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Introduction

Product Description

SmartScan Single Board Interrogator (SBI) is designed to interrogate FBG gratings and determine their peak
wavelengths. It is intended for Original Equipment Manufacturer (OEM) use for integration into a client’s
equipment or system. It requires a Processing Module with compatible PC-104 connection to set up its
hardware registers and read spectrum and peak location data from its buffers. Usually the SBI is supplied
with a TS-7200 Processing Module for this purpose, a PC-104 compatible Single Board Computer (SBC) with
an ARM processor but the OEM is free to use any suitable off-the-shelf SBC or design their own interface
electronics.

The SBI together with the Processing Module operates as a complete interrogator for dynamic
measurement of Fibre Bragg Grating (FBG) sensors, it is particularly suited to industrial environments. This
Wavelength Division Multiplexing (WDM) instrument is based on an agile, tunable laser source that enables
high-resolution interrogation at multi-kHz frequencies.

SmartScan SBI is available with up to 4 optical channels; multiple sensors can be multiplexed on each fibre
without reducing acquisition speed or performance.

OEM Options

When purchasing an SBlI the OEM has a number of options on how to integrate it into their own
equipment, each option requires progressively more development by the OEM:

Option 1 — Purchase an SBI and TS-7200 Processing Module, design your own housing and qualify to the
relevant CE or equivalent regional standards for your market sector and operating environment. With this
option the equipment operates as a fully functioning interrogator out of the box and is compatible with the
SmartSoft PC application which can be used for configuration and data presentation.

Option 2 — Purchase an SBI and TS-7200 Processing Module, design your own housing and qualify to the
relevant CE or equivalent regional standards for your market sector and operating environment. Instead of
using SmartSoft Develop your own customised PC or PLC application for configuration and data
presentation.

Option 3 - Purchase an SBI and TS-7200 Processing Module, design your own housing and qualify to the
relevant CE or equivalent regional standards for your market sector and operating environment. Develop
your own bespoke embedded application to run on the TS-7200, a C library, cross-compiler and
documentation is available to download from our website.

Option 4 — Purchase an SBI only and develop your own PC-104 interface and processing electronics or
integrate with your existing processing electronics, a C library, cross-compiler and documentation is
available to download from our website and may be used to provide an example framework. The whole
equipment design will need to be qualified to the relevant CE or equivalent regional standards for your
market sector and operating environment.
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Figure 1 - SmartScan SBI + PM System Diagram
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Packing List

The SmartScan package should contain the following items as standard:

- SmartScan Single Board Interrogator

- OPTIONALLY: TS-7200 Processing Module
- Rugged carry case

- Quick start guide

- Ethernet Cross-over cable assembly

- Cletop-S Fibre Optic Connector Cleaner

If any items are missing please contact Smart Fibres or your local representative immediately.

Safety Information

Safety Symbols

The following symbols may be present on the unit:

Symbol Description
Laser Safety. Refer to user manual for safety instructions for use.
Refer to user manual for safety instructions for use and handling.
Laser Safety
Applicable Standard: EN60825-1 (Safety of Laser Products)
Laser Type CW LASER RADIATION
Laser Class: 1M WITH OPTICAL INSTRUMENTS
|V|aX pOWer' 2 5 mW CLASS 1M LASER PRODUCT
Wavelength: 1528-1568 nm

The optical outputs for the interrogator are safe to view with the naked eye but should not be
viewed through optical instruments such as microscopes and telescopes. If viewing optical connector

faces using optical instruments the interrogator must first be powered off.

Refer servicing only to qualified and authorised personnel.

WARNING: Use of controls or adjustment of performance or procedures other than those specified

for the laser source may result in hazardous radiation exposure.

CE Compliance

When housed in a suitable metallic enclosure with appropriate /O filtering the SBI + TS-7200
Processing Module has been demonstrated to meet EN61326-1 (Electrical equipment for
measurement, control and laboratory use. EMC requirements). However, as the SBI and optional
Processing Module are intended for OEM use it is the Original Equipment Manufacturer’s
responsibility to ensure that the relevant CE standards are met for the equipment into which it is

integrated.
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Specifications

Below are the Performance Specifications of the Instrument at the time of publishing this document.
Specification may be subject to change. The latest specifications are available at
https://www.smartfibres.com/products/smartscan-sbi

Measurement and Processing

Wavelength Range 40 nm (1528 to 1568 nm)

Optical Channels 4
Max. Sensors Per Channel 16
Max. Sensors in Total 64

Scan Frequency (all channels

simultaneously)?

Max. Scan Frequency (individual

FBGs)?

Repeatability® > <1lpm

+ 5 pm over operating temperature range,
*+ 20 pm over 25 years

Dynamic Range?* 27 dB

2.5 kHz (Lite Model 250 Hz)

25 kHz (Lite Model 2.5 kHz)

Wavelength Stability

9 levels, per channel or per sensor,
automatic or user controlled

Minimum > 0.2 nm, > 0.5 nm recommended

Gain Control

Suitable FBG Profile (FWHM)

Mechanical, Environmental and Electrical

Weight kg / Ibs
Dimensions H x D®
Operating Temperature
EMC

250g / 0.55 lbs
108 x 160 mm / 4.25 x 6.3"
-20to +65 °C/ -4 to 149 °F

Compliance is the responsibility of Systems Integrator

Commes Interface PC-104
Power Connector 2-way screw terminal
Optical Connector FC/APC
Input Voltage +9 to +32 VDC
Power Consumption typ. 6 W
1. SmartScan SBI interrogates all 4 channels simultaneously. On each channel, every sensor 3. Measured over 1 minute, standard uncertainty (1 o distribution).

is interrogated at a speed of 2.5 kHz.

4. Maximum attenuation of reflected signal before measurement performance is affected.

2. Up to 25 kHz scanning is possible at reduced bandwidth. 5. Using recommended FWHM as stated.

6. Dimensions excluding the optional optical connector frame.

The latest specifications for the TS-7200 Processing Module are available at:
https://www.smartfibres.com/products/sbi-processing-module
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Installation
Mounting Details
SmartScan SBl is fitted with a set of M3 Hexagonal spacers that can be used for mounting. The

mountings are spaced in accordance with the PC-104 standard:

85.7mm / 3.375
0 / >0

A

85.7 mm [3.375”

v 73.7mm/2.9”
O Pl [

< >

Figure 2: Mounting Holes (PC-104 standard)
Electrical and Optical Connections

SmartScan SBI has 4 FC/APC optical connectors. Observe the recommended connector cleaning
practice described in Appendix D. Connectors should only be fastened finger tight, take care to
correctly align the key-way when mating the connectors.

DC Power—

Ethernet

Serial

Figure 3 — SmartScan SBI and Processing Module Connections

The SBI has a two way screw terminal for connecting 9-32 VDC power. The Positive terminal is closest to
the board corner. The SBI generates all it's required voltages from this input and also outputs 5V on pins B3

and B29 of the PC104 bus connector for powering connected devices such as the processing Module.

Heat Sinking

The SBI's laser is mounted on a heat sink block, this should be fastened to a metallic structure that can
dissipate heat, such as an enclosure body or chassis. The heat sink block has 3 off M2 x 4 mm threaded
holes on a 10 mm pitch for this purpose. The laser case temperature (which can be reported by software)

should be kept below 75 °C under all operating conditions so as not to degrade laser performance.

If the SBI is used 'open frame' at room temperature then the heat sink block alone should be sufficient.
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Hardware Configuration

Jumpers

The SBl is delivered with jumpers on J13 and J16 which should not be removed.
DIP switch

The SBI has a 4-way DIP switch which controls the interrupt request line and board ID. SW1 and SW2
should be set to IRQ5. SW3 and SW4 should be set to O for a single board system. For a multi LASER system
the SBI with the lowest frequency LASER (the L band LASER) should be set to board ID 0. All other boards
should be set to another unique ID number.

