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Toém tdt: Trén thé gigi co rat nhiéu nghién ciu lién quan dén mod phong bunching va phuong
phap logi trir bunching cho dong xe 0 t6. Tuy nhién, rat it nghién ciu bunching xem xét dac diém cua
dong xe hon hop gom xe 6 t6 va xe hai banh tgi cac thanh phd ¢ Viét Nam. Nghién cizu nay sé xay
ding md hinh md phong duoc phét trién ¢ mic dp chi tiét theo tung tram ding chinh, bén ddu va
cusi. Mite dg mod phong chi tiét nay yéu cau si dung da li¢u dau vao mo ta thoi gian di chuyén phan
doan, thoi gian dimg tai tram, tai bén xe va nhu cau hanh khach [&n xudng xe tai mai tram. So lidu
dung cho mé phong duwoc thu thdp trén mgt tuyen xe buyt cu thé cia Thanh pho Ho Chi Minh. Phirong
phap logi trir hi¢n twong bunching duoc dae XUat trén co s¢ ung dung cua cong nghé GPS Véi gia sir
thu thdp duroc thoi gian thuc ve vi tri cua tat ca cac xe buyt trén mét tuyén duwong, vdn toc xe buyt.
Phirong phdp dé xuat & day tap trung vao viéc dat duoc thoi gian gidn cach muc tiéu, con goi la
phirong phdp c¢é dinh thoi gian gidn cach. Khi mgt chiéc xe buyt dén mét d@iém kiém soét, thoi gian
gidn cdch dwoc so Sanh véi mét gid tri muc tiéu dwoc chi dinh truéc. Néu thoi gian gidn cach nho
hon, xe buyt dwoc danh gid la di qud gan xe chay trucc va sé dirng ldu hon thoi gian quy dinh; néu
thoi gian gian céch lén hon, xe buyt dimg ngan hon thoi gian quy dinh. Nghién cizu tién hanh mo
phong phwong phdp logi trir hi¢n fiong bunChIng va kiém tra hiéu qua cua phwong phdp, tir dé, dé
Xudt cdc hirong ddn lai xe cho tai xé va nha diéu hanh xe buyt gidp giam thiéu bunching.

Tir khoa: Hién rirong tu nhom; mod phong, dong xe hén hop; GPS.

Ma phén logi: 8.2

Abstract: In the world there are a lot of research related to bus bunching simulation and
bunching elimination method for the car flow. However, very few studies consider the characteristics
of the mixed traffic including car and motorcycle in many cities of Vietnam. This study will develop a
simulation model built at a detailed level of each main stop and terminal. This simulation requires the
use of input data describing segment travel time, stopping time at the stops, terminals, and the need
for passengers to board or alight at each stop. Data for the simulation were collected on a specific bus
route in Ho Chi Minh City. The method of eliminating bunching phenomenon is proposed based on the
application of GPS technology with the assumption regarding the possibility of collecting the real-time
position of all buses on a route. The proposed method will focus on achieving the target headway,
known as the fixed headway method. When a bus reaches a control point, its headway is compared
with a pre-specified target value. If the headway is shorter, the bus will stop longer than the specified
time; and if the headway is longer, the bus stops shorter than the specified time. The study simulates
this method of eliminating bunching and tests its effectiveness, thus proposing driving instructions for
bus drivers and operators to help reduce bunching.

Keywords: Bunching; simulation; mixed flow; GPS.

Classification code: 8.2

1. Gi6i thiéu cao viéc thuc day nguoi dan sir dung giao

Un tic giao thong di tro thanh vén @& thong cong cong dé han cheé Un tac giao
nan giai tai Thanh phé Hd Chi Minh thong ¢ cac thanh pho I6n. Néu mot chicc xe
(TP.HCM). Tir nam 2012 cho dén nay, tin tic  hoi cd nhan chi co thé cho duoc toi da 4
giao théng ngay Cang tro nén nghlém trong ngub’i, m6t chiéc xe buyt co tl‘)é chd den 50
khi tc do phat trién co s& ha ting khong bat  nguoi. Do kha nang van chuyén dugc nhiéu
kip téc do tang truéng nhu ciu giao thong hanh khach cting mét lic nén xe buyt la mot
[1]. Céc nudc trén thé gisi tir 1au da danh gia  Phuong tién hiru hiéu gitp giam thiéu un tac.
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Hon nira, st dung giao théng céng cong con
mang nhiéu lgi ich cho x& hoi nhu giam
luong nhién liéu tiéu thu, 6 nhiém khoi bui
va tai nan giao thong. V& mit ca nhan, di xe
buyt giup nguoi dan tiét kiém chi phi di lai,
han ché cang thang khi phai tu diéu khién xe,
c4c tac dong thoi tiét ndng mua va gitp bao
vé mdi truong xanh sach.

Mét trong nhiing van dé xay ra khi van
hanh cac xe buyt trén tuyén 14 hién tuong tu
nhém (bunching) cua xe buyt. Pay la hién
tuong nhiéu xe buyt di chuyén gan nhau, bi
tu nhém va dén tram dung cing maot ldc.
Hién tuong nay xuét hién kha pho bién 1am
xe buyt chay khong theo dung lich trinh. Vi
vday c6 thé dan t6i cac hau qua: 1) Hanh
khach tai tram phai cho doi 1au hon, tir do
lam giam chét lwong phuc vu hanh khach va
2) Xe buyt bi bunching lam lang phi nang luc
van chuyén xe buyt. Cac xe c6 headway l6n
s& phai phuc vu nhiéu hanh khach hon khién
xe bi qué tai. Cac xe c6 headway nho cho it
hanh khach hoic xe c6 thé gan nhu trdng
rong. Chinh vi vay, viéc dua ra phuong phép
diéu khién dé loai trir hién twong bunching s&
gitp cho nang cao chit lwong phuc vu hanh
khach, tang hiéu qua van chuyén hanh khéch
va vé lau dai 1am ting nhu cau hanh khach di
xe buyt, giam ap luc Un tic giao théng. Trén
thé gisi, hién twong bunching va cach diéu
khién dé loai trir hién tuong nay da duoc
quan tdm nghién ctu rat nhiéu. Tuy nhién,
Viét Nam van chwa c6 nhiéu nghién ciu lién
quan. Do dé, can thiét phai ap dung cic co s&
ly thuyét khoa hoc dé lam ré nguyén ly xay
ra bunching va phuong phap loai trir
bunching cho xe buyt phu hop vai hoan canh
ctia c&c thanh phd tai Viét Nam.

