TPF-5 (443) Density Profiling System “Virtual” Vendor Update and User Group Peer Exchange 

Meeting Summary 
November 16, 2021

PURPOSE 

This event allowed vendors to present current capabilities of dielectric profiling systems (DPS) for asphalt pavement compaction as part of a Pooled Fund [TPF-5 (443)] Fall Peer Exchange.  The current state of the technology has proven to be a useful tool for evaluating asphalt pavement density during construction as evidenced by the results shown in multiple presentations.  Continued discussion of various stakeholders suggests that DPS technology has great potential to improve on our current methods of asphalt density quality control and HMA density acceptance practices if certain challenges can be addressed.  It is anticipated that many of these gaps toward deployment can be addressed through improved testing protocol and analysis methods, proper training, and strategic deployment specifications.  However, some of the main challenges users are facing can potentially be addressed from the equipment side.  The goal of this 2-hour event was to give vendors a chance to update these stakeholders on the capabilities of their current DPS technology and give users of the technology an opportunity to ask questions about the specific DPS equipment presented.  This was followed by a discussion designed to give vendors and users a chance to discuss challenges and potential solutions toward a more widespread DPS use for pavement density evaluation.

Attendance was taken from the MS Teams Meeting participants list (see Appendix B). The webinar attendance was 78 people.


[bookmark: _Hlk83983665]DAY THREE - November 16, 2021 Team’s Meeting 1:00 to 3:00 PM EST

INTRODUCTION

Kyle Hoegh welcomed the group and recapped the DPS Pooled Fund Event Here
The agenda used to give the recap can be found Here

Curt Turgeon stated the purpose of the vendor and user group meeting for deploying new technology in pavement construction, and gave some good historical examples of implementation to bring context to the meeting Here

PRESENTATIONS



Presentation 1 (1:20pm – 1:40pm): 3D Radar, Jacopo Sala

· Jacopo Sala’s presentation recording can be watched Here

1. Where were we?
a. Jan 2020: DPS user group meeting (TRB)
b. April 2020: FHWA webinar
c. Objectives
i. Dielectric profiling available as part of standard system operation
ii. Network level surveys
iii. Full lane coverage
iv. Cross-line sampling
d. 2019 Activities
i. Implemented prototype software
1. Data calibration
2. Reflectivity analysis
ii. Tests on reference data sets
e. Challenges
i. Mechanical aspects
ii. Vehicle
iii. Array mount
iv. Bouncing
f. Signal aspects
i. Electromagnetic interference
ii. Use of calibration data
g. Activities forecast
i. Test on more data sets
ii. Refine SW algorithms
iii. Standard for data collection
iv. Implementation
2. What we’ve done: 2020-2021
a. Activities
i. Finalize software algorithm
ii. Standard for data collection
1. Metal plate data
2. Survey data
iii. Field tests / validation
b. 3D-Radar Dielectric Mapping
i. Vehicle mounted solution, data collection at traffic speed
ii. Full lane width coverage capability
iii. Generate a 2D map of values instead of a profile, high sampling both in-line and cross-line
iv. 3D GPS data from the same survey available for traditional analysis and interpretation
c. Intuitive interpretation of the results
d. Longitudinal joints
i. Longitudinal joints visible on the road surface can easily by mapped
ii. Transverse profiles are no longer required
iii. High epsilon values correspond to higher compaction of the asphalt
e. Transition old to new asphalt
f. High level of detail
i. Joints and cracks in the asphalt stand out clearly in the maps of the dielctric constant produced with the 3D-radar system. A high S/N ratio enables mapping of subtle changes
g. Repeatability of the results
h. Summary – activities with TerraTec
i. TerraTec estimates the accuracy of the method to 0.02 – 0.04 [dielectric], based on standard deviation
ii. Electromagnetic interference can be a problem in noisy areas
1. NOTE: the algorithm did not include interference suppression, which is going to be introduced soon
iii. Conversion to density is still ongoing, cores collected in a pilot project did not offer much diversity, as predicted by the dielectric mapping results
iv. In general, prototype and workflow worked even better than expected!
i. Next steps
i. Intro of interference suppression mechanisms
Presentation 2 (1:40am – 2:00pm):  Earth Science Systems, Chuck Oden

