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ABSTRACT

The first Bus Rapid Transit system finally openadDecember 31, 2016, ten years after the planntagetl.
With funding and consultant of the World Bank, Bapid Transit was expected to be a solution toestiaffic jams in
Hanoi. However, its services operate inefficiemtlyHanoi. It has failed to fulfill 50% of its desigd capacity two years
after its debut. Although Bus Rapid Transit waseased to be a failure, it still has some influeaneHanoi traffic. This
paper will compare the changes in traffic flow brefand after operating on Bus Rapid Transit in Hatiloough two

surveys was done in front of two Bus Rapid Trastaiions.
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INTRODUCTION

As in other developing cities, now Hanoi must de&h many problems such as disorderly urbanizey triaffic
jam, popular explosion, etc.... In recent years, Hénas undergone periods of rapid development aodrhr driven by
restructuring of the economy in which transportnis exceptional. The number of vehicles has beereasing in
accordance with travel demand, causing chaoticedixaffic in Hanoi that creates traffic congestiancidents, air, and
noise pollution looming large. The number of moyates has been increasing rapidly, from 1 milliarthe late 1990s to
over 5.2 million today. Hanoi will have 6.1 milliomotorbikes by 2020, 7 million by 2025 and 7.5 ioill by 2030.
Motorbikes are the most popular means of transfariocals. As the city’s population soars, the fnemof private
vehicles in operation has continued to rise rapitlgwever, as the number of motorbikes has beereasing more
rapidly, it has become one of the major reasonstfaific jams and pollution. To solve this probleiietnam’s
Government decided the Bus Rapid Transit systearsiglution. With low-cost investments in infrasture, high capacity,
friendly in the environment. Bus Rapid Transit ipected to be an effective transport solution ttuog construction for

big urban areas in Vietnam nowadays. In 2030-20&sten plan and vision, Hanoi will have 8 Bus Rapinsit routes.

The Hanoi Bus Rapid Transit (Hanoi BRT) projectoise of the components of the Hanoi Urban Transport
Development Project (HUTDP) that was approved keyHanoi People’s Committee in Decision 183B/QBND dated
May 10, 2007 and funded by the World Bank. The HBPT®as originally approved by the World Bank boandJaly 3,
2007, with the original closing date of Decembey 3113. Hanoi BRT has been opened to traffic oneldaer 31, 2016,

more than 12 years since it was planned by domastidoreign experts, especially those from thelévBank. Currently,

WWw.iaset.us editor @ aset.us



8 Nguyen Trong Dung & Yoshitaka Kajita

Hanoi BRT operates inefficiently in Hanoi. It hasléd to fulfill 50% of its designed capacity twears after its debut. In
2018 to September, the Hanoi BRT project had seany93,000 trips made with more than 3.7 mill@mmmuters. That

means it served an average of 40 passengersmewtile the standard capacity is 90 passengersiper

The city had designated specific lanes for Hanol Bieses, but their speeds failed to meet standardsoften
caused traffic congestion during peak hours (Figuréhe BRT project will likely incur continual less if it maintains the
current pace of operation.

Figure 1: Hanoi Brt Buses are Unable to Move Fast @ring Peak Hours

(Source:http://bsig vietnamnet.vn/fms/society/170657/hanoi-brt-soflides-with-car.html)

Although Bus Rapid Transit was assessed to bewadait still has some influence on Hanoi traffithis paper
will compare the changes in traffic flow before after operating on Bus Rapid Transit in Hanoi thylo two surveys was
done in front of two Bus Rapid Transit stations.

METHOD
Data Collection

The videos of the actual traffic situation wereamged at the chosen locations in three differametperiods
before and after operating Hanoi BRT.

Analysis

The video data will be extracted to frames, andhftbe analysis with each frame, the input datallected.After

having the input data, some functions are usedadyais comparison traffic situation in each case.

