thap va cung cap thong tin trang thai giao thong cia mot )
tuyén pho chinh Ha Noi. Dya vao nhiing két qua thu thap duge dir liéu trang thai giao thong Ha Noi tir cac ngudn khéc
nhau (tir VOV giao thong, tir cong dong, tir cac hé thong camera giam sat giao thong...), mot trong nhung dinh huong
khai thac dit lidu nay 14 s& tryc quan hoa toan bo vét trang thai giao thong cac tuyen phé chinh trén nén ban dd sb. Tur
d6, cho phép nguoi tham gia giao thong, can bd quan 1y giao thong do thi,... c6 thé quan sat, nim bat phan tich duoc
mot cach day dii va dé hinh dung, dé danh gia, so sanh trang thai cac diém néng giao théng trong thanh ph.

V6i dong luc do, bai bao nay s tap trung gidi thi¢u phuong phap va ky thuét cho pheép truc quan hod dir liéu
trang thai giao thong trén nén ban do so, truc tuyén trén Web. D liéu trang thai giao thong Ha Noi s€ dugc sur dung dé
minh hoa phuong phap da dac ta trong bai bao nay.

Phan con lai cua bai bdo duoc t6 chire nhu sau: Muc 11 duoc danh dé gisi thiéu nhitng khéi niém co ban ciing
nhu nhimg ly thuyét lién quan. Muc 111 ching t6i s& trinh bay mé hinh truc quan hoa dir lidu trang thai giao thong theo
ca chiéu thoi gian va khong gian. Ket qua thuc nghiém véi md hinh nay s& duoc trinh bay Muc 1V. Phan con lai 12 két
luan va mot s6 hudng phat trién tiép cua ching toi.

IL. LY THUYET VA NGHIEN CUU LIEN QUAN
A. Khai ni¢m chung

Tryc quan hoa (visualization) 1a phuong phap tao ra nhimng hinh anh, biéu d6 dé dién ta théng diép. Truc quan
hoa nghién ciru trinh bay mét cach truc quan, twong tac khdi dir lidu triru tuong dé tang cuong nhan thirc ctia con
nguoi. Trye quan hoa dir liéu 1a mot phan nhanh cta tryc quan hoa véi nhimg thong ké dugc trinh bay bang do hoa gan
lién voi cac thong tin dia 1y hodc dit liéu khong gian (nhu nhitng ban d6 chuyén dé) dugc phén tan trong cac dang biéu
do [3].

Tryc quan héa dit liéu duge quan niém boi nhiéu nganh 1y thuyét twong dwong nhy mét mé hinh hién dai ctia
truyén thong truc quan [4]. N6 khong thude riéng mot linh vue ndo ma 1a sy giao thoa ciia nhiéu nganh. Mot s6 ngudi
quan niém né nhu mdt nhanh hién dai cua thong ké md ta, mot s6 khac coi n6 1a cong cu phat trién ly thuyet nén. N6
bao gom su sang tao va nghién ctru phuong thic trinh dien tryc quan dir liéu.

Muc tiéu chinh cua truc quan héa dit lidu 14 truyén thong tin rd rang va hiéu qua cho nguoi su dung thong qua

dd hoa duoc lya chon nhu bang biéu hodc biéq dd. Mot truc quan héa hiéu qua gitp cho nguoi dung dua ra cac phan
tich va luan diém vé dir liéu va luan cur. N6 khién dit li€u phirc tap tré thanh dé hiéu va dé st dung hon. Nguoi sir dung
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¢6 thé c6 nhitng dong tac phan tich dic biét nhu tao phép so sanh, nhin qua va 4p dung thiét ké dd hoa (dé hién thi so
sanh, nhan qua...). Bang biéu thudng dwoc dung khi xem xét phép do luong ctia mot bién va cac loai biéu dd s& hién
thi két qua hodc lién hé véi dit lidu ciia mot hay nhiéu bién [5].

