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End User License Agreement

PLEASE READ THIS END-USER LICENSE AGREEMENT (EULA) CAREFULLY BEFORE USING EITHER THE AMS TANK
PRODUCT, OR ITS ASSOCIATED SOFTWARE. The software is licensed, not sold. By using (installing, copying, or
otherwise using the software) the software you agree to be bound by the terms of this agreement. If you do
not agree to the terms of this agreement, you may not use the product. If you choose to reject this
agreement, you may contact Acertara Acoustic Laboratories at www.acertaralabs.com to request a full
refund within 30 days of the original purchase date.

1. General Information: The software, including printed materials or online electronic documentation
(the “manual”), is the copyrighted work of Acertara Acoustic Laboratories, or its licensors (referred
to herein as “Acertara”). Acertara reserves all rights not expressly granted.

2. Permitted License Uses and Restrictions:

a.

Subject to the terms and conditions of this License Agreement, you are granted a limited
non-exclusive license to install and use the software on computers which are owned or
leased by the End User for their own internal use. Except as, and only to the extent
expressly permitted in this License Agreement (or by applicable law), you may not copy,
reverse engineer, modify, decompile, or create derivative works of the software or any part
thereof.

3. Ownership Rights and Obligations:

a.

All title, ownership rights and intellectual property rights in and to the software, and all
copies thereof, are owned or licensed by Acertara. The software is protected by the
copyright laws of the United States of America, International treaties and conventions, and
other laws.

You may not rent, redistribute, sublicense, lease, or lend the software.
Without prejudice to any other rights, Acertara may terminate this License Agreement if

you fail to comply with the terms and conditions described herein. In such an event, you
must destroy all copies of the software.

4. Limited Warranty:

a.

The software is provided “as is” without warranty of any kind, either express or implied,
including without limitation any implied warranties of condition, uninterrupted use,
merchantability, fithess for a particular purpose, or non-infringement. The entire risk arising
out of use or performance of the software remains with the user. Notwithstanding the
foregoing, Acertara warrants up to 90 days from the date of the original purchase of the
software that the media containing the software shall be free from defects in material and
workmanship. In the even that such media proves to be defective during that time period,
and upon presentation to Acertara of proof of purchase of the defective media. Acertara
will, at its option, (a) correct any defect, (b) provide you with a similar product of similar
value, or (c) refund your money. The foregoing is your sole and exclusive remedy for the
express warranty set forth in this section, except where limited by law.

5. Governing Law and Severability:
a. This License will be governed by and construed in accordance with the laws of the State

of Colorado. If for any reason a court of competent jurisdiction finds any provision, or
portion thereof, to be unenforceable, the remainder of this License shall continue in full
force and effect.
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6. Complete Agreement:
a. This License constitutes the entire agreement between the parties with respect to the use
of the Software licensed hereunder and supersedes all prior or contemporaneous

understandings regarding such subject matter. No amendment to, or modification of, this
License will be binding unless in writing and signed by Acertara.
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User Responsibilities

Users are assumed to have a good working technical knowledge of ultrasonic systems,
probes and the principles of acoustic power and intensity measurements. Users will be
responsible for reading and following the instructions provided. Users will also be
responsible for exercising all safety precautions recommended. If you have any
guestions, please call us at 303-834-8413. The ultimate accuracy of acoustic
measurements made with the AMS system is the responsibility of the user.

Safety Warnings

1. Do not operate if any liquid has been spilled into the motor driver. Call Acertara
Acoustic Laboratories at 303.834.8413 to arrange for servicing.

2. Shock Hazard — Motors are not hot-swappable. Do not connect or disconnect any
power cables in the motor/encoder system while the power supply is plugged in

3. Do not position the equipment so that it is difficult to operate the emergency stop
switch and/or remove the power cord.

4. The protection provided by the equipment may be impaired if used in a manner not
specified herein.
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Product Description

The Acertara Acoustic Measurement System (AMS) shown in the figure below, is a test
system consisting of hardware and software designed to measure the acoustic energy
emitted by diagnostic and therapeutic ultrasound devices. The test system utilizes a
three axis servo motor control to position the hydrophone relative to the device under test
(acoustic source). The tank has hydrophone mounts designed to support both bi-laminar
membrane and needle hydrophones. The hydrophone output is sampled and digitized
by a digital oscilloscope. Both the oscilloscope and the motion controller are interfaced
to the AMS software via an ethernet network connection.

The system software is written in the Python programming language. Source code may
be purchased if desired, and custom modifications may be possible upon discussion with
Acertara. The software runs on “PC” type computers running Windows 10. 1t is
specifically designed to conveniently make the measurements required by U.S. and
International measurement standards. Functions include probe alignment, “Z-Scan”
searches for determining the spatial peak location, waveform captures, and orthogonal
beam plots and raster scans to generate two-dimensional beam plots for determination
of total power. Auxiliary programs have also been created to provide convenient
generation of data plots as well as generation of data summaries for convenient post-
processing.

The software logo is derived from a freely-distributed graphic for which attribution is
required: created by rawpixel.com - www.freepik.com.
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Software Revisions

Changes in Version 3.8.2

Features
e Added the option to user_config.txt to set a maximum size for images included in
exposure reports (‘exposure_max_im_dim = 1000 # max pixels in 1 direction’)
e Added Ispta.0 display to the finished waveform screen

Bug Fixes
e Fixed finished waveform screen metadata when the Channel 2 signal is captured
at the same time as the Channel 1 signal.
e Fixed usage of Report number in the exposure report generator (select software
versions)

Changes in Version 3.8.1

Features
e Added support for Tektronix MDO32 series scope
e Added a command-line tool for MI/TI calculation (not distributed by default)
e Added a power factor estimator to the cross-axis scan analysis (can be used in
cases where there is cylindrical symmetry though raster-scan derived power
factors are recommended throughout)

Bug Fixes
e Fixed the order of Pa,zs and Ispta3,zs and Pa,zb and Ispta3,zb in the spreadsheet
summarizer

Changes in Version 3.8.0

Features
e Added a guided exposure routine (including support for auto-generated reports)
e Added a warning that the secondary hydrophone is selected prior to starting a
script acquisition

Bug Fixes
e Fixed a bug in multiple-TP reporting with different apertures that could affect TIC
and TIS

Changes in Version 3.7.1

Features
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Added support for using <Enter> to close the results modal (rather than having to
click
Added support for Omega HH376 thermistor

Bug Fixes

None

Changes in Version 3.7.0

Features

Added plot of combined z-scan to analyze output, saves a new combined z-scan
file during analysis or reporting

Allow an alternate path to assign the output directory (if "alternate_path = True" in
config.txt)

Added a saved ‘summary plot’ when script execution is complete

Bug Fixes

Fixed case where zsns depth was incorrectly assigned for some non-scanning
transmit profiles

Fixed bug where some special characters in the device serial number could break
the program

Fixed incorrect unit in the metadata in z-scan plots

Fixed case where spacebar was disabled when it shouldn’t be

Changes in Version 3.6.0

Features

Added option to input externally-calculated or measured power into physiotherapy
results

Added a method to capture the current waveform on the oscilloscope (without the
normal autoscaling and waiting for stability)

Added a script summary figure to the express script (hon-standard feature)
Cleaned up GUI somewhat, added a keyboard shortcut to release and re-capture
the motors, changed the alignment logic slightly to be more user-friendly

Bug Fixes

Suppress plotting the z, waveform if it is not used in the calculations (reporter, sub-
set of users)

Corrected the units of the frequency spectrum so that it properly reflects the power
spectral density (previously it reflected the pressure spectral density)

Through config flag scope_force_save_raw_no_fc = False, the software will now, by default,
not save waveforms for which the spectrum was not resolved. (Old behavior can
be obtained by turning this flag to ‘“True’.)
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e Changed the footer so that clicks of, e.g., ‘Move motors’ are not ‘missed’

Changes in Version 3.5.0

Features

e Add environmental monitor (ambient temperature and humidity) support

e Clean up of some GUI and output file elements

e Added better handling of default hydrophone (replace config.txt entry
‘primaryhyd_default = <index of default>" with ‘primaryhyd_default_name = <some
part of the hydrophone calibration file name, e.g. ‘'S5-186’>’; do the same with
secondaryhyd_default —-secondaryhyd_default_name

e Added the ability to override the calculated power (e.g., with the power from a
radiation force balance) for diagnostic reports and not require a raster scan. (in
config.txt, add: ‘calc_manual_Ps = True’)

e Added the ability to log cross checks between a primary and secondary
hydrophone to an output file. (in config.txt, add: ‘crosscheck_log = <path to overall
log>’)

Bug fixes

e Clean up reporter (sub-set of users): fix duplicative warnings; clean up automated
emails; remove z» waveform from appendix if unused

e Clean up frequency spectrum analysis for some waveforms with high DC
component

e Changed how the active hydrophone is switched to avoid a case where the change
hydrophone button on the GUI could lose sync with the program if it was clicked
while the software was in a blocking state

Changes in Version 3.4.0

Features
e Improved alerts during various processes (eg. near-field raster, avoid duplication
of ‘waiting for trigger’ alert)
e Changed handling of the initial hydrophone position (defaults to ‘current location’)
e Added ability to change motor orientation in the ‘move motors’ screen

Bug fixes
e Fixed Ispta.0 and Ispta.3 in CW waveforms when a delay is applied (PI1.0 and PI1.3
were always correct)
e Fixed raster scan plot template to keep contents on a single page
e Improved motor stability, upgraded gclib to latest version from motor controller
supplier
e Fixed bug on loading probe templates
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Changes in Version 3.3.0

Features
e Built a new web server to increase stability, reduce browser refreshing
e Added functionality to the remote control channel (scope statistics)
e Added support for automated probe alignment (hardware required)
e Added a new pdf output for IEC 60601-2-37 Table 201.103 (supersedes previous
method that required MS Excel)

Bug fixes
e Fixed a bug whereby scope could get stuck collecting noisy data without an
appropriate timeout

Changes in Version 3.2.6.1

Bug fixes
e Fixed a bug in the report generator (some versions, only) where the TIB for
combined modes was not calculated correctly for autoscan/non-autoscan modes
e Fixed a bug where the fine z-scan forced searching regardless of whether or not
box was checked by user

Changes in Version 3.2.6

Features

e Added support for Keysight DSO-X oscilloscopes

e Added support for Track 1 FDA results tabulation (add-on feature)

e Add number of averages to waveform capture metadata

e Added option to disable motors during scope acquisition for small signals to reduce
the effects of electrical noise (config.txt— scope_motoroff_voltage_level = 0.002)

e Added ability to run a script to automatically move through a standard acquisition
based on acceptance criteria (add-on feature)

Bug fixes
e Fixed a bug in the physiotherapy z-scan whereby certain conditions could return
an error

e Fixed a bug where the motors would remain disabled if the ‘move motors’ screen
was left with the motors in a disabled state

Changes in Version 3.2.5

Features
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e Added (optional) report generation tools (add-on feature, contact Acertara for
details if not equipped)

e Added the option of using torque stops in addition to/instead of limit switches
e Increased the options for plotting
e Major refactor of motor operation (back end changes)
e Added (optional) remote control interface (see dedicated section)
Bug fixes

e Fixed a bug with the center-of-mass autosearch

Changes in Version 3.2.4.2

Features
e None.

