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1. Overview

TAPPER 64 is a-6dannel seismisystem thatcollectsseismic datan a rolling modealong the hotmix-
asphalt (HMA) roably usingfour (4) MEMS microphone arrays (&bannel each)The four (4) arrays

are transversely arranged to cover a certain width of HMA pavement simultaneously (adjustable within
0.5 m-1.0 m). The onboard laptop computer analyzes incoming seismic data automatically and displays
output results of sheawave vebcity (Vs), thickness (H), Young's (E), and sh¢an@duli, and

temperature of HMA pavement witfespect todistance (m) and GPS coordinateplan view maps

The system recordbie leakymode seismi¢Lamb)surface waves generated from anpact soure

located at arequidistance from each array. The Lamb waw#glly travellinghorizontallyalong the
pavement surfacaretransmitted into the air above thpavementsurface ("leaked") in the form of

sound waves, which are then detected by the MEM&aophones. Historical development of

underlying theoriess well described in the originptoposalto the project (MNDOT Contract No.

1034287 | "Seismic Approach to Quality Management of HMA") that funded the development of this
system TAPPER 64 represents a technical realizatitredivo-decadelongstudies.

The most sensitive part of the acquisitisystem is the impact source that can direatiffjuence on the
quality of acquired datalt is a smabbolt with cap nut tghtened in aip tie, which is attached to a
vertical rod installed in front of the arraydt ishanging dowron the pavement stface in a slant angle.
The receivesarray panel is harnessed on the back of a survey veimite 2in hitch receiver. When
the vehiclestartsmoving the impact source wilhitially drag on the pavement surface. Thenyill
soonstart bouncing up and dowto generateimpacts once the vehicle reaches at a cruising speed
between 20 and 30 MPHeach impacgenerated higkpitched sound is detected by channel #1, which
will then make the PXEecordingsystem record a 64hannel5-msseismic data with 1.8nspre- and
3.5mspost-trigger times, respectivelyEach record will also include temperatur€) and GPS
(LAT/LON) datmeasured near the impact poinkVhen 20 of such records astoredin the memory,
they are saved as one TDMIB in a folder of PXI, which is also a stahohe Windows computer.

Whenever a new TDMS file is saved, the TAPPER 64

ParkSEISIMA (PS1MA) softwarepackage

installed on an onboard laptop computer will "

start processing iirnmedia_[e|y The |aptop i | PXIACQSYSTEM (64-CH) + 4 RECEIVER ARRAYS (16-CH/ARRAY) g
. . . . ! ismic, GPS, and Temperature Data) (*.tdms) Q

computercommunicateswith the PXI via Wi g Rtapd e <

connection and therefore can "view" the PXI - ]
computerwhenever necessary through the i e :
remote desktop connectiofrom the onboard Conversion to ParkSEIS (PS) Format (*.dat) —
laptop computer :

Sound-Wave Muting [*(MUTE).dat] :EE
The 64channel acquisition system (A@Q) is T
designed and built at Norrfee TeéB in Lund, | e e C e T O <
Swedem by expandm_g the 1D SyStanEVIOUSly Velocity (Vs), Thickness (H), and S/N Evaluation :E:
developed for astudy in 2019 The ParkSEIS | a
HMA (PS'”VIA) software paCkage is developed : Moduli [Young’s (E) and shear (p)] Evaluation %
by expanding its paremiackageof ParkSEIS &
AUTO (v. 3.0) first released in September 2017;. Output Display
The overall arditecture of TAPPER 64 is 5 (.1, S/N, E, i, Temperatrs, and GPS) 5

presented in a schematic displayed in this pagé. -----------------------------------------------------------
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2. Overall System Schematand Photos
2.1 System Schematic

All hardware components for data acquisitiGhC@64) consisbf four (4) MEMS microphone arrays (16
channel per arrayand a 64channel National Instrument Pidcordingsystem. Pushing the switch once
will turn on the PXI system, which is a staaldne Windows computer that automatically runs the
acquisition controkoftware as a startup program. A separate laptop computer has the PaiBRAIS
(PSHMA) software package installed, which controls several key features of PXI system (e.g., recording
parameters, initiation and termination of recording) apérformsall 4eps of data analysis and display

of the results. PXI and laptop communicate viaRMGonnection. PXI does not have its own dedicated
display monitor while the laptop can access it through the remote desktop connection whenever
necessary. To start @w survey, turn on the PXI first and then laptop. When first booted, it usually
takes about two minutes until both computers fully establish the wireless connection. Launchthe PS
HMA program on the laptop. See the "Quick Guide for New Survey" for cetads.

/ WiFi

DataCable CH1-8
CH9-32

o — -

Power
Inverter
AC 110V
(2000W)

12V DC Power
Adaptors

Bouncing Impact Source *Junction box
. **Infra red sensor for temperature measurement
MEMS M(l;rso(p:):;me Array ***ParkSEIS-HMA (PS-HMA) software installed
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2.2 Iltem Photos

Array PanelConnected toSurvey Vehicle (2" Hitch Receiver)

DC Power Adaptors
for Arrays

IR Temperature
Sensor

.
GPS
| Receiver
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MEMS Microphone Arrays (4 x ighannel arrays) and Array Panel

(Top and Bottom Views)
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3. Impact Source

The impact sourcé 5/16in bolt with cap nut)s screwed into the head of a zip tie, which is attached to
the hanging foam road by using thin zip ties (a). The foam road can be slightlyf becessanto

adjust its height above the ground surfa@. The bouncer will prevent the source from over swinging.
The length of the source zip tie belotip of the holdingrod is important. It should be just enough
length to make the zip tie properly angled widsspect to the ground surface (b). If it is too long (c), it
will simply drag on the surface without making impacts. It will not make impeitier, if it is too short

(d).

