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Notice

This report was prepared by Edward McCarthy in the course of performing work contracted for and
sponsored by the New York State Energy Research and Development Authority and the New York

State Department of Transportation (hereafter the "Sponsors™). The opinions expressed in this report

do not necessarily reflect those of the Sponsors or the State of New York, and reference to any specific
product, service, process, or method does not constitute an implied or expressed recommendation or
endorsement of it. Further, the Sponsors, the State of New York, and the contractor make no warranties
or representations, expressed or implied, as to the fitness for particular purpose or merchantability of any
product, apparatus, or service, or the usefulness, completeness, or accuracy of any processes, methods,
or other information contained, described, disclosed, or referred to in this report. The Sponsors, the State
of New York, and the contractor make no representation that the use of any product, apparatus, process,
method, or other information will not infringe privately owned rights and will assume no liability for any
loss, injury, or damage resulting from, or occurring in connection with, the use of information contained,

described, disclosed, or referred to in this report.

NYSERDA makes every effort to provide accurate information about copyright owners and related
matters in the reports we publish. Contractors are responsible for determining and satisfying copyright or
other use restrictions regarding the content of the reports that they write, in compliance with NYSERDA’s
policies and federal law. If you are the copyright owner and believe a NYSERDA report has not properly

attributed your work to you or has used it without permission, please email print@nyserda.ny.gov.

Information contained in this document, such as web page addresses, are current at the time

of publication.



Abstract

Vnomics, a New York based company and a provider of advanced fuel analytics solutions for commercial
trucking, partnered with Saia, a customer of Vnomics, Rochester Institute of Technology (RIT), and
NYSERDA to determine if it was feasible to create a tool that would answer the following two questions
for commercial transportation fleets: What truck in my fleet should I send on which task today for the best
fleet-wide fuel economy? What trucks should I purchase for the best fuel economy based on my business
task mix? The intent was to develop a viable commercial product that would increase Vnomics’ business
while further reducing the carbon footprint of commercial transportation fleets. Vnomics’ telematics
data—taken from a subset of Saia’s truck fleet by collecting and processing sensor information from the
vehicle data bus—would be used to develop and test the algorithms with the help of RIT. Development
and test data was collected and processed for various truck configurations, routes, speed, traffic, weather
and payloads under real world conditions, so as to ensure that any potential algorithm(s) developed had
the broadest potential commercial application. The project was set up with a series of go/no-go serial

hypotheses to ensure that if the objectives could not be met, the project would be halted.

Midway through the program, it was determined that the ability to model fuel consumption was possible
and that approach using fuzzy logic was the most promising. However, Vnomics did not feel the two
defined use cases for a commercial product were achievable with the currently available data and its
accuracy. Thus, making the project goal of automating for fuel economy—the way a fleet dispatcher
assigns trucks to the “highway” route or the “hilly” route in the hopes of saving meaningful amounts of
fuel—is not currently possible with available technology. Furthermore, simple rules of thumb currently
used by fleets, such as using new trucks on the highway and routes with the most miles proved to perform
quite well and the complexity of our proposed method did not achieve enough fuel savings above the
current method to justify its use. However, the findings VVnomics achieved will make further research into
truck and route matching for fuel savings easier and will likely be used as a starting point for the

next effort once the necessary data is obtainable with sufficient accuracy.
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Definitions

Attribute

Cab

Fuel Consumption

Mission

Mission Segment

Potential Miles per Gallon

Platform ID

Route

Route Cluster
Route Consumption
Route Segment

Trip

Trips

Key characteristics of a truck such as engine size, transmission
type, that affect fuel performance.

Used interchangeably with truck

The measured amount of fuel used by a truck and trailer
configuration.

This is the time between key-on to key-off. A mission starts at key-
on and ends at key-off. The end of a mission could occur

for several reasons such as rest stops for rest room breaks,

meal breaks, fueling, etc.

A portion of a mission.

Potential Miles per Gallon (PMPG) is the potential fuel mileage
that could be achieved if the driver drove for fuel purposes in an
ideal manner considering engine control, speeding, and idling.

This is the Vnomics’ unique identifier of a particular truck such
that multiple customers could have the same truck number.