· Chuck Oden’s presentation recording can be watched Here

1. Asphalt Pavement Scanner
a. Pushcart, pull behind vehicle, and cone gauge
2. Mapped asphalt Mat assessment
a. Dielectric constant
b. Compaction/density
c. IR surface temperature
d. Asphalt thickness
3. Easy to use
a. Cart, scan head, handle, tablet pc
b. Push pins and thumb screws
c. No cables, wifi
d. Easy tilt line calibration
4. Diverse data set
a. 2 GHz GPR
i. Dielectric from reflection amplitude
ii. 1.5 and 3” depths
iii. Scanner height from flight time, roughness
iv. Mat thickness form flight time
b. IR surface temperature
5. Positioning system
a. Wheel odometer
b. Internal multi-band GPS
c. Point perfect GPS (3-6 cm)
i. Works anywhere in continental US and Europe
d. RTK GPS (~ 1 cm) with NTRIP server
i. Need to be within 10 km of base station
e. RTK GPS (~ 1 cm) with base station
6. Typical survey grid
a. Typically one lane
b. 3 lines
c. 50-500 feet 
d. Local grid coordinates
e. Station coordinates
f. GPS coordinates
7. Surface Temperature
a. Previous day
b. Pavement is cold
c. Inspect yellow/red areas for defects such as segregation
8. Compaction
a. Center joints have lower compaction
b. Last two runs of the day had lower compaction
c. Joint inspection
i. Straddle center joint
1. 24 x 18 x (1.5 or 3.0)”
2. Good measurement as long as cart wheels on paverment
ii. Gauge mode
1. 24 x 14 x 2.7”
d. Roughness
i. Not using Golden Car model
ii. Like Dipstick Profiler
e. Thickness
i. Pick bottom form
ii. B-scan
iii. Calculate thickness
f. Mix calibration
i. Bottcher formula
ii. Essentially linear
iii. Dielectrics don’t change with temperature
iv. Assumes no water
v. Gyratory pucks
1. Measure density with standard lab methods
2. Measure with APS
3. Same volume of investigation
4. No field issues (water)
5. Don’t need many points with Bottcher
vi. Gauges
1. Measure with nuclear or non-nuclear gauge
2. Measure with APS 
3. Different volumes of investigation
4. Typically need at least 10 calibration points
5. Field issues (water)
6. Relies on proper gauge calibration, Gmm
7. Can be done in field
g. Survey certification
i. Verify scanner against dielectric standard
ii. Return to same survey location
1. Water present?
2. Different amount of water
3. Shrinkage? (gyratory pucks not effected by temperature)
h. Data products
i. Maps 
ii. Reports
iii. Histograms
iv. PWL
v. VETA import (dielectric only)