Park Seismic LLC
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4. Quick Guide for New Survey

CAUTIONThe MEMS microphone arrays apaly 45 inches (about 10 cm) above the pavement
surface. To protect the arrays from damage, it is critically important to use the system on a flat road
surface without any surface objects. Itis recommended driving slowly around the survey site
beforehand to examine the surface condition.

To start a new surveylease follow the steps outlined belowlow to properly prepare hardware
components is outlined first, and then the procedure to set the software settings is described.

4.1 HardwareSetup

1. This step is optional. Befoheadingto the surveysite, prepare an orthophotdile of the site
map by following the procedure described in the "How teffare an @hophto” inthe "Using
GPS Displdyection Copy the file (*.gcfopn a USB drive thatan be plugged in the laptop
computer whenever the ParkSEHMA (PSH1MA) software needs tb display the Google map
on the background o&PS pointsThePSHMA wil display GPS pointgithout backgound
satellite mapif the file is notavailable

2. Inset the array panel to the 2nch hitch receiveon the baclof the survey vehicle.

3. Connect4 data cables between PXI ajuhction boxes bygarefully checking the channel
numbers labeled on the cables and junction boxes.

4. ConnetDC (12V) power cables (2 of themM&MS microphone array See the photo below.
Each female power cable attached on the array panel is connected to 2 a@agsect WiFi
router to the LAN port of the PXConnect GPS receiver and IR (temperatueaser cables to
the USB ports of PXPlace the GPS receiver, which has a mounting magnet at the bottom, on

Park Seismic LLC 8
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top of the metal beam of the array panel. Place IR (temperature) sensor on the front side of the
bar holding the impact source by using a black tape. Its sensing tip shopddniegdown
toward the pavemensurface

5. Connect the power irerter to al2Vcar battery. See the photo belowTurn the inverteron.
Connect all power cables to the inverter (or to the power strip connected to the inverter); i.e.,
power cables for PXI, MEMS microphone arrays, and WiFi router. Make sure all power lights are
onin the router and power adaptors for arrays. The lamp inside PXI will bea&its power
cableis connected to the power sour@yen if it is not turned on yetlt is recommended not to
connect PXI to the power source when it is not used.

6. Turn on tlke PXby pushing its poweswitch once See the photo belowPXI is a standlone
Windows computer.It should be turned off through a proper way as explained later in the
software setup. Never use the physical switch to turn it @it for 2 minutesso that the
windows operating system in PXl is fully loaded andstagup ACQ software is properly
initiated. At this time, turn on the laptop computer that has the ParkSHNVB\ (PSHMA)
software package installed-ollow the steps described in thedf8vare Setup."

Power Inverter
(2000 W)

4.2 Software Setup

1. In2 minutesafter the PXI is turned gmunthe ParkSEFSIMA (PSHMA) software in the laptop
computer. If the PSHMA main dialog shows "PXI ON" inelow labe) thenit means both
computers (i.e., PXI and laptop) are communicating vi&Monnection.The acquisition
systemis ready Roceed to setup the software properlyOtherwise, close theSHMA
programand wait for another 1 minute to run it agawhen PXId ready

ParkSEIS (PS)©-HMA (Copyright-Park Seismic LLC/MnDOT) (Ver. 06-01-2022) | x |

ParkSEIS (PS) - HMA
MaDOT Contract No. 1034287

S eismic.

PXI ON

Park Seismic LLC 9
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2. Clickthe "IN FIELD" button.

3. Click the "New Survey" button.

4. Click the "Set raw data (*.tdms) folder" buttoithis is the folder in PXI computer where the raw
data files are saved, which is mapped viaRNas a network folder in the laptoiClick "Yes" to
use the folder already set previousl@therwise, find and assign timetwork folder (e.g.,
"M:\MeasuremenkFiles")

ParkSEIS (PS)&-HMA (Copyright-Park Seismic LLC/MnDOT) (Ver. 06-01-2022)

File Folders

E» Setraw data (*.tdms) folder ‘ { "8 Set processed data (*.dat) folder

x

‘Would you like to use the previous folder?

St

5. Click the "Set processed data (*.dat) folder" buttdrhis is a new folder being created in the
laptop where all processed files are savétlick "Yes" to create a folder for the new survey. It
will create a project folder within desighateddirectory ("c\Seismic Data"). For example, a
folder "cASeismic Datdata2022_06_01Will be created for the first surveynoJune 1, 2022. If
another survey is executezh the same day, then a new hyphenattadder will be createde.g.,
"c:\Seisnic DataData2022_06_04").

ParkSEIS (PS)©-HMA (Copyright-Park Seismic LLC/MADOT) (Ver. 06-01-2022) E

TempT
‘Would you like to create a folder for the new survey?
[SYes T Olio X Cencal

Park Seismic LLC 10
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6. Click the back arrow to go back to the previous menu.

ParkSEIS (PS)©-HMA (Copyright-Park Seismic LLC/MnDOT) (Ver. 06-01-2022)

7. Click the "ARM" button.

8. The system is now armed and will record data whenever an impdetéstedfrom the high
pitched soundn channel #1 The survey can now proceed by driving the vehicle at a cruising
speed (26 30 MPH). It is important to move within the cruising speed. An excessively slow
speed (e.g., < 10 MPH) will not generate impacts, while a fast speed (e.g., > 30 MPH) can make
the impact source strintprn apartif the pavement surface is rougtOnce a raweismic file is
saved irnthe PXFolder and this is detected by the RBVIA software, then the program will start
processing data files. Each data fHedms) contains twery (20) records created from twenty
(20) consecutive impacts. Each record hassidata samples from all 4 arraysl6 channels
each(a total of 64 channels). Not all impacts will create the records. Only those intpacts
generate solid higipitchedsoundwill trigger the system toecordthe data. Some records may
contain sound waves only if ambient noise triggered the recording or may notthaveaky
seismic (Lamb) waves if the impact was not strong enough. These recortiswaever,usually
properly handled by the subsequent data analysis byIRE program.

