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2 Overview

This document will give a high level explanation of the function and setup of Analog Devices’
Condition Based Monitoring (CBM) evaluation software and hardware. This includes a brief
introduction to the software and how it is used with the CBM hardware. It also includes a step-by-
step guide on the functionality of the CBM Graphical User Interface (GUI).

The function of the system is to provide an evaluation tool for a wireless signal chain for MEMS-
accelerometer based vibration monitoring. The hardware can be directly attached to a motor or
fixture, either magnetically or via a stud.

Wireless CbM Mote N

(((C) )) Microcontroller

MEMS Low Power LTC5800
Accelerometer Microcontroller SmartMesh

SmartMesh
IP Manager

Figure 1: SmartMesh layout

The CBM hardware signal chain consists of a tri-axis ADXL356 accelerometer mounted to the
base of the module. The output of the ADXL356 is read into the AD7685 ADC, and then processed
by the ADuCM4050 low power microcontroller. Here it is buffered, transformed to the frequency
domain and streamed to the SmartMesh IP mote. From the SmartMesh chip it is wirelessly
streamed to the SmartMesh [P Manager. The manager connects to a PC and visualization and
saving of the data can take place.



Analog Devices Wireless Monitoring Program Setup Guide

AD7685+
ADuCM4050
+ SmartMesh

| ADXL356

)

Figure 2: 3-axis mote breakdown
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3 Components

3.1 Hardware Kit

e SmartMesh IP Manager (DC2274A)
e EV-CBM-VOYAGER3-2Z Hardware Module (referred to as “Mote”)
e JTAG Cable (only needed for firmware upgrade)

Figure 3: Hardware Required

3.2 Software Requirements

For Python Install:
e Python 2.7.15
Pip for Python
Matplotlib
PySerial
Scipy
Pandas
CBM __app (provided)

For Exe Install (Windows Only):
e CBM app.exe
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4 Setup

4.1 Executable Setup

This setup is suitable for Windows users only and is not guaranteed to work for every machine. It
requires little installation as an executable has been created to do this work for you.

e Open the folder which contains CBM_app.exe.
e Double click on the .exe.

@Ov|. b Example_Folder » CBM_app_exe

Organize ~ Include in library ~ Share with ~ Burn New folder
. Favorites e Date
B Desktop I B cBM_app.exe 77372
Iy Downloads \ Double-click
@ Onelrive

<» Recent Places
| smartmeshsdk-REL-1

| Libraries

. Documents
=

Figure 4: Run Executable

The program launches for you automatically. It can be a little slow to launch (up to 1 minute),
particularly the first time it is done. If the program does not launch, the executable may not be
suited to your machine. The python setup may be used instead.
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4.2 Python Setup

PLEASE NOTE: If the executable setup 4.1 has succeeded for you, these steps are not
necessary.

4.2.1 Python 2.7

e Navigate to the downloads page of python.org,
https://www.python.org/downloads/release/python-2715/

e Download the appropriate version of python i.e. 2.7.15: Windows, Linux ....

e [f you wish to use a version of Python that is not 2.7, consult the Troubleshooting section
of this guide. Be aware, the code has not been tested outside of Python v2.7.

e Python IDLE was the environment used to write this program, and should function

correctly if all these steps are followed correctly. The same procedure does not guarantee
success for other Python Environments (such as PyCharm).

Files
Version Operating System  Description MD5 Sun
Gzipped source tarball Source release 045fb34
XZ compressed source tarball Source release a8lae3ci
macOS 64-bit/32-bit installer Mac OS X for Mac 05X 10.6 and later 9acBeB5
macOS 64-bit installer Mac OS X for 0SX 10.9 and later 223b713;4
ows debug information files Windows ac6lef6]
s debug information files for 64-bit binaries Windows 680bf74
Windows help file Windows 2973154
Windows x86-64 MS installer I Windows for AMDG4/EMG4T /x64 Offad4a8|
Windows x86 MS| installer Windows 023e49¢

e Run Python’s installation setup, installing it for a single user only.

ﬁPython 2.7.15 (p4-hit) Setup [e=2]

Select whether to install Python
2.7.15 (64-bit) for all users of this
computer.

() Instal for al users

@) Instal just for e (ot avalable on Windows Yists)

python

'fl\l’
windows

Back [ MNext = ] [ Cancel
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e Check for installation by searching python in search bar, checking if IDLE appears.

Programs (4]
A IDLE (Python GUI)
| Python {command lingy
[ Python Manuals
1% Uninstall Pythan
Documents (9)
i pythoncom27.dll
2 python27.dIl
requirements. bt
recuirements.bit
Files (96)
I NothingToWirelessMonitoring_Python+.dock
B Pythonlnstall#2PNG
B Pythonlnstal #LPNG
I Python27

- See more results

python X | Shut down | » |

4.2.2 Pip Installations

e Pip is installed for you in the folder C:/Python27/Scripts (if you have installed and
saved Python correctly).

e To use pip you must navigate to this folder as follows:

e Navigate to C:/ by hitting the windows key, then clicking “computer”.
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F Python {(command line) >
G% Snipping Tool

ﬂ Getting Started
.{ displayswitch

*‘1‘ Remote Desktop Connection

Sticky Motes

e Double click DRIVE_C (C:/).

4 Hard Disk Drives (1)

ﬁ DRIVE_C (T
373 MB free of 230 GB

Double click

4 Devices with Removable Storage (2)

t‘ SO Card (B}
) g DVD RW Drive (D7) -— .
= 10.3 GB free of 29.7 GB

e Double click python27.

| Program Files 2/16/2018 9:35 AN File folder
| Program Files (86} 5/29/2018 10:29 A, File folder
Praciramiiata 5/31/2018 2116 PM  File folder

Double click
| Python27 oubiecle 5/31/2018 411 PM  File folder

e Double click Scripts.

