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ABSTRACT

The Environmental Protection Agency’s (EPA’s) recommended model, MOBILE5a, has been used extensively to predict emission factors based on average speeds for each fleet type.  Because average speeds are not appropriate in modeling intersections or other scenarios involving intermittent travel, emission factors that are specific for vehicle operating modes (acceleration, deceleration, free-flow, and idle) have been studied in the past.  Several models have been developed that use the concept of acceleration-speed products to serve as input variables to determine multipliers that can be used to modify constant speed emission factors.  Although relatively simplistic, this process provides results that are considered more accurate than constant speed emission factors.  The Comprehensive Modal Emissions Model (CMEM) developed under sponsorship by the National Cooperative Highway Research Program (NCHRP) is based on a parameterized physical approach.  While anticipated to be more accurate, the input requirements to the model are necessarily more complicated.

This paper presents a new modal emissions model based on existing emissions data from the early 1990s revision efforts of the Federal Test Procedure (FTP).  The model updates the older acceleration-speed product models that were based on data from the 1970s.  Using second-by-second emissions data, several different forms of the modeling equations were developed and statistically analyzed for predicting multiplying factors for CO.  A goal in developing this model is to serve as a comparison basis for the NCHRP model.  The second and more important goal is to use the model as part of a microscale traffic simulation model that predicts air quality near roadways.

INTRODUCTION

A new vehicle emissions model has been developed at the University of Central Florida (UCF) to predict vehicle emissions that are specific to operating modes (e.g. idle, cruise, acceleration, and deceleration).  This modal emissions model uses the product of speed and acceleration as the input variable and a modal multiplier as the independent variable.  The modal multiplier is used to convert a constant speed emission factor for Carbon Monoxide (CO), such as that obtained from the MOBILE series models, into a modal emission factor.

The new model updates and expands upon previous models by using emissions data from the 1993-1994 tests conducted at the General Motors Proving Ground (1).  The other models use older databases, typically gathered in the 1970s.  A goal in developing the model was to serve as a comparison for existing modal emission models including the Comprehensive Modal Emissions Model (CMEM) developed at the University of California at Riverside (UCR) under sponsorship by the National Cooperative Highway Research Program (NCHRP) (2).  However, the main reason was to use the model as part of an overall air quality model that predicts CO concentrations near roadways (3).  This air quality model, also developed at UCF, uses a microscale traffic movement algorithm and Gaussian puff equations to model each vehicle as a moving point source.  This simulation approach requires a model that can provide second-by-second modal emission factors.  Although CMEM can produce second-by-second emission factors, its use in the air quality model would be difficult partly due to data requirements, but also because the CMEM software was not designed to be used in a simulation environment.  However, it may be possible to incorporate the main CMEM code(s) into the air quality model such that communication between the two is internal rather than through input and output files.  Due to time constraints, CMEM incorporation into the air quality model is beyond the scope of this project and is a consideration for future work.

BACKGROUND

Emission models have typically been based on regressions of emissions data collected for driving cycles such as the Federal Test Procedure (FTP).  Since the condition of a vehicle in the hot and cold stabilized phases are considered to be similar, bag 4 measurements are usually not taken.  The basic emission rate (BER) determined by the EPA recommended MOBILE series models is weighted by using the default start mode fractions of 0.43 for cold start and 0.57 for hot start conditions.  The emission rates determined by these models are based on average speeds for each fleet type.  Because average speeds are not appropriate in modeling intersections or other scenarios involving intermittent travel, emission factors that are specific for vehicle operating modes (acceleration, deceleration, free-flow, and idle) have been studied.

In the past, several models have been developed that use the concept of speed-acceleration products to serve as input variables to determine multipliers that can be applied to constant speed emission factors.  The reasoning behind this approach is that vehicles are assumed to accelerate at a constant rate of power input.  This translates into the product of speed and acceleration being equivalent to power divided by mass which can easily be proven by unit analysis.  Therefore, the underlying thought is that as the speed-acceleration product, and hence, power demand increases, so will the emission rate for CO (4).

One of the studies was performed by the Colorado Department of Highways (CDOH) (4).  They developed a relatively simple model to predict the multipliers that could be used to convert constant speed emission factors to modal emission factors.  A multiplier is actually a normalized value derived by dividing a vehicle’s emission rate for a particular modal activity (i.e. combination of acceleration and speed of vehicle) by its average 75 FTP emission rate.  Using a total of 45 vehicles (1975 model year) and 39 modal activities in the Surveillance Driving Sequence (SDS) for each vehicle, best fit curves for the data were developed that correlate multipliers for CO, HC, and NOx with the product of speed and acceleration.  The corresponding quadratic equation for CO is presented below:

M = 0.182 - 7.9776 x 10-3 (AS) + 3.6227 x 10-4 (AS)2

(1)

M = multiplier for CO

AS = speed-acceleration product (ft2/sec3)

Since the emission rate and the speed-acceleration product are believed to be linearly related, the second order term in equation 1 has been attributed to factors such as the air/fuel mixture enrichment under load and reaching the limits of the catalytic converter.  Due to the fact that the modal emission rates were normalized with respect to the 75 FTP rate obtained from bag data, the multipliers are only applicable to emission factors based on a constant speed of 19.6 mph which is the average speed for the 75 FTP cycle.

The CALINE4 model uses a similar approach to determining multipliers.  However, the data sets used to derive regression equations were different than the ones use in the CDOH study.  CALINE4 uses data specific to California (5).  The two equations employed in CALINE4 are presented as equations 2 and 3:




EFA = (BAG2)(0.75)e(0.0454)(AS)



(2)




EFA = (BAG2)(0.027)e(0.098)(AS)



(3)

EFA = modal emission factor




BAG2 = constant speed emission factor

Equation 2 is applicable for vehicles accelerating from rest to 45 mph, and equation 3 corresponds to vehicles accelerating from speeds greater than 15 mph to 60 mph.  These equations are similar to the CDOH equation except that the constant speed emission factor (BAG2) has been included so that the equations represent modal emission factors rather than a multiplying factor.  Unlike the CDOH model, CALINE4 uses only bag 2 (stabilized mode) emissions data to derive the multipliers.  Therefore, CALINE4 requires that constant speed emission factors be based at 16.2 mph which is the average speed for the bag 2 stage of the FTP cycle.

The new NCHRP model (CMEM) is based on a parameterized physical approach (2).  While anticipated to be more accurate than the speed-acceleration product approach, the input requirements are also more involved.  The inputs for this model can be grouped into two broad categories:  input operating variables and model parameters.  Examples of input operating variables include second-by-second speed, grade, and accessory use information (e.g. air conditioning).  Model parameters include public domain or generic types (e.g. vehicle mass, engine displacement, tire rolling resistance, transmission efficiencies, etc.) and measured types (e.g. engine friction factor, thermal efficiency, catalyst pass fraction, etc.).  The model not only determines composite emission factors but also provides second-by-second tailpipe emissions.  The current condition of the software does not realistically allow it to be used in a simulation environment where function calls to CMEM would have to be made during each simulated time step.  Therefore, the core algorithm in CMEM would need to be reproduced and implemented internally for it to be used in an air quality model that requires modal emission factors during a simulation.

METHODOLOGY

The development of modal multipliers is based on the comprehensive emissions data from the 1993-1994 tests conducted at the General Motors Proving Ground.  The tests arose out of efforts to review and revise the FTP and was jointly executed by the EPA, the California Air Resources Board (CARB) and the automotive industry.  For simplicity, this cooperative industry/government exhaust emissions data will henceforth be referred to as the CIGEE data which includes both cumulative bag data and second-by-second emissions data for several different test cycles.

The method of analysis essentially mirrors those used in the CDOH and CALINE4 studies.  Second-by-second emissions data are correlated with the products of average speeds and accelerations.  The steps involved in determining multipliers are outlined in Figure 1.  Only the CIGEE data corresponding to the FTP test cycle (also known as the LA4) was used.  A total of 83 possible  acceleration/deceleration ranges were identified from this cycle.  A difficulty in developing these ranges was that the ranges for each tested vehicle did not perfectly correlate time-wise with those for the others.  This is understandable since tolerances along the speed versus time curve are allowed during the FTP test.  Since the differences between these ranges were small, the derived acceleration values from each vehicle were considered comparable to those from other vehicles.  The list of speed ranges shown in Table 1 were derived based on the requirements that the ranges are common to all vehicles tested and that the list contains a sufficient mixture of speed ranges producing varying acceleration values.  Such a list is similar to the lists of SDS modes used in the CDOH and CALINE4 studies.  Speed ranges corresponding to deceleration were not used since it was assumed that emissions during deceleration are similar to idle emissions.  Also, any emissions data corresponding to vehicles that were calibrated for stoichiometric combustion were eliminated since they would not allow those vehicles to produce emissions under commanded enrichment.  Stoichiometric calibration was done for some vehicles in order to compare them with production vehicles experiencing commanded enrichment.

The most significant difference between the new emissions model and the previously developed models is that the hot and cold mode percentages were incorporated into the new model.  Using composite bag data, separate equations were developed for vehicles in the hot transient, cold transient, and stabilized modes.  In order to use these equations, constant speed emission rates specific to each of the modes must be determined.  If using MOBILE5a, these hot, cold, and stable emission rates can be determined by using the percentages shown in Table 2.  These rates can be considered “pure” since the percentages in Table 2 force MOBILE5a to produce unweighted, bag-specific values.  In addition to modal activity, equations were also categorized by vehicle type.  The descriptions of each vehicle type and vehicle information are presented in Table 3.  Since the CIGEE database did not include heavy-duty vehicles, no equations for this vehicle-type could be developed.

RESULTS

The modal multiplier regression coefficients and goodness of fit criteria are presented in Table 4.  The model types are presented as equations 4-6:




Polynomial:
y = ax2 + bx + c



(4)




Power Series:
y = axb





(5)




Exponential:
y = aebx




(6)

The coefficients in Table 4 indicate that for the stabilized modes, the regression equations increase with the product of speed and acceleration.  This is the opposite case for the transient (hot and cold) modes.  The reasons for the decreasing functions are not clear since several factors could account for this.  One reason may be that a few non-representative data points (i.e. outliers) may have skewed the results.  Another reason may be that for the vehicles tested, increasing the speed of the vehicles under transient conditions could have improved engine combustion (e.g. by increasing engine temperature) resulting in lower CO emisisons.  This effect could have overcome the effect of increasing CO emissions from an increase in fuel consumption (i.e. enrichment of the air-fuel mixture).

Except for cars and heavy-light trucks under the stabilized condition and light trucks under the hot transient condition, the coefficient of determination (R2) appears reasonable for most of the regression results.  The root MSEs appear to be relatively small for most of the models except for those in the cold transient mode.  However, all of their p-values are well below the significance level of 0.05 (95% confidence).  Taking into account all of the goodness of fit criteria, the recommended equations for combinations of vehicle type and mode are indicated in bold in Table 4 and plotted in Figures 2-4.

In an effort to compare the current model with existing models, the model developed for “cars” under stabilized conditions was plotted against the models used in CALINE4 and CMEM (NCHRP model).  In order to simplify the comparisons, only the regression equations for the stabilized (bag 2) phase were used.  Since this phase of the FTP cycle starts from the rest condition (0 mph), the appropriate CALINE4 equation was used:

EFA = (BAG2)(0.75)e(0.0454)(AS)


(7)

This equation corresponds to vehicles starting from rest and accelerating up to 45 mph.  Since modal multipliers were modeled, the actual equation used to represent CALINE4 was:





M = EFA/BAG2 = (0.75)e(0.0454)(AS)


(8)

Since CMEM does not contain regression equations to directly provide modal multipliers, the velocity activity data for the FTP bag 2 phase was used to run CMEM and obtain second-by-second emissions data.  The default vehicle parameter data supplied with the CMEM software was used during the run.  The second-by-second emissions data was used to obtain average emission rates (g/s) for each of the selected speed ranges in the stabilized mode shown in Table 1.  Dividing these rates by the average emission rate (converted to g/s by multiplying g/mile by the average speed, 16.2 mph) for the stabilized phase resulted in modal multipliers.  Regression analysis of the multipliers with the product of speed and acceleration resulted in equation 9.





M = (0.919)e(0.0461)(AS)




(9)

The plots of each of the three models are shown in Figure 5.  The model developed using the CIGEE data provided the highest values and therefore, appears to be the most conservative.  This model corresponds to the cars (“C”) category and is presented as equation 10.





