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3. DEFINITIONS

3.1 HYBRID ELE(
A road vehicle that d
and (2) a recharge
external electric ene
3.2

A classification desd
vehicle) electric ene

NOTE: Equivalent tp

3.3 VEHICLE MIL

Vehicle Miles Travel

3.4 UTILITY FAC]

The UF indicates the

I. 71 No. 248, Page 77904, December 27, 2006

CTRIC VEHICLE (HEV)

an draw propulsion energy from both of the followirig sources of stored energy: (
hble energy storage system (RESS) that is recharged by an electric motor-g
gy source, or both.

PLUG-IN HYBRID-ELECTRIC VEHICLE (PHEV)

ribing an HEV with an energy storage system that is designed to be recharged f
gy source, typically an AC electrical power supply system.

“Off-Vehicle Charge Capable HEV,” “Grid-Connected HEV,” and “Externally Chg
FS TRAVELED (VMT)

ed (VMT) is thevtotal distance traveled by a vehicle in units of miles.

"'OR (UF)

limited utility of a particular initial operating mode - for PHEVs, the CD mode.

with a very long rang
of a vehicle’s charge™

e, for example will have a very hrgh utility and thus a UF that approaches 1 0.

site:

|) a consumable fuel

pnerator system, an

rom an external (off-

rgeable HEV”

An operating mode
The UF is a function

e starts the day from

a routinely achieved, fully charged state and (2) the vehicle is charged to said state before every day of vehicle travel. As
will be discussed later in the document, many possible utility factors can be created and care must be exercised when
deciding which utility factor to use for a particular analysis.

3.5

FLEET UTILITY FACTOR (FUF)

The FUF is a utility factor based on the total miles traveled for a specific fleet of vehicles. This UF is created by dividing
the depleting miles by the total miles traveled. This UF is particularly useful to calculate the expected fuel and electric
energy consumption of an entire fleet of vehicles. The FUF evaluated between 0 and 400 miles is shown in Appendix B.
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3.6 INDIVIDUAL UTILITY FACTOR (IUF)

An IUF (IUF) considers all vehicles equally as opposed to using daily VMT weighting which is highly weighted towards
long distance trips. This particular utility factor is analogous to the average individual response to a survey of fuel and
electric energy consumption rates for a set of vehicles. Two possible options for an IUF are the Single Day and Multiple
Day IUFs, which are differentiated by the availability of multiple survey days in the data.

3.7 SINGLE DAY INDIVIDUAL UTILITY FACTOR (SDIUF)

The SDIUF is a specific IUF created when only a single day of travel is available. For most analysis, data from a multi-

day survey is more
adequately capture

representative for generating IUFs.
||Qing a Qingln rln\ll travel sSuey.

This is due to the variations of a driver's behavior not being

NOTE: The 2001 N

3.8 MULTIPLE DA
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3.9 SPECIFIC UT
A Specific Utility Fag
driving style. The rq
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style leads to shorte
curve for that driving
particular SUF is din
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3.10 CITY SPECIF

The CSFUF is a Sp
found in Appendix E

3.11 HIGHWAY SH

The HSFUF is a Sp¢
in Appendix E.

HTS survey data only includes data from a single day per household.
Y INDIVIDUAL UTILITY FACTOR (MDIUF)

cific IUF created when multiple driving days are available from atravel survey @
| driver’'s day-to-day variation into the utility calculation. This.iS)the recommende

h Appendix B.

LITY FACTOR (SUF)

tor is a utility factor that uses a filtered subset of\data to create a utility factor that|
asoning behind this type of UF is that certaincdriving styles may have different ¢
bd and thus may be analyzed with differentUFs. For example, if one assumes
I daily distances, it might be useful to use a shorter distance subset of a travel s
style. Cycle-specific utility factors can-be created for either FUFs or IUFs. Note:
ectly related to the ability to confidently separate driving styles given the amour

C FLEET UTILITY FACTQR (CSFUF)

ecific Fleet Utility Factor created for City (Urban) driving. Two examples of a

ECIFIC FLEETUTILITY FACTOR (HSFUF)

pcific Fleet Utility Factor created for Highway driving. Two examples of a HSFUHR

ataset. The MDIUF
d utility factor to use

IUF to estimate an individual vehicle's expected fuel economy. The MDIUF evaljiated between 0 and

represents a certain
istance distributions
hat a certain driving
irvey to create a UF
the applicability of a
t of information in a

SFUF curve can be

curve can be found

3.12 CHARGE-DEF

Operating mode of a HEV in which the vehicles run by consuming only the electric energy from the mains or along with

the fuel energy simu

[taneously or sequentially until the CS Mode state.

3.13 CHARGE-SUSTAINING (CS) MODE

Operating mode where the HEV runs by consuming the fuel energy while sustaining the electric energy of the RESS.

3.14 CHARGE-DEPLETING RANGE (Rcp)

Generally speaking, this is the distance a vehicle can travel in Charge-Depleting Mode.

calculations are possible and are specified in SAE J1711.

Several different range
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4. DERIVATION OF UTILITY FACTORS

4.1 lllustrating the Utility Factor Concept

The derivation of a UF requires a data set of daily driving distances by a number of drivers. The following example will
illustrate the derivation. Let there be a driving data set of five (5) vehicles that all have different daily miles traveled. Let
the charge-depleting range be 40 miles in this example. For this CD range, each vehicle has a different percentage of
operation in CD mode. If the miles traveled were less than or equal to 40 miles, then 100% of the driving is in CD mode. If
a driver's miles traveled are higher than the CD range, then the CD range divided by the total miles defines this driver’s
fraction of CD mode travel. Figure 1 illustrates this example driving dataset.

[ c00 dent ting50%6-custaining |
[ C ’ |

!

80

| 67% depleting, 33% sustaining |

.

60

| 80% depleting, 20% sustaining | = sustaining

| 100% depleting, 0% sustaining | l

- = depleting
50

| 100% depleting, 0% sustaining | l
40

Depleting range

distance driven = 40mi

on sample day

Vehicle: 1 2 3 4 5

FIGURH 1 - SAMPLE ILLUSTRATION OF ANNORDERED SET OF DAILY DRIVING DISTANCES

To calculate a VMT{weighted UF for this fleet of vehicles, all of the depleting miles are divided by the total miles. In the
numerator, the distahce is either the driven distance-or the CD range, whichever value is lowest, summed over all drivers.
The denominator is the sum of the total milesriven by the fleet. For this example, the calculation i shown in Figure 2.

Given the usefulness of this factor for describing the expected fuel consumption of an entire fleet of Viehicles, it is referred
to as the Fleet Utility] Factor (FUF)

v Depleting Miles
30+40+40+40+40
30+ 40+ 50+ 60+ 80
{

FIGURE 2 - FLEET UTILITY FACTOR CALCULATED FOR EXAMPLE ILLUSTRATION

UF (40) =

- . LAl
1otdal IVIIIcS

As an alternative to the FUF, the Individual Utility Factor (IUF) considers all vehicles equally as opposed to using a VMT
weighting which is highly weighted towards long distance trips. If one wanted to find an individual vehicle-weighted utility
factor (IUF), as opposed to a VMT weighted utility factor, this would be found by summing the individual fractions of CD
operation versus total miles driven for all drivers and then dividing by the total number of drivers. The fraction of CD
operation is defined as 1.0 for drivers driving less than or equal to the CD range and the fraction of CD operation for
drivers driving farther than the specified CD range is defined as the charge depleting range divided by the total distance
traveled. This utility factor is described in Figure 3. Given the relevance of this utility factor for individual vehicles, this
type of utility factor is commonly referred to as an Individual Utility Factor (IUF). In the case of the NHTS, where only one
day of driving data is available, this type of utility factor would be termed a Single Day Individual Utility Factor (SDIUF).
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Depleting Fractions

1 v
UF (40) = §(1+1+ 0.8+0.67+0.5)

L Number of Vehicles

FIGURE 3 - INDIVIDUAL UTILITY FACTOR CALCULATED FOR EXAMPLE ILLUSTRATION
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the combined fuel u
intent is to find a p
Factor (IUF) result s

While the expected fuel consumption of a collection of drivers on a single day can be calculated from

also useful to obser
driving distance pro
available from the

supplementary datas
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patterns that the NH
Utility Factor (MDIU
When using an indiv,
4.2 Defining Utility
Let S be a referencd
be a daily distance ¢
driving days conside

When S is ordered

for analysis of a particular PHEV depends upon the purpose of the analysis.

ediction of an individual vehicle’s expected fuel economy, then a vehicle-weigh
hould be used.

e daily driving distance over a period of time. This is because drivers will typi
ile over the course of the year due to business trips, vacations;.€tc. Since thi
NHTS data, an additional data set was used to incorporate fonger term dri
et used for this analysis was from a Commute Atlanta (CA)-Survey of roughly 53
smaller, it contains multiple days of driving data and therefore provides insight inf]
TS data alone is unable to address. With this supplementary dataset, a new
F) may be calculated in a similar fashion to the SDIUF with the inclusion of the 1
dual utility factor, it is recommended that a MDIUE be used.

Factor Equations
set of driving data, which is a finite set,of driving distances, and let R¢p be a gi

riven by a particular vehicle. Let Ngbe the total number of vehicles multiplied b
red in the set S. Equation 1 illustrates the membership in this set.

S=1{d,.d,,....dy, |

such that (di < di+1), the sorted daily driving distances can be plotted, as shown

Daily
Driving
Distance

If the intent is to predict

nould be used. If the
ted Individual Utility

the NHTS data, it is
cally have a varying
b data is not directly
ing behavior. The
) vehicles. Although
p longer term driving
Multi-day Individual
nultiple driving days.

en CD range. Let d;
the total number of

(Eqg. 1)

n Figure 4.