) libs 5/30/2018 1143 A File folder
| scripts | 5/31/2018 4:57 PM  File foldler
Tt 5/30/2018 1143 A File folder

e Then on any white space in the window, press shift and right click, as shown below.
e Now click “open command window here”. This opens the cmd in this directory.
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Size

1KB
2KB
1KB
96 KB
96 KB

1KB
1KB Shift +Right click here

101KB
101KB
101KB
101 KB
28KB

Thismenu popsup

101 k8 S '
a1 Sort by 3
Group by 4
tLeIRE) Refresh
3KB
Customize this folder..,
1KB
IKB Paste
Paste shortcut
101 KB
Undo Move Cirl+7
ELOTRE Left click | Open command window here
101KB
Share with »
1KB
1K8 @ SWN Checkout.
1k8 & TortoiseSYN >
101KB New »
101 KB Properties

101 KB

e The command window should now say C:/Python27/Scripts> , which indicates that
you are in the correct folder.

A CHOWINDOWShsystem3 2 cmd.exe

C:\Python27\Scripts>

e The basic command for each module installed will be

pip install < filename >

The modules to be installed for the version of this software indicated on the cover of this
document are:

e Pyserial (v2.7)

e Matplotlib (v2.2.3)
e scipy (v1.2.2)

e pandas (v0.23.3)

10
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Please note, the version numbers included are simply the ones used in the tested setup. The
most recent versions should suffice and will be installed if the pip install command is used.

N CHWINDOWSsystem32cmd.exe = [=] 23

C:\Python27\Scripts>pip install pyserial; matplotlib; scipy; pandas;

Note, the module names are divided by a semicolon (;)

Alternatively, each of these modules can be installed individually as shown

B CHWWINDOWShsystem32emd exe

C:\Python27\Scripts>pip install matplotlib

4.2.3 CbM installation

e Open the folder containing this word doc, open the folders app->Simple, and then double
click on the app shown called “CBM_app”.

e This may ask you to choose a program. Simply right click the file instead -> open with ->
and choose python from the pop up list.

o [@ =
uu [ > [Example_Folcer » - ‘ 3 |[ Search Exampte Folder el
Crganize > F open ~ Share with ~ Burn New folder = - Il @

Favorites Name Date modified Type Size
W Deicop extemal_libs 7/3/2018 1003 AV File folder
4 Downloads Jibs 7/3/2018 1003 AM  File folder
ORI H2IBIALAM  Python File 3316

<» RecentPlaces
smartmeshsdk-REL-1

e The screen below pops up. This is the graphical interface for the program. Leave this open
for the next set of steps.

11
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% Condition Based Monitoring GUI
Mode  Action| Reset Settings Help

Analog Devices Condition Based Monitoring Demonstrator

Enter Serial Part e, COM7 COM33| | Connect ‘ | Disconnect ‘ H Remove ADC offset {only when static)

Figure 5: Completed GUI setup

[E=H Eol ===

12
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5 Hardware Setup

e Connect the wireless manager to any USB port on your computer.

e As this is a new device, the drivers for it may take a few minutes to install. It is important
that this step happens before the mote is powered up.

e If you have purchased your own manager, there are additional steps which are outlined in
Troubleshooting.

Figure 6: Inserting manager into USB port

e Power up the mote by inserting the provided batteries.

e CAUTION: Note the polarity of the batteries in the mote. The positive + end should
be attached to the side with the RED wire.

e The negative — end should be attached to the side with the BLACK wire. Failure to do so
could result in device damage.

13
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Figure 7: Mote with Batteries, uncovered

e Put batteries in the wireless mote and wait for the steady green light to begin flashing.

This is the network establishing automatically.
e Be patient, this takes on average: 2-3 minutes to complete.

14



Analog Devices Wireless Monitoring Program Setup Guide

Figure 8: Mote with Cover

e Use your search bar to open device manager on the computer and scroll down to Ports
(COM & LPT).

File Action Yiew Help
=@ HE

b ey DVD/CD-ROM drives

b % Human Interface Devices
I§ ﬁ Imaging devices

b Q Jungo

b o Keyboards

I§ . Mice and other pointing devices
b EI Monitors

b @ Network adapters

a E} Cther devices

e ﬁ Unknown device

L mhl -

4 Y5 Ports (COM & LPT)

. YT ECP Printer Port (LPT1)

Y3 USB Serial Port (COM16) Choose last of 4 consecutive COM
Y USB Serial Port (COM17) ports. Take note of thisnumber.
Y2 USB Serial Port (COM18) ’/i.e. comM19

IJSB Serial Port {COM19)

=S
Figure 9: Device Manager

15
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Click the arrow. There should be 4 COM ports in sequential order as shown above i.e.
COM16, COM17, COM18, and COM19.

If these ports do not appear a few minutes after you have plugged the manager in, please
consult the guide on analog.com http://www.analog.com/media/en/technical-
documentation/user-guides/smartmesh_ip_tools_guide.pdf’, Section 3.2 for
troubleshooting driver installation for the FTDI drivers.

Choose the last of these four COM ports. e.g. COM19.

Enter this number in your new program as shown and click connect.

4 Condition Based Monitoring GUI E@

Mode | Action | Reset Settings Help

Analog Devices Condition Based Monitoring Demonstrator

Enter Serial Port e.g. COM7 ICOM33\ H‘ Connect I [ Discannect l (5] Remove ADC offset {only when static)

Figure 10: Enter 4th COM

The graph of the mote appears on screen, as well as some connection information.