Muc tiéu chinh cta nghién ctu nay la
x@y dung md hinh md phong phuong phap
loai trir hién twong bunching cua xe buyt. Dé
thuc hién muc tiéu trén, nghién cau tién hanh
cac ndi dung phan tich: 1) Xay dung mo hinh
du bao thoi gian di chuyén cua xe buyt cho
truong hop maot tuyén xe buyt van hanh tai
TP.HCM va 2) M6 phong céc loai bunching
va danh gia hiéu qua cta phuong phap loai
trir bunching. Trong giai han cua nghién cau
nay, dir liéu phan tich s¢ dugc thu thap tai
mot tuyén xe buyt & pham vi khu vuc noi

thanh TP.HCM. Cu thé Ia dit liéu hanh trinh
cuia cac xe buyt hoat dong trén tuyén xe buyt
66 bén xe Cho Lén — bén xe An Suong, hoat
dong thoi gian tir 14 gio dén 20 gio. Thoi
gian thu thap dir liéu 1a mot thang, tir cudi
thang 4 dén dau thang 5 nam 2019.

2. Cac phwong phap loai trir bunching
trén thé gioi

Nhu chiung ta da biét, thoi gian di
chuyén cua xe buyt 1a khong 6n dinh, ngay
ca khi xe xuat phat dung vdi lich trinh duoc
xép trudc, xe thuong dén tré ¢ bén cudi. Co
rat nhiéu nguyén nhan khién cho xe buyt dén
tré nhu un tic giao thdng vao gio cao diém,
lwong hanh khach 18n xubng tram qua déng
hay xe gap su cd. Khi xe buyt dbi tuong bi
cham tré, thoi gian dan cach so véi xe buyt
chay ngay phia truéc sé& ting 1én, dan dén xe
phai dimg don nhiéu hanh khach hon tai mdi
tram, do do xe lai cang tré hon.

Mat khac, mot xe buyt khac chay phia
sau xe dbi twong s& c6 thoi gian dan cach
ngdn hon, din dén phuc vu it hanh khach
hon, do d6 xe nay s€ cang chay nhanh hon.
Két qua 1a céc xe buyt chay dang sau xe ddi
tugng s& bi don lai, tu nhém hay con goi la
co cum. Hanh khach doi tai tram s& thay
nhiéu xe cung tuyén dén tram cing lic. Do
do, rit can thiét phai dua ra giai phép loai trir
hién tugng nay.

O My, cac tuyén xe buyt chay trong
thanh phd thudong dwugc quan ly theo lich
trinh muc tleu trong do thoi gian dén cua xe
buyt tai mdi diém ding duoc 1&n ké hoach
dén mdi phat va cong thém thoi gian du trix
cho xe buyt dimg tai diém kiém soat. Thoi
gian dy trix ndy gitp phuc hoi lich trinh néu
Xe buyt t6i tram sém, hoac néu tgi tré mot
chiéc xe buyt c6 thé bi mit mot phan hoc tat
ca thoi gian ndy. Nhuoc diém cua cach diéu
khién nay la thoi gian ngdi trén xe cua cac
hanh khach s& lau hon va sb lugng xe ciing
tang so voi viéc khong thiét lap thoi gian du
trit. Daganzo [2] da dé xuat mot phuong phap
tap trung vao viéc dat duoc thoi gian gidn
cach muc tiéu, con goi 1a phwong phép co
dinh thoi gian gian cach. Khi mét xe buyt
dén diém kiém soat, thoi gian gin cach cua
xe duoc so sanh vai mot gia tri thoi gian quy
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dinh tir truge. Néu thoi gian gidn cach nho
hon, xe buyt duoc danh gia 1a di qua gan xe
chay trudc va s€ dung lau hon thoi gian quy
dinh; néu thoi gian gidn cach Ién hon, xe
buyt dung ngan hon thoi gian quy dinh. Cung
v6i sy phd bién cua cong nghé GPS, céac
phuong phéap sau nay thuong gia st thu thap
vi tri theo thoi gian thuc cua tat ca céc xe
buyt trén mot tuyén duong, van tdc xe buyt
va tham chi 1a thoi diém hanh khach dén cho
tai tram. Do d6, trong khi nhiing céng bd
truée d6 tap trung vao viéc didu chinh su
cham tré xe buyt tai cac diém kiém soat, cac
nghlen ciu da xem x¢t cac phuong cach
klem soat khi cac xe dang di chuyén, bao
goém diéu chinh van téc cua xe buyt [3], bo
qua mét sb diém dirng hozc tham chi tir chdi
cho phép mot sé hanh khéch Ién xe [4]. Biém
yéu cua ciia cac phuong phap & trén 1a lich
trinh muc tiéu hoac thoi gian gian cach muc
tiéu can dugc chi dinh trude. Thuc té, ching
c6 thé thay doi lién tuc tuy theo diéu kién
giao thong, dic biét khi xay ra Un tic giao
thdng nghiém trong. Bartholdi va Eisenstein
[5] dua ra phuong phap tri hodn xe tai diém
kiem soat dé lam giam thoi gian gidn cach va
muc d6 bién dong cua xe ma khéng can quan
tam dén thoi gian gian cach muc tiéu. Cac
phuong 4an diéu khién ¢ trén c6 hiéu qua
trong diéu kién giao théng & Viét Nam hay
khéng va diéu nay can phai duoc lam rd
trong nghién curu nay.