Bug fixes
e Changed ‘y to ‘0" for cylindrical raster scans when config parameter:
plot_pars_2d_rst theta not_y=True

Changes in Version 3.2.4.1

Features
e Releases motors on ‘Exit’.

Bug fixes
e Fixed issue preventing cylindrical raster scans from working.
e Use nominal center frequency if the reset f_c box is clicked on the first waveform
screen

Changes in Version 3.2.4

Features
e Added interactive tool to physiotherapy z-scan: option to change the smoothing
kernel and set bounds on the zn depth
Added flexibility to job naming convention: config: jobdatespecifier
Added automated log file purge: config: logPurgeDays
Added A_BCS to plotted raster scans, where applicable
Added physiotherapy Fac parameter to log file (defaults to 1.333 per IEC 61689)
Added zscan lower limit variable to user_config: plot_pars_zscan_db_lower

Bug fixes
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e Introduced threshold to prevent plotting very large rasters (resulting in memory
overflow): config: rst_n_plot_lim

e Fixed R&D tool table rendering issue

e Physiotherapy summary file reported power in the wrong units. This has been
corrected.

Changes in Version 3.2.3

Features
e Changed config and user_config behavior. See section in manual
e Added support for alternate file output (xIsx, csv) and added support for simple
plots (pdfs only, no additional information on image)
e Added ability to add comments to collected data
e Added xz and yz raster scans as an R&D function

Bug fixes
e Fixed bug whereby analysis tool would crash if it expected CW data and received
pulsed data, and vice versa

Changes in Version 3.2.2

Features
e Added more editable plotting parameters to user_config.py
e Waveform files now store peak compressional pressure in addition to peak
negative pressure

Bug fixes
e Fixed and error whereby continuous wave data caused a problem with the
summarized power reporting
e Fixed a problem when summarizer didn’t find an appropriate raster scan and would
crash

Changes in Version 3.2.1

Features
¢ Made motor jogging smoother and more intuitive
e Automatically preserve temporary files should LaTeX file creation fall

Bug fixes

e Cross-axis scan real-time plotting excluded the points on the y-axis if the
simulation mode was not used simultaneously
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Changes in Version 3.2.0

Features
e Added a physiotherapy page to collect data and make calculations per IEC 60601-
2-5 and IEC 61689
e Added 2 additional autosearch methods: center of mass and RMS-based
o RMS is faster than previous
o Center of mass is less sensitive to fields where the peak is not well-defined
e Overhauled probe management and added a new feature whereby probe
templates can be saved and loaded readily
e Added features so that end user can specify plot colors
Bug fixes
e 404 error was slowing down rendering of pages when computer was disconnected
from the internet. This was fixed in the python web server
e Changed initialization order so that thermistor information is properly logged

Changes in Version 3.1.0

Features
e Added support for a stack of rasters scans as an R&D command, with or without
cross-axis scans
Bug fixes
e Fixed problem in cross-axis scan extent when initial position is far from x=0 or y=0
e Fixed how the statistics spreadsheet tab calculated means, standard deviations
e Fixed how the pressure was derated in one place (10 log vs 20 log)

Changes in Version 3.0.3
e Added detailed description of hydrophone data file format requirements.
Changes in Version 3.0.2

e Added description of initial setup screens, emergency stop function, and move
motors screen.

Changes in Version 3.0.1

e Software updated to include new plot and table generation options. Numerous
stability fixes.
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Changes in Version 3.0.0b

e The “b” release denotes modifications to support a fourth servo motor to rotate the
source during measurement. This axis is labelled Axis D in the hardware, and
denoted in the software by 6.
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Software Installation and Configuration

The following sections will guide you through installing and configuring the AMS system.

AMS Software Setup

The AMS system comes with software pre-loaded. Please contact Acertara regarding
software upgrades.

Network Configuration

The AMS system connects to your computer via Ethernet. Both the motor controller and
the oscilloscope require static IP addresses. To look up and change these addresses,
please refer to the manufacturers’ literature for the Galil motion control and the Tektronix
oscilloscope. Record these addresses, as you will need to enter them into the AMS
program in the Software Configuration step below. You may need to consult your network
administrator to determine appropriate addresses for your network.

If you want the tank and control computer to be on a separate local area network (by
connecting an Ethernet cable from the computer directly into the tank), you need to assign
the computer an appropriate Class C (/24) IP address. If the scope is 192.168.99.24 and
the motor controller is 192.168.99.25, a good choice for the computer is 192.168.99.26.
Note that the first three terms must be the same and the final term must be on the interval
1 to 254 inclusive.
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For example, the following shows the computer set for a§tatic IP of 10.1.0.21:

& Network Connections

4 & 5 Control Panel » Network and Internet > Network Connections

¢ U' e e ~ = ection Rename this connection

& Ethernet Properties

3items  1item selected

et -]
Networking  Sharing E:uﬁzd network &E

PCle GBE Family C... il
4 Internet Protocol Version 4 (TCP/IPv4) Properties X
General
TH  You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
B for the appropriate IP settings.
B
B (O Obtain an IP address automatically
E (@) Use the following IP address:
N 1P address: 10.1.0 .21
E Subnet mask: 255 ,255.255. 0
| oo
Obtain DNS server address automatically
(@) Use the following DNS server addresses:
Preferred DNS server: 0.1.0 .2
E—
[ validate settings upon exit e
[oc 1] cone

Viey

or=

The following shows a
OpenChoice Instrument Manage: Search Criteria

File Edit Help

Instruments

AN TCPIP::10.1.0.27-:INSTR
[V Search LAN

¥ Auto Discovery

Hostname

[vx11 ~||

[¥RI1110.1.0.27

<

Status: Discovering LAN devices

Instrument List
Update

Search Criteria..
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You are now ready to run the AMS software.

Software Configuration

All user configuration parameters are stored in a pair of configuration files entitled
config.txt and user_config.txt.

We recommend that you back up the original configuration files and take care when
making changes. Parameters and settings that are frequently changed are at the top of
the file, bracketed by lines of the ‘# sign. While other parameters and settings can be
changed, be aware that there are settings and combinations that may cause unexpected
behavior.

config.txt is read once when the program is started. Accordingly, any changes will take
place the next time the program is run. user_config.txt can be refreshed without restarting
the program by clicking the ‘Reload user config’ button on the top ribbon of the main GUI
screen.

In legacy versions of the software (pre v 3.2.3), config.py and user_config.py were used
instead of these .txt variants. The software is programmed such that it should read the
old configuration files and function with them, though it is recommended to move to the
.txt nomenclature going forward. The beginning of the log file for each session should
indicate how these files are parsed. Values after the ‘# sign in [brackets] indicate the
default value that will be assigned if this value is left blank or the line is omitted entirely.
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Test Setup

Tank Preparation

The first step in tank preparation is filling it with water. Before filling verify that the “drain
valve”, shown in the following figure, is closed. It is recommended that de-ionized or
distilled water is used. Never use “tap water” as it is always has a high concentration of
gas bubbles and ions provide an electrical pathway to between the acoustic source and
the hydrophone, potentially introducing noise. Use care when filling to avoid creating air
bubbles. Using siphon techniques with the water outlet submerged will generally will
transfer water with the minimum amount of bubble generation. Pouring or filling in any
manner such that a stream of water hits the surface of the partially filled tank will generate
a huge amount of gas bubbles.

In general, even the most careful filling techniques result is a significant amount of gas
bubbles. Using degassed water is recommended, although de-ionized and distilled water
also usually have a reduced dissolved gas concentration. High acoustic output devices
should only be measured with degassed water to avoid having cavitation bubbles interfere
with the measurements and possibly damaging the hydrophone. Acertara sells an
optional system for water filtration and degassing. Contact Acertara for details, or see the
product description online: https://www.acertaralabs.com/product-details/paratus/.
Absent a degassing system, a 48 hour delay between tank filling and initial operation will
allow the dissolved gas level to reach equilibrium with the surrounding atmosphere.

Hydrophone Installation and Handling

CAUTION: Never touch the active area of any hydrophone as this will damage it. Never
attempt to clean the hydrophone by touching the active area with anything!

Acertara offers hydrophone holders for membrane and needle hydrophones. Two
versions of each type of holder are available: horizontal and vertical orientations for each
type of hydrophone.

It is best to submerse membrane hydrophones in the measurement tank at least 30
minutes before any measurements are made. This allows any gas on the surface of the
hydrophone to dissolve resulting in better measurement stability and repeatability. Some
needle hydrophones trap gas near the tip and may need to be “soaked” for up to 24 hours
before stable measurements can be obtained.

For membrane hydrophones, a large gas bubble can be easily trapped in the cavity on
the bottom of the hydrophone formed by the case and the membrane. This is avoided by
sliding the hydrophone “sideways” into the water (see photos below) and verifying that no
air is trapped underneath it before attaching it to the holder. A large air bubble results in
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an “air backed” configuration, which results in measurements significantly different than
if no air is present.

Membrane hydrophones are attached to the holder by lifting up and rotating the “spring
loaded clips” so that they overlap the surface of the case. Before installation, verify that
the clips are rotated so they will not overlap the hydrophone surface (picture on left). The
clips are spring loaded to hold the hydrophone in place once rotated to overlap the
hydrophone case (picture on right).

The needle hydrophones are attached by tightening a screw that “squeezes” the
hydrophone holder pinching the needle hydrophone case. Two channels are provided
depending on the needle hydrophone diameter. CAUTION: Do not over tighten this screw
as damage to the needle hydrophone may result. Only tighten it enough so that the needle
is held firmly.

Needle Hydrophones

Some tanks are sold with needle hydrophones supplied by a third party. These, in turn,
are accompanied with a user manual that should be followed regarding care and handling.
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In order to affix the needle hydrophone to the acoustic test tank, Acertara supplies a
universal needle hydrophone holder.

To mount the needle hydrophone in the holder, the clamp is loosened with an Allen
wrench and the pre-amplifier is slid into the holder as shown, below. Once the pre-
amplifier is mounted and secured in the clamp by tightening the bolt, the hydrophone can
be pressed gently into the pre-amplifier as shown. The holder can then be mounted to the
carriage at the bottom of the vertical axis by means of a large screw (1/2” Allen wrench
or finger-tightened).

Th'e needle holder is shown below, mounted in the tank:

‘l‘ B
I
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In order to protect hydrophones, sources, and the AMS system itself, limit switches, hard
stops and software checks are employed.