%6 Conditjon Based Monitoring GUI E@
Mode Action Reset Settings Help
Analog Devices Condition Based Monitoring Demonstrator Mote indicator
Ve lights
@
Enter Serial Port e.g. COM7 COM33 l Connect I [ Disconnect ] ["IRemove ADC offset {only when static)
Mote output
with time
Mote #1
L
Time series X,Y,Z DFT XY Z, 1 Hz/bin
= 0.050 - Fourier Transform of
2 motetime data
c 002- 0.025 -
=
=}
& 0.00- 0.000 -
o
a —0.025 -
o -0.02 -
< i 0 i 0 i —0.050 - i i 0 0 i 0
0.0 0.2 04 0.6 0.8 10 0 50 100 150 200 250
— 0.050 -
2 o0
c 0.025 -
]
=}
C o000 0.000 -
o
g —0.025 -
-0.02 -
< i ' i 0 i ' —0.050 - i i ' i i '
0.0 0.2 0.4 0.6 0.8 1.0 [} 50 100 150 200 250
— 0.050 -
o o002-
c 0.025 -
=l
€ oo0- 0.000
@
8 —0.025 -
o
< -0.02 - —0.050 -
0.0 0.2 0.4 0.6 [eX:] 1.0 0 50 100 150 200 250
Time (s) Frequency [Hz]

Figure 11: Mote time series output
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e To calibrate the device, place it somewhere steady, with little movement, and click
“remove ADC offset”.

4% Condition Based Monitoring GUI EI@
Mode Action Reset Settings Help
Analog Devices Condition Based Monitoring Demonstrator
]
Enter Serial Port e.g. COM7 COM33 Connect Disconnect Remove ADC offset (only when stat\c)l
Mote #1
fifie series X,Y,Z DFT XY Z, 1 Hz/bin
- 0.050 -
2
c 002- 0.025 -
=
T oo00- 0.000 -
@
@ —0.025 -
g -0.02 -
< T ' i i ' —0.050 - T ' i T i
0.0 0.2 0.4 0.6 0.8 1.0 50 100 150 200 250
— 0.050 -
2 oo02-
c 0.025 -
=1
T o0.00- 0.000 -
o
g —0.025 -
< s T ' i i ' I =0.050 - I ' I i I
0.0 0.2 0.4 0.6 0.8 1.0 50 100 150 200 250
- 0.050 -
o 002-
c 0.025 -
=1
T qoo- 0.000 -
o
g -0.025 -
o
L _002- -0.050 -
0.0 0.2 0.4 0.6 0.8 1.0 50 100 150 200 250
Time (s) Frequency [Hz]

Figure 12: Removing ADC offset

e If you have trouble connecting to the mote, take the battery out and put it back in again.

You can also try closing and opening ‘CBM_app’ again.

¢ You have completed the installation of this program and its associated modules.
e Please note, when connecting the manager and mote in future, it is preferable to plug in
the manager before powering the mote.

17
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6 Getting Started

With your mote and manager connected, and the CBM_app software running, there are several
functions available to you.

The software opens, displaying a plot of the acceleration of the motes against time in addition to a
graph which plots the Discrete Fourier Transform (DFT) of the time series plots.

Please note that the software is intended for vibration measurements in industrial machinery and
as such, requires some level of g force to indicate any meaningful change on the graphs. To check
operation manually, shake the mote for 4 to 5 seconds to show changes on the graph.

Figure 13: Axis of ADC acceleration

18
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The graphical user interface, or GUI, refers to the main window upon which the plots and

options are being displayed. The GUI can currently display the information of multiple motes,

but the user may experience program slowness with more than 3 motes connected.

6.1.1 Motes

In the upper right hand corner, a number of green LEDs displays the number of connected motes.

The GUI displays mote plots in the form of a “Notebook”. This means that clicking on the “Mote
#2” tab will update the GUI to display the plots from that mote. Currently a tab will not start

plotting mote data until the user first switches to that tab.

6 Condition Based Monitoring GUI
Mode Action Reset Settings Help

Analog Devices Condition Based Monitaring Demonstrator

Enter Serial Port e.g. COM7  COM33

Switch mote plots
Mote #1|Mote #zl

[ Connect I l Disconnect ] [ Remawe ADC offset {only when static)

Time series X,Y,Z
S 0.005-
[ =
£ 0000-
[l
@
T —0.005 -
|9)
b:;
-0.010 - . i
0.0 0.2 0.4
S 0.005 -
c
2 0.000-
jid
o
T —0.005 -
I+t
o
<
0.0 0.2 0.4
S o002-
c
S
C o00-
9
@
|9)
o
< —p.02 -
0.0 0.2 0.4
Time (s)

0.050 -

0.025 -

0.000 -

—0.025 -

—0.050 -

0.050 -

0.025 -

0.000 -

—0.025 -

—0.050 -

0.050 -

0.025 -

0.000 -

—0.025 -

—0.050 -

[F=%EcE ™<=
@ Two
/Connected
® Motes
DFT X Y Z, 1 Hz/bin
50 100 150 200 250
5‘0 160 150 2[‘]0 2%0
50 100 150 200 250
Frequency [Hz]

Figure 14: Switch Mote Plots
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6.1.2 Mode

First, observe in the top left corner of the window, a dropdown button labelled “Mode”. This
button, when clicked, lists a number of options for plots which can be displayed in place of the
DFT. Selecting “peak” for example, will display the largest measured acceleration of the mote(s)
over time. You are encouraged to explore the other modes, which all analyse the data from the
time series plot in a different way.