3. Xdy dung mo6é hinh mdé phéng
phuong phap loai trir bunching

3.1. M6 hinh mé phéng

M6 hinh mé phong cho phép hiéu rd hon
vé c4c nguyén nhan gay ra hién tuong
bunching cua dich vu xe buyt va thtr nghiém
cac phuong phap diéu khién dé loai trur
bunching. M6 hinh m6 phong cn dugc phét
trién & muc do chi tiét theo ting tram dung
chinh, thé hién day du thoi gian di chuyén
gitta cac tram va thoi gian dung tai tram
chinh, bén dau, bén cudi theo cac mdc thoi
gian trong ngay. Mt d6 chi tiét nay yéu cau
dir liu dau vao mod ta thoi gian di chuyén
phan doan, thoi gian ding, nhu ciu hanh
khach va hanh vi tai xé khi & tram ding hoic
bén xe. Ngoai ra, can két hop thuc hién mo
phong Monte Carlo dé xem xét anh hudng

cua céc bién ngau nhién gay ra hién tuong tu
nhém cua xe buyt. Nghién cau nay tham
khao md hinh md phong hién trang van hanh
cia mot tuyén xe buyt tir nghién ctu cua
Milkovits [6], gdm bdn mé hinh dy béo nhu
duéi day.
3.1.1. Md hinh thai gian di chuyén

gitra hai tram

Thoi gian di chuyén giira hai tram 12 thoi
gian di chuyén cua mdi xe buyt tir tram chinh
nay dén tram chinh tiép theo. O day, nghién
ctru xay dung md hinh hdi quy tuyén tinh dé
tinh toan thoi gian di chuyén giita hai tram
dung chinh. Ly do bai xe buyt thuong hay bi
tré tai vi tri tram chinh va viéc boé qua céc
tram phu gilp giam khdi lwong tinh toén
khong can thiét. Do do, thoi gian xe di qua
cac tram dung phu trong doan duong gitra
hai tram durng chinh sé khong dugc trinh bay
trong m6 hinh. Thay vao do, thoi gian
chuyén dong va thoi gian dirng tai cac tram
phu trong mét phan doan s& dugc tong hop
thanh mot gia tri thoi gian di chuyén. Cac
yéu t6 quan trong anh hudng dén thoi gian di
chuyén nhu khoang cach, sb dén tin hiéu giao
théng, anh hudng cua tinh trang giao théng
xung quanh, sé hanh khach 1én xuéng xe va
hanh vi diéu khién xe cua tai xé.

3.1.2. M0 hinh theoi gian dieng tai

tram

Thoi gian dung tai moi tram la thoi gian
xe buyt dung doi hanh khach tai tram chinh.
M®d hinh thoi gian dung tai tram giip ta w6C
tinh thoi gian dung caa xe tai mdi tram. O
day, nghién ctru ciing sitr dung md hinh hoi
quy tuyén tinh dé tinh toan. Cac yéu té quan
trong anh huong dén thoi gian dimg nhu hoat
dong 1en xudng xe ctua hanh khéch, thoi gian
dirng ¢6 dinh (néu c6) cho céc tram, hanh vi
diéu khién xe cua tai xé va vi tri diém dung.

3.1.3. M6 hinh nhu cau hanh khach

Nhu cau hanh khach 1a s6 lwong hanh
khach I&n, xubng tai mdi tram. M hinh s& du
b4o nhu cau hanh khach tai mdi tram chinh
va tram phu. O déy, gia dinh rang phan phéi
hanh khach dén tram s& tuan theo quy luat
phan phdi Poisson. Dé thé hién va tinh toan
cac so lieu mot cach chinh xac, mé hinh duoc
yéu cau tinh nhu cau hanh khéach theo thoi
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gian va dia diém. C4c yéu té anh huéng dén
nhu ciu hanh khach nhu thoi gian trong
ngay, s6 hanh khach d6i chuyén.

3.1.4. M6 hinh thoi gian dirng tai bén

Khi hoan thanh méi luot di, xe buyt
duoc phan bd thoi gian phuc hdi, con goi 1a
thoi gian ding tai bén xe trudc khi bit dau
chuyén tiép theo. Cac yéu t6 quan trong anh
huong dén thoi gian phuc hoi tai bén dau
hoic bén cudi nhu ké hoach khai hanh, thoi
gian phuc hoi téi thiéu (khi xe vé tré va phai
khai hanh ngay), thoi gian phuc hdi con lai
(thoi gian khaoi hanh quy dinh trir di thoi gian
dén tram cudi), hanh vi diéu khién xe cua tai
xé (thdi quen xuat phat dung gio hay tré gio).

3.2. Thu thap dir liéu

Tuyén xe buyt duoc chon dé khao sat &
nghién ctru nay 1a tuyén 66 (bén xe Cho Lén
— bén xe An Suong), dai 15.5 km, di qua 39
tram dung. Nghién ciu tap trung phén tich 7
tram dung chinh theo bang 1.