This is the combination of roads the vehicle travels to get
from point A to point B.

A type of route; for example, rural, suburban, urban.
Consumption of fuel for a prescribed route cluster.
A defined portion of a trip.

This term is defined by the dispatcher, determining point A
and point B. Each trip is comprised of several missions.
A trip is also comprised of several route segments.

The word used in the analysis to define the number of times
a truck traverses a route segment.

Vi



1

Overview

This final report describes the work performed for the Truck Trip Fleet Optimization Study, NYSERDA

Program Opportunity Notice 2881, and Agreement: 46852.

The goal of the project was to determine the feasibility of creating a commercially viable tool that would

answer the following two questions:

1. What truck in my fleet should I send on which task for the best fleet-wide fuel economy daily?
2. What trucks should I purchase for the best fuel economy based on my business task mix?

If successful, this tool would be integrated into Vnomics overall fuel optimization product to improve fuel

savings and further reduce the carbon footprint of our commercial fleet customers.

In order to determine the feasibility, five hypotheses were developed:

(0}

(0}

(0}

(0}
(0}

Hypothesis 1

A1 There are few readily identifiable route clusters that have clear human interpretation
(e.g., “city”, “rural™, etc.).

J1: Compute distributions of classes with respect to defining characteristics and verify there
is a significant discriminability, that class-to-class variance is significantly larger than

within-the-class variance.

Hypothesis 2

H>: Route consumption can be effectively normalized (e.g., by length), which enables
comparisons of fuel consumption among different routes. (Load is Critically Important)

7> The distribution of consumptions for an individual vehicle, subjected to equivalent (after
normalization) routes should have a tight distribution (less than some specified variation,
e.g., 5%).

Hypothesis 3

A3 Normalized fuel consumption of different cab-trailer configurations for given routes are
distinguishable and quantifiable.

J3: Ability to distinguish different configurations for equivalent routes (with a reasonable
uncertainty; e.g. 20%).

Hypothesis 4

A Truck assignments can be accurately interpreted as normalized routes.
7. Compare the interpreted routes at assignment with those obtained from data analysis.



e  Hypothesis 5

0 As: The observed consumptions can be used to create sufficiently accurate predictions
(variances are less than differences in mean performance of cab-trailer configurations).

0 Js: Predict consumption from routes based on the operator’s data and compare with actual
consumption.

To ensure the money and time invested in this project was spent wisely, after each hypothesis, a go/no-go
decision was made to determine if the study had merit. The first three hypotheses were completed
successfully, but based on the results of that third gate, it was determined the complexity of the algorithm,
the accuracy of the results, and the attainable savings was not enough to justify continuing the project.
Therefore, a joint decision was made by all the primary stakeholders to end the project and submit a final
report. Despite this decision, overall valuable lessons were learned that can be built on in the future when
new collection technology becomes available. The conclusion section identifies and further explains the

lessons learned.

This report will be a compilation of links to the previous interim reports, meeting minutes, and
presentations and will include new material, findings that resulted in the termination of the project and

knowledge gained.



2  Kickoff

The project was kicked off on December 14, 2015. To reduce risk, it was agreed that the project would be
split into several steps in conjunction with a sequence of hypotheses validated one at a time with analysis
and algorithm development. Each validation step was a go/no-go decision made by answering the
question, “Is the productization of a routing tool for fuel savings possible?”. The point of the go/no-go
decision was to ensure that the study did not continue if a product could not be realized. The meeting

minutes and power point presentation can be found on the NYSERDA Portal under deliverable name 1.1
Meeting Minutes.

Figure 1. NYSERDA Kickoff Meeting Minutes and Presentation

NYSERDA Agreement 46853
Project Kickoff Meeting
14 December 2015




3 Subcontract

A letter of commitment was received from SAIA Motor Freight in September 2015 allowing permission
for the project to use Saia data, collected through the use of Vnomics on truck software and hardware,
which would be used to validate the algorithms developed for helping fleets optimize the truck-to-route

matching process.