Function Swi SW2 Description

IRQ5 OFF ON SBI sends interrupts on PC104 bus IRQ5
IRQ6 ON OFF SBI sends interrupts on PC104 bus IRQ6
Function SW3 sw4a
IDO OFF OFF
ID1 OFF ON
ID2 ON OFF
ID3 ON ON

Developer Files

For the Processing Module the developer can download the following development files from
add CpanelURL:
e libssi.a — static link library
e libssi.so — dynamic link library
e libssi.h — development header
e libssi.pdf — library documentation
¢ minimal-dev-snapshot-20131024-x86_64-linux-armv4t-linux-gnueabi-toolchain-smartscan.tar.bz2 —
cross-compiler tool-chain for x86-64 PC running 64bit linux OS.

Processing Module

The TS7200 SBC comes pre-loaded with a Linux 2.6.36 kernel and root file-system. It is also preloaded with
the libssi dynamic link library and a kernel driver module for the SBI which is automatically loaded on boot

up.

Log in to the SBC using either a serial console (with 115200,8,N,1 port settings) or using SSH. In both cases
the user name is root with no password. The SBC is configured with an IP address of 10.0.0.150.

The example program from the library documentation is pre-loaded on the SBC's FLASH file-system at
/home/root/sbi. The example program continuously prints the wavelengths of the first 4 gratings of all
channels to the console at 25Hz.

The standard Smart Fibres application is loaded at /usr/bin/smartscansbid. The application is started
automatically by means of an init script at /etc/init.d/smartscansbi.sh. In order to run the example
application or a custom developed application the user must first prevent the standard application from
starting by removing it from the default run-level using the update-rc.d system tool. Alternatively, the init
script looks for a file named /home/root/sbi/inhibit and only starts the smartscansbid application if the file
does not exist. Create the file to temporarily disable application start up.
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SmartSoft for SmartScan Software Installation

The SmartScan SBI + PM can be configured and controlled using SmartSoft application software. This
software also allows data to be acquired from the interrogator. SmartSoft can be downloaded from the
web, see Appendix A.

An instruction manual for the installation and operation of SmartSoft is provided at Appendix A.

Switching on the Interrogator
Once the equipment has been connected as shown in Figure 2 and SmartSoft has been installed on the

host PC, the Interrogator is ready to be switched on by applying the DC input voltage.

The SmartSoft PC application should now be used to configure and acquire data from the interrogator.

Switching off the Interrogator

The interrogator may be switched off by disconnecting the DC input voltage.

Maintenance

The SmartScan SBI contains no user serviceable parts. Many reported issues are as a result of poor optical
connector cleanliness. You are recommended to refer to Appendix D, where best practices for optical
connector cleaning are provided.

In the event that you are having problems with your instrument, please contact your local representative
or Smart Fibres technical support at +44 1344 484111 or info@smartfibres.com. In the event that technical
support are unable to resolve your issues remotely, you will be given a Return Material Authorisation
(RMA) number under which you can return the instrument for maintenance or repair.
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Appendix A - SmartSoft for SmartScan SBI User Manual

Installation

SmartSoft can be downloaded from the URL:
http://download.smartfibres.com/SmartSoft-for-SmartScan-SBI.zip and installed on a host PC. The host PC
must run a suitable Operating System, this manual covers installation on a PC running most Windows
operating systems.

After downloading, extract the zip files to a suitable location on the PC. To install the software, run
“setup.exe” and follow the instructions that appear during the install process. The installer will place a
shortcut in the Windows Start Menu under the Smart Fibres program group and on the Desktop.

If not already installed on the host PC, the National Instruments’ LabVIEW™ Run Time Engine (RTE) must
be downloaded and installed. At the time of writing, the RTE is available at www.ni.com/en-
us/support/downloads/software-products/download.labview.htm|#305508. Make the following selections
on the download page: Supported OS = Windows, Version = 2015, Bitness = 32-bit, Editions = Runtime

Preparing For Use

After installing SmartSoft, connect the supplied Ethernet cross-over cable between the host PC and
SmartScan. The PC’s network connection must be configured to a suitable subnet; by default SmartScan’s
IP address is 10.0.0.150 and its Net mask is 255.255.255.0. The Net mask for the PC must also be set to
255.255.255.0, suitable ranges for the PC’s IP address are 10.0.0.1 to 10.0.0.149 or to 10.0.0.151 to
10.0.0.250. (see Appendix B for further details or contact your network administrator for assistance).

SmartScan can also be connected to a network instead of a direct connection to a host PC. Further details
are given in Appendix B and on the Instrument Setup — Network Tab.

Connect power to the DC input of SmartScan, the DC supply must be in the range +9 to +32V and capable
of supplying 15W of power.

SmartScan is now ready to be powered. Switch on the supply and observe the lights on the Ethernet RJ45
connector, indicate the presence of supply voltage it will take 30 seconds or so for the interrogator to
complet its boot up sequence. FBG sensors can be connected to the SmartScan at any time.

On the host PC Navigate to the Smart Fibres > SmartSoft short-cut on the Windows Start Menu and start
the program. Note that the first time SmartSoft is run a message from the PC’s firewall may be displayed
requesting permission to allow SmartSoft through the firewall, it is important to check the tick boxes for all
domains that appear.

SmariScan P address i SmartScan connecting... @

Connecting to IP address
SmartScan IP address 10.0.0.150

10 .0 .0 150

60 seconds

[ OK ] [ Cancel ]

[Change IP] [ Cancel J

Figure 4 - Connecting SmartScan to Network

The program requests the IP address of the SmartScan. As shipped from the factory this will be 10.0.0.150.
An Ethernet connection is attempted and the dialogue box changes to indicate progress. If a connection
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can be made successfully the dialogue box will close after a few seconds and the SmartSoft main screen
appears.

i smart fibres

B Instrument B Enhanced Plog-
SetUp Acquisition | Acguisition ug-inz Quit

Figure 5 - SmartSoft for SmartScan Main Screen

A number of function buttons are shown top right. Inactive functions are greyed out.

Basic Acquisition is recommended for first time users and is designed to enable basic measurements to be
taken with simplified settings. Wavelength measurements are reported for all detected sensors at the rate
determined by the instrument's stored settings.

Enhanced Acquisition is recommended for advanced users and is rich in features but requires more
detailed settings. Attempting to use enhanced mode without first reading this manual is not

recommended.

Instrument Set-up is used to set the acquisition rate of the instrument as well as other advanced features
such as per-grating auto-gain and peak detection thresholds.

Plug-ins allows the user to run custom LabVIEW source code modules. Contact Smart Fibres technical
support for details.

Quit is used to close the entire application. Always use the Quit button to exit the SmartSoft application;
using other methods to close the application may cause unexpected behaviour.
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Basic Acquisition

Press the Basic Acquisition Button and then select the Spectrum Tab.

Basic acquisition — spectrum tab

Spectrum Sensors Charts

Channel

Threshold

Refative intensity (36)
s W W m

Figure 6 - Basic acquisition — Spectrum tab

The spectrum tab is intended as a tool to aid setting up of sensors and/or SmartScan parameters. The
sensors on one channel at a time can be viewed with the reflected signal intensity displayed over the
wavelength range. Each peak represents the reflected light from one FBG. In basic Acquisition mode the

gain is applied on a per channel basis. Automatic gain control ensures that the largest signal is not
saturated.

If there are large differences in the signal intensity of FBGs on the same channel then per-FBG gain can be
used with the enhanced acquisition panel, see the Instrument Set Up section for more details. Step through
all the channels that have FBGs connected and ensure that the background noise is below 10% and that the
FBG signal peaks are above 25%.

