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Abstract. Traffic in port cities is shaped by logistics operations, container truck flows and
the links between seaports and the urban road network, which produces spatiotemporal
mobility patterns unlike those of ordinary cities. This paper examines these patterns in Hai
Phong City using GNSS data from an in-vehicle tracking system. After preprocessing,
131,498 vehicle stop points were clustered with the DBSCAN algorithm (50 m radius,
minimum of 5 points) for three time windows: 6:30-8:30, 11:00-13:00 and 17:00-19:00.
Clustering quality was checked with the Calinski-Harabasz, Davies-Bouldin and Silhouette
scores and set against K-means and KDE results. DBSCAN identified 3,377 clusters with a
noise ratio of 7.95%. The most stable clusters lie around the port area, container routes and
corridors to industrial zones, indicating that logistics activity is tightly bound to the urban
traffic structure. Density in the city centre varies strongly with peak hours, whereas the port
area remains high in all three windows. The results provide an empirical basis for traffic
analysis and for intelligent transport solutions in port cities.

Keywords: GNSS, DBSCAN, port city, mobility behavior, ITS, Hai Phong.

@ 2026 University of Transport and Communications

1115


https://doi.org/10.47869/tcsj.77.8.7

Tap chi Khoa hoc Giao thong van tai, Tap 77, S6 08 (10/2026), 1115-1127

Tap chi Khoa heoc Giao théng van tai

PHAN TiCH PAC TRUNG HANH VI DI CHUYEN GIAO THONG
PO THI CANG TAI THANH PHO HAI PHONG TU DU LIEU GNSS
SU DUNG THUAT TOAN DBSCAN

P6 Vin Manh”
Truong DPai hoc Giao thong van tai, S6 3 Cau Giéy, Ha Noi, Viét Nam

THONG TIN BAI BAO

CHUYEN MUC: Cong trinh khoa hoc

Ngay nhan bai: 05/08/2026

Ngay nhan bai sua: 16/09/2026

Ngay chap nhan dang: 07/10/2026

Ngay xuat ban Online: 15/10/2026
https://doi.org/10.47869/tcsj.77.8.7

* T&c gia lién h¢

Email: manhdv@utc.edu.vn; Tel: +84 972573673

Tém tat. O d6 thi cang, van tai logistics, dong xe container va lién két giita cang bién voi
duong do thi chi phdi hoat dong giao thong, tao nén quy luat khong gian - thoi gian khac d6
thi thong thuong. Bai bao phan tich cac quy luét nay tai Hai Phong tir dit licu GNSS cua hé
thong giam sat hanh trinh. Sau tién xtr 1y, 131.498 diém dimg dugc phan cum bang thuét toan
DBSCAN (ban kinh 50 m, t6i thiéu 5 diém) theo ba khung gio 6h30-8h30, 11h-13h va 17h-
19h; d6 tin cay cta két qua dugc kiém tra qua ba chi sb Silhouette, Davies-Bouldin, Calinski-
Harabasz va doi chléu voi K-means, KDE. Thuat toan xac dinh 3.377 cum voi ty 1¢ nhléu
7,95%. Cac cum 6n dinh nhat nam quanh khu cang, tuyén vén tai container va hanh lang nbi
khu cong nghiép, cho thdy hoat dong logistics gan chat voi cAu trac giao thong do thi; mat do
tai khu trung tdm dao dong manh theo gid cao diém, trong khi khu cang giit muic cao & ca ba
khung gio. Két qua 14 co so thuc nghiém cho phan tich giao thong va cho viéc lya chon giai
phap diéu hanh tai d6 thi cang.

Tir khéa: GNSS, DBSCAN, Bé thi cang, Hanh vi di chuyén, Giao théng thong minh, Hai Phong.
@ 2026 Truong Pai hoc Giao thdng vdn tdi

1. PAT VAN PE

Logistics, van tai container va cac khu cong nghiép mao rong nhanh, tao suc ép ngay mot
I6n cho giao thong ¢ cac do thi cang Viét Nam [1, 2]. Tai Hai Phong, dau mdi cang bién va
logistics chu luc cua mién Bic, mang ludi duong phai déng thoi phuc vu di lai ndi d6 va van
chuyén hang héa lién viing, nén mat d6 phuong tién va mac bién dong giao thdng khac rd so
V&1 d6 thi thong thuong.
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Thiét bi giam sat hanh trinh cho chudi toa do, téc d6 va hudéng chay cua tirng xe trén pham
Vi rong, nén ngudn sb liéu GNSS nay ngay cang duoc dung trong nghién ciru diéu hanh giao
thong [3, 4]. So véi khao sat thi cong hay dém xe, cach thu thap nay tu dong, phi rong va cho
phép phan tich gan thoi gian thuc [5].