Limit switches
There are 6 limit switches on the tank, 2 for each axis. The vertical axis has one tripped
by a stop attached to the lead screw (left, below) and one tripped by an adjustable clamp
on one of the rails (right, below).

The top limit switch stop has a hole and pin that can be adjusted such that the pin extends
2 cm from the block so as to set the block exactly 2 cm from the switch, when the
hydrophone is 2 cm from the source (top-down orientation). Once accomplished, the pin
can be released until flush with the block by loosening and then tightening the white
screw.

The other four limit switches are adjusted by moving the L-brackets along their tracks by
loosening and tightening the thumb screws.

A

AMS Users Guide Page 22 of 68 Revised 10/31/2022



In addition to the limit switches, where possible, there are hard stops to prevent the motors
from driving the bearings off of their rails.

Lastly, once the motors are initialized, there is a software limit that rejects any depth with
z < zmin. However, this software limit is only effective if the initial depths are set correctly.
The software limit will not negate the need for limit switches.

Mounting the Acoustic Source Under Test

In the ‘b’ variation of the AMS 3 tank, the standard, universal probe holder mounted to a
goniometer with pitch and roll adjustments is replaced by a vertically-mounted drill chuck
tethered to a fourth, rotary motor axis. The entire apparatus can be raised and lowered
on a rail and is secured by a clamp. Care should be taken to avoid submerging the motor
while lowering the drill chuck.

To reduce electrical noise, the drill chuck should not be allowed to touch the water
and conductive devices should be shielded from the drill chuck with some sort of
sheath or simply electrical tape.

Oscilloscope Setup

The goal of initial oscilloscope setup is to make sure the oscilloscope is triggering from
the desired source, which MUST be a signal synchronous with transmit excitation for the
acoustic source. Having a transmit trigger signal—even for CW sources—is critical to
making accurate measurements. The following steps assume the user is familiar with the
oscilloscope function. If not, the user should thoroughly review the oscilloscope manual
before making any measurements. To begin setup, the hydrophone and acoustic source
must be installed (and under water) with the hydrophone positioned approximately at the
focus depth of the acoustic source and centered on the source acoustic axis “by eye”.
The acoustic source must be transmitting. Setup the Oscilloscope with the following
steps:

1. Connect the trigger source to scope channel 2 and make sure the coupling and
input impedance selections are appropriate for the source.

2. View the signal on the screen and adjust the scale and time base for a reasonable
display.

3. Select the scope trigger source to channel 2 and adjust the level to the desired
point on the waveform.

4. Disable display of channel 2. This is usually done to make viewing of the
hydrophone output voltage clearer.

5. Select the coupling and input impedance for channel 1 to appropriate values for
the hydrophone being used. The input should be set to 50 Ohms for hydrophones
with pre-amps and set at high impedance for hydrophones without preamps. Do
not select AC coupling with an input of 50 Ohms unless there is no other option.
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Doing so can compromise the low frequency response of the measurement. The
software now sets the impedance based on the hydrophone data file.

6. Connect the hydrophone output to channel 1 and modify the scale to be sensitive
to small signals.

Motor setup
The motors do not require any special setup, other than ensuring that they are powered
by plugging in the power supply.

The motors are equipped with an emergency stop button:
)

The button is activated by pushing it. It will stop the motors immediately and abort the
active command. The emergency top switch is deactivated by rotating the red knob
clockwise until it releases. The motors can then be used again without further re-
initialization (though the command being executed will have aborted.)

The emergency stop button will not release the hold on the motors, only stop motion with
rapid deceleration.

AMS Users Guide Page 24 of 68 Revised 10/31/2022



Software Initialization

The AMS program can be initialized by running ‘main.exe’ in C:/AMS. A shortcut, called
‘AMSPYy’ can be found on the computer desktop. The first time running the software after
bootup may result in a substantial delay where activity is not evident. Please be patient.
Once the software begins to run, it will launch a web browser instance (specified in the
config.py file). All operations are performed via web browser input. Because of the way
commands are passed between the web browser and python web server, it is not
recommended to use the browser’s back or refresh commands.

The main window should appear:

nxy {IReloaduserconly ‘DAlertlog ©Ext

e

Copyright © 2017 Acertara Acouslic Labs, Inc. All Rights Reserved

The bottom left corner gives the status of the various connections:

Motor status

Scope status

Thermistor status

RC status
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Motors

The top-most ‘LED’ in the status area shows the connection status to the motion
controller. Green indicates that the software believes that there is an appropriate
connection. Yellow indicates that the software is attempting to connect to the motion
controller. Red indicates a failure to connect. Orange indicates that the motors are being
emulated and that no real motion will occur. (This mode can be activated in config.txt by
setting "emulate_motors = True'. It is useful for learning the software.)

The software will automatically attempt to connect to the motion controller when it is run,
using the IP address specified in config.txt.

If connection fails (red LED), consider the following:
1. Check that the motor power supply is plugged in and the indicator lights on the
motor control board are lit.
2. Check the motor IP address by ‘pinging’ it from a windows command window:
a. Start - cmd.exe
b. Type ping XX.XX.XX.X"
Should see something like this:

Microsoft Windows [Version 10.0.18363.1379]
(c) 2e19 Microsoft Corporation. All rights reserved.

C:\Users\nellens.ACERTARA>ping 10.1.0.27

Pinging 10.1.0.27 with 32 bytes of data:

Reply from 10.1.0.27: by 32 time<ims TTL=64
Reply from 10.1.0.27: bytes=32 time<lms TTL=64
Reply from 10.1.0.27: bytes=32 time<lms TTL=64
Reply from 10.1.0.27: bytes=32 time<lms TTL=64

Ping statistics for 10.1.0.27:

Packets: Sent = 4, Received = 4, Lost = @ (0% loss),
Approximate round trip times in milli-seconds:

Minimum = @ms, Maximum = @ms, Average = @ms

C:\Users\nellens.ACERTARA>_

3. If ‘pinging’ is successful but the software will not connect, open the Galil Design
Kit (Start — GDK) through the Windows start menu and attempt to connect to the
controller, observing any error messages generated.

4. Beyond these, please contact Acertara for support.

Two motor orientations are available: ‘top-to-bottom’ and ‘right-to-left’. The default
orientation is set in config.txt. This setting can be changed in the "Move motors™ window,
discussed later.

By convention, the tank uses a left-handed co-ordinate system (in either orientation).

CAUTION: If difficulties are encountered with the motors or motor controller, it is
recommended that probes and hydrophones be removed from the water during
troubleshooting. If there are mechanical malfunctions with, eg. a motor encoder, it
is possible, though unlikely, that unexpected motion could occur during operation
that would jeopardize sensitive test equipment.
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Oscilloscope

The second LED indicates the connection status of the oscilloscope. Green indicates that
the software believes that there is an appropriate connection. Yellow indicates that the
software is attempting to connect to the oscilloscope. Red indicates a failure to connect.
Orange indicates that the oscilloscope is being emulated and that no real data acquisition
will occur. (This mode can be activated in config.txt by setting "'emulate_scope = True'. It
is useful for learning the software.)

The software will automatically attempt to connect to the oscilloscope when it is run. If
connection fails, consider the following:

1.
2.

3.

Check that the oscilloscope is powered on and connected to the ethernet switch
Check the IP address on the oscilloscope by selecting ‘Utility’ - ‘1/O’ > Ethernet
settings

Enter the oscilloscope IP address directly into a browser address window. If the
scope is connected, a Tektronix web interface will be displayed.

If ‘3 is successful but the AMS software cannot communicate with the
oscilloscope, open the TekVISA Instrument Manager or Keysight Connection
Expert. The oscilloscope should be listed as an active device. See figure below
(example for Tektronix).

If you cannot locate the device, point a browser at the IP address of the
oscilloscope. A control screen should be presented with information about the
oscilloscope.

If the instrument manager and browser cannot locate the oscilloscope, it might be
necessary to restart the computer and/or the oscilloscope.

If ping and/or browser access to the oscilloscope are possible, but the software
cannot reach the oscilloscope, consider re-installing either TekVisa or I0OLibSuite
and the NI VISA run-time utility. These should have come pre-installed on the AMS
computer.
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Instruments Applications and Utilities

IR TCPIP::10.1.0.31:INSTR OpenChoice Call Monitor
OpenChoice Talker Liste

<
Last Updated: 3/26/2018 11:05 AM
Instrument List
Update
' Start Application or Utility
Search Critena.. v

- Tektronix

Thermistor

The third LED indicates the connection status of the USB thermistor. Green indicates that
the software believes that there is an appropriate connection. Red indicates a failure to
connect. Orange indicates that the thermistor is being emulated and that no real data
acquisition will occur. If emulated or if the indicator is red, the ‘temp_default” temperature
(e.g. 20°C) in config.txt will be used in the place of a real temperature value.

The thermistor should be plugged into one of the computer USB ports, either directly or
through the supplied extension cable. The thermistor functions as a serial port and
establishes itself with the computer on one of the COM ports. The COM port (eg. ‘COM3’)
must be added to the config.txt file in order for the software to read the temperature of the
water. The thermistor connection is automatic. If one suspects that it is not working, one
can observe the footer of the main software (described below) to be sure that the
temperature is changing.
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RC status

For systems so equipped, the RC status LED will indicate if AMSPy believes that there
iS an active remote control connection to the software. This is discussed elsewhere.
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Main AMS Program

Top ribbon

nnect motors, scope €4 Go to output directory @ Show results medal # Gotopeakinx, y 7 Reload user config D Alert log @ Exit

(D) ACERTARA =

The top ribbon allows the following commands to be easily accessible at all times:

Name

Description

Utilities
Reconnect motors, scope

The software will attempt to re-establish connections to
both the motors and the oscilloscope. This is to be used
if there is some sort of drop in communication. The
success of this endeavor will be assessed via the colors
of the status LEDs.

Utilities
Reload user config

Refreshes the wuser_config.py file, making those
parameters immediately effective. An alert should
indicate if this command is executed correctly.

Utilities
Current scope waveform

After the probe has been defined and the hydrophone
set, this button can be used to launch a waveform
acquisition that will skip the normal autoscaling and
assessment of RMS stability. It allows one to transfer
data from a ‘stopped’ oscilloscope to the AMSPy
software.

Go to output directory

Software will attempt to launch a Windows Explorer
window that begins in the current, active output
directory.

Show results modal

Bring the results modal to the foreground. This can be
used if one inadvertently closes the results modal.

Goto peakinx,y

The software tracks the highest measured PII.O
location. Assuming the probe is correctly aligned, this
serves as an effective means to bring the hydrophone
back to the acoustic axis in case one gets lost

Alert log Opens a separate tab that lists the alerts that have
popped up since the program began. The list can be
filtered using the checkboxes at the top.