If desired, the instantaneous spectrum can be saved to file, press the save button whilst the channel of
interest is being viewed. A file of 400 points is generated, with relative intensity of reflection vs wavelength
at 100 pm intervals.

Next move to the Sensors tab.
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Basic acquisition — sensors tab

Spectrum Sensors Charts
FBGs Log FBGs ¢
Channel 1 Channel 2 Channel 3 Channel 4
Grating 01 1562.9806 | 1550.0197 | 0.0000 0.0000
Grating 02 1550.9663 0.0000 0.0000 0.0000
Grating 03 1558.4227 0.0000 0.0000 0.0000 Log file Rel. time ) =
Grating 04 1555.7948 0.0000 0.0000 0.0000
Grating 05 15543748 | 0.0000 | 0.0000 0.0000
Grating 06 1549.3618 0.0000 0.0000 0.0000
Grating 07 1545.4229 0.0000 0.0000 0.0000 Log time (s)
Grating 08 1543.0087 | 0.0000 | 0.0000 0.0000 0
Grating 09 1541.1782 0.0000 0.0000 0.0000
Grating 10 1539.5139 0.0000 0.0000 0.0000 Logicsery
Grating 11 1537.5775 | 0.0000 | 0.0000 0.0000 6 *| Minutes
Grating 12 15363332 | 0.0000 | 0.0000 0.0000
Grating 13 1535.1264 0.0000 0.0000 0.0000
Grating 14 15324575 | 0.0000 ['0.0000 0.0000
Grating 15 1529.9556 | 0.0000 |'0.0000 0.0000
Grating 16 0.0000 0.0000 0.0000 0.0000

Figure 7 - Basic acquisition — Spectrum tab

All FBG locations are shown in the table on the left of the screen. The number of FBGs per channel can be
programmed using Instrument Set Up.

The SmartScan calculates the centre wavelength of each FBG peak and these are displayed in the table.

The user may record the table wavelengths to a log file. First set the target location and name of the log file
by typing it in the box, or by clicking the folder icon. Then set the duration of the logging period (log time)
and then press the log button. The button lights up and the elapsed time is indicated by a progress bar and
a numeric indicator. The recording will automatically stop when the Log time is reached or the user may
stop the recording by pressing the Log button again.

A log file can be scheduled to take place at regular intervals. The file name will be appended with a
date/time string of the format “YYYYMMDD-HHMM_” where YYYY is the year, MM is the month, DD is the
day, HH is the hour of day and MM is the minutes in the hour. The scheduled log button will only be
enabled when a valid log file name is selected and a log time shorter than the logging period is chosen.

A logging session can be split over many files in order to avoid large log files if logging for long periods at
high rates. The number of lines per log file and the time/date format to append or prepend to the file-
name may be set by clicking the icon next to the “Log FBGs” heading. If both prefix and postfix strings are
empty the log file name will be exactly as selected in the log file control, unless the selected log time would
exceed the selected number of lines per log file. In which case the log file name will be prepended with the
default time-stamp format of %Y%m%d-%H%M%S_. To cancel Log file rotation set the number of lines to 0.

Now move on to the Charts tab.
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Basic Acquisition — Charts Tab

EXIT DATA
Spectrum Sensors Charts

V] Cho1Grol T -1549,3525 Cho1GrilL
Ch01Gro2
4| Ch01Gr03 -1549.3520 ChO1Gr03
/ ChO1Gro4 Cho1Gro4
V] Ch01Gr05 - -1549.3515 ChO1Gros -
Ch01Gr06 J ChO1GrO6
Cho1Gr07 -1549.3510| | [T ChO1Gr07
Ch016G108 I 1 ( Cho1Gro8
Ch01G109 B -1549.3505 | * Ch01Gr09
Ch016Gr10 : Chi1Gr10
Cho1GrL ~1549.3500 Cho1Grit
Ch16Gr12 Cho1Gr12
Cho16Gr13 Cho1Gr13
Cho1Gri4 Cho1Gri4
ChO16Gr15 ChO1Gr1S
Ch016Gr16 Cho1Gri6
L L I
Ch016G106 Cho1GroL
Ch1607 Cho1Gro2
[ Cho1Gro3
Cho16Gr03 Cho1Gro4
Ch016110 Ch01Gr05 B
Cho16Gr11 - Ch01Gro6
Ch16Gr12 Cho1Gro7
Ch01Gr13 Ch01Gro8
Cho16Gr14 ° Cho1Gro9
Ch016Gr15 Cho1Gr10
Ch01Gr16 Cho1Gril
V] Cho2Gr01 Cho1Gri2
Ch026Gr02 Cho1Gr13
Ch026Gr03 Cho1Gri4
Ch026Gr04 Cho1Gr15
SO AR L FhiieiR

Figure 8 - Basic acquisition — Charts tab

Two wavelength graphs are displayed simultaneously and any of the available FBGs (16 per channel) can be
selected for display. FBGs can be added to the left or right y-axes and each one is assigned a colour-coded
trace.

To increase the displayed graph area one or both of the y-axes can be hidden by pressing the appropriate <
or > button. Similarly the lower graph can be hidden using the “V” button between the two graphs,
allowing the upper graph to extend to fill the screen.

The Y axes of the graphs are set to auto-scale. If required, they can be locked by right clicking on the

desired scale axis and de-selecting “AutoScale Y”. The upper and lower limits of the locked axis can then be
selected and adjusted.
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Instrument Set-Up

Instrument Set Up is used to enable Enhanced Acquisition and allows the powerful features of SmartScan
and SmartSoft to be utilised fully.

A number of set up tabs are available, they will be described from left to right.

Instrument Set-Up - Acquisition Rate Tab

Acquisition rate Gain Slots Peak detection Metwork Load and save Save changes and exit i Cancel changes and exit *

Set the maximum number of optical channels
and FBGs per channel that the instrument will
interrogate.
The maximum FBG count (Channels * FBGs/
channel) is determined by the acquisition rate.
Exceeding this value may result in data loss.
Channels

4

FBGs/channel Max FBG/channel

Changing the acquisition rate will change the

active laser range (black region of graph).

Click the graph to center the active region.

The maximum data rate is determined by the

number of FEGs being interrogated.

Exceeding this value may result in data loss.
Cycle time

' 10us

The instrument will transmit a
fraction of the acquired data.

Data rate (0-255)

;

g1

SmartSoft will process the data at the
rate selected (either by averaging over

selected number of samples or by
decimating the data).

Decimate ‘2
Sample size (1-1000)

;

a1

Average

) Processing rate (Hz)
2500

" Transmission rate {Hz)

2500

Aquisition rate  Max rate (Hz)

16 16 - 250 kHz

4882.51

Channel1

Channel 4

Relative Intensity (%)

0-l

i T T T T T T T T 1
1546 1548 1550 1552 1554 1556 1558 1560 1562 1564.03

Wavelength (nm)

T T T T g g i
1532 1534 1536 1538 1540 1542 1544

T i
1528.7 1530

Figure 9 — Instrument setup - Acquisition rate tab

Here the user can adjust various parameters that affect the acquisition rate of the SmartScan and the data
processing rate of the SmartSoft software.

The lower half of the screen shows spectra from all operational channels, together with the current
wavelengths of any detected FBG peaks.

Starting on the left the user may configure the number of active optical channels. The limit depends on the
maximum number of optical channels the instrument supports.

The user may configure the number of FBGs per channel. Reducing the number of FBGs per channel
enables the faster acquisition rates in the drop down menu to be used.

The SmartScan cycle time in microseconds (us) can be adjusted. The cycle time is defined as the time to
complete one laser tuning step and measure the light received by the detector circuits. This can speed up
or slow down the overall acquisition time. The minimum cycle time is 1 ps.