Once theproceeding survey properly generates impact and thédRE\program starts

processing, then it will show the progress in #tatus tabin yellow color The status tab will
turn into green color when the analysis of all collected raw files (*.tdms) is finished.

ParkSEIS (PS)©-HMA (Copyright-Park Seismic LLC/MDOT) (Ver. 06-01-2022)

Raw (TDMS)

m PARAMETERS CREATED LATER <<

OTD-eaa-y mchofo\DalaZU?? 05_1B-IPS\OT>

Process results of each file (20 records) will be displayed as illustrated below. Displays will be
continuously updated as more files greocessed.

Park Seismic LLC 11
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ParkSEIS© HMA - Copyright Park Seismic LLC/MnDOT -a
bt $FHMA 55 Info @ Manual
1D GRAPH 20 MAP | GFS | X
S Survey 2D Results (Data2022_05_16-1) ez
(B wow |Eat |
By -]
“bp | Print
Velocity (Vs) | SN Ratio (vs) | Thickness (H) | SN Ratio (H) | Young's (GPa) | Shear (GPe) |
O
500 1000 2500

: X 1500 2000
Velocity (Vs) (Planview) Velocity (Vs) (mis)

Data Point (RCD #)
20

5 10 25 30 35

09 9
06 6
= <
£ o3 38
g 00 0§
w 8
G303 035
& 3
06 08
09 09

x x = x x x % = 1

4 :Data Points, File: <Vs2DDS.TXT>

The survey vehicle may continue to proceed for about 1 minute. ThisolNdtt about 50 files
(1000 recordsand have traveledeveralhundred meters of distance (about 1000 ft). Then, the
vehiclecanstop until the entire procedure oflata anlaysi$inishes. It will take about 20

minutes to finish the procesduring this period, the PBMA main dialog will disappear and
only the display of results will be visible. Clicking the "HMA" menu, as illustrated below, will
always invoke thélialog agairif the process status needs to be checked again

<mEdit 3 HMA Info @ Manual
ParkSiEIS 3.0 AUTO
”m ParkSEIS (PS)©-HMA (Copyright-Park Seismic LLC/MnDOT) (Ver. 06-01-2022)

% INFIELD

IN OFFICE

If the survey is finished at the current siteis recommendegdwhile waiting for the process to
finish,to "DISARM" the PXI system and then shut it down completely to minimeoepectel
system risks (e.g., sudden power losBd. do so, go back to IN FIELD main menu in tHeNPS
dialog. Then, click the "DISARM" button as illustrated blow. The message will inform that the
currentdataprocess will continue even after disarm. The program will then gslkuifvish to

shut the PXI down. Click "Yes" and then wait for the process to finish. It will take about 1
minute for PXI to shut down.

Park Seismic LLC 12
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ParkSEIS (PS)©-HMA (Copyright-Park Seismic LLC/MnDOT) (Ver. 06-01-2022)

NOTE

DISARM

NOTE

Would you like to shut down the PXI acquisition system?

This will 'DISARM' the P acquisition system
<Note: Data procass wil confinue.> <Note: Dg !rocess will continue even after the shut down >

Do you want to proceed?

[Fe=] ow X Cancel [@ ® No X Cancel

Never shut down PXI by using the phykssgitch because it is a staradone computer with

Windows operating system. It should always be shut down througHN®& software. If this
approach fails for any reason, then it should be shut down via remote desktop access by clicking
the icon in the gstem tray as illustrated below.

n /O.,'I:p: here to sear;h
To survey a long distance (e.g., > 1000 ft), stop and wait for cutegatanalysigprocess to

finish without disarming the sfem. Then, continue the survey for about 1 minute again.

Repeat this procedure multiplémies to finish the planned survey distance (e.g., 5000 ft). This is
the safest way to avoid thgotential memory loss in both computers that may cause

unexpected program crastOnce the system is disarmed, next new survey will have to take
place after PKis completely shut down and then turned on again.

Park Seismic LLC 13
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5. Software- ParkSEIS HMA (R8VA)Package

The main component of the software package (HA8A Main Dialog") is explained here. The other
subsidiary components (e.g., "Info" and "Tools") are-sgfflanatory.

5.1 HMA Main Dialog

_i—

abit X HMA 5 Info & Tools
ParSEIS 3.0 Al
HMA

_PXION |
7% INFIELD

IN OFFICE

€] Exit

L Park Selsmic

IN FIELD To begin a new survey in the field. This will controlrgeordingsystem (PXI) andill
process seismic files as they are collected in pseadbtime mode. It will display
process results of sheavave velocity (Vs) and thickness (H) of the HMA paarerim
plan view maps. Young's and shear moduli maps are also displayed. Surveyed points
(impact points) are displayed from GPS data in UTM coordinates. A site Goodieemap
(*.gcf) prepared in an orthophoto formatan be imported in the backgroundther
QA/QC relategharametersare also displayed (e.g., sigitainoise ratios).