Truc quan héa theo dia 1y (geo-visualization) huéng dén mot tap hop cic cong cu va ky thuat hd tro phan tich
dit liéu theo dia 1y thong qua sir dung truc quan hoa twong tac. Nhu 13 sy két hop gitra truc quan hoa khoa hoc va truc
quan hoéa thong tin, tryc quan héa theo dia Iy nhan manh kha ning tao ra kién thirc tir nhitng dir liéu dwoc luu trit hodc
thong tin dugc truyén tai. Bé lam duoc diéu dé, truc quan héa theo dia ly truyén tai thong tin theo dia 1y bang cach két
hop su hiéu biét ctia con nguoi, cho phép khai thac dir lidu va tao quyét dinh [6].

Theo truyén théng, ban do tinh c6 kha nang khai thac gi6i han, sy dién ta do hoa gin bo chat ché voi thong tin dia
ly nhu ¢ dudi day. GIS va truc quan hoa theo dia 1y cho phep ban do c6 tinh _tuong tac cao hon; bao gom kha nang khao
sat cac 16p khac nhau cta ban d, phong to — thu nho ban d, thay ddi biéu dién trye quan cia ban d6. Truc quan hoa theo
dia 1y thé hién mot tap cac cong nghé va thuc thi ban do, két hop véi su phat trién kha nang xir Iy @ hoa ciia may tinh dé
dura ra su thay ddi ban db trong thoi gian thuce, cho phép nguoi ding thay ddi dit liéu dwoc anh xa ngay lap tic.

B. Quy trinh triee quan hoa dir liéu trang théi giao théng

Qué trinh tao truc quan hoa dir liéu néi chung ciing nhu dit lidu V& trang théi giao théng noi riéng thuong duoc

dac ta théng qua 4 budce chinh sau [2]:
' Data
@EEE)  Analysis
Raw Data » Processed » Clean
Data DataSet
H Models &
W Algorithms

Data Visualized
Products Results Make

Decisions

Hinh 1. M6 hinh chung phén tich, xtr ly va thu nhan dit liéu

- Thu thap dir liéu thd (Raw Data): O budc nay, thong qua céc thiét bi chuyén biét nhu cam bién trong cac
smartphone (GPS, gia téc....), cac dit liéu hinh anh tir camera gidm sat,... chiing ta c6 thé thu thap duoc dit liéu vé trang
thai hién thoi trén cac tuyén phd dugc giam sat. Néu dir lidu thu thap c6 dinh dang chua phi hop thi phai tién hanh
chuyén d6i trong Gmg. CAc dit liéu ndy can duoc tap hop lai tai trung tim dé phuc vu cho céc bude xtt ly tiép theo:

- Xt ly dit liéu (Data Processing): C6 dir liéu roi thi can phai phéan tich dé hiéu ¥ nghia cta né. Do do, phan tich
1a budc chii yéu nhét trong tao truc quan hoa dir lidu. Chi c6 thong qua phan tich dit liéu méi hiéu dugc dir lidu, tir d6
truyén dat thong tin ctia dir liéu cho nguoi khac. O bude ndy can c6 sy phdi hop ciia nhiéu qué trinh con nhu (i) 1am
sach dit liéu; (ii) phan tich, loc dit liéu dé c6 duoc thong tin can phan tich, hién thi théng qua cac md hinh, giai thuat;
(iii) gop va chuan hoa dit liéu dé phuc vu dau ra va truc quan hod thong tin.

- Truc quan hoa dir liéu (data visualization): Thong tin thu dugc ¢ bude trén s€ duoc t6 chirc hién thi theo nhirng
phuong phap mang lai hiéu qua truyén dat tri thic cao nhat c6 the.
C. Mét sé nghién ciru lién quan

Nhin chung, dit liéu trang thai giao théng c6 rat nhiéu thc}ng tin, trong do hai thong tin quan trong la thoi gian va
khong gian (dia ly). Tir d6, viéc truc quan hoa dir liéu nay cé thé phan loai dua theo hai tham s6 do.
1. Truc quan hod thoi gian