The SmartScan’s acquisition rate is a function of cycle time and wavelength range. The acquisition rate can
be adjusted by choosing a value from the selection box. This trades the instruments wavelength range for
acquisition speed, e.g. 2.5 kHz over 40 nm, 5 kHz over 20 nm, 25 kHz over 4 nm. For some rates it may be
necessary to reduce the number of FBGs per channel as described above.
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:EE Sl'naf't f] erS Connected to 138522 @ 10.0.0.100

o Data processing rate: 2500.00 Hz.

Acquisition rate Gain Slots Peak detectior k
Set the maximum number of optical channels Changing the ac nge the
and FBGs per channel that the instrument will active laser ra graph).
interrogate. Click the graph e region.
The maximum FBG count (Channels * FBGs/ The maximum d ed by the
channel) is determined by the acquisition rate. number of | ated.
Exceeding this value may result in data loss. Exceeding this data loss.
Channels A so00 i
FBGs/channel Max FBG/channel A 3IBKHz L HD)
2 T /1« 2,500 kHz

Figure 10- Instrument setup - Acquisition rate selection

The active laser range will be reduced according to the selected acquisition rate. The inactive range will be
greyed out in the graph. Left click on the graph with the mouse to centre the active region in the desired
location. Select the lowest acquisition rate in the list to reset the active region to its full range.

Consideration should be given to the expected wavelength excursions of each FBG peak to ensure that they
will not move outside the laser tuning range.

The rate at which data are transmitted to the host PC can be reduced by sampling the data. Setting the
Data Rate to 1 means that the SmartScan will transmit all available data to the PC and the transmission rate
will be equal to the acquisition rate. Setting the Data Rate to a number N greater than 1 will result in data
from every N scan being transmitted. It may be desirable to slow down the transmission rate because, for
example the data are transmitted over a slow network connection or because the host PC cannot process
the data packets fast enough.

Finally, the user may further reduce the amount of data stored in a log file by applying averaging or
decimating the data. This is applied by the SmartSoft application so will not reduce the Ethernet traffic but
will reduce the data presented by SmartSoft and optionally saved to file. The extent of data reduction is
controlled by the Sample size box. Setting this to a number N will result in every Nth transmitted data point
being presented or stored, either by averaging N points together or by keeping every Nth point and
discarding the rest. Averaging N data points together will also improve the signal to noise ratio by up to a
factor of VN.

The data processing rate is displayed at the top of the screen when acquisition is in progress. The

acquisition and transmission rates are shown as a tool tip when hovering the mouse over the data
processing rate indicator.
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Instrument Setup - Gain Slots Tab

Acquisition rate Gain Slots Peak detection Network Load and save Save changes and exit | Cancel changes and exit

Click on the graph to set autogain boundaries between FBGs.
You can set a masimum of 16 slots per channel.

Click and drag a slot boundary to mowe it. Right click on a slot boundary to dekete it. Right dick
inside 3 shot to set & fiked gain.

Manually setting a shot's gain value will set the gain control to manual gain mode.

Gain moda
'—__; Muts
Channcl

ri| Channal 1
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Figure 11 - Instrument setup - Gain slots tab

An advantage of Enhanced Acquisition is that it enables the use of Wavelength Gain slots, whereby each
FBG operates within its own wavelength window that is assigned its own set of properties. Each slot can
use a different gain level so large variations in signal intensity can be accommodated on one channel
without loss of measurement resolution.

The Gain slots are set up on a channel-by-channel basis. The spectrum for the Channel in question is
displayed. The wavelength limits on the graph's x-axis have already been determined according to the laser
tuning range that was set up on the Acquisition Rate tab. The user then clicks between the spectral peaks
to add slot boundaries. Only one FBG peak should be present in each slot. The start and end points of the
wavelength tuning range are slot boundaries, so be sure not to add slot boundaries before the first FBG or
after the last FBG. Care should be taken that during operation the FBG peak will not cross a slot boundary
and that FBG peaks remain separated by at least 1.6 nm from each other and 0.8 nm from the end of the
active laser range. Do not set up more slots than the number of sensors per channel that was configured
on the Acquisition Rate tab. Slot boundaries can be adjusted by dragging them to their desired position
using the mouse. Right click on a boundary to delete it.

Once the slots are established the Gain Mode can be set. There are two modes, in auto mode the gain for
each slot adjusts automatically so that the intensity of each FBG peak is maximised but does not saturate.
The peak intensity will be maintained between 50 and 100% and will only reduce below 50% on the highest
gain level if the signal is still too small.

In Manual gain mode a fixed gain is applied to each slot. To set the gain, right click on the graph between
the slot boundaries and set the gain level between 0 and 8, repeating this process for each slot on all
channels. The optimum gain level is above 50% but without saturating; a saturated FBG peak will have a
flat top at around 100% intensity. The gain applied to each slot is displayed on the graph. Selecting a
manual gain for a slot will automatically change the gain setting from auto to manual. It is recommended
that in manual mode the gain be set as high as possible without risk of the FBG peak saturating. Peaks
below 25% relative intensity may suffer reduced measurement performance.
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Instrument Setup - Peak Detection Tab

Acquisition rate Gain Slots Peak detection Network Load and save Save changes and exit i Cancel changes and exit

Set the peak detection threshold level for each channel.

Any peaks below the threshold will not be detected.

Any noise above the threshold may be detected as a peak.
Linking peak detection to the gain slots will cause any grating
in gain slot N to always be reported as grating N.

Channel Link to gain slots
) Channel 1 -
Threshold (%)

’

15
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Baseling562
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Figure 12 - Instrument setup - Peak detection tab

SmartScan performs a baseline calibration of the photo-detectors during power up. This compensates for
any back-reflection in the fibres. The calibrated baseline value is shown as a red trace on the graph. If the
fibres are changed or disturbed and the baseline changes, calibration can be performed by either power-
cycling the instrument or pressing the “Calibrate baseline” button.

The peak detection threshold may be adjusted for each channel on this tab. Ensure the threshold level is
above the background reflection level but not above any true FBG peaks. In most cases a value of around
15% is optimal. The threshold is relative to the signal baseline, the red trace on the graph, not zero relative
intensity.

The location of detected peaks can be linked to the auto-gain slots by selecting the ‘link to gain slots
button’. This way, a peak at wavelength X will always be reported as grating N, where N is the slot number
containing wavelength X. This feature avoids the software becoming confused if, for instance, one FBG
within an array drops below its threshold.
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Instrument Setup — Network Tab

Acquisition rate Gain Slots Peak detection Network Load and save Save changes and exit i Cancel changes and exit

Set instruments network address, subnet mask and gateway.
Settings take effect after pressing "Save changes and exit”.
You may need to alter your PC's network settings in order to
reconnect to the interrogator.

Smartscan IP Address
19216817
Subnet mask

255.255.255.0
Gateway

192.168.1.254
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Figure 13 - Instrument Setup — Network Tab

On the Network tab the user can change the IP settings of the SmartScan. This is usually only necessary
when a SmartScan is to be used on a Local Area Network. Be aware that the IP settings of the host PC may
need to change in order to maintain connectivity.

If you are connecting the SmartScan to a network instead of a direct connection to a host PC, make sure to
set the gateway address to match the network router or gateway PC's LAN address and that the
SmartScan's IP address is unique on the network and not in the pool of addresses assigned to any DHCP
servers on the network.

If there is a firewall or NAT router between the SmartScan and the host PC you may need to open TCP port
80 and UDP ports 30001 to 30003, 30070 to 30072 and 30075 to allow SmartSoft to communicate with the

interrogator.