IN OFFICE  After the survey, the collected data sets can bgrecessed with different parameters
(e.g., using a moradvanced algorithm), which will take a longer time thhea usual
process time taken by the "IN FIELD" mode. All survey results (Vs, H, moduli, QA/QC,
etc.) and log files (e.g., survey memao) can be displayed in plan view(Wggdd, and
moduli), charts(QA/QC), and ASdiles (log files) The key output ults (Vs, H, moduli,
and GPS) can be displayed in ASCII files, whithe imported intdxcel. Seismic data
files acquired during the survey can be displayed.

Park Seismic LLC 14
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5.2 IN FIELMODE

—
New Survey

. Settings

W, Back to Main

Ready for new survey...

ARM Arms PXI system (that must be turned on at lé¢ast minutes before the PSHMA
program runs) Any external impact sound will trigger the system to record data from
all (4) MEMS microphone arrays. Pressing this button again will "disarm" the system so
that it will not respond to the external impact sound. Thetsysmust be armed only
after file folders are set by pressing the "New Survey" button.

New Survey To begin a new survey, the button has to be pressed first to specify the folders for input
(raw) seismic files ananalyzedoutput results.

Settings All parameters related to data acquisition of PXI system and dagdysidy PSHMA
program can be changed here. The key parameters are data averaging (binning) size,
spatial sampling size, evaluation meth&isson's ratio, and density values. Default
values, however, will be optimal unless there are special reasons to change them.

Output Status of raw field file conversion, data quality variatiamd correspondingnalysis
progress is displayed. All results of a previously executed survey can aisplagedti.
This can also be accomplished through the "IN OFFICE" mode.

Park Seismic LLC 15
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5.2.1 IN FIELD | New Survey

File Folders Survey Memo

By Setraw data (*tdms) folder " Set processed data (*.dat) folder

Ready for new survey... [

Files Folders Input (raw data) and output (processed data) folders are specified here. Raw seismic
data files are saved in a folder in the PXI computer, which is mapped as a network drive
(M:) via WiFi connection. Click the "Set raw data (*.tdms) folder" to setdtusif If
the folder was previously assigned, then the same folder can be chosen to be used.
Click the "Set processed data (*.dat) folder" to set a folder for all output results. It will
create a dated folder (e.g., \Data2022_06_01") within the degiated folder in C drive
("CASeismic Data"). Another survey on the same day will use a hyphenated folder name
(e.g., ".\Data2022_06_041").

Survey Memo Any surveyrelaed information worthy to note can be written here. It will be saved as a
separatefile ("Survey Memo.txt") and can be retrived afterward whenever the survey
results are displayed. Survey purpose(s), site condittansgy logistics, etc., can be
specified.

Park Seismic LLC 16
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5.2.2 IN FIELD | Settings

PXI (ACQ) System

PXI {(ACQ) System Data Process

[

lRaady for new survey...

Triggering The voltage of impact sound (multiplied by 100) that triggers the PXI system to record
and save the data in the buffer. A value of '5' means 0.05 volt (50 mv).

Pretrigger samples  Number of samples before the triggering point that is taken fromttter as
part of the data samples to be saved. Then, more number of samples that equals
number of samples (ns) minus this number will be added to make one complete set of
samples to be saved for each channel.

Maximum (Minimum) voltagé Max (Min) voltags (multiplied by 10) used to amplify the sound
signal from each channel. A value of '50' means 5 volts.

Number of samples Total numberof samples saved mach chanel.
Sampling raté How fast samplingroceeds. A sample rate of "200000" is a 20 kHz sampling frequency,

which will result in a maximum (Nyquist) frequency of 10 kHz for the output data.

*Not recommended to use different values than the default ones.

Park Seismic LLC 17
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Data Process Preconditioning

PXI (ACQ) System Data Process

Preconditioning Evaluation | Spatial Sampling

4 TDMS Conversion Options

® MUTE Options
4 Frq. Vphs. and Thickness

. -

Ready for new survey... [

TDMS Conversion Optiohs Parameters related to the conversion of TDMS (raw) data into ParkSEIS
(PS) format can be changed here. Most parameters are only related to the software
development purposes and ordinary users will not need to congidenging vales

MUTE Options Parameters related to the optimum muting of impaggnerated sound waves.
Current default values are set after extensive testing with both real field and modeled
numerical data sets. Arbitrary changes may result in significant tieduo the
accuracy of the final results of velocity (Vs) and thickness (H) of HMA pavement.

Frqg, Vphs, and Thickness  Parameters related to the sheavave velocity (Vs) evaluation (e.g.,
range of frequency and phase velocity) and the thickness (H)ai@iue.g., range of
thickness and its resolution) can be changed here. Current default values are set after
extensive testing with both real field and modeled numerical data sets.

TDMS detection and conversion orilyUsed only when testing saved rawatd (TDMS) files
association with file detection algorithm of B/A software. Not for ordinary use.

Park Seismic LLC 18
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Interval of TDMS copy (m$) The interval between successive copying of raw data (TDMS) files can be
changed here. This is related to the file copyspged of PSIMA softwarerelated to
the Windows file explorer.

Indexing* The first number that will start as the record number for a given survey.

In-House testing This option is used only for testing purposes oHMA software under special
circumstances. Not for ordinary use.

*Not recommended to use different values than the default ones.

Data ProcessEvaluation

PXI (ACQ) System Data Process
Preconditioning Evaluation Spatial Sampling

Ready for new survey... [

SVelocity (Vs) & thickness (H) evaluation Two methods are available; an apgimate (fast)
method and an advanced (slower) method. The fast method is the optimum method to be used
during the field survey, while the slower method can be used in the office for more accurate
resultsanda higher spatial resolution.

