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TOM TAT

Xe buyt nhanh 1& mér trong nhitng hé thong
phuwong tién giao thong cong cong & nhitng
thanh pho hién dai, nham cung cdp dich vu vdn
chuyén nhanh, tién dung va tiét kiém. Tuy nhién,
mét tuyén buyt nhanh dwoc van hanh hiéu qua
phu thudc vao Vi tri cdc tram ding. Bai bao nay
tdp trung vao viéc xdc dinh nhimmg Vi tri 16i uu
dé thanh ldp cdc tram dieng ciia mét tuyén buyt
nhanh. Trudce tién, khdo sdt cdc tiéu chi c6 dnh
hwong dén sw van hanh hiéu qua cia mét tram
ditng buyt nhanh, gom i) nhu cau di lai, vi du
cac khu déan cu, van phong, khu céng nghiép,
bénh vién,... ii) phuong tién cong céng, vi du
nha ga metro, tram ditng xe buyt, ... va iii) co s&
ha tang dwong giao thong, vi du giao 16, bai ddu
xe,... Sau do, méi tiéu chi duoc gan mot trong

6 thé hién mirc dé anh hwong cia né Ién sw
hiéu qua cia tram dung xe buyt nhanh, duoc
xdc dinh bang phwong phdp phén tich phan cap
AHP (Analytic Hierarchy Process). Cudi cling,
mot quy trinh X Iy dir liéu trong méi truong
GIS dwoc thiét lgp dé thanh ldp 16p dir liéu vi tri
diém trong so, dwoc chong I6p tir tat cd cdc op
di liéu tiéu chi thanh phan. Theo do, nhitng vi
tri c6 gia tri cao sé phU hop d@é xdy dung tram
ditng xe buyt nhanh. Quy trinh nay duoc ap
dung dé dinh vi cdc tram dirng ciia tuyén xe buyt
nhanh V& Van Kiét — Mai Chi Tho, Thanh phé
Hé Chi Minh. Két qua xac dinh dwgc 40 tram
dirng doc theo tuyén buyt nay, va day dwoc xem
nhw mét tham chiéu khoa hoc gitip chinh quyén
thanh phé trong hé tro ra quyét dinh.

Tir khéa: GIS, AHP, BRT, tram dirng xe buyt nhanh, thanh phé Ho Chi Minh.

1. GIOI THIEU

Thanh phé HO Chi Minh (Tp.HCM) la
trung tdm kinh té - x& hoi quan trong cua Viét
Nam, va ciing 12 noi tip trung déng dan nhat ca
nudce. Theo thng ké ndm 2014 dan s6 cua thanh
phd khoang 8 triéu dan, du kién dén nim 2020

dan s6 tang 1én hon 10 triéu dan [1]. Qué trinh
d6 thi hoa kém theo dan s ting la nguyén nhan
lam cho thanh phé phai di mat voi cac nguy co,
thach thac. Trong dé, van dé giao théng d6 thi
duge xem 1a thach thiee 16n. Hién nay, hon 80%
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dan sb tai Tp.HCM sir dung phwong tién luu
thdng chinh bang xe may. Theo thong ké niam
2014 s6 luong xe may tai thanh phd 1én t6i 6
triéu xe va 0 t0 1a 585.980 chiéc [1]. Ti 1é dan sb
sir dung phuong tién c4 nhan qué cao, dan dén
c4c van dé nhu 6 nhiém moéi trudng, ket xe, tai
nan giao thong thuong xuyén Xay ra, anh hudng
tGi strc khoe va sy an toan cho nguoi dan. Vé6i
mong mudn cai thién chat luong vé giao thong,
nhim dép tmg nhu cau di lai ngdy cang ting,
ddng thoi giam thiéu cac tac dong tiéu cuc dén
moi truong va xa hoi, Thanh phd da tap trung
xay dung hé thong metro, quy hoach lai mang
luéi cac tuyén xe buyt hién co, va két hop dau tu
phét trién hé thong xe buyt nhanh.

