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Problem Statement

 Many different activities in automotive industry requiring on-road testing. 
– Each activity (e.g., PEMS, EV range testing)  can require numerous iterations to acquire 

needed data to pass back to development engineers.
– Each iteration will take X-Y amount of time, with each unit of time costing X-Y amount of 

dollars for fuel, employee salary, and opportunity cost in waiting for needed data to get 
back to development engineers.

– Furthermore, each iteration will vary slightly due to real world variables such as red lights, 
traffic density, and potential weather condition shifting. 

 A method to reduce the number of testing iterations is desired.
– Development of a nominal cycle derived from X iterations can be used to improve data 

accuracy, as well as reducing the overall number of iterations required to obtain needed 
data during Testing and Evaluation.
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Algorithm Background

 Dynamic Time Warping (DTW) is an algorithm used to compare the similarity 
between two time series.
– Clearly can see Signals A and B are very similar traces, with exception of a slightly 

different maximum amplitude on Signal A and the 1 second interval placement.
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Algorithm Background

 Euclidean matching
– Lines up each point with 

its respective “shared 
time” point.

– Adding our accumulated
distance scores, we get
a Euclidean distance of
0+1+1+1+3+3+0, or 
9 total.

– Depending on scale used,
software would determine
that these signals are 
not very similar.
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Algorithm Background

 Dynamic Time Warping
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Usage
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Prior Work

 Work by Lobato et al. [1] shows how DTW can be used to develop a nominal 
cycle from on-road testing.  
– We took a Kenworth T270 truck and drove it 

around Colorado State University. 
– CANbus data was recorded and used for 

comparison (e.g. wheel-based vehicle speed
and engine RPM)

– Each cycle was to take approximately
10 minutes, per Google Maps. 
Actual time was anywhere from 10-15 minutes
per cycle due to uncontrollable variables such 
as traffic density and red lights. 
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Prior Work

 Two cycles from testing, A and B
– Similar in overall appearance, but deviations occur. Note the longer idle state in Cycle A, 

indicating a longer time spent at a stoplight than occurred in Cycle B. Cycle A took a full 70 
seconds longer than Cycle B to complete.

– Euclidean matching gives a distance score of 36132.1
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Prior Work

 After DTW is performed, the distance score drops to 7261.69, indicating a 
considerably closer match than simple Euclidean matching.
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Choosing a Nominal Cycle
 Compute DTW between all tests

– Sum up columns of distance scores, and the lowest sum gives the cycle that is 
MOST LIKE the other cycles; that is, if you have someone drive the truck on that same 
cycle, it is likely to be appear most similar to that cycle.
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Developing Bounds

 Conversely, we also find the LEAST REPRESENTATIVE cycle.
 Between our MOST and LEAST representative cycles, we develop upper and 

lower bounds for a given route with a given vehicle at some configuration. 
 Our bounds give us a range of values for comparison purposes. 

– Closer to MOST representative cycle indicates a (potentially) positive change, while 
exceeding it is positive.

– Closer to LEAST representative cycle indicates a (potentially) negative change, while 
exceeding it is negative.
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Proposal
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Testing and Evaluation

 Systems Vee is used to show  
concurrent design and testing. 
Shortening time required for 
testing means getting data back 
to engineers faster.
 Faster turnarounds lead to a 

more streamlined development 
process and making sure to “get 
it right” in a shorter amount of 
time prior to final validation.

2020 WSRC - Presentation Title | Author(s) 14



Proposal

 Use DTW to develop a nominal cycle as previously described.
 Once a nominal cycle is in hand, Development Engineers can make changes 

based on acquired test data and only need X new cycles as opposed to Y 
new cycles, due to being able to compare to that nominal cycle.
 Time saved on testing can be substantial, depending on number of 

tests/cycles required.
 Time saved from repeated Test -> Evaluation -> “Back to the drawing board” 

can directly lead to reduced development cycles.
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Impact on Testing and Evaluation: Example

 EV Range Testing
– On a full battery charge, drive until the battery is almost depleted. 
– This road test is conducted over a mix of city and freeway driving (usually 60/40).
– Each cycle takes 30 minutes by distance/speed limits.
– As shown earlier, uncontrollable variables such as red lights and traffic density can directly 

impact data from a given cycle. Assume actual duration per cycle 30-40 minutes.
– So, we:

• Perform 20 cycles over some given city/highway route. 
– Total time: 10 hours to 13.33 hours

• Develop upper and lower bounds as detailed previously.

2020 WSRC - Presentation Title | Author(s) 16



Impact on Testing and Evaluation: Example, continued

– Using accumulated data from this and other testing, the development engineer decides to 
make some changes in physical vehicle structure and adds in a slightly larger battery to 
compensate. 

– Now, instead of performing the same 20 cycles of road tests above, we:
• Perform 5 cycles over the same city/highway route.

– Total time: 2.5 hours to 3.33 hours.
– Time saving: 7.5 to 10 hours.

• Compare these values against our developed bounds to see effect of changes.
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Potential Applications

 Additional Areas:
– Autonomous Vehicle Drive Tests
– AI Sensor Response

 Not limited to time:
– Can use it for other variables such as Position instead of time
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Summary

 DTW is a method to develop nominal cycles for testing.
 Nominal cycles and developed bounds can be used as a reference to 

compare future cycles to.
 Reduced number of tests required can directly lead to savings in time for 

testing, time for data to reach engineers for analysis, and overall product 
development cycle, as well as associated monetary costs.
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Questions?
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