Nhiéu cong trinh da két hop GNSS véi GIS dé phat hién diém néng un tic hoic lap ban d6
mat do giao thdng [6, 7]. Tuy vay, cac cong trinh d6 mdi tryc quan hda un tic hoac mat do; dac
trung hanh vi di chuyen cua phuong tién ¢ d6 thi cang, noi luong xe container va hanh lang
logistics c6 phan b khdng gian phuc tap, chua duoc phén tich day du.

Vi diém GNSS rai khong déu va Ian nhiéu, DBSCAN Ia lya chon thich hop [8, 9] vi phét
hién dugc cac cum di chuyén ma khéng phai khai bao trudc s6 cum.

Bai b&o vi vay ding dir lieu GNSS va thuat toan DBSCAN dé phan tich hanh vi di chuyén
giao thong do thi cang tai Hai Phong, V('Ii’ba muc tiéu: nhan dién cac cum di chuyén, xac dinh
hanh lang van tai chu dao va lam r6 sy bién doi hanh vi giao théng theo thoi gian trong ngay.

2. PHUONG PHAP PHAN TiCH HANH VI DI CHUYEN TU DU LIEU GNSS

Quy trinh gom bén budc ndi tlep (Hinh 1): thu nhan s liéu, 1am sach, rat dic trung di
chuyén va phan cum khéng gian bang DBSCAN; cac cum thu dugc sau d6 dugc xem xét theo
vi tri va theo khung gio.

2.1. Dix liéu nghién ciru va tién xir [y GNSS

Nguon sb ligu la he thdng giam sét hanh trinh gan trén xe kinh doanh van tai Chay tai Hai
Phong, cung ngum vai nghién cau [5]. So liéu duoc ghi tir 6h00 dén 22h00 hing ngay, tur
01/02/2020 dén 26/02/2020 (26 ngay); mdi phuong tién tng voi mot tép hanh trinh, chu yéu 1a
Xe tai, xe dau kéo container va phuong tién logistics quanh khu vuc cang, khu cong nghiép.
MJ3i ban ghi gom méc thoi gian, toa do (hé WGS84), van tdc tic thoi va ma hiéu phuong tién.
S ligu tho duoc xir ly theo quy trinh téc gia da cong bd [10] (khir nhidu, bu gié tri khuyét, 1am
tron quy dao); tir tap quy dao sach, 131.498 diém ding duoc trich xuat lam dau vao phan cum.
Diém dimg 1a don vi phan tich va ciing 1a thudc do quy mé dit lidu cua bai.

1. Thu thap dit liéu GNSS [ 2. Tién xt¢ ly dir liéu —> 3. Trich xuat dac trung
____________________ e ——] —————
‘ » Thiét bi giam sat hanh trinh I« Loc diém bt thudng (Hampel) | '+ Tinh toan van toc
| trén phuong tién 1 » NGi suy dit liéu thiéu 1 * Phat hién diém dirng
1 1
] 1
I 1

l * Quy dao GNSS tho (thdi gian, » Lam mugt quy dao (Kalman) « Khoang cach (Haversine)

| toa do, vén toc) * Quy dao GNSS da lam sach * U'dc lwgng mat do diém
__________________________________________________ e

4. Phian cum khéng gian bang 5. Phan tich theo khéng gian -

6. Panh gia va truc quan hoa

DBSCAN thoi gian

‘ + Thiét lap tham s6 (g, MinPts)
\ » Tim kiém 14n cin

' « Chi s6 Silhouette, DBI, CH
l * P6i chiéu voi K-means, KDE

' * Phan doan theo khung gi¢

| « Bién doi cum theo thdi gian
| » X4c dinh diém 15, bién, nhiéu . * Nhan dién hanh lang di chuyén 1 | « Hién thi trén nén GIS
l'« Cum diém ditng, di chuyén !« Phan tich quy ludt hanh vi !+ Dién giai két qua

_______ y
Pac trung hanh vi di chuyén giao thong tai do thi cang Hai Phong

Hinh 1. So d6 cac budc cua nghién ciru.
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2.2. Thuat todn phan cum DBSCAN

~ DBSCAN gom cum theo mat d¢ diem: thuat toan tu xéc dinh s6 cum va tach riéng cac
diém nhiéu, nén thich hop khi diém GNSS rai khong déu.