Presentation 3 (2:00pm – 2:20pm): GSSI, Rob Sommerfeldt

· Rob Sommerfeldt’s presentation recording can be watched Here 

1. Agenda
a. History/what is it?
b. Features
c. Calibration using cores
d. Calibration using pucks
e. System QA procedures
f. Export range lane extents 
g. PWL reports
2. History
a. How it started with the DOT/FHWA?
b. Continuous Full Coverage (CFC) GPR system that will:
i. Provide on-site dielectric values of newly laid and compacted asphalt
ii. Provide continuous full coverage density information
iii. Provide compaction information in real-time, on-site using a 2D map
iv. Provide coring locations
v. Allow input of core information for calibration and back calculation
vi. QC tool
1. Roller pattern issues 
2. Paver issue
3. Number of trucks issue
4. Asphalt issue
vii. QA tool
1. PWL reports
2. Google earth reports
viii. Forensic tool
3. Features
a. Rugged deployment cart
b. Integrated concentrator box
c. Sensor design
i. Green laser to aid in location accuracy and collection guide
d. 2-pass data collection
e. 1-pass data collection
4. Calibration using cores
a. Field cores are used for the correlation of dielectric to density
b. Field cores can come form a test strip or after one day of on-site data collection
c. Core locations are determined by the system or DOT
d. Dielectric is taken at the core location PRIOR to coring
e. Cores are taken to the lab for density measurement
f. Values are entered into the system
i. Multiple mixes can be entered, named, and saved onto the system
ii. Every project can have a specific mix calibration attached to it
5. Calibration using pucks
a. In an effort to reduce coring, pucks can be used from the plants to calibrate the PaveScan system
b. Minimum of 3 pucks is recommended
c. 4-step process
d. Ohio DOT Correlation comparison
6. System QA procedures
a. HDPE block
b. Swerve method
c. Repeat line method
7. Export range
a. Throughout the day or project, multiple data files are collected and saved. This feature allows the user to combine chosen files to create a single file\
8. Lane Extents
a. The user has an option to define lane extents for each lane
i. Near and Far offset distance
ii. Near and Far joint type
iii. This information is used if using the PWL option
b. The user has an option to produce PWL reports by entering user specified limits that will be used to produce reports
c. Exported PWL reports (.csv format)
9. Linear and Area defects
a. If checked, all defects are exported to .csv and .kml files
10. Deployment options
a. Vehicle (Van, Golf Cart…)
b. Segway
c. Robot
11. KML file (Google Earth)
a. Densities correlate to known issues which can be mapped


Questions for Vendor panel about their presentations (2:25pm – 3:30pm)

· [bookmark: _Hlk90898505]Question and Answer discussion recording can be watched Here