Impact Factor (JCC): 4.8623 NAAS Rating 3.17



The Changes of Traffic Flow on First Bus Rapid Transit Routein Hanoi, Vietham 9

Table 1: Overview of Survey

Contents
September 2016 and February 2017
Time Survey time period: morning,

afternoon, evening
No. 17 station (separated traffic)
No. 21 station (mixed traffic
2016: before operating Hanoi BRT
2017: after operating Hanoi BRT

Location

Survey Location

Two locations were chosen to record videos (Fi@)rd hese are high traffic density locations onBfI route -

a major route linking the Western area to the eldter of Hanoi:
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Figure 2: Survey Locations on Hanoi BRT Route (Sowe: Http://Www.Hanoibrt.Vn )

Location 1: In front of No. 17 station (Hoang Dabuy station) on Le Van Luong street.Le Van Luongestis
1,52km long. This is a new street, a “Golden” spbHanoi, under the new-innovation of infrastruetuclose to lots of
new urban areas Modern systems of services, scHumipitals. Le Van Luong street is three lanes.rd&e operational

Hanoi BRT design in this street is separated fromeiovehicles (Figure 3).
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10 Nguyen Trong Dung & Yoshitaka Kajita

Figure 3: In Front of No. 17 Station on Le Van Luomg Street

Location 2: In front of No. 21 station (Nui Tru@dbn) on Giang Vo street.

Giang Vo street is 1,5 km long. Many schools, comgs and stores are gathered in this area. Giargreet is
three lanes road. The operational BRT design midtieet is mixed traffic with other vehicles (Fig4).

Figure 4: In Front of No. 21 Station on Giang Vo Seet

Survey Time Periods

The videos were created at three different perigdsning, afternoon, evening on September 2016Fafuiuary
2017. September 2016 was three months before H&loiBame into operation, February 2017 is two moratfier
HanoiBRT came into operation.

In the morning: Almost schools and companies agubeat 8 a.m. Therefore, the morning is the peak<o
period. It takes place from 6:30 a.m. to 8:30 & he videos were recorded from 7:00 a.m. to 7:30 a.m

In the afternoon: This is not peak hours; traffidume is low. All the traffic vehicles can run wiiee speed. The
videos were recorded from 0:00 p.m. to 0:30 p.m.

In the evening: The activities of companies andsthfinish at about 4:30 p.m. Therefore, thislsdhe peak
hours period. Peak hours period takes place fr@@ p:m. to 7:00 p.m. The videos were recorded f50®0 p.m. to 5:30
p.m.

Impact Factor (JCC): 4.8623 NAAS Rating 3.17



The Changes of Traffic Flow on First Bus Rapid Transit Route in Hanoi, Vietham 11

Data Collection
The video data will be extracted to frames in &Orfes per minute.
Collecting data from analyzing each frame

A camera records a line segment of length (L), ipesiod (t), the number of vehicles traveling iratthine
segment in one direction is (n), the time eachalelgoes through that line segment is (ti) (FidkireAverage speed by the
time is calculated by the formula:

. ¢ >
Figure 5: Analyzing Extracted Frames to Collect Inut Data

Data Analysis

After having the input data, some functions areduseanalysis comparison traffic situation in eaase.The
probability density function is used to show theesh of motorcycles and cars.In probability theargrobability density
function, or density of a continuous random vaeab$ a function whose value at any given sampiep(nt) in the
sample space (the set of possible values takeheébsahdom variable) can be interpreted as providingjative likelihood
that the value of the random variable would eqgbal sample. The probability density function isdise specify the
probability of the random variable falling withinparticular-range of values. This probability iz by the integral of
this variable's PDF over that range.

Maxwell-Boltzmann distribution is used to show datienship between density and speed of motorcycles
Maxwell-Boltzmann distribution was first defineddansed for describing particle speeds in idealigases, where the
particles move freely inside a stationary contaiwihout interacting with one another, except ferybrief collisions in

which they exchange energy and momentum with ettedr or with their thermal environment.