Tap 1an can cua diém p va diéu kién dé p 1a diém 156i duoc xéac dinh nhu sau [11, 12]:
N.(p) ={q €D | dist(p,q) < &} 1)

|N.(p)| = MinPts 2)

Trong d6: D - tap diém GNSS; dist(p, q) - khoang céch tir p téi g; € - ban kinh xét 1an can;
MinPts - ngudng s diém dé tao cum.

2.3. Panh gia va truc quan hda két qua
Két qua dugc kiém dinh bang ba thudc do noi tai: Silhouette, Davies-Bouldin (DBI) va
Calinski-Harabasz (CH) [13, 14]. Vi diém i, hé so Silhouette la:

~ _ b-a@
S@) = max(a(i),b(i)) (3)
v6i a(i) - trung binh khodng cach tr i ti cac diém chung cum; b(i) - gi4 tri nho nhét cua
trung binh khoang cach tir i t&i cac diém cua tirng cum con lai.
S trung binh nam gitta -1 va 1; theo [15], S > 0,70: cau trc cum manh; 0,51-0,70: hop ly;
0,26-0,50: yéu; < 0,25: chua c6 cau tric dang ké. DBI [16] va CH [17] duoc tinh nhu sau:

k 0'i+0'j
DBI Z 1m31 (d(Ci'Cj)) )
_ tr(By)  n-k
CH = w1 Q)

O day k, n - s6 cum va sb diém; oi - 46 phan tan caa cum i (trung binh khoang cach tgi tam ci);
d(ci, ¢j) - khoang céch hai tam; tr(Bk), tr(Wx) - tong phuong sai lién cum va néi cum. DBI va
CH khong c6 ngudng tuyét d6i; ching chi cho biét phuong 4n nao tot hon khi cing ap dung
cho mot tap diém [13].

Két qua phan cum duoc hién thi trén nén GIS dé nhan dién hanh lang giao thong va khu
vuc logistics tap trung.

2.4. Phuong phap déi ching: K-means va KDE

K-means [18] phan tap diém vao k nhém sao cho tong binh phuong d6 léch so vai tam
nhom 1a nho nhat; phai chon truéc k va moi diém déu bi gan nhém nén nhidu khong dugc tach.
KDE (Kernel Density Estimation) [19, 20] khong gan nhan cum ma ude lugng mat mat do lien
tuc bang tong cac ham nhan dit tai timg diém voi bang thong h, cho két qua dang ban do nhiét.
Ca hai 1a phuong phéap déi chitng cho DBSCAN.

3. KET QUA THUC NGHIEM VA PHAN TiCH HANH VI DI CHUYEN

3.1. Chuan bj dix liéu

Trudc khi phén tich, dir liéu duoc doc theo ting phan, chuéan hda thoi gian, kiém tra toa
do, loai ban ghi sai, tinh van toc va phat hién diém dung (Hinh 2, Bang 1).
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DGLII’\]IéeSu MongoDB Python (x@ ly Lam sach va
(JSON/BSON) (luu trid) dit lidu) loc dit ligu
Tinh todn van Phat hién Phan cum GIS tryc quan

tde diém dirng DBSCAN hoa

Hinh 2. Ludng xir ly bang Python va MongoDB.

Tiép d6, tap diém sach duogc dua vao GIS va tach 16p theo khung gid dé so sanh cao diém
séng, gitra ngay va cao diém chiéu.

Bang 1. Trinh ty xu 1y trugc khi phén cum.