% Condition Based Monitoring GUI E’

Action Reset Settings Help
Analog Devices Condition Based Monitoring Demonstrator

o]
3. Peak-to-Peak Sl [ Connect I l Disconnect ] ¥ Remove ADC offset {only when static)
4. Mean
5. Standard Deviation
8. Kurtosis
7. Skew Factaor Time series X,Y,Z \ Peak XY Z
8. Crest Factor 0.050 -
= 0.04 -
c
°
= 0.02 - 0.045 -
P
K
@ 0.00-
g 0.040 -
—0.02 - i i ' ' i ' ' i ' i ' '
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
= 0.036 -
T:’ 0.02 -
8 0.034 -
= 0.00-
o 0.032 -
o
@ —0.02 -
H 0.030 -
q ~0.04 - i i ' ' i [ [ ' ' [ ' ' [ i '
0.0 0.2 0.4 0.6 0.8 1.0 0.00 0.25 0.50 0.75 1.00 1.25 150 175 2.00
§ 0.033 -
- 0.02-
=
+ 0.032 -
S oo00-
o
g 0.031 -
< -0.02 -
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Time (s) Time (s)

Figure 15: Changing the mode
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Mode Explanation

DFT Discrete Fourier Transform. Conversion of time domain data to the
frequency domain. Gives clearer representation of source of vibration
acting on the mote. Rotation of motor seen at lower frequencies, bearing
faults seen at higher frequencies.

Peak Measures the max value achieved for each plot of time domain data (512
values), and plots this value on graph.

Peak-to-Peak Similar to peak, measures difference between max and min value achieved
by time domain data (512 values), and plots this value on graph. Typical
value is twice that of “peak” value.

Mean Calculates the root mean square (rms) value of the time series data (512
bits). This is the average value of the time domain data if all values are
made positive.

Standard Measures of the average distance of a time series data point from the mean.
Deviation
Kurtosis Kurtosis indicates whether outliers are infrequent and extreme (high

kurtosis), or frequent and moderately sized (low kurtosis). The kurtosis
value plotted is “Excess kurtosis”, for which the normal distribution has a
value of 0. Deviations from a zero value for kurtosis can be used to indicate
a bearing fault.

Skew Factor Indicates the “slant” of the signal when sorted into a probability density
function. A negative skew indicates a long “tail” to the left of the function.

Crest Factor Indicates how extreme the peaks are in a waveform. The greater the crest
factor, the greater the energy contained in higher frequency harmonics.
Higher frequency harmonics are often used to mark bearing issues

Table 1: Statistical Functions

For a more in-depth explanation of these functions and their use in the program, please consult the
companion document included, “Condition Based Monitoring Statistical Functions”.
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6.1.3 Action

Next, there is the “Action” dropdown. This allows you to open a menu, and select a number of
data sets to be saved to an SQL database. The program saves time and DFT data, as well as each
of the “mode” values. This data is saved to an SQL file named “motedata.db” which is created in
the same directory as the program is running.

After saving has been completed, this SQL database can be converted to an excel file using the
“Convert to Excel” button. Depending on the size of the SQL file this may take some time.

The information in the SQL file (saved as DB file) can be viewed only using a database browser,
available online: https://sqlitebrowser.org/dl/. Simply download the program that suits your
operating system anywhere on your computer. Then navigate to the “motedata.db” file > right
click > Open with > DB Browser.

Please note, if the program saves data on many different occasions, it always saves to the same
database file “motedata.db”. This file must be deleted manually if you wish to start saving to an
empty database.

NOTE: Hit “Enter” to save the data to the SQL database before converting to excel.

Fé Save Data = | ® | 52 | | % Condition Based Monitoring GUI = Bl =
- 1 [ - ] Mode | Action| Reset Settings Hel
10 Convert to Excel Enter g P - — —
Analog Devices Condition Based Monitoring Demonstrator
Set Alarm O
Enter Serial Porte.g. COM7  COM33 Connect Disconnect & Remove ADC offset {only when static)
Mote #1
Time series X,Y,Z DFT X Y Z, 1 Hz/bin

0.050 -
206 0.025 -
9.04- 0.000 -

9.02- —0.025 -

Acceleration (g)

—0.050 -

8.92- 0.050 -

0.025 -
8.90-
0.000 -

8.88- -0.025 -

Acceleration (g)

-0.050 -

0.050 -
5 11.72- 0,025 7
1170 0.000 -
— -0.025 -

Accelerati

. . . . . . ~0.050 ~mm; . . . . .
0.0 0.2 04 06 0.8 10 0 50 100 150 200 250
Time (s) Frequency [Hz]

Figure 16: Save Data
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| — = - e —mm - = mmmmi s —m - - s — - - — ===

[275871864] Got complete frame @ 180.8465%021a7
............. SAVING DATA . L .. i i e i e e e e e a
[272539976] Got complete frame @ 183.954573878
............. SAVING DATA . L .. i i e i e e e e e a
[275871864] Got complete frame @ 185.096782092
............. SAVING DATA . L .. i i e i e e e e e a
[2725399768] Got complete frame @ 188.754087Za2
............. SAVING DATA . L .. i i e i e e e e e a

Figure 17: GUI confirmation of saving

6.1.4 Alarm setting

Under Action > Set Alarm, there is a pop up menu which allows the user to set limits on a single
value that a mote should reach. This means for example that a mote should not exceed 1g
acceleration peak value. If this value is exceeded, a red LED on the mote lights, and the GUI
indicates that an alarm has been triggered. This does not affect mote transmission, the mote
continues to transmit as normal after the alarm has been triggered.

The reset button is used to reset the LED on the mote to a blinking green.