M = (1.300)e(0.0430)(AS)




(10)

The ratio between the CIGEE multipliers and the CALINE4 multipliers decreases from 1.73 at 1 mph to 1.58 at 45 mph.  Similarly, the CIGEE multipliers to CMEM multipliers range from 1.40 at 1 mph to 1.24 at 45 mph.  While these comparisons are valid for CALINE4, they may not be entirely accurate for CMEM.  The aforementioned regression analysis using the second-by-second emissions output from CMEM only involved one vehicle’s parameter data (i.e. default data).  This was done due to a lack of data.  Therefore, a more comprehensive study would involve the use of several different vehicle parameter data to obtain a more statistically valid regression equation.  An alternative but equal method of comparison between the models would have involved the plotting of actually emission values instead of multipliers.  But since the multipliers and emission rates are directly related, the results would have led to similar conclusions.

CONCLUSION

The new modal emissions model presented in this paper is an update to the older emissions models developed by the CDOH and CALINE4 studies.  The use of modal multipliers is significantly different than the physical modeling approach employed in the NCHRP model (CMEM).  A simple comparison analysis appears to indicate that the new model provides similar results to that of CMEM.  The simplicity of the new model allows easy integration into a traffic simulation model where functions calls to the modal emissions algorithm can be made directly within the native code.
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Table 1

FTP Speed Ranges and Corresponding Speed-Acceleration Products

	
	Start
	End
	Time in
	Average
	Average
	Speed-Acceleration

	Cycle Mode
	Speed
	Speed
	Mode
	Speed
	Acceleration
	Product

	Name
	(mph)
	(mph)
	(sec)
	(mph)
	(mph/sec)
	(mph2/sec)

	
	
	
	
	
	
	

	FTP3a
	5.9
	22.5
	11
	14.2
	1.51
	21.43

	FTP7a
	6.6
	47.5
	42
	27.05
	0.97
	26.34

	FTP11a
	4.3
	34.9
	20
	19.6
	1.53
	29.99

	FTP15a
	5.9
	30
	13
	17.95
	1.85
	33.28

	FTP18a
	6.6
	36
	17
	21.3
	1.73
	36.84

	
	
	
	
	
	
	

	FTP22b
	3.5
	25
	19
	14.25
	1.13
	16.13

	FTP26b
	6.6
	17
	8
	11.8
	1.30
	15.34

	FTP30b
	4.5
	26
	15
	15.25
	1.43
	21.86

	FTP35b
	3.2
	28.6
	18
	15.9
	1.41
	22.44

	FTP37b
	6.3
	28.9
	17
	17.6
	1.33
	23.40

	FTP40b
	0
	28.5
	18
	14.25
	1.58
	22.56

	FTP44b
	4
	28
	18
	16
	1.33
	21.33

	FTP46b
	0.6
	24.9
	22
	12.75
	1.10
	14.08

	FTP50b
	5.4
	23
	9
	14.2
	1.96
	27.77

	FTP53b
	1.5
	21.8
	20
	11.65
	1.0
	11.82

	FTP61b
	4.8
	22
	14
	13.4
	1.23
	16.46

	
	
	
	
	
	
	

	FTP66c
	3
	22.4
	11
	12.7
	1.76
	22.40

	FTP70c
	3.3
	47.5
	42
	25.4
	1.05
	26.73

	FTP74c
	1
	34.6
	20
	17.8
	1.68
	29.90

	FTP78c
	2.6
	30.1
	13
	16.35
	2.12
	34.59

	FTP81c
	3.3
	36.1
	17
	19.7
	1.93
	38.01


aCold Transient Mode.

bStabilized Mode.

cHot Transient Mode.

Table 2

Vehicle Mode Percentages Required to Obtain Bag-Specific Emission Rates
	
	Vehicle Mode Percentages

	
	Bag 1
	Bag 2
	Bag 3

	PCCN
	100
	0
	0

	PCHC
	0
	0
	100

	PCCC
	100
	0
	0

	
	
	
	

	Vehicle Speed (mph)
	25.6
	16.2
	25.05



Note:
PCCN = Cold Transient Mode Percentage without a catalyst;



PCHC = Hot Transient Mode Percentage with a catalyst;



PCCC = Cold Transient Mode Percentage with a catalyst.

Table 3

Vehicle Categories
	Vehicle

Type
	Make, Model,

and Year
	Age of Catalytic

Converter (miles)

	Cars (C)
	Ford Escort ‘93
	50,000

	
	Ford Taurus LX ‘93
	50,000

	
	Ford Mustang LX ‘93
	50,000

	
	Oldsmobile Cutlass Supreme ‘94
	100,000

	
	Pontiac Grand Prix ‘94
	50,000

	
	Oldsmobile 98 ‘94
	50,000

	
	Cadillac Seville ‘94
	100,000

	
	Oldsmobile Custom Cruiser ‘92
	50,000

	
	Saturn Saturn ‘94
	50,000

	
	Geo Metro ‘93
	36,000

	
	Pontiac Grand Am ‘93
	50,000

	
	Honda Civic ‘92
	50,000

	
	Mitsubishi Mirage ‘93
	4,000

	
	Toyota Camry ‘93
	50,000

	
	Toyota Corolla ‘93
	50,000

	
	Mercedes 420 SEL ‘92
	50,000

	
	
	

	Light Trucks (LT)
	Jeep Cherokee ‘94
	50,000

	
	Ford Ranger 4x2 XLT ‘93
	50,000

	
	Ford F150 4x2 ‘93
	50,000

	
	GMC Sonoma P/U ‘93
	100,000

	
	Chevrolet C10 P/U ‘94
	126,000

	
	Mazda MPV ‘92
	90,000

	
	Nissan Pathfinder ‘92
	35,000

	
	
	

	Heavy Light Trucks (HLT)
	Ford F250 4x2 ‘93
	50,000

	
	Chevrolet Suburban ‘92
	30,000

	
	Chevrolet G30 Van ‘93
	30,000

	
	Chevrolet C30/K30 Duallie ‘94
	150,000


Table 4

Modal Multiplier Regression Results
	Mode

Type
	Vehicle

Typea
	Model

Typeb
	nc
	A
	b
	c
	R2
	Root

MSE
	MSE
	p-value

	Cold
	HLT
	Pow
	5
	1.55X1013
	-8.571
	n/a
	0.996
	1.867
	3.487
	0.0001

	Transient
	
	Exp
	5
	271388
	-0.392
	n/a
	0.997
	1.630
	2.656
	7.00E-05

	
	
	Poly
	5
	0.50315
	-32.775
	529.929
	0.962
	7.177
	51.506
	0.03838

	
	
	
	
	
	
	
	
	
	
	

	
	LT
	Pow
	5
	1.11X1013
	-8.256
	n/a
	0.997
	3.123
	9.753
	7.00E-05

	
	
	Exp
	5
	161332
	-0.339
	n/a
	0.998
	2.681
	7.186
	5.00E-05

	
	
	Poly
	5
	0.88438
	-58.235
	952.377
	0.979
	10.019
	100.4
	0.0215

	
	
	
	
	
	
	
	
	
	
	

	
	C
	Pow
	5
	4.52X1014
	-9.377
	n/a
	0.998
	2.951
	8.707
	3.00E-05

	
	
	Exp
	5
	615340
	-0.388
	n/a
	0.999
	2.846
	8.102
	2.00E-05

	
	
	Poly
	5
	1.22165
	-79.779
	1292.240
	0.967
	16.273
	264.8
	0.03261

	
	
	
	
	
	
	
	
	
	
	

	Stabilized
	HLT
	Pow
	11
	0.1784
	0.875
	n/a
	0.421
	0.628
	0.395
	0.03077

	
	
	Exp
	11
	0.9331
	0.047
	n/a
	0.454
	0.610
	0.372
	0.02298

	
	
	Poly
	11
	0.007789
	-0.198
	3.124
	0.473
	0.636
	0.404
	0.077

	
	
	
	
	
	
	
	
	
	
	

	
	LT
	Pow
	11
	0.4085
	0.832
	n/a
	0.688
	0.687
	0.472
	0.00159

	
	
	Exp
	11
	1.949
	0.045
	n/a
	0.759
	0.605
	0.366
	0.00048

	
	
	Poly
	11
	0.01876
	-0.529
	7.601
	0.825
	0.545
	0.297
	0.00093

	
	
	
	
	
	
	
	
	
	
	

	
	C
	Pow
	11
	0.3038
	0.782
	n/a
	0.516
	0.594
	0.353
	0.01273

	
	
	Exp
	11
	1.3001
	0.043
	n/a
	0.582
	0.552
	0.305
	0.00634

	
	
	Poly
	11
	0.0135
	-0.404
	5.542
	0.665
	0.524
	0.275
	0.01264

	
	
	
	
	
	
	
	
	
	
	

	Hot
	HLT
	Pow
	5
	23336412
	-4.886
	n/a
	0.885
	0.835
	0.698
	0.01714

	Transient
	
	Exp
	5
	456.2
	-0.194
	n/a
	0.855
	0.937
	0.879
	0.02447

	
	
	Poly
	5
	0.04636
	-3.065
	51.237
	0.938
	0.751
	0.565
	0.06201

	
	
	
	
	
	
	
	
	
	
	

	
	LT
	Pow
	5
	488.98
	-1.635
	n/a
	0.323
	1.237
	1.530
	0.31772

	
	
	Exp
	5
	11.73
	-0.060
	n/a
	0.347
	1.215
	1.475
	0.29602

	
	
	Poly
	5
	-0.001006
	-0.066
	4.938
	0.365
	1.467
	2.151
	0.63473

	
	
	
	
	
	
	
	
	
	
	

	
	C
	Pow
	5
	6758
	-2.332
	n/a
	0.843
	0.634
	0.402
	0.02777

	
	
	Exp
	5
	29.54
	-0.082
	n/a
	0.795
	0.725
	0.526
	0.04221

	
	
	Poly
	5
	0.02697
	-1.814
	32.112
	0.956
	0.411
	0.169
	0.0439


a”HLT”=Heavy Light Truck; “LT”=Light Truck; “C”=Car.
b”Pow”=power series; “Exp”=Exponential; “Poly”=Polynomial.

cNumber of data points used in regression.

Note:  Selections in bold are considered best choices for modeling according to goodness of fit criteria.
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Figure 1

Methodology for Derivation of Modal Multipliers
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Figure 2

Regression Analysis for the Cold Transient Mode
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Figure 3

Regression Analysis for the Stabilized Mode

Figure 4

Regression Analysis for the Hot Transient Mode

Figure 5

Comparisons of Modal Multipliers Obtained from Different Models
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Ekj = emission factor for a mode (e.g. accel., decel., etc.) that corresponds to a speed range


Ek = overall bag emission factor for a specific vehicle


Mkj = modal multiplier based on vehicle and mode


Mj = average modal multiplier for a mode





M1=(M11+M21+M31+ ... +Mk1)/k


M2=(M12+M22+M32+ ... +Mk2)/k


M3=(M13+M23+M33+ ... +Mk3)/k





Mj=(M1j+M2j+M3j+ ... +Mkj)/k





M11=E11/E1	M12=E12/E1	M13=E13/E1		M1j=E1j/E1


M21=E21/E2	M22=E22/E2	M23=E23/E2		M2j=E2j/E2


M31=E31/E3	M32=E32/E3	M33=E33/E3		M3j=E3j/E3





Mk1=Ek1/Ek	Mk2=Ek2/Ek	Mk3=Ek3/Ek		Mkj=Ekj/Ek





		Mode 1	Mode 2	Mode 3		Mode j





Vehicle 1	E11	E12	E13		E1j


Vehicle 2	E21	E22	E23		E2j


Vehicle 3	E31	E32	E33		E3j





Vehicle k	Ek1	Ek2	Ek3		Ekj









































_1009993042.xls
Chart4

		16.125		16.125		16.125		16.125		16.125		16.125

		15.34		15.34		15.34		15.34		15.34		15.34

		21.85833		21.85833		21.85833		21.85833		21.85833		21.85833

		22.43667		22.43667		22.43667		22.43667		22.43667		22.43667

		23.39765		23.39765		23.39765		23.39765		23.39765		23.39765

		22.5625		22.5625		22.5625		22.5625		22.5625		22.5625

		21.33333		21.33333		21.33333		21.33333		21.33333		21.33333

		14.08295		14.08295		14.08295		14.08295		14.08295		14.08295

		27.76889		27.76889		27.76889		27.76889		27.76889		27.76889

		11.82475		11.82475		11.82475		11.82475		11.82475		11.82475

		16.46286		16.46286		16.46286		16.46286		16.46286		16.46286

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		17		17		17		17		17		17

		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22

		23		23		23		23		23		23

		24		24		24		24		24		24

		25		25		25		25		25		25

		26		26		26		26		26		26

		27		27		27		27		27		27

		28		28		28		28		28		28

		29		29		29		29		29		29

		30		30		30		30		30		30



HLT, Data

LT, Data

C, Data

HLT, M=aExp(b*SA)