The subcontract with Rochester Institute of Technology (RIT), who was providing technical support for
the project, was finalized and the signed agreement was provided to NYSERDA on May 5, 2016. As a
result, the study was approved by NYSERDA.

The meeting letter and subcontract can be found as follows on the NYSERDA Portal under deliverable

name 1.2 Subcontracts.

Figure 2. RIT_NYSERDA Subcontract and Saia Letter of Commitment




4  Understanding Current Dispatch Methods

Vnomics created a 30-question customer survey designed to provide information and an understanding
around current transportation fleet dispatch methods. Five fleet managers and dispatchers answered

the detailed survey and provided information about their current processes used for truck-to-route
assignments as well as their capability to assess routes for different vehicles and driver sustainability.
The results of the survey provided a range of truck-to-route assignment processes and other information

dispatchers used to describe customer routes.

The report can be found on the NYSERDA Portal under deliverable name 2.1 Task 2 Interim

Technical Report.

Figure 3. Truck and Trip Fleet Optimization Study

Truck Trip Fleet
Optimization Study

Understanding Current Dispatch Methods Report
To fulfill Subtask 2.1
Revision |

NYSERDA Project Manager: Joseph Tario

INYSIMIT Project Man:

Viomics Project Director: Edward C. McCanhy, Viee President of Operations

R42016
Contract Numbes: PON J881, Agreement: 46557




5 Fleet Data Set

The team assembled the route and load information from both onboard truck data and separately collected
dispatch data, including load-weight from Saia. From this collection, the team created a merged dataset.
To validate this information was properly imported into the system, the collected records were plotted to
visualize the data using time-domain and scatter plots. Further, the validity of the latitude and longitude
were checked by placing the data on a geo-map to ensure truck positioning and routing were correct. A
report was provided describing the methodology by which the disparate information sources were
integrated into the data sets and were validated and documented. The report and a description of the

vehicles load weight information can be found on the NYSERDA Portal under deliverable name

2.1 Fleet Data Set.

Figure 4. Example Fleet Data Set and Fleet Optimization Route and Load Data Set

Make | Model | Skit w1 W2 | Year | Endlai | Endlong
o Vaolve WHL ¥ 18857 13575 | 2015 | 34.053320 | -117.482490
1 | international | LFEST | Y 15532 11858 | 2013 | 32342793 | 108678131
z Volve | WML | Y 0BT 10033 | 2013 | 32357652 | 110584368
3 Volve | WHL | Y 10079 T757 | 2016 | 33605885 | -1 790
4 Volvo WNL | Y 14379 8656 | 2015 | 33784890 | -116.353320
5 | Voivo Truck | VNL | Y 14379 8656 | 2015 | 33784990 | -116.353320
6 | Voivo Truck | VNL | Y 11796 | 15684 | 2013 | 33926650 | -116.950380
7 | Voo Truck | WNL | ¥ | 11848 12476 | 2015 | 31 7BEAS0 | 102 476457
B | Voo Truck | WML | Y 13142 | BS84 | 2017 | 32263870 | -101487730
9 | Volva Truck = WNL v 13142 BESe 2017 | 32263970 | -101.487730
10 | Volvo Truck | WKL | ¥ 1342 | BES | 2017 | 32263870 | 101 4EIT30
11| Volvo Truck | WNL | ¥ | 16410 | 15478 | 2017 | 33625736 113732118
12 | Volvo Truck | WNL | ¥ | 13885 | 13745 | 2017 | 32458910 -59.673118
13 | Intemnational | LFE87 | W 13248 TIGT9 | p13 | 32353755 | 108730550
14 | inlemational | LFGE7 | T3183 | 6545] | 2013 | 32793440 -87.013970
and date and timae start lon start long Start date Start time
(] Z016-06-30 | 044938 | 34053370 11T 4B2400 | 20160630 | 044839
1 BO1E-05-17 | DO:A9:06 | 34.085313 SATABSEE | 20160516 13:07:53
H 20160512 | 00.33.29 | 34065325 AT7ABATEE | 2016-05-11 1659.23
3 34.055280 | 20160513 | 08:34:42
4 34055325 | 20160603 16:49:29
] 34055325 164929
(] 072601
7 OF:4T:56
8 09:11:51
a 08:11:51
1 A 08:11:51
11 o 08:45:51
12 [ A17ami06e | | oB:5431
13 34 055275 17 4B4100 20,1747
i} 38055254 117.484146 192745
Table | Sample Merged Datnset Entries