Fé Alarm settings | = || @ | & ||| 74 Condition Based Monitoring GUI EI@
Peak 0 Mode Reset Settings Help
e | N U o Analog Devices Condition Based Monitoring Demonstrator
Save Data
RMS @
Standard Deviation Enter Serial Porte.g. COM7  COM33 [CJRemove ADC offset (only when static)
Kurtosis |m
Skew Factor Mote #1
_ esacor |
Crest Factor Time series X,Y,Z DFT X Y Z, 1 Hz/bin
- 0.050 -
2 o002
c 0.025 -
=l
T 000- 0.000 -
2
Q —0.025 -
g —0.02
< . . . . . . —0.050 - . . . . .
0.0 0.2 0.4 0.6 0.8 1.0 0 50 100 150 200 250
—_ 0.050 -
2 o002
c 0.025 -
2
® 000 0.000 -
a
T —0.02 - -0.025 -
9]
< | | | | ' —0.050 -== ' \ | \ \
0.0 0.2 0.4 0.6 0.8 10 0 50 100 150 200 250
-~ 0.050 -
© oo02
c 0.025 -
=l
T 0.00- 0.000 -
K
2 —0.025 -
Y -0.02
< . . . . . . —0.050 - . ) . . .
0.0 0.2 0.4 0.6 0.8 1.0 0 50 100 150 200 250
Time (s) Frequency [Hz]

Figure 18: Setting Alarms
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Figure 19: Mote with alarm triggered
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6.1.5 Reset

“Reset” is a dropdown that offers you the option to clear all previously recorded data in the mode
plots, such as “peak”, “mean”, “kurtosis”, etc. This clears the plots, which will again gradually
fill as data from the motes is received.

This function is useful in allowing you to remove the results recorded which contain the “ADC
offset voltage” i.e. before you have clicked and unclicked the “Remove ADC offset” button.

4 Condition Based Monitoring GLIT \EI
Mode Action

Settings Help

Analog Devices Condition Based Monitoring Demonstrator

o
Enter Serial Port e.g. COM7  COM33 [ Connect ] [ Disconnect ] DiRemove ADC offset {only when static)
Mote #1
Time series X,Y,Z \ Peak XY Z
—_ 0.0
2
c 002- 0.025 -
o
S
© poo- 0.000 -
o
a —0.025 -
3 -0.02 -
<t I I I ' I I —0.050 - ' I I I I
0.0 0.2 0.4 0.6 0.8 10 -0.04 -0.02 0.00 0.02 0.04
—_ 0.050 -
o o002-
c 0.025 -
o
© 0.00- 0.000 -
o
a —0.025 -
o —0.02 -
q I I I 1 I I —0.050 - 1 I I I I
0.0 0.2 0.4 0.6 0.8 10 -0.04 -0.02 0.00 0.02 0.04
0.050 - B
G 0.048
- 0.025-
2
‘é 0.000 - 0.046 -
@
o —0.025 -
1)
& —0.050 - 0.044 -
i l | ! ! | | |
0.0 0.2 0.4 0.6 0.8 10 —0.04 —0.02 0.00 0.02 0.04
Time (s) Time (s)

Figure 20: Resetting Graphs
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6.1.6 Settings

The “Settings” dropdown opens a menu through which you can set a number of important

parameters for the incoming mote data.

Please note, changing these settings alters the configuration of the ADC. Therefore, you must

remove the offset again after changing these settings.

Sampling:

The resolution setting corresponds to the number of bits the ADC will oversample.
While the ADC used in this application is a 12 bit ADC, oversampling allows this
resolution to be increased to as much as 15 bits. This comes at a computational cost,
increasing exponentially based on how many bits of resolution are required.

The sampling frequency setting can only be set after the resolution has been set, as its

limits depend on the number of bits selected.

Fé sarmpling paramet. | = | B | 52 | || %% Condition Based Monitoring GUI =N ol
Resolution (bits) 15 - Mode Action Reset Help
Sampling Frequency (Hz) 510 - e —] Devices Condition Based Monitoring Demonstrator
1. Sampling Parameters
2. DFT ads limits O
Enter Serial Porte.g. C! 3, Motor Speed [ Remowve ADC offset (only when static)
4, Bearing Characteristics
5. Axes Received
Mote #1
Time series X,Y,Z DFT XY Z, 1 Hz/bin
- 0.050 -
2
- ooz 0.025 -
=
T 0.00- 0.000 -
2
S —0.02 —0.025-
¥
< . . . . . —0.050- .
0.0 0.2 0.4 0.6 0.8 10 50 100 150 200 250
—_ 0.050 -
3 002
c 0.025 -
2 000
[ 0.000 -
2 0.02
g~ —0.025 -
¥]
< 004 - . . . . . . —0.050 .
0.0 0.2 0.4 0.6 0.8 10 50 100 150 200 250
. 0.02- 0.050 -
2
S 0.0 - 0.025 -
=
=1
T -0.02- 0.000 -
a
@ 004 -0.025 -
< . . . . . —0.050 - . . . . .
0.0 0.2 0.4 0.6 0.8 10 50 100 150 200 250
Time (s) Frequency [Hz]

Figure 21: Sampling parameters
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DFT Axis:

Wireless Monitoring Program Setup Guide

DFT axis allows the user to set the boundaries for the DFT plot. This allows the user to
focus in on a particular set of values.

The user manually sets the values for

X-Axis start and end

Y-Axis start and end

If auto is selected, the plot will automatically scale to the data.
Take special care to choose values small enough to see the data.

4 Axis parameters

N-Auds (starty X-Axis tend)

Y-Axis (start) ¥-Auds (end)

[=&]==]

o]

Figure 22: DFT axis
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Motor markers

This option allows the user to enter default values for a motor to plot where spikes in
frequency are expected to occur, for a motor at a specified RPM. This places markers on

the DFT plot that can be compared to real data for a motor.

6 Motor Speed = | @ | £ || 76 Condition Based Monitoring GUI o -E s
Enter motor speed 5000 lheily_(aatioi et bt
””””””””” )g Devices Condition Based Monitoring Demonstrator
Enter number of harmonics 5 [Enter| | 1L, S PEREGHETS °
2. DFT axis limits
Enter Serial Port e.0. CRBEN O (1 Remove ADC offset {only when static)
4. Bearing Characteristics
5. Axes Received
Mote £1
Time series X,Y,Z DFT X Y Z, 1 Hz/bin
_ 0.050 - i i i
T 002 1 1 H H H
i i i i i
c 0.025 -
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B ) ) i 1 1
© 0.000 - < & ©
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Figure 23: Motor Speed Markers

Bearing markers

This option allows user to fill in some information on the bearing characteristics of the
vibration source being measured, which are used to calculate the expected frequencies of
inner and outer bearing defects. These are marked on the DFT plot to indicate the

frequencies bearing faults would occur at if present.