Xe buyt nhanh (Bus Rapid Transist - BRT)
12 mot hé thong van tai hanh khach bang xe buyt
chat luong cao, nhanh chong, thoai mai, tiét
kiém chi phi, van hanh trén tuyén riéng biét. Déi
v6i nhiéu nudce trén thé gisi, day 1a hé thong kha
quen thudc. Tuy nhién, tai Viét Nam day 1a mot
phuong tién kha méi, ca nudc chua co tuyén xe
buyt nhanh nao hoat dong. Dé xay dung hé
théng BRT, hai vin dé can duoc nghién ctu do
la xac dinh tuyén va lua chon vi tri c4c tram
dung. Trong do, xac dinh vi tri cac tram dimg co
vai tro rat quan trong. Néu vi tri cac tram dung
dat & vi tri phU hop thi s& thu hat mot s6 luong
I6n hanh khach tham gia sir dung phuong tién,
gilp giam bét cac tinh trang ket xe, 6 nhiém moi
truong, ... Ngodi ra, n6 tao su 6n dinh vé kinh té
gilip duy tri van hanh hé théng BRT trong tuong
lai [2].

Lwa chon vi tri cac tram dimg BRT la mot
bai toan phan tich dua trén nhiéu tiéu chi khac
nhau, nhu nhu cau st dung, giao thong do thi,
kinh té, van hoa, x& hoi,... Phan tich da tiéu chi
theo phuong phéap xtr Iy phan cap AHP xac dinh
trong so ciia cac tiéu chi, trong khi d6 GIS hd
tro xy dung dit liéu tir cac tiéu chi va la cong
cu phan tich chdng 16p khéng gian dé chon vi tri
phu hgp. Py ciing 1a muc tiéu cua nghién ciru

nay: ang dung GIS va AHP x4c dinh vi tri thich
hop dé dat cac tram dimg xe buyt nhanh, nghién
ctru thi diém tai truc dai 16 V6 Van Kiét — Mai
Chi Tho caa Tp.HCM.
2. CAC YEU TO ANH HUONG DEN TRAM
DUNG BRT

Cac yéu t6 anh huong dén viéc chon tram
dirng BRT bao gdm tu nhién, kinh té - xa hoi, va
co s& ha tang giao thong. Céc yéu tb tu nhién
bao gém dia hinh, dia mao, thuy van,... trong
do6, dia hinh 1a yéu t6 quan trong dé dat tram
dimng sao cho khdng qua déc, khdng qua thap va
thong thoang dé dam bao an toan cho hanh
khéch. Céc yéu t6 kinh té - xa hoi duoc khao sat
bao gom khu déan cu, khu lam viéc, vin hoa —
gido duc, y té, ton gido tin ngudng, cong vién
vui choi giai tri, va thé duc thé thao. Pay la
nhitng vi tri ¢6 nhiéu nhu cau di lai. Cac yéu tb
co 56 ha ting bao gom ga metro, tram xe buyt
thong thuong hién hiu, tram giao thong thuay,
nt giao vai cau vuot, ndt giao véi cau di bo,
nit giao mat dat thong thuong va bai dd xe 1an
can. Nhing vi tri nay 1a noi chuyén tiép nhu cau
di lai gitta cac phuong tién giao théng. Tuy
nhién, trong mo hinh chon vi tri dat tram dung
BRT, can thiét phai luong hoa cac yéu t6 trén
thanh céc tiéu chi cu thé [5].
3. QUY TRINH XAC PINH TRAM DUNG
BRT

Quy trinh xt ly dir liéu dé lya chon vi tri
c4c tram dirng BRT gom 6 budc chinh sau:

Budc 1. Xac dinh muc tiéu, thu thap dir
lieu lién quan cta khu vuc nghién cwu. Dix
lidu can duogc thu thap bao gom i) cAc tai liéu, sb
liéu vé pham vi, dia ban nghién cttu nhw nhu cau
sir dung, céc sb liéu, thong tin vé& van dé kinh té,
x& hdi, giao thdng va ii) dix liu khong gian va
thudc tinh nhu cac file ban d6 sé, ban do gidy,...
thé hién vi tri dia ly cua cac ddi tuong tac dong
dén viéc chon vi tri tram BRT.