Buworc xir ly Noi dung thuc hién Muc dich

Poc dir liéu theo timg phan hodc
theo truy van MongoDB

Doc dix liu I6n Trénh qué tai bo nhd

Phén tich theo hanh trinh va

Chuan héamébc gid  Pua cac mée gio vé mot dinh dang khung g

Loai bo diém ngoai vung nghién

Loc toa do cuu hogc toa do khong hop 1€

Giam nhiéu khong gian

Tang do6 tin cay khi phat hién

Loc van téc Loai bo van téc bat thuong diém ding

Tach dix liéu theo 6h30-8h30, 11h-

Phén tach khung gio 13h, 17h-10h

So sénh gitra cac khung gio

Nhan dién khu vuc hoat dong
tap trung

Hién thi GIS V& cac cum lén ban dd nén Dién giai theo dia ban thuc té

Phan cum DBSCAN  Phat hién vung mat do cao

3.2. Két qua phan tich khdng gian - thai gian theo khung gio

Nham 1am rd mic d6 bién dong caa hanh vi di chuyén trong ngay, dir liéu nghién ciu duoc
tach thanh ba khung gio dai dién: 6h30-8h30, 11h-13h va 17h-19h, twong ng lan luot véi gior
cao diém sang, gio giira ngay va gio cao diém chiéu - ba mdc thoi gian c6 ¥ nghia giao thong
rd rét nhat trong ngay. Két qua theo ting khung gid dugc thé hién tai Hinh 3, Hinh 4, Hinh 5
va tong hop ¢ Bang 2. Riéng khung gio 19h-21h (sau cao diém chiéu) chi duoc ding b sung
& phan ddi chiéu bang KDE (Hinh 8) nhim quan sat sy suy giam mat do sau gio cao diém,
khong dua vao phan tich chinh.

e Khung gior 6h30-8h30:

Két qua cho khung gio 6h30-8h30 cho thdy mat do giao théng tap trung cao nhat tai khu
vuc trung tam, bao gdm Ngb Quyén va Lé Chan, dong thoi hinh thanh mot dai mat do kéo dai
doc truc An Duong - ndi dé trén nén GIS. Quy luat ndy phan anh dong xe tir viing ven don vao
nodi dé dau ngay, pht hop véi hanh vi di lam, di hoc va khéi dong céc hoat dong do thi.
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Ngoai khg vuc trung tdm, mat do cao con dugc ghi nhan tai San bay C}ét ‘Bi va Cang Hai
Phong, cho thay cac hoat dong van tai, dich vu hang khong va logistics da bat dau gia tang ngay
tur buoi sang, du mirc d6 tap trung ¢ khung gio nay chua dat dinh so véi buoi chiéu.

I B W ' Cum DBSCAN (8 mau dung ldp lai) [ Diém nhiéu :

Hinh 3. Phan b6 cum mét do phuong tién trong khung gio 6h30-8h30 trén nén GIS. Céc s6 chi v tri
gan dung cua khu vyc: (1) trung tam Ngo Quyen - Lé Chan; (2) khu cang doc song Cam; (3) Dinh Vi,
(4) san bay Cat Bi; (5) An Duong; (6) Kién An; (7) hudng di Thuy Nguyén.

e Khung gior 11h-13h:

Sang khung gio 11h-13h, mat do giao thdng giam rd rét va c6 xu hudng phan bb dong déu
hon trén toan khu vuc khao sat; cac diém néng con lai nam cha yéu tai Ngd Quyén - L& Chan,
San bay Céat Bi va khu cang Hai Phong. Piéu d6 cho thiy giao thdng dan sinh giam vao giira
ngay, con céac hoat dong dic thu (cha hang, logistics, hang khéng) van duy tri.

Traéi lai, cac khu vyc ngoai vi nhu Kién An va An Duong tré nén thong thoang rd rét, gan
nhu khong ghi nhan Un tic dang ké. Piéu nay khing dinh rang dic diém giao thong theo khung
gio tai Hai Phong c6 sy phén hda rd nét gitra ba nhom khéng gian: khu vyuc trung tdm, ving
cang va khu vuc ngoai vi.

