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Cluster Analysis for I-35
IAJR Using Permanent
Traffic Count Station
Volume Data

A Case Study




Background

* Microscopic traffic simulation modeling integral part of
TxDOT’s Interchange Access Justification Report (IAJR)
process

* Process established in order to obtain Federal approval

* Traditional approach assumes a “representative day” as
basis for data collection, model development, and
analysis



Questions

* What constitutes a “representative day”?
 What are “typical” traffic conditions?

* Should decision making consider only typical traffic
conditions on representative day(s)?

 What to do about widely available, more comprehensive
sources for time-dynamic data and how should they be
integrated into the process?



FHWA Traffic Analysis Toolbox: Volume Il

o" ’) L T
Traffic Analysis Toolbox Volume III: Guidelines for e “TAT3” Definitive reference for development
Applying Traffic Microsimulation Modeling Software

085 et the 2004 Yersion and calibration of simulation models
* Originally published in 2004
e 2019 Update High-Priority Focus Areas

> Fully Integrate Time-Dynamic Representation of
Congestion

> Require Better Representation of Recurrent and
Non-Recurrent Conditions

> Remove Subjective Calibration Criteria
> Emphasize Accurate Bottleneck Modeling




What does TAT3 change?

e Expands upon need to consider
more data over longer period of
time

* |dentify representative days for

which models can be developed
and calibrated

* Underlying assumption:
Expanding window of time and
traffic conditions for modeling
and analysis yields better decision
making




More Questions

* How to incorporate more data
and what data to use?

* How to identify representative
days?

* What is a cluster analysis and
how is it used?




Cluster Analysis
What is it? Why do

t?




Purpose of a Cluster Analysis

e Grouping of objects (i.e.
observations) into clusters so that
objects within individual clusters
are more similar to each other
than to objects on other clusters

* For traffic analyses, these
“objects” are data variables (e.g.
traffic volumes, speeds)

* Purpose — Identify cluster(s) that
are most representative of typical
days for which analyses should be
performed (and upon which
decisions can be made)




Filtering the Data

* Filter out redundant or low impact
attributes

* Highly correlated with key measures
of interest but lowly correlated with
each other

* Principal Component Analysis (PCA)
commonly used

e Each dimension was a new linear
combination of original variables
weighted differently such that new s ety s et v
variables (principal components) were
not correlated o Czsy G, ol el i el D Safanas

 New axes provided best angle to see
and evaluate the data




Viewing the Milky Way Galaxy



Viewing the Milky Way Galaxy



Simulation Model Data Types Needed
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n Results  Desired Speed Distribut...

Roadway geometry (length, #

lanes, lane widths, horizontal and

vertical alignment, etc.)

Traffic control (speed limits, signs
signal timing, lane use
restrictions)

Demand volumes
Vehicle and driver characteristics

Event data affecting demand —
precipitation and temperature,
crashes, incidents, etc.

-



Additional Data (at a Minimum) for Model
Calibration (TAT3 Guidance)

> To Capture Bottleneck Dynamics
> Examples — Bottleneck Throughput or Duration, Density, Queuing

> Travel Time or Speed Profiles

* May choose additional performance measures to differentiate between
alternatives
> Crash or Incident Data
> Weather Data (Precipitation, Temperature)
> 0D “Big Data”



Case Study IAJR

 |-35 north of Austin, TX

* From SH 45N to SH 29

e ~10.8 miles

* One permanent count station

* Objective: Provide example of
how permanent count station
was used to expand field traffic
data that were used in the cluster
analysis of the simulation model
input data
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Steps in the Process
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|-35 Case Study Data Elements

* Throughput (volumes) at Bottleneck
Downstream Location Ends -

* Travel Times for corridor and
Bottleneck Locations (INRIX) —

Crash Severity Index
e Weather Crash Severity Value
> Daily Precipitation Not Injured
> Average Daily Temperature Possible Injury

Non-Suspected Serious Injury

* Crash Data (Surrogate for Incidents) Suspected Serious Injury
Death

~ Unknown Injury



Six Recurring Bottleneck Locations

* |-35 Northbound — 3. segments

* |-35 Southbound — 3 segments

* INRIX segment IDs

* Permanent Count Station (5246)
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Data Collection

e Timeframe: March 12, 2022 —
August 29, 2022

e 100 days of PCS data within
this timeframe

» 38 days of actual counts
(mainline, ramps and
intersections)

 INRIX travel times

* Crash data from TxDOT Crash
Record Information System
(CRIS)

e Rain and temperature data
from National Weather Service
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Normalize the Data

* Varying data types - values and
units

* How to make comparable?

Example — Traffic Volumes
Observed: 4,604

Range: 2,887 to 4,909

* Normalize — transform everything
to a uniform, comparable basis

* Case Study: 0.00 - 1.00

Observed — Minimum

e NormalizedValue = . —
Maximum — Minimum

4,604—-2,887
4,909-2,887

= 0.85

e NormalizedValue =



Data Normalization Example

Actual Data

Date PCS1 Vol PCS2 Vol SLZone Ave.
AM Peak AMPeak Data  Avg. TIl Avg. TI2 Temp.

6/1/2022
6/2/2022
6/3/2022 0.58
6/4/2022 67.0
6/5/2022 29 | 636
6/6/2022 65.4
6/7/2022 69.3
LRy 8052 | 7,174 71.6
6/9/2022 8,044 70.5
6/10/2022 IEEZIIEXE

Precip.