Buoc 2. X ly dir ligu. Su dung cac cong
cu phan mém GIS dé thao tac trén dir liéu thu
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thap nhu chuyén d6i toa do, chuyén ddi dinh
dang, stra 13i hinh hoc, nhap thuéc tinh,... dé
thong nhét dir liéu dau vao vé dinh dang khong
gian va thugc tinh, va hé toa 6 tham chiéu.
Buwéc 3. Xay dwng b tiéu chi phuc vu
chon vi tri cac tram BRT. Céc tiéu chi dugc
xay dung dua trén viéc phan tich cac yéu té anh
huong. Phu thudc vao dic diém cua mdi khu
vuc nghién ctu, bo tiéu chi s& khac nhau. Vi du,
xay dung hé théng BRT di qua nhing khu vuc
¢6 dia hinh bang phang thi khéng can phai xét
yéu té dia hinh. Sau do, lwong héa cac tiéu chi
d6 thanh cac tiéu chuan. Vi dy, khoang cach tir
khu dan cu d&én tram dung BRT tir 0 — 200 m la
khoang céch tét nhat dé hanh khach di bo c6 thé
tiép can dén tram BRT dwoc gan gié tri 3, tir 200
— 400 m dugc gan gia tri 2, tir 400 — 500 m duoc
gén gia tri 1, va khoang cach ngoai ban kinh 500
m dugc gan gid tri 0. Dya vao cic tiéu chi da
xac dinh, xay dung cac l6p dit liéu GIS phu hop.
Budc 4. Phan nhdm tiéu chi, 1ap ma tran
wu tién va tinh trong sé cho céc tiéu chi. Tinh
trong sé cho mdi tiéu chi theo phuong phap
AHP [4]. Thong thuong trong mot bo tiéu chi s&
c6 c4c tiéu chi chung thé hién cac linh vuc, khia
canh 16n va trong mai tiéu chi chung s& c6 cac
tiéu chi cu thé. Ma tran wu tién hay ma tran muc
d6 quan trong cua céc tiéu chi duoc thanh lap
dwa vao kinh nghiém, kién thirc cua tac gia hoic
tham khao y kién cac chuyén gia chuyén mon.
Cac murc d6 quan trong so sanh gitra cac tiéu chi
dugc 4p dung theo Bang phan loai tim quan
trong twong ddi cua Saaty (2008) [4]. Qué trinh
tinh toan trong sé cho céc tiéu chi gom céc
budc: i) trong s cua cac tiéu chi chung, ii)
trong s6 cua cac tiéu chi cu thé trong ting tiéu
chi chung, va iii) trong s6 ciia mdi tiéu chi.
Buoc 5. Phén tich khong gian sir dung
cdng cu GIS. Hai cbng cu chinh dugc s dung
Ia tao vang dém (buffer) va chdng 16p (union)
[3]. Cong cu tao viing dém hd tro tao 1op dit lidu

méi tir 16p dit liéu dau vao theo cac khoang céach
xac dinh trudc. Theo do, cac gia tri vé mirc do
quan trong s& dugc gan cho mdi ving khoang
cach (xem thém Budc 3). Vi dy, dp dung cong
cu tao ving dém theo tap khoang cach {0 - 200,
200 — 400, 400 — 500} m dé thé hién kha ning
c6 thé tiép cap tram ding BRT caa hanh khéch
tr mot khu dan cu. Trong khi d6, chdng 16p
union duoc &p dung dé ghép hai hay nhiéu 16p
dir liéu nham tao ra mot 16p méi mang tat ca cac
thugc tinh cua cac 16p dau vao. Vi du, mot vi tri
duoc xac dinh 1a cach khu dan cu 250 m va cach
giao 16 50 m sau khi chong hai lép tiéu chi
thanh phan khu dan cu va nit giao thong. Ngoai
ra, Model Builder trong ArcGIS c6 thé hd tro dé
c6 thé ty dong hoa quy trinh nay.

Bwéc 6. Két qua vi tri cac tram BRT.
Sau khi chdng 16p tat ca cac 16p tiéu chi thanh
phan véi cac trong sé dugc xac dinh, vi tri cua
mdi diém trén 16p két qua thé hién gia tri téi uu
cho viéc chon vi tri dat tram ding BRT.
4. XAC PINH VI TRi TRAM DUNG BRT
TUYEN VO VAN KIET - MAI CHI THO
4.1 Pai 1 V6 Vin Kiét — Mai Chi The

