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ABSTRACT

A GPS with the update rate of 1 Hz was used taecblhe real-world driving data of the
five bus routes of Hanoi, namely No. 9, 18, 25a8d 33, on weekdays and weekend. GPS data
were processed and used to simulate the emissidvitbynodel. The driving characteristics of
Hanoi bus system and their impacts on the emissare determined. The obtained results show
that the real-world driving characteristics ardedént for different bus routes and affect the
emissions of vehicles. This paper, therefore, riigoa the necessarity of the development of
the typical driving cycle before conducting the ssion inventory of mobile sources.

Keywords:driving behaviour, driving cycle, emission factbianoi bus, IVE model.

1. INTRODUCTION

Motor vehicles are one of the main sources of aitufants in big cities, especially in
developing countries. The emission of a vehicledependent on several factors including the
type and age of the vehicle, air pollution conteslhnologies used, the type and quality of fuel,
ambient air conditions and its operating conditi¢cald-start, steady-state cruise, acceleration,
deceleration and idle), etc. The emission of a alehtan be measured under controlled
conditions in the laboratory (engine and chassigathometer studies) with the use of a driving
cycle which is built based on real-world activityatd. The driving cycle represents the
relationship between the instantaneous speed laueddi a on-road vehicle in certain conditions.
So, the driving cycle is dependent on the actwadfitrconditions of each country, or its driving
characteristics, meaning that, the driving cycley nmary from country to country, even from
city to city [1]. This study is, therefore, aimetithe analysis of driving characteristics of Hanoi
bus system and the assessment of their impacteantission.

2. METHODOLOGY

The methodology of this study is presented on idur
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Figure 1.Framework of methodology.
2.1. Data collection
2.1.1. Data of on-road pattern of buses

Five bus routes shown in Table 1 were selectedhfierstudy. On each route, a bus was
selected. A GPS, Garmin etrex vista HCx, was usecotlect the data of on-road pattern of
buses including cold-start, steady-state cruiseglatation, deceleration, idle etc. The data were
recorded on this bus, continuously from the stgriaint at around 6 am to the finishing point at
around 8 pm, the same in weekdays and weekend Ataengere recorded with the time step of
one second to avoid losing information. These datiee collected from July to October, 2015.

Table 1.The information of the five bus routes used in 8tigly.

Route | Type of route Starting point Finishing point N%'e?fr\éﬁ?g):les
09 Hoan Kiem Lake Hoan Kiem Lake 18
18 Closed National Economics National Economics 15
University University

32 Radial Giap Bat Coach Station Nhon Transferi@tat 33

25 Ordinary Nam Thang Long Car Parking Giap Bat Coach Station 7 1

33 My Dinh Coach Station Xuan Dinh 14
Note:“)Data were collected on Oct.25, 2015 from the welsftTranserco (BUS-WEBGPS)

2.1.2. Data of bus specifications
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Data of bus specifications of Hanoi (the charastes and age of vehicle, air pollution
control technologies, the type and quality of fuetig.) were collected from the website of
Transerco (BUS-WEBGPS) and by questionares. Numbguestionnaires used was 100 ones.

2.2. Data analysis

MapSource software was used to convert data cetleftom GPS into Excel files,
including two fields of data: time and speed. Thesta were used to:

2.2.1. Determination of parameters reflecting reairld driving pattern

A typical driving trip consists of different stage=luding idling, accelerating, cruising,
and decelerating ones. The proportion of stagediffarent driving patterns is different and
depends on the driver's behavior, the roadway tgpé, the level of traffic congestion [2]. The
driving parameters for the characterization ofisgilg pattern is shown in Table 2.

Table 2.Driving parameters for the characterization of thgvpattern [3 — 5].