Truck Trip Fleet
Optimization Study

Route and Load Dataset Report
To fulfill Subtask 2.2

NYSFRDA Project Manages: Joaeph Taris

NYSDOT Preject Men

Viomsics Project Diressor: Lidward . MoCarthy, Vice Presidest of Operstions




6 Hypothesis 1

A meeting was held on February 13, 2017 to discuss the work performed for hypothesis 1, the analysis
conducted, and the go/no-go recommendations based on the results to gain approval/agreement from all

stakeholders including NYSERDA to move forward to hypothesis 2.

H1: There are few readily identifiable route clusters that have clear human interpretation

(e.g., “city,” “rural,” etc.).

J71: Compute distributions of classes with respect to defining characteristics and verify there is a
significant discriminability, that class-to-class variance is significantly larger than within-the-class
variance. During the investigation of hypothesis 1, the team was able to come to the following

two conclusions:

e  Older trucks are clearly distinguishable for fuel purposes for the road types that were
categorized, described, and analyzed.

e  All trucks, both old and new, that were analyzed by the team were distinguishable for fuel
purposes on mixed road types.

Approval to proceed and begin work on Hypothesis 2 was given by NYSERDA with U.S. Department of
Transportation (U.S. DOT) concurrence. The report and minutes from this meeting can be found on the
NYSERDA Portal under deliverable name 3.1 Vehicle Attribute Listing.

Figure 5. Minutes Hypothesis #1 Review and Hypothesis #1 Presentation

7~
vnomics 7~ o~ RIT
Vnomics € o e
Truck Trip Fleet Truck Trip Fleet
Optimization Study Optimization Study

Minutes from Hypothesis #1 Review

First Hypothesis Test Results

Contract Number: PON 2881, Agreement: 46852

February 13, 2007




7 Hypothesis 2

A meeting was held on May 31, 2017 to discuss the work performed for hypothesis 2, the analysis
conducted, and the go/no-go recommendations based on the results to gain approval/agreement from

all stakeholders including NYSERDA to move forward to hypothesis 3.

»: Route consumption can be effectively normalized (e.g., by length), which enables comparisons

of fuel consumption among different routes. (Load is Critically Important).

7% The distribution of consumptions for an individual vehicle, subjected to equivalent (after

normalization) routes should have a tight distribution (less than some specified variation, e.g., 5%).

The team was able to come to the following conclusions:

o |Initial analysis found encouraging results:

0 There was a significant difference in the fuel performances of different truck configurations
for some contexts (“HWAY™)
0 However, there was indistinguishable performance for others (“IDLE,” “CITY”)

e  These results were plausible from the viewpoint of the configurations’ attributes
e  The findings were statistically validated
e  Early attempts to distill a better clustering of operating conditions were not successful
e  Quantification of benefits needs improved resolution
e  Decomposing of missions into segments, by context, is a promising approach
Approval to proceed forward in the project and to begin the work on hypothesis 3 was given
by NYSERDA with U.S. DOT concurrence. The report and minutes from this meeting can be found

on the NYSERDA Portal under deliverable name 3.2 Task 3 Interim Technical Report.

Figure 6. Hypothesis #2 Minutes, Hypothesis #2 Version 1, and Hypothesis #2 Presentation

F ‘,-\
Truck Trip Fleet Truck Trip I'!.x-l Truck Trip Fleet
Optimization Study \.[]'_""_",'f.'_'_','_‘_"_' “,'"_“_"\ Optimization Study
Rl 2 Erview

S S—" Po——— =
Hypothesis 2 Test Results
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8 Hypothesis 3

A meeting was held on December 8, 2017 to discuss the work performed for hypothesis 3, the analysis
conducted, the go/no-go recommendations based on the results, and to gain approval/agreement from
NYSERDA to move forward to hypothesis 4.

H3: Normalized fuel consumption of different cab-trailer configurations given routes are distinguishable

and quantifiable.

