The First Joint Field Test (15t JFT)
- Results -

Choon Park, Ph.D.

Principal Geophysicist
Park Seismic LLC

'"'"““‘"m Park Seismic

Seismic Approach to Quality Management of HMA

MnDOT Contract No. 1034287
Federal Project Number: TPF-5 (341)
EXxecution: January, 2020 - December, 2021

Principal Investigator: Choon Park, Park Seismic' LEC;,Shelton, Connecticut, USA
Co-Investigators: Nils Ryden and Josefin Starkhammar, Norfee Tech, Lund, Sweden
Administrative Staff: Jin Park, Park Seismic LLC, Shelton, Connecticut, USA




SUMIMARY

* Norrfee Tech performed the first joint field test (1t JFT) on February 23, 2021, on a road near Lund,
Sweden. The purpose was to jointly test the hardware system of the 16-channel MEMS microphone
array and the ParkSEIS-HMA software under a real survey condition.

* The survey vehicle moved at about 15 knot/hour (¥17 MPH) speed for about 4 minutes to travel about
1.3 km distance.

* This collected fifty (50) TDMS files (T210223 _1.TDMS —T210223 50.TDMS) of fifty (50) 16-channel
records per TDMS file except for the last TDMS file of only one (1) record/TDMS. The 48t file
(“T210223 _48.TDMS”) was a faulty file with incorrect channel assignment, cause of which is under
investigation. In consequence, a total of 2401 records were collected.

* Number of records and survey distance outlined above indicate that, on average, one impact was
delivered every 0.5-m distance.

* The ParkSEIS-HMA software was performing file transfer, conversion, and subsequent data analysis in
pseudo-real-time mode inside the survey vehicle. However, the software had to be terminated
prematurely after processing six (6) TDMS files. This was because the acquisition (PXI) system had to be
powered down. It was consuming a significant power of the electric vehicle. The ParkSEIS-HMA,
therefore, is currently under modification so that it can separate its file transfer and conversion part
from the analysis. This will enable the PXI system can be powered down as soon as the survey finishes
and the software can continue the analysis on the installed laptop computer.

* After the field operation, the ParkSEIS-HMA processed all (50) TDMS files through a simulation of the
JFT in the lab by feeding each TDMS file manually from a network drive (that represented the PXI
system).



SUMMARY (Cont’d)

* The process results showed acquired Lamb waves have extremely high signal-to-noise ratio of about
93%; e.g., 100% means all Lamb waves and no noise, while 0% means all noise and no Lamb waves).
This unusual quality seems to be the result of the high fidelity of the new acquisition system. It seems
the low-temperature of the asphalt also contributed to the high quality because of the low attenuation
of the seismic waves.

* There were eight (8) false-trigger (FT) records out of 2350 production records, which puts the FT ratio
under 0.4%.

* The results of shear-wave velocity (Vs) showed an average of about 1800 m/s, while those of the
thickness (H) showed an average of about 10 cm. Both values are believed highly reasonable.

* The temperature data showed an average of 6.5 degrees in Celsius.

* Survey area, acquired data sets, and analyzed results are presented in this report.

* Graphical discussions of the near-future 2D array system have been presented also.

* Possible change of dynamic range in AD conversion that can further increase the Lamb wave quality is
presented in the last two pages.
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For a distance about 1 km long at a
cruising survey speed of about 15
knots/hour (17 MPH)

About 4 minutes of survey driving
Although GPS was designed to be
updated every 1 second, it was
updated rather randomly during the
survey. The cause is under
investigation.

Data points at about every 0.5 m
A total of about 2400 data points

Fifty (50) TDMS files with fifty (50) 16-
channel records/TDMS file



QA/QC on ParkSEIS-HMA

* Excellent quality (S/N ~ 94%, ~0.3% false trigger)
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15t JFT Data (Felb 23, 2021) — Results
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Software and Survey — Revisit

e Main Software — ParkSEIS HMA

— Key ACQ control parameters in a dedicated GUI: ARM/DISARM/STOP,
trigger level, recording time, pre-trigger time (e.g., continuous control
with a track bar),-etc.

— Analysis: In-Field and In-Office modes ... .. N

e PXI System

— Control software as startup program (i.e., automatic execution when
PXl is turned on), and self termination (i.e., automatic termination
when STOPTXT or system turned off)

— Remote desktop access — only when necessary

 Normal mode of survey
— Start driving along a given road segment
— Check data points on the X-Y map
— Drive back and forth to fill more data points
— Check results (velocity and thickness)?




2D System - Receiver Array and Source

Synchronized (< 1.0 ms)
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One Common Source
with Radial Receiver Arrays

*  True multichannel acquisition to cover 2D
* Synchronized recording for all (4) arrays

* Source power and the attenuation are
the limiting factors.

0.30m
(Min. Optimum!)
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Independent Source

Current source can be used.
Separation (D) is highly flexible
Dmin (e.g., > 0.5 m) to avoid interference from other array(s)

Waste of channels (i.e., only 16 channels are used at a time, not
64 channels) — 16-channel ACQ.

D

O: MEMS array center



Field test 210109, record nb 7 in tdms file T210109 25

Example data set at low speed about 15 km/h

Similar

data as before but now with about 30 times higher amplitudes (from more amplification

but also colder and stiffer asphalt)
Noise level about 3 mV, peak surface wave about 0.2 V, peak direct air wave about 1.0 V
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This is what was obtained during the field
test in January 2021. It shows a dynamic
range dedicated to 1 volt range in which the
- air waves took most of its range.
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Normal Clipped

“1210223_9.TDMS”
e “Extremely High
N : E@ AW = | Quality Lamb Waves”

This shows a possible dynamic range applied to a
lower volt (e.g., 0.3 volt) may still be able to amplify
the Lamb waves although it will clip the air waves.
The “MUTE” record displayed below shows the
clipped air wave does not adversely influence the
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