0.32

6/11/2022 ¥ 7,493 | 439,223

6/12/2022 NP2 9,295 | 366,781
6/13/2022 RFERE 7,388 | 560,216

6/14/2022
6/15/2022
6/16/2022 30 | 744
6/17/2022 30 | 742
6/18/2022 72.5
6/19/2022 68.2
6/20/2022 30 | 678
6/23/2022 30 | 793
6/24/2022 30 | 730
6/25/2022 29 | 736
6/26/2022 29 | 717

68.8
73.8
77.2
75.1
81.3

3.2
3.1
3.1
3.2
3.0
2.9
2.9
3.1
3.2
3.2

0.05

0.38

Normalized'Data

Date PCS1 PCS2  SLZone Ave.
AM Peak AMPeak Data  Avg. TIl Avg. TI2 Temp. Precip.

6/1/2022
6/2/2022
6/3/2022
6/4/2022
6/5/2022
6/6/2022
6/7/2022
6/8/2022
6/9/2022
6/10/2022
6/11/2022
6/12/2022
6/13/2022
6/14/2022
6/15/2022
6/16/2022
6/17/2022
6/18/2022
6/19/2022
6/20/2022
6/23/2022
6/24/2022
6/25/2022
6/26/2022
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Principal Component Analysis

* PCA algorithm applied in WEKA

e Combined into two-dimensions such that the
new variables (principal components) are not
correlated

e Data dimensionality is reduced while preserving
original information
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Cluster Analysis

* TAT3 mentions several possible
clustering techniques

e K-means is most widely used
* Objective: Partition or separate

total number of observations (n) Bofora K-Means After K-Means
into k clusters such that each A o A
observation belongs to cluster S Iga;
having the closest mean . ®o 0 K,,,/

e Each cluster has its own mean Of;-: °e o
(centroid) ®ao’ %e%e "

-\.:" II'I_.-

Source: Analytics Vidhya



Optimum Number of Clusters

* Too few clusters — greater size, 3000
variability in the data set

3500

2500

2000

* Too many clusters — smaller size, too
many different scenarios to evaluate

1500

1000

e Optimal — Evaluate reasonable number
of scenarios that are most )
representative of normal conditions b
that support comprehensive decision
making

500

Total Distance to cluster centers

* Elbow Method — Easily understood and
frequently used in k-means

1000
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Two-Dimensional Cluster Results

PM Peak

-50

Cluster 1 @Cluster2 ®@Cluster3 @Cluster4 @ Cluster5

AM Peak

-20

® Cluster 1 @ Cluster 2 ® Cluster3 @ Cluster 4 @Cluster5 @ Cluster 6 @ Cluster 7 @ Cluster 8
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Cluster Characteristics— A.M. Peak

Day of the

Week Cluster 1

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Total

Cluster 2

Cluster 3 Cluster 4

= O O O O O +» O

0
0
0
0
0
1
0
1

Cluster 5

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5

Permanent Count Northbound
Station Volume
(veh) Southbound
1595398861
1595314646
Average Travel 1595390500
Time
1595391107
(sec)
1595403034
1595402785

Average Crash Factor

Average Temperature (°F)

Average Precipitation (in)

Sunday

Weekday

Outlier #1

Outlier #2

Saturday




Cluster Characteristics— P.M. Peak

Day of the
\X/eek Cluster 1 | Cluster 2 | Cluster 3 | Cluster 4 | Cluster 5 | Cluster 6 | Cluster 7 | Cluster 8
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Total
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7 Cluster 8
. . Weekday
SLLET:; Outlier #1 TL;’VJVZZL:;‘%Z Outlier #2 | Weekend Th;rrifjiay/ WIZI;):::; High CF
y y y y Higher TT
Northbound 24,210
PCS Volume (veh)
Southbound 21,344
1595398861 101.74
1595314646 40.89
Average Travel
e 1595390500 124.66
1595391107 37.51
(sec)
1595403034 113.98
1595402785 47.16
Crash Factor 5 3.55

Average Temperature (°F) 85 77.45
Average Precipitation (in) 0.0033 0.049
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Identify Representative Day

A.M. Peak Period
Permanent Count Station Volumes
Cluster 2

Determine average value for
each input variable in cluster

Calculate difference from
cluster average, expressed as
percentage of the mean

\/(mavg_mi)z
Mapg
Sum distance to mean

dm,i —



A.M. Peak Most Representative Day

A.M. Peak Period
Permanent Count Station Volumes
Cluster 2

DELS ‘ Sum of Distances

May 27t
June 8th

May 25t

August 4th

¢<—»Q

® Cluster

Average March 24th
March 28
[
March 24 e June 7th
June 10
May 13t
July 20th

June 10th




Representative Day vs. Largest Cluster Volume

Representative Day vs. Largest Cluster Volume
AM Peak

Yolume (vph)

Representative Day vs. Largest Cluster Volume
PM Peak

700 AM 8:00 AM 9000 AM

e 32872022 NB e | AreestClUster NE  seegees 3728/ 2022 5B = | areest Cluster SB

3:00 PM 4:00 PM 5:00 PM 6:00 PM 7:00 PM

=7 /28/2022 NB  ==@==|argest Cluster NB 0==7/28/2022 SB Largest Cluster SB
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Application to Simulation Models

When the representative days are not same as the
days for which traffic counts were collected, how are
the count data used?

PCS VOlRepDayCluster

PCS Vo lCountDay PCS: Permanent

Count Station —
within project limits
or nearby

Factors applied to actual counts (segment, turning movements) used
as input to existing conditions simulation models

Representatative Day Factor =

Count Date AM Factor PM Factor
May 3rd
May 4th
May 5th

May 17th
May 19th
May 26t

June 7th




Summary

1. ldentify data needs, types, 5. Determine optimal number of
sources clusters

2. Assemble and prepare data 6. ldentify Cluster Characteristics
Normalize data 7. ldentify representative day(s)
Reduce dimensionality 8. Apply representative day
(Principal Component Analysis) factors to simulation model

iInputs
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Questions?
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