Dé truyén tai théng tin thoi gian, ching ta c6 thé sir dung md hinh biéu do thoi gian tuyén tinh nhu minh hoa &
hinh sau, da duoc trinh bay trong bai bao [13]. Trong cong trinh nay, thoi gian dugc thé hién mot cach tuyen tinh ¢ truc
X, truc con lai Y dé bleu dlen tham s khac. R& rang biéu d6 dwong nay twong ddi dé doc nhung c6 thé dan dén su lon
x6n khi ¢6 nhiéu tham sb can tryc quan.
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Hinh 2. Biéu d6 duong thé hién thoi gian tuyén tinh [13]

Mot k¥ thudt khac dé tryc quan thoi gian véi nhiing bai toan c6 tinh Izp lai theo chu ky. Do la ky thuat thé hién
theo kiéu bé tri tron nhu minh hoa ¢ hinh duéi day [14]. Theo cong trinh nay dir lidu trang thai giao thong duoc thé
hién theo gi¢ trong ngay MJdi vong tron biéu dién mot ngay trong tuan; mdi cung thé hién mot gio trong ngay; trang
thai duoc thé hién bang mau sic khac nhau ciia cung. Uu diém cua k¥ thuat ndy nam & viéc cho phép ching ta thé hién
dugc mau thoi gian ¢6 tinh chu ky. Tuy nhién, k¥ thuat nay lai c6 trong dbi it khdng gian thé hién hiéu qua.

00.00 High

12:00
Low
Hinh 3. Biéu d6 tron thé hién trang thai giao théng theo thoi gian trong ngay [14]
2. Truc quan hod dir liéu khéng gian
~_ Dir liéu khdng gian trong truc quan hoa dir ligu trang thai giao thong chinh Ia thong tin vé vi tri dia Iy tuyén pho.
Deé thé hién dir liéu nay, hién cé mot s6 cach tiép can chinh nhu sau:
- Tryc quan hoé dya theo diém: thong tin vé trang thai giao thong cua doan/tuyén phd s& dugc quy chuan
thanh mot diém roi rac trén ban do. Tu do, trang thai giao théng c6 thé dugc thé hién thdng qua mau sac
hay d6 16n cta diém da dugc lya chon do [1][8-9].
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Hinh 4. Truc quan hod dir liéu vi tri theo diém va ban do nhiét (heatmap) [9]

- Tryc quan hoa dua theo doan: trang théi giao théng cia tuyén phd s& duoc quy chuan vé mot doan phé trén
ban do. Viéc thé hién trang théi cua tuyén phd llc d6 cé thé dugce thé hién qua mau sic, mat do ciing nhu do
I6n cua doan do6 trén ban d6 [11][16]. Phuong phap nay cho phép két hop thém véi qua trinh phan tich 16
trinh d& mang lai nhiéu thong tin hon ve giao thong téng thé. Tuy nhién, phuong phap nay ciing gap phai
kh6 khan khi c6 qué nhiéu doan hay nhiéu 16 trinh.
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Hinh 5. Tryc quan hod dit liéu vi tri theo doan va mat d¢ 19 trinh [16]

- Truc quan hoé dya theo ving: theo phuong phap ndy, mot viing trén ban d6 s& dwoc dung dé thé hién trang
thai giao thong trén mot tuyén phd nao do6 [17]. R rang phuong phép ndy cung cip thong tin cé thé tuong
dbi mo dén nguoi dung so vai hai phuong phap trén. Tuy nhién, két hop ca phuong phép nay ciing véi tryc
quan hoa theo doan s& cho phép ching ta truyén tai duoc thong tin tudng minh hon dén nguoi dang: tir mic
tong quan — theo vuing, dén mirc chi tiét theo timg 16 trinh.
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Hinh 6. Tryc quan hod dit liéu vi tri theo vung [17]

II. MO HINH TRU'C QUAN HOA DU LIEU TRANG THAI GIAO THONG
_ Dua trén nhitng khao sat, danh gia da trinh bay trong nhimg nghién ctru lién quan ¢ muc trén va yéu cau thyc
tién can c6 phuong thirc cung cap thong tin trang thai giao thdng mot cach hiéu qua hon, ching tdi dé xuat md hinh
truc quan hoa dir liéu trang thai giao thong dugce minh hoa nhu Hinh 7 sau day:

Trwe quan hoa
dir liéu thoi gian

Truc quan hoa

dir ligu dia Iy

D3JS
<:> HeatMap
Leaflet
jquery-ui

MapServer <:> Web Server

Web

<:> browser

Hinh 7. M6 hinh truc quan hoéa trang thai giao thong



Du Phuong Hanh, Vii Ba Duy, Nguyén Ngoc Hod 747

Dir lidu trang thai giao thong 1a dir lidu thé hién trang thai giao thong cta cac tuyén duong ma hé thdng cin thé
hién. Dit liéu nay dugc cap nhat theo thoi gian, thé hién mat d6 giao thong theo thoi gian va duoc hién thi dya trén nén
ban do sb truc tuyén. Trong md hinh nay, dir liéu trang thai giao thdng s& duoc thu thap tir cac phan hé khac trong hé
thdng tong thé cua ching toi va s& khong dugc dé cap sau & bai bao ndy. Trén nén ban dd s6, ching toi sé& tién hanh xu
Iy dir liéu trang thdi giao thong theo hai I16p nhu @& phan tich & muc I1: dir liéu thoi gian va dir 1liéu khong gian. Ngoai
ra, viéc truc quan hoa dir lidu trang thai giao thdng s& dugc tién hanh trén nén ban d6 s6 tir ca dich vu mién phi Google
Maps va hé théng WebGIS cua dugc xay dung tai B mon Hé thong thong tin, Truong DHCN [10].

A. Bdn d6 nén true tuyén

Ban d6 nén la két qua trinh bay ban db tir dit liéu dugc quan ly bai mot hé théng tin dia ly. Hién nay c6 nhiéu
dich vu cung cap dit liéu ban d6 s truc tuyén nhu Google Maps, Microsoft Bing Maps, Yahoo Maps,... Tuy nhién, cac
dich vu mién phi nay chua thé c6 kha ning cap nhat nhanh nhiing thay d6i vé cac tuyén duong/phd tai Viét Nam.
Chinh vi thé, ngoai viéc st dung Google Maps cho phan ban d6 nén, chiing t6i con sir dung thém hé théng WebGIS
[10] véi nén tang MapServer (http://mapserver.org/) va dir liéu tir cong dong OpenStreetMaps dugc lam giau, cap nhat
thém dir liéu ban d6 Ha Noi thong qua cong cu bién tap truc tuyén iD (https:/github.com/openstreetmap/iD)

B. Truc quan hod dir liéu trang thai theo tuyén phé

Truc quan hoa trang thai giao thong tai timg tuyén phé s& dugc thé hién béng 16p ban dd voi cac diém dic trung
phén bo doc tuyén pho. Trang thai giao thong tuyen pho s& duge chuan hoa ve dang so trong khodng tir 0-5. Gid tri 16n
ung voi tinh trang duong tac nghén, cac mic cu thé gom:

Bang 1. Tap cac trang thai giao thong tuyén phé

Gia tri Trang thai
0 Théng thodng
Dé di

Hoi dong

Pong dlc
Tac

Tac nghén

Dit liéu trang thai giao théng theo khdng gian s& duoc ching toi thé hién theo cach tiép can két hop ca phuong
phép truc quan theo diém va theo doan.

AB|WINF-

Cac tuyén phd néng vé giao thdng s& dugc phan doan véi d6 dai duge xéc dinh thong qua qué trinh quan sat
thdng ké (chang han véi giao thdng Ha Noi, do dai phan doan nay duogc tham chiéu tir thong ké cua So Giao thong van
tai va Cong an Ha Noi). Viéc phan doan nay s& cho phép giam thiéu dwoc quy md di liéu rat 16n tir cac tuyén phd giao
thong trong mot thanh phd, tranh phai xir 1y nhitng tuyén phd khong dang quan tdm vé trang thai giao thong.