Exit Stops the program. Please make every attempt to

terminate the program using the °‘Exit’ button.
Unscheduled ‘killing’ of the program could result in
leaving the motor and/or oscilloscope connections
in an undesirable state. When in doubt, restart
computer and cycle power to the motor controller,
leaving it off for at least 30 seconds.
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The following sections discuss the command categories found on the left side of the list
the AMS commands found along the left side of the main window, from top to bottom.
These commands are arranged in the order that they will normally be used in making an
acoustic measurement. The side bar is shown, below.

ACERTARA =

acaustic laborateries

Session
Probe
Tank setup
Z-scan

Cross-axis, raster, and wavefo

Physiotherapy

scripts

Research & development

Output and reporting

) Documentation

Session

The sub-directories in the ‘output’ directory are listed first in the session menu. (A shortcut
to the output directory is found in the AMSPy desktop folder.) It is recommended that
these sub-directories be given descriptive names to organize collected data.

The label of the sub-directory by the software (shown here as ‘Customer’) is set in the
config file: config.output_subdir_description.
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Search for an already
defined sub-directory in

. Acoustic Measurement System
which to store AMS results y

Customer

3.5MHzF2

Selecting the
“New Customer” 3.5_MHz_test
option  requires
indicator to be 500kHz
selected as well
as a name \

actualMeasurementsl

-

" . - | New sub-directories can be entered
Enter New Customer .

here. Note: “New Customer” is

selected as the default.
Specify sub-directory

\ Select the prompt at the bottom to
Job

~ move forward after selection

The top input box allows one to filter the sub-directories in order to locate a known name.
Otherwise, the list can be scrolled through and selected with the radio buttons. New sub-
directories can be created by typing the name at the bottom, though the radio button with
the new name must be selected, as well.

Acoustic Measurement System

| File path of the subdirectory,
and where the job will be
Job placed.

Customer

D:\Code\AMSPy\trunk\workflow\output\NDK:

Select ¢ New job
previous job )
to reinitialize Joboooo1.201809
it or begin a .
. job00002_201809
new job Select the prompt at the

bottom to move forward
after selection

job00003_201809

Select job

After a sub-directory is selected, the ‘Job’ panel opens. Here, there is less flexibility. One
can initiate a new job, or continue a previous, listed job.

Selecting a job should advance the software to the next screen
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Probe

=) Probe characteristics

Preset: Serial number:

v Enter new S/N v

Probe name (optional): Azimuthal focal depth (x, mm):
Operator.

Additional mode identifier (optional): Elevational focal depth (y, mm):
Oscilloscope serial number:

Nominal f, (MHz):
- - Thermistor serial number:
@ Pulsed O Continuous-wave
N/A

Aperture
@circle | Outer diameter (mm): Inner diameter (mm):
ORectangle | Length (mm): Height (mm):

OoOther  Aperture (mm?):

Edit acceptance criteria

Drop probe templiate file here or click to upload Save current settings as probe template Specify probe

The overall screen for the probe definition characteristics, which are explained
separately below, splitting them into categories for Probe Characteristics, Probe
Specifics, Aperture Characteristics, and Probe Templates.

Probe Characteristics

Define a probe name to refer to
®) Probe characteristics and Specifics |_this specific probe choice.

Probe name (optional): Azimuthal focal depth (x, mm):
Define focusing depths
relative to azimuthal (x-
Additional mode identifier (optional): Elevational focal depth (y, mm): direction) and elevational
(y-direction) depths
\ Nominal f_ (MHz):
® Pulsed Continuous-wave Define
additional mode Define the nominal center
Signal transmission type identifier such frequency
as “b-mode”

The upper left section of the ‘probe characteristics and specifics’ screen is used to set
specifics about the probe and a specific set of transmit characteristics such as focal depth,
nominal center frequency, and a mode identifier field (eg. ‘b-mode’). Please note that
these fields must match each other exactly for different acquisitions if the settings are to
be properly read by the table and plot generators.
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Probe Specifics

Serial number: Probe serial number dropdown
menu. Should be automatic, but
Unknown20180803-075411 may be overridden.
Operator:

Users may put the name of
the probe operator in this
field, but not required.

Oscilloscope serial number:

- Oscilloscope serial

number input and
- thermistor serial
// number input

Thermistor serial number:

The upper-right section of the ‘probe characteristics and specifics’ screen is used to set
the specific probe serial number, record the name of the operator (optional), and record
the thermistor and oscilloscope serial numbers. These serial humbers should be
automatically populated, but they may be overridden.

Aperture Characteristics

Circular outer diameter and inner diameter

Aperture / \
* Circle Outer diameter (mm): Inner diameter (mm):
Rectangle = Length (mm): Height (mm):
- \ \
Z’ Other = Aperture (mm<):

Select to switch v\ Rectangular x-direction size and y-direction size

geometry type Other aperture area

The bottom section of the ‘probe characteristics and specifics’ screen is used to set the
transducer aperture geometry. This includes selection entries for circular or rectangular
geometric categories, with respective size arguments for each. ‘Circle’ utilizes entries
for inner and outer diameter arguments in mm. If a whole piston face is utilized, then
use the default inner diameter size at 0. ‘Rectangle’ uses entries for length (x-direction)
and height (y-direction) in mm. Rectangular geometries also maintain the additional
classification of linear or phased focusing, which is controlled by the ‘geom_type’
variable in config.py. ‘Other’ is also defined based on the aperture area in mm?.
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Select to open path
directory and read in a
saved probe template

Probe Template \ OR drop an existing
probe template onto
Drop probe template file here or click to upload the page
Save current settings as probe template Select to current

save settings as a
.csv for later use

Once the geometry of a probe is established, using the criteria and entries above, the
current settings can be saved as a .csv extension file. Once ‘Save current settings as
probe template’ is selected, a prompt at the top of the screen will request a filename.
Once provided, the .csv file will be stored in the “templatedir specified in config.txt;
‘ProbeTemplates’, by default.

In order to upload a saved template, drag and drop the .csv file onto the page, or click
the upload option and trace the file path back through AMSPy’s ProbeTemplates sub-
directory in the workflow directory. In addition to this, any exterior probe templates may
be drag and dropped into AMSPYy, but it must match the format of the standard probe
template .csv files.

When all parameters are successfully and correctly defined, select the blue ‘Specify
Probe’ prompt in the bottom right to proceed.

Other features

Systems equipped with the ‘Scripts’ option can input acceptance criteria in this screen
that are evaluated at run time to determine if the script should continue or pause.

The ‘Presest’ dropdown allows for several probe templates to be loaded at once. To use
this, format the presets as in "..\TableGeneratorTemplates\SeveralSettingsTest.xIsx".
This xIsx file can be dragged and dropped onto the ‘Drop probe template file here or
click to upload’ and these templates will be accessible through the dropdown preset
menu.
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Tank Setup

Hydrophone(s)
®OH ydrophone
—~ Mandatory input field for hydrophone files
. . in the ‘ActiveHydrophone’ directory of
Select primary hydrophone: workflow. Hydrophone data files maintain a
$5-186.hyd .hyd extension. See Appendix A.

Select 5econdarihn}.rdrlmhﬂne:/— Optional input field for alternate hydrophone
file
55-394.hyd v

Hydrophone offset from z =0 (mm):

o D Initial distance between transducer face and

hydrophone sensor in order to avoid collision

Select the prompt at the
bottom to move forward [ lEed el lelyln
after selection

The left-most panel provides drop down menus to select the primary (required) and
secondary (optional) hydrophones. These lists are populated by files with the extension
.hyd in the ActiveHydrophones directory. Default values can be specified in the config.py
file. Finally, the initial offset distance between the active sensor of the hydrophone and
the face of the transducer being measured is specified. If no hydrophone offset is
specified, the system will assume that the current motor position is correct.

WARNING: setting the hydrophone offset incorrectly will corrupt subsequently-
acquired data and risks a collision between the hydrophone and device under test.

Hydrophone data are discussed in appendix A. Hydrophone data files can be edited with
a text editor or MS Excel, though they must retain the same format as the ones included
with the software. Details about the essential elements of the hydrophone data file can
be found in the appendix.

First waveform
Clicking ‘Acquire waveform’ will move the hydrophone from its start position (specified in
‘hydrophone’, above) to the nominal azimuthal focal depth and open a popup window.

AMS Users Guide Page 36 of 68 Revised 10/31/2022



Note: it is important that the nominal azimuthal focal depth be realistic. If, for
instance, the nominal azimuthal depth is set to 600 mm, the motors will run the
hydrophone out to 600 mm, unless a limit switch engages or 600 exceeds the motor z
limit (config: motor_maxZ_default). This behavior can be over-ridden by setting
dut_override{‘firstwavedepth’: np.nan} to a value that is not ‘-1’.

Initial popup window for first waveform. At this
point, manually move the motors and scope until
the desired signal appears on the oscilloscope.

& Manual adjustment

Manually adjust the motors and scope to reasonably capture the waveform.

Click when complete
To close the pop-up window and ®
go back to the Tank Setup screen,
select “Return” When the desired signal is established,

select “Click when Complete” to capture
the oscilloscope waveform

The hold of the motors will be released for manual adjustment. Move the motors in X, y,
and, optionally, z in order to find the ultrasound pulse. At the point, the oscilloscope can
be adjusted to move the pulse into the center of the screen. When you are happy with the
waveform displayed, click the ‘click when complete’ button and the software will capture
the waveform displayed on the oscilloscope.
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807

60 \
40

Captured waveform
results for |SPTA.3

egral (uJfem2)

captured waveform. This displays
an emulated, pulsed 5 MHz
waveform.

New popup window with }w\

Pressure (kPa)

dB re. Peak

and Ml
500
1,000 /
T T T T T TT

) 10 12 14 16 18 20 mi 031
Time (us) fawr (MHz) 349
lspta.s (MWiem,?) 2322
Pro (MPa) 1.04

Waveform of oscillos\:ope signal
in blue as pressure, and the P11 in

20 30 40 3 ~green.
Frequency (MHz)

Fast Fourier Transform Plot
Delete captured data? [ ] or append comment: ‘ to determine functional
Reset center frequency going forward? (3.49 MHz) frequency

Options for first
waveform results

To close the pop-up window,
finalize checked categories, and
go back to the Tank Setup screen,
select “Return”

of signal
nominal

The software will calculate the center frequency from the captured waveform and give the
user the option to accept this value (used to determine the waveform for subsequent step

sizes).

Optionally, clicking ‘Specify fc’ will skip the movement and acquisition and set the current
working frequency for the software to the value specified in the box above this button.

Probe alignment

11 Probe alignment

Click to run through probe alignment

Run alignment

Clicking this button will open an alignment window.