Ordered Driver Number

FIGURE 4 - ORDERED REFERENCE SET OF N DAILY DRIVING DISTANCES
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Daily
Driving
Distance

Consider the partitid
miles per day is des

The fraction of VMT

Thus, the UF calculd
data, divided by the

As discussed previo
of this utility factor i
factor represents th

FIGURE 5 - DATA PARTITIONS FOR UTILITY FACTOR (UF) DERIVATION

ns illustrated in Figure 5 for the following parameters. The fraction of drivers t
tribed in Equation 2.

Np

F(D)=

driven in the initial mode up to D miles (charge-depleting or EV range, D) is depic

O SRR

tion, given the initial data set S, is.the sum of the minimum of either Rep or the
sum of all the distances. This calculation is shown in Equation 4.

2 min(d,,Rep )
UF (Ryp) = —
2.

d.eS

5 similar to the previous discussion, but rather than a percentage of total mileg
b €xpected depleting fraction enabled by a particular depleting range relative td

Lisly, an-flF may be desirable when conveying information for an average vehiclé.

raveling less than D

(Ea. 2)

fed in Equation 3.

(Eq. 3)

iriving distance of dy

(Ea. 4)
p. The basic buildup
traveled, this utility
the set of vehicles.

Ko oolalot o
S carcuratuorT.

Equation 5 illustrated

+
lami

nDays

nVehicles Zl mi n(di,j ! RCD)
; = nDays
i= Zldi,j
_ j=
'UF (Reo) = nVehicles

(Eq. 5)
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5. NHTS AND COMMUTE ATLANTA SURVEY BACKGROUND

“The National Household Travel Survey (NHTS) is a U.S. Department of Transportation (DOT) effort sponsored by the
Bureau of Transportation Statistics (BTS) and the Federal Highway Administration (FHWA) to collect data on both long-
distance and local travel by the American public. The joint survey gathers trip-related data such as mode of transportation,
duration, distance and purpose of trip. It also gathers demographic, geographic, and economic data for analysis
purposes.” - Obtained February 2010 from http://www.bts.gov/programs/national _household _travel survey/

The 2001 NHTS was conducted during the period March 2001 through May 2002. Each sampled household was
assigned a travel day to report all trips made on that day. Travel days were assigned for all seven days of the week,
including holidays. The travel day began at 4 AM and ended at 3:59 AM of the following day. On a typical day, 4 AM

represents the time

vhen the fewest number of ppnplp are in the middle of a rrip

“In 2004, Commute
These volunteer hou
Approximately 465
speed and position
and engine operatin
day and selected
transportation plann
congestion...”

“More than 100 hous
to simulated paymer
congestion pricing 13
February 2010 from

Atlanta monitored one full year of baseline travel activity from more than 275-parti
seholds allowed the research team to professionally install a GT Trip Data.Colle
ehicles in these households were equipped with instrumentation to moniter secor
or every trip. Researchers remotely monitor the travel patterns of,these vehicle
) data via a cellular data connection. General travel data, such asynumber of trig
ravel routes, are used to evaluate transportation demand)models currentl
ing process. Vehicle position and speed data are used<tovidentify locations

beholds participated in Phase Il value-pricing research designed to assess house
t of transportation costs on a per-mile basis. A similar number of households will

http://commuteatlanta.ce.gatech.edu/

By filtering the Cominute Atlanta dataset, the multi-day driving' patterns of the survey drivers may be

as a multi-day suppl

The CA dataset was
to be a reasonable
NHTS data sets reld
view of the curve be

Utility Factor Fraction

ement to the NHTS data.

found to have FUF and SDIUF distributions similar to the NHTS dataset and w
upplement to the NHTS dataset. The following Figures 6 and 7 compare the C
tive to the FUF and SDIUF curves. The plots on the right side of Figures 6 and
ween 0 and 100 miles,

= = NHTSData

1
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Utility Factor Fraction

cipating households.
Ctor in their vehicles.
d-by-second vehicle
s, uploading vehicle
s per household per
y used in Atlanta's

of recurrent traffic

hold travel response
experience real-time

ter this year. Analytical efforts for this project aré-expected to continue througholit 2007.” - Obtained

calculated and used

hs therefore decided
ommute Atlanta and
7 are an expanded

. ——CAData
= = NHTS Data

25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400

0

0.1 /
0

0 5 10 15 20 25 30 35 40 45 50 55 60 6

Charge Depleting Range (mi) Charge Depleting Range (
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FIGURE 6: FLEET UTILITY FACTOR COMPARISON: COMMUTE ATLANTA (CA) VERSUS NHTS (FULL AND <100 MI)
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Utility Factor Fraction

0

FIGURE 7 - SINGL

6. UTILITY FACTQ

6.1 Data Processi
The 2001 NHTS daf
separate individual t
by using the filters al

TABLE 1

One last step was t3
“VEHUSED” label in
vehicle usage. The
supplementary datas
6.2  Utility Factor B

The various UF res
where x is the input
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0

——~CAData
= = NHTS Data

Utility Factor Fraction

Charge Depleting Range (mi) Charge Depleting Range

(FULL AND <100 MI)
R PROCESSING AND VALUES
g
a in the “Day Trip File” named DAYPUB comes in SAS, database, and ASCI| f

ips from the entire survey. The total number of records in the.file is 642 292. Th
nd selected parameters listed in Table 1.

FIELDS USED TO EXTRACT SET OF DAILY DRIVAING DISTANCES FROM NH
Field Filter Remarks
DRVR_FLG =1 1 = Subjeet was driver on this trip
SMPLSRCE =1 1 = National Sample
TRPMILES >0 Tripudistance in miles
TRVL_MIN >0 Time to complete entire trip in minutes
VEHTYPE =1, 2, 3,04 Type of vehicle, 01=Car, 02=Van,

03=SUV, 04=Pickup truck, 05=0ther
truck, 06=RV, 07=Motorcycle, 91=0ther

ken before the UF equations could be applied. For each household vehicle (uni
data set) that was used on the travel day, trip distance and trip time were sumr]
esulting data provides daily driving distances for roughly 32 000 vehicles and is
et as the input for the utility factor analysis in this document.

xponential Equation Fits

Lilts can~be described by entering the depleting range into the general form s
depleting range. The coefficients for the FUF and MDIUF fit calculations are sh

——~CAData
= = NHTS Data

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 20 95 100

(mi)

'A) VERSUS NHTS

prmat. It consists of
b data were reduced

TS DATA

ue “HOUSEID” and
hed to arrive at daily
used alongside the

nown in Equation 6,
own in Table 2. The

UF results are valid

from O to the normalized distance where the Utility Factor converges to 1.0. TH

e equation structure

for fitting a UF curve was arrived at experimentally and was found to provide a good fit with relatively few coefficients or
significant digits. The fit coefficients were found using a modified least squares approach, which ensures that the fits are
monotonic. The fit coefficients for the FUF are identical to those found in the previous version of SAE J2841. For the
MDIUF, the fitting algorithm was further adjusted to achieve a mix of low relative error and a minimum number of
coefficients/significant digits. The maximum fit-error was less than 0.004 and 0.007 for the FUF and MDIUF respectively.
An example fitting script is shown in Appendix A and may be adjusted to find the desired coefficient humber and
resolution to be used in Equation 6.

UF = 1 — exp{ -[C1*(x/norm_dist) + C2*(x/norm_dist)*+ ... + C10*(x/ norm_dist)"°]}

(Eq. 6)
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TABLE 2 - UTILITY FACTOR EQUATION COEFFICIENTS

Value FUF Fit MDIUF Fit
norm_dist 399.9 400
C1 10.52 1.31E+01
C2 -7.282 -1.87E+01
C3 -26.37 5.22E+00
ca 79.08 8.15E+00
C5 -77.36 3.53E+00
Cc6 26.07 -1.34E+00
c7 - -4.01E+00
Cc8 - -3.90E+00
Cc9 - -1.15E+00
Cc10 ) 3.88E+00
Max Error 0.00391 0.00658

Due to some unique| processing requirements, the Multi-day Individual utility factor has a limited set @
data fitting. More specifically, the MDIUF data was fit using 20 points distributed across the entire

order to provide a mpre accurate fit in the regions of typical interest, the majority of the fit points were
and 50 miles. To eyaluate that this reduced set of points was sufficient t6 match UF shaped data, a
the full FUF curve apd the 20 point reduced set. Figure 8 shows thatythe reduced point fit is close t
suggests that the 20| points used for fitting the MDIUF should be suijtable.

0.002

0.0015

0.001

0.0005

W)

-0.0005

FUF Error: Full Data Fit - 20-Pt Data Fit

-0.001

B60Ls

A

sa \ - 200 550 300 350 0o
|
!

Charge Depleting Range (mi)

FIGURE 8 - FULL AND 20 POINT FUF CURVE ERROR PLOT

f points available for
400 mile range. In
allocated between 0
it was created using
p the full-data fit and

Utilizing Equation 6 and the coefficients in Table 2, the Fleet Utility Factor and Multi-day Individual Utility Factor curves are
shown in Figure 9. The plot on the right side of Figure 9 shows an expanded view of the Utility Curves in the 0 to 100 mile
range. Appendix B contains a table of the FUF and MDIUF equations evaluated at 1 mile increments and rounded to the
nearest 0.001. For non-integer distances, it is recommended that the proper UF fit equation be evaluated to calculate the

UF.
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Utility Factor Fraction
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F
7. CITY AND HIGH
7.1 Calculating Ci
In the FUF and MD

different types of dri
travel farther than th

driven between charges, a UF which is specific to either a particular style of driving may be useful. 4

use with a particular
IUF.