In Figure 6, when a temperature is low (a = 1),rtiean of particle speeds is low, and their varidacmall. As
temperature progressively increases (a = 2, a =& Sglient transition is that both the mean andvtréance of particle
speeds increase accordingly. This is the relatipnisétween temperature and speed of a particlasegthat is captured

by Maxwell-Boltzmann distribution.
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Similarly, if considered a means of transport igaaticle, we can see idealized gases and vehaflécthave the
feature in common. When a temperature/density blri@volves, the distribution of the particle speelicle speed
variable changes accordingly. However, the chamgedraffic vehicle are opposite to a particle. &tdensity (k) is low,

a speed of a vehicle (v) will be fast. And whengignis higher, speed will become slower.
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Figure 6: Maxwell-Boltzmann Distribution (Source: Https://En.Wikipedia.Org)
RESULTS
Location 1: In front of No. 17 station (separateadfic)
The collected data about traffic volume of eachiclehin location 1 was shown in table 2:

Table 2: The Traffic Volume of Each Vehicle beforeand After Operating Hanoi BRT in Location 1(Units/30 Minute)

Vehicle classification| Bicycle | Motorcycle | Car Regular bus | BRT | Total
Morning Before 32 7,935 1,560 10 - 9,537
After 42 4,753 465 9 8 5,27|7
Afternoon Before 12 1,980 630 14 - 2,636
After 82 2,381 677 6 6 3,152
Evening Before 85 3,540 570 18 - 4,213
After 190 4,284 480 8 6 4,968

Before operating Hanoi BRT, motorcycles are themtiaffic vehicle in traffic flow. In the morningnotorcycles
occupy 83.2% of the total number of vehicles (7,888s), 48 times than the number of bicycles (B&s), and 5 times
the number of cars (1,560 units). In the afternaod evening, the number of motorcycles decreaseslglthan the
morning, but motorcycles still dominate in traffiow. In the afternoon, the number of motorcyclél sccupy 75.11% of
the total number of vehicles (1,980 units), 165esmhan the number of bicycles (12 units), and 3ités than the
number of cars (3,540 units). In the evening - Ehewat time, the number of motorcycles occupies 8%({3,540 units),
41.6 times than the number of bicycles, 6.2 tirhes tthe number of cars (Table 2).

Impact Factor (JCC): 4.8623 NAAS Rating 3.17



The Changes of Traffic Flow on First Bus Rapid Transit Route in Hanoi, Vietham 13

After operating Hanoi BRT, the composition of trafflow changes clearly. In the morning, althougbtancycles
still dominate in traffic flow 90% (4,753 units),L3 times than the number of bicycles (42 units)22Gimes than the
number of cars (465 units). But the number of mottoles is 0.6 times than before operating Hanoi B&RT53 units). In
the afternoon, motorcycles occupy 75.5% of thel tat@nber vehicles (2,381 units), 29 times thanrthmber of bicycles
(82 units) and 3.5 times than the number of carg (its). In the evening, motorcycles occupy 8@%2&4 units), 22.5
times than the number of bicycles (190 units),tBr@s than the number of cars (480 units) (Figuré & 9).

o

Before After
mBicycle ®mMotorcycle ®Cz wRegularbus  wBRT bus

Figure 7: The Vehicle Composition Before and AfteOperating BRT in the Morning (Location 1)

&0

Befors After

mBicycle whdotorcycle ®Car wmRegulerbus  wBRTbus

Figure 8: The Vehicle Composition Before and AfteOperating BRT in Afternoon (Location 1)
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13.33%

Before After
mBicycle ®Motorcycle ®Car ®Regularbuz @ BET bus
Figure 9: The Vehicle Composition Before and AfteOperating BRT in Evening (Location 1)

Base on Figure7, 8 & 9, we can see that after ¢sipgr&danoi BRT the change of cars opposite the ghaof
motorcycles. While the number of cars decreasegak hours (morning and evening), in the afterntbemumber of cars
should more than the peak hours. This is due tallamge in the type of cars allowed to participateaffic during peak
hours.The traffic organization was adjusted towagmdisrity for theHanoi BRT, restriction of other ieles to turn left and
banning them from traveling on overpasses durirgrtish hour, which caused severe traffic congestiakis were also
prevented from going throughHanoi BRT route fromng to 9 am and from 4:30 pm to 7 pm every day.

