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Tom tdt: Gom cum quy dao tir diz liéu hanh trinh GPS dé tim cdc nhom hanh trinh twong tw nhau,
ter ldu dd dwoc xem la mét nhiém vy quan trong dé phan dodn cdc luong giao thong chinh, tir do cho
phép du dodn vi tri hay hanh vi di chuyén ciia cacphzmng tién giao thong. Pa so cdc phwong phdp hién
6 déu ding ddc trung gom cum dya trén khong gian va thoi gian nhung nhiing ddc trung nay la khong
phi hep dé phan logi hanh vi di chuyén ciia cdc phwong tién. Trong bai bao nay nhom nghién cizu tap
trung vao van dé gom cum hanh trinh phirong tién c6 chung hanh vi di chuyén. Vi du hanh vi di chuyen
cuia xe & t6 c& nhan thi khac xe buyt va ciing khdc véi xe taxi. Gidi phap ma nhém duwea ra la chuyén doi
ting quy dgo thanh mét chudi ddc trung dé mo ta cac hanh vi chuyén déng ciia doi tirong va ap dung
cac giai thugt gom cum trén khong gian dac trung. Nhom thuc nghiém trén cac bg di ligu thuc va thu
diroc Két qud tot hon cdc gidi phap hién co.

Tir khoa: Dz liéu hanh trinh GPS; khai thac da lidu; phat hién hanh vi di chuyén.

Chi sé phan logi: 1.4

Abstract: Clustering trajectories from GPS data to find groups of similar trajectories is a crucial
task for recognizing main traffic flows and then to predict next positions as well as moving behavior of
vehicles. Most existing approaches are based on features extracted from raw locations and times. Such
features are not suitable for classifying moving behaviors of vehicles. In this paper, we focus on
clustering trajectories of vehicles having the same moving behaviors. For example, moving behaviors
of cars is different from moving behaviors of buses or taxi. Our proposed approach is transforming each
trajectory to a sequence of features to model moving behaviors of an object and utilizing traditional
clustering algorithms to groups trajectories. We experiment on real datasets and obtain better results
than existing approaches.

Keywords: GPS trajectory data; data mining; behavior detection.
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1. Giéi thi¢u

Ngay nay, su phd bién rong khip va
nhanh chéng cua cac thiét bi dugc trang bi
GPS hay céac dich vu dua trén vi tri da tao ra
mot khdi luong dir liéu hanh trinh 16n cua cac
dbi twong chuyén dong. Trong pham vi cac
phuong tién giao thong, kho dix liéu hanh trinh
nhu vay |2 rit dang gia cho viéc khai thac céc
thong tin hitu ich, nhu phat hién cac diém un
tic hay cac ludng di chuyén chinh trong mang
ludi giao théng. Trong bai bao nay, nhom
nghién ctu tap trung vao hudng phén tich dir
liéu hanh trinh cta phuong tién dua trén cac
giai thuat gom cum. Viéc kham pha cac cum
quy dao khong chi tiét 16 cac dic diém hanh vi
cta cac phuong tién chuyén dong ma cao hon
nira 1a cac du doan vé hanh trinh, du doan bat

thuong hay dua ra cac mau hanh vi di chuyén.
Hién nay c6 nhiéu ki thuat gom cum hanh
trinh GPS da duoc dé xuat, chang han [1], [2],
[3]. Nhitng giai phap nay st dung cac bién
phap nhét dinh dé dinh nghia tinh twong dong
vé quy dao va sau do ap dung vao cac thuat
toan phan cum cb dién. Mic du cac bién phap
nay c6 thé nhém cac quy dao twong tu trong
mét khu vuc dia Iy ¢b dinh va khoang thoi
gian, nhung dé gom cé4c quy dao dua trén hanh
vi di chuyén twong tw nhau thi can phai c6 mot
giai phdp méi. Vai cac phuong tién giao
thong, hanh vi di chuyén cua ting loai phuong
tién la khac nhau. Vi du xe 6 t6 ca nhan thi
thuong ghé nhimg dia diém ¢ dinh (nha, co
quan, trung tim mua sam,...), xe buyt thuéng
di theo nhitng 16 trinh va ghé ¢ céac tram cb
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dinh, trong llic xe taxi thi s6 dia diém ghé 13
kha phong phd. Trong bai bao nay, nhém dé
Xuat giai phép trich xuat dic trung tir hanh
trinh GPS dé dua vao giai thuat gom cum hanh
vi di chuyén. Ngoai giai phap thong thuong
dua trén dic trung 1a cac gia tri thong ké tir
chudi toc do, nhoém dé xuat ding ky thuat dua
trén histogram dé trich xuat dic trung. Nhom
thar nghiém trén hai bo dir liéu that. Mot bo la
dir liéu ldy tr kho dit liéu co tiéng UCI
Machine Learning, vagi cac hanh trinh cé gan
nhan. Nhém ding dir liéu nay dé danh gia do
chinh xac cua giai thuat va nhan thay giai phap
duoc nhom dé xuit cho két qua tét hon nhiéu
so Vi diing cac gia tri thong ké 1am dic trung.
Ngoai ra, nhém dung bo dit liéu ther hai gan
vé6i dudng phé cua Viét Nam, dé chang to tinh
hitu dung khi &p dung vao céc thanh phé ¢
Viét Nam.