Dai 16 V6 Van Kiét — Mai Chi Tho &
Tp.HCM, trude day 1a dai 16 Pong Tay, c6 tong
chiéu dai 24.92 km, tir n(it giao théng xa 16 Ha
Noi (ngd 3 Cat Lai, Quan 2) dén ndt giao thong
Quéc 16 1A (huyén Binh Chanh). Tuyén nay di
qua dia ban cac quan 1, 2, 5, 6, 8, Binh Tan va
huyén Binh Chanh, nhu duwgc m6 ta & Hinh 1.
Hién nay dai 16 V6 Vin Kiét — Mai Chi Tho
dang dugc khdi phuc, nang cip tir tuyén duong
hién hitu. Sau khi hoan thanh sé& tao thanh mot
tuyén truc giao thong két néi hai dau Pong Bic
- Tay Nam thanh phd, gép phan cai thién hé
thdng giao théng noi thi Tp.HCM.
4.2 Céc tiéu chi lwya chon vj tri tram BRT

Dua trén dic diém hién trang cua dai 16 Vo
Vin Kiét — Mai Chi Tho, nhém tac gia dé xuat
ba nhom tiéu chi chinh.
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Hinh 1. Pham vi cua tuyén BRT trén dai 10 V6 Van
Kiét - Mai Chi Tho

- Nhu cdu di lai: Pay 12 nhom tiéu chi quan
trong nhét trong viéc lya chon vi tri dat tram
BRT, quyét dinh su hoat dong hiéu qua va duy
tri 1au dai cua tuyén BRT.

- Tich hop giao théng cong cong: DPay la
loai phuong tién van chuyén hanh khach véi sb

lugng lén/ luot, gdm ga metro, tram xe buyt
thuong, tram giao thong thuy.

- Tich hop giao théng duong bo: Pay 1a cac
vi tri ¢6 kha nang tap trung nhiéu hanh khach
chuyén tiép, gom cac nit giao véi cau vuot, nit
giao cau di bo, niit giao thong thuong, bai dd xe.

Theo d6, céc tiéu chi tac dong dén viéc
chon vi tri cac tram BRT tai dai 16 V6 Van Kiét
— Mai Chi Tho duwoc mé ta & Bang 1.
4.3 Ma tran mirc dd quan trong va trong sé
céc tiéu chi

Cac ma tran mac dd quan trong so sanh
giita c4c tiéu chi duoc xay dung dua trén y kién
cua cac chuyén gia thuoc cac linh vuc quy
hoach d6 thi, quy hoach ving, quéan 1y d6 thi va
cong trinh, giao théng va ha tang ky thuat. Két
qua khao sat chin chuyén gia cho thay hau hét y
kién va muc do tuong ddi giéng nhau, va dugc
gan tri theo quy tic Saaty, nhu duoc trinh by &
Béang 2.

Bang 1. Cac tiéu chi chon vi tri cac tram BRT tai dai 16 V0 Van Kiét — Mai Chi Tho

Tiéu chi chung Tiéu chi cu thé

Khoang cach tiép can tram ding BRT

I. Nhu cau di lai I.1. Khu dén cu

Ban kinh di bo tot nhat dé hanh khach tir

1.2. Khu lam viéc

c4c Vi tri nay tiép can tram dung trong
khoang 500 m [5].

I.3. Cdng trinh vin hoa, gido duc

I.4. Cosoyté

I.5. Cong trinh tdn gido, tin ngudng

1.6. Cong vién, vui choi, thé thao

Il. Tich hgp giao | Il.1. Ga Metro

Ban kinh di bo tot nhat dé hanh khach tur

thong cong cong I1.2. Tram xe buyt hién hitu

c4c vi tri nay tiép can tram ding trong
khoang 500 m [5].

I1.3. Tram giao théng thay

I11. Tich hop giao

[11.1. NGt giao théng giao véi cau vuot

Ban kinh di bo tot nhat dé hanh khach tur

thong duong bo

[11.2. NGt giao théng giao véi cau di bo

c4c vi tri nay tiép can tram ding trong

I11.3. Nut giao thong thuong

khoang 500 m [5].