Cac diéu tra vién cd sb luong 3 — 5
ngudi & lién tiép trén cac xe buyt di tir bén
xe Cho Lon dén bén xe An Suong. Sau dé tir
bén xe An Swong, cac diédu tra vién s& lai tiép
tuc di xe 66 vé lai bén xe Cho Lén dé hoan
thanh mot chu ky van hanh kéo dai trung
binh khoang mot gio. Mau dir liéu duoc thu
thap bao gém thoi gian xuit bén, cap bén,
thoi gian dén cac tram, luong hanh khéch 1én
xudng tai cac tram, thoi gian dirng tai cac
tram trong mot chu ky. Thoi gian diéu tra tir
14h — 20h tir ngay 22/04/2019 dén ngay
20/5/2019. Trong thoi nay, c6 mot sé ngay
khdng thu thap sé liéu do thoi tiét mua. Tong
cong, nghién cau thu thap 265 mau theo
huéng bén xe Cho Lén — bén xe An Suong
va 100 mau ghi nhan theo hudng bén xe An
Suong — bén xe Chg Lén. Ngoai ra, nghién
ctru ciing di phong vén tai xé, nhan vién nha
diéu hanh dé co cac thém théng tin nhu bang
thoi gian xuit bén, cach didu khién xe buyt
khi gap un tac giao théng, hinh thuc xir ly khi
vé bén tré.

Bdng 1. V; tri cac tram chinh cua tuyén xe buyt s6 66.

Khodang cach

STT Tén tram gitra hai tram
(m)
1 Bén xe buyt Cho Lén 2010
2 Bénh vién Chg R?ly 300
3 | Coopmart Ly Thuong Kiét 3040
4 Chg Tan Binh 3690
5 Cho V6 Thanh Trang 2440
6 KCN Tén Binh 4020

7 Bén xe An Suong

Nguén.Nhém tac gid.

3.3. Dy bao tham sé ciia md hinh

3.3.1.M6 hinh thai gian di chuyén
gitra hai tram

Thoi gian di chuyén gitra hai tram 1a thoi
gian xe di chuyén tr tram chinh nay sang
tram chinh tiep theo va khong bao gom thoi
gian dung tai cac tram, dugc thong ké theo
bang 2.

Do dic diém cua tuyén 66 ta dang xét di
qua hai doan duong Ly Thuong Kiét va
duong Truong Chinh c6 luu lugng giao
thong thay ddi 16n vao gio cao diém nén céc
sb lieu thu thap co6 do Iech’chuan kha l6n. Do
do, ta can chia nho céc so liéu trén theo cac
khoang thoi gian trong ngay dé xem xét anh
huong cua un tic giao thdng. Két qua du bao
tham s6 thé hién & bang 3.

Nhu véy, phuong trinh hdi quy tuyef:n
tinh (1) va (2) du béo thoi gian di chuyén
gitra hai tram chinh theo hai huéng nhu sau:

Hudéng Cho Lon — An Suong:

RT = A1(73.3+0.1071kc+41.36dgt+31)
+A, (62+O.1014kc+46.45dgt+52) 1)

+A3(—27.196+0.1507kc+38.82dgt+53)

+A, (—23.59 +0.177kc + 27.73dgt + 84)

Trong d6, RT 14 thoi gian di chuyén gita

2 tram (s), ke 1a khoang cach 2 tram (m) va
dgt 12 s6 luong dén tin hiéu giao thong gita
hai tram va céc sai s6 ngau nhién tim duoc 12
€1~N(0,103.5), e2~N(0,81.2), e3~N(0,74.2),
¢4 N(0,67.4). Néu thoi gian xét tir 14h — 16h
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thi cac bién gia (dummy variable) nhan gia
tri Av= 1, A2 = 0, Az = 0, As = 0, néu thoi
gian xét tr 16h - 17hthiA1 =0, A2 =1, A3 =
0, A4 = 0, néu thoi gian xét tir 17h dén
18h30: A1 =0, A2 = 0, Ag = 1, A4 = 0, néu

Néu thoi gian xét trude 17h thi Ag = 1,
Az = 0, néu thoi gian xét sau 17h thi Aq = 0,
A2 = 1. Cac hé sb c6 gia tri tim thay 1a
€1~N(0,94.1), €2~N(0,102.39). Bang 3 cho

thoi gian xét tir 18h30 dén 20h: A1 =0, Az =
0, A3 = 0, A4 = 1.Huéng An Suong — Cho

Lon:

thiy cac bién khoang cach va bién dén giao
thong déu c6 y nghia théng ké dua trén két
qua kiém dinh t-test véi gié tri t-Stat nam ¢
muc ¥ nghia 5%. Ngoai ra, hé s6 quyét dinh
R-Square déu 16n hon 0.788 cho thdy do phu

RT = A, (~15.68+0.068Kc +89.60dgt + £ )

()

+A,, (~3.06+0.063kc +96.24dgt + £, )

Bdng 2. Thong ké mo ta thoi gian di chuyén cia xe buyt giia cac trgm chinh.

hop caa mé hinh 13 kha tét.

Tram chinh Trung binh | Phuong sai Téi thidu Tbi da
' (s) (s) (s) (s)

Huwéng Che Lén — An Swong (265 méu)

BV Chg Ry 433 105 213 639
Coopmart LTK 97 41 27 223
Cho Tan Binh 658 71 522 862
Cho V46 Thanh Trang 746 67 519 917
KCN Tan Binh 550 105 275 811
An Suong 713 127 475 947
Huéng An Swong — Chg Lén (100 maiu)

KCN Tan Binh 527 87 417 699
Cho V6 Thanh Trang 707 108 434 825
Chg Tan Binh 731 107 600 953
Coopmart LTK 700 133 403 864
BV Cho Ray 128 46 46 218
Bén xe Chg Lon 436 48 355 556

Nguon.Nhom tac gid.

Bdng 3. CAc hé s6 ciia phirong trinh hoi quy thoi gian di chuyén.

