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1 Introduction

The MassaSonic® Gizmo® Ultrasonic Sensors combine Massa’s 70-plus years of experience in
electroacoustics with state-of-the-art analog and microprocessor hardware and software design. The result
is the most versatile, easiest-to-use ultrasonic sensor on the market. The Gizmo Family of Sensors, listed
in the following table, consists of sensors that operate at different frequencies which determine sensing
ranges in a typical tank level application.

Family of MassaSonic Gizmo® Ultrasonic Sensors
P/N 'Sensing | *WiFi Ultrasonic System

Model (order number) Description Range | Range |Freq (nominal)( Beam Angle

M5110-150-1A 100934-501 Gizmo WiFi 150 47109 | 250ft 150 kHz 8°
w/internal antenna

Gizmo WiFi 150

M5110-150-EA67 |  100934-502 47109 | 300ft 150 kHz 8°
w/ext IP67 antenna

M5110-95-1A 100933-501 Gizmo WiFi 95 8" t020 | 250ft 95 kHz 8°
w/internal antenna

M5110-95-EA67 100933-502 Gizmo WiFi 95 8" t020 | 300ft 95 kHz 8°

w/ext IP67 antenna

In operation, Gizmo® Sensors generate a high-frequency ultrasonic pulse, then measures the time it takes
for the reflected echo to return from a target and then calculates the target distance using the speed of
sound. The value of the speed of sound, which is a function of temperature, is determined by the sensor
using its internal temperature probe. The status data produced is transported via WiFi.

Gizmo’s underlying communications support the industry standards JSON (JavaScript Object Notation)
data interchange. Gizmo’s wireless connectivity using a WiFi module is the first version of the Gizmo
platform. Future models will include Cellular and LoRa versions in the Gizmo Sensor package.

The Gizmo® WiFi Sensor is designed to work with the ubiquitous, already installed, In-plant WiFi networks.
Once provisioned, the WiFi sensor connects to the facility’s network and passes data to either a local host
or a cloud-based datacenter. WiFi provisioning and sensor maintenance are made easy with Gizmo’s
embedded service. Using the Gizmo Smartphone App, users can adjust network settings.

Additional Key Features of Gizmo Sensors include:
e Relatively Easy-to-Use Setup Software
e Built-in Temperature/Sound Speed Compensation
e Real time clock
¢ Ultrasonic Waveforms Allowing Diagnosis of Measurement Issues
e Fault Detection and Reporting
e Programmable sleep rates for general level measurement
e Programmable wake up time for an option of having a faster reporting rate in cases such as real time
tank fill reporting.
¢ Unscheduled radio wake-up based on alarm level settings to report tank level “too high” or “too low”
¢ Long battery life, up to 3 years when programmed for 1 hour sleep.
TMinimum sensing range increases as temperature increases, however minimum specified range will be reported regardless. See
Section 13 for details. Maximum sensing range is target dependent.

2WiFi range specification is line of site. Walls and other obstructions can reduce WiFi range down to 30 ft. Also, internal antenna
hemispherical beam pattern with near equal sensitivity in horizontal and vertical planes. External antenna is a dipole with a donut
shape in the horizontal plane with a null straight overhead. So external antenna is best not to be used if router is overhead.
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2 Product Description

This section contains a general overview of the MassaSonic® Gizmo® Ultrasonic Sensors. For additional
information including data sheets and application software, please refer to Massa website
www.massa.com/industrial/ultrasonic-sensors/gizmo/

Specifications

Gizmo Sensors are designed for process control in either indoor or outdoor locations. Below is a list of
specifications.

Ultrasonic Sensing Range':
Sensing Range (model 150): 4” (100mm) up to 9’ (2.7m)
Sensing Range (model 95): 8” (200mm) up to 20" (6m)

Environmental:
Temperature: -30°C to +70°C
Relative Humidity: 0 to 95% non-condensing
Altitude: 3000 meters (10,000 feet)
Pollution: Degree 2
Sound pressure (model 95 only): At 1 meter relative to 20uPa is ~125dB at high power and 115dB for
normal power within 10-degree beam (ambient temperature & 50% RH). Note: This spec pertains to a 10-
cycle pulse that only occurs at the sensor’s programmed sample rate; there is no sound emitted during any other times.
Electrical:
Power: Three 3.6 V AA Lithium (Li-SOCI,) batteries by Saft p/n LS14500. Do not use any other battery
technology.
Operating current: ~30 mAdc with WiFi radio enabled. Sleep current ~1 uAdc
Temperature Compensation: Internal probe
Battery Life: With 3 Saft batteries, expected life at Thr sleep rate is 3 years, 20-year shelf life
Classification® CE (EN 61326 EMC) Emissions and immunity regarding electromagnetic compatibility

Mechanical:
Sensor Housing Threads: 2” NPT
Sensor Enclosure Rating: NEMA 4X, IP67
Sensor Dimensions: See sketch in Appendix A
Housing and Transducer Material: PVDF
Antenna (external): 2.4 GHz 2dBi, straight, RP-SMA male, IP67
Wakeup switch: Both internal pushbutton and by magnetic switch
Weight: 1 Ib. (450g) both models, not including batteries

WiFi Radio Module by Silicone Labs (WGM160P series module):
WiFi: 2.4 GHz, 802.11 b/g/n
Range: Line of site up to 300ft, in buildings with walls down to 30 ft
Communications protocol: JSON over MQTT, JSON over TCP/IP tunneling.
WiFi Antenna: Impedance 50 ohms, Gain <= 2.1 dBi, VSWR <=2, RP-SMA Male, IP67
WiFi Security: AP Login WPA, WPA2, WPA2-PSK, WEP. Encrypted Data over TCP/TLS
WiFi Module Regulatory Approvals: CE and UKCA - EU and UK. FCC — USA. ISED - Canada. MIC - Japan.
KC - South Korea

Programming features:
FOTA programming: Yes (Firmware Over The Air)
Overfill/lunderfill Tank Alarm for wakeup radio for immediate push of status: Yes
Saved Status Events: Store up to 1000 records

of time while the product is operating.

f - Warning: To avoid potential injury, do not place ears within the 10-degree beam angle for an extended period
- If the sensor is used in a manner not specified, the protection provided by the equipment may be impaired.

T Minimum sensing range increases as temperature increases, however minimum specified range will be reported
regardless. See Section 13 for details. Maximum range is target dependent.

2 CE EMC/EMI testing by certified authority
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3 Gizmo Overview

Overview

This document provides end-users with information about Gizmo's features and operation. It summarizes
sensor operating modes, LED and switch uses, operating features, range measurement operations,
communication options, and setup parameters. The goal is for end-users to understand how to operate
and apply Gizmo to their specific use case. It is best to set up the sensor before it is installed on the tank.
JSON (JavaScript Object Notation) messages are sent to and from Gizmo using either industry standard
Message Queuing Telemetry Transport (MQTT) or Massa’s Local Host transport (formerly TCP Direct). See
the Communicating with Gizmo section on the next page. Using the MassaSonic® Multi-Sensor
Application (MMSA) takes care of all JSON messaging and transport details. For additional information
and examples on communicating with Gizmo using JSON messaging, see Gizmo Advanced Users Guides.

Gizmo WiFi Communications
Gizmo features wireless access functionality to connect to preexisting in-plant WiFi network installations.
e Gizmo utilizes the industry standard MQTT transport protocol, for secure JSON (JavaScript Object
Notation) data interchange.
e Gizmo WiFi securely connects to a WiFi network and then to an MQTT Broker. The MQTT Broker
can be in the cloud or hosted on-site.
e The MQTT Broker is the gateway to all Gizmos. Users may access Gizmo event data, configuration,
and waveform diagnostics through the MQTT Broker.
e MassaSonic® Multi-Sensor Application (MMSA) is a software package which provides an easy-to-
use GUI interface to Gizmo data via its built in MQTT client.
e Gizmo provisioning sets WiFi details, broker connection, and security settings required for
network and broker use. Use either MMSA or Gizmo’s Provisioning Smartphone App.

e Gizmo also includes Local Host protocol, a simpler JSON transport connecting directly to MMSA
or user proprietary software without the need for the cloud or MQTT broker.

Overview of Operation and Communication

Cloud, Internet, AWS

’4-3"' or Direct Connect to
D i Customer Application
_ _—— |  WiFi
Gizmo l AP / Router
Sensor . ¢
Local
Option

Mass:;:l ! Host
Application
Software

Local PC Running
Massa / Host

Application Software

Email and/or
Text Messaging
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3 Gizmo Overview

Real Time Clock

Gizmo includes a Real Time Clock (RTC) to maintain accurate time to timestamp events. The RTC updates
on each Gizmo wakeup using an internet time server. Gizmo uses NTP to query the time server and
converts the returned time to J2000 epoch time. This timestamp is recorded with each Measurement Event.

