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A CD accompaniesthis report and contains dectronic verdons of al documentation, induding Excd (*.xl9)
and text (*.txt) filesfor the UEDCs and CUEDCs.

1 EXECUTIVE SUMMARY

For data collected from 17 diesd vehides by the EPA, typical Urban Emissons Drive Cydes ( UEDCs)
were obtained for each of Sx ADR categories - MC, NA, NB, ME, NC and NCH, where the standard
ADR category NC has been subdivided into two weight categories 12 to 25t (referred to asNC in this
report) and over 25t (NCH in thisreport) - over four road conditions: congested, residential/minor, arteria
and freaway/highway.

The falowing summary dtatistics were caculated for each road condition in each ADR category:.
Digtance traveled (km)

Time spent (hr)

Average speed (knvhr)

Idle time (hr)

Idletime (%)

VVVYVYVY

Typicd UEDCsfor each ADR category were determined by pooling the data for the appropriate vehides
and comhbining representative microtrips to fit within time intervals pedified by the EPA for each road
condition.

Cluger andyses were performed to investigate if groupings of vehidesindicated by the data were different
to those nominated as the ADR categaries. Different groups of vehides were obtained for each of the four
different road conditions

Clugster analyses were aso done on the Sx ADR categories to identify possble groupings of the categories
Different groups of categories were obtained for each road condition. Given these results, the amdll
numbers of vehides, the complex interaction and confounding effects of topography, road conditions, traffic
conditions, drivers, driver skill and vehidetypes, it is not recommended that a sngle Composite Urban
Emissons Drive Cyde be usad to represant al vehides

Compoasite Urban Emissions Drive Cydes ( CUEDCs) were then obtained for each ADR category by
combining representative micratrips to fit within time intervals specified by the EPA for each road
condition. Piecawise linear ssgments were added to reflect the change in mode from idle, to accderation,
cruisng or decderation.

The falowing summary datistics were caculated for the UEDCs and the CUEDCs:
Digtance traveled (km)

Time spent (sec)

Average speed (knmvhr)

Idletime (se0)

Idletime (%0)

Maximum speed (km/hr)

Number of periods of accderation

VVVYVYVYVYYVYY



2 INTRODUCTION

The NSW Environment Protection Authority (EPA) contracted CSIRO Mathematical and Information
Sdences (CMIS) to assst with the Satidtical analyss of data collected for Project 2 Phase 1. Drive
Cycles, whichis part of amagor project coordinated by the National Environment Pratection Council
(NEPC) Service Corporation aimed at developing a Diesdl National Environment Protection Measure or
DNEPM.

In this project CMIS has collaborated dosdy with the EPA to categorise the driving cydes for 17 diesd
vehides representing Sx vehide types and weght categaries, thet is, five Audraian Desgn Rule (ADR)
categoriesMC, NA, NB, ME and NC. The EPA requested that the ADR category NC be split into the
two categories NC and NCH to represent the weight classes 12 to 25t and > 25t respectively. Soin this
report NC refersto vehidesin theweight dass 12 to 25t and NCH refersto vehides in the heaviest waght
dass (>25t). Thesxe categories are referred to as Sx ADR categoriesin this report, athough the fifth and
sxth categories (NC and NCH) are actually one ADR category (NC).

3 OBJECTIVES

CMISwas given a brief to characterise, for vehicdesin each ADR category , the driving patterns occurring
in the urban driving profiles of spead versus time across different road conditions. That is, an Urban
Emissons Drive Cyde (UEDC) typifying diesdl vehide driving conditions was to be deve oped for each
ADR category and approximatdy within the falowing time intervals specified by the EPA:

Congested Res/Minor Arterial Fwy/Hwy Total (min)

6 18 18 18 60

The UEDCs were to be combined where possible over the ADR categories to determine one or more
Compoasite Urban Emissons Drive Cydes ( CUEDCs) gpproximating the falowing time intervals speafied
by the EPA:

Congested Res/Minor Arterial Fwy/Hwy Total (min)

5-6 7-8 6-7 8-9 26- 30




4 THE DATA

Datafor 17 vehides from the Sydney flest were collected by the EPA and supplied to CSIRO for anadyss
Each vehide (in sequence) had been fitted with sensors for road and engine speed and was equipped with
adatalogger. The vehides were chosen to represent nominated ADR vehideweght categoriesand magjor
use/route categories.

The number of vehides was limited to that which could reasonably be accessed within the budget
condraints. A sudy basad on alarger number of vehides and covering more Audrdian dties may yidd
more comprehengve results,

The vehicles were driven for severa business cydes, usng spedified routes (eg buses), or routes
representative of the appropriate mix of driving conditions. A very smal number of road conditions were
covered by some vehides, e.g. busesin freaway/highway conditions.

Therewere anumber of errorsidentified in the data for some vehicles (see section 4.1). Data were
screened for errors and only vaid data have been usad in our anadyses. For some of the vehides, the RPM
measurements were unrdiable or not available.

Details on the vehides used in the sudy, induding ADR category, vehide type, weight category, presence
of RPM measurements, type of vehicle time of data collection, tatal distance travelled and total duration of
measurement are given in Appendix A.

4.1 Datacleaning

For Vehidle 1 (Pgero) it appeared that the EPA instruments would not record accurate measurements for
pead greater than 107 kmv/h under freeway conditions so speed was extrapolated from the engine rpm
where appropriate.

Spiky or noisy data were obtained for Vehide 10 (Mercedes Bus) o ancther run was done. Again there
were problems with spiky data and many missng values in the results (gpparently due to ingrument
malfunction) for the second day (14™ October) so these were exduded from the analysis

Short gaps in many profiles caused problems with our analyses. In generd, we replaced missng data with
amissing dataindicator (NA). In gaps of one second the missing value was replaced with the average of
ne ghbouring measurements.

Deter mining RPM from Data L ogger Digital Signal

We reviewed and revisad the linear fit between RPM (from dash) and data logger digitd sgnd for Vehide
4 (Ford Trandt pand van), omitting the firs measurement, to obtain the cdibration rdationship for
predicting RPM values. The revised rdationship wes

RPM = 399.43 + 2.9834 x Signa



4.2 Testdata

To obtain atest dataset for validation of the dassfication procedures an extra vehide (Vehide 8, arigid
truck in the 3.5 to 12 t weight category, ADR NB) was driven by the same EPA gaff member on roads
typical of each of the four road conditions (Congested, Residentia/ Minor, Arteria or Freaway/Highway).



