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Objectives:
• Capture and quantify drive cycle and technology  variation for the 

array of medium- and heavy-duty vocations

• Provide a common data storage warehouse for medium- and 
heavy-duty vehicle data across DOE activities and labs –
www.nrel.gov/fleetdna

• Integrate existing DOE tools, models, and analyses to provide data 
driven decision making capabilities 

For Government :  Provide in-use data for standard drive 
cycle development, R&D, tech targets, and rule making

For OEMs:  Real-world usage datasets provide concrete 
examples of customer use profiles

For Fleets:  Vocational datasets help illustrate how to 
maximize return on technology investments

For Funding Agencies: Reveal ways to optimize impact of 
financial incentive offers

For Researchers: Provides a data source for modeling and 
simulation

Bringing Fleet Data to Life with Fleet DNA

www.nrel.gov/fleetdna

http://www.nrel.gov/fleetdna
http://www.nrel.gov/fleetdna
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Fleet DNA National Data Coverage

Map showing freight volumes (red) along major U.S. roadways 
and Fleet DNA data coverage (green) along those routes. 
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Fleet DNA – Data Coverage
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Fleet DNA – Data Types

GPS and Route Data
− Latitude / Longitude
− Elevation
− Route Profiles
− Time / Speed
− Ambient Conditions
Derived Parameters
- Vehicle Speed Statistics
- Acceleration / Deceleration Rates
- Idle Time
- Road Grade
- Drive Cycles

Vehicle and Engine CAN
− Engine Speed / Torque
− Engine Fuel Rate
− NOx Sensor
− Exhaust Temperatures
− Engine Coolant and Oil Temperatures…
Derived Parameters
- Power Demand 
- In-use Fuel Economy / Consumption
- In-use Engine Maps…

Electric Drive
− Battery SOC
− Voltage
− Current
− Temperatures
− Component Temperatures
Derived Parameters
- In-use efficiency
- Energy demand / Range
- Power / SOC cycles
- Charge profiles…

Supplemental Data
− Vehicle Specifications
− Chassis Dyno Test Results
− Charging profiles / building load data
− Weather, Road Grade, Registration, …
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Collaboration with ANL using Fleet DNA 
drive cycle data for fuel cell commercial 
truck component sizing study

Recent Fuel Cell Application
Fuel Cell Truck Component Sizing
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Example:  Port Drayage

Vocation Operator Locations Weeks Vehicles Operating Days

Port Drayage

TTSI Compton, CA 16 2 166
Container Freight 

(California Cartage)
Long Beach, CA 4 14 180

Dependable 
Highway Express

Wilmington, 
CA

4 14 211

• 71,243 Miles

• 557 Operating Days

• 30 Unique Vehicles

• 3 Operating Companies

• Port of Long Beach & Port of Los Angeles

10 mi 20 mi 30 mi 40 mi



Drive-cycle Rapid Investigation, Visualization and Evaluation Tool (DRIVETM)

• Created to help fleets and 
OEMs analyze vehicle usage 
data for proper vehicle 
placement, design and testing

• Combines large amounts of 
user data then filters, creates 
new cycles & identifies best 
fitting existing cycle

• Quickly processes and analyzes 
data :
• Over 250 metrics
• Histograms
• Scatter plots
• Creates custom cycle
• Recommends standard 

cycles

Applying Fleet DNA – NREL’s DRIVE Tool
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Representative Drive Cycles from Clustering Analysis
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Class 8 Drayage Tractor - Diesel vs. EV Efficiency
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Power duration (min)

Class 8 Drayage Tractor EV Power Demand Distribution

Duty Cycle Statistics:

Driving Days 173

Kinetic Intensity (1/mi) 0.96

Stops per mile 1.18

Avg Acceleration (ft/s2) 0.84

Average Speed (mph) 27.4

Motor Continuous Rating 240kW
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Drive Cycle Analysis Tool - DriveCAT

Objectives:

• Provide a common, publically 
available, easy to use site for standard 
and custom drive cycles for medium-
and heavy-duty vehicles

• Capture , quantify and compare drive 
cycle variation across the spectrum of 
medium- and heavy-duty vocations

• Allows users to download raw time 
series data of drive cycles for their 
own use

www.nrel.gov/transportation/drive-cycle-tool

http://www.nrel.gov/transportation/drive-cycle-tool
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Future Data Science and Machine Learning Opportunities

Discovering Novel Structures
• Characterizing subpopulations

• kmeans, kmediods, 
DBSCAN, OPTICS

• Finding representative 
members
• Multidimensional depth 

statistics
• Identifying outliers/anomalies

• Robust PCA, MDS, 
Autoencoders

• Exploring lower dimensional 
structure

• PCA, t-SNE, ISOMAP
• Autoencoders

Exploring Known Relationships
• Identifying key variables

• Regression Models
• Lasso/Elastic Net
• Bayesian hierarchical models

• Predicting target output
• Deep Neural Networks
• Random Forests
• Gradient Boosting

• Advanced Use Cases
• Time Series Forecasting
• Geospatial
• Images
• Text Analysis

Communicating and 
Visualization

• Lightweight interactive dashboards
• Robust web applications
• Immersive 3D environment for 

data exploration

Generating Realistic Vehicle 
Behaviors

• Bayesian hierarchical models
• Variational Auto-encoders
• Generative Adversarial Networks
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Example: EPA Phase II GHG and MOVES

Interagency Agreement with EPA
- Vocation vehicle duty-cycle segmentation analysis for Phase II GHG
- National Activity-weighted road grade 
- MOVES commercial vehicle activity characterization
- On-road NOx data analysis for future certification

Project Questions:
- Can vocational vehicles be segmented by usage profiles?
- How should road grade be accounted for in EPA HD GHG certification?
- What are work-day idle and speed distributions for vocational vehicles?

Approach
• Fleet DNA, Tom-Tom, MOVES, USGS and EMA
• Eight-dimensional Duty-Cycle Cluster Analysis

• K-means, hierarchical, K-mediods

• Predictive Modeling
• Pair-wise Correlation across 8 duty-cycle metrics

• Logistic Regression Model 
• Correlate driveline parameters with cluster membership

• Work day idle, soak, and speed distributions by vocation, class, region



www.nrel.gov

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency
and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.

Thank you

NREL Medium and Heavy-Duty 
Commercial Vehicle Technologies

For more information:
Kenneth Kelly

National Renewable Energy Laboratory
kenneth.kelly@nrel.gov

phone: 303.275.4465