Elastic parameters  Poisson's ratio and density values can be changed here. Both are used during
the evaluation of the velocity (Vs) and thickness (H). Both are also used fotd¢hkatan of
Young's modulus, whiléensity is used for shear modulus. Current default valuesvavst
optimalfor typical HMA pavement.

Park Seismic LLC 19



TAPPER 64 User'sManual

Data averaging (binning) size Longitudinal and transverse spatial sampling densfteslata analysis
can be changed here. For example, values of 3 andldrigitudinal and transverse sizes,
respectively, will average 3 consecutive records from previous and next records for a given array
(e.g., #1 arrayand 1 record from each array on both sides (e.g., records from #1 and #3 arrays
for array #2). The redtant effects areghe increasedignatto-noise ratios (S/N) along both
longitudinal and transverse directions at the expensdeadreasedpatial resolution. The
smaller numbers (e.g., 0 and 0) will result in a meaningful increase in the spatial ic@soloity
if the collected records maintain high S/N values. It is therefore a tradeoff between the two (i.e.,
spatial resolution and S/N).

Data Process Spatial Sampling

PXI {ACQ) System Data Process

Preconditioning | Evaluation Spatial Sampling

Ready for new survey... I

Spatial Sampling Density for ProcessLongitudinal spatial sampling density can be changed hEnés
will directly impact the longitudinal spatial resolution of the final results in velocity (Vs) and
thickness.For example, a value of 3 will skip h8xecordsafter processing current recd.
Considering an average impact rate afrthactgm at a cruising speed (e.g., 20 MPH), this will
result in a longitudinal spatial density ofr\pactper two meters (i.e., 0.5/m)This willalso
directly affectthe overall processintime during the sirvey. This option will nothangethe
actualspatial sampling of raw datavhich will always occur whenever a valid impact is made.

Park Seismic LLC 20
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Min. Record Quality for Analysis The minimum S/N can be set here that will determine if a
record is used for subsequeanalysis or not. If S/N is lower than the specified value, then it will
not be used for the analysis. A zero (0) value means all records, regardless of S/N values, will be
used for the analysis. This (0) is the default value because other signatemhapproaches
(e.g., longitudinal and transverse averaging) usually compensate for the low S/N records.

5.2.3 Output

Display

¢ From Previous Survey

¢ Frorm Post-ACQ Process

Ready for new survey...

DisplayAll results (Vs, H, and moduli) of a previous survey can be displayed here. If the survey data was
processed again via IN OFFICE mode by using different process paramters ({A&C@ost
Process), then they can be displayed by clicking the "FromA®@Process" button.
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Status

Process Tab Raw (TDMS) Tab

Process

X Gancel

ek SEIS (7510 HMA Copyn gt ok Setemic LLCMADOT) (Ver 0417207200 <PakSEIS (PS)2-HMA (Copyright Park Seismic LLGMADOT) (Ver, 04-17-2022)
ot o ARM started 4/18/2022 105805 AM
i T spacifisd M s : i
Processed data folder specified: C\Seismic Dats\Deta2022_04_18-1 E‘D!J's”vﬂ'e”n'i?;Z:ﬁé’?:;.'?"?’n?}"ﬁ—iﬁ.m" 8_401dms>
ARM sterted 4/18/2022 10.58.05 AM
529233323 TOMS Canversion Rielated Parameters €4<<ceesececes gg:('fu'gqgIg;f;:g;z‘E;U;ij:ﬁﬂwﬁfg'zfﬂfnfps’
%M?QDTT?;(ﬁ)')Bw s TDMS file copy successul. 105847 AM -
Ch:?:el :p:%ing?m]'il 1225 PS file saved atotal of 20 recards (1-20)(10-58:48 AM): <T220418_40.DAT>
< >
Remave DC component (0=No, 1=Yes). 1 ﬂr‘;h:'S”géoﬂz:::::m't‘?‘uﬁﬂghwzu“ 8_42 tdms
o dﬁz;?;“:;':"ﬂ:s]"‘? 1=Yesk0 Converting TOMS to PS fla (10,5643 AM) €T220418_41 s>
Flip teverse shot it detected (0=No, 1=Yes): 1 E‘DENSISﬂ1:w‘llenanp’;::-:;f:mﬁlm:yﬂ?ﬂpﬁml?&:dwmn 8_431dms>

Data Quality Tab

[ | D:ta Quaity (0%=Faise Trioger) NNERC ol o]

b ST
i [3!. i il ' kit
klf giui’ﬂi I' |i‘| il Imi ] ’iﬁ(ﬂh

—— G (#1) - L(#1) —— Q(#2)---- L(82) G (#3) L (43) —=—Q(84)---- L (B4)

Process Processig status of all recordduring the survey is displayed here.
Raw (TDMS) Copying and conversion statasraw datafilesduring the surveys displayed here.

Data Quality Overall data qualities are displayed here separately for all 4 arrays. The "Quality (Q)"
represents a comprehensive S/N for each array (e.g., Q#1, Q#2, etc.) that is based on S/N and Lamb
wave amplitudes. The "Lamb (k§presents the (max) normalized amplitudédetected Lamb
waves afteimpact sound waves are muted. It can be a more objective index of how strong Lamb
waves are than the overall S/IN. The "False Trigger Record List" displayed on ts&ldégiane
shows those records of false trigger that basically contain ambient noise only without any useful
signal (Lamb) waves.
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5.3 IN OFFICHIODE

E Process

#* Display

W, Back to Main

Ready for new survey... | I

Process A data set from a previous survey can berecessed with different parameters in, for
example, evaluation method, spatihalysislensity, averaging (binning) sizes, etc.