Two depths are selected on either side of the nominal focal depth, zmin and zmax. When
run, searches for the peak are performed at each of these depths with the assumption
that the highest intensity in each plane corresponds to the center of the beam. From these
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peak locations, a vector is calculated and angles and/or offsets are supplied to indicate
how far the source is angled from the tank’s z-axis. This command can be run repeatedly
after adjusting the angle of the source until the offset is satisfactorily small. If the ‘Search
method’ is changed to ‘Center-of-mass’, the search methology is changed so that each
search looks for the calculated center of mass, rather than an absolute peak. This is more
appropriate for some types of transducer geometry.

11 Probe alignment

Depth Peak in x.y Re-run depth Results Goniometer Current Target
(mmj) (mm) (mm) position (°)  position
Ready to align
344 34.4
6 0.0

625 52.5
) 0.0

)

Run alignment Alignment complete

Options available for adjusting
motor-driven goniometers (automatic
alignment variant, only)

NOTE: The default depths selected for the alignment follow one of three patterns, specified in
user_config.py:

alignmentmethod = 'physioshallow' # 'physiodeep' (2 * A ERN / (pi *
lambda)) or 'physioshallow' (A ERN / (3 * pi * lambda)) or 'plus25'
(1.25 * focal depth)

The following are the definitions used to interpret these three options:

Method Proximal depth Distal depth

‘plus25’ Mean of breakpoint depth 1.25 x focal depth
and focal depth

‘physiodeep’ Aern / (Tt X A) 2 X Agrn /(U X A)

‘physioshallow’ Aern / (3 X T X A) Agrn / (U X A)

It should be noted that the assumption that the peaks at each depth lie along the center
of the ultrasound beam is not true for all transducers, particularly those with large
apertures and tight foci. (These tend to produce a bifurcated 1D pressure profile with two
peaks of approximately equivalent magnitude.)

As referenced above, Acertara sells a variant of the probe holder that is equipped with
three, IPX7-rated motors that electronically control the goniometers, shown below. These
motors can be submerged without damage for up to 30 minutes, though the intent for use
with this tank is that they be used above water with the knowledge that splashes will not
have any adverse effects.

AMS Users Guide Page 39 of 68 Revised 10/31/2022



This holder is designed to work with custom-manufactured, probe-specific holders.
Please contact Acertara for more information.
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Z-scan

Acoustic Measurement System

Current depths
Peaktype

PILO

PIL3

PILB3

Peak MI

Break-point depth

Depth (mm)

14.70

1 coarse z-Scan 1 Fine z-Scan
Zetart (mm)2 Zatart (M)
Zgop (MM} Zytop ()2
Zep (Mm): Zytep (mm):
Run coarse z-scan Runfine zsci
Hydmphﬂﬂe= Center frequency (MH2):5.00 | Motor pesition (mm]: X: 0.0; Y: -0.09;Z:62.50 | Temperature (°C): 22.

.

Z-scans prescribe sampling the acoustic axis at specified intervals, starting proximal to
the probe and moving distally. There are two variants, intended—>but not required—to be
run successively.

Coarse Z-Scan

I Coarse Z-Scan

Axial distance to start scan
for maximum intensity

Axial distance to end scan
for maximum intensity

Axial

distance
between measurements along

the center axis of the

increment

Z ot (MM):
3.00
Zitop (MM):
If the z step ends -
the scan on a non-
integer value, it | z . (mm):
will round down to
the nearest value 5 00

transducer

Run coarse z-scan

V\

~Select to open and run

coarse z-scan popup window

1. Zstart, Zstop, @and Zstep parameters are specified. The hydrophone will be moved to
depth zstat, acquire a waveform, move deeper the distance zstep, and acquire
another waveform until reaching zswop. 'Do autosearch?” checkbox determines if an
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2. Output is displayed in real-time (log of the intensity, with deratings of 0.3
dB/cm/MHz and 0.6 dB/cm/MHz)

3. At the end of the sequence, user is prompted to accept or decline the depths that
the software recognize as the different peaks. Whether a substitution is
recommended (defaulted) depends on what has been acquired previously: if
nothing has been previously acquired or subsituted, the substitution is
recommended,; if the previously substituted value is lower than the newly-acquired
value, the substitution is recommended. The four depths are at the following peaks:

a. PIIL.O: highest intensity past zmin

b. PII.3: highest 0.3 dB/cm/MHz derated intensity past Zmin

c. PIL3 (MI): highest 0.3 dB/cm/MHz derated intensity at any sampled depth
d. PII.B3: highest 0.6 dB/cm/MHz derated intensity past zmin

A prediction for PII.0 (based
on geometry) is shown in blue

0 * Pll Theory
—— Pllo
—e— Pl3
109 < pups
‘E v
z
= -204 -
& .
12}
E ‘ .
=
30 4
The PI1.0 and deratings are
-40 shown in descending shades
of green
Options for z-
scan results -50 . . . . . . .
0 10 20 30 40 30 60 70  Selected  boxes  will
Depth (mm) replace associated values
on the main z-scan page,
Delete captured data? under current depths

Replace PI1.0 depth (nan with 38.0)7 ¥ Replace PIl.3 depth (nan with 33.0)7 ¥/ Replace PI1.3(MI) depth (nan with 33.0)7 ¢

Replace PI1.B3 depth (nan with 33.0)? ¢

Select to return to
the main z-scan paae
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Fine Z-Scan

I Fine Z-Scan
Zogart (MmM): Axial distance to start scan
for maximum intensity
28.00
Ziiop (MmM): Axial distance to end scan
for maximum intensity
43.00
Axial distance increment
Zjtep (MmM): between measurements along
the center axis of the
1.00 transducer

\ Select to open and run fine z-

scan popup window

1. Behaves in the same way that the coarse z-scan behaves
a. The default depths are determined from the most recently-run coarse z-
scan
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A prediction for PII.0 (based
on geometry) is shown in blue

/

0 * Pll Theory
—— Pllo Wl )
—+— Pl3 ol S -y
104 < pues e . . . . .
@ \
3
= -20 The PII.0 and deratings are
£ shown in descending shades
= of green
230 4
-40
Options fOr Z- —50 T T T T T T T T T T 1
scan results 26 28 30 32 34 36 33 40 42 44 46
\ Depth (mm) Selected  boxes  will
replace associated values
Delete captured data? | on the main z-scan page,
Replace PI1.0 depth (38.0 with 37.0)2  Replace PI1.3 depth (33.0 with 34.0)7 & Replace PIL3(MI) depth (33.0 with 34.0)7 ¥ under current depths

Replace PI1.B3 depth (33.0 with 32.0)? ¥/

Current depths

Current depths
Peak type

PILO

PIL3

PIL.B3

Peak MI

Break-point depth

™~

Select to return to
the main z-scan page

Depth (mm)

37.00

5400 This is where selected values

22,00 of the z-scan results appear,
) and determined zp, values

34.00

14.70

AMS Users Guide

1. This panel displays the currently-accepted list of depths, specific to this probe
serial number and setting. This list is for reference only.
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Cross-axis,

«” Cross-Axes Scans

search limit (dB):

PILO: | 2700
PIL3: | 2400

Other:

¥l Do autosearch?

raster, and waveform

Acoustic Measurement System

£ Raster Scan

x-span (mm):

Step size (A):

2.00
Number of steps: nan
Step size (mm): nan

PIL3: | 3400

Nearfield: | 200

Other:

=i Waveform
Select depths at which to acquire waveform:
O PILO: 37.00

PIL3:

PIIB.3:
PeakMI: | 2400
Other:

¥ Do autosearch?

@ Do spatial averaging?

Acquisition length: m:‘

Move motors

This page prescribes measuring the beam along two orthogonal axes (cross-axes scans),
in a 2D rectilinear fashion, or to acquire high-resolution waveforms. It is recommended,
but not required, that they be acquired from left-to-right on the screen. As actions are
completed, they will be outlined in bright green. Depending on the z-scan, one acquisition
may indirectly negate the need for another acquisition.

Cross-Axes Scans

||*
«: Cross-Axes Scans

Search limit (dB): Stopping criterion for
S Cross-axis scan

Step size (A):

Increment size of the
Cross axis scan

. PILO 37.00
Select to switch +—
the variable for —> PIL3: | 34.00
the cross axis scan
\ oOther:
#| Do autosearch?
Select to perform an//v Select to open popup

autosearch function

Acquire Cross-axes scans

window and run cross-

axis scan

1. Radio buttons allow the rapid selection of the PII.0 and PII.3 depths, along with a
user-specified depth
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2. An autosearch is performed if checked; the hydrophone is scanned in 4A steps in
the negative X direction until the “search limit (dB)” is reached

3. From the “search limit (dB)” level, the system will move back along the axis of
travel in /2 steps, recording a waveform at each step until the “search limit (dB)”

limit is reached on the other side of the peak
4. This process is repeated along the Y axis

Cross-axes scans complete: -12 dB diameters are 3.68 mm in x, 3.68 mm in y.

Results of the deq from the
cross axis scan listed at the
top, for each cross-axis

ol X-Cross axis scan results —— X
are green, while y-cross
axis scan results are blue v
5 X Theory
Y Theory
= -104
=
€ Theory values of the cross
£ 154 axis over the entire range of
T the plot, but the recorded
values of the cross axis stop
-204 at the search limit
b
25 {
i
Cross-axis 1 Hl t
. a0 .
data optigns 20 15 40 5 0 5 10 15 20

o

Delete captured data? ||
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Select to close popup and
return to ‘Cross-axis, raster,
and waveform’ main page
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Raster Scan

i32 Raster Scan

x-span (mmj}: Total x-direction size
of the raster scan
a.30
y-span (mm): Total y-direction size
of the raster scan
a.31
Step size (A):
Size per step in terms
2.00 of the wavelength

Calculated values for the
Number of steps: |225.00 1 number of steps over the x-
span and y-span, given the
step size and the absolute
- step-size measurement

Step size (mm): 0.5% <« |

This is the location of the

® | P3| 3400 < derated PI1.3 as a choice

for the raster, the other is

Select switch / Near-field: 3.00 the near field, which is the
the location of / \_ Zmin Value ’
interest forthe | Other:

raster  scan
popup screen Select to open raster

popup screen and

Acquire raster scan begin the raster

1. Radio buttons allow the rapid selection of the PIl.3 depth, the closest-allowable
depth (used to calculate the ultrasound entry beam diameter), or a user-specified
depth

2. At the depth specified, centered at the starting location, the system will acquire a
2D array of waveforms in a rectangle specified by the x- and y-spans, with the step
size specified

Once complete, raster
scan  provides a
power factor value

Options for the
raster data

Raster scan complete: power factor is 0.022 cm?.
—

Delete captured data? |

Select to close popup window
\ and return to the ‘cross-axis,
raster, and waveform’ main page
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Waveform

=== Waveform

Select depths at which to acquire waveform:

. PIlL.O: 37.00
-~ : / PIl.3: 34.00
which deptivs | .
waveform +— PIIB.3: e
(Szzgz:?ed be +—» Peak MI: 24,00
T Other:

Select to enact an

/ " autosearch near the depth
#| Do autosearch? of choice, to find the peak

#| Do spatial averaging? \

. L - Select to average several
Determines Acquisition length: ‘ waveforms near the depth
length of the /V

oscilloscope
screen record | Acquire waveform

Select to open the

waveform popup screen
and capoture the waveform

1. Radio buttons allow the rapid selection of recommended depths at which to acquire
waveforms (PII1.0, PII.3, PII.B3, and MI), along with a user-specified depth

2. “Do autosearch?”, if checked, will perform a peak search at the specified depth
prior to acquiring the waveform

3. “Do spatial averaging?”, if checked, will acquire a series of waveforms around the
peak and calculate an estimate of the error introduced by spatial averaging of the
finite-sized hydrophone

4. “Acquisition length” toggles between screen record lengths specified in the
config.py file
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Captured waveform
results for lIspras
and Ml ~|

First waveform capture complete. MI: 0.29; lspra 3@1.0kHz: 2.25e+01 mW/em2.