Parameters Abbreviation Unit
Proportion of time accelerating (run with acceliemra> 0.1m/3) P, %
Proportion of time decelerating (run with accefiera< - 0.1m/$) Py %
Proportion of time cruising P o
(-0.1m/$ < acceleratiors 0.1 m/4 and average speedsm/s) ¢ 0
Proportion of time creeping = o
(-0.1m/€ < acceleratiors 0.1 m/4 and average speed < 5m/s) o 0
Proportion of time idling (speed = 0) P, %
Average speed of the entire driving cycle 1V km/h
Average running speed V, km/h
Maximum speed V max km/h
Standard deviation of speed Ve km/h
Average acceleration of all acceleration phases T m/s
Average deceleration of all deceleration phases Bneg m/s
Root mean square of acceleration RMSA m/s
Average over all positive Vehicle Specific Power V5P, . Wi/kg
Average over all negative Vehicle Specific Power WME Wi/kg
Positive kinetic energy PKE m/s
The positive kinetic energy (PKE) is estimateda®ivs:
PKE: 1 N VI2 _Viz—l (Vi >Vi —l) (1)
Distiz |0 (else)

where Dist is the length of a trip (m), n is theat;mumber of data points in the trip, and v is the
speed (m/s).

SAFDy is used to compare the difference in the drivingrahteristics between the bus
routes. It represents the difference in speed-a@@n-frequency distribution (SAFD) of
different driving cycles. The following equationused to calculate SAR[R in our study [6, 7]:

76



The determination of driving characteristics of Hanoi bus system and their impacts on the emission

Z (SAFD,yep (1)~ SAFD, e, A (2)
SAFD,, =- 100
i D" (SAFD, ., (1)) *

where i is the" bin in the SAFD.

2.2.2. Emission calculation

IVE (International Vehicle Emissions) model was dige simulate the vehicle emission
based on the processed GPS data. The IVE modedesadoped by the US Environmental
Protection Agency (US.EPA). This model is used stneate the quantities of air pollutants
emitted from vehicles. It was designed specificdlty be able to meet flexible needs of
developing countries in an effort to determine gansssions from mobile sources. The precision
of the IVE model was evaluated by Guo Hui et ald dhe results demonstrated a good
agreement between the IVE model and on-road opterabte sensing measurement (all the
correlation coefficients,’r between emission factors obtained by the formelrthe later were
above 0.8) [8].

The processed GPS data were used to determineetworuportant parameters in the IVE
model:

+ VSP (Vehicle Specific Power) is defined as a power peit mass to overcome road
grade, rolling and aerodynamic resistance, andi@excceleration. Equation 3 is the initial
equation for VSP [9]:

VSP (kW/ton) =vx[1.1xa+9.81 (arctan(sin(grade))P.+32]+0.000302>% (3)

where: a — acceleration {fs); v — speed (m/s); grade — road grade (radian)

+ ES (Engine stregsis the parameter correlating the vehicle power lesgerienced over
the past 20 seconds of operation, from t=-5 tos@% and the implemented RPM (Revolution
Per Minute) of the engine. The Engine stress isutated using Equation 4 [9]:

ES (unitless) = RPMIndex +(0.08 ton/kW)x Preaverage&o (4)

where: PreaveragePower = Average (MSR 2sse) (KW/ton).
RPMIndex = Speegd/SpeedDivider (unitless).

3. RESULTS AND DISCUSSIONS
3.1. Parameters of driving behavior

15 typical parameters of the real-world driving &ebr of Hanoi bus system are
determined and presented in Table 3.

It can be seen from Table 3 that the values ofsdme parameter of the driving behavior
for different bus routes can be considered to laively even. They are not much change in the
comparison with those reported by Trang et. a0l [10] for the bus routes No. 18 and 30.
The comparison with the bus operation in Braunsoypveity, Germany and the European
Transient Cycle (ETC) — partl (test cycle) showat the average speed of buses working in
Hanoi is slower, the proportion of time cruisingcRs smaller than those of ETC-partl and
Braunschweig city driving cycle.
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Table 3.Driving characteristics of selected Hanoi bus reute