Hinh 4. Phan b cum mat d¢ phuong tién trong khung gio 11h-13h trén nén GIS
(ky hiéu khu vuc nhu Hinh 3).

e Khung gior 17h-19h:

Bén khung gio 17h-19h, mat d¢ giao thong ting tré lai dang ké va mo rong trén toan mang
lui nghién ciru. Cac diém néng khﬁngrc()n gidi han ¢ trung tam Ngo6 Quyén - Lé Chan ma lan
toa theo nhiéu hudng ra An Duong, Kién An va khu vuc qua cau Thay Nguyén - dau hiéu dac
trung ctiia dong phuong tién roi ndi dé sau gio lam viéc.
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Pang luu v, khu vic Cang Hai Phong - dic biét 1a ving Dinh Vii va cac tuyén gan vai van
tai hang hoa - trg thanh diém Un tac nghiém trong nhat trong khung gio nay, nhiéu kha nang do
su cong huong gitta dong xe container, xe tai va giao thong do thi vao gio cao diém chiéu. San
bay Cat Bi ciing duy tri mat do cao, phan &nh tinh chat hn hop caa giao thong tai day giita nhu
cau dan sinh, dich vy hang khdng va van tai. Két qua tai Dinh Vil phu hop vdi tinh trang 0n tic
xe container dd duoc ghi nhan trong thuc té & khu vurc nay (Hinh 6).

o
o o..ye

" B W 7 Cum DBSCAN (8 mau dung ldp lai) [l Diém nhiéu <

Hinh 5. Phan b6 cum mat d6 phwong tién trong khung gio 17h-19h trén nén GIS
(ky hiéu khu vgc nhu Hinh 3).

e So sanh ba khung gio

Nhin chung qua ca ba khung gio, khu vuc cang va cang ca ludn duy tri mat do giao thong
cao ¢ muc twong doi 6n dinh. Dicu nay khéc biét vai khu vuc trung tdm - noi mat do bién dong
manh theo nhip gio cao diém - va cho thay hoat dong tai khu cang it phu thugc vao chu ky sinh
hoat d6 thi hon, do chiu chi phéi chu yeu bol van tai hang hoa va Ioglstlcs

Hinh 6. Tac duong nghiém trong xay ra tai cang Pinh Vi (anh tu liéu minh hoa).

Nhu vay, ngay trong mot dé thi, méi khu vuc chire niang van hanh theo mét nhip giao thong
riéng.
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Bang 2. So sanh dic diém mat d6 giao thdng theo khung gio.

Khung gio Khu vuc ndi bat Pic diém mat d Dién giai hanh vi
Ngd Quyén, L& Chan, ,,.. .. .. . Dong phuong tién vao
6h30-8h30 truc An Duong - néi do, {\é{lritv?trin\%a;a:w)tirggg trung tém; hpat dong
Cat Bi, Cang Hai Phong : : logistics bat dau tang
Ngd Quyén - L& Chan, Mat do giam va phan G_Ian. thAongv_darJ S\mh
11h-13h A he s IS giam; van tai va hang
Cét Bi, Cang Hai Phong bo déu hon ~ x N
khong van duy tri
Trung tam, An Duong, ,,., .1 .. . Dong phuong tién roi
17h-19h  Kién An, Thiy Nguyén. :\:r?tradn‘-’ tang manh V& 1" 5. cing Binh Vil
binh Vi, Cat Bi ong chiu &p luc lon
7 7 Phan anh hoat dong
Tong hop Khu cang/cang ca Mat d6 cao on dinh logistics, van tai vadich

Vu cang

3.3. Phan cum DBSCAN va cach hién thi trén GIS

Trong thuc nghiém, DBSCAN duoc cu hinh véi ban kinh 1an cin € = 50 m va sb diém tdi
thiéu MinPts = 5, nghia 1a mot ving dugc xem 1a c6 mat d6 cao khi trong ban kinh 50 m ton tai
it nhat 5 diém lan can. Giatrie =50 m twong ung véi quy mo khong gian cua mét vi tri dung,
cho dién hinh trong d6 thi cang (nat giao, cong cang, bai tap két); gia tri nay I6n hon sai s6 dinh
vi GNSS thuong gidp trong mdi trudng d6 thi do che khuat va da duong [7, 9] dé cac diém dung
tai cing mot vi tri khdng bi tach cum bai nhidu dinh vi, dong thoi da nho dé khong gop céc
tuyén duong song song lan can. Gia tri MinPts = 5 duya trén cac gia tri kinh nghiém cho dix liéu
hai chiéu (MinPts = 4 theo [11] va hai lan sé chiéu theo [12, 21]), duoc liy cao hon mot don vi
do tap dit liéu 16n va nhiéu nhiéu [12]. Nhitng viing mat d6 cao khdng lién ké& vé mat khdng
gian sé tu dong duoc thuat todn tach thanh cac cum doc lap.