50 i
f:ér 1,000
< 601 \ 500 &
=] —_—
=z 40 - 0 5
& 2
E 204 500 ¢
= --1,000
0 2 4 6 8 10 12 14 16 1o i
) Waveform of oscilloscope signal
Time (us) in green as pressure, and the P11
in blue.
0-
-6
4
S 124 - )
= Fast Fourier Transform Plot of signal
a - - .
s 181 to determine functional nominal
=
94 frequency
30 L : ; : : .
0 10 20 30 40 50 60
Options for first
waveform results Frequency (MHz)
Delete captured data? [ To close the pop-up window,

finalize checked categories, and
go back to the Tank Setup screen,
select “Return”

Reset functional center frequency? (5.00 MHz) [
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Physiotherapy

This page includes tools that are designed to collect data from physiotherapy devices.

1 z-Scan 1= Rasters =2z Waveform
Zitart (mm): Depth In-plane sample spacing . Zpi | nan
3.00 ®  Nearfield: 3 e  Samples perdirection: = 3 Other:
Zstop (MM): Zi: | nan Stepsize(A): | 05 ¥ Do autosearch?

105.59 Other: Step size (mm): 0.10
Capture waveform

Zstep (Mm): In-plane raster extent

2.00 . Cross axis to dB limit: 6.0

[J Do autosearch? X-span{mm): = 10.0 Y-span (mm): 100

Run z-scan
Acquire raster

Z-scan:
Zstart: Default is set to 3 mm, per IEC 61689
Zstop: Depth suggested is the aperture area divided by A
I Z—Sca n Zstep: Suggested increment is 2 mm, the largest allowable

step size in IEC 61689. Because of the number of steps, it

Zstart (MM): is not recommended to autosearch at each depth as this
would make the scan very long. A good alignment should

3.00 negate the need for searching at each depth.

zst«:ip (mm):

105.59

zstep (mm):

2.00

[ | Do autosearch?

Run z-scan
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=104

=204

Pl Integral (dB)

-304

40

—— PlLo

—*— PIL.0 smoothed

Proposed z_n depth: last maximum of smoothed curve

Z,, lower bound (mm):

50 100 150
Depth (mm)

/ 200

n Z,, upper bound (mm): nan

Set z; 10 117.07 ¥ Set z, to 117.0? ¥

Delete captured data? |/

or append comment:

Interactive controls:

Lower and upper bounds limit where z_n is
located. If both are not a number (NaN), the
last axial maximum of the z-scan will be set
as z_n. If one or both bounds is specified,
z_n will be set as the absolute maximum
between those bounds.

Curve smoothing kernel: odd number
indicating how many points are used to
smooth the function.

Re-process: applies the interactive controls
and refreshes the screen

Curve smoothing kernel:

-

Re-processed curve with 5 points in the
smoothing kernel (note that the green curve
goes deeper at z=35 mm) and an upper and
lower bound applied

In this case, the proposed z_n depth is the
maximum between those two limits, not
(necessarily) the last axial maximum.

7 1
i
0 !
i
i
!
-10- !
i
i
o i
2 !
T 201 1
= i
2 i
£ i
a
304 —*— PlO
—*— PIL0 smoothed
Proposed z_n depth: bounded maximum
-40
Lower z_n bound
————— Upper z_n bound
-50+— ‘ — i T —
0 50 100 150 200 250
Depth (mm)

Z,, lower bound (mm): 100.0 Z,, upper bound (mm): 150.0 Curve smoothing kernel:

Set zp,to 117.07 ¥ Set z, to 117.07 ¥
Delete captured data?

or append comment:

Re-process

Normal functions at the end of an acquisition
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Rasters:

Select to decide at which
depth to acquire a raster
scan

Depth

D ear-field: 3

Z,: nan

Other:

In-plane raster extent

D Cross axis to dB limit:

X-span (mm): 10.0

In-plane sample spacing

)

Samples per direction:

Specifies in-plane sampling. (31 x
31 is the minimum number of points
allowed in IEC 61689

=l

Step size (A): 0.5

Step size (mm): | (.10

‘\

Y-span (mm): 10.0

Acquire raster

Waveforms:

=22 Waveform
O Zy: nan

Other:

¥/ Do autosearch?

Capture waveform

AMS Users Guide

Specifies in-plane raster size: cross
axis to dB limit will perform a cross
axis scan to determine the raster size;
X-span and Y-span allow the size to
be specified directly

Select to decide at which depth to acquire a waveform.
Autosearch will toggle whether or not the waveform is
collected at the point the hydrophone is at when the
button is clicked (no autosearch) or following an
autosearch routine (do autosearch).
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XZ, YZ Rasters
1. This allows the user to run raster scans in the xz and yz planes

Stack of Rasters
1. This allows one to run a series of in-plane (fixed z) raster scans at the depths
specified. The in-plane sample spacing can be set as a function n samples, step
size in A, or step size in mm. The in-plane dimensions can be fixed (in mm) or
defined as a cross-axis dB limit for which the system will do a cross-axis scan prior

to each raster plane.

Run from File

1. This function allows the user to load an excel file into the system that prescribes a
custom trajectory along which the hydrophone will move and acquire waveforms

a. An example excel file called RandDexample.xlsx is

Research & development
This page includes tools that are in development or allows for other measurement
trajectories to be prescribed.

included

‘TableGeneratorTemplates’ sub-directory

Parameter Units Description/comment

X mm X location

y mm y location

z mm z location

t ° 6 location: not used

hyd_sens dB re. | Override default with this hydrophone

1V/MPa | sensitivity

f_c_force MHz Override measured center frequency with
this  center frequency  (supercedes
hyd _sens)

tracelength integer Must be a value accepted by the scope or
the scope will not change (eg. 1000, 10000,
100000)

acq_chan integer Usually 1 or 2

do_spatial_avg | boolean

do_autosearch | boolean

save_raw boolean | Will save the voltage trace if TRUE
(otherwise just the analysis of the data)

gen_plot boolean | Will generate real-time waveform plot, if

TRUE

. After such a file is selected, the software will parse it and display a table indicating
the measurement trajectory it will follow.
If ‘proceed’ is clicked, a progress bar will advance as the trajectory is performed,
line-by-line

a. Lines where ‘gen_plot’ is true will display a waveform in real-time

AMS Users Guide
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Output and reporting

This page generates summaries, analysis, and plots of the output.

Analyze results

Clicking ‘Analyze results’ will allow the summary and analysis of the current acquisition;
adding an absolute path to a different results directory will allow analysis of previsouly-
acquired data.

The program will parse the files in the directory and, if more than one acquisition
combination is present, will give you a screen in which you can select the acquisition you
would like to analyze. If only one acquisition type is found, the program will proceed to
the next step.

Specify transmit profile to analyze

Nominal frequency (MHz) Nominal focal depth (mm) Other mode identifier

®35 *25.0 * 5cycles
7.5 50.0 B-mode

Sorting window allows user to select
which acquisition in active folder to
analyze.

Select transmit profile

Next, based on the z-scans identified, the software will suggest what files be used for the
waveforms, cross-axis, and raster scans necessary to generate output tables. The
waveform files will be listed with a delta depth (eg A=3mm) to indicate the difference in
the acquisition depth between that waveform acquisition and the depth determined in the
z-scan; and either a check mark (v), cross (x), or question mark (?), indicating if that
waveform has been confirmed with a secondary hydrophone successfully, unsucessfully,
or neither, respectively. The success of a secondary cross-check is determined by the
maximum axial separation (config.py: crosscheck_zlim (in mm)) and the difference in Pl
(config.py: crosscheck_dblim (in dB)).
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Specify acquisitions to include in analysis

S/N: 0154LH (5 cycles, 3.5 MHz, 50.0 mm focal depth)

Pl .0 depth waveform:

3.5_MHz_f2_depth50_f45_cycles_sn_0154LH_seq00009_WaveformPII0_PrimaryHyd.json (Az=0.0mm) ‘? v
PIl 3 depth waveform: \ Waveform file options, sorted

, ‘ according to the software’s best
3.5_MHz_f2_depth50_f45_cycles_sn_0154LH_seq00010_WaveformPII3_PrimaryHyd.json [GZZO‘W

guess as to what should be used.
Pl .B3 depth waveform:
3.5_MHz_f2_depth50_f45_cycles_sn_0154LH_seq00010_WaveformPII3_PrimaryHyd.json (Az=c®mm) 9 v

Ml waveform:

3.5_MHz_f2_depth50_f45_cycles_sn_0154LH_seq00010_WaveformPII3_PrimaryHyd.json (Az=0.0mm) ‘? v

Cross-axis scan at P11.0 depth:

3.5_MHz_f2_depth50_f45_cycles_sn_0154LH_seq00004_XCN_PII0.json (Az=0.0mm) . . .
Cross-axis and raster file options
Cross-axis scan at PI1.3 depth:

3.5_MHz_f2_depth50_f45_cycles_sn_0154LH_seq00005_XCN_PII3.json (Az=0.0mm) 4'/’
Raster scan:
3.5_MHz_f2_depth50_f45_cycles_sn_0154LH_seq00006_RST_PII3.json (Az=0.0mm) v

Key: successful cross-check: [; unsuccessful cross-check: 3§ ; cross-check not evaluated: Q.

Select acquisitions ~ SkipS/N = Cancel

<«— | Progress bar

After each specific probe has been assigned, you will be prompted to specify if the probe
is used in a scanning or non-scanning configuration, and the parameters for each.