1. [12:16 PM] Schofield, Kim (Guest):  Great history Curt and great lead into what we are trying to accomplish!
2. [12:25 PM] Hoegh, Kyle (DOT):  DPS Pooled Fund website: http://www.dot.state.mn.us/materials/dps/index.html
3. [12:36 PM] Erv Dukatz (Guest):  How long after paving were the measurements made on new pavement?
4. [12:39 PM] Dai, Shongtao (DOT):  Do you have a way to check/measure consistency among antenna pairs in the array? 
a. Line, swerve tests for sensor consistency
5. [12:40 PM] Myers, Leslie (FHWA) (Guest):  Nice job, Jacopo. Can you define “noisy”?
a. Electromagnetic interference – add the frequencies in the environment that can bias the readings
b. You can suppress or interpolate or ignore it
6. [12:46 PM] Peabody, Dale (Guest):  any systems able to accurately measure dielectric in thinner HMA lifts? say 1"
a. Chuck Oden:  Actual depth and penetration depends on the dielectric constant. If the dielectric constant was closer to 6 you could be fairly accurate at 1” depth
b. Dave Cist:  if you put a metal plate under a 1” lift you would see, working on it
c. Jacopo:  Account for the granularity of the layer – micro scattering which might affect your amplitude. 
d. Kyle Hoegh:  Pooled Fund is also working on this question.
7. [12:56 PM] Myers, Leslie (FHWA) (Guest):  I have same question as Dale Peabody
8. [1:00 PM] Amanda Gilliland (Guest):  Veta currently supports linear calibration data. 
9. [1:00 PM] Dai, Shongtao (DOT):  Can you elaborate how to use Bottcher model to develop dielectric-density relationship?
a. Chuck Oden:  with the Bottcher method, we assume a certain binding content and this works quite well. Using it as a basis model to fit response curve, effectively a linear curve.  
10. [1:08 PM] Peabody, Dale (Guest):  would like to be able to share dielectric or density map in near real time with project personnel. Phone app?
a. Dave Cist:  asked quite frequently… use Google earth phone app to show the results
b. Chuck Oden:  reports can be sent to phones using Google maps. 
11. [1:14 PM] Brian Nagel (Guest):  Is anything being done from any of the vendors to try and quantify moisture during measurement?
a. Chuck Oden:  understand the problem, we are not trying to quantify
b. Dave Cist:  we are doing research all the time, this is the age old problem… 
c. Jacopo:  agree with Dave Cist, always doing research on these problems
12. [1:27 PM] Dvorak, Dennis (FHWA) (Guest):  What is the maximum speed that each system can collect accurate data?
a. Jacopo:  still get good results at 45 MPH – need a good mount to go fast, bumps affect data
b. Roger Roberts: vehicle mode 20 MPH. But time mode with GPS can go 60 MPH (1 scan per ft)
c. Chuck Oden:  only designed for walking speeds. Pulling with vehicle still at walking speed, vibrations affect the data, still doing testing to go faster
13. [1:32 PM] Ali Regimand (Guest):  From Agency perspective how do you deal with one or more small bad spots, if majority of the pavement is in good condition? 
a. Curt Turgeon:  For thermal there is calculations for geo-spacing. It’s not a question of bas spots, but it was or wasn’t uniform. PWL along longitudinal joint? Sampling entire pavement? Still figuring out deployment, cart, robot, etc.
b. Craig Landefeld:  Get past the idea of perfection – accept that there will be areas that don’t meet the standards. When you scan the entire mat you will see all those areas
14. [1:41 PM] Kliethermes, Kevin (FHWA) (Guest):  Does any of the vendors equipment have a system warning that the system is having problem or warning i.e. radars are failing? 
a. Roger:  First check when calibrating antennas. Second check during collection, out of dielectric range or height range – accessible after data collection.
b. Chuck Oden:  You can’t record a line without calibration. Temperature stability warnings on the screen, can always add more.
c. Jacopo:  power warning, system monitor window. Internal and external GPS warning. Antenna warning for disconnected features, 
15. [1:47 PM] Fannin, Neal (Guest):  For the Pevae IR person. Has anyone ever suggested using the GPS to track paving speed to incentivize / disincentivize good basic paving practices?
a. Curt Turgeon: Pave IR system does give speed, pavers were sitting still a large part of the day – contractors realized they were losing money, that’s changed. 
b. Richard Bradbury:  Rather than incentivizing or disincentivizing, we measure smoothness, stops from paver impacts negatively 
c. Robert Hinman:  Going fast then stopping causing inconsistency and lack of smoothness that brings disincentives
16. [1:55 PM] Engstrom, Glenn (DOT):  Follow the money
17. [1:56 PM] Todd Mansell (Guest):  Great point Craig!