LED indicators and Blink Patterns

Gizmo has two multi-color LEDs, the sensor LED and the radio LED. These LEDs indicate sensor and radio
status. Gizmo's green LED has two blink styles, a very short pulse and a longer, more intense blink. Short
pulses are used to indicate Gizmo operation and status. After startup, the longer, more intense blink
indicates Gizmo is going to sleep.

On Powerup (insert batteries)
Gizmo LEDs blink the following test and status pattern on normal startups:

1.  One second sensor green LED blink Bootloader normal startup
2. Two sets of sensor red/green LED blinks: Sensor LED test

3. One radio green LED blink: Radio power up test

4. Two sets of radio red/green LED blinks: Radio LED test

5. One long sensor green LED blink: Gizmo goes to sleep

Communicating with Gizmo

Gizmo offers two data transport methods for end-user communications. The transport method is selected
during Gizmo provisioning.

Gizmo with MQTT /JSON Messages

Gizmo WiFi Sensors support MQTT / JSON data transport. MQTT with JSON data interchange is a
lightweight protocol design for limited resource embedded systems. This implementation of Gizmo
communications is aimed at customers using (or soon to be using) the popular, industry standard MQTT
broker with JSON data payload. See MassaSonic Gizmo MQTT / JSON Specification for details.
MQTT/JSON communication is selected by default during Gizmo provisioning.

Note: With an MQTT broker, multiple clients, including MMSA, can communicate with Gizmo, subscribing
to Gizmo topics, monitor Gizmo events, and publishing new settings to the same Gizmo.

MQTT / JSON Data Transport

? MQTT Broker
RS .
l WiFi Network

Gizmo ]
Sensor ==

MMSA or User
Software Connected

Gizmo to Broker

Remote Data
Application
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3 Gizmo Overview

Gizmo with Local Host

Gizmo WiFi Sensors also support Local Host data transport. Local Host is an alternative to MQTT. Local
Host transports the same JSON data payload directly via the underlying TCP/IP protocol. This eliminates
the MQTT protocol layer, MQTT topic overhead, and the required MQTT broker, simplifying messaging
and required support services.

This Local Host implementation is aimed at more streamlined systems with a local network and a computer
running a single instance of MMSA.

Local Host is selected during Gizmo provisioning.

TCP Direct Data Transport
-
——————— .
Gizmo l _ WiFi Network
Sensor -5*-:*:._.—.-_.-‘-
MMSA or User
Software Connected
Bistiic to Broker
Remote Data
Application

Gizmo WiFi Communication Profiles

Gizmo stores network login and security information in two profiles; the Primary profile, and the Fallback
profile. Each profile includes a complete set of WiFi and Broker/Host information necessary to connect
and transport data.

On wakeup, Gizmo first makes 3 attempts to connect using the Primary profile. If unsuccessful, Gizmo
then makes 3 attempts using the Fallback profile. If still unsuccessful, Gizmo goes back to sleep until its
next wakeup time.

Installation and Getting Started Guide 5 MassaSonic® Gizmo® Ultrasonic Sensor - WiFi Edition
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3 Gizmo Overview

On Wakeup When Sleep Time Has Expired or Button Press

When Gizmo wakes after sleep time, or the user momentarily pushes the Wake Button, the sensor’s green
LED will pulse once indicating the start of range measurement. After range measurement, Gizmo will
power the radio. The radio’s green LED will blink once when powered on, once when the radio connects
to the WiFi network, and once on each data transmission to the broker.

If the Wake Button was used, the sensor’s green LED will also pulse every 3 seconds until Gizmo goes back
to sleep.

When Gizmo goes back to sleep, the green LED will show a longer blink (more intense).

Note: Upon Wake Button push, if the Sensor LED does not blink immediately then Gizmo is already awake
and busy. To force Gizmo to sleep, press and hold the Wake button for 4 seconds.

Wake Button and Wake Magnetic Switch Control

The Wake Button and Wake Magnetic Switch perform identical functions. The Wake Button is used when
Gizmo’s cover is open (initial install or battery change). The Wake Magnetic Switch is used for the same
functions when Gizmo's cover is closed. All details described below for the Wake Button also applies to
the Wake Magnetic Switch.

The following operations can be initiated with the Wake Button:

e Force wakeup, range measurement, and report.
Push and hold the Wake Button for 1 green Sensor LED pulse. Gizmo wakes in currently
programmed operating mode.

e Initiate radio provisioning.
Push and hold the Wake Button for 3 green Sensor LED pulses. This should take approximately 6
seconds. Gizmo will start the provisioning mode.

o Force radio provisioning Access Point reset.

Push and hold the Wake Button for 11 green Sensor LED pulses. Gizmo wakes, powers the radio,
resets the radio’s provisioning AP and password to default values, and goes back to sleep.

Note: Upon Wake Button push, if the Sensor LED does not blink immediately Gizmo is already awake and
busy. To force Gizmo to sleep, press and hold the Wake button for 4 seconds.

Sensor Power and Battery Life

Gizmo’s power source requires three 3.6 V Lithium (Li-SOCI,) batteries manufactured by Saft p/n LS 14500.
The LS 14500 is a Primary type (not rechargeable) battery. Do not use any other type of battery technology.

Gizmo employs radio power management to maximize battery life. If sleep time is greater than 90 minutes,
radio power is shut off during Gizmo sleep. If sleep time is less than 90 minutes, the radio power is not
shut off but set to a very low power mode while still maintaining WiFi connection parameters.

Battery life is calculated to be more than 18,000 measurement/report cycles on a single set of batteries
which translates to a battery life of:

One range measurement and report per day > 20 years
One range measurement and report per hour >3 years
Delayed report mode of one range measurement > 20 years

per hour with one report of all measured data per day

For Configuration Data Registers, see table in Section 9.
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4 Gizmo Guide on Getting Started with MMSA Application Software

4.1 Overview

This section details Gizmo setup for MQTT/JSON services. The following example uses the AWS (Amazon
Web Services) l1oT MQTT Broker, the MassaSonic® Multi-Sensor Application (MMSA) software, and your
local WiFi network with internet access. This example walks through Gizmo provisioning and briefly
describes the use of MMSA software to monitor and configure Gizmo.

Note that both Gizmo and MMSA have been factory provisioned and configured for temporary operation
with Massa’s AWS demonstration account.

4.2 MassaSonic® Multi-Sensor Application (MMSA) Software

The MMSA Application is Massa’s software for communicating with Gizmo. MMSA includes an easy-to-
use user interface and built-in MQTT client and Local Host server drivers. MMSA works with both
communication methods described above.

With MMSA's user-friendly GUI, user requests and new parameter settings are translated into JSON
messages and queued for transmission when Gizmo is awake.

If Gizmo is provisioned for MQTT, when Gizmo wakes, queued messages are published to a broker for
transfer to Gizmo.

If Gizmo is provisioned for Local Host, when Gizmo wakes, queued messages are sent directly to Gizmo.
See next section for setting up the MMSA Software.

4.3 Install MMSA

MMSA’s installation package includes two files, MMSA_V0_1_xx.msi and setup.exe. See Massa’s website
for the most up to date version. To install, run setup.exe and follow through the process until the
installation is complete.

THMMsA = * THMMsA = %
Welcome to the MMSA Setup Wizard (=l Installation Complete "
The installer will guide you through the steps required to install MMSA on your MMSA has been successfully installed.

computer

- Click "Close" o exit.
W~ setup.exe

WARNING: This computer program is protected by copyright law and International
treaties. Unauthorized duplication or distribution of this program, or any portion of
it, may result in severe civil or criminal penalties, and will be prosecuted to the

maimun extent passible Lnder the kw, Please use Windows Update to check for any critical updates to the NET

Framework.
= Back Next > Cancel < Back Close Cancel
A desktop icon will be included in the installation. [j"\*—"JF H
Click on it to start. P -e
Multi-Sensor
App
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4 Gizmo Guide on Getting Started with MMSA Application Software

4.4 Initial MMSA Setup

- o x
The first time the software starts Thers s o sansar data yet Pleass configuie |
| sensor before trying to view sensor history. |

after an installation, it will

. . . . B Uite M |1 Swechiio Test Display
indicate that a Gizmo sensor has Sr— lia!
. Defaull | Leel n
not yet been configured. il G
E _ h Peceni0 -
System Status:  Normal Tank Coumt !
Massa Products Corp. 280 Lincoln St Hingham, MA Close
il Tank Faren Manitaring Sofware  Ver 143 (o] x
e e | =l
Sile Sel 5
Mctt-Seraos Applicatinn Software
Sermor Dverrde Site Monitor Sertch to Teet Diaplay

Defaull B (== 0

Last Repott a Voluma ol
h S0 :

s

The Site Monitor page has the
choice of viewing the Gizmo
status graphically as shown here
or it can be selected to view it in ]
Text mode.