If, in config.txt, calc_manual_Ps = True, it is possible to enter a power manually into the

‘Raster scan’ selector. This value, in mW, will be used for subsequent calculations and a
raster scan is not required.
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Dutputmode: 4//4‘ Scanning/non-scanning toggle

Common parameters:

Bounded power (within 1 cm?): Obtained from a near'ﬁeld
L <« |
1.00 (3.5 MHz f2 depth50 45 cycles sn 0154LH seqD000T RST NearField.ison) raster.scan, or can be manua”y
overriden
Non-scanning parameters

. Pulse repetition frequency (Hz): 1000.0

Long pulse length (ms): 100 Pulse repetition frequency (Hz): 1 Pal’ameters SpeCIfIC tO non-
scanning modes

Scanning parameters

Image rate (Hz):

Linear array

Array length (mm): 40
Number of lines: Sector array
can angle (°): Offset (mm):

Line averages:

Parameters specific to
scanning modes

' Generate plots of table data

Specify parameters  Cancel

- <«—— | Progress bar

I

At this point, one may also select to produce plots, or simply the numerical results.

Note: the bounded power fraction should be between 0 and 1: the fraction of the total
power that passes through a 1 cm x 1 cm aperture.

On continue, an MS excel spreadsheet and a completed pdf version of the IEC 60601-2-
37:Table 201.103 form, optionally, a pdf of plots will be generated in the relevant output
sub-directory. The ‘TableGeneratorTemplates’ directory contains an excel template for
IEC-formatted output tables. It is recommended that the output excel file be opened, and
the desired template file. From the template, right-click on the sheet (bottom-left corner)
and say ‘move or copy’, copying the template to the AMS-generated summary
spreadsheet. An example of this dialog is shown below:
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9 Iras(z1)] (mW)
10 7 (cm)
11 | Assoc Acoustic |z, (cm)
12 | Parameters |, (cm)

13 Move or Copy ? X
14

15 To book:

Move selected sheets

1€ TableGen20180627-094107 xlsx ~
17
B ccriresandconstants |
Identifiers and constants
19 #RE

Measured data
2( | Calculated values #RE
21 Statistical analysis
(move to end)

Before sheet:

#RE

22
23

24 . #RE
iCreate a copy.

x

Analyze physiotherapy results
Clicking ‘Analyze physiotherapy results’ will perform a similar routine to the ‘Analyze
results’ button but will perform calculations specific to IEC 61689 and IEC 60601-2-5.

Summarize results
Summarize results lists the output files in either the current directory, or the directory
specified and allows the user to select files to summarize
1. Available files
a. Sequences that have been acquired
2. Files to process
a. Drag, drop, and re-order the collected data you would like summarized
and/or plotted
3. ‘Generate plots’ and ‘Generate spreadsheet summary’
a. Checkboxes indicate the type or types of output that will be created.
4. PDF plots and XLSX summary files are created in the output subdirectory

Documentation
Links to this document
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Footer

Hydrophone:

Center frequency (MHz):9.79 = Motor position (mm): X: -0.50; ¥: 0.50; Z: 50.00 ~ Temperature (°C): 22.0

The footer has several functions:

Hydrophone: toggles between the calibrations of the primary and secondary hydrophones
Center frequency, motor position, and temperature: displays the current values

Move motors: opens the move motors window (see below)

Move motors
Clicking ‘Move motors’ in the footer brings up the following page:

These boxes indicate that
the motors will jog in the

e MOtor Contro direction specified while

that button is depressed

Instructions

Use | — [and | — | to move in X

Use [+ [and | | |to move inY
lUse | Page Up | and | Page Down | O move in Z.
lise | Space | to capturefrelease motors.

This toggles between the two
available motor orientations

Orientation: Status:

This toggles the motors
from engaged to disengaged

IR move the motors directly to the targeted location

Entering values into these boxes and clicking ‘Go’ will ﬂ

This box shows the current
position

r position (mm): Motor position (mm): X: 0.00; ¥ 0.00;

- 0 0

_-I L '_rl L

Stop moftors! Reset X and Y to 0 This allows the current
P : position to be defined in z

This will set the
current position to
x=0, y=0
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config.txt and user_config.txt

config.txt and user_config.txt contain many variables that can be modified to change the behavior of the
program.

Acertara recommends that you create copies of these files before changing parameters so that you can
change back if there is unexpected behavior.

config.py is run when the program is initialized. Changes to this file will not take effect until the next time
the program is run.

user_config.py is also run when the program is initialized, but it will be re-initialized if the button

<% Reload user config

is clicked in the GUI.
user_config.py contains most of the variables that can be expected to change on a regular basis.

Specific variables of note:

dut_override If the values of these keys are not *-1°, the value they represent in the program will
be overwritten by the new value entered here. For instance, if ‘f_c’ is changed
from ‘-1’ to ‘5.5’, the center frequency will be treated as 5.5 MHz, even if the
waveform returns a different value for center frequency.

calc_pars Default values put into the analysis tool.
alignmentmethod | See alignment section of this document
plot_pars Changes the appearance of various plots both during operation and in the output

phase. For instance, ‘raster_colormap’ will take any matplotlib colormap to color
the real-time raster plot. ‘wfm_plot_f2’ will change the upper limit of the x-axis of
frequency spectra plots.

autosearch Whenever autosearch is checked, and during fine z-scans and during alignment,
the program undergoes a search routine to find the peak at that depth and
location.

‘method’ changes how it does this: ‘CenterOfMass’ performs a small cross axis
scan (with search limit ‘CoMsearchLim’ in steps of ‘CoMstepinlambda’) and return
to the center of mass of the points evaluated. This is the slowest search method,
but is useful when evaluating unfocused devices (eg. physiotherapy), or highly
focused sources when away from the focal depth (eg. HIFU).

‘PeakPIl’ searches the x and y-directions for 3 successive drops to identify a local
maximum to which it will return.

‘PeakRMS’ follows the same algorithm as ‘PeakPII’ but it bases the search on the
RMS of the scope, rather than transferring the waveform at each location.
‘PeakRMS'’ is the fastest method but can get lost.
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Remote control (rc) interface

From version 3.2.5 onwards, an optional remote control interface is available. Contact Acertara if your
system is not so-equipped. The rc interface allows access to functions after some of the error checking.
Care should be taken while setting up an rc routine. It is recommended that an rc routine be developed in
parallel to using the system from the GUI, though the ‘run_headless’ option allows an established rc
routine to execute with no visual feedback on the host machine.

0. Enabling/setting up rc connection:

¢ In config.txt, the following rc parameters are available:
FHER A F R A FHHHHRC TOOLSHE#HH#HHH#H SR HHHHHHRRHHRHHHH

HOST = '127.0.0.1"'" # Standard loopback interface address (localhost)
PORT = 50005 # Port to listen on (non-privileged ports are > 1023)
client rec buffer = 4096 # bytes

run_headless = False

e HOST can be any ip address to which clients should attempt to make a connection

e PORT can be nearly any number > 1023

e client_rec_buffer is the maximum number of bytes sent in either direction. Most commands are much
shorter, but the interface allows the client to obtain some metadata from the host that may be longer.
4096 bytes is recommended for normal operation

e run_headless, if True, will start AMSPy without attempting to launch the normal web-based GUI

e Two files are provided in rcTools. Neither file is required to interface with AMSPy though, together,
they provide an example of the available functionality.

e The TCP_IP and TCP_PORT must match the values assigned by config.txt for HOST and PORT,
respectively

e Avalid license code must be found in the licenses.txt file to enable the rc interface

1. The example program can be run through the standalone python distribution in rcTools. For example,
from a command prompt, run “python_rc.bat rcAMSpy_menu.py" while AMSpy is running. If the

configuration is correct, the following should appear:

$ ./python_rc.bat, rcAMSpy_menu.py

connected.

Choose message to send:

CONNECTSCOPE
CONNECTMOTORS
CONFIRMINIT
SPECIFYJOB
SPECIFYPROBE
GET_PROBE
SPECIFYHYD
SET_FC
GET_META
9 - ACQ_ZSCAN
10 - ACQ_XCN
ACQ_RST
ACQ_WFM
GET_LOC
SET_LOC
GO_LOC
16 - CLOSE
X - EXit

O~V WNEO

Enter choice:
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The choices are as follows:
0. CONNECTSCOPE. Accepts three parameters: scope type, scope IP, acquisition channel.
a. Eg. ‘tektronix mdo, 10.1.0.22, 1°. This will attempt to connect to a tektronix mdo scope on
ip address 10.1.0.22 with channel 1 being the active channel.
b. If no arguments are provided, an attempt will be made with default values from config.txt
c. Returns ‘REVERTED_TO_DEFAULT if the system opted to use default configurations
(no parameters or invalid parameters supplied), or a success message if the values
supplied were used appropriately.
1. CONNECTMOTORS. Accepts four parameters: motor controller type, orientation, motor ip,
minimum safe z distance.
a. Eg. “galil, right-to-left, 10.1.0.23, 3". This will attempt to connect to galil motors on ip
address 10.1.0.23, configured so that the positive z-axis runs from right-to-left. A
minimum z depth of 3 mm is assigned creating a soft limit for subsequently-assigned
movement targets (cannot be less than 3 mm, though job motors commands and the
ability to reset the current z depth are known workarounds for this soft limit.)
b. If no arguments are provided, an attempt will be made with the default values from
config.txt
c. Returns ‘REVERTED_TO_DEFAULT if the system opted to use default configurations
(no parameters or invalid parameters supplied), or a success message if the values
supplied were used appropriately.
2. CONFIRMINIT. Requests the status of the scope and motor connections.
a. Returns TRUE if both connections are made; otherwise returns a string describing what
connections have been made successfully
3. SPECIFYJOB. Accepts a single parameter: a path to where the data will be stored
a. If no arguments are provided, a date/time stamped default directory will be made in the
output directory as specified in config.txt
b. Returns TRUE if a directory was created successfully
4. SPECIFYPROBE. Accepts 1) a comma separated list in "key,value,key,value...” format or, 2) the
absolute path to a csv file containing probe parameters. The available keys are as reported in any
of the output files under ‘DUT". For example,
probe_sn: "asdf",
nom_fdepth: 50,
nom_fdepthelev: 50,
nom_fc: 3.5,
tag: ",
probe_name: "test",
operator: ",
CWflag: false,
aperturetype: "circle",
aperturecircleOD: 12.5,
aperturecirclelD: 0,
aperturerectlLen: 6,
. aperturerectHei: 4,
apertureother: 3.14159,
0. z_bp:18.75
Would be sent as
‘probe_sn,asdf,nom_fdepth,50,nom_fdepthelev,50,nom_fc,3.5,tag,”,probe_name,test,operator,
,CWflag,false,aperturetype,circle,aperturecircleOD,12.5,aperturecirclelD,0,aperturerectLen,6,aper
turerectHei,4,apertureotehr,3.14159". Note: it is possible to send only a subset of these key/value
pairs (eg. k through n in this example would not be used as the aperturetype is circle)

S3ITXRTTSQ@T0200Y

The csv file would bear some resemblance to the probe templates as saved by the GUI, though
probe templates do not include the probe_sn and operator info

5. GETPROBE. Returns information about the current DUT. If a specific key is provided, only that
value will be returned; otherwise, the entire set of key/value pairs is returned
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6. SPECIFYHYD. Accepts the absolute path to a properly-formatted hydrophone data file. Returns
HYDROPHONE_INITIALIZED if this hydrophone is parsed appropriately. If no path is supplied,
the code will use the default hydrophone per config.txt.