111.4. Bai d xe
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Bang 2. Ma tran mirc d6 wu tién ctia a) nhém
tiéu chi chung, b) nhém tiéu chi cu thé cua nhu
cau di lai, ¢) nhom tiéu chi cu thé cua tich hop

giao thong cong cong, va d) nhom tiéu chi cy

thé cua tich hop giao thong duong bo

a)
Lo
| 1 |3 |5
n |1 |3
m |5 | U3 |1
b)

13| 3|13 |1 1 5

w (W | o1 | o

14| 13 | 13 |1 1 5

15 47 | U7 |1/5| 15 |1 1/3

16| 15 | 15 [1/3| 1/3 |3 1

1.1 .2 | 1.3

1|1 4 6

1.2 | 1/4 1 3

n3| 16 | 13 |1
d)
N1 |12 | 113 | 1114

a1 4 | 13 | 1/5

1.2 | 4 1 12 | 13
.3 |3 2 1 172
.4 15 3 2 1

Két qua tinh toén céc trong s6 nhém tiéu
chi chung, tiéu chi cu thé cua ting tiéu chi
chung, va trong sb timg tiéu chi duoc trinh bay
trong cac Bang 3, trong d6 A 1a trong s c4c tiéu
chi chung Vvéi ti s6 nhat quan CRa = 0.037; B thé
hién trong s6 cua cac tiéu chi cu thé theo cac
tiéu chi chung nhu cau di lai, tich hop giao
thong cong cong, va tich hop giao thong duong
bo Véi cac ti s6 nhat quan CRg_; = 0.025, CRs_i
= 0.052, va CRg_ i = 0.045 twong ung; va C =
A*B |4 trong s6 cua mdi tiéu chi anh huong dén
chon vi tri tram dung BRT.

Bing 3. Trong s cua c4c tiéu chi anh huong dén
chon vi tri tram ding BRT

A B C
11 |0.318 | 0.201
12 |0.318 | 0.201
V10883 s 10135 | 0085
14 {0135 | 0.085
15 {0033 | 0.021
16 | 0.063 | 0.040
I .1 |0.685 | 0.179
0261 |12 |0.221 | 0.058
1.3 | 0.093 | 0.024
1 1.1 | 0.076 | 0.008
.2 |0.191 | 0.020
01061115 | 0264 | 0.028
1.4 | 0.470 | 0.050
4.4 Xay dung co s dir li€u

Dua trén 13 tiéu chi trong Bang 1, nhém
tac gia thu thap dir liéu va xay dung cac lop dix
ligu, gdbm 6 Iop dir lieu nén gdm ranh hanh
chinh, giao théng, thay hé, ciu, tuyén metro va
ranh pham vi nghién cau; va 13 cac 16p chuyén
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dé. Cac 16p dit liéu dwoc xay dung va luu trit &
dinh dang GIS shapefile dua trén cac Ban d6
quy hoach sir dung dit (S Quy hoach-Kién
trdc), Ban d6 hé théng duong sit d6 thi (Ban
Quan ly duodng sat do thi), dit liéu hién trang anh
Lidar (Trung tam Ung dung GIS), Google Map,
va khao sét thuc dia.

4.5 Quy trinh xir 1y di liu

Quy trinh xtr ly dir liéu nham tinh gia tri cac

vi tri x4c dinh tram dat BRT gom céc budc:

i)

ii)

Chuan bi dir liéu: 13 16p dit liéu chuyén dé
(dang diém).

Tao ving dém: sir dung cdng cu Multi Ring
Buffer tao cac vung dém va6i khac khoang
cach {200, 400, 500}, don vi tinh m. Gan
thang diém theo kha nang tiép can caa hanh
khach dén tram dimg BRT, diém a{0, 1, 2,
3} duoc gan twong tng vai khoang cach {>
500, 500 - 400, 400 - 200, 200 — 0}.

iii) Xwr ly khéng gian: str dung cac cong cu Clip,

Erase, Merge dé xir Iy cac 16p dit liéu vang
dém nham ddéng nhat pham vi khong gian
trude khi chong 16p.

iv) Chong 16p dir ligu: sir dung Model Builder

v)

thiét 1ap md hinh tinh gia tri tat ca vi tri
trong khu vuc nghién ciu [3]. M6 hinh gom
chuyén tat cac 16p chuyén d& sang dinh dang
grid va chdng 16p c6 trong s6 (weighted
overlay) tit ca cac lép. Trong dé, mdi
grideell ¢ kich thudc 4x4 m va gia tri bang
ti 1¢ phan tram cua tich trong sb cua tiéu chi
v6i thang diém, theo cong thirc (1). Két qua
chdng 16p dwoc md ta nhu & Hinh 2, trong
do cac gridcell mau d6 dam co gia tri cao
con mau dé nhat c6 gia tri thap.