»g Devices Condition Based Monitoring Demonstrator

Remove ADC offset (only when statich

74 Bearing Characteristics = | [ | 2 || 7 Condition Based Monitoring GUI
Enter number of rolling elements 2 Mode Acton Reset (Settings | Help
Enter shaft spsed (RPM) 2000 L Sempling Parameters
2.DFT as limits
e e s ) 2 Ciear] | Enter Serial Porteg. €l 3. Moter Speed [ comect | [ Disconnect |
o 4. Bearing Characteristics
Enter bearing pitch diameter (mm) 0 5. Aves Received

Enter| || Mote #1

Enter angle of load from radial plane (degrees) 0 Time series X,Y,Z

- A
e

Acceleration (g)

Time (s)

Figure 24: Bearing Fault Markers
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Axes Received
This list of options allows the user to select which accelerometer axis information is sent
by the mote. Any combination of axes can be sent together. This allows for faster sending
of individual axes, if the user is not interested in seeing X, Y and Z data for the mote.
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Figure 25: Axes Received
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6.1.7 Help

“Help” is a dropdown which provides a small amount of information on the functionality of the
software. It also provides detailed information about the network of the manager and motes.
Click “Network Info” to get information about the network, or “CBM Help” to get information
about the program.

& Condition Based Monitoring GUI EIE
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Figure 26: Help Options
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06 Network info! D

. ) Manager Info

MetworklD = 2425
Max Motes = 101
Ease Bandwidth = 9000

Mac Addresses:

Mote - 00-17-04-00-00-31-d3-3a
Mote - 00-17-0d-00-00-31-d3-19

QK

Figure 27: Network Info Popup

Info
Mode: Used to select output of graph on right-hand-side.
Defaultis DFT.

Reset: Clears data for all graphs used in the mode section.

Action: Provides functionality to save data. User designates
number of frames saved.

Help: Provides further details on network information and
application function,

Disclaimer
Please note that the application is designed only as a proof of
concept.

Itis by no means fully completed. Use at your own risk.

Figure 28: Help Popup

Wireless Monitoring Program Setup Guide
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6.2 Command Window

When the program is launched, the CBM Graphical User Interface (GUI) is launched, alongside
a blank window, which may be different in colour depending on how the program was started.
This is the command window.

Upon connecting, the command window displays some connected messages, in addition to the
mac addresses of the connected motes.

During the runtime of the program, the command window displays further information about
when and which packets are being received by the manager.

H ChlUsersytsharkeyhDesktopiwl3_For_RichardWCBM _app_v03.exe

Connected and subscribed to data notifications
- retrieve the list of all connected motes
Found the following operational motes:

- BO-17-0d-00-00-31-cl-4c

[220528192]
[220528192]
[220528192]
[220528192]
[220528192]

Waiting for
Waiting for
Waiting for
Waiting for
Waiting for

start of
start of
start of
start of
start of

new frame
new frame
new frame
new frame
new frame

[220528192] Got complete frame @ 1.09967248088e-06
Successfully Sent

[220528192] Got complete frame @ 2.987710TI34T
[220528192] Got complete frame @ 6.40924091441
[220528192] Got complete frame @ 10.2951550263

Figure 29: Command window during program operation

Y

[240628040] Waiting for start frame
[206163640] Waiting for start frame
[206163640] Waiting for start fraie
[206163640] Waiting for start fraie
[206163640] Got complete frame T7.33083278627e-07
[240628040] Got complete frame @ 1.67538119414
[206163640] Got complete frame @ 4.27803209659

[206163640] Got complete frame 8.60655970249
[240628040] Got complete frame 9.04775084552
[206163640] Got complete frame 13.2745972349
[240628040] Got complete frame 16.6452137176
[206163640] Got complete frame 19.1691325755
[206163640] Got complete frame 23.562285871

[240628040] Got complete frame 25.24377181861

Figure 30: Program when frames are correctly received
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7 Support

7.1 Installing updates

The motes that have been sent to you are capable of being updated via software (hex files), that
will be sent to you from Analog Devices. There are a number of steps that must be taken in order
to ensure these update are installed correctly, outlined below.

7.1.1 Crosscore

Crosscore is an Analog Devices program that can be used to flash to a device if the user has a
hex file. It can be downloaded for free here (or look up Analog Devices Crosscore Utilities).

I Downloads And Related Software | Systems Requirements | Related Hardware

| Downloads And Related Software

View All (5)  Product Downloads (3)  Software Development Tools (1) Software Modules (1)

Product Downloads

CrossCore® Utilities (Rev. 1.3.0) Keil Mi
Download Software

Download Release Notes

Next, hit run and follow the instructions for installing the software.

Do you want to run or save ADI_CrossCoreUtilities-Rell.3.0.exe (12.1 MB) from download.analog.com?

@ This type of file could harm your computer. Run Save |~ Cancel
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ﬁﬁ\nalog Devices CrossCore® Utilities w1.3.0 X

Welcome to the InstallShield Wizard for
Analog Devices CrossCore® Utilities v1.3.0

The InstallShield{R) Wizard will install Analog Devices
CrossCore@ Utilities v1.3.0 on your cornputer, To continue, click
Mext,

ANALOG

DEVICES WARNIMG: This prograrm is protected by copyright lavw and

P ST international reaties,
A WA

< Back MNesxt = l ’ Cancel

ﬁ%‘ Analog Devices CrossCore® Utilities w1.3.0 X

Ready to Install the Program

ANALOG
The wizard is ready 1o begin installation. u DEVICES

AHEAD OF WHAT'S POSSIALE™
Click Install to begin the installation.