LT, M=aExp(b*SA)

C, M=aExp(b*SA)

Speed*Acceleration, (mph^2)/s

Modal Multiplier, (g/s)/(g/s)

1.6638169919

4.6024851069

2.2895769364

2.853834673

4.5053752514

3.4817304838

1.3772446897

4.1892373912

2.6917100935

2.8122572139

4.7873259917

2.746706556

2.6747327173

5.2566049703

3.2260518829

3.2891038218

5.5212591291

3.3737433029

2.1642589149

4.7915103277

3.4609737755

2.1381679743

3.7990551255

2.6878942328

3.793803441

7.7871722183

5.0711180039

1.3300857683

3.3409571807

2.0791032376

2.0867592636

4.2101291484

2.7071079238

1.4933411478

3.065036648

2.0040607158

1.5652359624

3.2070070591

2.0926937573

1.640592052

3.3555534431

2.1852467479

1.7195760548

3.5109803944

2.2818930542

1.8023626316

3.6736066164

2.3828137101

1.889134852

3.8437655742

2.488197756

1.9800845992

4.0218061791

2.5982425931

2.0754129944

4.2080935037

2.713154353

2.1753308415

4.4030095303

2.8331482835

2.2800590931

4.6069539346

2.9584491527

2.3898293395

4.8203449049

3.0892916688

2.5048843205

5.0436199997

3.2259209209

2.625478462

5.2772370449

3.3685928374

2.7518784394

5.5216750726

3.5175746654

2.8843637663

5.7774353033

3.6731454716

3.0232274134

6.0450421738

3.8355966651

3.168776456

6.3250444125

4.0052325428

3.3213327531

6.6180161642

4.1823708598

3.4812336591

6.924558168

4.3673434243

3.6488327699

7.2452989888

4.5604967196

3.8245007047

7.580896306

4.7621925524



Sheet1

						H		L		V

		CT		ftp3		0.4348031943		0.8102799586		1.062077798

				ftp7		0.0635207691		0.1650111683		0.1626996022

				ftp11		0.0081106767		0.0170841838		0.0172250826

				ftp15		0.0178327182		0.0219872098		0.0265154805

				ftp18		0.013946503		0.01643271		0.0252619764

		CS		ftp22		0.0074039856		0.0204810587		0.0101886174

				ftp26		0.0126995643		0.0200489199		0.0154937007

				ftp30		0.0061287389		0.0186421064		0.0119781099

				ftp35		0.0125145446		0.0213036007		0.0122228442

				ftp37		0.0119025606		0.0233918921		0.0143559309																																																																																																																																																										5.32327

				ftp40		0.014636512		0.0245696031		0.0150131577																																																																				Cold Transient																Stabilized																Hot Transient

				ftp44		0.0096309522		0.021322221		0.0154013333																																																																				HLT, Data		LT, Data		C, Data		HLT, M=aExp(b*SA)		LT, M=aExp(b*SA)		C, M=aExp(b*SA)						HLT, Data		LT, Data		C, Data		HLT, M=aExp(b*SA)		LT, M=aExp(b*SA)		C, M=aExp(b*SA)						HLT, Data		LT, Data		C, Data		HLT, M=aExp(b*SA)		LT, M=aExp(b*SA)		C, M=aExp(b*SA)														SP		C		CALINE4		CMEM				Time		Speed		Acceleration		SP		tcogs		(g/s) / (g/s)		vel		acc		SP		tcogs		MM

				ftp46		0.0095148475		0.0169057953		0.0119611293																																																																		21.42909								61.144199196		113.9456191769		149.3546903464				16.125								1.6638169919		4.6024851069		2.2895769364				22.39818								6.0683988145		2.4342027577		4.9971415535														1		1.3575556466		0.7848347661		0.08616				1		1		1		1		0.0059043		3.2874629542		1.00000		0.00000		0.00000		0.00287		0.08616

				ftp50		0.0168824253		0.0346529164		0.0225664751																																																																		26.34155								8.9326081499		23.2046955478		22.8796315557				15.34								2.853834673		4.5053752514		3.4817304838				26.73047								2.1015643668		4.058170753		3.1207591423														2		1.4175958864		0.82128748		0.30540				2		1.5		1.3333333333		2		0.0059537		3.3149761355		2.00000		1.00000		2.00000		0.01016		0.30540

				ftp53		0.0059188817		0.0148672595		0.0092520094																																																																		29.988								1.140563908		2.4024633446		2.4222772342				21.85833								1.3772446897		4.1892373912		2.6917100935				29.904								0.7437716515		0.8998043335		1.5886583497														3		1.4802915094		0.8594332897		0.31198				3		2		1.5		3		0.0060047		3.3433521573		3.00000		1.00000		3.00000		0.01038		0.31198

				ftp61		0.0092860787		0.0187350747		0.0120466303																																																																		33.27654								2.5077259997		3.0919513808		3.7287394424				22.43667								2.8122572139		4.7873259917		2.746706556				34.58654								1.5344345035		1.2557020232		1.9747245619														4		1.5457599545		0.8993508331		0.31894				4		2.5		1.6		4		0.0060572		3.3726198107		4.00000		1.00000		4.00000		0.01061		0.31894

																																																																												36.83647								1.9612269905		2.3108498437		3.5524654275				23.39765								2.6747327173		5.2566049703		3.2260518829				38.00941								1.3108494996		1.2309590028		2.0105251024														5		1.6141238544		0.941122401		0.32632				5		3		1.6666666667		5		0.0061114		3.4028091453		5.00000		1.00000		5.00000		0.01086		0.32632

		HT		ftp66		0.0422259418		0.0169379942		0.0347717766																																																																																		22.5625								3.2891038218		5.5212591291		3.3737433029																														6		1.6855112657		0.9848341058		0.33014				6		3.5		1.7142857143		6		0.0061674		3.4339515351		6.00000		1.00000		6.00000		0.01098		0.33014

				ftp70		0.0146233854		0.0282381048		0.0217152824																																																																																		21.33333								2.1642589149		4.7915103277		3.4609737755																														7		1.7600559084		1.0305760601		0.34631				7		6		1.1666666667		7		0.0062251		3.4660797495		7.00000		1.00000		7.00000		0.01152		0.34631

				ftp74		0.0051754111		0.0062611385		0.0110544143																																																																																		14.08295								2.1381679743		3.7990551255		2.6878942328																														8		1.8378974165		1.0784425614		0.39013				8		6.5		1.2307692308		8		0.0062846		3.4992280276		8.00000		1.00000		8.00000		0.01298		0.39013

				ftp78		0.0106771068		0.0087375932		0.0137407917																																																																																		27.76889								3.793803441		7.7871722183		5.0711180039																														9		1.9191815995		1.1285322872		0.44089				9		7		1.2857142857		9		0.0063460		3.5334321578		9.00000		1.00000		9.00000		0.01467		0.44089

				ftp81		0.0091213278		0.0085654231		0.0139899038																																																																																		11.82475								1.3300857683		3.3409571807		2.0791032376																														10		2.0040607158		1.1809484981		0.49579				10		7.5		1.3333333333		10		0.0063929		3.5595296885		10.00000		1.00000		10.00000		0.01650		0.49579

																																																																																												16.46286								2.0867592636		4.2101291484		2.7071079238																														11		2.0926937573		1.235799251		0.55523				11		8		1.375		11		0.0063715		3.5475958939		11.00000		1.00000		11.00000		0.01847		0.55523

																																																																																																																																						12		2.1852467479		1.2931976214		0.61964				12		8.5		1.4117647059		12		0.0064598		3.596794252		12.00000		1.00000		12.00000		0.02062		0.61964

																																																																																																																																						13		2.2818930542		1.3532619369		0.68953				13		9		1.4444444444		13		0.0067122		3.7373141234		13.00000		1.00000		13.00000		0.02294		0.68953

		Cycle Mode		Start		End		Time in		Average		Average		Speed-Acceleration		Engine		Modal Multiplier (g/s per g/mile)								Modal Multiplier(g/s per g/s)								SAMPLE NUMBERS																																																																																																				14		2.3828137101		1.4161160209		0.76544				14		9.5		1.4736842105		14		0.0071870		4.0016946737		14.00000		1.00000		14.00000		0.02547		0.76544

		Name		Speed		Speed		Mode		Speed		Acceleration		Product		Mode Type		H		L		V				H		L		V								H				L				V								Mode Type		Vehicle Type		Model Type		n		a		b		c		R2		root MSE		MSE		p-value																																																												15		2.488197756		1.4818894479		0.84796				15		10		1.5		15		0.0077692		4.3258220902		15.00000		1.00000		15.00000		0.02821		0.84796

				(mph)		(mph)		(sec)		(mph)		mph/sec		mph2/sec																								Unique Vehicles		Total Vehicles		Unique Vehicles		Total Vehicles		Unique Vehicles		Total Vehicles						Cold		HLT		Power Series		5		1.55E+13		-8.571		n/a		0.996		1.867		3.487		0.0001																																																												16		2.5982425931		1.5507178109		0.53189				16		10.5		1.5238095238		16		0.0083783		4.6649973739		16.00000		1.00000		16.00000		0.01770		0.53189

		ftp3		5.9		22.5		11		14.2		1.509091		21.42909		Cold		0.4348031943		0.8102799586		1.062077798				61.144199196		113.9456191769		149.3546903464				CT		ftp		4		10		7		10		16		29						Transient				Exponential		5		271388.2001		-0.392		n/a		0.997		1.630		2.656		7.00E-05																																																												17		2.713154353		1.6227430005		0.57551				17		11		1.5454545455		17		0.0090156		5.0198408483		17.00000		1.00000		17.00000		0.01915		0.57551

		ftp7		6.6		47.5		42		27.05		0.9738095		26.34155		Transient		0.0635207691		0.1650111683		0.1626996022				8.9326081499		23.2046955478		22.8796315557						arb		4		9		7		11		15		28										Polynomial		5		0.5031519026		-32.775		529.929		0.962		7.177		51.506		0.03838																																																												18		2.8331482835		1.6981134975		0.62199				18		11.5		1.5652173913		18		0.0096823		5.3910233542		18.00000		1.00000		18.00000		0.02069		0.62199

		ftp11		4.3		34.9		20		19.6		1.53		29.988				0.0081106767		0.0170841838		0.0172250826				1.140563908		2.4024633446		2.4222772342						rep		4		18		7		16		16		33								LT		Power Series		5		1.11E+13		-8.256		n/a		0.997		3.123		9.753		7.00E-05																																																												19		2.9584491527		1.7769846794		0.67155				19		12		1.5833333333		19		0.0103796		5.779266914		19.00000		1.00000		19.00000		0.02234		0.67155

		ftp15		5.9		30		13		17.95		1.853846		33.27654				0.0178327182		0.0219872098		0.0265154805				2.5077259997		3.0919513808		3.7287394424				CS		ftp		4		13		7		13		16		31										Exponential		5		161332.0623		-0.339		n/a		0.998		2.681		7.186		5.00E-05																																																												20		3.0892916688		1.8595191402		0.72446				20		12.5		1.6		20		0.0111089		6.1853454993		20.00000		1.00000		20.00000		0.02410		0.72446

		ftp18		6.6		36		17		21.3		1.729412		36.83647				0.013946503		0.01643271		0.0252619764				1.9612269905		2.3108498437		3.5524654275						arb		4		25		7		21		14		31										Polynomial		5		0.884378497		-58.235		952.377		0.979		10.019		100.388		0.0215																																																												21		3.2259209209		1.9458870259		0.78100				21		13		1.6153846154		21		0.0118717		6.6100858978		21.00000		1.00000		21.00000		0.02598		0.78100