The City and Highwe
or more vehicles oveé
work with data sets

between zero and ¢ne. Using this data, the cycle-specific FUF for a fleet is shown in Equation 1.
regarding the proper

50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
Charge Depleting Range (mi)
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--=-MDIUF
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----MDIUF

I
-

Utility Factor Fraction
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GURE 9 - FUF AND MDIUF WITH RESPECT TO CHARGE-DEPLETING RANG
WAY SPECIFIC UTILITY FACTORS

y and Highway Specific Utility Factors

UF, all driving data from a particular survey is included together to create the
ing may differ in the distribution of distance traveled. For example, some high-sp
e majority of stop-and-go drivers. Because energy consumption for a PHEV is 4
type of driving is referred to as a Specific Utility Faetor (SUF) and can be created
1y Specific UFs can be built from a data set'that contains the distance driven betw
r one or more days. For simplicity, one-charge per day is assumed. The equatio|

bf one or more days of data per vehicle: Each data point in the set is assigned 3

ties of Specific UFs can be found in Appendix D.

E

—————————
.....

70 75 80 85 90 95100

Charge Depleting Range (mi)

UF curve. However,
ped drivers will likely
function of distance
\ UF constructed for
as either an FUF or

een charges for one
hs are normalized to
weight with a value

More information

(Eq. 7)

Similarly, the cycle-

Innr‘ifir‘ IWE for an individual is shown in I:n'l lation 8

N .
K z:nic1 Win dk,n Z71:1"Vk.n'mm(RCD’dk-n)
Zk=1 Nk

) ( e
z:n,=1 dk,n
Yn=1Wkndkn

Ny
Zlk(=1<

Ny
E-n,:l dk,n

)

Nk
Yn=1Wkn'din

)

SUFIndividual(RCD) =

(Eg. 8)
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TABLE 3 - CYCLE-SPECIFIC UF EQUATION VARIABLES

Variable Definition
d., Distance driven on each day.
K Number of vehicles in data set
N Number of days in data set
Ry Charge decreasing range.
W, . Weighting applied to each day, contains a value between zero and one.

These equations are
equations are identi
weights and distanc
has no weighted dis
SUFs, if the weighte

a special case of the composite UF calculation. In the case where all weights @rg
tal to the composite UF calculations. These equations assume that the data'set
bs having a non-zero value; the total distance traveled is greater than zero:-For
fance, that vehicle should be removed from the data set for that cycle-specific ¢
H distance traveled is zero, the SUF is undefined.

One particular optioh for creating SUF curves may be computed from travel surveys, such as the N
trip distances and tiip travel times. Since only trip information is available, each‘trip is wholly assig
highway driving. In the NHTS, only average trip time and trip distance is available and thus an alloc
on calculated vehicle speed alone. For example, consider the common_assumption of 55% of vg

(VMT) in urban settings and 45% in highway settings for partitioning trips into bins for city and h
slowest 55% of VMT is assigned to city driving. The trips that are associated with this travel are g
driving samples. The remaining trips are assigned to highway driving. Figure 10 shows the cumu
NHTS versus the ayerage trip speed. This chart is generated byctaking each trip, calculating the av
trip, then sorting thellist and plotting the cumulative distance versus the average trip speed. The spe
of VMT occurs is 42 mph. For illustration purposes, an additional set of SUF curves have also been
coefficients table with a 43% city versus 57% highway split©’ More discussion regarding the two diffe
may be found in the [Federal Register, Vol. 71 No.248.

9

b equal to one, these
results in the sum of
an SUF, if a vehicle
Alculation. For these

HTS, using only the
ned to either city or
htion must be based
hicle miles traveled
ighway driving. The
onsidered to be city
ative VMT from the
erage speed for the
bd below which 55%
included in the final
rent split proportions

80 | (
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Q € /_/m-\

v
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FIGURE 10 - CUMULATIVE VMT VERSUS AVERAGE TRIP SPEED
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To calculate the urban weight for a day’s travel, d,  ,use

Mk,n
Z{tk,n,m If S<,n,m S Sthreshold ’ elseo}
W — m=1
urban,k,n My

ztk,n,m
m=1

To calculate the high

In either equation, if

equations, the varial

(Ea. 9)
way weight for a day’s travel, dk'n ,use
Mk.n
Z{tk,n,m If %,n,m > Sthreshold ’ elseo}
— m=1
Whighway,k,n - Mg n
tk,n,m
m=1
(Eqg. 10)
N
no travel occurs (e.g. Ztk’n’m equals zero)the weight is assigned a value of Zero. In both of these

n=1
les in Tables 3 and 4 are used.

TABLE 4 - CYCLE-SPECIFIC UF EQUATION VARIABLES

Variable Definition

M., Number tripstaken by vehicle K on day n
S1<,n,m

7.2 ~SAverage trip speed for trip m by vehicle K on day n
Shesro 7.2.1.1.1.1  Trip speed threshold between urban and highway
tk,n,m

7.2.1.2 Distance driven on trip m by vehicle K on day n

Using this process \

vith the” 2001 NHTS data and city/highway splits of 55/45 and 43/57 percent city to percent highway

driving, the City and

Highway Specific FUF curves are shown in Figure 11. As a supplement to Equations 7-10, Appendix

C provides an example Python script file which can be used to parse the NHTS data and create the City and Highway

Specific FUF curves

discussed in this document.
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FIGURE 11 - CITY AND HIGHWAY SPECIFIC FUF VALUES

The corresponding it coefficient table for these curves is shown in Table 5. Appendix E contains tables of the CSFUF
and HSFUF equations evaluated at 1 mile increments and rounded to the nearest 0.001. For non-irfteger distances, it is

recommended that the appropriate UF fit equation be evaluated to calculate thie UF.

TABLE 5 - FIT COEFFICIENTS FOR EXAMPLE CITY/HWY SPECIFIC FUF CURVES

Value 56/45 Split - City 55/45 Split - Hwy 43/57 Split - City 43/57 Split - Hwy
norm_dist 399 399 399 399
c1 1.486E+01 4.8E+00 1.69E+01 5.430+00
c2 2.965E+00 1.3E+01 1.84E+00 1.498+01
c3 -8.405E+01 -6.5E%01 -9.63E+01 -8.00F+01
ca4 1.537E+02 1.2E+02 1.86E+02 1.508+02
5 -4.359E+01 -1.0E+02 -5.60E+01 -1.26F+02
c6 -9.694E+01 3.1E+01 -1.23E+02 3.95§+01
c7 1.447E+01 - 1.99E+01 -
cs 9.170E+01 - 1.21E+02 -
c9 -4.636E+07 - -6.30E+01 -
Max Error 0.00558 0.00387 0.00683 0.00487

7.3 Discussion Rggarding the Use and Creation of Specific Utility Factors

There are numerous ways to generate the weighting for each data point, dy,, and therefore many possible methods and
SUF curves. Moreover, the applicability of the allocation between types of driving is only as good as the weighting
method used to parse the cycles. If continuous data for driving is available, features of each driving trace can be used to
determine the weighting applied to a particular data point. For example, to build a City Specific UF, the weighting for each
data point could be determined from features such as number of stops, top speed, average speed, and average moving
speed. Although the weighting criteria may change, the process in Equations 7 to 10 should remain the same with the
exception of the threshold in Equations 9 and 10. Given the many options for creating SUF curve types, care must be
taken to ensure that sufficient data exists to create a representative SUF curve and that the SUF used is appropriate for

the given analysis situation.
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To illustrate the breadth of options regarding methods to allocate City and Highway driving, several alternative options are
presented here for discussion. The first option is similar to the previous cutoff speed method, but in this case two distinct
speeds are used to differentiate between City and Highway driving style. In addition to the use of two cutoff speeds, this
method assigns a City weighting between 0 and 1 according to average trip speed whereas the previous method fully
allocated a trip to either City or Highway driving. For trips with an average speed above 60 mph, the trip is assumed to
100 percent Highway driving and thus receives a value of 1 for the Highway weighting and a value of O for the City
weighting. Similarly, trips with an average speed under 25 mph are wholly assigned to City driving. Between these two
cutoff speeds, trips receive a weighting that is scaled linearly between 0 and 1. In order to retain a City/Highway driving
mix similar to the previous method, the City cutoff speed (25 mph) for this example was chosen to create a 55 percent
City to 45 percent Highway mix relative to total miles driven. The Highway cutoff speed (60 mph) was simply chosen as a
reasonable estimate. Figure 12 illustrates the weighting values as a function of average trip speed.

== Jrban Weighting
== =Highway Weighting

Weighting

0 10 20 30 40 50 60 70 80 90
Average Trip Speed (mph)

FIGURE 12 - ¢ITY AND HIGHWAY WEIGHTS FOR ALTERNATIVE SPEED-BASED ALLOCAT|ION METHOD

Another related method for allocating trips based on average 'speed is to simply create a cutoff speeg for exclusively City
driving and exclusively Highway. Trips between these two cutoff speeds are assumed to be equally likely to be City of
Highway driving and| thus are included in both the City‘and Highway datasets used for calculating the|SUFs. This method
creates two sets of gverlapping data to create the Gity and Highway SUFs while removing the trips that are unlikely to be
driven in the style of the SUF being calculated..\kigure 13 illustrates the three distinct sections; the gutoff speeds shown
are used for example only and would need to be adjusted depending on the desired amount of overlap between City and
Highway driving. In|this example, the actual mix of City and Highway relative to VMT is unknown dye to the overlapping
region.