Mbi doan s& duoc roi rac hoa thanh tap céc diém co khoang cach dugc xac dinh dong, tuy thudc vao trang thai
giao théng hién thoi cua tuyén phd do: mat do diém cang cao néu trang thai giao thong cang dong duc va nguoc lai.
Sau do, chiing t6i sir dung ky thudt truc quan Heatmap [9][15] dé ap dung cho cac diém da duoc roi rac trong doan phd
d6. Tuyén phd c6 tinh trang tic nghén cang 1on s& thé hién bang s0 lugng diém tap trung 16n, mau do thé hién mat do
dong hon so véi mau xanh. Ngoai viéc thé hién trang thai bang mau séic, nhitng diém heatmap trén tuyén phd s& cé
duong kinh tang tuyén tinh vai gia tri trang théi giao thong.
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Hinh 8. Tryc quan hoa dit liéu trang thai tuyén phd
V6i phuong phap ndy, viéc hién thi trang thai giao thong sé linh hoat hon va két hop dugc diém manh cua ca hai

ky thudt truc quan theo diém va theo duong. Viéc ching minh khéng dinh nay duoc thé hién qua thuc nghiém ¢ muc
IV ke tiép cua bai bao.


http://mapserver.org/
https://github.com/openstreetmap/iD

748 TRUC QUAN HOA DU LIEU TRANG THAI GIAO THONG TREN NEN WEB

C. Trwe quan hod di liéu trang thai theo thei gian

Ngoai viéc truc quan hoa thdng tin trang thai giao thong theo khong gian (vi tri tuyen phd), dir lidu trang thai
glao thong cling can phai duoc cung cap tuong minh hon theo tham s6 thoi gian. Yéu cau nay sé lién quan truc tiép dén
qué trinh téng hop, loc va phan tich dir liéu trang thai giao thong dé c6 thém nhing thong tin trang thai giao théng lién
quan dén nhimg thoi diém khéc nhau cua céc tuyén phd, chang han nhu trang théi trung binh trong ngay, trong tuan,
trong thang cia tuyén phé.

_ Deé giai quyét yéu cau dé, biéu dd dang viing co (brushing chart) dugc ching t0i lya chon dé vira ¢6 thé hién thi
chi tiét, vira cd thé hién thj tong thé toan bo trang thai giao thdng tuyén pho.

Hinh 9. Tryc quan dit liéu thoi gian theo biéu db viing co

V6i ki thuat truc quan ndy, vang dudi sé 1a biéu do thoi gian tuyén tinh, hién thi tong thé toan bo thoi gian can
truc quan (ching han tir nim 2000 dén 2010). Néu mudn quan sat, hién thi chi mot khoang thoi gian bé hon, ching ta
s& lya chon khoang thoi gian d6 & vang duéi nay. Tir d6, toan bo dit liéu chi tiét s& dugc hién thi ¢ biéu db thoi gian
tuyén tinh phia trén (tir 11/2008 dén 4/2009).

Dé tranh 1am quy méd dir liéu bung nd va phai xu Iy qua nhiéu thdng tin trang thai, ching toi da xay dung ké
hoach lay mau dit liéu trang théi tuy bién theo nhirng khung gio giao théng cao diém. Trong nhitng khoang thoi gian d6
(chang han tir 7h30 dén 8h30 va tir 16h30 dén 18h), chiing tdi tién hanh lay miu véi tin suat cao, c6 thé dén 5 phat/lan.
Trong nhitng khung gio binh thuong, dir ligu trang théi giao thong s& tam thoi duge bo qua va khéng chuan hoa trong
co so dir liéu (CSDL) cua ching toi.