18. [1:56 PM] Bradbury, Richard (Guest):  This is no different than smoothness specifications. 
19. [1:59 PM] Engstrom, Glenn (DOT):  Got to go, good discussion!
20. [2:00 PM] Dunn, Curt G. (Guest):  Any consideration to mounting the DPS sensors on the paver directly behind 
a. Dave Cist:  Contractors are lacking in interest on this idea
b. Curt Dunn:  equate with segregation, you could see problems as you go
c. Chuck Oden:  water issue needs to be tackled before that is plausible
d. Erv Dukatz:  how much can you attach to the pave (and/or roller)
e. Matt Oman:  want it outputting from the roller to a phone app not controlled by the roller operator
f. Bryce Wuori:  looked into it due to speed of construction being too fast for walking cart
g. Dave Cist: Segway saves walking time, can easily keep up with the operation
h. Bryce Wuori: linked to timestamp for RTK – got interference from the roller itself. Moisture pushed out of the way by exhaust blower. 
21. [2:02 PM] Peabody, Dale (Guest):  mounting on finish roller might be best. need to overcome moisture though
22. [2:02 PM] Dunn, Curt G. (Guest):  Any Consideration to mounting the sensors directly behind the screed so the contractor can monitor the mat for segregation?
23. [2:08 PM] Bradbury, Richard (Guest):  The Pave-IR mounted to the paver measures thermal segregation (including longitudinal thermal streaks) which is correlated to physical segregation.
24. [2:09 PM] Kliethermes, Kevin (FHWA) (Guest):  Drones, Erv ,Drones....
a. [2:09 PM] Erv Dukatz (Guest):  Like drones
25. [2:09 PM] Erv Dukatz (Guest):  Good session-Bye
26. [2:11 PM] Peabody, Dale (Guest):  have the college student operating the finish roller!
27. [2:11 PM] Bryce Wuori (Guest):  Contractors that use these technologies for Quality Control right now are the ones that have the most success in ride and density. These tools help develop consistency in the field.
a. (1 liked)
28. [2:17 PM] Bradbury, Richard (Guest):  Both Pave-IR and rolling density meter can be used today as QC tools to meet the goal of R06C - reduce segregation and improve pavement smoothness and durability.
29. [2:17 PM] Cooper, Stephen.J (FHWA) (Guest):  Can autonomous DPS be programed to maintain certain distance from final roller? 
a. Jacopo:  depends on what autonomous thing you are using
b. Dave Cist:  talked with contractors – what happens if it runs out of battery and the roller isn’t paying attention…?
c. Brian Nagel (Caterpillar):  reducing manpower for safety is great, IC has been a great step forward. Autonomous is great for consistency, working toward that end
30. [2:18 PM] Amoussou-Gueno, Ulrich (Guest):  It is too great to leave but I have another commitment. Thanks
a. (1 liked)
31. [2:21 PM] Kliethermes, Kevin (FHWA) (Guest):  https://www.equipmentworld.com/better-roads/article/15280850/xcmg-deploys-driverless-rollers-pavers-on-highway-project?utm_medium=email&utm_content=11-16-2021&utm_campaign=BR_NL_Better+Roads+Weekly&utm_source=BR_NL_Better+Roads+Weekly&ust_id=ebed60caa188010c9892cf7de7ee4a7221055007&oly_enc_id=4347D1957923G0Y
a. Autonomous rollers/pavers!
32. [2:23 PM] Peabody, Dale (Guest):  great job Kyle. Thank you to the vendors.
a. (1 liked)
33. [2:23 PM] Rob Sommerfeldt (Guest):  Thanks very much Kyle!!
a. (1 liked)
34. Jacopo:  would love feedback from agency and academia for improvement!
35. [2:24 PM] Maurice Arbelaez (Guest):  Will you have this type of meeting at TRB 2022?
a. Not in 2022 TRB
36. [2:25 PM] Ken Talbot-UDOT (Guest):  Thanks Kyle!
37. [2:25 PM] Matt Oman (Guest):  Thanks!
38. [2:25 PM] Jacopo Sala (Guest):  Thank you all, great meeting
39. [2:26 PM] Maurice Arbelaez (Guest):  Thank you! Great meeting. 

40. 

Appendix A: Peer Exchange Agenda


Day 3:  November 16th, 2021 (All times Eastern)

	Start Time (ET)
	Subject
	Presenter(s)

	1:00 PM
	Welcome and DPS Pooled Fund Event Summary
	Kyle Hoegh (MnDOT)

	1:10 PM
	Purpose of Vendor and User Group Meetings for Deploying New Technology in Pavement Construction
	Curt Turgeon and/or Rebecca Embacher (MnDOT)

	1:15 PM
	DPS Vendor Updates, 20 minutes each
	3D Radar; 
Earth Science Systems;
Geophysical Survey Systems 

	2:15 pm
	Questions for the vendor panel about their presentations
	Panel: 
3D Radar; 
Earth Science Systems;
Geophysical Survey Systems 

	2:30 pm
	Optional Discussion:
· Allow vendors to ask questions of current and potential users attending the event to better understand the needs of their customers.
· Allow users to ask questions of the vendors to better understand current and future capabilities of the technology. 
	Moderator: 
Kyle Hoegh (MnDOT)

	3:00 PM 
	Adjourn
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