B
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FIGURE 13 - DRIVING STYLE SECTIONS FOR OVERLAPPING DATASET ALLOCATION METHOD
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The last alternative method proposed for discussion attempts to incorporate additional information into the determination
of driving style. This method seeks to categorize an entire day of driving data using the average daily speed and the daily
amount of trips. It is assumed that in addition to reduced speed, City driving will contain more trips compared to Highway
driving. This method allocates the entire day to City or Highway driving due to the nature of the NHTS data, but a similar
method could be done on a trip-by-trip basis using stops as opposed to trips. Figure 14 illustrates the allocation of City
and Highway trips using a speed/number-of-trips dividing line. The dividing line allows for higher speed driving to still be
categorized as City driving if there are a sufficient number of trips during the day. The dividing line was set so that the

driving mix was agai

FIGURE 14
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APPENDIX A - UTILITY FACTOR CURVE FIT ALGORITHM

The algorithm used to fit the parameters for the various utility factors is a modification of the usual regression methods.
When a curve is fit by using linear regression, the fit is unconstrained, and the resulting fit may have numeric properties
that do not reflect the known behavior of a noise-free data set. For the utility factor, we know that the curve is monotonic
and equal to zero at the origin. Furthermore, instead of minimizing the square of the absolute errors, we would like to
minimize the square of the relative errors. Taking these criteria into account, a constrained optimization problem is formed
and used to find the fit parameters for each curve. The function used in the fit was found by experimentation. Future
revisions of the underlying utility factors may be fit best by different functions.

Example Matlab™ code to find the parameter fits is provided below in Figure Al.

clear variables

o\°

maximum order is 9

force _monotonicify = true; adds constraints to force monotonic shape
use_weighted = thgue; adds weighting so smaller UF values areg fit/ tighter
force UF to 1 = flalse; % forces the utility factor to equal 1Qat' 400 miles

fit order = 6;

o\°

o\°

urban = 2;

hwy = 3;

total = 4;

ind urban = 5;
ind_hwy = 6;
ind total = 7;

fit target = ind |hwy;

$ if fit target 4= hwy || fit_target==tota¥
% force UF tq 1 = false;
% end

load Full UF Datd.mat

dd = Mi;

if fit target == |urban
UF = UrbanUF;

elseif fit targefl == hwy
UF = HWYUF;

elseif fit_targey] ==.total

$UF = UF; % UFCiS already the correct variable
elseif fit target—=—ind—uxrban
UF = IndUrbanUF;

elseif fit target == ind hwy
UF = IndHWYUF;
elseif fit target == ind total
UF = IndUF;
end
UF_ref = UF;
$UF = UF _Data(l:end, fit target) ;
%dd = UF Data(l:end,1);
UF = [..]; % utility factor values at each distance
dd = [..]1; % distance to use for each utility factor wvalue

o

% clamp data to first entry with a value of 1
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)

% e.g. delete all redundant entries with a value of 1
idx = find(UF>=1) ;
if length(idx)>1

UF = -log(1-UF(1:idx(1)-1));
UF_ref =UF_ref ((1l:idx(1)-1));
dd = (dd(1:idx(1)-1));

else
UF = -log(1l-UF)
$UF_ref =UF ref )-1));

2(1:idx(1
(

%$dd = (dd(1:idx(1)-1));
end
% build matrix for the optimization
A= [1;
b = [1;
heq = [1;
beqg =1[1;
norm _dist = max(qd) ;
cl = dd/norm disy;
c2 = (dd/norm digt)."2;
c3 = (dd/norm didt) ."3;
c4 = (dd/norm digt)."4;
c5 = (dd/norm didt) .”5;
c6 = (dd/norm digt)."6;
c7 = (dd/norm didt) ."7;
c8 = (dd/norm didt)."s;
c9 = (dd/norm digt)."9;
cl0 = (dd/norm dilst).”10;
cll = (dd/norm dist).”11;
cl2 = (dd/norm dilst).”12;
dcl = ones(size(dl)) ;
dc2 = 2*(dd/norm |dist) ;
dc3 = 3*(dd/norm [|dist) ."2;
dc4 = 4*(dd/norm |dist)."3;
dc5 = 5% (dd/norm |dist) ."4;
dc6 = 6% (dd/norm |dist)."5;
dc7 = 7*(dd/norm |dist) ."6;
dc8 = 8+*(dd/norm |dist)."7;
dc9 = 9% (dd/norm |dist) ."8;
dcl0 = 10* (dd/nofm dist) .*9;
dcll = 11*(dd/noym dist) . %07
dcl2 = 12*(dd/nogm dist) 111;
C — [ cl C2 c3 y=Wi| al ol al o9 aQ a1l -~ ,-11'7], ) £ PSS
dC = [dcl dc2 dc3 dc4 de5 dcé dc7 dec8 dc9 dcl0 dcll decl2]; % constraint terms
W = (1./(eps+UF_ref)); % weighting for fit

= C(:,1:fit order);
dc(:,1:fit_order);

dc =

Q,
I

UF;

if force UF to 1

Aeq = [C(end,:) ]1; % force UF=1 at 400 miles
beq = [1; 1;

else
Aeq = [C(end,:) 1; % force UF=1 at 400 miles
beq = [UF(end); 1;

end



https://saenorm.com/api/?name=4b5cc198c3d858f323766a3ffdf599a9

SAE J2841 Revised SEP2010 Page 18 of 45
if force monotonicity
% set up constraints to force slope to be positive for UF
% this prevent non-monotonicity
A = -dC;
b = zeros(size(dC,1),1);
end
if use weighted
C0 = repmat (W,1,fit order) .*C;
do = W.*d;
else
co = C;
do = d;
end

options=optimset

12, "Ma
[p, res

2 =z
2(1:1
p

EiieoNue}
I
o]

xIter',500(q) ;

norm, residyal,exitflag, output, lambdal] = 1lsqlin(C0,d0,A,b,Aeq,beq, [1, [1. ' opt

eros (12,1) ;
ength (p) ) =g
2;

'Diagnostics', 'on', 'Display', 'iter', 'TolCon', le-15, 'TolX', le-12,UF

fit_curve
fit curve

C*p;
1-ex(d

o\°

figure (1)

subplot (2,1,1)
plot (dd,UF_ref, ' |
hold on

plot (dd, fit curvd
title ('UF data v{
legend ('Raw Datal

o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\
o\°
o\
o\°
o\°
o\°
o°

s lkl );
Constrained Fit');
,'Fit Curve');

grid on
hold off

subplot(2,1,2)
semilogy (dd, fit_durve) ;
title('Slope of flit');
grid on
hold off

)

o\°

©900000000000000
000000000000 070

figure (2)

o\°
o\°
o\°
o\°
B\
o\
2\
o\®,
o\
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°

o\°
o\°
o\°

o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°
o\°

b1f',1le-

ions) ;

subplot(2,1,1)
plot (dd, fit curve-UF ref,'.')
title('fit error');

hold off

grid on

subplot(2,1,2)

hist (fit curve-UF_ref,100)
title('Histogram of fit error');
hold off

grid on

o\°

figure (3)

subplot(2,1,1)

plot(dd, (fit_curve-UF_ref) ./ (UF_ref+eps),'
title('relative fit error');

©0000000000000000000000000000000000000000000000000
©0000000000000000000000600000000000006000600606000060060670

1)

o\°
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hold off
grid on

subplot (2,1,2)

hist ((fit_curve-UF_ref) ./ (UF_ref+eps),100)
title('Histogram of relative fit error');
hold off

grid on

$fprintf ('UF = \n%25.17f* (D/400) + \n%25.17f*(D/400)"2 + \n%25.17f*(D/400) "3 + \n%25.17£f*(D/400) "4
+ \n%25.17f* (D/400)*5',p2(1),p2(2),p2(3),p2(4),p2(5));

Sfprintf ('\n%25.17£f* ( D/4OO )*6 + \n%25.17f* (D/400)"7 + \n%25.17f*(D/400)"8 + \n%25.17£*(D/400)"9
+',p2(6),p2(7),p2(8),p2(9));

$fprintf ('\n%25.17f* ( D/400) 10 + \n%25.17f*(D/400) 11 + \n%25.17f*(D/400) 12 +
\n%25.17f* (D/400 )3\t o2ttt

fprintf ('UF = 1-gxp(-(");

fprintf ('\n%25.170f* (D/norm_dist) + \n%25.17f*(D/norm dist) 2 + \n%25.17f* (D/nogm dipt) "3 +
\n%25.17f*(D/norn_dist)A4 + \n%25.17f£* (D/norm__ dist)*5',p2(1),p2(2),p2(3),p2o(4) ,p2(5));
fprintf ('\n%25.170f* (D/norm_dist)”*6 + \n%25.17f* (D/norm _dist)”*7 + \n%25.17f*/norm Pist)” 8 +

\n%25.17f* (D/norn} dist)”9 +',p2(6),p2(7),p2(8),p2(9));
fprintf ('\n%25.170f* (D/norm_dist) 10 + \n%25.17f* (D/norm dist)” 11 + \n&RS.17f* (D/norfj _dist) 12 +
\n%25. 17f* D/norn_dist)Al3\n',p2(10),p2(11),p2(12));
fprintf (') )\n');

fprintf ('\nnorm dist = %$10.3f\n',norm dist);

FIGURE Al - EXAMPLE MATLAB™ CODE TO CALCULATE FIT PARAMETERS



https://saenorm.com/api/?name=4b5cc198c3d858f323766a3ffdf599a9

SAE J2841 Revised SEP2010 Page 20 of 45

APPENDIX B - FLEET AND MULTI-DAY INDIVIDUAL UTILITY FACTOR TABLES

Fleet Utility Factor (FUF)