13
Vi = z M« Qi 1)
k=1

Trong d6, vi 1a gid tri sau chong l6p cia
gridcell ¢6 toa do (i, j), ai 1a gia tri diém
a{0, 1, 2, 3} cua tiéu chi tht k tai toa d6 (i,
j), va ¢ la trong sb cua tiéu chi thir k.

Xéc dinh tram: vi tri cadc tram dung BRT
duoc chon theo cac tiéu chi sau: cac vi tri cd
gid tri vjj wru tién tir cao xudng thap doc theo
tuyén, thoa man khoang cach téi thiéu 300 m
va tdi da 800 m giita 2 tram ké nhau, va cach
n(t giao thong tdi thiéu 1a 40 m [5].

>

W eighted Qwerlay Map
Jo-a
Cs-e

Hinh 2. Két qua chang I6p c6 trong sb tir tat ca cac I6p chuyén d& trong (g vai céc tiéu chi
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VI TR TRAM XE BUS NHANH
¢ w

Hinh 3. Ban db thé hién vi tri cac tram dirng BRT trén dai 16 V& Van Kiét - Mai Chi Tho

vi) Két qua: cac vi tri tram BRT doc dai 16 V&
Vin Kiét — Mai Chi Tho duoc xac dinh gom
c6 40 tram dung. Trir 2 tram dau cudi, cac
tram dung dwoc phan nhém hién thi thanh 15
tram tai vi tri rat thich hop, 15 tram tai vi tri
thich hop va co6 8 tram tai vi tri binh thuong,
nhu duoc trinh bay ¢ Hinh 3. Trong d6, muc
d6 thich hop duogc thé hién dya trén gia tri
cua vi tri va su chénh léch cua né so véi gia
tri cua cac vi tri xung quanh.

5. KET LUAN

GIS va AHP la nhiing cong cu hd tro hiéu
qua trong cong tac lra chon vi tri cac tram ding

BRT. GIS hd trg xir ly, phan tich khéng gian

nhanh chéng, chinh xéac trong khi AHP hd trg

xac dinh trong sé dua trén mic d6 quan trong
cua cac tiéu chi. Str dung phuong phap AHP
nhim giam tinh chu quan, tan dung duoc tri
thirc, kinh nghiém ciia nhiéu chuyén gia trong
linh vuc nghién ciu. Két qua thé hién duoc quy
trinh téng quét ung dung GIS va AHP dé chon
vi tri cac tram dung BRT va dya trén quy trinh
nay, ap dung xac dinh vi tri cac tram ding BRT
doc dai 16 V06 Van Kiét — Mai Chi Tho. Theo d06,
40 tram dung BRT doc dai 16 V8 Vin Kiét —
Mai Chi Tho duoc xac dinh, trong d6 ngoai hai
vi tri tram dau va cudi, hau hét cac vi tri c6 gia
tri cao nhat trén tuyén BRT va dam bao diéu
kién khoang cach gitta cac tram véi nhau.
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ABSTRACT

Bus Rapid Transit (BRT) is one of public
vehicle systems in modern cities to provide
transportation services fast, confortable, and
cost saving. However, effectiveness of one BRT
route depends on the locations of its stops. This
study focuses on determining optimal locations
to build the stops of a BRT route. Firstly,
criteria having influences on effective operation
of a BRT stop are explorered, consisting of i)
traveling demands, e.g. buildings, offices,
industrial parks, hopitals, etc; ii) public
transportations, e.g. metro stations, bus stops,
etc; and iii) roads, e.g. crossroads, parking lots,

etc. Secondly, each criterion is assigned a
weighted factor representative for its influence,
determined by the AHP method. Finally, the
progress of data processing in GIS environment
is established to create a weighted overlay map
from all criteria. Subsequently, locations having
high values are reasonable to build BRT stops.
This progress has been applied to locate BRT
stops of the Vo Van Kiet — Mai Chi Tho route in
Ho Chi Minh City. The result indicates 40 BRT
stops along this route, and it is considered as a
scientific reference to help the city government
in decision making.
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