System Status: Normal Tank Count 1

Massa Products Corp. 280 Lincoln St. Hingham, MA Close

i Tank Farm Monitonng Software  Ver 1.43 - a x
MassaSowic®
Multi-Sensor Application Software OfY. Al
| Sewwivets | Site Monitor Skt Qruphic ey
Mama Content Last Time Level Violume Percent MName Content Last Time Level Volume Parcent
Dl " ol

Note: After MMSA installation, Windows Defender Firewall may display a blocked warning. Please Allow
Access. If the blocked warning message does not appear and you later have trouble provisioning the
sensor, close MMSA and proceed with the steps in section 4.5. Otherwise proceed to section 4.6.
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4 Gizmo Guide on Getting Started with MMSA Application Software

4.5 MMSA Software Access Around Firewall

This step is required for the MMSA Software to get around a laptop’s firewall. This document will
specifically show how to create a rule in Windows 11 for the “MultiTankApp.exe” and
“GizmoProvision.exe” programs. For other firewalls, similar setups may follow this procedure for allowing
access to the MMSA software.

Gain access to the Windows Defender Firewall Control Panel.

Windows Defender Firewall
Control panel

Click on Advanced Settings Click on Inbound Rules Click on New Rule
-' AdVaﬂced Set‘tings @ Windows Defender Firewall with Advanced Security Actions

File Action View Help Inbound Rules -

=% 2@ = BHE 3 NewRule..

9 Windows Defender Firewall with Advanced Security on Local Computer T Filter by Profile »
&3 Inbound Rules
&Y Outbound Rules
% Connection Security Rules
&, Monitoring

ﬁ Mew Inbound Rule Wizard x
Rule Type
Salect the type of firewall rule to create,
Steps:
& Rule Type What type of nule would you like to create?
& Program
Click on Program then Next |, aen O Program
e Profile Rule that controls connections for a program.
@ MName ) Port
Rule that controls connections for a TCP or UDF port.
() Predefined:
@%systemmottisystem32iproveve.dil -202
Fuile that controls connections for a Windows experience.
() Custom
Custom rule.
< Back MNext = Cancel
= - 2o
" Mew Inbound Rule Wizard >

| Program
Specify the full program path and executable name of the program that this rule matches,

Select “This program path:” |
and click Browse to find the | Stees:
MultiTankApp.exe. @ FuleTipe

Does this rule apply te all programs or a specific program?

The program was loaded o oot
. . @ Action ) Al programs
wi th th € d efa u It d irecto rY/ o Priie Rule applies to all connections on the computer that match other rule properties.
the location is:
@ Name O Ths alh:
C:\Multi_Sensor_App el
%eSystemDrive¥\Multi_Sensor_App'\MultiTankApp.exe Browse...
Example: c\path\program exe
Th en CI iC k N ext % ProgramFiles % \browser\browser exe

< Back et = Cancel

Installation and Getting Started Guide 9 MassaSonic® Gizmo® Ultrasonic Sensor - WiFi Edition



MASSA PRODUCTS CORPORATION

Rev 1.0

4 Gizmo Guide on Getting Started with MMSA Application Software

4.5 MMSA Software Access Around Firewall (continued from previous page)

. -
& New Inbound Rule Wizard ®
| Action
j Specify the action to be taken when a the in the rule.
l_ Steps:
CIICk on ”AIIOW the @ Rule Type What action should be taken when a jion matches the specified conditions?
H ” H @ Program © Allow the connection
connection then CIICk NeXt' @ . Adticny This includes connections that are protected with |Psec as well as those are not.
@ Profile () Allow the connection if it is secure
& Mams This includes only connections that have been authenticated by using [Psec. Connections
will be secured using the sefiings in |Psec properties and nules in the Connection Security
Rule node.
() Block the connection
< Back Mext = Cancel
"
| i New Inbound Rule Wizard X
| Profile
J. Specify the profiles for which this rule applies.
l_ Steps:
When does this rule apply?
Apply rule to all the defaulted ¢ fueTiee -
H @ Program Domain
checkboxes. Then CIle Next. & A Applies when a computer is connected to is corporate domain.
o Profle 8 Private
Applies when a computer is connected to a private network location, such as a home
@ Name or work place.
B Public
Applies when a computer is connected to a public network location.
< Back Mext > Cancel
This page allows the creation | @wnew inbound Rule Wizard x|
of the rule name. For MMSA, | yame
simply use this name. iacty i e and i of il
Repeat this procedure for the  sieps:
second executable file named & fue Tipe o
“GizmoProvision.exe”. After ' fogen MMSA
Reti
both ru[es have been created, & Ao Dokttt belora’
they will be seen in the @ Frie
Inbound Rules list as shown * M
below. The name of the
GizmoProvision.exe rule was
saved as MMSA Gizmo
Provision <Back Finish Cancel

File Action View Help

ﬂ Windows Defender Firewall with Advanced Security

e z2m 2 HE
|| P Windows Defender Firewall wi BETCHEE NS
| 4 Inbound -

U Rl Name Group Profile Enabled Action Owverride Program

Outbound Rules
1 Ko connection Security Rules 9 Mmsa All Yes Allow No %SystemDriveSe\Multi_Sensor_App\MultiTankApp.exe

5 l; Moaritoring & MMSA Gizmo Provision All Yes Allow No %eSystemDriveSe\Multi_Sensor_App\GizmoProvision.exe
Installation and Getting Started Guide 10 MassaSonic® Gizmo® Ultrasonic Sensor - WiFi Edition
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4 Gizmo Guide on Getting Started with MMSA Application Software

4.6 Overview of Sensor Out of the Box

To have the MMSA Software communicate with a Gizmo Sensor requires it to be provisioned with your
WiFi network. When batteries are installed, the sensor performs an LED power up sequence then wakes
up the radio looking for a network. Note: Gizmo batteries are wired in parallel. To remove power from
Gizmo be sure to remove all 3 batteries.

The LED sequence at power up validates the Gizmo sensor and the WiFi radio are functioning.
The turn on sequence is as follows:

Sensor Status green LED is turned on for 1 second followed by

Sensor Status LED red-green-red-green followed by

Radio Status LED green pause green-red-green-red

The sensor searches for a WiFi network for about a minute and if not able to join, the Status LED will have
a long green blink and go to sleep. Next step is to provision the Gizmo by having it create a hot spot and
have your computer join to continue the provisioning process with the MMSA Software.

Sensor Status LEDs Radio Status LEDs

Magnetic S\ -
b A== Wake Up
Switch pushbutton

=i, Mossa
! Producls
= R Gizmo WiFi
l ) Module

m_lé_g e
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4 Gizmo Guide on Getting Started with MMSA Application Software

Massa recommends getting started with MQTT and our AWS loT demonstration account. This is the
quickest way to get Gizmo up and running. This demonstration account is for limited use to evaluate
Gizmo and MMSA for your installation and requirements. See Gizmo’s Advanced User Provisioning
Guide for permanent accounts.

4.7 Provisioning, Setting up Gizmo as a WiFi Access Point (Hot Spot)

The first step for the Gizmo Sensor is to create a WiFi access point (hotspot)
for your computer to join. This provisioning step requires that the sensor
be asleep. After powering up sensor, wait a minute for it to fall asleep (no
blinking LEDs). Once asleep, push and hold the Wake Up button until the o o T
Sensor Status green LED blinks exactly 3 times, then release the button.

— T

Massa Bluatooth Airplane mode

Battery saver Might light Accessibility
Open your computer’s WiFi dialog box. In this Windows 11 view to the
right, click on the right arrow on the WiFi network to see the access points. o i3
In this example, the WiFi access point for the computer is currently .
“Massa”. @ ’ -
Note: Verify the MMSA Software is closed as you continue this process. i 7 &

Preliminary access will be achieved by seeing the sensor on the WiFi network list indicated with the Gizmo
name followed by its MAC address. The first figure to the left shows a Gizmo Sensor named
“Gizmo_5c027209a08a”. If a sensor does not appear on the list, refresh this page by going back to the WiFi
dialog box by clicking on the top left arrow then click back to the WiFi network dialog.

Next, click on Gizmo_5c027209a08a to have the Connect button to appear (2™ figure). Then, click on the
Connect button and enter the sensor’s security key, which is the sensor’'s MAC address as seen in the 3™
figure. Click Next button and then after a few moments, the sensor’s security key will be verified and the
network connection will be establish directly from sensor to the computer as seen in 4™ figure to the right.