Thoigian | Const | t-Stat | Khodngcich | t-Stat | Peén | t-Stat | R-Square Sté‘?fjrrd
Hudéng Chg Lén — An Swong

14h - 16h 73.30 6.09 0.1071 15.81 41.36 8.67 0.7882 103.51

16h - 17h 62.00 2.99 0.1014 9.66 46.45 5.80 0.8634 81.24
17h-18h30 | -27.20 | -3.42 0.1507 37.78 38.82 37.78 0.9154 74.22
18h30-20h | -23.59 | -1.84 0.1770 9.59 27.73 9.59 0.9161 67.44
Hudéng An Swong — Chg Lén

14h - 17h -15.68 | -1.03 0.0681 6.10 89.60 15.17 0.8294 94.11

17h - 20h -3.06 | -0.18 0.0627 5.17 96.24 14.98 0.8141 102.39

Nguén.Nhém tac gid.
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Bdng 4. Thong ké thoi gian dimg tai trgm cua tuyén 66.

: x Trung binh Phwong sai Téi thiéu Téi da

S0 mau
(s) (s) (s) (s)
13105 5.52 8.37 0 65
Nguon.Nhom tac gid.
Bdng 5. CAc hé s Ciia phurong trinh hoi quy thoi gian dang tgi tram.
Const t-Stat S6 khach Ién t-Stat | S6 khach xuéng | t-Stat | R-Square
0.099235 3.4340 3.7760 234.25 3.7600 203.82 0.8943

Nguon.Nhém tac gia.
Bdng 6. So hanh khach trung binh tai méi tram chinh va tram phu.

Tram 14:00 - 15:00 15:00 - 15:30 15:30 - 16:00
(Bom vi: ngui) chion | phe | choh | phe | chish | phe
Bén xe Chg Lén 7.37 0 7.46 0 10 0
BV Chg Riy 7.93 2.03 8.65 2.13 8.17 2
Coopmart LTK 4.63 0 571 0 8 0
Cho Tan Binh 1.66 6.56 2.03 7.41 1.17 6.33
Cho V0 Thanh Trang 1.57 8.67 1.32 5.32 1.05 4.73
KCN Tén Binh 1.13 1.56 0.88 1.96 0.63 2.15
An Suong 0 0 0 0.14 0 0.38
16:00 - 16:30 16:30 - 17:00 17:00 - 17:30
Tram Tram Tram Tram Tram Tram
chinh phu chinh phu chinh phu
Bén xe Chg Lén 6.71 0 8.19 0 7.84 0
BV Chg Riy 9 1.67 6.43 1.57 5.64 1.78
Coopmart LTK 4.33 0 4.28 0 2.96 0
Chg Tan Binh 1.25 6.25 2 5 2.02 7.26
Cho V0 Thanh Trang 2 3.43 35 5 1.86 6.14
KCN Tén Binh 0.57 1.43 0 2 0.31 2.38
An Suong 0 0.18 0 0.4 0 0.13
17:30 - 18:00 18:00 - 18:30 18:30-19:00
Tram Tram Tram Tram Tram Tram
chinh phu chinh phu chinh phu
Bén xe Chg Lén 6.65 0 4.86 0 3.33 0
BV Chg Riy 3.89 1.41 2.2 0.83 1.66 0.79
Coopmart LTK 2.36 0 2.38 0 2.55 0
Cho Tan Binh 1.95 7.18 0.77 5.39 0.59 5
Cho V0 Thanh Trang 1.31 6.18 1.14 4.66 0.68 5.73
KCN Tén Binh 0.5 2.5 0.5 2.59 0.31 2.72
An Suong 0 0.24 0 0.08 0 0.11
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19:00 - 20:00
Tram Tram
chinh phu
Bén xe Chg Lén 0 0
BV Cho Ray 0 0
Coopmart LTK 25 0
Cho Tan Binh 111 7.11
Cho V46 Thanh Trang 0.96 481
KCN Tén Binh 1.03 1.97
An Suong 0 0.06
14:00 - 17:00 17:00 - 20:00
Tram Tram Tram Tram
chinh phu chinh phu
Bén xe An Swong 8.06 0 54 0
KCN Téan Binh 3.36 2.6 2.18 1.04
Cho V46 Thanh Trang 1.72 2.68 0.46 1.54
Cho Tan Binh 1.36 4.36 0.86 2.08
Coopmart LTK 0.44 5.7 15 0.8
BV Cho Ray 33 0 0 0
Bén xe Chg Lén 0 0 0 0
Nguén.Nhém tac gid.
(%) (%)
100 100
90 90
80 ao
70 70
&0 60
50 ® Tram chinh 50 B Tram chinh
40 o Tram phy 40 B Tram phy

L
o o o
=

Bén xe An Swomg
KCN Tén Binh

Chg V& Thanh Trang
Chy Tan Binh
Coopmart LTK

BV Cho Ray

Bén x2 Chy Lén

T
o o
—l

KCN Tin Binh
Chg Tan Binh
Coopmart LTK
BV Chy Ray
Beén xe Chy Lén

Bén xe An Suwomg

Cho V& Thinh Trang

Hinh 1. Phan tram hanh khéch xuong xe tuyén 66 tir hai hwong.
Nguén.Nhém tac gid.

3.3.2. M6 hinh thoi gian dirng tai tram

Xe buyt ding tai tram dimg dé don tra
khach. Néu khong c6 hanh khach thi xe buyt
s¢ khong dung. So liu thong ké thoi gian
dung tai tram thé h’ién Y bang 4. Gia tri du
bao cua cac tham so the hién ¢ bang 5. Nhu
vay, phuong trinh hoi quy tuyén tinh (3) du
bao thoi gian dung tai tram la:

DW =0.099+3.776*on+ 3.76 * off (3)

Trong d6, DW la thoi gian dung tai mot
tram/phan doan (s), on la lugng khach 1én xe
tai tram/phan doan, off 1a lugng khach xudng
xe tal tram/phan doan.