5 DEVELOPMENT OF URBAN EMISSIONS DRIVE CYCLES

Representative cycdes were required for each of four road conditions: Congested, Residential/Minor,
Arterial or Freaway/Highway. The types of road conditions were not recorded throughout each profile for
each vehide, dthough supporting log sheets did contain inddentd information for some of the vehides,
espedialy some of the buses where the particular route was known.

So it was necessary to develop a procedure which would predict the various road conditions experienced
during each run. The approaches described b ow were usad to develop a dassification procedure for
each vehide. We have basad dl methodologies on the notion of a microtrip and the data from each
vehide were ssgmented into micratrips. A microtrip issmilar to a"ssquence’ as defined and used by
Andreet al. (1995).

5.1 Definition of a microtrip

A microtrip is defined as the excurgon between two successive time points at which the vehide was
dationary. By convention, aperiod of rest is at the beginning of a micratrip rather than at theend. Thusa
typicd micratrip isa period of rest followed by periods of accderation, cruisng, decderation until the
vehideisat rest again, whereupon the next microtrip sarts.

There were two aims of the gatidical andyss firdly, to identify the representative driving patterns of
different vehidesin various urban driving conditions, and secondly, to compare the driving patterns of
different vehides  Achieving both amswill assg the EPA in defining asmall number of vehide tests which,
ubject to engineering and time condraints, will best typify the driving patternswithin Audraian dties

5.2 Classification methods

Classification Method 1
Information published by Carnovale et al (1997) was used to define important predictors of road condition
and the values of ther repective cut-paints for distinguishing transition between different road conditions.

Carnovae et al (1997) provide the falowing descriptions of traffic conditions on different road categories

Freavay/Highway:. Major roads with relatively high average speeds (say in excess of 40kmvhr), and
low congedtion levds (say less than 5% idle time).

Arterid: Major roads with moderate average speeds (say 20 — 40 kmvhr), and moderate
congestion leves (say 20% idletime).

Resdentid/Minor: Secondary roads with moderate average speeds (say 20 — 40 kmvhr) and
negligible congegtion.



From thiswe infer —

Congested: Any roads where average speeds are limited by traffic congestion to, say, lessthan
20 km/hr.

These conditions are tabulated as follows —

Congested| Res/Minor Arterial Fwy/Hwy
Average sped <20 20— 40 20— 40 >40
Idetime 0—100% | negligible (<5%) approx 20% <5%

These descriptors were assumed to be the important predictors of road condition and their values above
were used astheinitiad cut-points for ditinguishing trangtion between different road conditions.

Using these empiricd rules we attempted to dassfy every micratrip for one of the vehides (Vehide 12).
The table above failed to dassfy anumber of micratrips, asthey fdl outsde the above ranges of idletime
and speed. Also, there was a very large number of congested micratrips.

From examination of the micratrips we found —
categorisation was difficult, Snce very many microtrips had characteristics of others
even at high (freeway/highway) average peads, there were congested dements, and idle times of
15%+
in many squences having characterigics of minor roads, there were Sgnificant idle periods
the difference between minor and arterial sequences was difficult to see
in mogt obvioudy congested sequences, % idle time was quite short

Some adjustment to the cut-points was required to categorise al the data and to assign reasonable splits
between categories. Thisinduded -
adoption of a definition of congestion, which was arbitrarily assgned as average speed beow 15
km/hr, or microtrips of less than 20 ssconds duration.
assgnment of 15 knvhr as the minimum average speed for ‘freflow’ arteria and minor road
Sequences.
remova of the limitation on idle time for freaway/highway trips.

Therevised empiricd rules are given in the following table

Congested Res/Minor Arterial Fwy/Hwy
Aver age speed < 15 km/hr 15-40 knmvhr 15-40 km/hr > 40 knvhr
Idletime 0-100% < 10% > 10% 0-100%




Although the rules are complete (al microtrips were dassfied), there were some micratrips with
excessvely long idle periods for which none of the categories seemed appropriate. A new category, Wait,
was defined to accommodate these micratrips. This category was intended for long periods

(> 150 =) where the vehidewas at rest. Reasons for these periods may indude warming the engine or
loading and unloading with the engine on.

Asde: dl miaadripsfdling into theWait category were exduded from the determination of UEDCsand
CUEDCs, but summary gatigtics for these categories were cal culated and are reported in section 6.

In order to validate the expert rules, atest vehide (Vehide 8) was digpatched specificaly to be driven in
each of the four driving conditions (the ather vehides undertook their normal daily trips). Some data for
this vehide were culled by the EPA to increase the accuracy of the nomind driving conditions.

The empirical expert rules were gpplied to the micratrips for Vehide 8 and the results are given in the

fdlowing dassfication tadle

Congested Res/Minor Arterial Fwy/Hwy TOTAL
Congested 56 9 15 0 80
Res/Minor 1 8 2 3 14
Arterial 26 9 25 9 69
Fwy/Hwy 11 1 7 15 34

Therow labdsindicate "nomina" road conditions and the column labds indicate the dassified or predicted
road conditions. So for example, out of thetotal of 80 micratrips for data collected from road conditions
nominated as Congested, 56 were classified as Congested, 9 as Res’'Minor, 15 as Arterial and 0 as
Fwy/Hwy, giving a success rate of 56/80 or approximately 70%.

The overdl "nomina" dasgfication rate was (56+8+25+15)/197 = 53% (or 47% misdassfied). Theterm
"nomina" is used here snce, dthough the genera driving conditions of Vehide 8 were recorded, there may
have been short periods of one road condition (congestion say) during driving in other road conditions
which were nat taken into account. Therefore 53% should be viewed as aminimum overall dassfication
rate.

Misd assifications occur where microtrips have some features pertinent to one category and some festures
pertinent to anather. The method of sdecting representative microtrips (as described in section 7)
endeavours to sdect microtrips with features distinct to one road condition, and are therefore lesslikely to
be misdassified.

Thisisafairly low overdl dassfication rate for many applications. However, for the present gpplication,
that of finding the most representative micratrips for each driving condition, it may be adequate. How
robust the choice of representative micratripsis to misdassficationsis an important congderation, but the
resources of this project are too limited to investigate this question.