The routes in this study Trang Braunschweig | ETC-
Parameter|  Unit 09 18 o5 30 33 et. al.® city, Germany | partl
[10] [3] (3]

vV, km/h | 13.90| 13.014 16.54 15.74 15.01 13.02 22.6 232
V, km/h | 15.90| 15.54 1857 18.26 17.58 15.11 27.3 233
V max km/h | 58.75| 49.75 55.2%5 79.25 51.00 39.75 58.21 50
A km/h | 11.09| 10.77, 11.93 11.12 11.67 8.30 16.61 1327

P, % 33.60| 32.29] 34.56 34.04 3254 36.22 40.92 40,83

Py % 35.72| 32.93 3397 33.87 3160 3515 28.45 32,00

Pe % 478 | 549| 8.75 9.27 9.26 6.16 14.08 21.17
Pcr % 13.88| 14.24 12.0%5 10.01 1240 1245 - -

P, % 12.02| 15.05 10.67 12.81 14.20 10.02 16.55 0.00
Bppe m/$ | 1.06 | 0.89| 0.74| 0.72] 0.71 0.31 0.424 0.2y
Bneg m/§ | -1.00 | -0.88| -0.75 -0.73 -0.78 -0.31 -0.595 -0.31

RMSA m/é | 1.34 | 1.09| 092/ 0.95 0.89 0.40 0.251 0.1b
V5P Wikg | 4.01 | 298| 3.01| 2713 248 1.20 - -
WM@ Wikg | -6.16 | -5.06| -4.59 -4.20 -4.19 -1.17 - -
PKE m/$ | 0.67 | 0.55| 0.43| 0.40 0.4C 0.25 5.560 3.58
Note:® The average values of the bus routes No.18 ard B@noi in 2011.

The speed-acceleration-frequency distribution plofsthe entire recorded data are
compared with ETC-partlas shown on Figure 2.

It can be seen from Figure 2 that SAFDs of the fiws routes are quite similar but
significantly different from that of ETC-partl. SRS of the five bus routes in Hanoi contain
less number of high-speed values but higher nurmbaimost zero-speed values than those of
ETC-partl. Therefore, the proportions of time igland creeping in Hanoi are higher. And the
proportion of time cruising with the speed in th@ge of 30-50 km/h of Hanoi buses is smaller
than that of ETC-partl. These results, therefam reasonable and reflect the real conditions of
the transport system in Hanoi, where the intergastof roads are mainly in the same level and
traffic jams are frequently happened. For the louger of No. 32, because a part of this route is
located in the suburb of the city, thus, its SAFES lthe smaller number of zero-speed values
(FDy = ¢< 0.1) than those of the remaining routes.

In addition, there are certain differences of dnyfeatures between the weekend and the
weekdays as assessed by SAFD and shown in TaBlea}.due to the reason mentioned above,
exceeding the speed limit Q4> 60km/h) is normally happened on the bus route3Rlat the
weekend resulting in that this route has the highalsie of SAFLQ.
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Figure 2.Speed-acceleration-frequency distribution plottheffive bus routes in Hanoi and ETC-partl.

Table 4.SAFD differences between the weekend and weekdays.

Route 09 Route 18 Route 25 Route 32 Route|33
SAFDg¢ (%) 3.9 0.8 0.8 11.7 5.6

3.2. Emission factors of different driving characteistics

In order to estimate the impact of the driving egcbn the vehicle emissions, the IVE
model was applied to simulate the vehicle emissimnsthe bus routes of different driving
characteristics, but with the same vehicle typel type and meteorological conditions. The
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emission factor in the running mode &k, is used in this study. The ERingwas determined
for different driving characteristics including tklata collected on the five selected bus routes,
the activity data of Hanoi bus in 2011 [10], and 8peed — time data of ETC-part 1 test cycle.
The obtained results are shown in Table 5.

Table 5.EF,ningof different driving characteristics.