Mare WI-Fi settings

More Wi-Fi settings

Mare Wi-Fi settings

Mare Wi-Fi settings

& Wi-Fi e & Wi-Fi e & Wi-Fi e &~ Wi-Fi e
ZR Massa 23 Girmo 5c027209a08a ZR Gimo 502720908 T 7 Glzmo 5c027209a08a @
Secured Enter the netwark security key Connected, secured
R Gizmo_5c027209a08a 5c027209a08a -
"‘"-;5 Massa %R Massa
/":"'\1 Massa

Failure to join will be indicated as “Can’t connect to this network” requiring restarting this procedure.
Make sure that sensor is still awake and blinking to connect. Note that this is a time sensitive procedure
as the sensor only stays awake for just 6-minutes.
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4.8 Provisioning the Sensor for use with the MMSA Software

i Tank Farm Monforing Software Ver 0134

Now that the sensor is a WiFi MassaSonic”
access point with the Multic e

computer, it is time to set up

or

the  MMSA  Application |0 " iesmnl o
Software with the sensor. Teardl
Start the MMSA program )

(ignore this error message)/
and then press the Sensor

Maintenance button. — |

System Status  Mormal

Massa Products Corp. 280 Lincoln St

View
History

Sansor
Maintmance ‘

Swichto Text Disolay

Tank Count 1

. Hingham, MA Close

i Sensor Support

To add a sensor to the MMSA . M‘m‘w@
application, enter these Multi-Sensor Application Software

items to the form: Sensor Maintenance

1 ) Create and enter Q — | SelectSensor [Default Sensol Save v\r:ancm Add Delete

unlque Sensor Name SEnstMSenw ID Type MAC |

Last Sensor Report
Time 000000 Battery(V) 00 FSSiim) 0

2) Enter sensor's MAC WEEE%
L) 13 Cwner Range(in) 00 Temp(C) 00 Signal

address for Sensor ID —

Tank Name Group/v Reporton - Status 0000 Ping

3)Enter a unique Owner—]
identifier value here. This
could be your name or

Read All

e Snsor Infg ——-

Extended Access Load Config Save Config

Gizmo Hardware Version

initials Radio Firmware Version 000
4) Enter a unique Group~|

. o h Op Cantral

identifier value here. This (] Metwork Connect Timeout (ssc) 45

is another identifier for a [Wake and Report v 00 Inter-Message Timeout (sec) g

) Low Alarm (inch) 1n Tl Provisioning Timeout {sec) 600

sensor. LT O High Alarm (inch) & (1 Delayed Repart Count 4

5)Click the Save button”’]
Status SensorCount 1

when all these 4 items are
entered.

Massa Products Corp. 280 Lincoln St. Hingham, MA

Here is an example of sensor —  —

. A L. SelectSensor | Gizmo95-a08a - Save | Cancel Add
information that was saved containing

part of the sensor’'s MAC in the Sensor  sensorName Gimossaoes IDType |MAC

Name. This naming convention will help  pocol SensorlD 50027209208
identify the sensor whe'n additional o vl e Owner  demot

ones are added later (using the Add 1, . e Group pser
button). —_—

Close the MMSA software, then restart it and click on the Sensor Maintenance button.
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4.8 Provisioning the Sensor for use with the MMSA Software

Next, click on the Sensor Extended Access button. Then click Gizmo Provisioning.

i Semoe Suppan =
MassaSonic” Semsor |
Multi-S Annli ion Softy Mainlenance Monitor
Sensor Maintengnce Sensor M |
SelectSensor | Detauk Sensed Save  Cancal Add Dielete \ SelectSensar  [GEmods-atts 3. Cancel A Delete il |1
: Eictidd [ e Extended Access
Sensor Name Defat Sensor D Type MAC Lasl Sensor Report Sersor Name  Gero35elta D Type MRD Got Waveform
Protocsd 500 SenaorlD  LNITEEN Tike W00 Bagery (V) 00 ASH i 0 Pratocal J5an SeaserlD 8002 TRONS0EM Tins e e
CommType MGTT Owner FRakge (m) 00 Temp('C) 00 Signal CommType |BaTT Ownar Somat Range fin|
Tank Mame Group Fegkron Siohus G0N0 Ping Yok hliene Geoup ":; podioa Sl Gizena UITC Time
= Cent Eiroe Status L
Read Al Send Checked Clear All Extended Access Load Corfig Save Conig Read Al Send Cheched Clear AB o GetHistory
e T — Sansar Infs —————— O Fing 2 End of Tioas Hiiory
Modal Numbee Gizmo Hardware Varson Mode! Number [u] Fing 2 Threshald #
Saris! Numbor Radic Fimmwara Yersin B Sarial Numbsr 0 [ Ping 7 Thrashald & R Sinnc
Gz Fitemeare Version e Gizmo Fammenre Versicn [ Ping 2 Threshaid # [Reestors Faciory Dafaubs
e AR o s e D7 et Gamo Proviinng
7] Skeup Time 3600], [} Network Connect Temaout (sc) 5 g e ,1:,3, L o P\"g 2Th:ui| i Update Giarrs Firswase
] Opersting Mods Wakn and Fepea 1) Inter-Message Tmeout {sec) 5 b Opeeion Comtrol _ (s} H:z Thresh Swtt Lpdata i Fimasde
") Low Alarm (inch) n ! Provisionng Timeout (sec) 800 ) Sleap Ti
£ o leep Time ]
| High Alarm (inch) B Delayed Repeet Count 4 A e = i LAy
Cloge Passl |
Slatus SensorCount 1 Status SensorCount 1
Massa Products Corp. 280 Lincoln St. Hingham, MA Massa Products Corp. 280 Lincoln St Hingham, MA Close
[ {F SN e == = x
A provisioning file is requested to be read. Use the | cmeresmmd
MMSA software default file this first time | Ml Sensar Agp » Provision
(ProvDefault.dat). Click Open to load the file. Orginisee Me T E- 00
If this error message is seen below, it most likely = =™ G §
L osic) £ ProvDetauitdan m M
means that the sensor was not saved as seen on the
previous page, or the host computer has not yet
connected to the Gizmo access point. '
Error Fie parne | ProvDefautt dat Help File [*.dat)
Gizmo Provisioning Access Point cannot be Tom Cancal
found. Place Gizmo in Provisioning Mode.

4.8.1 Gizmo Provisioning — Provision AP & Topics Qualifiers Tab

After  loading  the  default |[semrouens o
provisioning file from above, enter MassaSowic”
the sensor’s network name as you Gizmo Provisioning Software Send All | | WiFi Station
see it in the WiFi list at SSID Qe Prsvisloning

Gizmo Provision I ProvDetault Status

Zg Gizmo_5c027209a08a Provson AP 8 Toics Guahers FaraeyHehesh P Follback Netwot:Foie
Secured | w,m,m” P Soltings

S50 GlerO_5l:02'I'maDEIa

Secunty Type  |WPAIWPAZ
Then add the Password. For Gizmo ||| ===
Sensors, it is the MAC address. — |

E MGTT Topic Guiiers
Note: do not press the Save Gamo Owner  demat
Provision File or Provision Send All e
buttons just yet. Go to the next B
steps to load the Primary and
Fallback Network profiles.
Sove Provision Fde | Email Provision File | Clear Provision Girma P 10.100.1 Close

Note, if sensor is connected to WMA
computer as access point, Gizmo IP
will be indicated 10.10.0.1 here.
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4.8 Provisioning the Sensor for use with the MMSA Software (continued from previous page)

4.8.2 Gizmo Provisioning — Primary Network Profile Tab

Click the Primary Network
Profile tab. This tab is where
the WiFi Network information

is saved which is the bridge Gizmo Provisioning
between the computer and IR T e T Status
sensor. Select your network | fosn s foi o Py tevok Frelefoack otk e
N

SSID and enter the network Fi Network Connect Broker / Host
password. Here is an example Seloct Network MM Test “jo eSS s otus-west 2 amazonaus com
for this document. ssiD MWTest 6883 _

\wﬁﬁhﬁb}{z—q LA : |;i'7v!
Gizmo’s default provisioning, e g s [T oty |

. IP Type
shown here, is for the AWS S, Gons e T
loT Broker, MQTT transport, BT ooy
and Massa’s W" SubnetMask 2552552550 Password None
demonstration account. DNS Primary 0000 RoatCA File C{Mulii_Sensor_App\Gizme Cerls\RoalGA 0625210
DNS Secondery  0.0.0.0 CAMulti_Sensor_AppiGi Cens\DeviceCertf et
Davice Key File  C\Multi_Sensor_App\Gizmo Cens\Priviey fce24feabc bt
Save vigion File  Email ision File  Clear igi Gizmo IP 10.10.0.1 Close
Massa Products Corp. 280 Lincoln St. Hingham, MA

Gazmio Provisioning Ver 01,74

MassaSowic”

:I o Pro .
Gizmo Provisioning Software Send A | GEStation

4.8.3 Gizmo Provisioning - Fallback Network Profile Tab

Click the Fallback Network
Profile tab. This tab is where
the WiFi Network credentials
are saved as a second
network profile option if the
Primary Network has failed
for any reason. The same
Primary network credentials
can be applied here if only
one WiFi network is available.
In this case this Fallback
Network Profile will act as a
retry of finding and joining
the Primary network.