Classification Method 2
Using dasdfication tree methodology (see Breman et al 1984 or Clark and Pregibon, 1992) we generated
a dasgfication tree which would best predict road conditions given the set of predicting variables. A




number of gatidics of the Vehide 8 microtrips were supplied as predicting variables to determine atree-
based dassfier usng the satistical package S-PLUS (1996). These 13 datitics (or predicting variables)
incdluded duration of microtrips, average gpeed and number of periods while in each of the four modes
idling, cruisng, accderating or decderating (3 x 4 = 12 variables), aswed | as the overall average speed. Of
these variables, the tree-based dassfier choseidle time and average speed as being the two most
important variables, these being the same variables used for Method 1. For atree with four nodes
spedified the tree-based dassfier produced the following dassfication rules

Congested Res/Minor Arterial Fwy/Hwy
Aver age speed < 31 km/hr 31-46 krmv/hr 31-46 km/hr > 46 knmvhr
Idletime 0-100% < 20% > 20% 0-100%

Theresulting dassfications of each micratrip usng the tree-basad dassfier are given in the table beow,
where the row and column labds are as defined previoudy:

Congested Res/Minor Arterial Fwy/Hwy TOTAL
Congested 76 3 1 0 80
Res/Minor 3 11 0 0 14
Arterial 44 12 9 4 69
Hwy/Fwy 16 2 3 13 34

That is, the dasdfication rate for congested roads was 76/80 = 95% while the overall dassification rate
was (76+11+9+13)/197 = 55%, an expected improvement on Method 1 since the dassifier was
congructed from the same data used for vaidation.

Classification Method 3
Findly, todassfy dl micratripsit was agreed that the expert dassfication rules from Method 1 should be
usad, with the faloning modifications: (i) the average speed threshold between Freeway/Highway driving

and the other categoriesto be 45 kmvhr instead of 40 kmv/hr, and
(i) 15% was used as the cut-paint for proportion of idle time to distinguish Residentia/Minor and Arterid
road conditions. Note that the supporting rule that al microtrips less than 20 seconds duration be dassfied
as Congested road conditions was redundant because the average speed was less than 15 knvhr for al

such micratrips.

Method 3 was preferred for the following reasons: (i) more redligtic cut-points, based on the observed
data, (ii) improved dassfication rate over Method 1 for Residentia/Minor road conditions, (iii) improved
dassfication rate over Method 2 for Arteria road conditions, and
(iv) less chance of over representation of Congested road conditions.

The dasgfication rules used throughout the remainder of the analysis were then:

Congested

Res/Minor

Arterial

Fwy/Hwy

Aver age speed

<15 knmvhr

15-45 kmv/hr

15-45 km/hr

> 45 kmv/hr
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Idletime

0-100%

| < 15%

> 15% |

0-100%

This gpproach isilludrated in the figures contained in Appendix B where themicratrips for Vehides 8 and

12 are superimposed over the cut points for the different road conditions represented by vertical and
horizonta lines For Vehide 8, each micratrip is represented by a coloured Ietter, each |etter identifying
each nominal (observed) road condition. For example, micratrips for congested road conditions
represented by ablue"C" fal predominantly within the rectangular area of 0 to 15 km/hr. The horizontal
line at 15% idle represents a supporting cut-point to separate Arterial (above the line) micratrips from

Res’Minor (bdow theline) microtrips

The resulting dassfications of each micratrip usng the revised empiricd dassfier are given in thetadle
below, where the row and column labds are as defined previoudy:

Congested Res/Minor Arterial Fwy/Hwy TOTAL
Congested 56 12 12 0 80
Res/Minor 1 12 1 0 14
Arterial 26 14 24 5 69
Hwy/Fwy 11 3 7 13 34

The dassfication rate for congested roads was 56/80 = 70%, while the overall dassfication rate was

(56+12+24+13)/197 = 53%. The dassfication rate for resdential/minor was 12/14 = 86%.
Classfication of anindividua microtrip did not take into account neighbouring micratrips. Thusit was often

the case that a sequence of micratrips had frequently changing dassfied road conditions, whereasin redlity
avehidewould gtay in particular road conditions for longer periods.

11



6 SUMMARY STATISTICS

Initidly, exploratory data analyds tools were used to gain a better understanding of typical urban driving
patterns for the vehides. Graphs of speaed versus time were produced and important summary satistics
were cdculated. Summary gatistics for each road condition within each ADR category are presented in
thefollowing tables Statidtics for the Wait category defined previoudy are dso given.

6.1 Summary statistics of microtrips

The fdlowing summary datistics were calculated on micratrips
Number of micratrips

Median micratrip distance (m)

Median microtrip duration (sec)

Median microtrip average speed (knvhr)
Median micratrip idle time (sec)

Median micratrip idle time (%)

Median micratrip maximum speed (krmvhr)
Median number of periods of acceeration

VVVVVYVYVYVYYVY

A period of accderation was defined as a period of increasng speed during which the actual accderation
exceeded 2 km/hr/sec sometime in the period, not necessarily over the whole period.

For anumber of micratrips, especially those dassfied as Congested, there were no periods of accderation
using thisdefinition. This definition and Smilar definitions for periods of decderation and cruisng are usd
for thefitting of piecewise linear ssgmentsto the CUEDCsin section 13.

Summary statistics of microtripsfor ADR category MC

Statistic Congested | Res/Minor Arterial Fwy/Hwy Wait
Nr of microtrips 537 137 163 103 3
Median microtrip 2.4 702.9 740.6 2539.3 0
distance (m)
Median microtrip 9 73 96 182 206
duration (sec)
Median microtrip av. 12 33.7 28.1 50.0 0
speed (km/hr)
Median micratrip idie 4 4 31 10 206
time (sec)
Median microtrip idle 50.0 6.1 30.0 5.0 100
time (%)
Median microtrip 3.6 60.0 64.0 78.0 0
maximum speed
(km/hr)
Median nr of periods 0 2 2 3 0
of acceleration
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Summary statistics of microtripsfor ADR category NA

Statistic Congested | Res/Minor Arterial Fwy/Hwy Wait
Nr of microtrips 913 182 164 37 12
Median microtrip 2.6 463.8 504.2 2174.4 0
distance (m)
Median microtrip 11 64.5 75 146 214.5
duration (sec)
Median microtrip av. 11 28.6 23.1 48.6 0
speed (km/hr)
Median micratrip idie 5 4 22 7 214.5
time (sec)
Median microtrip idle 58.3 6.6 27.6 55 100
time (%)
Median microtrip 4.6 51.8 56.7 76.3 0
maximum speed
(km/hr)
Median nr of periods 0 2 2 2 0
of acceleration

