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Speed Adjustments in T3 and CONCEPT

Introduction

This document presents the approach proposed for use in the TDM Transformation Tool
(T3) for determining the appropriate speed adjustments to be applied to incoming TDM
data, and for passing that information to the CONCEPT model. The variety of speed
adjustment approaches and the fact that speed adjustments should be applied after any
temporal allocations have been performed indicate the need for the speed adjustment
process to be performed in the CONCEPT model rather that the T3 tool. The goal of the
process described herein is to allow a variety of instructional inputs to be provided to T3
for how speeds should be adjusted and for T3 to pass that information to CONCEPT after
applying the transformations and conversions that are part of the T3 data processing
algorithm.

Background

The general form of the most common volume-delay function (the Bureau of Public
Roads curve, or BPR curve) is:

S, = %
E+[A * (%)B]
where:
S; = actual link speed (mph)
Sy = reporied link free flow speed (mph)
¥ = total link volume {vehicles OR vehicies per hour}
C = fotal link capacity (vehicles OR vehicles per hour)
A, B = curve calibration coefficients

An alternative type of speed adjustment commonly used is a table of adjustment factors
by volume-capacity ratio, from which one can interpolate the required adjustment factor
on a link-by-link and hour-by-hour basis. '

In real-world applications, the BPR speed adjustment typically has the following
constraints or additional rules:

¢ If the TDM provides a calculated congested speed, the lower bound of the
computed actual link speed is set to the TDM congested speed.
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e The volume-capacity ratio is often capped at some value (may be 1.0 or higher).
Where the TDM reports a volume-capacity ratio higher than the cap value, the
speed adjustment is calculated using the cap value rather than the reported value.

e The values of the curve calibration coefficients vary by free flow speed,

functional class, and area type (urban/rural). Indeed, the coefficients may vary by
other parameters (e.g., vebicle class); however, the current plan is to allow

variability by free flow speed, functional class, and area type only.

s If lookup tables are provided listing the speed adjustment factor by volume-
capacity ratio, these tables may be specified by functional class and area type as

well.

The procedures described herein are designed to retain this level of flexibility as the

TDM data are processed through T3 and output to the CONCEPT model.

Speed Adjustments in CONCEPT

The CONCEPT model will apply speed adjustments to the temporally allocated link-level
data using the hourly volurnes to determine the volume-capacity ratio to use. CONCEPT

will offer 2 options for speed adjustment — BPR curves or Jookup tables.

The general form of the BPR-based speed adjustment algorithm in CONCEPT is:

where:

_MIN(VCR, ¥CRoqp)

A, B
A B

i

Sﬁ'
S, = MAX| S, _
1+[4*VCR,," |

actual link speed {mph)

reported link free flow speed (mph)
reported link congested speed {mph}
0 if not reported

adjusted volume-capacity ratio

cap value on volume-capacity ratio

20 if not reported
reported volume-capacity ratio
curve calibration coefficients

curve number, Sg

The link network data provided to CONCEPT will specify a BPR curve number to be
applied to that link. A separate file will list the curve number, curve type (BPR or lookup
table), and volumne-capacity ratio cap value. Another file will list the curve number and
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associated A and B coefficient values by speed bucket for each BPR type curve.
CONCEPT will use the specified A and B coefficient values for the speed bucket in
which the link free flow speed falls — no interpolation will be performed. If the free flow
speed falls outside the specified speed range, the appropriate minimum or maximum
bucket values for A and B will be used.

For adjusting speeds using a lookup table, CONCEPT will use a paired series of volume-
capacity ratio values and adjustment factor values and will interpolate the adjustment
factor to be used based on the actual volume-capacity ratio for the link for each hour.
CONCEPT will use the first and last values (smallest and largest volume-capacity ratio
values, respectively) as boundary values and will not extrapolate. The lookup tables will
be defined by curve number, aliowing different tables to be applied to each link in the
network. As with the BPR curve data, the CONCEPT link network data will specify the .
curve pumber to use for each link. For curves identified as lookup table curves, no
volume-capacify ratio cap value will be specified. An external file will list the lookup
table values by curve number. The link free flow speed will be divided by the
interpolated adjustment factor to determine the adjusted speed.

For both BPR-based and lookup table speed adjustments, if a congested speed is provided
for the link, the maximum of the adjusted speed and the congested speed will be used as
the actual link speed, otherwise the adjusted speed will be uged.

Ag a general note, the curve numbers specified in CONCEPT will include the network
identifier so that multiple networks can be modeled simultaneously without overlapping
BPR curve numbers.