Ap dung vao toan bo 131.498 diém dung, thuat toan xac dinh duoc 3.377 cum va 10.455
diém nhiéu (Bang 3). Do s6 lugng cum Ién, trén ban @6 GIS (Hinh 3, Hinh 4, Hinh 5) c4c cum
dugc t6 bang mot bang 8 mau dinh tinh ding I3p lai theo md cum; vi vy mau sic chi nham
phan biét cac cum nam gan nhau, hai cum ciing mau & cach xa nhau 1a hai cum khac nhau, con
cac diém nhidu dugc hién thi bang mau xam.

3.4. Kiém dinh chat lwgng phan cum
Xét trén tap diém dimng dua vao phan cum, DBSCAN xit Iy tong cong 131.498 diem, trong
d6 121.043 diém dugc gan vao cac cum va 10.455 diém con lai duoc xac dinh la nhiéu, tuong

tng ty 1& nhidu khoang 7,95% (Bang 3). Ty I¢ nay cho thay phan lon diém ding thu thap duoc
€0 thé to chuc thanh cac cum khong gian mang y nghia giao thong.

Bang 3. C4c chi sb kiém dinh két qua DBSCAN.

Chi s6

S6 diém dau vao

Gia tri Dién giai Nhan xét

131.498 Tong sd diém dimg dua vao phan cum Quy md dir lidu du Ion

S6 diém thudc cum 121.043 S diém duoc DBSCAN gén vao cum Chiém phan Ién dit lidu

S6 diém nhiéu 10.455 Diém khong thudc cum nao Chép nhan dugc
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Chi sb Gia tri Dién giai Nhan xét
. : rA R Hop ly véi di liéu
0 - . S
Noise Ratio 7,95% Ty I¢ nhicu cua DBSCAN GNSS thuc té
Sé cum phathien  3.377  Téng sé cum DBSCAN Phan anh di licu phan
bo chi tiét

Mtc d6 chat ché va tach biét cua cum; Duong, thudc mac cau

Silhouette 0.271 thuoc [-1; 1], cang gan 1 cang tét triic cum yéu (0,26-0,50)

. . A o . uwa.. Thip hon K-means
Davies-Bouldin 0,552 1:)9 giong nr]au\glu:% cac cum; khong (Bing 4), céc cum tach
(DBI) am, cang nho cang tot

biét kha tt

Murc d6 phén tach gitra cum va trong
2.116,24 cum; khong c6 céan trén, cang Ion
cang tot

Calinski-Harabasz
(CH)

Chi c6 y nghia so sanh
tuong doi (Bang 4)

Ghi chi: Céc chi sb Silhouette, Davies-Bouldin va Calinski-Harabasz duoc tinh trén mau
danh gia gdm 3.000 diém khong nhidu dugc Iy ngau nhién tir tap diém ding sau DBSCAN.
Sau khi loai c&c nhan cum xuat hién don 1é trong mau, con 2.486 diém thudc 282 cum duoc sir
dung dé danh gia.

Vi gid tri 0,271, chi s6 Silhouette tuy khong cao nhung van duong va thudc khoang cau
trdc cum yéu (0,26-0,50) theo thang dién giai & muc 2.3, cho thay cac cum cd tach nhau & mic
nhét dinh. Vai di liéu giao théng d6 thi, mic ndy chap nhan duoc, do cac diém GNSS thuong
trai doc theo mang ludi duong thay vi hinh thanh cac cum tron, tach biét hoan toan nhu trong
cac bo dit liéu 1y tuong.