Summary statistics of microtripsfor ADR category NB

Statistic Congested | Res/Minor Arterial Fwy/Hwy Wait
Nr of microtrips 1130 226 176 77 2
Median microtrip 3.3 687.8 681.0 2765.6 0.1
distance (m)
Median microtrip 11 815 96.5 202 1694.5
duration (sec)
Median microtrip av. 13 29.7 26.1 511 0
speed (km/hr)
Median micratripidie 4 4 285 8 1694.5
time (sec)
Median microtripidle 52.9 6.0 27.7 3.7 100
time (%)
Median microtrip 4.6 52.2 60.5 75.1 0.3
maximum speed
(kmvhr)
Median nr of periods 0 2 1 3 0

of acceleration

13




Summary statistics of microtripsfor ADR category ME

Statistic Congested | Res/Minor Arterial Fwy/Hwy Wait
Nr of microtrips 1470 538 631 438 57
Median microtrip 6.0 578.1 365.5 2013.8 0
distance (m)
Median microtrip 19 69.5 59 138 246
duration (sec)
Median microtrip av. 1.4 29.8 22.0 48.9 0
speed (km/hr)
Median microtrip idle 10 4 16 7 246
time (sec)
Median micratripidle 56.2 7.1 25.0 5.0 100
time (%)
Median microtrip 7.5 50.3 47.8 76.8 0
maximum speed
(km/hr)
Median nr of periods 0 2 1 2 0
of acceleration

Summary statistics of microtripsfor ADR category NC

Statistic Congested | Res/Minor Arterial Fwy/Hwy Wait
Nr of microtrips 2219 350 202 122 40
Median microtrip 0.9 867.0 786.9 3585.6 0
distance (m)
Median microtrip 7 103.5 1115 250 279
duration (sec)
Median microtrip av. 0.8 30.7 25.2 51.1 0
speed (km/hr)
Median micratrip idle 3 5 30 9 279
time (sec)
Median micratripidle 50.0 4.9 25.6 3.8 100
time (%)
Median microtrip 2.2 51.9 55.3 76.4 0
maximum speed
(km/hr)
Median nr of periods 0 2 1 2 0

of acceleration
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Summary datistics of microtripsfor ADR category NCH

Statistic Congested | Res/Minor Arterial Fwy/Hwy Wait
Nr of microtrips 1662 274 147 67 51
Median microtrip 2.6 878.3 855.1 4380.0 0
distance (m)
Median microtrip 11 109 125 292 268
duration (sec)
Median microtrip av. 11 30.4 24.1 52.4 0
speed (km/hr)
Median microtrip idle 3 45 33 9 268
time (sec)
Median micratripidle 50.0 4.5 25.7 4.2 100
time (%)
Median microtrip 3.0 54.2 56.0 82.1 0
maximum speed
(km/hr)
Median nr of periods 0 2 2 2 0
of acceleration
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6.2 Summary statistics for each road condition in each ADR category

SUmmary satistics were calculated for each road condition within each ADR category as fallows

» Digancetravdled (km)

» Time spent (hr)

» Average speed (kmv/hr)

» ldetime(hr)

> ldetime (%)

» Number of periods of acceeration

Summary statisticsfor ADR category MC
Statistic Congested | RessMinor Arterial Fwy/Hwy Wait Overall
Distance 18.0 1334 152.1 505.2 0 808.6
Traveled (km)
Time Spent (hr) 3.2 3.8 5.2 8.1 0.2 20.4
Average Speed 5.6 35.5 29.5 62.5 0 39.7
(kmvhr)
Idietime (hr) 1.9 0.2 1.7 0.4 0.2 4.4
Idletime (%) 59.9 5.8 32.4 4.9 100 21.4
Nr of periods of 181 402 356 445 0 1384
acceleration
Summary statisticsfor ADR category NA
Statistic Congested | RessMinor Arterial Fwy/Hwy Wait Overall

Distance 37.8 135.8 119.8 89.1 0 382.5
Traveled (km)
Time Spent (hr) 6.5 4.2 4.4 1.7 0.8 17.5
Average Speed 5.8 324 274 52.7 0 219
(kmvhr)
Idietime (hr) 4.1 0.3 1.3 0.1 0.8 6.6
Idletime (%) 63.4 6.5 30.7 6.2 100 37.7
Nr of periods of 393 495 369 102 0 1359
acceleration
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Summary statisticsfor ADR category NB

Statistic Congested | Res/Minor Arterial Fwy/Hwy Wait Overall
Distance 42.4 244.4 156.4 508.6 0 951.8
Travelled (km)

Time Spent (hr) 7.6 7.1 55 7.7 0.9 28.8
Average Speed 5.6 34.4 28.6 66.4 0 33.0
(kmvhr)
Idletime (hr) 4.3 0.4 1.6 0.3 0.9 7.5
Idletime (%) 55.8 5.8 29.4 3.8 100 26.0
Nr of periods of 436 640 316 260 0 1652
acceleration

Summary statisticsfor ADR category ME

Statistic Congested | RessMinor Arterial Fwy/Hwy Wait Overall
Distance 78.5 427.1 292.4 133.1 0 931.1
Traveled (km)

Time Spent (hr) 12.9 13.5 12.4 2.6 4.4 45.7
Average Speed 6.1 31.6 23.6 51.1 0 204
(kmvhr)

Idletime (hr) 8.1 0.9 35 0.1 4.4 16.9
Idletime (%) 62.4 6.4 28.5 4.7 100 37.0
Nr of periods of 765 1315 981 113 0 3174
acceleration

Summary statisticsfor ADR category NC

Statistic | Congested | Res/Minor Arterial Fwy/Hwy Wait Overall
Distance 43.7 433.8 216.6 709 0 1403.1
Travelled (km)

Time Spent (hr) 11.4 13.1 7.7 12.7 4.6 49.5
Average Speed 38 33.0 28.2 55.8 0 284
(kmvhr)

Idletime (hr) 6.7 0.7 2.1 0.5 4.6 14.6
Idletime (%) 58.8 5.3 27.9 3.8 100 29.6
Nr of periods of 356 841 369 365 0 1931

acceleration
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Summary statisticsfor ADR category NCH

Statistic Congested | Res/Minor Arterial Fwy/Hwy Wait Overall
Distance 62.1 3324 143.2 561.6 0 1099.3
Travelled (km)

Time Spent (hr) 14.0 10.5 55 8.7 4.8 43.5
Average Speed 4.4 317 26.2 64.4 0 25.3
(kmvhr)

Idletime (hr) 7.8 0.6 15 0.4 4.8 15.1
Idletime (%) 55.7 5.3 27.9 4.4 100 34.7
Nr of periods of 408 734 334 263 0 1739
acceleration
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7  REPRESENTATIVE MICROTRIPS

In order to find representative microtrips which could be usad to form the UEDC:s, it was first necessary to
define a representative microtrip.  In the absence of a gandard definition or procedure, the following
definition was used:

"The representative microtrip of aset of micratripsisthat microtrip which spendstime at speeds and
accderationsin amilar proportions to the entire set of microtrips.”