Gizmo Provisioning  Ver 0.1.14

Gizmo Provisioning Software

Gizmo Provisioning
Gizmo Provision ID ProvDefaull Status

Prowision AP B Topics Guaifiers  Primary Network Profle  Fallback Netwark Profle

WiFi Network Connect Broker / Host
Select Metwork |W| (&) HostURL orlP az79cedtumS7-als iotus-west-2 amazenaws.com
s3I0 MW Test Host Port BEE3
Security Type |\_ﬂ_fF'_A:JI\T\’F'_i—v| Use Host ACK |{m7\,
Security Key o Connection Type (MQTT_Broker
IP Type Dynamic_ v
Sensor [P 0.000 Protocol |JSQNiv
Gateway [P 0000 User Name MNaone
Subnet Mask 256 255 3550 Password Mone
DNS Primary 0000 RootCA Fila CAMult_Sensor, i Certsif CA 062521 bt
DNS y 0000 CAMult_Sensor_AppiGizmo Cens\DeviceCert fre24featc it
Devics Key File  CiMuli Sensor App!Gizmo CertsiPrivkey fcedifeati i
Save Provision File | Email Provision File  Clear Provision Gizmo IP 10.10.0.1 Close

Massa Products Corp. 280 Lincoln St. Hingham, MA
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4.8 Provisioning the Sensor for use with the MMSA Software (continued from previous page)

4.8.4 Saving Provisioned Sensor and Network Profiles

After all credentials for sensor and WiFi network have been entered, click the Provision Provision
Send All button to configure the sensor with the MMSA Application Software. Send All

file as shown here.

A successfully provisioned

sensor will be indicated in —

the Status box shown here.

Close MMSA software and
close Gizmo Provisioning
software. In the WiFi Dialog
box close Gizmo WiFi

connection. Re-connect
your computer to your
network with internet
service.

i Write Gizmao Provisioning File ¢

4 70w 05(C) > Multi_Sensor_App » Provision ] Search Provision »

Organize v New folder = v [1]
Then MMSA application requests to save ~ mimaec
the provisioned sensor data to file. It may : =os
be saved to the default file or create its own

MName

£B ProvDefault. dat

File name: | C\Multi_Sensor_App\Provision\Massa.dat

Save astype: Help File (*.dat)

~ Hide Folders

Save | Cancel

MassaSowc”

.
Gizmo Provisioning Software Sod ANl | e Stafion

Gizmo Provisioning

Gizmo Provision 1D ProvDefault Status Provision Success
Provison AP & Topics Quaifiers Prrmary Network Profle FM

S50 Gizmo_5c02720%9a08a
Security Type | WPAIWPAZ
Password 5c027209al8a

AP Channel &

— Sizmo Prowvisioning AP Settings

MQTT Topic Quiifiers
Gizmo Owner  demol
Gizmo Group  groupl
Davice 1D

Save Provision File = Email Provision File

Massa Products Corp. 280 Lincoln St. Hingham, MA

Clear Provision GemolP 101001 Close
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4.9 Viewing Gizmo Status using MMSA Software

At this point, Gizmo is provisioned to use local WiFi network and the AWS MQTT Broker. Note that Massa’s
AWS broker operates as a simple pass thru for Gizmo’s status data. This will require the MMSA Software
to be running. Here are the steps to observe the data. It starts with reconnecting the MMSA to your WiFi

Connect the PC to a network (either Ethernet or WiFi) that has internet access
Restart MMSA Software. On startup MMSA will automatically establish communications with the

as follows:
1) Close MMSA Provisioning and Sensor Maintenance screens
2)
3)
AWS broker.
4) As the Gizmo sends its status

data to the AWS broker, MMSA will retrieve the status data. MMSA

will also pass commands, read or write Gizmo configuration and request diagnostic waveforms

through the broker.

After the Gizmo Sensor has |™ ¥ ™" = .
been prOViSioned/ MMSA MMW
will display the Gizmo range Multi-Sensor Application Software Malntenance Salup Moniar
event data |fn thehuppesr right Seneor Malionance
corner O the ensor
Mai ntenance screen The Select Sensor | Gzmo%5-alifa - Save Cancel Add Delate
event data in this screen Eaahimne[Ounioai JRITEE g Last Sensor Report
. Frotocol J50N SensorlD  5C027209a08 Time 123340 Bamery (V) 32 RSS! (dBm) 48
in Cl u d es' . measureme nt CommType arT Cwner demal ‘ Range (in) 515 Temp('C) 235 Signal 5B%
range, time it was recorded, Tank Name Gow  gumt | Repoton wee  Sews GE® ey 1
RF s g n al St ren gth/ Read All Send Checked Clear All Exended Access Load Config Save Config
temperature, battery voltage,
e Senisor Infg —————— —
event type, and Gizmo status. Mode! Number Gizma Hardwars Version B
Serial Number Radio Firmware Version 023

To update, press the Gizmo's Gizmo Firmusre Version 042
Wake Up button to obtain a Operation Cantrol
new reading in a few seconds O Sleep Time & O Nework Connect Timeout (sec) 45
as the sensor sends status to B g AR R P e St ) -

[ Low Alarm (inch) 24 [ Provisioning Timeout (sec) 600
MQTT broker and MMSA ) High Alarm (inch) 216 [ Delayed Report Count ,
software reads status from
MQTT bro ker Status SensorCount 1

) Massa Products Corp. 280 Lincoln St. Hingham, MA
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4.9.1 Reading and Editing Gizmo Settings using MMSA Software

i Sensor Support — %

setings, cick on the | nEdRR RS
settings, click on the Multi-Sensor Application Software shance Setup Monitor

Read All button. If

. . . Sensor Maintenance
sensor is sleeping, this
read req uest message SelectSensor | Gzmo%5-208a | | Save Cancel Add Delete
will remain in an MMSA SensorName Gizno§5-a08a IDType  [Mac ~| Last Sensor Report
queue u ntil the sensor Protocal JSON Sensor|D  5C027209408 Time 123340 Battery (V) 32 RSS! (dBm) 48
Wakes u p When G iZm o) CommType  WGQTT Owner demo Range (in) 515 Temp(C) 225  Signal  58%
. . Tank Name Group groupl Reporton  Wake Status 8000 Ping 1
wakes up it will report —  OckiorDeas —
al I Setti n gs . Read All Send Checked Clear All Extended Access Load Config Save Config
Sensor Info
Model Number M5110/95 Gizmo Hardware Version B
Serial Number 0 Redio Firmware Version 023
Gizmo Firmware Version 042
Op ion Control
] Sleep Time 60 [C] Network Connect Timeout (sec) 45
] Operating Made Wake and Report [ Inter-Message Timeout (sec) 5
[ Low Alarm {inch) R 5:1“ I} Prowisioning Timeout {sec) 600
[} High Alarm {inch) 216 [ Delayed Repart Count 1
Status SensorCount 1
Massa Products Corp. 280 Lincoln St. Hingham, MA

To write a setting to the | sersorsuppon

Gizmo, select which MassaSowic”

parameter . to change, Multi-Sensor Application Software
enter a valid value, and

click on the check box Sensor Maintenance
beside the desired SelectSensor |Gizmo%5-a0Ba | Save  Cancel Add Delete
value. When all SensorName Gemo95a08a IDType  [MAC | Last Sensor Report
Changes have been Pratocal 4 Sensor(D  SCO27209a08a Time 123340 Battery(V) 32  RSSIiBm) 48
entered/ CIiCk Send CommType |MaTT Owner demol Range {in} 515 Temp('C} 235 Signal  58%
H Tank N: Gi Report Wak Status BE000 P 1
Checked. When Gizmo ankbiams piiomnl L L e
wakes up, the selected Read All Send Checked Clear All Extended Access Load Config Save Config
settings will be sent to = s s
Gizmo. In this example, Ping 1
Plng 1 End Of Range iS (] Ping 1 TX Cycles E () Ping 1 Threshold #2 (%) 45
80 . h [ Ping 1 TX Power (HilLo) |Lw i ] Ping 1 Threshold #3 (%) 35

set to (l nc eS) ° [C] Ping 1 Blanking Renge (inch) 78 ] Ping 1 Threshold #4 (%) a0
Clicki ng Send Checked (] Ping 1 Gain Swilch Range (inch) 16 (] Ping 1 Thresh Switch #1 1o #2 (inch) 16
will program the sensor B Ping 1 End of Range (inch) @ [ Ping 1 Thrash Switch #2 to #3 (inch) 20

. . . O p‘lng 1 Threshold #1 (%) 1] O PII’IQ 1 Thresh Switch #3 to #4 (inch) 24
with this value next time
the sensor wakes up. i
Notice, on the next page Status SensorCount 1
that waveform for Ping 1 Massa Products Corp. 280 Lincoln St. Hingham, MA

now displays out to 80”.
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4.9.2 Obtaining Gizmo Diagnostic Waveforms using MMSA Software