See Preparing for Use section and Appendix B for further details and if necessary consult your Network
Administrator.
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Instrument Setup - Load and Save Tab

Acquisition rate Gain Slots Peak detection Network Load and save Save changes and exit | Cancel changes and exit

Load and save settings.
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| H Save... ‘

Channel1
Channel 2

Channel 3

Channel 4

Relative Intensity (%)

0 i 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1528.7 1530 1532 1534 1536 1538 1540 1542 1544 1546 1543 1550 1552 1554 1556 1558 1560 1562 1564.03
Wavelength (nm]

Figure 14 - Instrument Setup - Load and Save Tab

The user can use this tab to save all the Instrument Setup parameters to a file. The file can be recalled later
using the Load button. This is particularly useful when SmartScan is used to interrogate multiple sensor
systems, as a configuration for each system can be saved.

Instrument Setup - Exiting Instrument Set-Up

There are three options for exiting Instrument Set Up, pressing “Save changes and exit” will transfer all
parameters to SmartScan and the instrument is ready to begin an Acquisition session. Alternatively,
pressing “Cancel changes and Exit” will discard any changes and SmartScan will revert to its previous
configuration. You can also just select a new panel from the main controls, if any settings have been
changed SmartSoft will ask if you want to save them.
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Enhanced Acquisition

Before entering Enhanced Acquisition, first configure the instrument in the Instrument Set Up section.

Enhanced Acquisition - Spectrum Tab

Spectrum Select sensors Charts Graphic Storage Plug-ins ,f;J;?.Lﬁ.J |

1(](]* o [ Channell |

Channel
*J Channel 1

H Save..

Relative intensity (%)

T ! i ! | ' i ' | ' i ! ' i i |
15275 1530 15325 1535 15375 1540 15425 1545 15475 1550 15525 1555 15575 1560 15625 1565

Cursors: X Y J

®
4 -

Figure 15 - Enhanced Acquisition - Spectrum Tab

The spectrum tab is intended as a tool to aid setting up of sensors and/or SmartScan parameters. The
sensors on one channel at a time can be viewed with the reflected signal intensity displayed over the
wavelength range. Each peak represents the reflected light from one FBG. The appearance of the FBG
Peaks will be influenced by the Gain scheme selected during Instrument Set Up.

If desired the instantaneous spectrum can be saved to file, press the save button whilst the channel of
interest is being viewed. An image of the spectrum can be exported to the clipboard or a file by right
clicking in the graph area. Note that the data rate for spectral data is much slower than for sensor data.

The graph palette in the top left corner of the graph provides options for navigating around the screen.
The cross icon is the selection tool and is used for selecting and moving graph cursors, the magnifying glass
icon allows the user to zoom in on the graph to examine particular spectral features in more detail and the
hand icon is used to drag a magnified region around the plot.

The plot legend in the top right of the graph can used to change the plot properties, e.g. line style/colour,
point style/colour, etc.

Extra functionality is made available by right clicking in the graph and selecting from the pop-up menu. The
scale legend can be used to gain quick access to the graphs auto-scale options and for changing scale
indicator parameters such as numeric format, precision, etc. The cursor legend is used for creating cursors
on the graph and reading the position of those cursors. Cursors can be created by right clicking inside the
cursor legend and can be dragged with the selection tool (see graph palette section). The cursor can be
configured by right clicking on its name in the cursor list.
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Enhanced Acquisition - Select Sensors Tab

EXIT DATA
AQUISITION

||

Spectrum Select sensors Charts ‘ Graphic Storage | Plug-ins
FBGs Sensors
1D I Mean 1 Mimmumi Current 1 MaximumiJ MName 1Type 1 Current value
Ch01Gr1 | 1550453 | 1550451 | 1550453 | 1550456 Chi1Grl Strain (ustrain) -1.868
Chi2Gr01 Strain (ustrain)

Ch03GA1  0.000 0.000 0.000 0.000
Ch04Grdl | 0.000 0.000 0.000 0.000 E]
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t
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Log file
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Log time
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Figure 16 - Enhanced Acquisition - Select Sensors Tab

The Select Sensors tab has two tables. The left hand table displays all available FBGs, the number being
determined during the Instrument Set Up by the Sensors per Channel setting and the number of gain slots.
If there are more FBG Peaks on the Spectrum tab than available FBGs in the table then revisit the
Instrument Set Up and either add more Gain Slots or increase the Sensors per channel setting. If a gain slot

is set up without an FBG reflection within it, a sensor wavelength of zero is returned in the table.

The FBG table displays all the FBGs on channel 1 in descending wavelength order followed by those on
channel 2 and so on. The channels are colour coded for ease of identification. For each FBG there are

columns for its current wavelength as well as average, minimum and maximum.

The right hand table displays the selected Sensors; this table will be empty to start with. Sensors are added
to the table using the button or by right clicking on a grating in the FBG table. This brings up the add

sensor dialogue box.

Sensor Name Sensor Type Units
Wavelength lz‘ nm |Z|
FBG
ChO1Gl [+
Sensor Description
Wavelength sensor.
Back Next oK

Figure 17 - Sensor dialog box - Sensor page
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The user can select one of the FBGs from a drop down list of all available FBGs. The user may now give the
sensor a meaningful name and change the measurement units. In the case of a wavelength sensor (as
shown above), there is only one page to fill out and once a sensor name has been entered the OK button
will become active.

For measurements other than Wavelength the user must enter a number of parameters so that SmartSoft
can make the conversion. The next button will become active allowing the definition of multiple gratings,
sensors and coefficients as determined by the sensor type. Selecting a strain sensor type and clicking next
leads to the following dialog box page.

Update selected reference wavelengthsto | Mean E EJ
Grating name Grating Wavelength (nm) Reference (nm) =
Strain ChO1Gr01 |Z| 1562.9832 0.0000 -

[ cancel | [€® Back | [ Net | oK

Figure 18 - Sensor dialog box - Gratings page

The reference wavelength is the wavelength against which the grating will be compared. For some sensor
types, SmartSoft needs to measure a change in the wavelength of an FBG in order to convert to
engineering units such as strain, temperature and pressure. The reference wavelength may be supplied by
the sensor manufacturer or it can be entered by selecting one or more gratings, choosing the mean,
minimum, maximum or current value in the reference wavelength selection box and pressing the blue
arrow button to update al selected gratings. It may be necessary to set the type to wavelength and then log
and analyse some data in order to determine the required reference wavelength. The grating selection
page will not be available if the sensor type selected does not require it.

Press next to advance to the next dialog box page.

Sensor name Sensor I
Temperature change MNone |z|
Iw Cancel I I‘ Back J I’ Mesxt I 0K

Figure 19 - Sensor dialog box - Sensors page
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A sensor can use the values of other, previously defined sensors. In the case of a strain sensor, a
temperature sensor can be selected to perform temperature compensation. Temperature sensors must be
defined before they are available for use. Notice that the sensor name refers to temperature change. The
temperature sensor must be configured to show relative rather than absolute temperature (i.e. relative to
the temperature at the reference wavelength).

The types of sensors available to choose from is determined by the sensor type selected. The sensor
selection page will not be available if the sensor type selected does not require it.

Press next to advance to the next dialog box page

Coefficient name Value -
Coefficient of thermal expansion (ustrain/'C) 0.000000 =
(98 cancel | [ €@ Back | Next oK

Figure 20 - Sensor dialog box - Coefficients page

If the sensor requires constant coefficients, enter them here. They should be provided with the sensor.
The type of conversion coefficients requested by the sensor set-up dialogue box is determined by the
sensor type selected. The coefficient selection page will not be available if the sensor type selected does

not require it.

Press next to advance to the next dialog box page.

'l Sensor setup 2

Log trigger type
Threshold [+]

Threshold
5.0000

[x Cancel | [« Back | MNext 0K

Figure 21 - Sensor dialog box - trigger page
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Set the log triggering type to the desired value. The options are none, for no triggering, or threshold, to
trigger on the difference between the maximum and minimum of the rolling average over the last second.
The sample size of the rolling average can be set in the log settings dialog box (Figure 21)

When all required information has been entered the OK button will become active. Press OK to save the
sensor. Press cancel at any time to exit the dialog box.