In mathematical terms, thisis themicratrip which minimises the distance between its empirical distribution
function (a function of spead and accderation) and the pooled empirica digtribution function (edf) from dl
microtrips. Many gatigtics can be determined in terms of the edf. In theory, choosng micratripswith a
amilar edf to that of the pooled micratrips ensures that the chasen microtrips have amilar Satigicsto the

pooled micratrips.

The particular distance measure used here was the integrated absol ute difference between the two
cumulative digribution functions. This criterion is based on a Kolmogorov-Smirnov distance measure or
score given by

QO IF __(sa)- Fy(sa)|dsda

where r identifies a particular microtrip, R istheroad category, a isthe given accderation, < isthe
speed and F isan esimator for the distribution function.

The particular estimator used was basad on a binned estimate of the density function, f,thus
F(s,) =g f (x,y)dxdy
where the limitsfor the doubleintegrdl arefrom {- ¥ ,- ¥ } to{s,a}.

Binning reduces the amount of computational efort while maintaining alevd of robustness of reults snce it
is used to compare digribution functions. The bins were the product of separate partitions of speed and
accderation, amilar to the acod eration/decd eration tablesin section 10. Each partition split the range up
into 10 intervals, each interval containing a smilar number of cbservations. Thus the dengity esimator used
was.

f (x, y) = number of seconds inthe kin containing (x, ) /
[total number of seconds x areaof hbin containing (X, V)]

Theindividud f < for the different road categories are graphed in Appendices C and D. These graphs

show the different proportions of time spent a various speeds and accd erations and provide a comparison
between the four road types.

This method, dbet with a minor modification, was usad to obtain a number of representative micratrips for
each of the four road conditions for each of the vehides within each ADR category.
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This modification was a weighting used to downweight periods spent at rest, as these tended to dominatein
the choice of micratrip; microtrips were being sdected amost exdusively on length of idle period rather
than on the remainder of the driving sequence.

The representative microtrips obtained for each vehide are disolayed in Appendix C. Representative
microtrips for each ADR category were then abtained by pooling the data for the vehidesin each category.
Representative microtrips for each ADR category are presented in Appendix D.

Each st of graphsin Appendix C or D conggts of the fallowing:
I. aplot of the dengty estimates
. aplot of the Kolmogorov-Smirnov scores for the microtrips
. thefirg fifteen representative micratrips for Congested roads and the firgt five representative
microtrips for Resdentia/Minor, Arteria and Freaway/Highway road conditions.
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8 URBAN EMISSIONS DRIVE CYCLES FOR ADR CATEGORIES

To form the UEDC for each ADR category we sdected the appropriate number of representative
micratrips to be joined, darting with the most representative micratrip, which fulfilled the duration
requirements specified by the EPA. For congested road conditions, representative microtrips were of
ratively short duration, so 15 representative microtrips are displayed. For all other road conditions the
fird five representative micratrips are shown in the Appendices, dthough more than five are sometimes
required to build aUEDC .

The duration (in minutes) of each component of the cyde for each road condition followed by the micratrip
identifiersin parentheses and the tatd duration of the UEDC (in minutes), are shown in the falowing table

ADR UEDC
category Congested | Res/Minor Arterial Fwy/Hwy Duration (min)
MC 555(1-6) | 17.57(1-6) | 16.73(1-4) | 18.37 (1,2,3,5) 58.22
NA 5.57 (1-5) 17.98 (1-8) 17.58 (1-6) | 19.02 (1-5) 60.15
NB 6.28(1-7) | 17.28(1-4) | 18.18 (1-7) | 17.47 (1-3) 59.21
ME 6.35 (1-5) 17.85 (1-6) 17.97 (1-9) | 17.48 (1-3) 59.65
NC 5.47 (1-4) 17.97 (1,3,4) | 18.05(1-6) | 16.05(1,2) 57.54
NCH 6.07 (1-3) | 17.17(1-4) | 18.28 (1-6) | 20.23(3,4,5) 61.75
UEDCs do not necessarily contain the most representative microtrips for two reasons.
() In some cases it was necessary to include less representative microtripsin order to fit the desred

duration.

(ii) Themicratrips of UEDCs comprise asmal number of actua micratrips from the vehidesin the
sudy. The data from some of these microtrips was poor and o |ess representative microtrips, but
with better quality data, were used.

For example, to form the UEDC for ADR category NCH we joined the firg three most representative
micratrips for Congested, the firgt four representative micratrips for Res/Minor, thefirgt Sx representative
microtrips for Arterial and for Freeway/Highway, we used the 3™, 4™ and 5" most representative
micratrips because the first was too long (30.72 minutes) and the speed measurements for the second were

iky (see Appendix D).

Theresulting UEDCs for each ADR category are presented in Appendix E. UEDCs and gear information
are upplied on the accompanying CD as atext file uedc.txt and as a Microsoft Excd file uedcxls. In each
filethere are five cdumns labdled as ADR,Road, Seconds, Speed,Gear . Column 1 containsthe ADR
category, column 2 contains the road condition, column 3 the time in seconds from zero, column 4 the
gpead in kmvhr and column 5 contains the predicted gear. Column 5 will contain integers 0,1,2,etc. or NA.
Zeroisused toidentify points which could not be accurately dassfied (see section 14). NA isused to
diginguish those micratrips for which no gear dassfication was done, eg because the vehicle had an
automatic gearbox.
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9 SUMMARY STATISTICS FOR UEDCs

Summary gatigtics caculated for the UEDC for each ADR category are presented in the fallowing tables

Summary statisticsfor UEDC for ADR category MC

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 0.7 10.5 9.0 18.0 38.2
Traveled (km)

Time Spent (sec) 333 1054 1004 1102 3493
Average Speed 7.1 35.9 32.3 58.9 39.4
(kmvhr)
Idle time (sec) 148 41 256 23 468
Idletime (%) 44.4 3.9 25.5 2.1 13.4
Maximum speed 29.0 67.3 81.8 914 914
(kmvhr)
Nr of periods of 7 31 22 18 78
acceleration

Summary statisticsfor UEDC for ADR category NA

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 1.2 9.9 9.5 16.5 37.1
Traveled (km)

Time Spent (sec) 334 1079 1055 1141 3609
Average Speed 13.0 33.0 325 52.2 37.1
(kmvhr)