Driving EFunning(9/km)

characteristics CcO vVOC NQ (as N) SO, PM N,O CO,
Route 09 3.50 1.16 18.25 0.14% 2.8P 0.013 1422
Route 18 5.90 2.10 30.60 0.23% 4.75 0.022 2302
Route 25 2.90 0.98 14.93 0.120 2.38 0.011 1175
Route 32 2.96 1.02 15.25 0.121 2.38 0.011 1185
Route 33 3.15 1.08 16.25 0.13 2.54 0.012 1273

Trang et. al. [10] 3.47 0.83 26.91 0.120 7.69 0.p1 1202
ETC-partl [3] 1.98 0.68 10.1 0.008§ 1.59 0.0p8 80%

As can be seen in Table 5, for the same vehict, ffeel and meteorological conditions,
the emission factors are dependent on the reakvebiiving characteristics. It is worthy to note
that, the emission factors, Efi., Obtained in this study for the five selected bustee are
similar with those of Trang et al. [10] but diffate(e.g., up to 41 % with VOC) from those of
the ETC-partl test cycle.

3.3. Effects of the driving characteristics on theehicle emissions

The correlation coefficients,?r between the Efning and the typical parameters are
calculated based on the Matlab software. The tygiasameters of the driving behavior that
have the highest effect on the vehicle emissioasshown in Table 6. For parameters that are
not presented in Table 6, their relationships with EF,.ning are lower or negligible.

Table 6.Correlation coefficients between the FR.yand the typical parameters.

The ER,ning O the pollutants Degree of
Parameter i
CO | VOC| NQ(asN)| S@ | PM | CQ | N,O | correlation
Vi 0.70 | 0.68 0.71 0.72 070 0.72 0.72 High
V, 0.76 | 0.74 0.77 0.77, 076 0.7f 0.77 High
Per 0.75 | 0.74 0.75 0.75 075 0.75 0.75 High
Pc 0.46 | 0.43 0.47 048 046 048 048 Medium

For all the pollutants shown in Table 6, the catieh coefficients of their Efningwith V,
are always higher than those with. Wlease note that the EF used in this study i€&gning
i.e., for running mode (¥ 0) of the bus. V¥ is the average running speed (meaning that
representing for running mode) while; \66 the average speed of the entire driving cycle
including idling mode (v = 0). Consequently, the &y depends on ¥more than ¥, resulting
in the above result.
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The correlation coefficients of their Bing With P are also higher than those with, P
meaning that the effect otPon ERunningis stronger than that of.PThis can be explained by the
fact that the proportions of time creeping{Pf all the driving cycles are higher than tho$e o
time cruising (B). And, obviously, the emission of the vehicle fve tcreeping mode (V < 5m/s)
is higher than that of the cruising mode [2].

The differences of the driving characteristics ba five bus routes for ¥ V,, P., and R,
are 10 %, 8 %, 31 %, and 16 % respectively. Incttraparison with ETC-partl, the differences
of these parameters are much higher: 23 %, A5 % (W) and 60 % (Pc). Therefore, there are
relatively large differences for the four paramsttivat strongly affect Ef.ingas indicated in
Table 7.

Table 7.Average differences of the emission factors betwfarent driving characteristics.

. Average differences of the ERing (%)
Comparison
CO | VOC| NQ(asN)| SO, | PM | NO | CO,

) - "

E Between different routes of the five 34 37 35 32 34 32 32

% |selected bus ones of Hanoi

.2 |Between the average of five selected bu

£ |routes of Hanoi and ETC-partl 39 41 40 38 39 33 37
5 |Between different trips of each route [5] 51 3P 76 - - - 20
g 3/Between test cycles for heavy duty ] ] 349 I ]

?lvehicles [11] 41©
Note: ® Comparison betweenUS06 and NEBR’Comparison between FTP75 and NEDC;
© Comparison between high way test cycle and NEDC.