																																				rep		4		18		7		16		16		33								C		Power Series		5		4.52E+14		-9.377		n/a		0.998		2.951		8.707		3.00E-05																																																												22		3.3685928374		2.036266385		0.84147				22		13.5		1.6296296296		22		0.0126696		7.0543686774		22.00000		1.00000		22.00000		0.02800		0.84147

		ftp22		3.5		25		19		14.25		1.131579		16.125		Cold		0.0074039856		0.0204810587		0.0101886174				1.6638169919		4.6024851069		2.2895769364				HT		ftp		4		13		7		13		16		31										Exponential		5		615339.9708		-0.388		n/a		0.999		2.846		8.102		2.00E-05																																																												23		3.5175746654		2.1308435359		0.90623				23		14		1.6428571429		23		0.0135044		7.5191292417		23.00000		1.00000		23.00000		0.03015		0.90623

		ftp26		6.6		17		8		11.8		1.3		15.34		Stabilized		0.0126995643		0.0200489199		0.0154937007				2.853834673		4.5053752514		3.4817304838																												Polynomial		5		1.221648612		-79.779		1292.240		0.967		16.273		264.804		0.03261																																																												24		3.6731454716		2.2298134506		0.97566				24		14.5		1.6551724138		24		0.0143776		8.0053589768		24.00000		1.00000		24.00000		0.03246		0.97566

		ftp30		4.5		26		15		15.25		1.433333		21.85833				0.0061287389		0.0186421064		0.0119781099				1.3772446897		4.1892373912		2.6917100935																																																																																																								25		3.8355966651		2.3333801572		1.05019				25		15		1.6666666667		25		0.0152913		8.5141064833		25.00000		1.00000		25.00000		0.03494		1.05019

		ftp35		3.2		28.6		18		15.9		1.411111		22.43667				0.0125145446		0.0213036007		0.0122228442				2.8122572139		4.7873259917		2.746706556																								Cold		HLT		Power Series		11		0.1784347584		0.875		n/a		0.421		0.628		0.395		0.03077																		10		1.4933411478		3.065036648		2.0040607158																																				26		4.0052325428		2.4417571597		0.78601				26		15.5		1.6774193548		26		0.0162475		9.0464788919		26.00000		1.00000		26.00000		0.02615		0.78601

		ftp37		6.3		28.9		17		17.6		1.329412		23.39765				0.0119025606		0.0233918921		0.0143559309				2.6747327173		5.2566049703		3.2260518829				AVERAGE VEHICLE SPEED																				Stabilized				Exponential		11		0.9331494		0.047		n/a		0.454		0.610		0.372		0.02298																		11		1.5652359624		3.2070070591		2.0926937573																																				27		4.1823708598		2.555167879		0.84270				27		16		1.6875		27		0.0172481		9.6036432597		27.00000		1.00000		27.00000		0.02804		0.84270

		ftp40		0		28.5		18		14.25		1.583333		22.5625				0.014636512		0.0245696031		0.0150131577				3.2891038218		5.5212591291		3.3737433029						CT		CS		HT																		Polynomial		11		0.0077891852		-0.198		3.124		0.473		0.636		0.404		0.077																		12		1.640592052		3.3555534431		2.1852467479																																				28		4.3673434243		2.6738461127		0.90390				28		16.5		1.696969697		28		0.0182955		10.1868280423		28.00000		1.00000		28.00000		0.03007		0.90390

		ftp44		4		28		18		16		1.333333		21.33333				0.0096309522		0.021322221		0.0154013333				2.1642589149		4.7915103277		3.4609737755				ftp		25.60		16.02		25.05																LT		Power Series		11		0.4085149925		0.832		n/a		0.688		0.687		0.472		0.00159																		13		1.7195760548		3.5109803944		2.2818930542																																				29		4.5604967196		2.7980365178		0.97010				29		17		1.7058823529		29		0.0193920		10.797324642		29.00000		1.00000		29.00000		0.03228		0.97010

		ftp46		0.6		24.9		22		12.75		1.104545		14.08295				0.0095148475		0.0169057953		0.0119611293				2.1381679743		3.7990551255		2.6878942328				arb		22.09		53.10																				Exponential		11		1.948916486		0.045		n/a		0.759		0.605		0.366		0.00048																		14		1.8023626316		3.6736066164		2.3828137101																																				30		4.7621925524		2.9279951145		1.04187				30		17.5		1.7142857143		30		0.0101350		5.6431136626		30.00000		1.00000		30.00000		0.03466		1.04187

		ftp50		5.4		23		9		14.2		1.955556		27.76889				0.0168824253		0.0346529164		0.0225664751				3.793803441		7.7871722183		5.0711180039				rep		54.62		49.79																				Polynomial		11		0.0187607102		-0.529		7.601		0.825		0.545		0.297		0.00093																		15		1.889134852		3.8437655742		2.488197756																																				31		4.9728087313		3.0639898143		1.11835				31		18		1.7222222222		31		0.0106121		5.9087278486		31.00000		1.00000		31.00000		0.03721		1.11835

		ftp53		1.5		21.8		20		11.65		1.015		11.82475				0.0059188817		0.0148672595		0.0092520094				1.3300857683		3.3409571807		2.0791032376																										C		Power Series		11		0.3037976475		0.782		n/a		0.516		0.594		0.353		0.01273																		16		1.9800845992		4.0218061791		2.5982425931																																				32		5.192739774		3.2063009721		1.19830				32		18.5		1.7297297297		32		0.0111052		6.1833046029		32.00000		1.00000		32.00000		0.03987		1.19830

		ftp61		4.8		22		14		13.4		1.228571		16.46286				0.0092860787		0.0187350747		0.0120466303				2.0867592636		4.2101291484		2.7071079238																												Exponential		11		1.300058325		0.043		n/a		0.582		0.552		0.305		0.00634																		17		2.0754129944		4.2080935037		2.713154353																																				33		5.4223976463		3.3552219645		1.28180				33		19		1.7368421053		33		0.0116150		6.4671712617		33.00000		1.00000		33.00000		0.04265		1.28180

																																																										Polynomial		11		0.0134999174		-0.404		5.542		0.665		0.524		0.275		0.01264																		18		2.1753308415		4.4030095303		2.8331482835																																				34		5.6622125342		3.5110597941		1.36898				34		19.5		1.7435897436		34		0.0121422		6.7606721134		34.00000		1.00000		34.00000		0.04555		1.36898

		ftp66		3		22.4		11		12.7		1.763636		22.39818		Hot		0.0422259418		0.0169379942		0.0347717766				6.0683988145		2.4342027577		4.9971415535																																																														19		2.2800590931		4.6069539346		2.9584491527																																				35		5.912633649		3.6741357228		1.45994				35		20		1.75		35		0.0126872		7.0641692272		35.00000		1.00000		35.00000		0.04857		1.45994

		ftp70		3.3		47.5		42		25.4		1.052381		26.73047		Transient		0.0146233854		0.0282381048		0.0217152824				2.1015643668		4.058170753		3.1207591423																								Hot		HLT		Power Series		5		23336412.47		-4.886		n/a		0.885		0.835		0.698		0.01714		20		107.0344260548		185.0291641474		260.2410097164										20		2.3898293395		4.8203449049		3.0892916688										20		10.26		3.5058119379		6.2410074796																				36		6.1741300696		3.844785934		1.55479				36		20.5		1.756097561		36		0.0132510		7.3780433448		36.00000		1.00000		36.00000		0.05173		1.55479

		ftp74		1		34.6		20		17.8		1.68		29.904				0.0051754111		0.0062611385		0.0110544143				0.7437716515		0.8998043335		1.5886583497																								Transient				Exponential		5		456.2369975		-0.194		n/a		0.855		0.937		0.879		0.02447		21		72.3302740867		131.8913039707		176.4772654805										21		2.5048843205		5.0436199997		3.2259209209										21		8.09		3.3003077345		5.569702506																				37		6.4471916203		4.0233622254		1.65366				37		21		1.7619047619		37		0.0138340		7.702694841		37.00000		1.00000		37.00000		0.05502		1.65366

		ftp78		2.6		30.1		13		16.35		2.115385		34.58654				0.0106771068		0.0087375932		0.0137407917				1.5344345035		1.2557020232		1.9747245619																												Polynomial		5		0.0463617		-3.065		51.237		0.938		0.751		0.565		0.06201		22		48.8783725226		94.0139147428		119.6745480868										22		2.625478462		5.2772370449		3.3685928374										22		6.44		3.1068498069		4.9969945357																				38		6.7323297891		4.2102327346		1.75665				38		21.5		1.7674418605		38		0.0144372		8.0385447578		38.00000		1.00000		38.00000		0.05844		1.75665

		ftp81		3.3		36.1		17		19.7		1.929412		38.00941				0.0091213278		0.0085654231		0.0139899038				1.3108494996		1.2309590028		2.0105251024																										LT		Power Series		5		488.9841674		-1.635		n/a		0.323		1.237		1.530		0.31772		23		33.0303642649		67.0143966977		81.1549148882										23		2.7518784394		5.5216750726		3.5175746654										23		5.18		2.9247320247		4.5048550046																				39		7.0300786851		4.4057826978		1.86388				39		22		1.7727272727		39		0.0150613		8.3860359192		39.00000		1.00000		39.00000		0.06201		1.86388

																																																										Exponential		5		11.7347052		-0.060		n/a		0.347		1.215		1.475		0.29602		24		22.3208119903		47.7687731337		55.0335916518										24		2.8843637663		5.7774353033		3.6731454716										24		4.21		2.7532896497		4.0791477739																				40		7.3409960397		4.6104152439		1.97550				40		22.5		1.7777777778		40		0.0157072		8.745634134		40.00000		1.00000		40.00000		0.06573		1.97550

																																																										Polynomial		5		-0.0010057		-0.066		4.938		0.365		1.467		2.151		0.63473		25		15.0836558723		34.0502309823		37.3199357582										25		3.0232274134		6.0450421738		3.8355966651										25		3.45		2.5918969092		3.7086701382																				41		7.6656642504		4.8245522258		2.09161				41		23		1.7826086957		41		0.0163756		9.1178294936		41.00000		1.00000		41.00000		0.06959		2.09161

																																																								C		Power Series		5		6758.108259		-2.332		n/a		0.843		0.634		0.402		0.02777		26		10.1930285767		24.2714676114		25.307772275										26		3.168776456		6.3250444125		4.0052325428										26		2.85		2.4399647122		3.3844571299																				42		8.0046914727		5.04863509		2.21235				42		23.5		1.7872340426		42		0.0170676		9.5031377753		42.00000		1.00000		42.00000		0.07361		2.21235

																																																										Exponential		5		29.54653508		-0.082		n/a		0.795		0.725		0.526		0.04221		27		6.8881067326		17.3010321227		17.1619624876										27		3.3213327531		6.6180161642		4.1823708598										27		2.37		2.2969384993		3.0992699464																				43		8.3587127587		5.2831257864		2.33786				43		24		1.7916666667		43		0.0177842		9.9021019582		43.00000		1.00000		43.00000		0.07778		2.33786

																																																										Polynomial		5		0.0269663103		-1.814		32.112		0.956		0.411		0.169		0.0439		28		4.6547514316		12.3324109321		11.6380435712										28		3.4812336591		6.924558168		4.3673434243										28		1.98		2.1622962181		2.8472150622																				44		8.7283912466		5.5285077208		2.46826				44		24.5		1.7959183673		44		0.0185263		10.3152938652		44.00000		1.00000		44.00000		0.08212		2.46826

																																																																												29		3.145524849		8.7907101912		7.8921078089										29		3.6488327699		7.2452989888		4.5604967196										29		1.67		2.0355464181		2.6234573688																				45		9.1144194032		5.7852867516		2.60370				45		25		1.8		45		0.0192950		10.7433159412		45.00000		1.00000		45.00000		0.08663		2.60370

																																																																												30		2.1256401595		6.266137748		5.351875965										30		3.8245007047		7.580896306		4.7621925524										30		1.42		1.9162264567		2.4240018279																																						0.0200915		11.1868031822

																																																																												31		1.4364363039		4.4665881849		3.629268256																										31		1.21		1.8039008104		2.2455256308																																						0.0209170		11.6464252288

																																																																												32		0.9706954612		3.1838447886		2.4611160947																										32		1.03		1.6981594855		2.0852479949																																						0.0217727		12.1228886427

																																																																												33		0.6559634255		2.2694878548		1.6689569369																										33		0.89		1.5986165213		1.9408282923																																						0.0226600		12.6169393831