Table 3: The Composition of Cars in Traffic Flow inLocation 1

Before | After

Total 1,560 | 465

Morning | Private car] 1,431] 465
Taxi 129 0

Total 930 677

Afternoon | Private car] 414 513
Taxi 216 164

Total 570 480

Evening | Private carl 378 480
Taxi 192 0

Before operating Hanoi BRT, in the morning: the twemof cars include 1,431 units of private car 488 units
of taxi (total 1,560 units); in the afternoon: thember of cars include 414 units of private car ahé units of taxi (total
630 units); in the evening: the number of carsudek 378 units of private car and 192 units of (eotal 570 units). After
operating HanoiBRT, in the morning: the number afscinclude 465 units of private car and O unitsasd (total 465
units); in the afternoon: the number of cars inel&13 units of private car and 164 units of tagtgl 677 units); in the
evening: the number of cars includes 480 unitsriwBpe car and 0 units of taxi (total 480 unitsalfle 3).

Through the image processing technique, the spkedob vehicle is obtained from the calculated dvates of
the vehicles (Table 4).

Impact Factor (JCC): 4.8623 NAAS Rating 3.17
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Table 4: The Average of Each Vehicle before and Aét Operating Hanoi BRT in Location 1(Km/H)

Vehicle Classification | Bicycle | Motorcycle | Car | Regular Bus | BRT
Morning Before 5.32 5.44 4.77 3.97 -
After 13.56 20.08 14.4] 14.23 16.80
Afternoon Before 14.78 31.74 30.48 25.62 -
After 14.68 30.47 32.15 28.31 27.36
Evening Before 14.45 30.31 33.71 22.52 -
After 15.74 25.07 17.33 17.56 16.03

After operating Hanoi BRT, the average speed ofettiicles class increases significantly in the pgealrs. In the
morning, the average speed of bicycles increaséd8.&6 km/h, 20.08 km/h with motorcycles, 14.41 kmiith cars and
14.23 km/h with regular buses. Compared to befperating Hanoi BRT, the average speed of motoreyiclereases 3.7
times, the average speed of cars increases 3 tiheeayerage speed of bicycles increases 2.5 tilmesgverage speed of
regular buses increases 3.6 times. In the evetlregaverage speed of cars and regular buses aversiban before
operatingHanoi BRT. The average speed of motorsyide25.07 km/h, the average speed of cars is 1kh¥8, the
average speed of bicycles is 15.74 km/h, the aeespged of regular buses is 17.56 km/h. Becausaftdaoon is not
peak hours, the average speed of all vehiclestimmnoh change compared with before operatingHaRdi.B
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Figure 10: Calculated Density of Speed of Motorcyek and Cars in the Morning before and After Operating Hanoi
BRT (Location 1)

In the morning, cars have a lower speed comparitiy motorcycles. The average speed for all typegeticles
is very low, probably because of the large volurhenotorcycles, which interfere in the flow of otheghicles. They are
expressed as probability density in Figure10.Fidureshows the probability density of motorcycleespat corresponding
density k.
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Figure 11: Probability Density of Motorcycle’s Sped at Different Densities K in the Morning before Ater
Operating Hanoi BRT (Location 1)

Location 2: In front of No. 21 station (mixed triaf
The collected data about traffic volume of eachiclehin location 2 was shown in table5s:

Table 5: The Traffic Volume of Each Vehicle beforeand After Operating Hanoi Brt in Location2 (Units/30 Minute)

Vehicle Classification | Bicycle | Motorcycle | Car | Regular Bus | BRT | Total
Morning Before 57 5,824 799 21 - 6,70(
After 63 2,543 388 15 7 3,016
Afternoon Before 55 2,890 685 17 - 3,64[7
After 188 1,695 344 5 6 2,238
Evening Before 61 5,003 605 14 - 5,683
After 130 2,943 283 13 5 3,374