Chi s6 Davies-Bouldin 0,552 cho thay cac cum it chong Ian, tirc kha ning phan tach tuong
d6i tét; trong khi d6, chi s6 Calinski-Harabasz dat 2.116,24 phan &nh cau trdc cum rd rang trong
dir liéu. Két hop cac chi s6 nay vai két qua truc quan trén nén GIS - nhét 1a cc cum 6n dinh
quanh khu virc cang, cang cé va cac truc giao thdng chinh - c6 co s¢ dé xem DBSCAN 1a phuong
phép pht hop cho bai toan phat hién viing tap trung diém ding tir dit liéu GNSS tai Hai Phong.

Bang 4. So sanh nhanh DBSCAN va K-means trén mau diém dirng.

Phwong  S6 Davies- Calinski-

phap cum Silhouette Bouldin Harabasz Nhan xet
DBSCAN 3377 0271 0,552 211624  "hathicn cum chi tict, xir ly
nhiéu tot
K-means 8 0,378 0,851 415997 Chi so Silhouette cao hon
nhung khong xu ly nhieu
K-means 20 0458 0.665 579202  C¥m hinh hoc 1§ hon nhung

can chon truéc s6 cum

Mic du chi sé Silhouette va Calinski-Harabasz cua K-means cao hon trén cting mau dit
licu (Bang 4), diéu d6 khong dong nghia K-means 12 lya chon phd hop hon cho bai toan dang
xét. Do ¢ xu huéng tao ra cac cum hinh hoc déu va budc moi diém phai duoc gan vao mot
cum nao d6, K-means to ra kém tuong thich véi dir liéu GNSS thyc té - vén chira nhiéu diém
nhiéu va cac cum kéo dai theo hinh dang tuyén duong. Vi vay, DBSCAN van 14 lya chon phu
hop hon cho muc tiéu phat hién viing diém dung tap trung ddng thai loai bo nhidu trong dit liéu
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GNSS d6 thi. Hinh 7 minh hoa két qua K-means theo ba ‘nhc’)m trang thai giao thong (van téc
thap/durng cho, van toc trung binh va luu thong tot) trén nén GIS.

Thién Huang Nam Triéu

@ Phunq‘
o r's? ~. . {;‘i =, X
R R A0

I 5. NI
5t Thang Duunq Kinh
v Quyét Thing == 2
M Van t6c thap/dimg cho ..., Nam D& San
Van tdc trung binh Klén Hume ) R
"| 7] Luu thong t6t

Hinh 7. Phan cum va hién thi bang K-Means va GIS (ky hiéu khu vuc nhu Hinh 3).

Bén canh K-means, nghién ctu tiép tuc dbi chiéu DBSCAN véi phuong phap KDE. Cac
ban d6 nhiét theo tirng khung gid (Hinh 8) cho thdy mat do phuong tién don vé trung tam Hai
Phong, khu cang va cc truc chinh, déng thoi cho phép quan st truc quan xu hudng lan truyén
mat do ciing nhu sy bién ddi mat do theo thoi gian trong ngay.

Nguoc lai, DBSCAN thién vé phat hién ting cum diém dung cu thé, ké ca cum kéo dai
theo tuyén duong, ddng thoi bo dugc diém 1¢, nén hop hon cho bai toan suy luan hanh vi di
chuyén. Nhu vay, KDE phan &nh tét xu thé phan b giao thong ¢ quy mo tong thé, con
DBSCAN cho phép xac dinh cuy thé cac vung hoat dong va diém dimng c6 ¥ nghia giao thong;
dung két hop hai phuong phap cho cai nhin ddy du hon vé khéng gian - thoi gian & mot do thi

phuc tap nhu Hai Phong.

YL, @ 5% Y

W Mat doé cao Trung binh | Thap | W Mat do6 cao Trung binh W Thap |
6h30 - 8h30 11h 13h
or: o o ﬁ?@,
3 ; k' ‘5: '\ 4@
O @
W Mat dob cao Trung binh B Thap | | M Mait do cao Trung binh B Thap |
17h - 19h 19h - 21h

Hinh 8. Ban d6 nhiét mat d¢ giao thdng theo khung gio bang phuong phap KDE tai Hai Phong
(ky hiéu khu vuc nhu Hinh 3).
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3.5. So sanh két qua theo chirc ning dé thi