IV. THU'C NGHIEM VA PANH GIA KET QUA
A. Dit ligu thie nghiém

Dé kiém thir m6 hinh tryc quan hoé dit liéu néu trén, chling toi da tién hanh thu thap dir liéu trang théi giao
thdng tai mot so tuyen pho nong tai Ha Noi. Dir liéu nay dugc thu thap trong khoang thoi gian tir 01/06/2014 deén
01/7/2015 bao gom 5 tuyén phé hay un tac:

- Ngi ba Pham Vin Dong - Tran Qudc Hoan (Hudng di cdu Thing Long)
- Ngi ba Pham Vin DPong - Hoang Qubc Viét (Hudéng di cdu Thiang Long)
- Ngi ba Pham Vin Dong - Hoang Qudc Viét (Hudng di Pham Hung)

- Ngi tr Khuét Duy Tién - Nguyén Trai (Huéng di Nguyén Xién)

- Ngi tu Nguyén Trii - Nguyén Xién (Huéng di Ngi Tu So)

Céc tuyén phd ndy dugc thu thap véi tan sudt ldy mau cao nhat 1a 5 phit (nhing thoi diém néng trong ngay
trong tuan, tir 7h30 dén 8h sang ngay va tr 16h30 dén 18h). Nhimg khodng thoi gian thuong khong gay ap luc giao
thdng nong dugc bo qua. Hién tong s6 ¢6198.890 bo dit liéu trang thai giao thdng cho 5 tuyén pho nong trén.

Toan bo dir liéu thd ndy dugc chuan hoa va sinh thém nhiing dir liéu thong ké téng hop theo ngay, theo tuan,
theo thang.

B. MOi truwong thue nghiém

Toan bg h¢ thong thir nghiém duoc trién khai tai may chi cia Bo mon He théng thong tin- Truong PHCN. Cau
hinh hé thong tht nghiém nhu sau:

- CPUs: 2 x Intel E5-2620v2; 20 GB main memory; CentOS v7.1

- Méay chu Web: Apache Server 2.4

- Hé quan tri CSDL: PostgreSQL 9.3.11 c6 kém phan mé rong PostGIS 2.
- Méy chu quan 1y ban d6: MapServer v6.0.3

Ngoai ra, img dung thir nghiém con sir dung thém nhiing thu vién dé hd trg phat trién trén nén Web gom:
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- D3.js dé hd tro hién thi biéu do,

- Heatmap.js dé phuc vu truc quan hoa trang thai giao thong,

- Leaflet.js d& quan ly ban @b nén va céc 16p dit liéu trang thai giao thong.
C. Két qua thir nghiém

Hé théng da dugc cai dat thir nghiém tai may chu & Bo mon Hé théng thong tin — Truong Dai hoc Cong nghé,
véi dia chi truy cép http://112.137.130.56/TrafficMonitor/.

(S seme—mry = -
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Hinh 10. Hé théng thu nghiém truc quan hoa dit liéu trang théi giao thong

Hién nay, chirc ning “Chay theo thoi gian thuc” duge thir nghiém véi hinh thie sinh dir liu trang thai ngau
nhién (do chua két ndi thoi gian thuc voi hé thong thu thap dir liéu trang thai giao théng). Nguoi ding ciing c6 thé lua
chon ngay dé xem biéu dién tryc quan hoa trang thai giao thong. Dir liéu hién thi truc quan trén ban dd va biéu do thé
hién trang thai giao thong ctia ngay dugc lya chon.

Ngudi dung chon ngay trong khoang thoi gian da néu ¢ muc IV.A dé hién thi truc quan trang thai giao théng
trén ban dd va biéu d6 thé hién trang thai giao thong tong hop cia hé thong theo ngay duoc chon. Ching t6i ciing hd
tro ca kha nang phéng thoi gian (time zooming) dé thé hién thong ké trang thai giao thdng theo ngay, theo tuin, theo
thang va theo nam (sir dung Cac nut “+”, - ).
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Hinh 11. Biéu db tdng hop trang thai giao théng theo ngay/tuin/thang/nam

_ Nguoi dung c6 thé chon thoi diém trén biéu dd dé hién thi tryc quan trang thai giao thong trén ban dd nhu Hinh
12 thé hién trang thai giao thong vao thoi diém 17:16 ngay 10 thang 6 nam 2015.
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Hinh 12. Biéu tryc quan trang thai giao théng trén ban dd theo thoi diém chon (2015-06-10 17:16)
D. Ddnh gid

Nhirng két qua ma ching ti thu duoc théng qua thuc nghiém & muc trén da cho phép minh chimg nhing diém
manh trong mé hinh truc quan hoa dir lidu trang thai giao théng. Viéc két hop ca phuwong phap truc quan dir liéu theo
diém va theo doan di cho phép thé hién tudng minh va truc quan hon théng tin trang théi giao thong céac tuyén phd trén
ban d6 nén. Biéu do thoi gian két hop viing co va mirc phong ciing cho phép nguoi ding tuong tac dé co thé xem chi
tiét khoang thoi gian quan tam thuan loi hon.