73 Ability to distinguish different configurations for equivalent routes (with a reasonable uncertainty;
e.g., ~20%).

The team was able to come to the following conclusions:

o  Decomposing of missions into segments was not a promising approach

e The ability to create a product for truck fleet optimization is not viable—the only algorithms that
had any success was a black box fuzzy logic approach that did not allow for meaningful
interpretation.

e  There was benefit in performing the study as some lessons were learned that may be useful once
collection technology and accuracy improves on vehicle.

Based on the conclusions, it was determined the study should be ended, and the final report submitted.
The report and minutes from this meeting can be found on the NYSERDA Portal under deliverable

name 4.3 Task 4 Interim Technical Report.

Figure 7. Hypothesis #3 Minutes and Hypothesis #3 Presentation

N € e

N v ! 11/ 991 + for Sustainability
Vnemics e L S S —

Truck Trip Fleet

Truck Trip Fleet P ;
Optimization Study Optlmlzatlon StUdy

Hypothesis 3 Test Results

Contract Number: PON 2881, Agreement: 46852

December 8, 2017




9 Conclusion

It was not feasible to create a tool that would answer the following two questions:

1. What truck in my fleet should I send on which task today for the best fleet wide fuel economy?
2. What trucks should I purchase for the best fuel economy based on my business task mix?

Lessons Learned

Vnomics found the ability to model fuel consumption was possible and that approach using fuzzy logic
was the most promising. However, we did not feel the two defined use cases, for a commercial product,
were achievable with the available data and its accuracy. The required detail about a trip to correctly
predict fuel consumption is not simple to gather data, and the only successful algorithm within our
accuracy criteria required data and attributes that was not human identifiable. This makes the goal

of automating, for fuel economy, the way a fleet dispatcher assigns trucks to the “highway” route or

the “hilly” route in the hopes of saving meaningful amounts is not currently possible with available
technology. Furthermore, simple rules of thumb currently used by fleets, such as use new trucks on the
highway and routes with the most miles proved to perform quite well and the complexity of our proposed
method did not achieve enough fuel savings above the current method to justify its use. However, the
findings VVnomics achieved will make further research into truck and route matching for fuel savings
easier and will likely be used as a starting point for the next effort once the necessary data is obtainable
and accurate. While not as simple as characterizing routes and predicting fuel economy a more complex
multivariable fuel economy model is likely possible with our current system. With a sufficiently accurate
fuel economy model, Vnomics believes fleets could test questions like “What would the fuel savings be
if my whole fleet operation was running Model X tractor last year” without running a single test mile.
This could lead to more informed truck (truck configuration) buying decisions that lead to tailoring of
fleet trucks to their customer base, loads, and routing. Additionally, this approach could be used to
develop a “digital twin” (digital replica of truck and truck configurations) and could lead to significant
fuel economy optimization and test savings for any fleet. Additionally, running continuous fuel economy
models on all tractors could allow for fleets to see undetectable deviations (from developed digital twins)
in expected fuel economy as early warning for maintenance issues on their tractors. In conclusion, while
the final goal of a path to a commercial product was not achieved, Vnomics believes the derived learning
will feed future R&D and continue to allow VVnomics, NYSERDA, and other stakeholders to advance the
understanding of fuel efficiency and optimization in the U.S. commercial trucking market.

10



NYSERDA, a public benefit corporation, offers objective
information and analysis, innovative programs,
technical expertise, and support to help New Yorkers
increase energy efficiency, save money, use renewable
energy, and reduce reliance on fossil fuels. NYSERDA
professionals work to protect the environment

and create clean-energy jobs. NYSERDA has been
developing partnerships to advance innovative energy
solutions in New York State since 1975.

To learn more about NYSERDA's programs and funding opportunities,
visit nyserda.ny.gov or follow us on Twitter, Facebook, YouTube, or

Instagram.

New York State toll free: 866-NYSERDA
Energy Research and local: 518-862-1090
Development Authority fax: 518-862-1091
17 Columbia Circle info@nyserda.ny.gov

Albany, NY 12203-6399 nyserda.ny.gov
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