One of the key features of the Gizmo Sensor is its ability to obtain ultrasonic diagnostic waveforms and
have them saved to file for analysis if any application issues arise. If there happens to be an issue with
incorrect reporting of range, these diagnostic waveforms can provide the reason for such issues like an
obstruction in the path of the real level. In such cases, sensor sensitivity settings can be adjusted to provide
the proper measurement reporting. To obtain waveforms, select the sensor in the Sensor Maintenance
form, then select Sensor Extended Access as seen on the figure to the left. This will bring up the Get
Waveform dialog box. Select All Pings followed by the Accept button. When the sensor wakes up on its
expired sleep period, it will report status then obtain the waveforms that can be saved to file for later
viewing.
Gizmo95-alee
Extended Access
[ GetWavelorn |
Set Gzmo UTC Time

Clear Error Status

Select one ping or all pings

Get History
Prgl  Prg2 Prgd Prgd AlPrgs
Clear History - . . - o
1 9] @)
Resat Sensor =
Reslore Factory Defaulis Accept | Cancel |

Gizmo Provisioning

Update Gizmao Firmmware

Update Radio Firmware
Close Panel

Here is a representation of what the Waveform Playback Software will look like. It is a good idea to save a
set of waveforms when the tank is empty to validate no obstructions are present. Click “Save Waveforms*,
then “Close” this form.

o Gizmod5shTEE Waveform = a o

Massa Products
Multi-Sensor Application Software

Sensor Gizmo95-a08a Waveform

IPing 1 18°C Ping 3 18°C
TX Cycles:2  Gain Switch: 16(inch) TX Pwr. Lo TX Cycles- 10 Gain Swiich: 24{inch)  TX Pwr; Hi
F s A T 60
: | | : L
D ]l e B i £ a0 1
20 1 0
0 S o ﬁ_"r:“ 04
0 8 16 24 32 40 48 56 64 72 80 0 25 B0 75 100 125 180 175 200 225 250
Distance {inches) Distance (inches)
|Ping 2 18°C Ping 4 18°C
TX Cycles: 10 Gain Switch: 2d(inch)  TX Pwr: Lo TX Cycles: 20 Gain Switch: 24(inch)  TX Pwr: Hi
60 E 60
E ooy , £ ooy
20 ] ! ﬂl 20
"0 25 50 75 100 125 150 175 200 225 250 "0 25 50 75 100 125 150 175 200 225 250
Distance (inches) Distence (inchas)
Signal ——— Threshold
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Gizmo Operating Modes

Gizmo includes seven operating modes tailoring operation to application requirements and battery
life. Six modes support battery power with the seventh mode requiring line power.

Here is a list and brief description of operating modes.

e Report On Wake is the default operation and sends status (tank level) upon waking up based
on the programmed Sleep Time setting.

¢ Report On Delayed Event Count is a mode that sends status reports as a block minimizing
radio traffic and saving battery power. This mode features unscheduled reporting if over and
under Alarms are enabled.

e Wake & Catch Up occurs automatically when WiFi or broker connections failed upon previous
attempts upon waking up. When Gizmo wakes up and finally connects to the WiFi network, it
will automatically send a block of records that were not previously sent.

e Tank Fill / Empty Override provides a fast-sampling rate during tank fill or empty. This
temporary override of the set Sleep Rate occurs at a programmed scheduled time and includes
an end time to halt this operation. See below for additional information about this mode.

o Fast Sampling Override is a mode that provides a temporary burst of fast sampling for fast
changing tank levels upon next scheduled awake for a fixed length of time. See below for
additional information about this mode.

e Report On Request From Host (Future Operation) is a mode where sensor performs its level
measurement upon expiration of Sleep Time but provides the status report only upon request
by the host. Gizmo will timeout if host does not request for data or other commands like
changing settings.

e Always Powered (Future Operation) is a mode that keeps the sensor on the WiFi network.
Gizmo will continue to report tank level at programmed sleep rate, report tank level upon
request, change sensor settings, update Gizmo clock, provide historical records of past tank
levels, provide diagnostic waveforms, or perform over the air firmware updates.
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Ultrasonic Range Measurement

Range to target (tank level) is measured by driving the transducer with a tone burst, referred to as a ping,
and waiting for the arrival of a returned echo for the target. The returning echo is captured when the
received signal level goes higher than the programmed threshold. This echo capture event is recorded
with the precise elapsed time from the start of ping until echo capture. Using the medium’s speed of
sound, the range to the target can be calculated from the echo’s arrival time.

The acoustic environment will vary with installation. Factors such as range, medium, temperature, and
obstacles in the acoustic path will affect sound propagation. Gizmo implements the following set of
features to accurately determine the distance to targets in diverse and varying environments.

The following ping parameters are programmable to adjust for acoustic environment with optimized
battery life.

Time Varying Threshold

The expected signal level of the returning echo decreases as distance to the target surface increases. To
compensate for this, Gizmo implements a programmable 4 step time varying threshold. The value for each
threshold step and the time of each threshold step change may be programmed based on the specific
acoustic environment.

Threshold Values are programmed as a percentage of the maximum echo level. Threshold Switch Times
are programmed in inches from the start of ping.

Ping Transmit Cycles

To boost weak echoes, the user may program the number of cycles in the ping tone burst. More ping cycles
means more acoustic energy transmitted, which translates to higher-level echo signals from distant targets.
The number of transmit cycles is programmable for each ping.

Ping Transmit Power

Gizmo employs two power levels to drive the transmit ping. For close targets, Gizmo would use low power,
which is adequate for close target capture and conserve battery power. For more distant targets, Gizmo
will use high power, which uses more battery power but gets the weaker target. Transmit power level, set
as Low or High, and is programmable with each ping.

Time Switched Gain

To further boost weak signals, Gizmo implements a Time Switched Gain increase which amplifies a weak
acoustic signal. Initially, all pings start with low gain until the gain switch time is reached. At gain switch
time, high gain is enabled. The switch time is programmed in inches for each ping.

Blanking Range

When Gizmo pings, the transmitted acoustic energy takes some time die out. To guard against this energy
being detected as a false target, ping Blank Range prevents target capture for the specified blank range
time. Blank Range is programmed in inches for each ping.

End of Range

End of Range, programmed in inches, terminates the ping process at the specified time. In the case of up-
close targets, terminating the ping process after expected target capture will conserve battery life. End of
Range is programmed for each ping.
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Ping Sequence Strategy

Gizmo uses a set of pings with varying tone bursts and transmit power to capture the echo. Gizmo's default
ping settings are selected to conserve battery and assumes the target is at close range. The ping sequence
starts with a 1 cycle ping (minimum transmit energy) and low power. When an echo is captured, the ping
sequence terminates, and range is reported. If no echo is captured, Gizmo continues with the ping
sequence listed below until an echo is captured or the ping sequence is complete.

1. 1 cycle short ping with low power
2. 10 cycle long ping with low power
3. 1 cycle short ping with high power
4. 10 cycle long ping with high power

If after all pings are complete and no echo is captured, the No Echo state is reported.

If an echo is captured, range is calculated from the captured time of flight (time from ping start to echo
capture) and the medium’s speed of sound (determined by sensor’s temperature probe). See Gizmos
Advanced Users Guide for JSON messaging examples.

Ultrasonic Waveform Diagnostics

To aid installation in complex acoustic environments, Gizmo includes a diagnostic tool that returns the
received ultrasonic signal waveform data for the requested single ping or for all four pings. This signal will
not only show the target and signal strength relative to thresholds but also other possible interfering
objects in the acoustic path. Using this analysis, appropriate thresholds, ping sequencing, gain, and
blanking range can be programmed to optimize target capture and range accuracy. See Gizmos Advanced
Users Guide for JSON messaging examples.

7  Gizmo Status Records and Firmware Updating

Event Reports

When Gizmo wakes in either the Report on Wake or Wake and Catch Up modes, Gizmo reports JSON
formatted measurement events. Details of the event report are shown in Table 1. See Gizmos Advanced
Users Guide for complete JSON details.

Event History

Gizmo records up to 1000 Measurement Events, as described in Table 1, in its internal Event Log. When
1000 events have been recorded, the next event overwrites the oldest recorded event. The Event Log is
available to read back by user software. The event log is read by specifying the start event index (1 thru
1000) and the number of Events to read. The index of the most recent or last recorded Event is reported in
each Event report. See Gizmos Advanced Users Guide for additional information.