In summary, the values of the GRnglargely vary when the same vehicle is simulated by
different driving characteristics. The differendetlve EFR,,ningbetween Hanoi bus routes can be
up to 37 % (with VOC). And, the difference of th& .y between Hanoi and ETC-partl is
higher, and can be up to 41 %. This can be expaldnyethe high difference between the same
typical parameters of different driving charactécs And the difference of between Hanoi
buses and ETC-partl is higher (up to 60 % fdr Fhis point is also reported by Zhai et al. [5],
where, the difference can be up to 76 %. FigurbaWs the amount of pollutants emitted as a
function of the driving cycles.
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Figure 4.The distribution of the emission as a functionhaf triving cycles (Efy,*10°, ERsgpx 10).
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It can be seen from Figure 4 that, the averagedspka driving cycle strongly affects the
vehicle emission, therefore, almost the emissiordeat® for on-road vehicles are developed
based on the average speed. In the range of spmedlb.5 km/h to 23.3 km/h on Figure 4, the
emission is decreased when the speed is incredbesl.result is similar to that reported by
Matthew [12] and David et al. [13]. And, as antatigd, the simulated emission factors, which
are based on the driving characteristics of thecsedl bus routes in Hanoi, are usually higher
than those of the test cycles of ETC-partl. Thiadthing strange as the traffic conditions in
Hanoi are worse in Europe resulting in lower spesdaller proportion of time cruising with
average speed v > 5 m/s, etc.

4. CONCLUSIONS

Typical parameters of the driving behavior of the fous routes in Hanoi are determined.
It is found that four parameters that have the ésgimpact on Efingare W, Vo, Pe, and R, of
which, the average running speeg)(i6 the most important one. This study also reiconthat
the real-world driving characteristics strongly imepon the emission factors of the vehicles and
that these characteristics clearly differ from @vea to another, even within the same city.
Therefore, the emission factors of motor vehiclasstrbe determined based on the driving
characteristics of local traffic conditions. In ethwords, the application of the test cycles from
other countries for the determination of the emoissiin Vietham may produce erroneous
results. In addition, this study confirms that wdiemission models, that are based on the
average speed only, do not fully reflect the eroisstharacteristics of real-world vehicles
because the emission factors of the vehicle depanibt only the average speed but also many
other typical parameters. This paper also indicdted the driving behavior plays a very
important role in the reduction of vehicle emission
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TOM TAT
XAC PINH PAC TRUNG LAI CUA HE THONG XE BUYT HA NOI VA TAC PONG
CUA CHUNG TOI SU PHAT THAI
Nguyén Thi Yén Lién*2 Nghiém Trung Bng"”

Truwong Pai hoc Bach khoa Ha Bl, so 1 Bgi Co Viét, Ha Nji
*Truong Pai hoc Giao théng ¥n ti, s6 3 Cau Gidy, Lang Throng, Ha N

"Email: dung.nghiemtrung@hust.edu.vn

Da tién hanh thu thp dir li¢u 14i thrc € ciia 5 tuyén xe buyt 4i Ha Noi c6 $ hi¢u la 09, 18,
25, 32 va 33, trong cac ngay lan¢a/iva ngay nghcum tuan bang thiét bi GPS c6 dc do cap
nhat 1 Hz. Or li¢u GPSda duoc Xt Ii va sr dung dé mé ptong mng do khi phat thi bang pHin
mém IVE. Pic trung 14i aia ke théng xe buyt Ha Ni va cac taaong aia no |én s phat thai khi
da dugc xacdinh. Cac kt qua dat duoc cho thy dic trang lai thre t gitra cac khu we khéac
nhau 1a khac nhau va no tééng dén ar phat thi khi cia phrong tién van tai. Quadd, bai bao
khing dinh im quan tong aia viéc xay drng chu trinh ladac trung tieée khi tién hanh kém ké
phét khi thi ddi voi nguon dong.

Tur khoa:théi quen lai, chu trinh l4i¢hsd phat thi, xe buyt Ha Ni, md hinh IVE.
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