																																																																												34		0.4432780752		1.6177218002		1.1317699572																										34		0.77		1.5049085812		1.8102857075																																						0.0147161		8.1938400866

																																																																												35		0.2995524511		1.1531340947		0.7674872896																										35		0.67		1.4166936271		1.6919353987																																						0.0152784		8.5069168818

																																																																												36		0.2024274964		0.8219696614		0.5204562429																										36		0.58		1.3336496702		1.5843374155																																						0.0158620		8.8318408288

																																																																												37		0.1367937105		0.5859111506		0.3529370511																										37		0.51		1.2554735963		1.4862555535																																						0.0164679		9.1692118055

																																																																												38		0.0924406001		0.4176454346		0.2393372426																										38		0.45		1.1818800591		1.3966240066																																						0.0170973		9.5196707806

																																																																												39		0.0624682561		0.2977033443		0.1623017915																										39		0.39		1.1126004387		1.314520179																																						0.0177515		9.8839033046

																																																																												40		0.0422139517		0.2122069916		0.1100617323																										40		0.35		1.0473818614		1.2391423972																																						0.0184317		10.2626433631

																																																																																																																																																								0.0191394		10.6566776337

																																																																																																																																																								0.0198761		11.0668501982

																																																																																																																																																								0.0206433		11.4940677666

																																																																																																																																																								0.0214367		11.9357963189

																																																																																																																																																								0.0222507		12.3890122495

																																																																																																																																																								0.0230857		12.8539414782

																																																																																																																																																								0.0239421		13.3308141879

																																																																																																																																																								0.0248205		13.8198648196

																																																																																																																																																								0.0257211		14.3213320666

																																																																																																																																																								0.0266445		14.8354588675

																																																																																																																																																								0.0275910		15.3624923978

																																																																																																																																																								0.0285612		15.9026840602

																																																																																																																																																								0.0295555		16.456289473

																																																																																																																																																								0.0305743		17.0235684582

																																																																																																																																																								0.0316182		17.6047850268

																																																																																																																																																								0.0326876		18.2002073633

																																																																																																																																																								0.0337830		18.8101078083

																																																																																																																																																								0.0349048		19.434762839

																																																																																																																																																								0.0360537		20.0744530491

																																																																																																																																																								0.0372301		20.7294631253

																																																																																																																																																								0.0384345		21.4000818232

																																																																																																																																																								0.0396675		22.0866019406

																																																																																																																																																								0.0409296		22.7893202892

																																																																																																																																																								0.0422213		23.5085376638

																																																																																																																																																								0.0435432		24.2445588099

																																																																																																																																																								0.0448959		24.997692389

																																																																																																																																																								0.0462798		25.7682509417

																																																																																																																																																								0.0476956		26.5565508484

																																																																																																																																																								0.0491438		27.3629122879

																																																																																																																																																								0.0506250		28.1876591943

																																																																																																																																																								0.0521399		29.0311192102

																																																																																																																																																								0.0536889		29.8936236387

																																																																																																																																																								0.0552728		30.7755073928

																																																																																																																																																								0.0439838		24.4898826974

																																																																																																																																																								0.0452715		25.2068593955

																																																																																																																																																								0.0465878		25.9397588691

																																																																																																																																																								0.0479332		26.6888541777

																																																																																																																																																								0.0493081		27.4544212181

																																																																																																																																																								0.0507132		28.2367386875

																																																																																																																																																								0.0521488		29.0360880454

																																																																																																																																																								0.0536155		29.8527534737

																																																																																																																																																								0.0551139		30.6870218345

																																																																																																																																																								0.0566444		31.5391826267

																																																																																																																																																								0.0582075		32.4095279404

																																																																																																																																																								0.0598038		33.2983524102

																																																																																																																																																								0.0614339		34.2059531656

																																																																																																																																																								0.0630982		35.1326297803

																																																																																																																																																								0.0647973		36.0786842197

																																																																																																																																																								0.0665318		37.0444207861

																																																																																																																																																								0.0683021		38.0301460625

																																																																																																																																																								0.0701090		39.0361688543

																																																																																																																																																								0.0719528		40.0628001293

																																																																																																																																																								0.0738342		41.1103529558

																																																																																																																																																								0.0757537		42.1791424386

																																																																																																																																																								0.0777120		43.2694856537

																																																																																																																																																								0.0797095		44.3817015808

																																																																																																																																																								0.0817469		45.5161110341

																																																																																																																																																								0.0838248		46.673036591

																																																																																																																																																								0.0859436		47.8528025196

																																																																																																																																																								0.0881041		49.0557347038

																																																																																																																																																								0.0903068		50.282160567
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		CT		ftp3		0.4348031943		0.8102799586		1.062077798

				ftp7		0.0635207691		0.1650111683		0.1626996022

				ftp11		0.0081106767		0.0170841838		0.0172250826

				ftp15		0.0178327182		0.0219872098		0.0265154805

				ftp18		0.013946503		0.01643271		0.0252619764

		CS		ftp22		0.0074039856		0.0204810587		0.0101886174

				ftp26		0.0126995643		0.0200489199		0.0154937007

				ftp30		0.0061287389		0.0186421064		0.0119781099

				ftp35		0.0125145446		0.0213036007		0.0122228442

				ftp37		0.0119025606		0.0233918921		0.0143559309																																																																																																																																																										5.32327

				ftp40		0.014636512		0.0245696031		0.0150131577																																																																				Cold Transient																Stabilized																Hot Transient

				ftp44		0.0096309522		0.021322221		0.0154013333																																																																				HLT, Data		LT, Data		C, Data		HLT, M=aExp(b*SA)		LT, M=aExp(b*SA)		C, M=aExp(b*SA)						HLT, Data		LT, Data		C, Data		HLT, M=aExp(b*SA)		LT, M=aExp(b*SA)		C, M=aExp(b*SA)						HLT, Data		LT, Data		C, Data		HLT, M=aExp(b*SA)		LT, M=aExp(b*SA)		C, M=aExp(b*SA)														SP		C		CALINE4		CMEM				Time		Speed		Acceleration		SP		tcogs		(g/s) / (g/s)		vel		acc		SP		tcogs		MM

				ftp46		0.0095148475		0.0169057953		0.0119611293																																																																		21.42909								61.144199196		113.9456191769		149.3546903464				16.125								1.6638169919		4.6024851069		2.2895769364				22.39818								6.0683988145		2.4342027577		4.9971415535														1		1.3575556466		0.7848347661		0.96265				1		1		1		1		0.0059043		3.2874629542		1.00000		0.00000		0.00000		0.00287		0.08616

				ftp50		0.0168824253		0.0346529164		0.0225664751																																																																		26.34155								8.9326081499		23.2046955478		22.8796315557				15.34								2.853834673		4.5053752514		3.4817304838				26.73047								2.1015643668		4.058170753		3.1207591423														2		1.4175958864		0.82128748		1.00815				2		1.5		1.3333333333		2		0.0059537		3.3149761355		2.00000		1.00000		2.00000		0.01016		0.30540

				ftp53		0.0059188817		0.0148672595		0.0092520094																																																																		29.988								1.140563908		2.4024633446		2.4222772342				21.85833								1.3772446897		4.1892373912		2.6917100935				29.904								0.7437716515		0.8998043335		1.5886583497														3		1.4802915094		0.8594332897		1.05581				3		2		1.5		3		0.0060047		3.3433521573		3.00000		1.00000		3.00000		0.01038		0.31198

				ftp61		0.0092860787		0.0187350747		0.0120466303																																																																		33.27654								2.5077259997		3.0919513808		3.7287394424				22.43667								2.8122572139		4.7873259917		2.746706556				34.58654								1.5344345035		1.2557020232		1.9747245619														4		1.5457599545		0.8993508331		1.10572				4		2.5		1.6		4		0.0060572		3.3726198107		4.00000		1.00000		4.00000		0.01061		0.31894

																																																																												36.83647								1.9612269905		2.3108498437		3.5524654275				23.39765								2.6747327173		5.2566049703		3.2260518829				38.00941								1.3108494996		1.2309590028		2.0105251024														5		1.6141238544		0.941122401		1.15798				5		3		1.6666666667		5		0.0061114		3.4028091453		5.00000		1.00000		5.00000		0.01086		0.32632

		HT		ftp66		0.0422259418		0.0169379942		0.0347717766																																																																																		22.5625								3.2891038218		5.5212591291		3.3737433029																														6		1.6855112657		0.9848341058		1.21272				6		3.5		1.7142857143		6		0.0061674		3.4339515351		6.00000		1.00000		6.00000		0.01098		0.33014

				ftp70		0.0146233854		0.0282381048		0.0217152824																																																																																		21.33333								2.1642589149		4.7915103277		3.4609737755																														7		1.7600559084		1.0305760601		1.27005				7		6		1.1666666667		7		0.0062251		3.4660797495		7.00000		1.00000		7.00000		0.01152		0.34631

				ftp74		0.0051754111		0.0062611385		0.0110544143																																																																																		14.08295								2.1381679743		3.7990551255		2.6878942328																														8		1.8378974165		1.0784425614		1.33008				8		6.5		1.2307692308		8		0.0062846		3.4992280276		8.00000		1.00000		8.00000		0.01298		0.39013

				ftp78		0.0106771068		0.0087375932		0.0137407917																																																																																		27.76889								3.793803441		7.7871722183		5.0711180039																														9		1.9191815995		1.1285322872		1.39296				9		7		1.2857142857		9		0.0063460		3.5334321578		9.00000		1.00000		9.00000		0.01467		0.44089

				ftp81		0.0091213278		0.0085654231		0.0139899038																																																																																		11.82475								1.3300857683		3.3409571807		2.0791032376																														10		2.0040607158		1.1809484981		1.45880				10		7.5		1.3333333333		10		0.0063929		3.5595296885		10.00000		1.00000		10.00000		0.01650		0.49579

																																																																																												16.46286								2.0867592636		4.2101291484		2.7071079238																														11		2.0926937573		1.235799251		1.52776				11		8		1.375		11		0.0063715		3.5475958939		11.00000		1.00000		11.00000		0.01847		0.55523

																																																																																																																																						12		2.1852467479		1.2931976214		1.59997				12		8.5		1.4117647059		12		0.0064598		3.596794252		12.00000		1.00000		12.00000		0.02062		0.61964

																																																																																																																																						13		2.2818930542		1.3532619369		1.67561				13		9		1.4444444444		13		0.0067122		3.7373141234		13.00000		1.00000		13.00000		0.02294		0.68953

		Cycle Mode		Start		End		Time in		Average		Average		Speed-Acceleration		Engine		Modal Multiplier (g/s per g/mile)								Modal Multiplier(g/s per g/s)								SAMPLE NUMBERS																																																																																																				14		2.3828137101		1.4161160209		1.75481				14		9.5		1.4736842105		14		0.0071870		4.0016946737		14.00000		1.00000		14.00000		0.02547		0.76544

		Name		Speed		Speed		Mode		Speed		Acceleration		Product		Mode Type		H		L		V				H		L		V								H				L				V								Mode Type		Vehicle Type		Model Type		n		a		b		c		R2		root MSE		MSE		p-value																																																												15		2.488197756		1.4818894479		1.83776				15		10		1.5		15		0.0077692		4.3258220902		15.00000		1.00000		15.00000		0.02821		0.84796