If you want to review or change any of vour installation settings, click Back. Click Cancel to exit
the wizard,

InstallShisld

< Back ” Install l [ Cancel

7.1.2 HexFile
e A number of hex files will be sent to you as part of the firmware update.
e It must be saved to your computer somewhere you will be able to find it.

e The number in the name of each file indicates the number of samples taken by the ADC
for that version of the code. A larger number of samples takes longer to collect and send,
but provides more information.
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Mame Date modified

| cbm256.hex we Fast, lowerresolution  14,11/2018 232 PM

| cbm512 hex 10/11/2018 2:39 PM
| cbm1024 hex 1041172018 2:41 PM
| cbm2048.hex 10/11/2018 2:44 PM

| cbmd096.hexnms Slow, better resolution  10/11/2018 245 PM

7.1.3 Installing and resetting the mote

Type

HEX File
HEX File
HEX File
HEX File
HEX File

Size

319K
319K
319K
319K
319K

e It is useful for this section to have two pens or other narrow implements that can be used

to press two small buttons on the programming board.

e In order to program the MVP2 board, it must first be released from its vertical position on
the mote. This is accomplished by sliding the board up and gently pulling it away from

the casing.

Figure 31: Release board Figure 32: Board Removed
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To put the mote in “Flash” mode, the CBM2 programming board must be attached to the
MVP2 board and secured with a clamp.

Figure 33: Board clamped to programming board

Ensure the boards are securely connected and power is supplied to the MVP2 board.

Now the two golden buttons on the programming board, SW1 and SW2, must be pressed
in a specific fashion to enter “Flash” mode.

SW1 must be held down while SW2 is pressed and released.
SW1 can then also be released.

This sequence is equivalent to holding down an option for “Flash” mode while the system
is being reset.
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Figure 35: Complete JLINK connection
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e Make sure the USB end of the JLINK is plugged in to your computer.

Figure 36: JLINK - USB to computer

7.1.4 Putting it all together

Search for and open the crosscore program on your computer. A screen like what is shown below
should open. Some options may be selected for you, but for the sake of clarity, we will go
through each step.
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27 CrossCore Serial Flash Programmer =0 = [ﬂ]

Target Serial Port Baudrate
ADUCH4x50 |COM34 (JLink COCUART Pory » | [115200 = |
Action ke

IPngram LI I

Second stage kernel
IC:\Anang Devices\CrossCore Ltilities 1.3.0\etch cosfphprogrammers\ ADuCk4x50- Browse. |

File to download

IC:\SVN_CbM'\,PrDject Chid\ Tagsw02project,DebughExelchm hex Browse... |
Status
Start Cancel

Figure 37: CrossCore setup

e For the “Target” selection box, select the ADuCM4x50.

e Connect the JLINK cable to your mote as shown and the USB to the USB port of your
computer.

¢ You should now be able to select the JLINK port in the “Serial Port” menu of the
Crosscore program.

e For “Baudrate”, select 115200.

e For “Action” select Program.

e Leave “Key” blank.

e The “Second stage kernel” section should be automatically filled in.

e For “File to download”, browse for and select the hex file you have downloaded,
wherever it may be on your computer.
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e The program is now ready to be loaded onto your mote.

e Click “Start” in the bottom right corner. You should see some loading and a load
complete message as shown. You can now close this window.

%7 CrossCore Serial Flash Programmer E| [=] |@
Target Serial Port Baudrate
| ADUCM4x50 v | |COM35 (JLink COCUART Port) v | [115200 |
Actian Key

IPngram LI I

Second stage kernel
|C:"-,Analc:g Dewvices\ CrossCore Utilities 1.3.04etch cosfph programmershADuCh4x50-  Browse.. |

File to download

|C:'\,SVN_CbM\PrDjed Chtty Tags\vi2iprojectyDebughExelchm.hex Browse... |
Status
User code present. -

User code checksum failed.
YWrite protection disabled.
Read protection disabled.
Sent 644/644 bytes.
Download completed.
Run command sent.
Programming flash image.
Read Intel HEX flash image with 111232 bytes.
Autobaud succeeded.
Flashed 111232/111232 bytes.
Flash completed.
Dane. -

I

1

Figure 38: Completed CrossCore

e Please note, the mote must now be RESET. Use the screwdriver to press the button on the
mote on the right, near the positive (red cable) side of the battery holder.

e The green light should blink to life.
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Figure 39: Mote after reset

¢ You have now successfully updated the mote.
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7.2 Troubleshooting
Note:

(1)

The CBM application does not currently run with Serial Mux installed on your computer. If
serial mux is installed on your computer, it must be suspended or removed in order for CBM to
run. Further info can be found in the SmartMesh [P Tools Guide. This guide also mentions
Stargazer, an application to view the network topology. This is not needed for the CBM_app but
provides a visual demonstration of the network.

2)

Many changes in the app do not occur instantly. If the executable setup is used, the user should
expect to wait a while in order for the program to gather all of the libraries it depends on. During
this time, the program will appear as a blank command prompt.

Q: I have completed setup but the mote's light is not blinking.

A: This problem indicates that the network between the mote and manager has not been
established. The network between these two pieces of hardware forms automatically.
Connecting the manager before the mote should help ensure this network forms
correctly.

Alternatively, this may be an issue with the network ID’s of the manager and mote. You
may refer to another troubleshooting question: “Q: I have purchased my own manager.

Why can 't I connect? *“. This will guide in you in resetting the network ID of your manager
to match that of your mote.

Q: The application is running, but the data does not appear to change when I move the mote.

A: Try shaking vigorously and ensure that the mote is being shaken in the direction of an
accelerometer axis, X, Y or Z for best results.
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Figure 40: Axis of acceleration

Q: My computer cannot find pip to install python modules.