Phuong trinh trén phu hop véi diéu kién
thuc té 1a xe s& khong dung khi khéng c6
hanh khach 1én hozc xudng vi hing sé Const
ctia phuong trinh 1a 0.099, tirc 14 gan nhu xe
sé khong dung vi thoi gian qua bé. Bang 5
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cho thay céc bién s hanh khach 1én va bién
s6 hanh khach Xuong déu co y nghia théng ké
dya trén két qua kiém dinh t-test véi gia tri t-
Stat na[n trong muc y nghia 5%. Ngoai ra, hé
so quyet dinh R-Square bang 0.894 cho thay
d6 phu hgp ctia mé hinh la rat tot.

3.3.3. M6 hinh nhu cau hanh khéach téi
tram

Trinh ty tinh to4n md hinh nhu cau hanh
khach tgi tram duoc thuc hién nhu dudi day:

- Dua trén s hanh khach 1én xe tai mdi
tram chinh va tram phu (bang 6), ta tinh
lugng hanh khach Ién xe trung binh tai moi
tram trong tirng khoang thoi gian;

- Hanh khach dén tram dugc gia dinh
tuan theo quy luat phan phoi Poisson. Dung
phan phoi Poisson véi tham s6 dau vao la so
hanh khach trung binh tai "m()i tram
chinh/tram phu theo thoi gian dé xac dinh
lugng hanh khéach [én xe;

- Tinh toén hanh khach xudng xe bang
cach nhén lugng hanh khach ngoi trén xe khi
xe den moi tram chinh véi phan trdm so hanh
khéch xuong xe (hinh 1).

3.3.4. M0 hinh thai gian dirng tai bén

Tir két qua phong van véi don vi diéu
hanh tai tram cudi, nghién ctru xac dinh quy
tac tinh thoi gian xuat bén cua xe nhu sau:

- Khi xe buyt vé bén s& duoc ghi nhan lai
thoi gian vao beén;

- Nhan vién diéu hanh s& dya vao thoi
gian vao bén cua xe d€ danh gid xe den som
hay tré so vai khoang thoi gian di chuyén
quy dinh la 55 phat;

- Néu xe dén som thi cho xe doi cho du
55 pht, roi dua vao bang thoi gian xuat ben
cua tuyen dé chon thoi gian xuat ben gan
nhat cho xe;

- Néu xe dén tr& thi chon thoi gian xuat
ben tiep theo gan nhat cho xe. Néu thoi gian
xuat bén duoc chgn ng}ly d§ ¢o xe xuat beén thi
chon thoi gian xuat bén tiep theo.

4. Phén tich bunching

4.1. Mé phéng céc loai nguyén nhan
bunching

Nghién ctu tién hanh mé6 phong hoat
dong cua xe buyt 66 tir 14h dén 20h. Dya vao

md hinh di trinh bay ¢ muc 3, c6 hai bién
ngau nhién dugc dwa vao méd hinh: 1) Bién
ngau nhién & mo hinh nhu cau hanh khéch:
bién nay thé hién luong hanh khach dén tram
A& ngidu nhién va tudn theo phan phdi
Poisson; 2) Bién ngau nhién ¢ md hinh du
bao thoi gian chay gitra hai tram dung: bién
nay dugc hiéu 1a yéu té ngau nhién cua sy
thay d6i tinh trang giao théng do anh huong
tin hiéu dén, luu lugng giao thong thay doi
theo gid, su khac biét cua hanh vi diéu khién
xe cua tai xé. Hai bién ngiu nhién nay lam
thay ddi thoi gian di chuyén caa xe trong mo
hinh, 1 nguyén nhan co ban dan dén tinh
trang bunching. Do d6 ta cd thé phan loai
nguyén nhan bunching thanh hai loai:

- Bunching do nhu ciu hanh khéach qué
I6n; ¢6 nhiéu hanh khach dén tram, xe s& mat
nhiéu thoi gian trong viéc dimg doi hanh
khach 1&n xuéng tram dan dén cham tré trong
thoi gian hanh trinh cua xe;

- Bunching do tac dong cua giao thong
xung quanh: cac yéu té giao thong ciing anh
huéng dén thoi gian di chuyén caa xe buyt,
duong thong thoang it xe, cac xe sé dé dang
di chuyen hon va nguoc lai. bac biét vao gio
cao diém, luu luong giao thong ting rat nhiéu
dan dén tinh trang ket xe.

Pé kiém tra hai loai nguyén nhan
bunching & trén, nghién ciru chay md phong
theo hai kich ban. Kich ban 1 1a ¢é dinh hanh
khach chay dé md phong bunching xay ra do
tac dong cua giao thong xung quanh. Kich
ban 2 14 c¢b dinh thoi gian chay dé mé phong
bunching xuat hién do nhu cau hanh khéch
qua l6n. O day, mdé phong Monte Carlo
Simulation dugc thuc hién 200 lan véi diéu
kién c6 dinh hanh khach va thém 200 lan véi
diéu kién cb dinh thoi gian chay. Tur két qua
ctia 200 lan mé phoéng, thuc hién dém sé lan
bunching (headway bang 0) dé xem nguyén
nhan nao gay ra nhiéu lan bunching hon.
Ngoai ra, ta s& tinh ra do léch chuan
(standard deviation) cua headway theo thoi
gian dé danh gia mirc d6 dé xay ra bunching.

Bang 7 thé hién s lan xay ra bunching
trong 200 lan chay mé phong cho ting
truong hop. Két qua cho thdy sé lan
bunching trong truong hop cb dinh hanh
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khéch 1a 71 1an, 16n hon rat nhiéu so voi
truong hop ¢ dinh thoi gian di chuyén la 1
lan. So sanh do léch chuan cua headway tai
hinh 2, ta thay rang trong truong hop ¢é dinh
hanh khach, d6 léch chuan headway khé 16n,
trung binh khoang 2 phut 30 giay va dao
dong véi bién do rong, tir 1 phat 26 gidy dén
3 phat 46 giay. Trong khi do, trong truong
hop ¢b dinh thoi gian di chuyén, do léch
chuan headway kha nho, trung binh khoang
30 gidy va dao dong vai bién do hep, tur 15
gidy dén 52 gidy.