Display Full results from a previous survey (or a PASIQ procesgianbe diplayed.

Park Seismic LLC 23



TAPPER 64 User'sManual

5.3.1 IN OFFICE | Process

f ¥ Select a survey project !
®y Settings

Memo here..contents will be saved.

Ready for new survey... [

Select a survey project A previous survey (e.g., \Data2022_06_01") is selected. All data
processrelated parameters used during the survey are also imported. The program will ask if all
of them are to be reset to the optimal values for the advanced but longer process EFNCE").

It is recommended to accept the offer.

Settings All dataprocessrelated parameters can be manually changed here. Refer to the
"Settings" in "IN FIELD" mode.

Run process Launches the new process with updated parameters. New resultsendlisplayed at
the end.

Start process from  The process can start from either raw (*.tdms) or converted (*.dat) data files.
As far as seismic data is concerned, the converted data will be 100% identical to the raw data.
Therefore, it is recommended alysto start from this (*.dat) option. However, if other type of
data (e.g., GPS) needs to be updated, then the raw (*.tdms) option can be chosen.

Memo Any information worthy to note can be typed in here (e.g., purpose of the reprocess,
parameters chang# etc.). It will be saved as a separate file ("Proddssio.txt").
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5.3.2 IN OFFICE | Display

Complete Survey Results Tab Long Files (*.txt) Tab

Complete Survey Results 0g *{ Seismic Data Complste Survey Results Log Files (* 1)

L] L]
@ From a previous survey

¢ From a Post-ACQ process 8 Open alog file from a previous survey
B Openalog file from a Post-ACQ process

Complete Survey Results Log Files (* bt} Seismic Data

P, Display a seismic file from a previous survey
Y. Display a seismic file from a Post-ACQ process

Ready for new survey...

Complete Survey Results A complete set of results from a previous sur¢ey., Vs, H, moduktc.)
can be displayed by clicking the "From a previous survey" button. The same from a previous
"PostACQ Process" can also be displayed by clicking the "From-A@Qsprocess"” button.

Log Files (*.txt) A log file saved during@evious survey (or during a previous "R&SEQ
Process") can be displayed here by clicking the "Open a log file from a previous survey" (or
"Open a log file from a Po#CQ process") button. Three different types of log files can be
selected; velocity rad thickness (Vs and H), modulus (shear and Young's), and memo (survey or
postACQ process).

Seismic Data A seismic data file (*.dat) can be displayed here that was saved during a previous survey
(or during a previous "Po#tCQ Process"features ofhe display module can be found from
the user guide posted onlineDispersion image files (*OT*.dat) can also be displayed if chosen.
Features of this type of siblay are explained in section 3 of thiser guide posted online
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5.4 Full Output Results

Type of output results are presented in the table below with tirethod of availability.

- Availability
ype Graphical Text (*.txt)
1D 2D
Shear Velocity (Vs) o} o] 0
SignalTo-Noise Ratio (S/N) (Vs) o] 0
Thickness (H) o} o] 0
SignalTo-Noise Ratio (S/N) (H) o] 0
Young's Modulus (GPa) o] 0
Shear Modulus (GPa) 0 o]
Temperature o] o]
GPS (LAT/LON) o] 0
Log (Survey Memo, Process Memo) o]
5.4.1. GRAPHICAL DISPLAY {1D
Shear Velocity (Vs)
= ParkSEIS© HMA - Copyright Park Seismic LLC/MnDOT -9
<p Bt §F HMA @) & Manual
1D GRAPH | 2D MAP GPs X |
S Survey 1D Results (Data2022_04_18) o |e | =
Chart ||
o 2 N
Save &nf View Grids (RCD &)
Velocity NSHTgmckness {H) | Temperature (T) |
000 Yelocity (Vs)
zsoo-%:ﬁ'i ; ;e F1.00 @
Z 20001 wikpraneiiily miﬁ
& A ; o z
2 15004 H0.60
= @
g 2
§ 1000+ : H0.40 E
500 A - T, e, Mm% K e x "*""‘-o.zo%
0 T T T T T T T r T T T T T T 0.00
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700
Data Point (RCD #)

*Forthe controllable features of Ddisplay module, please see theer guideof the parent module.
The "(RCD #)" button changes the horizontal axis to distance (m) from record number.
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Thickness (H)

ogRAPH | 2D MAP | GPS | X |
S Survey 1D Results (Data2022_04_18) Sle=]
[Chart ]|
1 =] L4 H Lol
Save Print | YRw Grids | (RCD#)

Velocity (Vs) Thickness (H) | Temperature (T) |

Thickness (H)

8

S o
3 3
(N/S) oney asioN-0 1-[eubis

=)
5

Thickness (H) (cm)

S
N
o

g

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700
Data Point (RCD #)
* H@#) ----- SN@®) * H@#2) SN@#2) + H@#3) SIN(#3) * H(#4) ----- SN (#4)
Temperature( C)
WEit  HF HVMA ﬁE ?.Manual
1D GRAPH | 2DMAP | GPS |_x |
3 Survey 1D Results (Data2022.04_18) =@ =]
[Crart ]|
o & L4 i Lol
Save Print View Grids A (RCD #)
N

Velocity (Vs) | Thickness (H) Temperature (T)

16 Temperature (T)
.15
M)
2
L]
RRIINE a0 o T — e e S
e
£
5 13
a
E
3
12
1 T T T T T T T T T T r T T T T T
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
Data Point (RCD #)
X Temperature (Celcius)
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5.4.2 GRAPHICAL DISPLAY t 2D

Shear Velocity (Vs)