When the Add sensor dialogue box is closed the new sensor will now appear in the sensor table.

Further FBGs can then be selected to add more sensors to the table and the Sensor order can be adjusted
using thel_* land __* |buttons. Sensor parameters can be amended using the button.

When the sensor table is complete press the [L& ] button so that the sensor parameters can be re-loaded
during future acquisition sessions. Multiple Sensor selections can be saved with different file-names.
SmartSoft loads the last used sensor set-up when starting the enhanced acquisition panel.

The logging feature on this tab can be used to save all the sensors present in the Sensor table. Sensors will
be logged at the Data Processing Rate displayed at the top of the screen.

Set the target location and name of the log file by typing it in the box, or by clicking the folder icon. Then
set the duration of the logging period (log time) and then press the log button. The button lights up and the
elapsed time is indicated by a progress bar and a numeric indicator. The recording will automatically stop
when the Log time is reached or the user may stop the recording by pressing the Log button again.

Scheduled logging and log file rotation is available as per Basic acquisition.

Triggered logging is available and is activated and deactivated by pressing the “Triggered logging” button.
When active, a log is initiated when any enabled sensor's rolling average changes by more than the value
configured in the sensor dialog box, in one second. The amount of pre-trigger data is as selected by the
“log cache size” control in the log settings dialog box The amount of post-trigger data is as selected in the
“log time” control. Logged data can be normalised using averaged pre-trigger data. The number of samples
to use in the averaging is selected by the “Log file normalisation sample size” control in the log settings
dialog box.

=)

Set the log cache size in seconds. The log cache is used to improve
disk performance by writing multiple data-sets to disk at the same
time. It also provides a pre-trigger buffer when using triggered
logging. Range: 1 to 10 seconds.

Log cache size (seconds)

l‘-,
o2
v

"Log settings

Set the maximum number of data lines in a log file. When the limit
is reached a new file is created. Use the prefix and postfix controls
below to ensure each file has a unique name.

Lines per log file
90

Set the trigger debounce time in seconds. Trigger debounce

The following time format codes can be used to prepend and S
prevents a new trigger being acted on for the configured number of

append time and date information to the log file name. %H (hour,

24-hour clock), %I (hour, 12-hour clock), %M (minute), %S
(second), %<digit>u (fractional seconds with <digit> precision),
%p (a.m./p.m. flag), %y (year within century), %Y (year including
century), %m (month number), %b (abbreviated month name), %d
(day of month), and %a (abbreviated weekday name).

Log name prefix
96Y%m%d-%H%M%S_

Log name postfix

seconds after the previous log has finished. Range: 0 to 60 seconds.
Trigger debounce time (seconds)
Al
o
Set the number of samples to average for log file normalisation.
Normalisation removes the DC offset in a log file by subtracting the

mean of the configured number of samples from all log values. Set
to zero to disable this feature. Range: 0 to 128 samples.

Log file normalisation sample size
A
o 0
Set the number of samples to average for the log triggering.

Log trigger averaging sample size
W

{ “ZsDefaults ]

( ¥ Cancel

Figure 22 - : Log settings dialog box
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Data are saved in tab separated format suitable for opening with common spreadsheet applications such as
Microsoft Excel and OpenOffice Calc.

The Start Time is given in standard UTC format, which is the number of seconds since 00:00 on 1°* January
1970.

Eile Edit View [nset Format Tools Data Window Help x

e ro@eca sBIO0-4 -0 DL P CRE ® M =
Al [v] fio X = [StartTime (UTC) = 1339599319.732890 (v

“x B [ C | D [ E | F | G [ H | Lk

I ]

|_2_[Time interval = 4000 us
3

| 4 [Time Wavelength Temp Strain 1 Strain 2 Total strain

| 5 | Wavelength (nm) Temp (C) Strain (ustrain) Strain (ustrain) Strain (ustrain)

| 6 | 0 1550.0614 0.7913 16.1415 22.9228 39.0643

| 7 | 0.004 1550.0607 0.5793 17.367 22.3533 39.7203

| 8 | 0.008 1550.0607 0.6499 16.7687 223533 39.122

| 9 | 0.012 1550.0607 0.8619 14.9738 223533 37.32711

| 10 | 0.016 1550.0621 0.7913 16.711 234922 40.2032

| 11 | 0.02 1550.0621 0.6499 17.9076 234922 41.3998

| 12 | 0.024 1550.0614 0.7913 16.1415 229228 39.0643

| 13 | 0.028 1550.0607 0.5793 17.367 223533 39.7203

| 14 | 0.032 1550.0607 0.5086 17.9653 223533 40.3186

| 15 | 0.036 1550.06 0.7913 15.0027 21.7839 36.7865

| 16 | 0.04 1550.0593 0.5086 16.8264 212144 38.0409

| 17 | 0.044 1550.0607 0.7206 16.1704 22.3533 38.5237

| 18 | 0.048 1550.0607 0.5793 17.367 22.3533 39.7203

| 19 | 0.052 1550.0607 0.6499 16.7687 22.3533 39.122

| 20 | 0.056 1550.06 0.6499 16.1993 21.7839 37.9831

| 21 | 0.06 1550.06 0.9326 13.806 21.7839 35.5899

| 22 | 0.064 1550.0607 0.7913 15.5721 22.3533 37.9254

| 23 | 0.068 1550.06 0.5086 17.3959 21.7839 39.1798

| 24 | 0.072 1550.06 0.6499 16.1993 21.7839 37.9831

25 | 0.076 1550.0607 0.9326 14.3755 223533 36.7288

| 26 | 0.08 1550.0607 0.6499 16.7687 22.3533 39.122

| 27 | 0.084 1550.0614 0.7913 16.1415 22,9228 39.0643

| 28 | 0.088 1550.06 0.8619 14.4044 21.7839 36.1882
) 0.09? 1850 0R 07204 15 AN1 21 78309 37 3R4R ¥
d (¥ ][v]\Sheetl (& el m ] |
Sheet1/1 | Default STD | | Sum=0 @—o— ©® |10%

Figure 23 - Example log file
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Enhanced acquisition - charts tab
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Figure 24 - Enhanced acquisition — Charts tab

By default two charts are shown, each with dual y-axes. All the Sensors present in the Sensor table are
available for adding to the charts, this is achieved by selecting the tick box next to each sensor.

The left and right y-axes of each chart can be set to different measurement units. The chart can be
expanded by hiding one of the y-axes using the appropriate = button. The entire lower chart can also be

hidden by pressing the long * button, whereby the upper chart expands to fill the whole tab.

The y-axes of the charts auto-scale by default but by right clicking on the charts the user may disable auto-
scaling and may then edit the maximum and minimum y-axis limits to display the desired amplitude range.

An image of the chart can be exported to the clipboard or saved to a file by right clicking on the graph and
selecting “Export simplified image...”.
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Enhanced acquisition - graphic tab

Spectrum | Selectsensors | Charts Graphic Storage Plug-ins ||__aguistnon [

& Load picture ...

Figure 25 - Enhanced acquisition - Graphic tab

On the graphic tab the user may load a photograph or diagram of the structure being monitored. The file
must be in JPG format and 800 x 600 pixels. Some example pictures are installed with the application and
are located in the common application data directory e.g. “C:\Documents and Settings\All
Users\Application Data\Smart Fibres\SmartSoft SSI\Graphics”. The location of the common application
data folder is dependent on your version of Windows, the example shown is for Windows XP.