An example of a link with only a daily average volume and speed information that ig
adjusted using hourly temporal profiles and a BPR curve is displayed in the figure below.
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Comparison of Temporally Adjusted and Unadjusted Speeds
Link Has 24 Hour VIiC = 1

1 2 3 4 5 6 8 9 10 M1 42 13 14 15 16 7 18 18 20 21 22 23 24
Hour
~—— Unadjusted & Adjusted
T3 Inputs

The inputs to T3 describing the desired speed adjustments will be provided in four ASCII
text files:

1, Curve number by functional class and area type. This file will follow the
dimensioning conventions of other T3 input files, allowing the user the option
of specifying a single curve number for all links, a set of curve numbers by
functional class only, or curve numbers by functional class and area type. The
absence of this file indicates to T3 that no speed adjustments are to be
performed by CONCEPT. In this case, T3 will leave the speed adjustment
curve nunber blank in the CONCEPT inputs.

2. Curve type and volune-capacity ratio cap value by curve nutnber. For lookup
table curves, the volume-capacity ratio cap will be left blank.

3. A and B coefficient values by speed bucket by curve number. The speed
bucket definitions may use identical values for the upper and next lower
bound speeds — the lower bound will be considered inclusive and the upper
bound exclusive. For example, if two speed buckets are defined:

From Speed To Speed A B
0 60 0.15 10
60 200 0.20 8
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For a link free flow speed of 60 mph, the first bucket vajues (A=0.15,B =

10) would be selected.
4, Lookup values of volume-capacity ratio and adjustment factor by function :
. A .. - Peleted; Lookup values of volume-
class. speed. and vohume-capacity ratio, " | capacity ratic and adjustment factor Ty

curve number.

Since the T3 tool applies transformations to convert the incoming functional classes to
the standard HPMS roadway types, the speed adjustment coefficients can not be passed to
CONCEPT indexed by functional class. Therefore T3 will determine the appropriate
curve number based on the functional class and area type of each link and pass
CONCEPT the curve numbers on a link-by-link basis.

T3 Outputs

In addition to the normal VMT and trip outputs, T3 will write a set of RPO-MA records
for the attributes FFSPD (free flow speed) and CGSPD (congested speed, if provided in
the TDM output). The FFSPD group will include one record per network link, while the
CGSPD will include one record per network link per TDM time period.

Note that if no curve nurnbers are provided to T3, the tool will not generate FFSPD or
CGSPD records (or any of the records described below). Instead, T3 will generate
SPEED records using the TDM-calculated speeds provided and will instruct CONCEPT
not to apply any speed adjustments.

To capture the speed adjustment curve number for each link in the network, T3 will add
an additional field to the end of the MobileML (Link Coordinates) records. The field will
be called SPEED ADJUSTMENT CURVE ID and will be a character field of width 12.
The field will contain the concatenated values of the network name (8 characters) and a
unique curve number within that network {4 digits, left-padded with zeros).

T3 will also write 3 new files for use in CONCEPT:

I. the curve type file containing the curve id (concaternated network name and
curve number), curve type (“BPR” or “TABLE™), and volume-capacity ratio
cap value (MobileMC);

2. the BPR coefficients file containing the curve id and A and B values by speed

bucket {MobileMP); and

3. - the lookup table file containing the volume-capacity ratio and adjustmeﬁt
factor values for each curve id (MobileMV).

The format of these files will be documented in the RPO Data Fxchange Protocol.
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HPMS Adjustments Applied

None

None

Conserved adjustment betwean freewaysiothier readway types

Conserved adjustment between freewaysiother roadway types
Conserved adjustment between freewaysiother roadway types

Use a single county adjustrment for Mason and Mecosta. For ali other
counties, use conserved adiustment between freewaysiother roadway types.

Used 2002 HPMS adjustiments,

Ussd conserved adjustment on higher facliity classes (with the exception of a
handiui that got county-wide adjustments). Filled in classes 8.8,17,18 with
HPMS,

Conserved adiustment between freeways/other roadway types

Run without adjustment -- Missouri counties only.

Conserved adjusiment between freewaysfother readway types
Conserved adjustment between freeways/other roadway types
Conserved adjustment between freeways/other roadway types
Conserved adjustment between freeways/other roadway types
Conserved adjustment between freeways/other roadway types
Conserved adjustment between freeways/other roadway types
Conserved adjustment between freswaysfother roadway types
Conserved adjustment hetween freeways/other roadway types

Conserved adjustment between Sesways/other roadway fypes

Mone. Add 4,513,488 VMT for Collectors.

Conserved adiustment between freewaysiother roadway types

Re-ran with 1.0 V/C cap.

sed to 90mph. There were problems with orazy speeds being calculated,

Originally ran with 1.3 VIC cap
Originally ran with 1.3 VIC cap.

Qriginally ran with 1.3 VIC cap

Criginaily ran with 1.3 VIC cap

Criginally ran with ne V/C cap