£ ParkSEIS© HMA - Copyright Park Seismic LLC/MnDOT - o ES
<“q Bt $F HMA 5 Info @@ Manual
10 GRAPH 20 MAP | GPs | X |
pS Survey 2D Results (Data2022_04_18) o |e | =

Files |view |Edt |

8 & ‘
*bmp nt

Velocity (VS]] SN Ratio (Vs) | Thickness (H) | SN Ratio (H) | Young's (GPs) | Shear (GPa) |

B -
500 1000 1500 2000 2500

Velocity (Vs) (Planview) Velocity (Vs) (m/s)
Data Point (RCD #)
100 200 300 400 500 600 700
H ;
] a
[ = [
m 3
g @
0O - =
A El

A : Data Points, File: <Vs2DDS.TXT>

*Forthe controllable features a2Ddisplay module, please see thger guideof the parent module.
The "(RCD #)" button changes the horizontal axis to distance (m) from record number.

SignaiTo-Noise Ratio (S/N) (Vs)

= ParkSEIS© HMA - Copyright Park Seismic LLC/MnDOT - o IEHl
< bit $F HMA 5 Info @@ Manual
1D GRAPH 2D MAP | GPS | X |
pS C\Seismic Data\Data2022_04_18\PS\VsHDC\Vs2DDS(SN).TXT o || &'
FEiles ‘me I
&
*bmp Print ‘\/>
Velacity (Vs) Thickness (H) | SN Ratio (H) | Young's (GPa) | Shear (GPa) |
0 20 40 60 80 100
SN Ratio (Vs) (Planview) SN Ratio (Vs) (%)
Data Point (RCD #)
1(.)0 2(.)0 390 490 SQO 6Q0 7[?0

0.94 H0.9

0.6 0.6
= <
E 3 O
g @
5 08
= @
0 0. 03 =
S E}

-0.64 06

-0.94 0.9

e
A - Data Points, File: <Vs2DDS(SN) TXT>
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Thickness (H)

abit HFHMA 5 Info & Manual |! :

10 GRAPH
9 m =lel=]

Eles |view |

B (]
* bmp Print I“/>

Velocity (vs) | SN Ratio (Vs) Ratio (H) | Young's (GPa) | Shear (GPa) |

- Data Points, File: <H2DDS.TXT>/

SignaiTo-Noise Ratio (S/N) (H)

< bt LFHMA S Info !Mlmul p ,

10 GRAPH DMAP——

pS
Eiles |view |
By | & |
*bmp Print />

Velocity (Vs) | SN Ratio (vs) | Thickness (H) M:'&ng-s (GPa) | Shear (GPa) |

File: <H2DDS(SN).TXT>
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Young's Modulus (GP%)

< bt FFHMA 5 Info & Manual
10 GRAPH 20 MAP | GPS | X |
3 Ch\Seismic Data\Data2022_04_18\PS\VsHDC\Youngs2DDS.TXT =e=]

Eiles |view |Edt |
By &
*bmp Print I‘/>

Velocity (Vs) | SN Ratio (Vs) | Thickness (H) | SN Ratio (H) gm GPe) |

Young's Modulus (POS=0.300. Density=2300 kg/m3) 0 10 Young?;]Modult::jSO(GPa) 40 20
Data Point (RCD #)
. 1o 20 ‘ L M0 R R .
=
o]
2
o
=)
@
BE]

4 : Data Points, File: <Youngs2DDS.TXT>

*Moduli maps can be updatday using different values of Poisson's ratio and density by selecting the
"Edit" tab in the top tool panel.

Shear Modulus (GPa)

<aBit $FHMA 5 Info & Manual
1D GRAPH 2D MAP | GPS | X |
S CA\Seismic Data\Data2022_04_18\PS\VsHDC\Shear2DDS.TXT @ =]

Eles |view |Edt |

bmp in

Velocity (vVs) | SN Ratio (vs) | Thickness (H) | SN Ratio (H) | Young's (GPa) |l_S

Shear Modulus (Density=2300 kgims3) LA AN, S
Data Point (RCD #)
100 200 300 400 500 600 700
09 0.9
06 06
3 =
5 03 39
§ 00 08
- @
503 035
> 3
061 06
09] 09
R E———.
4 - Data Points, File: <Shear2DDS TXT>
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5.4.3 GPDISPLAY
UTM Display
This is theoriginal display mode when the "GPS" tab is first selected.

bt X HMA 55 Info & Manual 'l : —

L <
1D GRAPH | 2D MAP GPS | X |
@ | UTM Coordinate
e. 0060
’ 00404
=
=T
9 2
Q) o
3
9% T 0020,
" z
T
Vo
-0020
0040 0020 0000 0020 0040 0060 0080 0100 0120 0140
Easting (m) (+651400)

UTMwith Orthophoto (*.gcf)

An orthophoto of the site&eombined with location information (*.gcfprepared beforehand, can be

imported by clicking the button as illustrated beloBteps to prepare such a file (*.gcf) are explained in
the "GPS Display" section.