				(mph)		(mph)		(sec)		(mph)		mph/sec		mph2/sec																								Unique Vehicles		Total Vehicles		Unique Vehicles		Total Vehicles		Unique Vehicles		Total Vehicles						Cold		HLT		Power Series		5		1.55E+13		-8.571		n/a		0.996		1.867		3.487		0.0001																																																												16		2.5982425931		1.5507178109		1.92463				16		10.5		1.5238095238		16		0.0083783		4.6649973739		16.00000		1.00000		16.00000		0.01770		0.53189

		ftp3		5.9		22.5		11		14.2		1.509091		21.42909		Cold		0.4348031943		0.8102799586		1.062077798				61.144199196		113.9456191769		149.3546903464				CT		ftp		4		10		7		10		16		29						Transient				Exponential		5		271388.2001		-0.392		n/a		0.997		1.630		2.656		7.00E-05																																																												17		2.713154353		1.6227430005		2.01561				17		11		1.5454545455		17		0.0090156		5.0198408483		17.00000		1.00000		17.00000		0.01915		0.57551

		ftp7		6.6		47.5		42		27.05		0.9738095		26.34155		Transient		0.0635207691		0.1650111683		0.1626996022				8.9326081499		23.2046955478		22.8796315557						arb		4		9		7		11		15		28										Polynomial		5		0.5031519026		-32.775		529.929		0.962		7.177		51.506		0.03838																																																												18		2.8331482835		1.6981134975		2.11089				18		11.5		1.5652173913		18		0.0096823		5.3910233542		18.00000		1.00000		18.00000		0.02069		0.62199

		ftp11		4.3		34.9		20		19.6		1.53		29.988				0.0081106767		0.0170841838		0.0172250826				1.140563908		2.4024633446		2.4222772342						rep		4		18		7		16		16		33								LT		Power Series		5		1.11E+13		-8.256		n/a		0.997		3.123		9.753		7.00E-05																																																												19		2.9584491527		1.7769846794		2.21067				19		12		1.5833333333		19		0.0103796		5.779266914		19.00000		1.00000		19.00000		0.02234		0.67155

		ftp15		5.9		30		13		17.95		1.853846		33.27654				0.0178327182		0.0219872098		0.0265154805				2.5077259997		3.0919513808		3.7287394424				CS		ftp		4		13		7		13		16		31										Exponential		5		161332.0623		-0.339		n/a		0.998		2.681		7.186		5.00E-05																																																												20		3.0892916688		1.8595191402		2.31517				20		12.5		1.6		20		0.0111089		6.1853454993		20.00000		1.00000		20.00000		0.02410		0.72446

		ftp18		6.6		36		17		21.3		1.729412		36.83647				0.013946503		0.01643271		0.0252619764				1.9612269905		2.3108498437		3.5524654275						arb		4		25		7		21		14		31										Polynomial		5		0.884378497		-58.235		952.377		0.979		10.019		100.388		0.0215																																																												21		3.2259209209		1.9458870259		2.42461				21		13		1.6153846154		21		0.0118717		6.6100858978		21.00000		1.00000		21.00000		0.02598		0.78100

																																				rep		4		18		7		16		16		33								C		Power Series		5		4.52E+14		-9.377		n/a		0.998		2.951		8.707		3.00E-05																																																												22		3.3685928374		2.036266385		2.53922				22		13.5		1.6296296296		22		0.0126696		7.0543686774		22.00000		1.00000		22.00000		0.02800		0.84147

		ftp22		3.5		25		19		14.25		1.131579		16.125		Cold		0.0074039856		0.0204810587		0.0101886174				1.6638169919		4.6024851069		2.2895769364				HT		ftp		4		13		7		13		16		31										Exponential		5		615339.9708		-0.388		n/a		0.999		2.846		8.102		2.00E-05																																																												23		3.5175746654		2.1308435359		2.65925				23		14		1.6428571429		23		0.0135044		7.5191292417		23.00000		1.00000		23.00000		0.03015		0.90623

		ftp26		6.6		17		8		11.8		1.3		15.34		Stabilized		0.0126995643		0.0200489199		0.0154937007				2.853834673		4.5053752514		3.4817304838																												Polynomial		5		1.221648612		-79.779		1292.240		0.967		16.273		264.804		0.03261																																																												24		3.6731454716		2.2298134506		2.78495				24		14.5		1.6551724138		24		0.0143776		8.0053589768		24.00000		1.00000		24.00000		0.03246		0.97566

		ftp30		4.5		26		15		15.25		1.433333		21.85833				0.0061287389		0.0186421064		0.0119781099				1.3772446897		4.1892373912		2.6917100935																																																																																																								25		3.8355966651		2.3333801572		2.91659				25		15		1.6666666667		25		0.0152913		8.5141064833		25.00000		1.00000		25.00000		0.03494		1.05019

		ftp35		3.2		28.6		18		15.9		1.411111		22.43667				0.0125145446		0.0213036007		0.0122228442				2.8122572139		4.7873259917		2.746706556																								Cold		HLT		Power Series		11		0.1784347584		0.875		n/a		0.421		0.628		0.395		0.03077																		10		1.4933411478		3.065036648		2.0040607158																																				26		4.0052325428		2.4417571597		3.05446				26		15.5		1.6774193548		26		0.0162475		9.0464788919		26.00000		1.00000		26.00000		0.02615		0.78601

		ftp37		6.3		28.9		17		17.6		1.329412		23.39765				0.0119025606		0.0233918921		0.0143559309				2.6747327173		5.2566049703		3.2260518829				AVERAGE VEHICLE SPEED																				Stabilized				Exponential		11		0.9331494		0.047		n/a		0.454		0.610		0.372		0.02298																		11		1.5652359624		3.2070070591		2.0926937573																																				27		4.1823708598		2.555167879		3.19884				27		16		1.6875		27		0.0172481		9.6036432597		27.00000		1.00000		27.00000		0.02804		0.84270

		ftp40		0		28.5		18		14.25		1.583333		22.5625				0.014636512		0.0245696031		0.0150131577				3.2891038218		5.5212591291		3.3737433029						CT		CS		HT																		Polynomial		11		0.0077891852		-0.198		3.124		0.473		0.636		0.404		0.077																		12		1.640592052		3.3555534431		2.1852467479																																				28		4.3673434243		2.6738461127		3.35005				28		16.5		1.696969697		28		0.0182955		10.1868280423		28.00000		1.00000		28.00000		0.03007		0.90390

		ftp44		4		28		18		16		1.333333		21.33333				0.0096309522		0.021322221		0.0154013333				2.1642589149		4.7915103277		3.4609737755				ftp		25.60		16.02		25.05																LT		Power Series		11		0.4085149925		0.832		n/a		0.688		0.687		0.472		0.00159																		13		1.7195760548		3.5109803944		2.2818930542																																				29		4.5604967196		2.7980365178		3.50841				29		17		1.7058823529		29		0.0193920		10.797324642		29.00000		1.00000		29.00000		0.03228		0.97010

		ftp46		0.6		24.9		22		12.75		1.104545		14.08295				0.0095148475		0.0169057953		0.0119611293				2.1381679743		3.7990551255		2.6878942328				arb		22.09		53.10																				Exponential		11		1.948916486		0.045		n/a		0.759		0.605		0.366		0.00048																		14		1.8023626316		3.6736066164		2.3828137101																																				30		4.7621925524		2.9279951145		3.67425				30		17.5		1.7142857143		30		0.0101350		5.6431136626		30.00000		1.00000		30.00000		0.03466		1.04187

		ftp50		5.4		23		9		14.2		1.955556		27.76889				0.0168824253		0.0346529164		0.0225664751				3.793803441		7.7871722183		5.0711180039				rep		54.62		49.79																				Polynomial		11		0.0187607102		-0.529		7.601		0.825		0.545		0.297		0.00093																		15		1.889134852		3.8437655742		2.488197756																																				31		4.9728087313		3.0639898143		3.84793				31		18		1.7222222222		31		0.0106121		5.9087278486		31.00000		1.00000		31.00000		0.03721		1.11835

		ftp53		1.5		21.8		20		11.65		1.015		11.82475				0.0059188817		0.0148672595		0.0092520094				1.3300857683		3.3409571807		2.0791032376																										C		Power Series		11		0.3037976475		0.782		n/a		0.516		0.594		0.353		0.01273																		16		1.9800845992		4.0218061791		2.5982425931																																				32		5.192739774		3.2063009721		4.02983				32		18.5		1.7297297297		32		0.0111052		6.1833046029		32.00000		1.00000		32.00000		0.03987		1.19830

		ftp61		4.8		22		14		13.4		1.228571		16.46286				0.0092860787		0.0187350747		0.0120466303				2.0867592636		4.2101291484		2.7071079238																												Exponential		11		1.300058325		0.043		n/a		0.582		0.552		0.305		0.00634																		17		2.0754129944		4.2080935037		2.713154353																																				33		5.4223976463		3.3552219645		4.22032				33		19		1.7368421053		33		0.0116150		6.4671712617		33.00000		1.00000		33.00000		0.04265		1.28180

																																																										Polynomial		11		0.0134999174		-0.404		5.542		0.665		0.524		0.275		0.01264																		18		2.1753308415		4.4030095303		2.8331482835																																				34		5.6622125342		3.5110597941		4.41981				34		19.5		1.7435897436		34		0.0121422		6.7606721134		34.00000		1.00000		34.00000		0.04555		1.36898

		ftp66		3		22.4		11		12.7		1.763636		22.39818		Hot		0.0422259418		0.0169379942		0.0347717766				6.0683988145		2.4342027577		4.9971415535																																																														19		2.2800590931		4.6069539346		2.9584491527																																				35		5.912633649		3.6741357228		4.62873				35		20		1.75		35		0.0126872		7.0641692272		35.00000		1.00000		35.00000		0.04857		1.45994

		ftp70		3.3		47.5		42		25.4		1.052381		26.73047		Transient		0.0146233854		0.0282381048		0.0217152824				2.1015643668		4.058170753		3.1207591423																								Hot		HLT		Power Series		5		23336412.47		-4.886		n/a		0.885		0.835		0.698		0.01714		20		107.0344260548		185.0291641474		260.2410097164										20		2.3898293395		4.8203449049		3.0892916688										20		10.26		3.5058119379		6.2410074796																				36		6.1741300696		3.844785934		4.84754				36		20.5		1.756097561		36		0.0132510		7.3780433448		36.00000		1.00000		36.00000		0.05173		1.55479

		ftp74		1		34.6		20		17.8		1.68		29.904				0.0051754111		0.0062611385		0.0110544143				0.7437716515		0.8998043335		1.5886583497																								Transient				Exponential		5		456.2369975		-0.194		n/a		0.855		0.937		0.879		0.02447		21		72.3302740867		131.8913039707		176.4772654805										21		2.5048843205		5.0436199997		3.2259209209										21		8.09		3.3003077345		5.569702506																				37		6.4471916203		4.0233622254		5.07668				37		21		1.7619047619		37		0.0138340		7.702694841		37.00000		1.00000		37.00000		0.05502		1.65366

		ftp78		2.6		30.1		13		16.35		2.115385		34.58654				0.0106771068		0.0087375932		0.0137407917				1.5344345035		1.2557020232		1.9747245619																												Polynomial		5		0.0463617		-3.065		51.237		0.938		0.751		0.565		0.06201		22		48.8783725226		94.0139147428		119.6745480868										22		2.625478462		5.2772370449		3.3685928374										22		6.44		3.1068498069		4.9969945357																				38		6.7323297891		4.2102327346		5.31665				38		21.5		1.7674418605		38		0.0144372		8.0385447578		38.00000		1.00000		38.00000		0.05844		1.75665

		ftp81		3.3		36.1		17		19.7		1.929412		38.00941				0.0091213278		0.0085654231		0.0139899038				1.3108494996		1.2309590028		2.0105251024																										LT		Power Series		5		488.9841674		-1.635		n/a		0.323		1.237		1.530		0.31772		23		33.0303642649		67.0143966977		81.1549148882										23		2.7518784394		5.5216750726		3.5175746654										23		5.18		2.9247320247		4.5048550046																				39		7.0300786851		4.4057826978		5.56797				39		22		1.7727272727		39		0.0150613		8.3860359192		39.00000		1.00000		39.00000		0.06201		1.86388

																																																										Exponential		5		11.7347052		-0.060		n/a		0.347		1.215		1.475		0.29602		24		22.3208119903		47.7687731337		55.0335916518										24		2.8843637663		5.7774353033		3.6731454716										24		4.21		2.7532896497		4.0791477739																				40		7.3409960397		4.6104152439		5.83117				40		22.5		1.7777777778		40		0.0157072		8.745634134		40.00000		1.00000		40.00000		0.06573		1.97550

																																																										Polynomial		5		-0.0010057		-0.066		4.938		0.365		1.467		2.151		0.63473		25		15.0836558723		34.0502309823		37.3199357582										25		3.0232274134		6.0450421738		3.8355966651										25		3.45		2.5918969092		3.7086701382																				41		7.6656642504		4.8245522258		6.10681				41		23		1.7826086957		41		0.0163756		9.1178294936		41.00000		1.00000		41.00000		0.06959		2.09161

																																																								C		Power Series		5		6758.108259		-2.332		n/a		0.843		0.634		0.402		0.02777		26		10.1930285767		24.2714676114		25.307772275										26		3.168776456		6.3250444125		4.0052325428										26		2.85		2.4399647122		3.3844571299																				42		8.0046914727		5.04863509		6.39548				42		23.5		1.7872340426		42		0.0170676		9.5031377753		42.00000		1.00000		42.00000		0.07361		2.21235