Dua trén két qua hién thi GIS, cac cum mat do6 cao tai Hai Phong c6 thé duoc quy vé mot
s6 nhém chirc ning khong gian khac nhau (Bang 5). Khu vyc trung tam, tiéu biéu 12 Ngb Quyén
- L& Chan, phan anh giao thdng dan sinh gan véi nhu cau di lai thuong nhat. Cum tai Cang Hai
Phong, Pinh Vi va khu vuc cang cé thé hién rd hoat dong van tai, logistics va dich vu cang.
Khu vuc San bay Cat Bi mang dic thu giao théng hon hop gitra hanh khéch, dich vu va phuong
tién két ndi. Trong khi d6, cac truc An Duong, Kién An va Thay Nguyén phan anh dong phuong
tién ra/vao noi do theo nhip sinh hoat va lam viéc.

Déi chiéu vai thuc té, vi tri cac cum 6n dinh tring véi nhimg ddu méi giao théng hién hitu
trén ban d6 nén (Hinh 3, Hinh 4, Hinh 5), gdm khu cang doc séng Cam, khu vuc Dinh Vi, san
bay Cét Bi cling céc cira ngd An Duong, Kién An; riéng tai Dinh Vi, két qua phu hop vai tinh
trang Un tic xe container trong thuc té (Hinh 6). Viéc ddi chung méi ding & mie dinh tinh; dbi
chtng dinh luong bang s liéu dém xe hoac camera giao théng sé dugc thuc hién trong nghién
ctru tiép theo.

Bang 5. Dién giai cac viing cum theo chirc ning do thi.

Nhom khu varc Biéu hign tren gis ~ Pacdiémtheo Y nghia hanh vi

khung gio suy luan
A R A A, an 2 , + 4. Giao thong di lam,
Trung tdm Ngbé Quyén -  Mat d6 cao, biéen Cao sangvachiéu, . \ NS
A A n LS X di hoc, dung cho va
Lé Chan dong manh giam gitra ngay

Un tdc do thi
Dai mit d6 vao R& trong 6h30- Dong phuong ti¢n

Truc An Duong - n6i do

trung tam 8h30 vao noi do dau ngay
2 Cao ca sang, trua Logistics,
binh Vi - Cang Hai Phong  Cum manh, 6n dinh NSRS & container, van tai
va chiéu . .
hang hoa

Hoat dong dich vu

Cum dong bg nhicu Duy tri mat do cao cang, tap trung

Cang cé/khu cang

khung gio phuong ti¢n
. .» Giao théng hén
Séan bay Cat Bi Mat do cao cuc bo Duy t_r] nhiéu hop, dich vu san
khung gio
bay
Kién An, Thiay Nguyén M rong rd vao chiéu  Cao trong 17h-19h ;gn&;m noi d6 sau

4. KET LUAN

Nghién ctru d 1am rd cach phuong tién di chuyén & d6 thi cang Hai Phong dua trén sé liéu
hanh trinh GNSS va thuat toan DBSCAN. Trén 131.498 diém ding, thuat toan xéac dinh 3.377
cum Véi ty 1& nhiéu 7,95%; cac cum rd nhat nam tai khu cang bién, hanh lang van tai container
va cac tuyén ndi khu cong nghiép.

Hanh vi di chuyén khac nhau rd gitta cac khu vuc va cac khung gio: mat do ¢ trung tam
dao dong theo gi¢ cao di€m, con khu cang gitr muc cao trong ca ba khung gig, cho thay logistics
va hoat dong cha hang chi phoi manh cau truc giao théng cua thanh pho.
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Van con nhiing gigi han: sb liéu giam séat hanh trinh c6 sai s6 vi tri, c6 khoang trong va
phan b6 phuong tién khong déu gitra céc khu vyc; phan tich mai dya trén GNSS, chua tich hop
camera giao thong, thoi tiét hay tin hiéu dén. Bai bao ciing chua tach ngdy 1am viéc va ngay
cudi tuan, chua phan tich cac khung gio thap diém, va viéc ddi ching véi thuc té méi & muac
dinh tinh.

Hudng tiép theo: tich hop da nguon dit liéu; ding hoc may, hoc sau trén chudi GNSS dé
dy doan luong di chuyen va nhan biét bat thuong; mo rong phan tich theo loai ngay, theo khung
gio thap diém; kiém chtng dinh luong bang sé liéu quan trac hién truong.
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