2. Céc khai niém va cong trinh lién
guan

2.1. M0 hinh hoa dir ligu GPS

Nhom sir dung céc khai niém sau day dé
m6 hinh hoa dix liéu hanh trinh GPS:

- Toa dd GPS: Puoc biéu dién bai bo
bén <id, lat, lon, time>, trong d6: id 1a ma dinh
danh cua d6i twong chuyén dong (phuong tién
giao thong hoac mot dién thoai co hd tro
GPS); lat 1a vi d9, lon la kinh do; va time la
thoi gian ghi nhan vi tri caa déi tuong.

- GPS Log: La mot tap hop cac toa do
GPS, co dang {p1, p2, ...pn}, véi méi pi 1a mot
toa do GPS .

- Hanh trinh GPS: La mét chudi gdbm
cac toa do GPS thu thap khong ngét quang cua
ciing mot doi twong chuyén dong, ¢ dang p1
2> P22 ... 2pn.

Dir Iiéu dau vao cho céc giai thuat gom
cum s& 1a céc hanh trinh GPS duoc trich xuét
tr GPS Log, d6 la dir liéu thd. Két qua, nhu
phan thuc nghiém sé& trinh bay.

2.2. Tinh hinh nghién ciu gan day

Céc phuong phap gom cum hanh trinh ¢6
dién &p dung cac thuat toan gom cum dya trén
khoang cach hoac dua trén mat d6. Do cac
hanh trinh GPS thuong c6 d6 dai bién dong
nén thong thuong, hanh trinh dugc tach thanh
cac hanh trinh con va sau d6 gom nhoém hanh

trinh con bang cach sir dung cac phuong phap
gom cum dua trén mat do [1]. Ngoai ra, mot
s6 ky thuat khac dé xuat nhu két hop lay mau
v6i gom cum duya trén mat dé dé xu ly nhidu
trong dit liéu quy dao [2]. Bdi véi nhom cac
giai phap gom cum dua trén khoang cach, cac
giai phap ndy cb gang dinh nghia d6 do
khoang cach hoac d¢ do twong tu gitra hai
hanh trinh dya trén cac ham tinh khoang cach
hién c6 nhu Eclidean hay DTW [3]. M6t s6 ky
thuat dinh gigi thiéu mot phép do khoang céch
mei [4]. Khac véi cac phuong phap trén,
nhom khdng gom cum trén dix li¢u g6c ma
bién d6i sang mot khong gian dic trung. Cac
giai thuat gom cum sg thyuc thi trén khong gian
dac trung mai nay.

3. Nguén dir liéu thwc nghiém

Ngudn dit liéu thue nghiém gdm c6 hai bo
dit liéu. Bo dit lidu thir nhat lay tir kho dit ligu
UCI Machine Learning
(https://archive.ics.uci.edu/ml/datasets/GPS+
Trajectories), thu thap tor mot Gang dung
Android goi la Go!Track. Dir liéu nay c6 163
hanh trinh, thoi gian thu thap do liéu
29/02/2016. Mdi hanh trinh déu c6 géan sin
nhin la car_or_bus dé phan biét hanh trinh nay
la cua xe 0 t6 hay xe buyt. B¢ dir liéu thir hai
1a c&c hanh trinh di chuyén cia phuong tién ¢
Viét Nam duoc cung cip bai céng ty OTS
cung cap giam sat dich vu hanh trinh xe 6 td.
S6 luwong xe duoc gidm sat hanh trinh trong
ngudn dit liéu nay 1a 411, khu vyc Thanh phé
Ho Chi Minh. Thai gian thu thap di liéu trong
vong mot tuan tir 01/06/2015 dén 07/06/2015.