																																																										Exponential		5		29.54653508		-0.082		n/a		0.795		0.725		0.526		0.04221		27		6.8881067326		17.3010321227		17.1619624876										27		3.3213327531		6.6180161642		4.1823708598										27		2.37		2.2969384993		3.0992699464																				43		8.3587127587		5.2831257864		6.69779				43		24		1.7916666667		43		0.0177842		9.9021019582		43.00000		1.00000		43.00000		0.07778		2.33786

																																																										Polynomial		5		0.0269663103		-1.814		32.112		0.956		0.411		0.169		0.0439		28		4.6547514316		12.3324109321		11.6380435712										28		3.4812336591		6.924558168		4.3673434243										28		1.98		2.1622962181		2.8472150622																				44		8.7283912466		5.5285077208		7.01440				44		24.5		1.7959183673		44		0.0185263		10.3152938652		44.00000		1.00000		44.00000		0.08212		2.46826

																																																																												29		3.145524849		8.7907101912		7.8921078089										29		3.6488327699		7.2452989888		4.5604967196										29		1.67		2.0355464181		2.6234573688																				45		9.1144194032		5.7852867516		7.34597				45		25		1.8		45		0.0192950		10.7433159412		45.00000		1.00000		45.00000		0.08663		2.60370

																																																																												30		2.1256401595		6.266137748		5.351875965										30		3.8245007047		7.580896306		4.7621925524										30		1.42		1.9162264567		2.4240018279																																						0.0200915		11.1868031822

																																																																												31		1.4364363039		4.4665881849		3.629268256																										31		1.21		1.8039008104		2.2455256308																																						0.0209170		11.6464252288

																																																																												32		0.9706954612		3.1838447886		2.4611160947																										32		1.03		1.6981594855		2.0852479949																																						0.0217727		12.1228886427

																																																																												33		0.6559634255		2.2694878548		1.6689569369																										33		0.89		1.5986165213		1.9408282923																																						0.0226600		12.6169393831

																																																																												34		0.4432780752		1.6177218002		1.1317699572																										34		0.77		1.5049085812		1.8102857075																																						0.0147161		8.1938400866

																																																																												35		0.2995524511		1.1531340947		0.7674872896																										35		0.67		1.4166936271		1.6919353987																																						0.0152784		8.5069168818

																																																																												36		0.2024274964		0.8219696614		0.5204562429																										36		0.58		1.3336496702		1.5843374155																																						0.0158620		8.8318408288

																																																																												37		0.1367937105		0.5859111506		0.3529370511																										37		0.51		1.2554735963		1.4862555535																																						0.0164679		9.1692118055

																																																																												38		0.0924406001		0.4176454346		0.2393372426																										38		0.45		1.1818800591		1.3966240066																																						0.0170973		9.5196707806

																																																																												39		0.0624682561		0.2977033443		0.1623017915																										39		0.39		1.1126004387		1.314520179																																						0.0177515		9.8839033046

																																																																												40		0.0422139517		0.2122069916		0.1100617323																										40		0.35		1.0473818614		1.2391423972																																						0.0184317		10.2626433631

																																																																																																																																																								0.0191394		10.6566776337

																																																																																																																																																								0.0198761		11.0668501982

																																																																																																																																																								0.0206433		11.4940677666

																																																																																																																																																								0.0214367		11.9357963189

																																																																																																																																																								0.0222507		12.3890122495

																																																																																																																																																								0.0230857		12.8539414782

																																																																																																																																																								0.0239421		13.3308141879

																																																																																																																																																								0.0248205		13.8198648196

																																																																																																																																																								0.0257211		14.3213320666
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		ftp15		5.9		30		13		17.95		1.853846		33.27654				0.0178327182		0.0219872098		0.0265154805				2.5077259997		3.0919513808		3.7287394424				CS		ftp		4		13		7		13		16		31										Exponential		5		161332.0623		-0.339		n/a		0.998		2.681		7.186		5.00E-05

		ftp18		6.6		36		17		21.3		1.729412		36.83647				0.013946503		0.01643271		0.0252619764				1.9612269905		2.3108498437		3.5524654275						arb		4		25		7		21		14		31										Polynomial		5		0.884378497		-58.235		952.377		0.979		10.019		100.388		0.0215

																																				rep		4		18		7		16		16		33								C		Power Series		5		4.52E+14		-9.377		n/a		0.998		2.951		8.707		3.00E-05

		ftp22		3.5		25		19		14.25		1.131579		16.125		Cold		0.0074039856		0.0204810587		0.0101886174				1.6638169919		4.6024851069		2.2895769364				HT		ftp		4		13		7		13		16		31										Exponential		5		615339.9708		-0.388		n/a		0.999		2.846		8.102		2.00E-05

		ftp26		6.6		17		8		11.8		1.3		15.34		Stabilized		0.0126995643		0.0200489199		0.0154937007				2.853834673		4.5053752514		3.4817304838																												Polynomial		5		1.221648612		-79.779		1292.240		0.967		16.273		264.804		0.03261

		ftp30		4.5		26		15		15.25		1.433333		21.85833				0.0061287389		0.0186421064		0.0119781099				1.3772446897		4.1892373912		2.6917100935

		ftp35		3.2		28.6		18		15.9		1.411111		22.43667				0.0125145446		0.0213036007		0.0122228442				2.8122572139		4.7873259917		2.746706556																								Cold		HLT		Power Series		11		0.1784347584		0.875		n/a		0.421		0.628		0.395		0.03077																		10		1.4933411478		3.065036648		2.0040607158

		ftp37		6.3		28.9		17		17.6		1.329412		23.39765				0.0119025606		0.0233918921		0.0143559309				2.6747327173		5.2566049703		3.2260518829				AVERAGE VEHICLE SPEED																				Stabilized				Exponential		11		0.9331494		0.047		n/a		0.454		0.610		0.372		0.02298																		11		1.5652359624		3.2070070591		2.0926937573

		ftp40		0		28.5		18		14.25		1.583333		22.5625				0.014636512		0.0245696031		0.0150131577				3.2891038218		5.5212591291		3.3737433029						CT		CS		HT																		Polynomial		11		0.0077891852		-0.198		3.124		0.473		0.636		0.404		0.077																		12		1.640592052		3.3555534431		2.1852467479

		ftp44		4		28		18		16		1.333333		21.33333				0.0096309522		0.021322221		0.0154013333				2.1642589149		4.7915103277		3.4609737755				ftp		25.60		16.02		25.05																LT		Power Series		11		0.4085149925		0.832		n/a		0.688		0.687		0.472		0.00159																		13		1.7195760548		3.5109803944		2.2818930542

		ftp46		0.6		24.9		22		12.75		1.104545		14.08295				0.0095148475		0.0169057953		0.0119611293				2.1381679743		3.7990551255		2.6878942328				arb		22.09		53.10																				Exponential		11		1.948916486		0.045		n/a		0.759		0.605		0.366		0.00048																		14		1.8023626316		3.6736066164		2.3828137101

		ftp50		5.4		23		9		14.2		1.955556		27.76889				0.0168824253		0.0346529164		0.0225664751				3.793803441		7.7871722183		5.0711180039				rep		54.62		49.79																				Polynomial		11		0.0187607102		-0.529		7.601		0.825		0.545		0.297		0.00093																		15		1.889134852		3.8437655742		2.488197756

		ftp53		1.5		21.8		20		11.65		1.015		11.82475				0.0059188817		0.0148672595		0.0092520094				1.3300857683		3.3409571807		2.0791032376																										C		Power Series		11		0.3037976475		0.782		n/a		0.516		0.594		0.353		0.01273																		16		1.9800845992		4.0218061791		2.5982425931

		ftp61		4.8		22		14		13.4		1.228571		16.46286				0.0092860787		0.0187350747		0.0120466303				2.0867592636		4.2101291484		2.7071079238																												Exponential		11		1.300058325		0.043		n/a		0.582		0.552		0.305		0.00634																		17		2.0754129944		4.2080935037		2.713154353

																																																										Polynomial		11		0.0134999174		-0.404		5.542		0.665		0.524		0.275		0.01264																		18		2.1753308415		4.4030095303		2.8331482835

		ftp66		3		22.4		11		12.7		1.763636		22.39818		Hot		0.0422259418		0.0169379942		0.0347717766				6.0683988145		2.4342027577		4.9971415535																																																														19		2.2800590931		4.6069539346		2.9584491527

		ftp70		3.3		47.5		42		25.4		1.052381		26.73047		Transient		0.0146233854		0.0282381048		0.0217152824				2.1015643668		4.058170753		3.1207591423																								Hot		HLT		Power Series		5		23336412.47		-4.886		n/a		0.885		0.835		0.698		0.01714		20		107.0344260548		185.0291641474		260.2410097164										20		2.3898293395		4.8203449049		3.0892916688										20		10.26		3.5058119379		6.2410074796

		ftp74		1		34.6		20		17.8		1.68		29.904				0.0051754111		0.0062611385		0.0110544143				0.7437716515		0.8998043335		1.5886583497																								Transient				Exponential		5		456.2369975		-0.194		n/a		0.855		0.937		0.879		0.02447		21		72.3302740867		131.8913039707		176.4772654805										21		2.5048843205		5.0436199997		3.2259209209										21		8.09		3.3003077345		5.569702506

		ftp78		2.6		30.1		13		16.35		2.115385		34.58654				0.0106771068		0.0087375932		0.0137407917				1.5344345035		1.2557020232		1.9747245619																												Polynomial		5		0.0463617		-3.065		51.237		0.938		0.751		0.565		0.06201		22		48.8783725226		94.0139147428		119.6745480868										22		2.625478462		5.2772370449		3.3685928374										22		6.44		3.1068498069		4.9969945357

		ftp81		3.3		36.1		17		19.7		1.929412		38.00941				0.0091213278		0.0085654231		0.0139899038				1.3108494996		1.2309590028		2.0105251024																										LT		Power Series		5		488.9841674		-1.635		n/a		0.323		1.237		1.530		0.31772		23		33.0303642649		67.0143966977		81.1549148882										23		2.7518784394		5.5216750726		3.5175746654										23		5.18		2.9247320247		4.5048550046

																																																										Exponential		5		11.7347052		-0.060		n/a		0.347		1.215		1.475		0.29602		24		22.3208119903		47.7687731337		55.0335916518										24		2.8843637663		5.7774353033		3.6731454716										24		4.21		2.7532896497		4.0791477739

																																																										Polynomial		5		-0.0010057		-0.066		4.938		0.365		1.467		2.151		0.63473		25		15.0836558723		34.0502309823		37.3199357582										25		3.0232274134		6.0450421738		3.8355966651										25		3.45		2.5918969092		3.7086701382

																																																								C		Power Series		5		6758.108259		-2.332		n/a		0.843		0.634		0.402		0.02777		26		10.1930285767		24.2714676114		25.307772275										26		3.168776456		6.3250444125		4.0052325428										26		2.85		2.4399647122		3.3844571299

																																																										Exponential		5		29.54653508		-0.082		n/a		0.795		0.725		0.526		0.04221		27		6.8881067326		17.3010321227		17.1619624876										27		3.3213327531		6.6180161642		4.1823708598										27		2.37		2.2969384993		3.0992699464

																																																										Polynomial		5		0.0269663103		-1.814		32.112		0.956		0.411		0.169		0.0439		28		4.6547514316		12.3324109321		11.6380435712										28		3.4812336591		6.924558168		4.3673434243										28		1.98		2.1622962181		2.8472150622

																																																																												29		3.145524849		8.7907101912		7.8921078089										29		3.6488327699		7.2452989888		4.5604967196										29		1.67		2.0355464181		2.6234573688

																																																																												30		2.1256401595		6.266137748		5.351875965										30		3.8245007047		7.580896306		4.7621925524										30		1.42		1.9162264567		2.4240018279

																																																																												31		1.4364363039		4.4665881849		3.629268256																										31		1.21		1.8039008104		2.2455256308

																																																																												32		0.9706954612		3.1838447886		2.4611160947																										32		1.03		1.6981594855		2.0852479949

																																																																												33		0.6559634255		2.2694878548		1.6689569369																										33		0.89		1.5986165213		1.9408282923