Idletime (sec) 87 97 208 53 445
Idletime (%) 26.0 9.0 19.7 4.6 12.3
Maximum speed 45.3 71.1 82.1 86.9 86.9
(kmvhr)

Nr of periods of 12 33 28 19 92
acceleration
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Summary statisticsfor UEDC for ADR category NB

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 1.1 10.6 8.9 20.7 41.3
Travelled (km)

Time Spent (sec) 377 1037 1091 1048 3553
Average Speed 10.6 36.8 29.5 71.0 41.9
(kmvhr)
Idle time (sec) 50 26 300 27 403
Idletime (%) 13.3 2.5 27.5 2.6 11.3
Maximum speed 30.9 68.7 73.7 97.3 97.3
(km/hr)
Nr of periods of 11 31 17 9 68
acceleration
Summary statisticsfor UEDC for ADR category ME
Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
1.1 9.5 7.3 14.9 32.9
Distance
Travelled (km)
Time Spent (sec) 381 1071 1078 1049 3579
Average Speed 10.8 32.0 24.5 51.3 33.1
(kmvhr)
Idletime (sec) 128 54 280 54 516
Idletime (%) 33.6 5.0 26.0 51 14.4
Maximum speed 36.4 62.6 63.3 85.0 85.0
(kmvhr)
Nr of periods of 11 32 29 12 84
acceleration
Summary statisticsfor UEDC for ADR category NC

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 0.7 10.2 9.1 15.0 35.0
Traveled (km)

Time Spent (sec) 328 1078 1083 963 3452
Average Speed 8.0 34.1 30.2 56.0 36.5
(kmvhr)

Idletime (sec) 73 24 257 16 370
Idletime (%) 22.3 2.2 23.7 1.7 10.7
Maximum speed 28.2 59.9 69.3 80.8 80.8
(kmvhr)

Nr of periods of 4 16 16 8 44
acceleration
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Summary statisticsfor UEDC for ADR category NCH

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 0.7 8.6 8.2 21.7 39.2
Traveled (km)

Time Spent (sec) 364 1030 1097 1214 3705
Average Speed 6.7 30.2 26.9 64.4 38.1
(kmv/hr)

Idletime (sec) 94 75 270 47 486
Idletime (%) 25.8 7.3 24.6 3.9 13.1
Maximum speed 33.0 62.9 68.5 99.2 99.2
(kmv/hr)

Nr of periods of 6 21 15 7 49
acceleration
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10 CLUSTER ANALYSIS OF VEHICLES FOR EACH ROAD CONDITION

Hierarchica Cluser Analysis was used to explore which vehidesfal into groups as suggested by the data.
The distance measure used in the dugter analyses was the same as that used for identifying representative
micratrips. That is, for each road condition, cduster analyss was performed on a 17 x 17 dmilarity matrix
conggting of dl pairwise disance measures between the 17 vehides. Note that this distance measure takes
into account both accd eration and speed.

Asfor the digance measure used in determining representative micratrips, al idle periods wereignored.

Reaults of the dugter anayses shown in Appendix F indicate no congstent dustering or grouping of vehicles
according to the ADR categories across al road conditions.
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11 COMBINING ADR CATEGORIES — CLUSTER ANALYSIS

Hierarchica Cluser Analyss was usad to explore which ADR categories, if any, could be combined in
order to reduce the number of tests. The distance measure used in the duster analyses was the same as
that used for identifying representative micratrips. For each road condition, duster analys's was performed
on a6 x 6 Imilarity matrix congsting of dl pairwise distance measures between the Sx ADR categories.
This distance measure takes into account both accd eration and speed.

Asfor the digance measure used in determining representative micratrips, al idle periods wereignored.

Reaults of the dugter anayses shown in Appendix G indicate no conssent dugering or grouping of subsats
of ADR categories across al road conditions, although NC and NCH were grouped together for al road
conditions except Freaway/Highway.

Hence we can not recommend that a composite UEDC be obtained for groups of ADR categories

12 COMPOSITE URBAN EMISSIONS DRIVE CYCLES

Sncethe results of the duster analyses did not support the nation of combining the ADR categoriesinto
smaller groups, Compasite Urban Emissons Drive Cycles were obtained for each ADR category
according to time intervals specified by the EPA.

The duration (in minutes) of each component of the composite cyde for each road condition followed by
the micratrip identifiers in parentheses and the total duration of the CUEDC (in minutes), are shown in the
fdlowing table Asfor the UEDCs, the CUEDCs do not necessarily contain the most representative
microtrips to satisy the required durations.

ADR CUEDC
category Congested | Res/Minor Arterial Fwy/Hwy Duration (min)
MC 5.55 (1-6) 6.87 (1,2) 7.80 (1) 8.48 (1,2) 28.70
NA 5.57 (1-5) 8.40 (1-3) 7.45 (1,2) 8.48 (1) 29.90
NB 5.32 (1-6) 6.75(1,2) 6.50 (1,2) 9.85 (2) 28.42
ME 5.37 (1-4) 8.43(1,2) 7.25 (1-4) 6.90 (1) 27.95
NC 5.47 (1-4) 8.48 (2,3) 7.18 (1-3) 8.80 (2,3) 29.93
NCH 6.07 (1-3) 7.95 (2,3) 7.40 (1,2) 6.50 (3) 27.92

For example, to form the CUEDC for ADR category ME we joined the firgt four most representative
microtrips for Congested, the first two representative micratrips for ResMinor, the firgt four representative
micratrips for Arterial and the first representative microtrip for Freaway/Highway (see Appendix H).

Severd gpproaches to fitting piecewise linear segments to each CUEDC were investigated, induding fitting

piecewise linear B-splines (see de Boor, 1978 or Cheney and Kincaid, 1985) and usng multivariate
adaptive regresson splinesor MARS (see Friedman, 1991 or Friedman and Silverman, 1989).

26




Because of problems encountered with determination of the location of the knots (change paints) in the
spline approach, piecewise linear ssgments have been superimposad over the CUEDCs udng an autométic
method which regtricts change paints to pointsidentified as a change in mode from idle to accderation to
cruisng to decderaion. The resulting superimpaosad piecewise linear segments are shown in Appendix H
for each ADR category.