Before operating Hanoi BRT, this location has alsogestion the same as location 1. The number luthes
changes clearly in 3 periods: morning, afternood emening. The morning congestion is anticipated thuthe large
number of people from the suburbs who are concdeutrin the city center for work. In this time, ttmeimber of
motorcycles is 5,824 units, about 2 times thatraften (2,890 units). Meanwhile, the phenomenon foéraoon
congestion will appear in the opposite directiontHe checkout time, people from the company, thekveenter in the
center will go home in the direction of going t@thuburbs. In the evening, the nhumber of motorsyides,003 units,
while the number of motorcycles in the evening idyo2,890 units. However, the number of cars did doange
significantly between morning, afternoon and evgnif99 units in the morning, 685 units in the aftern, 605 units in

the evening (Table 5).

After operating Hanoi BRT, in the morning peak rguhe number of motorcycles decreases more thdmtha
before operating Hanoi BRT (5,824 units decreas2, 543 units). However, motorcycles are still maaffic vehicle in
traffic flow: occupy 84% of the total number veleis) 43 times than the number of bicycles (63 unit$) times than the
number of cars. The number of cars also decreabe388 unit (decrease about 49% than before opgratanciBRT). In
the afternoon, the number of motorcycles occup®g% of the total number vehicles (1,695 unitsYinSes than the
number of bicycles (188 units), 4.9 times thannhenber of cars (344 units). In the evening, the Inemof motorcycles
occupies 87% of the total number vehicles (2,948s)r22.6 times than the number of bicycles (18@s), 10.4 times
than the number of cars (283 units) (Figure 12&1131).

Impact Factor (JCC): 4.8623 NAAS Rating 3.17
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After

Before
mBicycle ®mMotorcycle ®Cx  ®Regularbus ®mBRT bus

Figure 12: The Vehicle Composition Before and Afte©perating BRT in the Morning (Location 2)

After

Before
mBicycle ®mMotorcycle ®Car ®mEBEepulzrbus mEBRT bus

Figure 13: The Vehicle Composition Before and Afte©perating BRT in the Afternoon (Location 2)

After

mBicycle ®Motorcycle ®Cxr ®Regularbus  wmBERET bus

Eefors

Figure 14: The Vehicle Composition Before and Afte©Operating BRT in the Evening (Location 2)
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Same as location 1, the traffic organization inatam 2 was adjusted towards priority for the HaB®tT,
restriction of other vehicles to turn left and baagnthem from traveling on overpasses during tted toour, which caused
severe traffic congestion. Taxis were also preweffitem going through Hanoi BRT route from 6 am t@@ and from

4:30 pm to 7 pm every day.

Table 6: The Composition of Cars in Traffic Flow inLocation 2

Before | After

Total 799 388

Morning | Private car] 659 388
Taxi 140 0

Total 685 344

Afternoon | Private carl 503 225
Taxi 182 119

Total 605 283

Evening | Private carl 495 283
Taxi 110 0

Before operating Hanoi BRT, in the morning: the temof cars include 659 units of private car an@ @dits of
taxi (total 799 units); in the afternoon: the numbé&cars include 503 units of private car and L8f&s of taxi (total 685
units); in the evening: the number of cars includ8S units of private car and 110 units of taxtqtd®05 units). After
operating Hanoi BRT, in the morning: the numbeircafs include 388 units of private car and 0 unftsami (total 388
units); in the afternoon: the number of cars inel@2®5 units of private car and 119 units of taatglt 344 units); in the
evening: the number of cars includes 283 unitsrofape car and 0 units of taxi (total 283 unitsplfle 6).Through the

image processing technique, the speed of eachlgabiobtained from the calculated coordinateshefuiehicles (Table 7).