																																																																												34		0.4432780752		1.6177218002		1.1317699572																										34		0.77		1.5049085812		1.8102857075

																																																																												35		0.2995524511		1.1531340947		0.7674872896																										35		0.67		1.4166936271		1.6919353987

																																																																												36		0.2024274964		0.8219696614		0.5204562429																										36		0.58		1.3336496702		1.5843374155

																																																																												37		0.1367937105		0.5859111506		0.3529370511																										37		0.51		1.2554735963		1.4862555535

																																																																												38		0.0924406001		0.4176454346		0.2393372426																										38		0.45		1.1818800591		1.3966240066

																																																																												39		0.0624682561		0.2977033443		0.1623017915																										39		0.39		1.1126004387		1.314520179

																																																																												40		0.0422139517		0.2122069916		0.1100617323																										40		0.35		1.0473818614		1.2391423972
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				ftp11		0.0081106767		0.0170841838		0.0172250826
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				ftp53		0.0059188817		0.0148672595		0.0092520094																																																																		29.988								1.140563908		2.4024633446		2.4222772342				21.85833								1.3772446897		4.1892373912		2.6917100935				29.904								0.7437716515		0.8998043335		1.5886583497
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		Name		Speed		Speed		Mode		Speed		Acceleration		Product		Mode Type		H		L		V				H		L		V								H				L				V								Mode Type		Vehicle Type		Model Type		n		a		b		c		R2		root MSE		MSE		p-value

				(mph)		(mph)		(sec)		(mph)		mph/sec		mph2/sec																								Unique Vehicles		Total Vehicles		Unique Vehicles		Total Vehicles		Unique Vehicles		Total Vehicles						Cold		HLT		Power Series		5		1.55E+13		-8.571		n/a		0.996		1.867		3.487		0.0001

		ftp3		5.9		22.5		11		14.2		1.509091		21.42909		Cold		0.4348031943		0.8102799586		1.062077798				61.144199196		113.9456191769		149.3546903464				CT		ftp		4		10		7		10		16		29						Transient				Exponential		5		271388.2001		-0.392		n/a		0.997		1.630		2.656		7.00E-05

		ftp7		6.6		47.5		42		27.05		0.9738095		26.34155		Transient		0.0635207691		0.1650111683		0.1626996022				8.9326081499		23.2046955478		22.8796315557						arb		4		9		7		11		15		28										Polynomial		5		0.5031519026		-32.775		529.929		0.962		7.177		51.506		0.03838

		ftp11		4.3		34.9		20		19.6		1.53		29.988				0.0081106767		0.0170841838		0.0172250826				1.140563908		2.4024633446		2.4222772342						rep		4		18		7		16		16		33								LT		Power Series		5		1.11E+13		-8.256		n/a		0.997		3.123		9.753		7.00E-05

		ftp15		5.9		30		13		17.95		1.853846		33.27654				0.0178327182		0.0219872098		0.0265154805				2.5077259997		3.0919513808		3.7287394424				CS		ftp		4		13		7		13		16		31										Exponential		5		161332.0623		-0.339		n/a		0.998		2.681		7.186		5.00E-05

		ftp18		6.6		36		17		21.3		1.729412		36.83647				0.013946503		0.01643271		0.0252619764				1.9612269905		2.3108498437		3.5524654275						arb		4		25		7		21		14		31										Polynomial		5		0.884378497		-58.235		952.377		0.979		10.019		100.388		0.0215

																																				rep		4		18		7		16		16		33								C		Power Series		5		4.52E+14		-9.377		n/a		0.998		2.951		8.707		3.00E-05

		ftp22		3.5		25		19		14.25		1.131579		16.125		Cold		0.0074039856		0.0204810587		0.0101886174				1.6638169919		4.6024851069		2.2895769364				HT		ftp		4		13		7		13		16		31										Exponential		5		615339.9708		-0.388		n/a		0.999		2.846		8.102		2.00E-05

		ftp26		6.6		17		8		11.8		1.3		15.34		Stabilized		0.0126995643		0.0200489199		0.0154937007				2.853834673		4.5053752514		3.4817304838																												Polynomial		5		1.221648612		-79.779		1292.240		0.967		16.273		264.804		0.03261

		ftp30		4.5		26		15		15.25		1.433333		21.85833				0.0061287389		0.0186421064		0.0119781099				1.3772446897		4.1892373912		2.6917100935

		ftp35		3.2		28.6		18		15.9		1.411111		22.43667				0.0125145446		0.0213036007		0.0122228442				2.8122572139		4.7873259917		2.746706556																								Cold		HLT		Power Series		11		0.1784347584		0.875		n/a		0.421		0.628		0.395		0.03077																		10		1.4933411478		3.065036648		2.0040607158

		ftp37		6.3		28.9		17		17.6		1.329412		23.39765				0.0119025606		0.0233918921		0.0143559309				2.6747327173		5.2566049703		3.2260518829				AVERAGE VEHICLE SPEED																				Stabilized				Exponential		11		0.9331494		0.047		n/a		0.454		0.610		0.372		0.02298																		11		1.5652359624		3.2070070591		2.0926937573

		ftp40		0		28.5		18		14.25		1.583333		22.5625				0.014636512		0.0245696031		0.0150131577				3.2891038218		5.5212591291		3.3737433029						CT		CS		HT																		Polynomial		11		0.0077891852		-0.198		3.124		0.473		0.636		0.404		0.077																		12		1.640592052		3.3555534431		2.1852467479

		ftp44		4		28		18		16		1.333333		21.33333				0.0096309522		0.021322221		0.0154013333				2.1642589149		4.7915103277		3.4609737755				ftp		25.60		16.02		25.05																LT		Power Series		11		0.4085149925		0.832		n/a		0.688		0.687		0.472		0.00159																		13		1.7195760548		3.5109803944		2.2818930542

		ftp46		0.6		24.9		22		12.75		1.104545		14.08295				0.0095148475		0.0169057953		0.0119611293				2.1381679743		3.7990551255		2.6878942328				arb		22.09		53.10																				Exponential		11		1.948916486		0.045		n/a		0.759		0.605		0.366		0.00048																		14		1.8023626316		3.6736066164		2.3828137101

		ftp50		5.4		23		9		14.2		1.955556		27.76889				0.0168824253		0.0346529164		0.0225664751				3.793803441		7.7871722183		5.0711180039				rep		54.62		49.79																				Polynomial		11		0.0187607102		-0.529		7.601		0.825		0.545		0.297		0.00093																		15		1.889134852		3.8437655742		2.488197756

		ftp53		1.5		21.8		20		11.65		1.015		11.82475				0.0059188817		0.0148672595		0.0092520094				1.3300857683		3.3409571807		2.0791032376																										C		Power Series		11		0.3037976475		0.782		n/a		0.516		0.594		0.353		0.01273																		16		1.9800845992		4.0218061791		2.5982425931

		ftp61		4.8		22		14		13.4		1.228571		16.46286				0.0092860787		0.0187350747		0.0120466303				2.0867592636		4.2101291484		2.7071079238																												Exponential		11		1.300058325		0.043		n/a		0.582		0.552		0.305		0.00634																		17		2.0754129944		4.2080935037		2.713154353

																																																										Polynomial		11		0.0134999174		-0.404		5.542		0.665		0.524		0.275		0.01264																		18		2.1753308415		4.4030095303		2.8331482835

		ftp66		3		22.4		11		12.7		1.763636		22.39818		Hot		0.0422259418		0.0169379942		0.0347717766				6.0683988145		2.4342027577		4.9971415535																																																														19		2.2800590931		4.6069539346		2.9584491527

		ftp70		3.3		47.5		42		25.4		1.052381		26.73047		Transient		0.0146233854		0.0282381048		0.0217152824				2.1015643668		4.058170753		3.1207591423																								Hot		HLT		Power Series		5		23336412.47		-4.886		n/a		0.885		0.835		0.698		0.01714		20		107.0344260548		185.0291641474		260.2410097164										20		2.3898293395		4.8203449049		3.0892916688										20		10.26		8.49311056791844E-36		6.2410074796

		ftp74		1		34.6		20		17.8		1.68		29.904				0.0051754111		0.0062611385		0.0110544143				0.7437716515		0.8998043335		1.5886583497																								Transient				Exponential		5		456.2369975		-0.194		n/a		0.855		0.937		0.879		0.02447		21		72.3302740867		131.8913039707		176.4772654805										21		2.5048843205		5.0436199997		3.2259209209										21		8.09		6.41384429012254E-38		5.569702506

		ftp78		2.6		30.1		13		16.35		2.115385		34.58654				0.0106771068		0.0087375932		0.0137407917				1.5344345035		1.2557020232		1.9747245619																												Polynomial		5		0.0463617		-3.065		51.237		0.938		0.751		0.565		0.06201		22		48.8783725226		94.0139147428		119.6745480868										22		2.625478462		5.2772370449		3.3685928374										22		6.44		4.84361980795693E-40		4.9969945357

		ftp81		3.3		36.1		17		19.7		1.929412		38.00941				0.0091213278		0.0085654231		0.0139899038				1.3108494996		1.2309590028		2.0105251024																										LT		Power Series		5		488.9841674		-1.635		n/a		0.323		1.237		1.530		0.31772		23		33.0303642649		67.0143966977		81.1549148882										23		2.7518784394		5.5216750726		3.5175746654										23		5.18		3.65781453100792E-42		4.5048550046

																																																										Exponential		5		11.7347052		-0.060		n/a		0.347		1.215		1.475		0.29602		24		22.3208119903		47.7687731337		55.0335916518										24		2.8843637663		5.7774353033		3.6731454716										24		4.21		2.76231572124491E-44		4.0791477739

																																																										Polynomial		5		-0.0010057		-0.066		4.938		0.365		1.467		2.151		0.63473		25		15.0836558723		34.0502309823		37.3199357582										25		3.0232274134		6.0450421738		3.8355966651										25		3.45		2.08605113221373E-46		3.7086701382

																																																								C		Power Series		5		6758.108259		-2.332		n/a		0.843		0.634		0.402		0.02777		26		10.1930285767		24.2714676114		25.307772275										26		3.168776456		6.3250444125		4.0052325428										26		2.85		1.57534828214674E-48		3.3844571299

																																																										Exponential		5		29.54653508		-0.082		n/a		0.795		0.725		0.526		0.04221		27		6.8881067326		17.3010321227		17.1619624876										27		3.3213327531		6.6180161642		4.1823708598										27		2.37		1.18967467850564E-50		3.0992699464

																																																										Polynomial		5		0.0269663103		-1.814		32.112		0.956		0.411		0.169		0.0439		28		4.6547514316		12.3324109321		11.6380435712										28		3.4812336591		6.924558168		4.3673434243										28		1.98		8.98420912199076E-53		2.8472150622

																																																																												29		3.145524849		8.7907101912		7.8921078089										29		3.6488327699		7.2452989888		4.5604967196										29		1.67		6.78471308215535E-55		2.6234573688

																																																																												30		2.1256401595		6.266137748		5.351875965										30		3.8245007047		7.580896306		4.7621925524										30		1.42		5.12369324690985E-57		2.4240018279

																																																																												31		1.4364363039		4.4665881849		3.629268256																										31		1.21		3.86932095293396E-59		2.2455256308

																																																																												32		0.9706954612		3.1838447886		2.4611160947																										32		1.03		2.92204156559211E-61		2.0852479949

																																																																												33		0.6559634255		2.2694878548		1.6689569369																										33		0.89		2.20667321602612E-63		1.9408282923

																																																																												34		0.4432780752		1.6177218002		1.1317699572																										34		0.77		1.66643990957062E-65		1.8102857075

																																																																												35		0.2995524511		1.1531340947		0.7674872896																										35		0.67		1.25846543658639E-67		1.6919353987

																																																																												36		0.2024274964		0.8219696614		0.5204562429																										36		0.58		9.50370454996273E-70		1.5843374155

																																																																												37		0.1367937105		0.5859111506		0.3529370511																										37		0.51		7.17702668243142E-72		1.4862555535

																																																																												38		0.0924406001		0.4176454346		0.2393372426																										38		0.45		5.41996141920606E-74		1.3966240066

																																																																												39		0.0624682561		0.2977033443		0.1623017915																										39		0.39		4.09305734610019E-76		1.314520179

																																																																												40		0.0422139517		0.2122069916		0.1100617323																										40		0.35		3.0910032641743E-78		1.2391423972
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