M hinh truc quan hoa dugce dé xuit trong bai bao nay d cho phép mang thong tin cu thé hon dén nguoi ding
theo ca chidu khong gian va thoi gian. M6 hinh nay ciing cho phép c6 thé thao tac dwoc véi nhing dit liéu Iém, tir d6 co
thé ma rong viée truc quan hod toan bo dit liéu trang thai giao thdng trén quy mé ca thanh phd/tinh (vé khdng gian) va
trén quy mo thoi gian dai hon.

V. KET LUAN CHUNG

Trong bai bao nay, chlng ti da gigi thiéu mot sé cach tiép can giai quyét bai toan truc quan hoé dir lidu trang
thai giao thdng. Duya trén nhitng khao sét, danh gia nhitng cong trinh lién quan, ching toi da tién hanh xay dung md
hinh truc quan hod dir liéu trang thai giao thong trén nén ban d6 s6. Phuong thic truc quan dit liéu trang thai theo
khong gian duoc xé&c lap thdng qua phan doan tuyén phd giao thdng néng, sau do két hop ca truc quan theo diém va
theo doan dé hién thi trang thai mot cach truc quan va tuong minh hon. Di véi chiéu thoi gian, chang t6i da phdi hop
sir dung hai biéu d6 thoi gian tuyén tinh theo mo hinh biéu do ving co c¢é thém tinh niang phong thoi gian. Tir do da
cho phép don gian hod viéc tuong tac lya chon khoang thai gian quan tam ciing nhu nhanh chéng c6 duoc nhirng théng
ké theo ngay/tuan/nam trang théi giao thdng cua ting tuyén phd.

Trong thoi gian t6i, ching toi s& tién hanh b sung thém nhitng phan hé can thiét & cho phép hé théng thir
nghiém c6 thém nhitng kha nang dy bao/du doan trang théi giao théng tuyén phd trong nhirng khoang thoi gian tuong
lai gan (thoi diém trong ngay t6i hodc trong tuan téi). Ngoai ra, viéc danh gia hiéu nang truc quan hoé ciing s& duoc
tién hanh mot cach dinh lugng thong qua nhirng danh gia vé toc d¢ thao tac va hién thi dir liéu trang thai giao thong.

VI. LOI CAM ON
Bai bao nay duoc tai trg tir Dé tai nghién ciru KH-CN cép thanh phd, ma sé 01C-04/08-2014-2, S& KH-CN Ha Nbi.
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A METHOD TO VISUALIZE TRAFFIC INFORMATION ON THE WEB
Du Phuong Hanh, Pham Hai Dang, Nguyen Ngoc Hoa

ABSTRACT— In this paper, we present a model dedicated to visualize the traffic data, online on the Web. Traffic information
sensed and collected from the streets having a high traffic situation will be categorized into six levels, from very favorable traffic to
congestion. Traffic information will be visualized in both time and space aspects, based an online digital map. In our model, traffic
visualization uses a hybrid method combining point-based and line-based visualization. Heatmap technique will be used for more
visual and animated on the map. For the visualization of time, two linear time chart are used by the brushing style: one for the
context and another for the focus. To solve the problem of large-scale data, we have conducted the analysis, filtering of both time
and streets to retain only the intervals and segments related to the hot traffic information. Based on that model, we have built a test
system with data collected on some hot-streets in Hanoi. The experimental results allow to validate the advantages of our model,
such as bringing more visual of traffic information for both time and geographic location; allow having the global traffic
information (the city view) to detail information (the traffic hotspot) on realtime, on a day/week/month and year.
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