Tur két qua phan tich ¢ trén, ta két luan
rang nguyén nhan chu yéu gay ra bunching &
tuyén xe buyt nay la do 0n tic giao thong lam
thoi gian di chuyén cua xe buyt bi tré. So
séanh véi nghién ciu trude day [5] két luan
rang nguyén nhan gay ra bunching la do 0n
tac giao thdng va khién xe bi cham tré trung
binh khoang 2 - 4 phut, ta c6 thé thiy két qua
ndy gidbng voi truong hop xe buyt tai
TP.HCM.

Bdng 7. So lan bunching khi chay md phong 200 lan.

Phuwong phap S6 lan bunching
khi chay 200 lan
Co dinh hanh khach ‘ 71
Co6 dinh thoi gian di chuyén 1
Nguon.Nhom tac gid.
_% 0:04:19
; 0:03:36
Enn) 53
3
200210 :
gnm 26
%0 00:43
0:00:00
14:00 15:00 16:00 17:00 18:00 19:00

Miic thiri gian (glicphit)
(a) Truong hep cé dinh hanh khach.

0:01:00

B ]crh(huin il e adw ay e phi i)
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0:00:17 /

0:00:09

0:00:00
14:00 15:00 16:00 17:00 18:00 19:00
Moc thiri gian (gissphn)

(b) Truong hop cé dinh thoi gian di chuyén.
Hinh 2. H¢ léch chuan cia headway theo thoi gian
trong ngay (14:00 - 19:00).
Nguén.Nhém tac gid.

4.2. M6 phong phwong phap loai trir
bunching

Do céch thu thap sé liéu cua nghién ctu
nay la ghi nhan thoi gian xe buyt dén tram,
giong vai bién phap co dinh thoi gian gian
cach cua Daganzo [2] nén nghién ctru s€ ap
dung bién phép diéu khién nay vao mé phong
hiéu qua loai trir bunching.Trong mé phong
nay, thoi gian di chuyén gitra hai tram s&
duoc diéu khién theo nguyén tic: 1) Khi thoi
gian gian cach nho hon, xe buyt dugc danh
gia 1a di qua gan xe chay trudc va s& ding
lau hon thoi gian quy dinh; 2) Khi thoi gian
gidn cach 16n hon, xe buyt ding ngan hon
thoi gian quy dinh. M6é hinh thoi gian ding
tai tram, mo hinh nhu ciu hanh khach toi
tram van duoc giit nguyén. Luu y rang khi
cac xe gap hién tuong bunching van tiép tuc
di chuyén binh thuong. Riéng mé hinh thoi
gian dirng tai bén duoc xem xét nhu sau:

- Truong hop mo hinh cii: gitr nguyén
thoi gian dung tai bén cubi gidng nhu thuc
té. Tuc 1a thoi gian xuat bén da duoc 1én lich
trudc cho mdi xe. Néu xe vé tram tré va bi 15
chuyén xuat phat tiép theo cua né thi chuyén
d6 s& bi loai ra khai lich trinh va xe xuét phat
& lich trinh tiép theo. Piéu nay lam cho céc
xe buyt xuat phéat khong lién tuc theo thoi
gian;

- Trudong hop md hinh maéi: dé xuat céc
xe buyt s& xuit phat lién tuc véi khoang cach
thoi gian 5 phit. Co nghia 1a khi xe vé& bén
tré thi lubn c6 xe khac thay thé xuit phat
dung gio. Xe thay thé cd thé Ia xe du phong
hoic xe vé tré va dang cho xép lich.

Hinh 3 cho thay trong truong hop md
hinh cii, d léch chuan headway khi ap dung
bién phép loai trir bunching (thuc hién diéu
khién) cao hon do léch chuan khi khdng thuc
hién diéu khién vao gio cao diém, nhung lai
thip hon vao gio thap diém. Khi tinh gia tri
trung binh d6 léch chuan cho toan bo thoi
gian mé phong, viéc thuc hién diéu khién s&
lam tang gia tri do léch chuan tir 3 phat 4
gidy 1én 3 phat 19 gidy. Trong truong hop
md hinh méi, d6 léch chuan caa headway khi
c6 diéu khién déu thap hon khi khéng diéu
khién. Do léch chuan headway trung binh
téng thé da giam tir 2 phat 59 gidy xudng con
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2 phuat dugc 9 giay, tic la giam 56 giay. Gia
tri ndy c6 nghia 1a mdi hanh khach s& tiét
kiém thoi gian doi khoang gan 1 phat. Con
s6 nay tuy nho déi véi timg nguoi di xe buyt
nhung s& rat Ion néu tinh cho téng nguoi di
xe buyt trong 1 nim. Két qua mo phong da
chung t6 moé hinh mai véi viéc duy tri xe
buyt xuat phat lién tuc tai bén xuat phat s&
giup bién phap loai trir bunching co hiéu qua.
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b) M6 hinh mdi.

Hinh 3. B¢ léch chuén cua headway khi khong hoac
¢6 thuc hién diéu khién loai trir bunching.
Nguén.Nhém tac gia.