<abit $f HMA §5 Info @ Manual
1D GRAPH | 2D MAP GPS 5l

MY 2

0
&
Northing (m) (+4569440)

‘ =___\‘__ﬁ—!—_-~, _ B
0060 0080 0100 0120
Easting (m) (+651400)
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5.4.4 TekFiles

Velocity (Vs) and Thickness (H) Data
("Velocity-ThicknessData.txt")

Print | Save |

S-Velocity (Vs) and Thickness (H) Output Data

Project Name: Data2022_05_12

RCD: Record number, X (m): Distance from 1st data point (=0.0 m), TdegC: Temperature in Celcius
Vs Velocity from each array in m/s (e.g. Vs1=Vs from array #1), VsAve: Average of all (4) Vs values
H: Thickness from each array in cm (e.g. H1=H from array #1), HAve: Average of all (4) H values

RCD

LAT

41.2622639973958
41.2622644147302
41.2622648320646
41.2622652493990
41.2622656667334
41.2622660840678
41.2622665014022
41.2622669187366
41.2622673360710
41.2622677534054
41.2622661707399
41.2622685880742
41.2622690054087
41.2622694227431
41.2622698400775
41.2622702574119

LON
-73.1924886067708
-73.1924877721020
-73.1924869374332
-73.1924861027644
-73.1924852680956

-73.1924844334268
-73.19248359875860
-73.1924827640892
-73.1924819294204
-73.1924810947516
-73.1924802600828
-73.1924794254140
-73.1924785907452
-73.1924777560764
-73.1924769214076
-73.1924760867368

X(m)
145
145
145
145
145
143
143
144
144
144
144
144
144
144
145
145

0.00
0.08
027
0.25
0.34
0.42
0.50
0.59
0.67
0.76
0.84
0.92
1.01
1.09
117
1.26

TdegC  Wsl

26218
26108
2632.8
26218
26218
26108
26108
25998
25778
2566.7
25447
25117
24896
241p5
23795
23354

Modulus Data
("Modulus-Data.txt")

& Print | By Save |

2632.8
2610.8
2632.8
2632.8
2621.8

2610.8
2610.8
2610.8
2588.8
2577.8

25447
25227
2489.6
24235
23795
23354

W2

2632.8
2610.8
2632.8
2632.8
2621.8
2610.8
2610.8
2610.8
2588.8
25778
2544.7
2522.7
2489.6
24235
23795
23354

2621.8
2621.8
2643.9
2632.8
2621.8
2610.8
2621.8
2621.8
2599.8
2588.8
2555.7
25337
2500.6
24456
24125
23795

Ws3
26273
26136
26356
26301
26218

26108
26136
26108
2588.8
25778
25475
2522.7
24924
24263
23877
23464

Young's (E) and Shear (U) Modulus Output Data

Project Name:

Data2022_05_12

RCD: Recard number, X (m): Distance from 1st data point (=0.0 m), TdegC: Temperature in Celcius
E:Young's modulus from each array in GPa (e.g. E1=E from array #1), EAve: Average of all (4) E values
|J: Shear modulus from each array in GPa (e.g., U1=Ufram array #1), UAve: Average of all (4) U values

RCD

Park Seismic LLC

LAT
41.2622639973958

LON

X{m)

TdegC

41.2622644147302
41.2622648320646
41.2622652493990
41.2622656667334
41.2622660840678
41.2622665014022
41.2622669187366
41.2622673360710
41.2622677534054
41.26226681707399
41.26226685880742
41.2622690054087
41.2622694227431
41.2622698400775
41.2622702574119

-73.1924886067708
-73.1924877721020
-73.1924869374332
-73.1924861027644
-73.1924852680956
-73.1924844334268
-73.1924835987580
-73.1924827640892
-73.1924819294204
-73.1924810947516
-73.1924802600828
-73.1924794254140
-73.1924785907452
-73.1924777560764
-73.1924769214076
-73.1924760867388

0.00
0.08
027
0.25
0.34
0.42
0.50
0.59
0.67
0.76
0.84
0.92
1.01
1.09
1.18
1.26

145
145
145
145
145
143
143
14.4
14.4
14.4
14.4
14.4
14.4
14.4
145
145

11
408
CIR]
11
11
408
408
0.4
397
394
387
377
371
348
339
326

.5
40.8
.5
.5
41.1
40.8
40.8
40.8
40.1
39.7
38.7
381
371
351
339
326

El

N5
40.8
N5
N5
11
408
408
408
401
397
387
381
371
351
339
326

E2
411
411
41.8
41.5
411
40.8
411
411
40.4
401
391
384
374
35.8
348
339

E3

N3
40.8
N5
a4
111
40.8
40.8
40.8
401
397
388
381
371
352
341
329

15.8
15.7
15.9
15.8
15.8
15.7
15.7
15.5
15.3
15.2
149
145
143
134
13.0
125
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Log Files

"Survey Memo.txt"

& Print | BY Save |

Testsurvey on 512/2022
Location: Trumbull High School Parking Lot
Time:about11 am

Surface condition: ald asphalt pavement with minor undulation and some patched areas

Site condition: relatively quiet with occassional lawn mowing noise within ~100m distance
Survey:

Test survey started beside the foothall field and made one circle around the edge of the parking lat.

"ProcessMemao.txt"

&y Print | B Save |

Test process of data setfrom 05-12-2022

Advanced method of Vs and H evaluation
Highest spatial sampling (nskip=0)
Longitudinal averaging (binning) size = 3
Transwverse averaging (binning) size =1

Highest frequency of analysis = 50000 Hz
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5.5 UsingGPS Display

5.5.1 How to prepare an Orthophoto

What is an @thophoto?

It is a map photo where distance scale is the sawverywherein the photo as illustrated below.

To prepare an orthophoto map, use a Google map browser that can save a map with a bigtiores
(e.g., 4800 x 2201)The procedre is briefly demonstrated beloy referring toGoogle Earth Pro

Navigate into the survey site and display the map with titee @s much centereds possible. Go to the
"View" option inthe menu bar, select the "Reset", and then click the "Tilt" option as illustrated below.
This process may have to be repeated whenever the map is changed with mouse scroll and panning
actions because thayay display the map with perspectwe
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