By right clicking on the graphic the user may add sensors from the sensor table and display their current

values in numeric or mini-graph form. By right clicking on an existing sensor it may be deleted or modified
in type.
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Enhanced acquisition — storage tab (models with USB storage functionality enabled only)

Spectrum | Select sensors | charts [ Graphic Storage Plug-ins '
SmartSoft storage file replay SmartScan storage
Storage sessions Storage
“Z; Refresh drive list SessionID | Start time First ia(ketﬁ Packet count | File count |> Start ( »
Removeable storage Sample size
B[] 1
Apply averaging

Figure 26 - Enhanced acquisition - storage tab

Storage sessions are stored as binary data files in on-board Compact Flash memory and can be viewed by
copying the stored files from the SmartScan Aero Mini to a computer running the SmartSoft user interface
application. The file transfer takes place over the LAN connection. See Appendix C / Transferring data from
On-board Storage to PC for detailed instructions.

The storage tab is used to replay storage sessions previously retrieved from an instrument, or to start and
stop storage sessions on a currently connected instrument.

For further information about how to retrieve stored data from the SmartScan Aero Mini to a connected
PC, refer to Appendix C, section Storage

When replaying storage sessions it is not necessary to be connected to the interrogator. Cancel the
connection dialogue box and open the enhanced acquisition panel.

Storage file replay

There is a “Storage path...” option in which allows the selection of a folder on the local file-system.

Select the path of the storage file and the “Storage sessions” list-box will show the detected storage
sessions on the drive.

Select a storage session and click “Start” to begin replaying the session through SmartSoft's data processing
system instead of live data from a connected interrogator. The data will be sub-sampled by either
averaging the number of samples selected in the “sample size” control or decimating them depending on
the state of the “apply averaging” control.

The storage data can be converted to engineering units, logged to file and displayed on charts and graphics
in the same manner as for live data.
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If SmartSoft is connected to an interrogator, the top line of the “Storage sessions” list-box will read “live”.
Select “live” and click “Start” to return to live data acquisition from the connected interrogator.

When the “Start” button is pressed a floating control box will pop up to allow the user to pause the replay,
change the replay speed and stop the replay while using any of the other enhanced acquisition panel tabs.
At speed 5 the data will be processed at the highest speed the computer can handle. At lower speeds, time
delays are introduced to enable data to be viewed on graphs or to prevent SmartSoft from monopolising
the computer's processor.

> L

==
|
.
L
|
IS

Figure 27 - Storage file playback controls

SmartScan storage
The storage button will display the current state of the connected interrogator's storage system. It can also

be used to start or stop storing data on the connected interrogator. The storage button will be disabled and
greyed out if storage is not possible.

Wait at least 10 seconds after the storage session has ended before removing power from

Warnin .
g SmartScan Aero-mini or data may be corrupted or lost.
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Enhanced acquisition — plug-ins tab
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Figure 28 - Enhanced acquisition - Plug-ins tab

The plug-ins tab is used for running LabVIEW source code, these can be written by the end user to increase
and customise the functionality of the SmartSoft user interface. SmartSoft may be supplied with a variety
of plug-ins, including one for performing FFT analysis on a selected grating. Here, a Fast Fourier Transform
(FFT) of live wavelength data can be viewed allowing the user to observe the frequency content of signals.
Each FBG can be viewed on the graph using the “FFT Grating” drop-down menu. By selecting the
Magnifying glass icon the user may zoom in to view a particular area of the frequency spectrum, select the
cross-hair icon zoom out again. The frequency scale on the x-axis will be determined by the Acquisition
frequency. FFT theory dictates that the frequency scale will be half the sample frequency. The sample
frequency is the transmission rate as set up during Instrument Set Up and can be viewed by hovering the
mouse over the Data Processing value at the top of the screen.

SmartSoft searches for plug-ins in the “Plug-ins” folder under the SmartSoft installation folder. This will be
C:\Program Files (x86)\Smart Fibres\SmartSoftSSIv3.2\Plug-ins if the default installation folder was used.

Details on how to write plug-ins can be obtained on request from Smart Fibres.
Enhanced acquisition - exit data acquisition

Press “Exit Data Acquisition” to leave this area of the application.
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Appendix B - IP Address Settings of Host PC

The process is slightly different based on which version of Windows is being used.

Below are some examples

Windows 7

Click on the Start Bar and select Control Panel, select “Network and Sharing Centre”.
Select “Change adapter settings”, Right Click on the Local Area Connection and select “Properties”

Select “Internet Protocol Version 4” and click the “Properties” button. Select “Use the following IP
address” and enter the desired IP address and Subnet Mask to suit SmartScan. Click OK to save

settings.

Windows 10

Select Start, then select Settings > Network & Internet .

For an Ethernet network, select Ethernet , then select the Ethernet network you’re connected to.

Under IP assignment, select Edit.
Under Edit IP settings, select Automatic (DHCP) or Manual.
Under Edit IP settings, choose Manual, then turn on IPv4.

To specify an IP address, in the IP address, Subnet prefix length, and Gateway boxes, type Set your

IP address settings and DNS server address.
When you’re done, select Save.

In each case, the network settings should look similar to the below

After using SmartScan, to reconnect to a Local Area Network follow the same process and select “Obtain an

IP address automatically”.

Internet Protocol {TCP/IP) Properties

General

*You can get IP settings azsigned automatically if your netwark supports
thisz capability. Otherwise, you need ta ask wour network administrator for
the appropriate [P settings.

I 7 m. 0.0 .4
Subnet mask: 285 285 285 . 0
Default gateway: wmw. 0.0 .1

| Obtain DHS sever address automatically

—{% Usg tha following DNS server addresses:

FPreferred DNS server: 207 . B9 . 188 .185
Altemate DNS server 207 0 B9 188 186

Adwanced |

Cancel |

Figure 29 — example SmartScan network settings
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Appendix C — SmartScan HTTP Interface

Whilst the user can use SmartSoft for SmartScan (Appendix A) for configuration and data display, it can be
useful to make use of an auxiliary interface that is available via a web browser using the http protocol. This
Appendix describes the operation of this http interface.

One such feature that is managed by this http interface is the recording of data to a USB storage device,
available as an option on certain SmartScan models.

All the pages displayed via the http interface are briefly described with more detailed instructions on using
the Storage features. The final section describes how to transfer the storage files from the interrogator to a
host PC where they may be played back or post-processed.

http interface

The existing interface is implemented as pages on a webserver that is hosted on the interrogator as part of
the Linux operating system. Pages are coded using html. The user just needs a PC with a web browser to
access the pages.

The interrogator must be connected via LAN to the host PC, details of this can be found in the SmartSoft for
SmartScan user guide (Appendix A).

Once the interrogator is connected via LAN simply open a web browser and enter the interrogator’s IP
address as the URL.

On all pages with user configurable parameters, changes are made by overwritting the existing settings and
then pressing a submit button.

Page 33



Home Page

SmartScan

Firmware version: 0x900E

Unit serial number: 140243

IP address: 10.0.0.150

MAC address: 00 D069 4A FO 6C
Lasers: 1

Receivers: 1

LASER channel count: 400

Start frequency (THz): 191.125000
Channel spacing (GHz): 12.500000

Figure 30 - http interface / home page

Some basic identity information is displayed here, there are no user configurable fields.