Distance (mi) UF Distance (mi) UF Distance (mi) UF Distance (mi) UF
0 0.000 41 0.625 82 0.824 330 0.985
1 0.026 42 0.633 83 0.827 340 0.986
2 0.051 43 0.641 84 0.829 350 0.987
3 0.075 44 0.648 85 0.832 360 0.988
4 0.099 45 0.655 86 0.835 370 0.989
5 0.122 46 0.662 87 0.837 380 0.989
6 0.145 47 0.669 88 0.840 390 0.990
7 0.166 48 0.676 89 0.842 400+ 1.000
8 0.187 49 0.682 90 0.844
9 0.208 50 0.689 91 0.847
10 0.228 51 0.695 92 0.849
11 0.247 52 0.701 93 0.851
12 0.265 53 0.707 94 0.853
13 0.284 54 0.712 95 0.855
14 0.301 55 0.718 96 0:857
15 0.318 56 0.723 97 0.859
16 0.335 57 0.728 98 0.861
17 0.351 58 0.734 99 0.863
18 0.367 59 0.738 100 0.865
19 0.382 60 0.743 110 0.882
20 0.397 61 0.748 120 0.896
21 0.411 62 0.753 130 0.907
22 0.425 63 0.757 140 0.917
23 0.438 64 0:761 150 0.925
24 0.451 65 0.766 160 0.932
25 0.464 66 0.770 170 0.939
26 0.477 67 0.774 180 0.944
27 0.489 68 0.778 190 0.949
28 0.500 69 0.782 200 0.954
29 0.512 70 0.785 210 0.958
30 0.523 71 0.789 220 0.962
31 0.533 72 0.793 230 0.965
32 0.544 73 0.796 240 0.968
33 0.554 74 0.800 250 0.971
34 0564 75 0.803 260 0.973
35 0.573 76 0.806 270 0.976
36 8-583 7 0-369 280 8-978
37 0.592 78 0.812 290 0.980
38 0.600 79 0.815 300 0.981
39 0.609 80 0.818 310 0.983

D
o
o
(o)}
[y
~

81 0.821 320 0.984
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Multi Day Individual Utility Factor (MDIUF)

Distance (mi) UF Distance (mi) UF Distance (mi) UF Distance (mi) UF
0 0.000 41 0.684 82 0.859 330 0.985
1 0.032 42 0.692 83 0.861 340 0.986
2 0.063 43 0.699 84 0.864 350 0.988
3 0.093 44 0.706 85 0.866 360 0.989
4 0.121 45 0.712 86 0.868 370 0.990
5 0.149 46 0.719 87 0.870 380 0.990
6 0.175 47 0.725 88 0.872 390 0.991
7 0.200 48 0.731 89 0.874 400 0.992
8 0.225 49 0.737 90 0.875 >400 1.000
9 0.248 50 0.743 91 0.877
10 0.271 51 0.748 92 0.879
11 0.293 52 0.754 93 0.881
12 0.314 53 0.759 94 0.882
13 0.334 54 0.764 95 0.884
14 0.353 55 0.769 96 0.886
15 0.372 56 0.774 97 0,887
16 0.390 57 0.778 98 0.889
17 0.407 58 0.783 99 0.890
18 0.424 59 0.787 100 0.892
19 0.440 60 0.791 110 0.904
20 0.456 61 0.795 120 0.915
21 0.471 62 0.799 130 0.923
22 0.486 63 0.803 140 0.930
23 0.500 64 0.807 150 0.935
24 0.513 65 0.811 160 0.940
25 0.526 66 0.814 170 0.944
26 0.539 67 0-817 180 0.948
27 0.551 68 0.821 190 0.951
28 0.563 69 0.824 200 0.954
29 0.574 70 0.827 210 0.957
30 0.585 71 0.830 220 0.960
31 0.596 72 0.833 230 0.963
32 0.606 73 0.836 240 0.965
33 0.616 74 0.839 250 0.968
34 0.625 75 0.842 260 0.970
35 0.635 76 0.845 270 0.973
36 0644 77 0.847 280 0.975
37 0.652 78 0.850 290 0.977
38 8-66% 79 8-852 306 6-986
39 0.669 80 0.855 310 0.982
40 0.677 81 0.857 320 0.983
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APPENDIX C - EXAMPLE CYCLE-SPECIFIC UTILITY CALCULATION CODE

T

Usage Instructi

ons:

python & scipy.

site for python is www.python.org
site for scipy is www.scipy.org

A portable version of python & scipy able to run this script is available at:
www .portablepython.com
An installer for python and scipy able to run this script can be found at:
www . pythonxy.com

1) Install
The web
The web

2) Install

Key assumptions|:

1) If the
travel
SAME ca

2) The firs

no othe

import sys
import os

# import os.pat
import datetime
# import numpy
import pylab as
import csv
from numpy impo
# import unitte

class Table (obj

def  init |

this file and daypub.csv in the same directory.

TDAYDATE' data is not supplied in the form YYYYMMDD,then al
for a given value of 'TRAVDAY' is assumed to take place on t
lendar date (e.g., as opposed to different Mondays “that mont
k trip of a given calendar date starts with a full battery,
r external charging occurs that day.

h

Bs np
plt

rt arange as arange

St

ect) -
| (self, filenamey **kwargs) :

he
h) .
and

arameters

To build the tabletnfrom a CSV file pass the filename and optional ¢
maxLinep: maximum\nlumber of rows to keep from the file

omitLis list(0f columns to omit from data set

keepLis listsnof columns to keep

nmmnn

recsReafder(= csv.reader (open(filename))

self. d_i—:x—-lw'c-i—/)

data = object. getattribute (self,' data')

for i,r
# s
if

# a

if

els

ow in enumerate (recsReader) :
top after a maximum number of lines if specified
'maxLines' in kwargs.keys() :
# stop after
if iskwargs|['maxLines']:
break
dd header or data rows
i==0:
self. header
header = row
for i,item in enumerate (header) :
header[i]=item.strip()

row

e:
# pad the row if it is shorter than the header
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if len (header) >len(row) :
for ii in range (0, len (header) -len(row)) :
row.append ('")
# eliminate data columns specified
omitList = kwargs.get ('omitList', [])
for key in omitList:
row [header.index (key) ] =None
# eliminate data columns not requested
keepList = kwargs.get ('keeplList', [])
if len (keepList)>0:
for idx,key in enumerate (header) :
if not key in keeplist:
row [idx] =None
# add row to stored data list
data.append (row)
def  getatftribute (self,name) :
if namefE='row':
pasp
elif name=='col':
pasp
elif name=='data':
return object. getattribute (self,' data')
elif name=='header':
retjurn object. getattribute (self,' headér')
else:
#print 'returning default object'
rethrn object. getattribute (selfymame)
def getitpm (self, key):
data = pbject. getattribute (selfi,’' data')
header [ object. getattribute ,(5elf,' header')
if type|(key)==str:
# return the column withsthis name
idx| = header.index (key)
colf = T[]
for| row in data:
col.append (row-fidx])
retprn col
elif type (key)==dnt:
thigData =rdata [key]
thipHeadery= self. header
#reffuridict (zip (thisHeader, thisData))
retpurn(thisData
else:
#print 'returning default object'
return object. getattribute (self, key)
def simplify(self):

Eliminates all columns in the table which were not kept when read in
nnn
data = object. getattribute (self,' data')
header = object. getattribute (self,' header')
#print header
deletelList = []
for i,value in enumerate(data[0]) :

if value==None:

deletelist.append (header[i])

newHeader = []
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newData = []
for row in data:
newData.append([])
for i,column in enumerate (header) :
if header[i] not in deletelist:
newHeader.append (header [i])
for row,newRow in zip(data,newData) :
newRow. append (row [i])
self. data = newData
self. header = newHeader

def filter(self,filterList):
data = object. getattribute (self,' data')
header [ object. getattribute (self,' header')
newHeader = []
newDatal = []
for i,rpw in enumerate (data) :
testPassed=True
for| test in filterList:
testFunction = test[1]
testColumnName = test [0]
testColumn = header.index (testColumnName)
if not testFunction (row[testColumn]) :
testPassed=False
break
if [testPassed:
newData.append (row)
self. dphta = newData

def loadDataFile (filename, maxRows=1e8) :
keepList =
['HOUSEID','VEHUSED','TRAVDAY','TDAYDATE','DRVR_FLG','SMPLSRCE','TRPMILES','TRVL_MIN','VE
HTYPE']
t = Table (ffilename,maxLines=maxRews, keepList=keepList)
t.simplify ()
return t

def preprocessTgpble(table, verbose) :

T

This routine converts the table data into the lists needed by functions
determineSplitSpeed”and buildDayTravelDistList.

vehUnigIDLigg ¥ "list of unique vehicle IDs
tripSpeedLikt~= ligt of gpeeds for every trip
tripDistList = list of distances for every trip

tripDayList = list of how many days each vehicle was driven
rr

FHAHHAHAHH A H A HAHH A H AR RS H A R R
# Filter the data to remove trips not applicable to UFs

# - trips are recorded by a driver
# - the sample source is the NHTS national sample
# - the trip has positive time and distance

[}

if verbose: print 'Number of rows before filtering = %f' % len(table.data)
table.filter(

[("VEHTYPE', lambda x:float (x) >
("SMPLSRCE', lambda x:float (x)=
('"TRPMILES', lambda x:float (x)
('TRVL MIN', lambda x:float (x)

nd float (x)<=4),

I
=
~ Q
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zip (

def

( 1
)

if verbose:

HHfHHHHHRHH
# Extract c
# Convert t
header ta
data tabl

vehUnigIDLi1
tripDistLis
tripTimelLis
tripSpeedLi
tripDistLis
tripDayList
tripDatelis

preppedTabl
'vehUni
'tripDi
'"tripSp
'tripDa
'tripDa

}

return prep

determineSp|
display]

# calculate
tripList
tripList.so
totalDist =
cumDist [
for trip in
totalDi
trip =
cumDist

if displayP

DRVR FLG',6 lambda x:float (x)==1)]

o
o

print 'Number of rows after filtering = %f' len(table.data)

HH TS

olumns of data from the table as lists.

ext from the table into numbers where needed
ble.header

e.data

st
t
t

[

|

[hid+vid for hid,vid in zip(table['HOUSEID'], table['VEHUSED'])]
[float (x) for x in table['TRPMILES']]

= [float (x) for x in table['TRVL MIN']]
t = [min(70,float(d)/ (float(t)/60.0)) for 4d,t in
,tripTimeList) ]
[day for day in table['TRAVDAY']]
[date for date in table['TDAYDATE']]