4.3. Hwéng din diéu khién xe buyt
loai trir bunching

Pé trién khai phuong phap diéu khién
loai trir bunching vao thuc té can sy phdi hop
hoat dong diéu khién giita nha diéu hanh va
tai xé xe buyt. Cu thé nhu sau:

Nha diéu hanh

- Xac dinh vi tri cac tram chinh trén
tuyén xe buyt. Tiéu chi dé xac dinh tram
chinh 14 ¢ nhu cau hanh khach Ion va céc xe
buyt thuong ding tai tram nay dé don tra
khach;

- Céc tram chinh can duoc trang bi céc
cam bién ghi nhan chinh xac thoi gian dén
tram cua xe. Dwa vao thoi gian dén tram cua

xe dbi twong va thoi gian dén tram cua xe
phia trudc, hé théng s& tinh toan ra thoi gian
di chuyén dén tram chinh ké tiép dua theo
phuong phap diéu khién loai trir bunching.
Thoi gian nay duoc thong bao trén man hinh
diéu khién caa xe buyt;

- Tai bén xe, cac xe duoc sap xép xuit
bén lién tuc. Néu cd xe buyt vé bén tré, can
bé tri xe thay thé xuat phat dé khéng lam
gian doan viéc xuat phat lién tyc.

Tai xé xe buyt

-Tai xé s& dua trén thoi gian di chuyén
thong bao tir nha diéu hanh dé didu khién xe
dén tram chinh ké tiép. Néu xe dén tram
chinh ké tiép sém hon thoi gian thdng béo,
xe can dung tai tram ké dén hét thoi gian.
Néu xe dén tré hon so véi thoi gian thdng
bdo, xe s& dung lai tram dé don tra hanh
khach binh thuong, rdi tiép tuc di chuyén dén
tram ké theo thoi gian thong béo;

- Tai xé s& nhan duoc thoi gian xuét bén
va duoc yéu cau xuat phat ding gid nham
dam bao thoi gian gidn cach cua cac xe xuat
bén la giéng nhau.

5. Két luan

Nghién ctru da xay dgyng md hinh mé
phong loai trir hién tugng bunching cua xe
buyt gom: 1) M hinh thoi gian di chuyén
gitra hai tram; 2) M0 hinh thoi gian dung tai
tram; 3) M6 hinh nhu cau hanh khach va 4)
M6 hinh thoi gian dung tai bén. Dit liéu dé
du béo cac tham sé caa md hinh md phong
duoc thu thap trén tuyén xe buyt 66 Bén xe
Cho Lén — Bén xe An Swong trong thoi gian
hoat dong tir 14 gid dén 20 gio.

Két qua mé phong cac loai bunching cho
thiy c6 hai nguyén nhan chu yéu anh huéng
dén thoi gian di chuyén cua xe buyt, dan dén
hién twong bunching d6 1a: 1) Yéu t6 ngau
nhién cua su thay ddi s lugng hanh khach
dén tram dung va 2) Yéu té ngiu nhién cua
su thay doi tinh trang 0n tic giao thdng. Yéu
t6 ngau nhién caa nhu cau hanh khac co it tac
dong dén bunching. Trong khi d6, yéu tb
ngau nhién trong giao thong co tac dong
manh dén viéc gay ra bunching trong hoan
canh giao thdong cua TP.HCM.
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Két qua mo phong phuong phap loai trur
bunching cho thay bién phap cb dinh thoi
gian gian cach dat hiéu qua loai trur Jbunching
chi trong diéu kién cac xe buyt xuat phét tai
bén mot cach lién tuc va khoang cach gidn
cach cua cac xe xuat bén 1a gibng nhau.
Trong truong hop tuyén xe sé 66, nghién cau
da dé& xuat md hinh cac xe buyt s& xuat phat
lién tuc véi khoang cach thoi gian 5 phat.
Két qua md phong cho thiy bién phap nay
gilp mdi hanh khach di xe buyt tiét kiém
duoc 56 gidy khi cho xe tai tram.

Nghién ctu dua ra goi y huéng dan diéu
khién xe buyt dé loai trir bunching. Khi mot
xe buyt dén tram chinh nao do, tai xé s& nhan
duoc thong bao thoi gian di chuyén dén tram
chinh ké tiép va diéu khién xe buyt chay theo
thoi gian ndy. Néu dén tram sém, tai xé phai
dirng & tram cho cho dén hét thoi gian thdng
bao rdi méi dugc tiép tuc di chuyén. Néu dén
tram tré, tai xé can xuat phat ngay sau khi
hanh khach da 1én xudng xe. Tai bén xuét
phat, can duy tri cac xe xuat phat lién tuc va
giir thoi gian gidn cach déu nhau.

Nhitng vin d& han ché trong nghién ctu
nay la chi thu thap dir liéu céc xe di chuyén
trong khoang thoi gian 14 gio dén 20 gio.
Nghién ctru nay di bo qua khung gio budi
sang va trua nén khong khai quat duoc hét
hoat dong cua xe buyt trong mot ngay. Ngoai
ra, nhu cau hanh khach dén tram thay doi lién
tuc theo thoi gian nén dit liéu can duoc thu
thap lién tuc dé dwa ra két qua gan véi thuc té
hon. Hon nita, viéc thu thap dit liéu van con
thi cong nhu xem dong hd va ghi chép bing
tay (dong ho cia mdi nguoi c6 thé chénh
léch vai _giay) nén khdng thé tranh khoi viéc
c6 sai s6 trong viéc ghi nhan s6 liéu. Do chi
thu thap duoc dit liéu ¢ cudi thang 4 va dau
thang 5 nén khong thé bao quat tat ca luong
nhu cau hanh khéach. Luong hanh khach cha
yéu caa tuyén 1a hoc sinh sinh vién s& thay

d6i theo cac khoang thoi gian trong nim
(nghi he, I€, Tét: hoc sinh sinh vién sé it sur
dung xe buyt). Vi vay nghién ciu can duoc
Mo rong trong tuong lai dé giai quyét cac van
dé han ché néu trénd
Tai ligu tham khao
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