4. Khai thac thong tin hanh vi di
chuyén tir dir liéu GPS

4.1. Trich xuat hanh vi di chuyén dua
trén gia tri thong ké

Trudc tién nhom st dung phuong phap
trich xuat hanh vi d6i tuong bang céch sir dung
c4c gia tri théng ké duya trén téc do, trong tu
giai phap dé nghi boi W. Tang va cong su [2].
Theo d0, chung t6i 13y séu dinh luong {trung
binh, 16n nhat, 75% dinh luong, 50% dinh
luong, 25% dinh luong, nho nhat} dé lam dic
trung cho cac hanh trinh. Mot giai thuat gom
cum bat ky dugc ap dung trén khong gian dac
trung dé gom cum céc hanh trinh. DBé kiém
nghiém d6 chinh xac, nhém dung bo di liéu
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da c6 gan nhan va ¢b gang phan thanh cac
cum, s6 luong cum tuong ng Vvoi s6 luong
nhan khac nhau. Vi biét trudc s6 cum nén
nhom chon giai thuat K-MEANS dé thir
nghiém. V&i b dit liéu cho biét trudc gom cac
hanh trinh xe 6 t6 va xe buyt da gidi thiéu o
phan trén thi ching tdi gom thanh hai cum va
danh gia do chinh xéc. Két qua 1a d6 chinh xac
64% cho hai cum la khéng cao. Xem xét cac
hanh trinh trén bang d6 thi thay cac hanh trinh
ctia xe & t6 va xe buyt gan nham vao cling mot
cum do ching cing chay trén mot tuyén
duong, nhu minh hoa hlnh 1.
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Hinh 1. Két qua K-Means tlm hanh vi di chuyén.

RO rang la cach thuc hién nhu vira roi
khong thich hgp cho viéc phan loai hanh trinh
dwa trén hanh vi di chuyén. Dé cai tién giai
phap nay, nhém dé xuat phuong phap trich
Xuat dic trung dung Histogram.

4.2. Cai tién bang phwong phap trich
xuat dic trung dwa vao Histogram

Qua qua trinh thuc nghiém nhém nhan ra
rang c6 thé gom cum tét c6 d6 chinh xéc cao
hon vai dac trung dua vao histogram thay vi
cac gié tri thong ké trén mat d6. Nhém mo
phong hanh vi di chuyén véi cac ngudng 0, 5,
10, 15, 20, 25, 30, 40, 60, 100 (km/h) va ding
cac ngudng nay xac dinh cac bin dé tinh
histogram. Histogram sau khi tinh dugc s&
thanh dic trung trong khong gian chin chiéu.
Tuong ty nhu phan trén, nhdm ap dung giai
thuat gom cum K-MEANS trén khong gian
nay véi s6 cum thiét lap 1a 2. Do chinh xac cua
phuong phép nay la 96%.

Hinh 2 minh hoa két qua cua giai phap
nay, vai cac xe 0 td va xe buyt chay cung
tuyén duong van duoc phan cum dung.

—_ e

Hinh 2. Két qua gom cum hanh trinh: Cluster 1 gém
cac hanh trinh cua xe o t va Cluster 2 chira cac
hanh trinh xe buyt.

4.3. Thuc nghiém phwong phap
histogram vao dir ligu Viét Nam

Phan nay nhom ap dung giai phap dé xuat
trén dir liéu GPS cua Viét Nam. Pay la bo dir
liéu thir hai da gigi thiéu & muc 3. Ngoai giai
phap gom cum K-MEANS, nhom con thir trén
giai thuat gom cum dya trén mat do
DBSCAN. Két qua thuc nghiém cua hai giai
thuat khong khac nhau nhiéu, do ban chat ¢
day 1a k¥ thuat trich xuat ddc trung trude khi
dua vao gial thuat gom cum.

Hinh 3 minh hoa cac hanh trinh sau khi
dugc gom thanh bdn cum. Véi cum 1 1 céc xe
c& nhan di chuyén véi cac tuyén duong chinh
bén trong thanh phé va thinh thoang st dung
cac duong qudc 16. Cum s 2 1a cac xe khach
duong dai, tuyén duong di chuyén chinh 1a xa
16 va cac truc duong chinh trong ndi 6. Cum
s6 3 1a cac xe buyt, di chuyén ¢ cac tuyén cb
dinh. Bac biét cum s6 4 di chuyén hau hét cac
tuyén duong, day la hanh trinh cua cac xe taxi.
Voi phan thuc nghiém trén, phuong phap nay
cho thay c6 thé ung dung tét trong viéc phan
loai hanh vi di chuyén cua phuong tién giao
thong.

Clusterd

Hinh3. Thuc nghiém phuongphap sttogram vao
di liéu Viet Nam.
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5. Két luan va huéng phat trién

Trong bai bao nay nhém dé xuit mot
phuong phap mai cho gom cum di liéu hanh
trinh GPS ¢6 su twong tu nhau vé hanh vi di
chuyén. Hanh vi di chuyén duoc trich xuét tur
khéng gian va thoi gian bat bién cia quy dao
véi viéc st dung toc do dé theo ddi hanh vi
cia ddi twong. P& xuat mai la cai tién bang
phuong phap Histogram dua lai két qua chinh
X&c va hiéu qua cao hon so v4i gom cum dua
vao cac gia tri théng ké trén téc do0
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