{

NIDList':vehUnigIDList,
stList':tripDistList,
cedList':tripSpeedlList,
yList':tripDayList,
telList':tripDatelist

=)
c

pedTable

1 itSpeed (VMT_Fract, tripSpeedlist, tripDistList,
Plot=False, savePlot=False, «erbose=False) :

cummulative distance wvérsus sorted speed
zip (tripSpeedlist, tripPistList)

rt ()

0.0

I
tripList:

st += tripl[d]

list (trip)
.appendf(toetalDist)

ot Q% savePlot:

X = cumpist

y = [tripf0] for trip in triplist]

HHAHHAHAHH AT HAHAHH AT U HEHH

# plot trip speeds vs cumulative distance

plt.figure (1)

plt.clf ()

plt.plot(x,y)

plt.grid(True)

plt.title('Trip Speed vs Cum VMT')

plt.xlabel ('Cummulative Distance [miles]')

plt.ylabel ('Trip Speed [mph] ')

if savePlot: plt.savefig('TripSpeedVsVMT.png')
FHAHHAHAFHAHHAH A H AT HAHAHH
# calculate speed below which VMT Fract of travel occurs
maxCumDist = cumDist[-1]
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transCumDist = VMT Fract*maxCumDist
lowSpeed = [speed dist[0] for idx,speed dist in enumerate(tripList) if
cumDist [1dx] <=transCumDist]
try:
transSpeed = lowSpeed[-1]
except IndexError:
# assume no trips occur before the transCumDist so lowSpeed==[]
# therefore, just grab the slowest trip's speed
transSpeed = min (tripSpeedList)
if verbose:
print 'calculated transition speed = $f' % transSpeed
return transSpeed
def buildDayTrafjelDistList (
vehUnigiDList, tripDistList, tripSpeedlList, tripDayList, tripDateklst,
transSpged, verbose = False, debug = False):

=)
c

2l

This routin
It assumes
starts with
distinguish
TDAYDATE dalt
vehUnigIDLif
trip
tripDistLis
tripSpeedLi
tripDayList
transSpeed

£

verbose
debug

This functi
diction

o
=}

dayVehIDLis
dayTravelDi
dayHwyTrave
combination
dayHwyWtLis
combination

T

E
S
[l

|

converts lists of trips into lists of day tratel.
11 travel on a given day (a unique TRAVDAY /“TIDAYDATE pair)

a fully battery and has no other external c¢harging. It cannot

between different TRAVDAY for a given TDAYDATE unless the

a is of the format YYYYMMDD.

t - a list that uniquely identifies"the vehicle associatgd with each
- a list of the distance traveled in each trip

t - a list of the average spee&d of each trip
- a list of the day index*(1-7) for each trip

the speed above whichi*a trip is assigned to hwy drivi
below which a trip is assigned to city driving.

a flag which indicates if status messages should be d

a flag which indicates if debugging messages should Db

ng,

isplayed
e displayed

n returns a dictionary with the daily driving information. [The
ry contains thetfollowing information:
=~ & list of vehID for each unique (day,vehID) confbination
tList = a list of sum(dist) for each unique (day,vehID)| combination
DistLigt" - a list of sum(dist|vssplitSpeed) for each unigye (day,vehID)
- a list of hwy weighting for each unique (day,vghID)

# initialize
vehUnigIDSet
dayVehIDList
dayTravelDis
dayHwyTravel
dayHwyWtList
if wverbose:
count

ctIncrement

some variables

set (vehUnigIDList)
[

[

[
[

tList

1
DistList ]
1

0

int (max (1, len (vehUnigIDSet) /10))

# this builds a quick index to use to find all trips

# associat
thisIdxDict
for idx,veh

ed with a unique vehicle

= {}

in enumerate (vehUnigIDList) :
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for

idxList]

if verbose:

try:
thisIdxDict [veh] .append (idx)

except KeyError:
thisIdxDict [veh] = [idx]

veh in list (vehUnigIDSet) :
if verbose:
# update about every 10% of completion

if count. divmod (ctIncrement) [1]==0:
print 'pct vehicles done = $f' % ((100.0*count)/len(vehUnigIDSet))
count+=1
idxList = thisIdxDict [veh]
thisVehTripDistList = [tripDistList[idx] for idx in idxList]

thisvVehllripSpeedList = [tripSpeedList[idx] for idx in idxList]
thisVehlripDayList [tripDayList [1dx] for idx in idxList]

thisVehl'ripDatelList = [tripDatelList[idx] for idx in idxList]
thisVehT'ripDayAndDatelList = [tripDatelist [idx]+tripDayListlidx] fqr idx in

reducg each day to a single distance.
build| new lists for these single day distances.
By copcatenating day and date columns, we'll assume ‘there is a unique
calendar day for each day/date combination, and,sum trips over ig.
or tripDate in list (set (thisVehTripDayAndDateliist)) :
idxfList = [idx for idx,dummy in enumerate (thisVehTripDayAndDategList)
if thisVehTripDayAndDatelist [idx]==tripDate]
daylVehIDList .append (veh)
day[lravelDistList.append (sum( [thisVehTripDistList [idx] for idx [in idxList]))
dayHwyTravelDistList.append (sum( [th¥sVehTripDistList [idx] for idx in idxList
if thisVehTripSpeedList [idx] >transSpeed]))
dayHwyWtList .append (float (dayHwyTravelDistList [-1]) /dayTravelDilstList [-1])

Hh o

print 'humber samples in summary list = %i' % len(dayVehIDList)
if debug:
print 'HayVehIDList = ', dayVehIDList
print 'HayTravelDistListy= ', dayTravelDistList
print 'HayHwyWtList =Y, dayHwyWtList
d = {
'dayVeh[IDList 'sdayVehIDList,
'dayTrajvelDigtliist ' :dayTravelDistList,
'dayHwypWtList' :dayHwyWtList,
return d

def generateUFs (Rcd,dayVehIDList,dayTravelDistList,dayHwyWtList,

verbose=False, debug=False,savePlots=False,displayPlots=False):

This routine converts lists of distances per day into Utility Factors.

Rcd - a list of charge decreasing ranges over which to compute UF
values
dayVehIDList - a list of vehID for each unique (day,vehID) combination
dayTravelDistList - a list of sum(dist) for each unique (day,vehID) combination
dayHwyWtList - a list of hwy weighting for each unique (day,vehID) combination
verbose - a flag which indicates if status messages should be displayed
debug - a flag which indicates if debugging messages should be displayed
savePlots - a flag to indicate whether or not to save the UF plots to file
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displayPlot

IS]

a flag to indicate whether or not to display the UF plots

This function returns a dictionary with the UF calculations. The
dictionary contains the following information:

Rcd -
UF -
IUF -
UF city -
UF_hwy -
IUF city
IUF _hwy -

[V URE RO VR

if verbose:
print '
count
ctIncre

# initializ

list
list
list
list
list
list
list

of
of
of
of
of
of
of

charge decreasing ranges over which to compute UF values
Fleet Utility Factors

Individual Utility Factors

city-specific Fleet Utility Factors

highway-specific Fleet Utility Factors

city-specific Individual Utility Factors
highway-specific Individual Utility Factors

=0
hent =

vehList = [list (set (dayVehIDList))
vehNumDays = []
vehSumD = [l
vehSumHwyWtpD = []
vehSumCityWltD = []
vehHwyFractfion = []
vehCityFracftion = []
vehOnesVectpr = [1 for x in vehList]
IUF = [
cityIUF = [|
hwyIUF = [[I
FUF = [l
cityFUF = [[
hwyFUF = [
# this builds a quick index toluse to find all days
# associated with a unique vehicle
idxDict={}
for idx,veh] in enumerate{dayVehIDList) :

try:

idxpict [vehlsappend (1dx)
except KeyErrorm
idxpict [wehl=[1dx]

# for each pwehicle, compute sum(wt*d) over all days
for veh in keHList-

Generating UFs'
int (max (1, len(Rcd) /10))

E some variables

idxList = idxDict [veh]
vehNumDays . append (len (idxList) )
vehSumD . append (sum( [dayTravelDistList [1dx]

in idxList]))

for idx in idxList]))
vehSumHwyWtD.append (sum( [float (dayHwyWtList [1dx] ) *dayTravelDistList [idx]

for idx

vehSumCityWtD.append (sum([float ( (1.0-dayHwyWtList [idx])) *dayTravelDistList [1dx]

for idx in idxList]))

vehHwyFraction.append (float (vehSumHwyWtD [-1]) /float (vehSumD[-1]))
vehCityFraction.append (float (vehSumCityWtD[-1]) /float (vehSumD[-1]))

if debug:
print 'vehNumDays = ', vehNumDays
print 'vehSumD = ', vehSumD
print 'vehSumHwyWtD = ', vehSumHwyWtD
print 'vehSumCityWtD = ', vehSumCityWtD
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for r in Rcd:

if verbose:
# update about every 10% of completion
if count. divmod (ctIncrement) [1]==0:
print 'calculating UF for Rcd = %5.2f. (%3.1f pct complete) @ %s' %
(r, (100.0*count) /len(Rcd), str (datetime.datetime.now()))
count+=1

vehSumWtDcd
vehSumHwyWtDcd
vehSumCityWtDed =

[ | |
— — —
e e

ch vehicle, compute sum(wt*dcd) over all days for a given-~Rcd
in vehList:

ist = idxDict [vehl]
umWtDcd. append ( sum ( [min (r,dayTravelDistList [1dx]) Yfor idx in

idxList]))
veh
for idx in idxL
veh
dayHwyWtList [id

umHwyWtDcd. append ( sum( [min (r,dayTravelDistList [idx]) * (dayHwyWtList [idx])
ist]))

umCityWtDed. append (sum( [min (r,dayTravelDistLig [idx] ) * (1.0
]) for idx in idxList]))