A: Python versions below 2.7.9 do not install the pip package manager by default. If you
have navigated correctly to the folder Python27 > Scripts, opened the command window in
that folder, and pip is not a recognised command, python should be reinstalled. Ensure the
version you download is 2.7.15. After you have completed installation, repeat the steps
marked in Pip Installations . If this problem persists, consult the documents on installing
pip here.

Q: How can I save data to an Excel file without saving to a SQL database first?

A: In the current version of the code this feature does not exist. If you attempt to “Convert
to Excel” without first saving to SQL by pressing “Enter”, an error will occur. This is
because it is more efficient in terms of memory and performance to first save to SQL and
convert to excel afterwards.
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Q: I am getting a version mismatch error.

A: The Python program and the firmware for each mote have an agreed version to ensure
that new code is not used with old firmware. If the GUI displays a version mismatch error,
either the GUI being used or the firmware is outdated. It is best to update the Python GUI
and the firmware being used to the newest version.

Q: I have purchased my own manager. Why can't I connect?
A: The mote that has been shipped to you has been set to a network ID which cannot be
changed. In order for the mote and manager to communicate, the network ID of the

manager must be changed. The steps to do this are outlined below:

e Download TeraTerm or puTTY if they are not already installed on your computer.

System Requirements

Operating System: Windows 7, Windows 95/98/ME, Windows N1

Download Package list

I Tera Term (31 items @Hide ) %

|4.99(2 fles @Hide ) | %

Name «

teraterm-4.99.exe %

teraterm-4.99.zip %
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Download PuTTY: latest release (0.70)

ge contains download links for the latest released version of PuTTY. Currently this iz 0.7C
7-08.

ew releases come out, this page will update to contain the latest, so this is a good page to
matively, here is a permanent link to the 0.70 release.

: versions of PUTTY are versions we think are reasonably likely to work well. However,
t up-to-date version of the code available. If you have a problem with this release, then it
ut the development snapshots, to see if the problem has already been fixed in those versio

Package files

You probably want one of these. They include all the PuTTY utilities.

{Not sure whether you want the 32-bit or the 64-bit version? Read the FAQ entry. )

32 hit
MSI (‘Windows Installer’) e
32.-b1t: I putty-6.76-installer.msi I {or by FTP) I
(signature)
64-bit: I;;Lttv—thbit—@.7@—installer.msi! {or by FTP)
(signature)

e Ensure your manager is connected via USB.

e If you chose TeraTerm, open the program and go to File -> New connection
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T COM18 - Tera Term VT
I.H Setup Control Window Help

New connection.., Alt+N

Duplicate session Alt+D
Cyagwin connection Alt+G

Log..

Comment to Log...

View Log

Showy Log dialog..

Send file...

Transfer 4
SSH SCP...

Change directory...

Replay Log..

e Select the serial option presented in the “new connection”

e The serial port you must use is the 3™ of the 4 numbers that the manager occupies (see
Hardware setup if you do not know which COM port to use).

e Choose this option in the Port selection box (shown below).

Tera Term: Mew connection @
TCPAP myhost.example.com -
History
22
Telnet
SSH SSH? -
Other
UNSPEC ~
@ Serial Poa COM18: USB Serial Port (COM18) vI
l OK % * Cancel | ‘ Help |
e Click ok.

e InpuTTY, select serial and enter the serial port as the 3 of the 4 numbers that the manager
occupies (see Hardware setup if you do not know which COM port to use).
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@ PUTTY Configuration % @

Categony:

T--E:ession Basic options faryour FuTTY session

: Ll:nlgging Specify the destination you want to connectto

—-Terminal
- Keyhoard Seral line Speed
- Bell COr18 3600

_..\,\;'liln':dega\,:fures Cannection type:

Fiaw Telnet Rlagin SEH Q) Serial

- Appearance
-~ Behaviour Load, sawe or delete a stored session
- Translation .
- Selaction Saved Sessions
- Colours

= Cannection Default Settings | Load |
Eata Smarttesh —
- Proxy ———
- Telnet |7S - |
-~ Rlogin | Delete |
T--SSH _
. Seral

Close window an exit:
Ahways MNewer @) Only on clean exit
| About | | Help - Open | | Cancel

e Click open.
e  Whether you chose puTTY or TeraTerm, this opens a command prompt.
e Type in “login user” and hit enter.

T COM18 - Tera Term VT =R =5
File Edit Setup Control Window Help

login userfl

1m| »
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e Type “minfo” to display information about the manager.

T COMIB - Tera Term YT
File Edit Setup Control Window Help

login user

> minfoll

e Enter “set config netid=2425" to change the network ID of the manager to 2425, the same
as the in-built network ID of the mote.

T COMILB - Tera Term WT
File Edit Setup Control Window

login user

» set config netid=2425]]

o Enter “reset system” to save the changes you have made. Wait until the message “Ready is
displayed as shown.

' COMIE - Tera Term VT
File Edit Zetup Confrol Window

login user

> set config netid=2425%

» reset systenf]
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T COMIE - Tera Term ¥T
File |Edit| Setup Control Window Help

login user

»* set config netid=2425

»> reset system
Hezet initiating. Please wait

> Discunnecting; i

111212 - Lost

Emartﬁeuh IP Manager ver 1.4_.2_.2 {x188>
1186 =x%x% AP connected. Metwork started
1397 Active

e Type “minfo” again to verify that the network ID has been correctly changed.

TCOMIE - Tera Term WT
File Edit Setup Control Window Help

login user

1.4.2.6

Oper

EE 17:8d:00:80:31:98:ed
i

2425

H 15
ldrSwler: H.A.8.8
board id-srev:Bx7-BxY7
UTC time: 1B825665242_729 sec

e The manager has now been updated. If the manager is powered before the mote, a
connection will be established.