7. SET_FC. Sets the functional center frequency (used to determine step sizes; an alternative to
first waveform’ collection.

8. GET_META. Returns the metadata of the most recent acquisition sequence (commands 9-12)

9. ACQ_ZSCAN. Accepts four parameters: z_start, z_stop, z_step, do_searches at each location.

a. Eg. 5,55,5,false would perform a non-search z-scan from 5 mm to 55 mm in 5 mm steps

b. This command triggers a holding pattern that checks for completion regularly. When the z
scan is finished, ‘Long task completed’ is returned.

c. After the sequence is complete, information about it can be obtained using command 8
‘GET_META’

10. ACQ_XCN. Accepts four parameters: depth, search limit, step size, do initial search.

a. Eg. pii3,-26,0.5,false performs a set of cross-axis scans at the pii.3 depth (defined by z-
scan) to a drop-off of -26 dB from the peak in 0.5 1 steps. No initial autosearch is
performed. If the first parameter (depth) is a number, this will be treated as a depth in mm

b. This command triggers a holding pattern that checks for completion regularly. When the z
scan is finished, ‘Long task completed’ is returned.

c. After the sequence is complete, information about it can be obtained using command 8
‘GET_META’

11. ACQ_RST. Accepts four parameters: depth, x-span, y-span, and step size.

a. Eg. pii3,10,12,1 performs a raster scan at the pii3 depth with an x-span of 10 mm, a y-
span of 12 mm, and a step size of 1

b. This command triggers a holding pattern that checks for completion regularly. When the z
scan is finished, ‘Long task completed’ is returned.

c. After the sequence is complete, information about it can be obtained using command 8
‘GET_META’

12. ACQ_WFM. Accepts five parameters: depth, time resolution, acquisition channel, if an
autosearch should be performed, if spatial averaging should be estimated

a. Eg. pii0,high,1,true,false performs a waveform capture at the pii0 depth with the ‘high’
number of points on the oscilloscope using data from channel 1. A search is performed
beforehand, but not a spatial averaging measurement routine

b. This command triggers a holding pattern that checks for completion regularly. When the z
scan is finished, ‘Long task completed’ is returned.

c. After the sequence is complete, information about it can be obtained using command 8
‘GET_META’

13. GET_LOC. Returns the current location

14. SET_LOC. Accepts a comma-separated list of coordinates to assign to the current motor position

15. GO_LOC. Accepts a comma-separated list of coordinates defining a location to which the motors
should move

16. CLOSE. Attempts to close the rc connection gracefully (AMSPy will continue to run)

17. x. Tells AMSPYy to stop running (will not close web tab, though). Then severs rc connection.

Note: if the rc connection is closed (Eg. by ctrl + ¢ in the command prompt), the program will interrupt any
long task (commands 9-12) as a safety measure.

Note: the rc commands can be customized. Please contact Acertara for more information. The
version described here might not be generalizable or what is found on your system.
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AMSPYy: sending emails

AMSPYy can be configured to send emails to report certain things (advanced reporting for report review;
as an option if an acceptance criterion fails).

AMSPYy is currently configured to support two email protocols: smtp and gmail (using the google api
client). File “config.txt™ contains the following:

email from = 'sender@gmail.com'

email alias = 'Joe Exotic' # smtp only

email password = '<include password>' # smtp only

email smtp = 'smtp.somewhere.com' # smtp only

email to business = 'businessside@somewhere.com' # report review
email to handson = 'handson@somewhere.com' # report review
email to technical = 'technicalreader@somewhere.com' # report review
email to operator = 'operator@somewhere.com' # in case of acceptance

criterion failure

If the email_from is a gmail address, follow the directions from google to create a local token that will allow
AMSPYy to send emails through the gmail address: https://developers.google.com/sheets/api/quickstart/python.
Once this process is complete, a file called "token.pickle™ will be stored in the local (usually C:/AMS)
directory. This token should allow emails to be sent.

If the email address provided (email_from) is not a gmail address, an attempt will be made to send an
email using email_from, email_password, and email_smtp. A simplified program that follows the same path is
as follows:

import smtplib
from email.message import EmailMessage

config = dict()

config["email from"] = "joe@exotic.com"
config["email alias"] = "Joe Exotic"
config["email smtp"] = "smtp.exotic.com"
config["email password"] = "Tigersl23"

msg = EmailMessage ()
msg.set content ("Please support my candidacy")

msg["Subject"] = "I am running for president"”
msg["From"] = config["email alias"]
msg["To"] = "testrecipient@america.com"

server = smtplib.SMTP SSL(config["email smtp"], 465)
server.login(config["email from"], config["email password"])
server.send message (msg)

server.close ()

It is recommended that one test the various methods of sending email using the suggested smtp program
or the quickstart.py file provided by google prior to trying to use AMSPy to send emails.
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Appendix A. Hydrophone Data Files

In order to provide properly calibrated measurement data, the AMS system needs information on
the sensitivity of the hydrophone being used. In addition, the measurement accuracy is affected
by the effective size of the hydrophone’s sensitive element. For membrane-type hydrophones,
this effective diameter is different than the nominal spot size (because of poling field
considerations) and is frequency dependent (because of Lamb waves within the membrane
structure). The software uses the effective diameter information to compensate for any spatial
averaging that may occur during the measurement of the ultrasonic beam characteristics.

The manufacturer of the hydrophone should supply both the sensitivity and effective diameter
data.

The sensitivity and effective diameter data are stored as values as a function of frequency, for as
many frequency points as are available. The AMS program will interpolate between these
frequency data points if the measured center frequency of the ultrasound signal is within the range
of stored data. If the measured center frequency is outside of the range of supplied data, the
program will use the value supplied at the nearest calibration point. This is illustrated in the figures
below, where data was available from 1.0 to 20.0 MHz. In the example below, the program will
use 0.026 mV/Pa for frequencies below 1.0 MHz and 0.053 mV/Pa above 20.0MHz.

Typical Hydrophone Sensitivity Calibration Data

0.06
Data will be interpolated between datapoints = @ & ~Ng - - - - .|
0.05
~ 0.04 4
o
>
£
2 0.03 -
= L.
g
(5
9 0.02
Outside the range of supplied calibration data, the program
0,01 will use the value at the nearest calibration point
0 T T T T
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Frequency (MHz)

Figure 1. Example Hydrophone Sensitivity Data
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Hydrophone data file format

Here is an example hydrophone data file, with column labels (A, B, C) and line humbers added
for clarity. These should not be present in the final file.

A B C

1 Hydrophone: S5-394

2 Last Calibrated: 11/15/2017

3 Data Entered by: Person A

Monday, November 27, 2017 10:00

4  On: AM

5 Using Global Rev: 3

6 Preamp: Y

7 Preamp: Internal

8 Num of Points: 30

9 Freq (MHz) Sens
10 2 0.037 -268.6359655
11 4 0.04 -267.9588002
12 6 0.043 -267.3306309
13 8 0.045 -266.9357497
14 10 0.046 -266.7448434
15 12 0.047 -266.5580428
16 14 0.046 -266.7448434
17 16 0.046 -266.7448434
18 18 0.045 -266.9357497
19 20 0.044 -267.1309465
20 22 0.043 -267.3306309
21 24 0.042 -267.5350142
22 26 0.041 -267.7443229
23 28 0.041 -267.7443229
24 30 0.04 -267.9588002
25 32 0.04 -267.9588002
26 34 0.04 -267.9588002
27 36 0.039 -268.1787079
28 38 0.039 -268.1787079
29 40 0.038 -268.4043281
30 42 0.036 -268.87395
31 44 0.033 -269.6297212
32 46 0.03 -270.4575749
33 48 0.026 -271.700533
34 50 0.021 -273.5556141
35 52 0.018 -274.8945499
36 54 0.015 -276.4781748
37 56 0.012 -278.4163751
38 58 0.01 -280
39 60 0.009 -280.9151498
40 Num of Diam Points: 3
41  Freq (MHz) Diam
42 5 0.524169
43 7.5 0.497531
44 10 0.490657

Essential components:

1. File name must end in “.hyd” in order for the software to recognize that it is a hydrophone
data file.

2. Data must be tab-delimited.

3. The name in B1 will be attached to all files captured with it.

4, If entered correctly, the ‘last calibrated’ date in combination with config parameters

‘validate_calibration = True’ and ‘val_cal_years = xx.” and ‘val_cal_warning_years = xx.’
will warn the user if the time since calibration exceeds val_cal_warning_years, or give a
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caution if the time since calibration exceeds ‘val_cal_years’.

5. If B6 is Y’ or ‘yes’, the oscilloscope will be set to have an input impedance of 50Qwhile if
B6 is ‘N’ or ‘no’, the oscilloscope will be set to have an input impedance of 1 kQ.

6. A line needs to begin with ‘Num of Points’, as in A8, followed by an integer giving the
number of lines of frequency/sensitivity pairs (B8).

7. After the frequency/sensitivity pairs, a line needs to begin with ‘Num of Diam Points’, as in
A40, followed by an integer giving the number of frequency/diameter pairs (B40).

8. Frequency must be given in MHz (column A), sensitivity must be in linear units of yV/Pa

(column B). Column C shown here in log units is optional and is not used by the software.
Note:

The number of frequency/sensitivity pairs and frequency/diameter pairs need not be the number
shown in the example
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Appendix B. Maintenance

Mechanical components

Acertara recommends lubricating rails and ball screws with petroleum jelly or a light coat of
machine oil on a quarterly basis, or whenever these components appear dry.

Paratus water conditioning unit
For system fitted with the Paratus water conditioning unit, Acertara recommends the following:
1. Daily Inspection
a. Verify Blue Light on U.V. Filter body is lit while Paratus is in operation.
i. No Light = Replace U.V. Filter Bulb.

b. Verify Vacuum Gauge reads > 2.25 in/Hg
i. Vacuum Gauge reads < 2.25 in/Hg contact Acertara.

c. Verify Flow is > 1 GPM
i. Replace U.V. Filter and Sediment Filter.
1. 10 um filter used in U.V. Filter.
2. 5 pum filter used in Sediment Filter.

2. Weekly Inspection

i. Inspect Paratus return tube and AMS Tank walls for algae or other
contaminants. Wipe contaminated areas with cloth and mix with AMS
tank water. Run Paratus to filter and kill contaminants.

Program Timer to treat water daily at these time intervals: 45 minutes for small AMS tank and
90 minutes for large AMS tank.
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Contact Information for Acertara Acoustic Laboratories:

Email: sales@acertaralabs.com

Phone: 303.834.8413
Mailing Address: 1950 Lefthand Creek Lane, Longmont, Colorado, 80501, USA

Website: www.acertaralabs.com
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