CUEDCs and gear information are supplied on the accompanying CD as atext file cuedc.txt and asa
Microsoft Excd file cuedexls. In each filethere are Sx columns labdled as

ADR,Road, Seconds,Speed,Linear,Gear . Caumn 1 contains the ADR category, column 2 contains the
road condition, column 3 the time in seconds from zero, column 4 the speed in km/hr, and column 5 the
gpead for the piecewise linear segments and column 6 the predicted gear information. Asfor the UEDCs,
column 6 will contain integers 0,1,2,&tc. or NA. Zerois usad to identify points which could not be
accurately dassfied (see section 14). NA is usad to distinguish thase micratrips for which no gear
classfication was done, eg because the vehide had an automeatic gearbox.
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13 SUMMARY STATISTICS FOR CUEDCs

Summary gatigtics caculated for the Compodite Urban Emisson Drive Cyde for each ADR category are
given in the falowing tables

Summary statisticsfor CUEDC for ADR category MC

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 0.7 4.0 4.4 7.9 16.9
Traveled (km)

Time Spent (sec) 333 412 468 509 1722
Average Speed 7.1 34.5 33.9 55.7 35.3
(kmv/hr)

Idletime (sec) 148 14 89 37 288
Idletime (%) 44.4 3.4 19.0 7.3 16.7
Maximum speed 29.0 66.7 72.8 85.3 85.3
(kmvhr)

Nr of periods of 7 14 11 8 40
acceleration

Summary statisticsfor CUEDC for ADR category NA

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 1.2 4.6 4.0 7.7 17.5
Travelled (km)

Time Spent (sec) 334 504 a47 509 1794
Average Speed 13.0 32.8 32.0 54.5 35.1
(kmvhr)

Idle time (sec) 87 51 79 3 220
Idletime (%) 26.0 10.1 17.7 0.6 12.3
Maximum speed 45.3 62.4 82.1 85.0 85
(kmvhr)

Nr of periods of 12 13 16 7 48
acceleration
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Summary statisticsfor CUEDC for ADR category NB

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 1.0 4.0 3.2 124 20.6
Travelled (km)

Time Spent (sec) 319 405 390 591 1705
Average Speed 10.9 35.8 29.9 75.3 435
(kmvhr)
Idletime (sec) 28 13 109 3 153
Idletime (%) 8.8 3.2 27.9 0.5 9.0
Maximum speed 30.9 68.7 73.7 91.6 91.6
(kmvhr)
Nr of periods of 9 15 8 3 35
acceleration

Summary statisticsfor CUEDC for ADR category ME

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 1.0 4.7 2.9 5.8 14.4
Travelled (km)

Time Spent (sec) 322 506 435 414 1677
Average Speed 111 33.3 23.7 50.8 30.9
(kmvhr)
Idletime (sec) 102 6 122 22 252
Idletime (%) 31.7 1.2 28.0 5.3 15
Maximum speed 36.4 60.7 63.3 85.0 85
(kmvhr)
Nr of periods of 9 15 12 4 40
acceleration

Summary statisticsfor CUEDC for ADR category NC

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 0.7 4.6 38 8.0 17
Traveled (km)

Time Spent (sec) 328 509 431 528 1796
Average Speed 8.0 324 315 54.2 34.1
(kmvhr)

Idletime (sec) 73 28 78 29 208
Idletime (%) 22.3 55 18.1 55 11.6
Maximum speed 28.2 57.2 63.3 82.9 82.9
(kmvhr)

Nr of periods of 4 9 9 4 26
acceleration
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Summary statisticsfor CUEDC for ADR category NCH

Statistic Congested Res/Minor Arterial Fwy/Hwy Overall
Distance 0.7 4.3 35 7.1 15.5
Traveled (km)

Time Spent (sec) 364 477 444 390 1675
Average Speed 6.7 32.6 28.1 65.2 334
(kmv/hr)

Idletime (sec) 94 8 91 12 205
Idletime (%) 25.8 1.7 20.5 3.1 12.2
Maximum speed 33.0 60.3 59.0 96.1 96.1
(kmv/hr)

Nr of periods of 6 9 7 2 24
acceleration
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14 DESCRIBING DRIVING CHARACTERISTICS WITH RPM AND
SPEED
MEASUREMENTS

In order to obtain gear information to accompany the CUEDCs, the fallowing smple modd was assumed
for predicting speed from rpm when the particular gear is known:

rpm=a X speed + error

where a isaregresson parameter for a particular gear, each gear having a different valuefor a, and
error istaken as normaly digtributed with mean zero and variance s ;ear . Theonly prablem in our

dtuation isthat the gear the vehideisin for each measurement is unknown, thusit istreated as missng
information. Our methad for dedling with this missng information invaves maximum likdihood esimation
of themode parameters. Thisis described below and parameter estimates are summarised in subssquent
tables.

14.1 Estimation of the models

Thefirg step in our analysis used spead and rpm values to dassfy which gear vehideswerein at each
second measured. Then accderation characterigtics are diplayed for each gear of the vehide,

The speed and rpm values were used to dassfy what gear the vehides werein for each time point
measured. Thiswas carried out usng the EM dgorithm (Dempster, Laird and Rubin, 1977) where the
gear istreated asmissing. Although adjacent rpm and speed measures were corrdated (autocorre ation)
was evidence, this correation was ignored and the data treated the observations as independent. This has
the effect of redudng the efficiency of the estimates dightly but reduces the complexity of the andlyss
condderably. Starting values for these missing values were determined by eye. First we congtructed a
scatterplot of rpm versus speed (eg see Appendix I, Figure 1).

In the scatterplot of the data we drew by eye lines which approximately corresponded to the five gears.

We then used these lines to dassfy each observation to a gear, and if the speed and rpm value was not
doseto agear then we dassfied it asatrangtion point.  Any point not dassfied to a gear was given zero
weght in the next gep of etimating modd parameters. Multiple dassifications were aways assgned to the
lowest gear. The maximum likdihood estimate of the modd parameters given these dassified gears was
then calculated. These estimates were then used to re-dassfy the gears more accurately by using
prediction intervals to dassfy the points. We repesated the procedure in an iterative fashion until the
parameter estimates converged. Thefina estimates gave the estimated modd, and a means of accurately
dassfying the measured values to a gear.

The EM agorithm could only fit the number of gears that we sarted with in our initid estimate. Therefore,
not al gearswerefitted. \We were nat too concerned about this because if gears are indistinguishable by
eye, then effectively for our dassfication of phases these should be tregted as identical gearswith very
gmilar diesd emisson characteridics

31



For the vehides with manua gearboxes (omitting test Vehide 8) and rdiable RPM measurements (Vehides
1,2 4,7, 11, 13, 14, 16 and 17) the above maximum likdihood method was used to estimate a for each
gear. Note that RPM measurements were collected for Vehicdle 3 (Ford Trangt) and Vehicle 9 (Scania
bus) but these vehides were omitted as they had automatic gearboxes.