FOTA (Firmware Over-the-Air) Update

Gizmo includes a FOTA capability that provides remote updates of both sensor and radio firmware. Under
user control, sensor or radio firmware is downloaded and installed from Massa’s GitHub repository. New
firmware version notification will be posted on Massa’s website. When Gizmo receives the command to
update radio or sensor firmware, it will check the repository revision. If newer than Gizmo’s current
revision, Gizmo will proceed to download and install the new version. See Gizmos Advanced Users Guide
for additional information.
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7  Gizmo Status Records and Firmware Updating

Table 1
Measurement Event Report

Data ltem

Data Type

Description

Type

Int

Event reason

0 =none

1=Report on every wakeup
2=Report after delayed count events
3 = Report catchup

4=Report on alarm

5=Report on fill or empty target reached
6=Report on override timeout

7 = Report on override sample ready
8=Test report after provisioning
9=Report on request

Time

uint32

Event time stamp, seconds in J2000
epoch time

Range

Float

Measurement range in inches

Temp

Float

Temperature in degrees C

Volts

Float

Gizmo battery voltage

RSSI

Int

Radio signal

PingUsed

Int

Value from 1 to 4 indication which ping
successfully returned the range
measurement

Status

Int

Bit 0: Sensor Detection Fault.
Bit 1: Temperature Probe Fault.
Bit 2: Battery Low. Replace.

Bit 4-6: Communication type
0=MQTT
1 = MQTT with Fleet Provision
2 = Local Host
3 = Local Host with TLS

Bit 7: Gizmo needs RTC time set

Bit 13: Config validate error
Bit 14: Config set to Factory Defaults
Bit 15: Config set to Embedded defaults.

SignalStrength

Int

Ultrasonic signal strength in percent of
Full scale

LastEventindex

Int

Start index of current block of history
data

Rev 1.0
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8 Provisioning and Messaging Details

Gizmo Provisioning to WiFi Network

Provisioning data is the set of connection and security information that enables Gizmo to connect to a
network, connect to a remote host or broker, and transfer data securely over that connection. Gizmo
provides two provisioning profiles, Primary and Fallback. Both provisioning profiles are stored in Gizmo’s
internal non-volatile memory.

Provisioning Details

Gizmo uses a two-layer provisioning strategy:

e The Network Connect Layer provides details of network connection and login, as well as host
connection. At a minimum Gizmo requires Network Connect provisioning. In the case of
Gizmo WiFi, Network Connect details include the WiFi network SSID and Password as well as
the host (broker) IP/ URL and Port.

e The Security Layer provides the x.509 Device Certificate, Private Key, and the root Certificate
Authority. Gizmo uses the credentials in this layer to mutually authenticate connection to sites
like AWS loT Core.

Provisioning Methods

The following are methods to program Gizmo's provisioning data:
e Direct Provisioning over Local WiFi Network using Gizmo Direct Provisioning (GP) software.

1.

In this method the user would first define Gizmo as a Thing in their AWS console, create a
unique X.509 certificate, and attach Gizmo's access policy.

Download the root CA, new Device Certificate and new Private key credentials. The
downloaded files will be referenced by file name in Gizmo Provisioning (GP) software.
Define the Network Connect details using the GP software GUI.

Save this Gizmo's provisioning data for later use.

When Gizmo is delivered to the end user and first powered, Gizmo Provisioning software
is used to program both Network Connect and Security layer details. Place Gizmo in its
provisioning mode. See Gizmo’s Getting Started guide. Gizmo will establish a local WiFi
network using its built-in provisioning AP.

Connect your PC to Gizmo’s provisioning AP, start the GP software, load the provisioning
data file saved above and provision Gizmo.

e Provisioning using AWS services
Gizmo supports the AWS Fleet Provisioning method.

In this method Gizmo would be factory pre-provisioned with default or bootstrap Claim
security credentials and network details.

If network details were not provided at production time, then the GP software can be
used to complete the pre-provisioning process, supplying missing security and network
parameters.

Note: Since AWS Fleet provisioning is an automated process, Gizmo’s final operating
parameters for the desired installation site must be entered into an AWS Dymo database.
Massa provided Lambda functions and procedures are available to assist with uploading
a .csv format data file to the database.

The above will leave Gizmo in a default or bootstrap mode ready to connect and be
automatically provisioned by AWS.
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8 Provisioning and Messaging Details

Provisioning Methods (continued from previous page)

2. When Gizmo is powered on site, it connects to the local WiFi network as defined in steps
1 above. Once a WiFi network connection is established, Gizmo will connect to AWS and
trigger the automated final site provisioning process.

3. From there AWS loT will download the new credentials and network details to Gizmo.
Gizmo will overwrite the Claim credentials and network data, saving the new details in a
non-volatile memory profile for use on the next and subsequent connections.

e Gizmo Provisioning by MQTT

Once Gizmo is initially provisioned and communicating via MQTT, provisioning details can be
modified by sending all or part of the JSON Provisioning object. See details in the Gizmo
Advanced Users Guide.
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9 Gizmos Sensor Info, Operating Status, & Control Parameters Table

Data Item

Data Type

Limits

Default

Description

Sensor Info

Sensor Info Section

Model

String

Read Only

Gizmo model number

SN

Uint32

Read Only

Gizmo serial number

SensorFmwrVer

Float

Read Only

Sensor firmware revision

RadioFmwrVer

Float

Read Only

Radio firmware revision

SensorPCBVer

Float

Read Only

Sensor PCB revision

SensorTime

Uint32

J2000 epoch
time

2451545.0

Gizmo time, seconds in J2000
epoch GMT time

EventCount

Uint16

Read Only

Available history events

RadioType

Uint8

Read Only

Bits 1-3:

WiFi=1

Cellular=2
Bits 4-7:

0=MQTT

1=MQTT with Fleet
Provision

2 = Local Host

3 = Local Host with TLS

Sensor Status

Uint16

Bit 0: Sensor Detection Fault.
Bit 1: Temperature Probe
Fault.

Bit 2: Battery Low. Replace.

Bit 4-6: Communication type

0=MQTT

1=MQTT with Fleet
Provision

2 =TCP Direct

3 =TCP Direct with TLS
Bit 7: Gizmo needs RTC time
set

Bit 13: Config validate error
Bit 14: Config set to Factory
Defaults

Bit 15: Config set to
Embedded defaults

Bit 16: Radio Provision File
Error

Bit 17: Sensor FOTA Error
Bit 18: Radio FOTA Error
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9 Gizmos Sensor Info, Operating Status, & Control Parameters Table

Data Item Data Type | Limits Default Description
OpsControl Operation Control Section
Sleeplnterval Uint32 30 sec. 1o 7 60 Sleep interval
ays
Mode
1=Report on every wakeup
OpMode Uints 0to5 1 2=Report after history count
measurements.
3=Report all events since last
report
TimeZone Uint8 0 Gizmo time zone (not used)
AlarmLow Float 0-120in (150) 98” (150) | Distance below which,
0-250in (95) 216" (95) | measure is in alarm
. 0-120in (150) 11”7 (150) | Distance above which,
Alarmngh Float 0-2501in (95) 24”7 (95) measure is in alarm
. . 32 -126 (ASCII All 32 i
Description String character limit) (space) 32 user description
RadioConnectTO Uintl6 5to 300 45 Ma.x r.adlo attempt to connect
seconds wait time before sleep
InterMessageTO Uint16 2 to 60 sec 5 g\ll\:expmter-message time before
ProvisioningTO Uint16 60 to 600 sec 600 Max provisioning time
Number of wake-up,
ReportCount Uint8 1to 255 1 measurement, and sleep cycles
before report
Measurement Control
Preset Temperature Off / On | Boolean Oorl 0 0=0Off, 1=On
Preset Temperature Value Float -30to +70 23 Degree C
TempCal Float 50 to +50 Read only Temperature calibration offset

by factory
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9 Gizmos Sensor Info, Operating Status, & Control Parameters Table

Data Item Data Type | Limits Default | Description
Ping1 (see Note below) Config: Ping 1 Section
. 1 (150) Number cycles in transmit tone
TxCycles Uint8 1 -4 cycles 2 (95) burst
TxHiPwrEnable Boolean Oor1 0 0= low power, 1= high power
0-120in(150) | 3.8 (150) | Measurement blanking range
BlankRange Float 0-250in(95) | 7.8(95) | ininches
e 0-120in(150) | 10.0 (150) | Distance for low to high gain
GainSwitch Float 0-250in(95) | 16.0(95) | switch in inches
0-120in (150) 120 (150) .
EndOfRange Float 0- 250 in (95) 250 (95) End of range in inches
60.45 Array of 4 thresholds,
Threshold Uint8[4] 0-100 % 35’ 30’ percentage of maximum echo
! amplitude values
Array of 3 threshold switch
12,1518 | nresh .
0-120in (150) (150) distances in milliseconds. First
ThreshDistance Float[3] . element is time of switch
0-250in(95) 16,20,24
(95) between threshold 1 and
threshold 2
Ping2 Config: Ping 2 Section
. 10 (150) | Number cycles in transmit tone
TxCycles Vint8 0-32 cycles 10 (95) | burst (to disable ping, set to 0)
TxHiPwrEnable Boolean Oor1 0 0= low power, 1= high power
0-120in (150) 6.0 (150) | Measurement blanking range
BlankRange Float 0-250in(95) | 12.0 95) | in inches
. . 0-120in(150) | 16.0 (150) | Distance for low to high gain
GainSwitch Float 0-250in(95) | 24.0(95) | switch in inches
0-120in (150) 120 (150) ..
EndOfRange Float 0-250 in (95) 250 (95) End of range in inches
6045 Array of 4 thresholds,
Threshold Uint8[4] 0-100 % 35’ 30’ percentage of maximum echo
’ amplitude values
Array of 3 threshold switch
12,1518 | "\ nrest .
0-120in (150) (150) distances in milliseconds. First
ThreshDistance Float[3] . element is time of switch
0-250in(95) 16,20,24
95) between threshold 1 and

threshold 2

NOTE: Ping 1 performs signal processing for overfill condition when targets are within the sensor’s
specified minimum sensing range. Due to this operation, the number of ping cycles is limited. As noted
in the specifications section of this document, the minimum sensing range increases as temperature
increases (see Section 13) with the minimum specified range will be reported regardless.
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9 Gizmos Sensor Info, Operating Status, & Control Parameters Table