# if depug:

# int 'vehSumWtDcd = ', vehSumWtDecd

# int 'vehSumHwyWtDcd = ', vehSumHwyWtDcd

# int 'vehSumCityWtDcd = ', vehSumCityWtDcd

# finish calculations for cycle-specifii¢ UF (new equation)

IUF.append ( calcIUF (vehSumD, vehSumWtDcd, vehOnesVectdr) )
hwyIUF.pppend( calcIUF (vehSumHwyWtD,> vehSumHwyWtDcd, vehHwyFraction))
cityIUF).append (calcIUF (vehSumCityWtD, vehSumCityWtDcd, vehCityFract|ion))
# # finfish calculations for cwy¢le-specific UF (original equation)

# IUF.append calcIUF (vehSumD, vehSumWtDcd) )

# hwyIUF.append( calcIUF (vehSumHwyWtD, vehSumHwyWtDcd))

# cityIUF.append(calcIUE (vehSumCityWtD, vehSumCityWtDcd))

# finish calculations~for fleet UF

FUF . append ( calgFUF (vehSumD, vehSumWtDcd, vehNumDays) )
hwyFUF .pppend ( calcFUF (vehSumHwyWtD, vehSumHwyWtDcd, vehNumDays))
cityFUF|. appendf{calcFUF (vehSumCityWtD, vehSumCityWtDcd, vehNumDays) )

UFDict = {'RCd':RCd, 'UF!' : FUF, 'IUF' : IUF,
! TTF‘_("'i tyst . faki Ly IR ! TTF‘_hwy ! hwy BITE
! IUF_City' :cityIUF, ! IUF hwy' :hnyUF}

# generate plots, if requested
if savePlots or displayPlots:
plt.figure(2)
plt.clf ()
plt.plot (Red, zip (IUF, cityIUF, hwyIUF) , lw=2)
plt.legend (['IUF', 'IUF city', 'IUF hwy'],loc='lower right')
plt.grid(True)
if savePlots: plt.savefig('IUF.png')

plt.figure(3)

plt.clf ()

plt.plot (Rcd, zip (FUF, cityFUF, hwyFUF) , lw=2)

plt.legend (['UF', 'UF city', 'UF hwy'],loc="'lower right')
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plt.grid(True)
if savePlots: plt.savefig('FUF.png')

return UFDict

def calcIUFOrig(vehSumWtD, vehSumWtDcd) :
T
This function calculates the Individual Utility Factor, IUF, for a list of
vehicles. The IUF determines the average fraction of miles
traveled electrically by a sample of vehicles.

vehSumWtD - a list of sum(wt*d) over all days (1 element per vehicle)
vehSumWtDcd - a list of sum(wt*dcd) over all days (1 element per vehicle)

mySum = 0.0
numVeh = 0.[0
for wD,wDcd| in zip (vehSumWtD, vehSumWtDcd) :
try:
delpBum = float (wDecd) /float (wD)
numVeh += 1
except FeroDivisionError:
# iff wD=0, then this vehicle is not included in~the summation
delBum = 0.0
mySum +fF delSum
return mySupm/numVeh

def calcIUF (vehSumWtD, vehSumWtDcd, vehCycleFraction):
T
This functipn calculates the Individual UtiYity Factor, IUF, for a list of
vehicles|. The IUF determines the average fraction of miles
traveled| electrically by a sample ofi‘vehicles.

vehSumWwtD - a list of sum(wt*d) s¢ver all days (1 element per vehicle)
vehSumWtDcd| - a list of sum(wt*ded) over all days (1 element per vehiclle)
vehCycleFration - a list of suw/(wt*d)/sum(d) over all days (1 element [per vehicle)

myNumSum = 0.0
myDenSum = 0.0
for wD,wDcd|,cf in zip (vehSumWtD, vehSumWtDcd, vehCycleFraction) :
try:
numSum = fieat (cf)*float (whcd)/float (wD)
denfum =<fI0at (cf)

except PeroDivisionError:
# 1iff wD=0, then this vehicle is not included in the summation
numBum = 0 0
denSum = 0.0
myNumSum += numSum
myDenSum += denSum
return myNumSum/myDenSum

def calcFUF (vehSumWtD, vehSumWtDcd, vehNumDays) :
[ |
This function calculates the Fleet Utility Factor, FUF, for a list of
vehicles. The FUF determines the fraction of miles
traveled electrically by a sample of vehicles.

vehSumWwtD - a list of sum(wt*d) over all days (1 element per vehicle)
vehSumWtDed - a list of sum(wt*dcd) over all days (1 element per vehicle)
vehNumDays - a list of the number of days each vehicle is driven

T
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myNumSum = 0.0
myDenSum = 0.0
for wD,wDcd,N in zip(vehSumWtD, vehSumWtDcd, vehNumDays) :
try:
numSum = float (wDecd) /float (N)
denSum = float (wD)/float (N)

except ZeroDivisionError:

# 1f N=0, then this wvehicle is not included in the summation
numSum = 0.0
denSum = 0.0

myNumSum += numSum
myDenSum += denSum
return myNumSum/myDenSum

FHEFH A A R R R R R

def reportEgResult (testID,phaselD, this, expected, passMsg=None, failMsg=None, s

psilon=0) :

if abs(this
#print
#print
return

else:
print

(

print

(expected, this)

return

def dovalidatio

print '----
print !
print 'Perf

notice

The tests t
to catch si
in the scri

print notic

-expected) <=epsilon:

(('Test %s: Phase %s: Pass: %s') % (testID,phaselD,pdssMsg))
! Expected result = %04 % expectdd
0
('Test %s: Phase %s: Fail: %s') % (testID¢phaselD,failMsg))
! Result should be %f, %f was compyted' %
i
hTests () :

start of validation tests ----------------—-—---

brming validation tests:'

hat follow are’ not complete or exhaustive. They are designed
bnificantyerrors introduced by incorrect datasets or changes
pts.

[

HEHHEHS S HE A H S H S H S H A H S H S H A H A H A H A H A H A H A H A H A H A H A H A H S H A R
# test:

# If daypub.csv is in current working directory, load the file and test

# for number of lines, number of households, number of vehicles.

# If these numbers are different then it indicates that the

# the data set is different than the 2001 NHTS data this code was tested

# on.

print 'Test 01: If using 2001 NHTS data, these tests check data characteristics.'
print Failures on these tests indicates either a problem!'

print ' with script changes, corrupted data sets, or'

print ' the use of data other than the 2001 NHTS'

print See http://nhts.ornl.gov/"'

print "
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failCount = 0

# phase 01 - Test for existence of file
if os.path.isfile('daypub.csv'):

# phase 02 - Test number of rows read from the file
print 'Test 01: Phase 01l: Pass: daypub.csv in working directory'
table = loadDataFile(dataFileName)
numDataRows = len(table.data)
if numDataRows==642292:
print 'Test 01: Phase 02: Pass: correct number of data rows'

else:
print 'Test 01: Phase 02: Fail: incorrect number of data rows'
pript : - check for truncated file'
pripnt ' : - table class in scrfipt may ‘hdve changed'

faiflCount += 1

# phase| 03 - Test number of columns from the file
if len(fable.header)==8:
pripnt 'Test 01: Phase 03: Pass: correct number of @ata columns [retained from

file'
else:
pripnt 'Test 01: Phase 03: Fail: incorrect number of data columns'
pript : - check for\ edited file'
pript ' : - table class in script may havle changed'

faiflCount += 1

# phase| 04 - Test presence of minimallyymecessary columns
neededCplumns = ['HOUSEID', 'VEHUSED', "TRAVDAY', 'DRVR_FLG',
'SMPLSRCE', 'TRPMILESY} 'TRVL MIN', 'VEHTYPE']
missingfColumns = []
for heaper in neededColumns:

if phot header in table.header:
missingColumns.appendiheader)
if len(missingColumns)==0:

pript 'Test 01: Phase 04: Pass: required columns present'
else:

<] =] L}

for| count,header~in enumerate (missingColumns) :
if counts=0:

s /\header
elseq

S += header
pript VTest 01: Phase 04: Fail: following columns are missing: |¥s' % s
pr-i e - - check for edited file!
print ' : - table class in script may have changed'
failCount += 1

# phase 05 - Test number of rows eliminated by filtering
initialRows = len(table.data)
table.filter(

[ ("VEHTYPE', lambda x:float (x)>=1 and float (x)<=4),
("SMPLSRCE', lambda x:float (x)==1),
("TRPMILES',lambda x:float (x)>0),

('TRVL_MIN', lambda x:float (x)>0),
('DRVR_FLG', lambda x:float (x)==1)]

)
finalRows = len(table.data)
if initialRows-finalRows==642292-141538:
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print 'Test 01: Phase 05: Pass: Filtered number of rows is correct'
else:
if finalRows>141538:
print 'Test 01: Phase 05: Fail: too many data rows passed filtering: %i'
% finalRows
else:
print 'Test 01: Phase 05: Fail: too few data rows passed filtering: %i' %
finalRows
print : - check for corrupted data'
print ' : - table class in script may have changed'

failCount += 1

# phase 06 - Check name of file to wvalidate

if dataffileName == 'daypub.csv':
print 'Test 01: Phase 06: Pass: dataFileName is ''daypub.csv\“

else:
pript 'Test 01: Phase 06: Fail: dataFileName is not ''daypub.cgv'''
faiflCount += 1

else:
print (|'Test 01: Undefined: 2001 NHTS data file not présént in ' +

'current working directory or has unexpected'name.')