During the testing program it emerged that severd vehides did not have a suitable engine speed signal
which could be accurately logged or did not have an engine soeed sensor fitted.  Furthermore, cartain
heavier vehides had alarge number of gears, nat al of which were used in succession during on-road
accderation or decderation. Attempts to dassfy gears usng the modd described above did not dways
accurately predict the number of forward gearsfitted to the vehide. Asthis analyss was not congdered to
be fundamental to the congtruction of the drive cydes, resultsfor one vehide (Vehide 1, Pgjero) are
presented hereto illugrate the procedure. Results for al analyses are available from the authors.

14.2 Results - prediction of gears for Pajero

About 27% of the time is gpent between gears or Sationary in no particular gear. The gear that the vehide
goent modt of itstimein isfourth gear (nearly 28%).

Gear 1st or 2" 3 4" 5th
reverse

a 138.1750 77.6494 48.2012 34.7669 26.4115

Proportion

of time spent 0.0459 0.1028 0.1607 0.2792 0.1335

in this gear

14.3 Results - acceleration characteristics for Pajero

In this section we examine the rdationship between RPM, Speed and Accderation within each geer.

Gear 1. Therdationships are presented in Appendix |, Figure 2 for gear 1. Notice that whenever the
Pajero is accderating then the rdationship between these variables gppears linear, but at near zero
accderation thislinear reationship isnot asgood. A linear reationship between accderation and speed or
rpm islinear whenever the Pgjero is not deceerating. As expected speed seems to reduce when
decderating but rpm tends towards a minimum.

Gear 2. The rdationships are presented in Appendix |, Figure 3 for gear 2. The rdationship between
speed and rpm appears linear, but the linear rdationship is not as good for acod eration with speed or rpm.
An approximate but weak linear relationship between accderation and speed/rpm is evident. Note that
speed seems to be low when decderating and rpm tends towards a minimum (as expected).

Gear 3: Therdationships are presented in Appendix |, Figure 4 for gear 3. The rdationship between

gpeed and rpm appears linear, but the linear rdationship is not as good for accd eration with the other
vaiables. An agpproximate but week linear rdationship between accderation and oeed or rpm is evident.
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Note that the dope of this linear rdationship changes as the Pgjero moves from accderation to
deceleration.

Gear 4: The rdationships are presented in Appendix |, Figure 5 for gear 4. The rdationship between
speed and rpm appears linear, but the linear rdationship is not as good for accderation with the other
variables. When decderating, there appears to be an approximate linear rationship between it and speed,
and it and rpm. However, accderation is not related to ether speed or rpm.

Gear 5: The rdationships are presented in Appendix |, Figure 6 for gear 5. The rdationship between
gpeed and rpm appears linear, but the linear rdationship is not as good for accd eration with the other
variables. When decd erating, there appears to be an approximate linear reationship between it and speed,
and it and rpm. However, accderation is not reated to ether speed or rpm.

RPM less than 820: The rdationships are presented in Appendix |, Figure 7 for low rpm vaues.
Decderation is reated to speed in the natural way (higher decderation at higher speeds). Accderation
here is not common, but we would assume that it would only occur when descending a steep hill.

14.4 Correspondence analyses

For the vehides where no rdiable RPM measurements were available (Vehides 3, 5, 6, 9, 10, 12 and 15)
correspondence analyses were done to search for meaningful dusters or groups. RPM values were
measured for Vehide 8 but no correspondence analyss was done on the validation test data.

A two-dimensiona correspondence analysstriesto find the two dimensiona space that explains the most
information about the counts matrix. It isthe two dimensona space that best fits the full space defined by
the counts matrix in the weighted least squares sense. The dominant features in the counts matrix are
generdly displayed or explained by these two mgor axes.

The horizontal axis correspondsto thefird mgor axis This axis defines the dimensond direction (within
the full dimengond space) that describes a maximum amount of the information in the counts matrix. The
vertica axisisthe axis orthogond to the horizonta axis that describes the second mogt information in the
counts metrix.

Again, asthis analysis was not considered to be fundamentad to the congtruction of the drive cydes, results
for onevehide (Vehide 5, MAN Euro-ll Bus) are presented here to illugtrate the procedure. Results for
al andyses are available from the authors.

This bus spent 40.5% of its time Stationary, but spent 9.38, 11.24, 12.93, 16.06, 8.24, 1.44, 0.25, and
0.01 % of itstime travelling between 0-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-70 and

70-80 kmv/hr respectivdly. Also, it spent 24.50% of itstime accderating at arate greater than 0.6
km/hr/sec, and thisis 41.2% of itstrave time.

When it travelled between 0 to 50 km/hr it spent 37.96% of its time accderating & more than 0.6
km/hr/sec. Seefollowing table
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Vehicle5: Man Euro-1l Bus

Acceleration(+)/Decderation(-) (km/hr/sec)

Speed -20 -5 -2 -1to -0.6 -0.3 -0.1 0 0to 0.1 0.3 0.6 1 2 5to

km/h to-5 [ to-2 | to-1| -0.6 | to-0.3 to-0.1 to0 0 0.1 t00.3 t0 0.6 tol to2 tob 20

r

0 8 | 489 560 289 280 385 9 [ 16536 11 220 169 | 206 475 277 19

0-10 90 | 101 572 264 224 185 59 142 81 166 197 | 242 589 796 1
2

10-20 233 | 123 512 251 217 154 73 9 91 164 228 | 262 596 | 143 77
6 5

20-30 151 | 120 661 290 275 188 126 2 122 206 309 | 408 815 | 155 56
8 5

30-40 63| 675 808 606 657 540 289 5 273 552 708 | 688 | 108 914 46

9

40-50 16 | 183 368 352 372 329 177 1 192 346 472 | 443 562 228 17

50-60 2 32 78 67 61 48 26 0 27 38 82 94 113 36 4

60-70 0 1 12 13 11 15 3 0 3 11 20 14 16 2 0

70-> 0 0 0 2 0 0 0 0 1 0 1 0 2 0 0

The results of correspondence andyssfor Vehide 5 (Man Euro-1l Bus) are shown in Appendix J, Fgure 1
where the firg two dimensons explain 97.5% of the variation.




15 CONCLUSIONS

Given profiles of spead versus time callected by the EPA for 17 diesd vehides drawvn from the Sydney
diesd flegt, we have applied innovative agorithms to determine Compodite Urban Emissons Drive Cydes
for each of 9x ADR categories. We have based our gpproach on the definition of a micratrip, which has
been previoudy defined as a"sequence’ in the literature (see Andreet al.,1995).
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