Table 7: The Average of Each Vehicle before and Adt Operating Hanoi BRT in Location2 (Km/H)

Vehicle Classification | Bicycle | Motorcycle | Car | Regular Bus | BRT
Morning Before 14.85 17.77 27.11 22.70 -
After 12.34 15.41 25.96 22.35 15.86
Afternoon Before 16.27 27.83 35.1p 32.48 |
After 13.74 27.38 33.26 29.47 20.52
Evening Before 15.27 25.01 33.66 31.75 |
After 13.07 22.71 32.31 31.47 14.78

Table 7 shows that before operating HanoiBRT, itgt main vehicles in the traffic flow - motorcysldave an
average speed of about 17.77 km/h. Cars are ttmndaechicles in the traffic flow that have an aggrapeed of about
27.11 km/h. The average speed of bicycles is 14r@8fh, and of regular buses is 22.7 km/h. The awersgeed of
motorcycles and cars in the afternoon and eveniagnaproved than the morning. In the afternoon,dlierage speed of
motorcycles is 27.83 km/h (increase 10.06 km/h¢, élwerage speed of cars is 35.12 km/h (increask I8r0h), the
average speed of regular buses is 32.48 km/h érer®.78 km/h). In the evening, the average sp&ebtorcycles is
25.01 km/h (increase 7.24 km/h), the average spéeahrs is 33.66 km/h (increase 6.55 km/h), theraye speed of
regular buses is 31.75 km/h (increase 9.05 km/hg dverage speed of bicycles does not change isariify between
morning, afternoon and evening (14.85 km/h in tleeming, 16.27 km/h in the afternoon, 15.27 km/lthi@ evening).After
operating Hanoi BRT, the changes, in this locatisithe opposite of the changes in location 1. @/tiie average speed of
all vehicles in case 1 increase, in this caseatlegage speed of all vehicles decreases than baberating Hanoi BRT. In

the morning, the average speed of motorcycles.#11Km/h (decrease 2.36 km/h than before), theageespeed of cars is

Impact Factor (JCC): 4.8623 NAAS Rating 3.17
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25.96 km/h (decrease 1.15 km/h than before). Tleage speed of all vehicles in the afternoon amthieg also decrease
2-3 km/h than before operating Hanoi BRT.
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Figure 15: Calculated Density of Speed of Motorcyek and Cars in the Morning before and After Operating Hanoi
BRT (Location 2)

In the morning after operating Hanoi BRT, motoregcktill have a lower speed compared with cars.aMeeage
speed for all types of vehicles is lower than befoperating Hanoi BRT. They are expressed as pilipatensity in
Figure 15.Figure 16 shows the probability densitgnotorcycle speed at corresponding density k
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Figure 16: Probability Density of Motorcycle’s Sped at Different Densities K in the Morning before Ater

Operating Hanoi BRT (Location 2)

CONCLUSION

Many people using other means of transport haverhiadd opinions regarding the rapid buses. The k7

route starts at Kim Ma bus station and runs thro@gng Vo, Lang Ha, Le Van Luong, To Huu, Le Trdran, Tran Phu,

and Ba La streets, to Yen Nghia station. The strbate high vehicle density, so traffic jams hageuored frequently

during rush hour; therefore, the operation of tgid buses means a reduction in available trafie dor other vehicles.

In addition, the traffic organization was adjustedards priority for the BRT, restriction of otheehicles to turn left and

banning them from travelling on overpasses duriregrtish hour, which caused severe traffic congestio
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Only a single BRT route cannot solve traffic conges in the urban area. However, it was considesed
breakthrough to develop the public transport systemmwell as raise public awareness of participaimghe traffic.
Creating favorable conditions for the new statuthefvehicle to operate, as well as effectivelymaating them with other

vehicles, will encourage people to reduce perseslaicle usage.

With the aim of giving priority to public transpoiianoi has made efforts to create favorable canditfor rapid
buses to effectively operate, contributing to lasdfic congestion. BRT gradually attracts more geagers to use this

public vehicle.
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