# recover memory used by the table

# del table

FHAHHAHAHHAH A H S H RS H A S R A G R A R AR
# test 02:
# Fleet Utility Factors for a single vehicle with a single day data ils created.
print 'Test| 02: Validating Fleet Utility Factor calculations'
test = '02"
Rcds = [0,1/0,20,30,40,50,100,200,400]
# note: the| UF calculation is not expected to be robust to 0 distance
drivingRanges = [1,10,20,30,40,50,100)200,400]
count = 1
for Rcd in Rcds:
for disft in drivingRanges:
phage = '%02i' % count
pasgMsg = 'Properlycalculated Fleet UF for single vehicle driviing %i miles
with %i miles off Rcd' % (dist}Rcd)
faiflMsg = 'Impxoperly calculated Fleet UF for single vehicle dyiving %i miles
with %1 miles off Rcd' % Adist,Rcd)

fuelledDisth= max(0,dist-Rcd)

thigUF < ,calcFUF ([dist], [fueledDist], [1])

exppet€dUF = 1-max(0,dist-Rcd)/float (dist)

faillCeount +— reportEqResnlt (teat phage thigllF expactodlIF

passMsg = passMsg, failMsg = failMsg, epsilon=le-6)

count += 1

FHEFHHHHE R R R R R

# test 03:

# Fleet Utility Factors for a multiple vehicles with same daily distance.
print 'Test 03: Validating Fleet Utility Factor calculations'

test = '03"

Rcds = [0,10,20,30,40,50,100,200,400]
# note: the UF calculation is not expected to be robust to 0 distance
drivingRanges = [1,10,20,30,40,50,100,200,400]
count = 1
for Rcd in Rcds:
for dist in drivingRanges:

[}

phase = '%02i' % count
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passMsg = 'Properly calculated Fleet UF for multiple vehicles driving %i
miles with %i miles of Recd' % (dist,Rcd)
failMsg = 'Improperly calculated Fleet UF for multiple vehicles driving %i

)

miles with %i miles of Recd' % (dist,Rcd)

fueledDist = max(0,dist-Rcd)

fueledDistList = [fueledDist for i in range(0,10)]

wtList = [ 1 for x in fueledDistList]

distList = [dist for i in range(0,10)]

thisUF = calcFUF (distList, fueledDistList,wtList)

expectedUF = 1-max(0,dist-Rcd)/float (dist)

failCount += reportEgResult (test,phase, thisUF, expectedUF,
passMsg = passMsg, failMsg = failMsg, epsilon=1le-6)

coupt += 1

HAHHHHHHHAHEHEHEHAHAH S S TS SRR H A H A H A H A S TR R R R R S T i S
# test 04:
# Fleet Utility Factors for a multiple vehicles with differentV/daily |[distances
print 'Test| 04: Validating Fleet Utility Factor calculations
test 04"
Rcds = [0,1/0,20,30,40,50,100,200,400]
# note: the| UF calculation is not expected to be robust~td 0 distance
drivingRanges = [1,10,20,30,40,50,100,200,400]
count = 1
for Rcd in Rcds:

for i iph range(l,len(drivingRanges)) :

phage = '%02i' % count
fuefledDistList = [max(0,drivingRanges([j]-Rcd) for j in range(0,|i)]
distList = [drivingRanges[j] for»3} in range(0,1)]

wtlfist = [ 1 for x in fueledDistList]
thigUF = calcFUF (distList, fuéledDistList,wtList)

exppctedUF = l-sum(fueledbPistList)/float (sum(distList))

disStr = '['+''.join(['%$E,' % 4d for d in distList])+']"

pasgMsg = 'Properlycalculated Fleet UF for multiple vehicles driving %s
miles with %i miiles of Recd' /&“{distStr,Rcd)

faiflMsg = 'Impxoperly calculated Fleet UF for multiple vehicleg driving %s

miles with %i miiles of Red®™ % (distStr,Rcd)

faillCount #=“reportEgResult (test,phase, thisUF, expectedUF,
passMsg = passMsg, failMsg = failMsg, epsilon=le-6)
coupnt +<,1

HHHHH SR R R R R LSRRI SRR S
# test 05:
# Individual Utility Factors for a single vehicle with a single day data is
created.
print 'Test 05: Validating Individual Utility Factor calculations'
test = '05"
Rcds = [0,10,20,30,40,50,100,200,400]
# note: the UF calculation is not expected to be robust to 0 distance
drivingRanges = [1,10,20,30,40,50,100,200,400]
count = 1
for Rcd in Rcds:
for dist in drivingRanges:
phase = '%02i' % count
passMsg = 'Properly calculated Individual UF for single vehicle driving %i
miles with %i miles of Recd' % (dist,Rcd)
failMsg = 'Improperly calculated Individual UF for single vehicle driving %i
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miles with %i miles of Rcd' % (dist,Rcd)

fueledDist = max(0,dist-Rcd)

thisUF = calcIUF([dist], [fueledDist], [1])

expectedUF = 1l-max(0,dist-Rcd)/float (dist)

failCount += reportEgResult (test,phase, thisUF, expectedUF,
passMsg = passMsg, failMsg = failMsg, epsilon=le-6)

count += 1

FHEFHH R R R R R

# test 06:

# Individual Utility Factors for a multiple vehicles with same daily distance.
print 'Test 06: Validating Fleet Utility Factor calculations'

test = '06'

Rcds = [0,1/0,20,30,40,50,100,200,400]
# note: the| UF calculation is not expected to be robust to 0 distance
drivingRanges = [1,10,20,30,40,50,100,200,400]
count = 1
for Rcd in Rcds:

for disft in drivingRanges:

phage = '%02i' % count

pasgMsg = 'Properly calculated Fleet UF for multiple vehicles driving %i
miles with %i miiles of Recd' % (dist,Rcd)

faiflMsg = 'Improperly calculated Fleet UF for multiple vehicled driving %i

miles with %1 miiles of Recd' % (dist,Rcd)

fuelledDist = max(0,dist-Rcd)

fuefledDistList = [fueledDist for i dm~range(0,10)]

disjtList = [dist for i in range(0,10)]

wtlfist = [ 1 for x in fueledDisthist]

thigUF = calcIUF (distList, fueledDistList,wtList)

exppctedUF = 1-max(0,dist-Red)/float (dist)

faiflCount += reportEgResult (test,phase,thisUF, expectedUF,
passMsg = passMsg, failMsg = failMsg, epsilon=le-6)
coupt += 1

FHEFH A HEH A T R R R R R R

# test 07:

# Individpal UtilitywFactors for a multiple vehicles with different daily distances
print 'Test| 07: Validating Fleet Utility Factor calculations'

test = '07!

Rcds = [0,1/0,20,30,40,50,100,200,400]
# note: the| UF ‘¢alculation is not expected to be robust to 0 distance
drivingRangggs ¥ [1,10,20,30,40,50,100,200,400]
count = 1
for Rcd in Rcds:

for i in range(l,len(drivingRanges)) :

phase = '%02i' % count

fueledDistList = [max(0,drivingRanges[j]-Rcd) for j in range(0,1i)]
distList = [drivingRanges[j] for j in range(0,1i)]

wtList = [ 1 for x in fueledDistList]

thisUF = calcIUF(distList, fueledDistList,wtList)

expectedUF = (1.0/len(fueledDistList))* (sum([1l-f/float(d) for f£,d in

zip (fueledDistList,distList)]))

distStr = '['+''.join(['%f,' % d for d in distList])+']"'
passMsg = 'Properly calculated Fleet UF for multiple vehicles driving $%s
miles with %i miles of Recd' % (distStr,Rcd)
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miles with

fai

fai

cou

%1 miles of Recd!

1Msg

o
o

(distStr,Rcd)
1Count += reportEgResult (test,phase, thisUF, expectedUF,
passMsg passMsg, failMsg failMsg, epsilon=1le-6)

nt += 1

'Improperly calculated Fleet UF for multiple vehicles driving %s

FHFHH R R R R R

# test 08:
# Validat
print
test '08'
tripDists
tripSpeeds
VMT Fracts
count 1
for fract i
phal
thi
if

e the speed split function

[1 for idx in range(0,100)]
[s for s in range(1,101)]

'Test 08: Validating logic for selecting the city/hwy split speed!’

arange(0,1,0.1)

h VMT Fracts:
se = '%$021' % count
SSplit= determineSplitSpeed (fract, tripSpeeds, tripDisti)

fract==0:

# handle case where the are no trips below VMTOfraction
expectedSplit=1

expectedSplit =fract*100

sMsg 'Properly calculated split speedfor 100 equal trips
00 for %f city VMT fraction' % fract

1 Msg 'Improperly calculated split, speed for 100 equal trig
00 for %f city VMT fraction' % fract

| Count += reportEgResult (test,phase,thisSplit, expectedSplit,
passMsg passMsg, failMsg = failMsg, epsilon=1le-6)

ht += 1
HH SRR RS RS HH R HE  HE  HE  HE  HE  HE  HE  HE  HE  HE  H A

R S

=)

the preprocessTable function
09: Validating-table preprocessing function'

DataFile (ADummyData.csv')

100000003, ' 1'), ('100000001', " 1'"), ('100000001', ' 2')]
0, 10<0,715.0]

0, 20,0, 20.0]

d)-/(float (t) /60) for d,t in zip(dist,time)]

els
pas
between 1 and 1
fai
between 1 and 1
fai
cou
HHHHHHHHEHH
HHRHHHBHAHH

# test 09:
# Validat
print 'Test
test = '09!
data = load
vehID = [ ('
dist = [10.
time = [10.
v = [float(
t = preproc

with speeds

s with speeds

HHH#

HHHH

bodTable (data  True)

for idx in
phase =
passMsg
failMsg

arange (0, len (vehID)) :
'$02i'" % count

s

'Improperly calculated vehUniqIDList in preprocessTable f

'Properly calculated vehUniqIDList in preprocessTable function'

unction’

#failCount += reportEgResult (test,phase,t['vehUnigIDList'] [idx],vehID[idx],

#

count +

passMsg
=1

= passMsg, failMsg = failMsg, epsilon=le-6)

FHEFHHHHE R R R R R R

# test 10:

# Validat
print 'Test
test = '10'

e the buildDayTravelDistList function
10: Validating buildDayTravelDistList function'
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