Data Item Data Type | Limits Default | Description
Ping3 Config: Ping 3 Section
. 10 (150) | Number cycles in transmit tone
TxCycles Uint8 0-32 cycles 10 (95) burst (to disable ping, set to 0)
TxHiPwrEnable Boolean Oor1 1 0= low power, 1= high power
0-120in(150) | 8.0(150) | Measurement blanking range
BlankRange Float 0-250in(95) | 15.0 (95) | in inches
e 0-120in(150) | 16.0 (150) | Distance for low to high gain
GainSwitch Float 0-250in(95) | 24.0(95) | switch in inches
0-120in (150) 120 (150) .
EndOfRange Float 0- 250 in (95) 250 (95) End of range in inches
60.45 Array of 4 thresholds,
Threshold Uint8[4] 0-100 % 35’ 30’ percentage of maximum echo
! amplitude values
Array of 3 threshold switch
15,18,21 | nresh .
0-120in (150) (150) distances in milliseconds. First
ThreshDistance Float[3] . element is time of switch
0-250in(95) 18,22,26
95) between threshold 1 and
threshold 2
Ping4 Config: Ping 4 Section
. 20 (150) | Number cycles in transmit tone
TxCycles Vint8 0-32 cycles 20 (95) | burst (to disable ping, set to 0)
TxHiPwrEnable Boolean Oor1 1 0= low power, 1= high power
0-120in (150) 8.0 (150) | Measurement blanking range
BlankRange Float 0-250in(95) | 15.0 (95) | in inches
. . 0-120in(150) | 16.0 (150) | Distance for low to high gain
GainSwitch Float 0-250in(95 | 24.0(95) | switch in inches
0-120in (150) 120 (150) ..
EndOfRange Float 0-250 in (95) 250 (95) End of range in inches
60.45 Array of 4 thresholds,
Threshold Uint8[4] 0-100 % 35’ 30’ percentage of maximum echo
’ amplitude values
15,18,21 | Array of 3 threshold switch
. 0-120in (150) (150) distances in inches. First element
ThreshDistance Float(3] 0-250in(95) | 18,22,26 | is time of switch between
(95) threshold 1 and threshold 2
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9 Gizmos Sensor Info, Operating Status, & Control Parameters Table

Data Item Data Type | Limits Default | Description
Fill Empty Override Config: Fill Empty Section
. . J2000 epoch 2459946. | Override start time, seconds in
StartTime Vint32 time 0000000 | J2000 epoch time (1-1-2023)
OverrideMode Uint8 0-3 0 0=No Override, 1= Fill, 2=
Empty, 3=Fast Sample
‘ 0-120in (150) Ta}rget, when reached Gizmo
OverrideTarget Float . 0 will send a report and
0-250in(95) .
terminate mode.
OverrideRate Uintl6 0 - 600 seconds 0 Overr!de mode §ample rate
(override sleep time)
0 - 36000 Maximum override mode time.
OverrideTimeout Uintl6 600 Reverts to normal sleep time
seconds o :
after this time expires.
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10 installation Examples and Pitfalls to Avoid

Once the Gizmo sensor has been provisioned to your network and is collecting status data, it is time to
mount it on the tank. Many tanks have 2” NPT or NPS threaded fittings that will allow the sensor to be
mounted directly into it. Other installations may require adapters such as 4” to 2” reducers. Placement is

relatively critical as to avoid obstructions or near water fill intakes.

examples for these concepts.

The tank on the left has the sensor
placed away from the tank wall and
without any obstruction to provide a
clear path to the liquid level and good

status reporting.

The tank on the right has the sensor
placed on the tank off angle that will not
provide the strongest reflected signal
back to the sensor. As the tank empties,
the sensor may not get a signal back and
thus would report a No Echo response.

Sensor placed near a tank wall
could have issues such as
detecting tank weld seams or
gaps, protrusions or ladders.
Although  sensor settings
could be adjusted, it is best to
move the sensor away from
sidewall to improve reliable
level reporting.

Ladder
Rungs
Transmitted
Transmitted Beam
Beam
Tank Seam
(gap)
Tank Seam

(protrusion)

-+—— Sensor
Tank —=
Transmitted
Beam

-—— Reflected
Beams

Liquid

\.

It is best to show some graphic

. J

Sensor placed near tank fill
and drain ports may report
incorrect tank reading oraNo
Echo report during filling or
draining of the tank. Sensor
should be relocated away
from these ports for reliable
reporting during these times.

TOP
FILL

Sensors placed in standpipes
pose their own challenges.
Custom sensor sensitivity
adjustments may be required.
Massa tech support will
require sensor waveforms to
help  customize  sensor
settings for the installation.
|

1\

\. y,
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1 1 Product Dimensions and Zero Distance Reference Point

Shown with
D4.79 external antenna
@
mﬂ 6.82
S 430
VA 2" NPT—
Sensor 0” Distance

- P1.75 L
Dimensions in inches —®3.20—

1 2 WiFi Antennas

WiFi range is affected by several factors. Walls will reduce range. External dipole antenna will have greater
range over the internal on-board puck antenna. However, the external antenna is more donut shaped
radiation pattern which will have reduced range when sensor or access point (AP) is over each other. The

puck with its hemispherical radiation pattern is best for slightly shorter ranges regardless of AP elevation.
Shown below is the radiation pattern for the puck antenna.

Radiation pattern of the puck antenna on Sensor’s WiFi Module
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T 90 Legend: Legend: N ~—1—
- 2460 MHe T 2460 MHz ~——

3D PATTERN  2450MHz

Theta = 45 Phi = 45

Although a radiation pattern has not been performed on the
Gizmo Sensor with external antenna, here is the radio pattern
for an external antenna supplied with the Gizmo. As you can
see, placing the sensor above or below the access point will
not provide good results.

FET
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13 Sensing Range over Temperature

Temperature that exceeds value indicated below will pose a slight variance in reporting a linear
measurement when a target approaches the indicated minimum distances. NOTE: The sensor’s reported
range will be the minimum specified distance when the target is at this distance. This table will aid in
determining how to set up the application.

Temperature Gizmo Model 150 Gizmo Model 95
< 36°C 3.9” 7.8”

36°C to 55°C 4.4” 10.1”
>55°C 4.7" 12.5”

14 customer Support

Note that Gizmo Sensor will provide many years of use. It is not intended to be serviced except
by Massa Products Corporation. Any questions, please contact:

Massa Products Corporation
280 Lincoln Street
Hingham, MA 02043 USA

Tel: (781) 749-4800 Toll-Free in the USA: 800-962-7543
Hours: 8:00am to 4:30pm (Eastern Standard Time)
Website: www.massa.com Email: sales@massa.com

15 Warranty

MASSA PRODUCTS CORPORATION, hereinafter called MASSA, warrants each of its products to be free from defects in material and
workmanship for a period of one year commencing on the date of delivery to the original Purchaser. The obligation under this
warranty is limited to the repair or replacement at MASSA’S sole discretion of any MASSA product returned to MASSA or to an
authorized field service station. OTHER THAN AS SET FORTH ABOVE, MASSA MAKES NO WARRANTY REGARDING ITS PRODUCTS
(INCLUDING, WITHOUT LIMITATION, WARRANTIES AS TO MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE)
EITHER EXPRESS OR IMPLIED. MASSA SPECIFICALLY MAKES NO WARRANTIES AS TO THE SUITABILITY OF THE PRODUCTS FOR
ANY PARTICULAR APPLICATION, WHETHER FOR PURCHASER OR PURCHASER’S CUSTOMERS.

Massa Products Corporation reserves the right to change system and performance specifications without notice.

Revision History
Revision Date Notes
01 June 6, 2024 First release
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