Network

SmartScan network settings

—Host settings

IP address |10.0.0.150 I
Subnet mask |255.255.255.0 I
Gateway  |10.0.0.2 I
| Submit |

—Client settings

Client IP address|0.0.0.0
| Submit |

Figure 31 - http interface / network page

The user may view and change the IP settings on this page. Care should be taken to avoid losing track of
the IP settings of the interrogator which might result in not being able to communicate with the
instrument. There are further details of IP address settings in the SmartSoft User manual under the section
“Preparing for Use” and in the Appendices.
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Settings

SmartScan settings
HOME NETWORK SETTINGS SPECTRUM PEAKS STORAGE TIME DIAGNOSTICS DEV

—Save settings

(Sl

— Acquisition rate settings

Channels n |

Gratings |16 |

Gain slots |lon 2|

Frequency steps 400

Step time |wus 2|

Start step [o |

Data rate 1 |

| submit |

—DSP settings

Gain mode |AauT0 2

Fixed gainvalueec |

Autogainrate 1|

0 [15 |

1 l15 |

2 |15 |

3 [15 |

0 [a@9 400 ||[400 ||[400 400 ||[2400 400 |40 400 ||[400 200 |[400 ||[400 400 ||[400 400 |
1 |39 |laoo |[400 |f4o0 [a00 |40 400 ||l400 |f400 ||400 400 [400 ||laoo |lac0 ||[400 400 |
2 [399 400 |[[400 [|[400 [400 |[[400 ||[400 400 {400 ||[400 400 {400 ||[400 400 400 |[400 |
3 [a99 400 ||[400 ||[400 400 ||[400 400 ||[400 400 ||[400 ||[400 400 ||[400 400 ||[400 400 |
0 (g o o o ||[o o o Ilo | lo o lIlo |lo o o lIlo |
1 I} o o o (o o o Ilo 16 o o lIlo Nlo o o lIlo |
2 (o o o o | o o llo I lo o lIlo o o o lIlo |
3 (o o o o ||[o o o Ilo | lo o lIlo |lo o o lIlo |
| Submit |

Figure 32 - http interface / settings page

This page contains most of the settings that one would find in the Set-up screens of SmartSoft. Although
wavelength related settings are entered in units of “Laser tuning steps” these are integers usually with a
value between 0 and 399 representing the wavelength range 1568.7 to 1528.7 . It is recommended to use
the SmartSoft interface when changing these parameters.
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Spectrum

SmartScan spectrum
HOME NETWORK SETTINGS SPECTRUM PEAKS STORAGE TIME DIAGNOSTICS DEV

—Spectrum source

Type [0 |
Channel|o |
Rate lo |

| submit |

Figure 33 - http interface / spectrum page

This is a rather simple page where the user can set the source of the data contained in the spectrum UDP
message, this message is sent to SmartSoft and displayed in the form of an X-Y graph. The data that forms
this graph is listed in table form. Optical channels are number 0 to 3 rather than 1 to 4.

Time

SmartScan time
HOME NETWORK SETTINGS SPECTRUM PEAKS STORAGE TIME DIAGNOSTICS DEV

—time sync

time: |13 |[:[19 |:]15 |
date:13 |f{os |/|2015 |
| Sync |

Figure 34 - http interface / time page

A page where the user may set the time used by the interrogator’s internal clock. The user should type in
the current date and time and then press the “Sync” button to upload this to the interrogator’s internal
clock.
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Diagnostics

SmartScan diagnostics

—Unit state

Operational state: operational
Interrupt misses: 0

—Errors
Sub-system Error code Description
FPGA1 0 OK
FPGA2 0 OK
Scan 0 OK
Network 0 OK
Data 0 OK
Storage 0 OK
Config 0 OK
Misc 0 OK
—Update
| Browse... | Mo file selected. | Send |

Figure 35 - http interface / diagnostics page

This page dispays status information and error codes should a problem occur.

The Update section allows the user to upgrade the embedded firmware using a script file that would be
supplied by Smart Fibres.

Storage (models with USB storage functionality enabled only)

SmartScan storage
HOME NETWORK SETTINGS SPECTRUM PEAKS STORAGE TIME DIAGNOSTICS DEV

—Save settings

| Save |

—storage mode

storage mode | OFF |

| submit |

— Storage target

storage target| INTERNAL * |

| submit |

—storage settings

storage filesize (MB)|100

| submit |

Figure 36 - http interface / storage page
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Storage Mode

The storage mode will be “ON” when the interrogator is powered unless Storage has been disabled by
setting the storage target to “NONE”. Changing the mode from “ON” to “OFF” stops the current storage
session. Changing from “OFF” to “ON” starts another on-board storage session, the peak wavelengths of
any FBGs attached to the instrument are written to file with timestamps on the selected storage target.
When on-board storage is active there is an LED indication on the front panel of the interrogator.

The default storage mode is “ON” if the selected storage target exists and has space available, which
means the interrogator will automatically start on-board storage whenever it is powered. This means the
interrogator can operate independently of any host PC and store data for later retrieval.

Storage target

The user may select between “INTERNAL”, “EXTERNAL” or “NONE”. Press the “Save” button to store
changes. Currently SmartScan-USB and SmartScan Aero have only front panel USB receptacles for
connecting external storage devices, whilst SmartScan Aero Mini has only internal storage in the form of a
compact flash card. SmartScan SBI+PM can have both internal and external storage.

If the selected storage target is full or not present then no storage will take place and an error message “No
storage media or no space on mounted media” will be reported on this page. If the selected media device
is full the user must delete storage sessions before further storage can take place.

Setting the storage target to “NONE” prevents the interrogator from automatically starting an on-board
storage session at power on. This is the only way to prevent automatic storage at power on.

Storage Filesize

The nature of Flash storage is that the current file that is being written to can be corrupted if power is lost
or if the storage media is removed without first unmounting the device from the operating system.
SmartScan stores data in a series of files that are automatically created in sequence, thus if power is lost or
the device removed there is a good chance that only the currently open file is at risk of being corrupted. 1
MB is the minimum file size that can be configured, equivalent to a few seconds of data with a typical set
up of 32 FBGs acquired at 2500 Hz. The user may set the file size, keeping the amount data at risk of
corruption to a minimum whilst keeping the file size convenient for data processing. 100 MB s
recommended , this is equivalent to around 10 minutes of data with a typical set up.

Press the ‘Save’ button to store changes when interrogator is powered off.

Save Settings

Press ‘Save’ to store changes to the settings on this page so that the configuration is saved when the
interrogator is powered off.
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Storage > Media

SmartScan storage media

—Mounted storage media

name size free space
0 ATA TS16GCF200I1{14.70 GB |13.91 GB
| unmount selected media |

—attached storage media

None

| mount selected media |

Figure 37 - http interface / storage media page

Any storage device that has been mounted and recognised by the operating system will be displayed here.

Storage > Sessions

SmartScan storage sessions

—storage session list

Session ID First packet Packet count File count
00000000 96951 136 1

| Delete |

Figure 38 - http interface / storage sessions page

This page displays the current storage sessions saved on the storage media, each has a session ID number.
A new session is a started each time Storage is switched on, either by setting the Storage mode via the http
interface or using the “Start” control from SmartSoft or if the storage target was not set to “NONE” and the
interrogator has been switched on. The session will end when storage is stopped via http or SmartSoft or
when the storage device is full. There could be one or many files in the session depending on the data
length specified and the duration of the storage session.

Storage sessions can be deleted from the media by selecting session IDs for deletion and pressing Delete.

Transferring data from On-board Storage to PC

There are multiple ways to get the data off the interrogator depending on the type of storage media used.

For either method first ensure that no storage session is still in progress to avoid the risk of corrupting
data.

If the media is external simply remove the USB device from the interrogator and plug it into the USB port
on the host PC.
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If the media is internal data simply click on the Session ID - one or more files may be present, each will have
a .ssf filename. Right click on each filename and select “Save Target As” and browse to a folder on the host
PC. Note Windows will automatically rename the file “.txt”, the files must be renamed as .ssf files again in
order to be recognised by SmartSoft for playback.

An alternative method for transferring larger quantities of files is to use a third party file manager software.
One such program is described in the next section. The files reside in the directory /var/tmp/ssi_storage/ssi
on the interrogator’s file system. In due course a file transfer facility will be integrated into SmartSoft.

In either case, the most convenient way to view and post process the storage files is to use the playback
facility in SmartSoft, see SmartSoft user guide for details.

File Transfer using WinSCP

A facility for transferring storage files between interrogator and host PC has yet to be integrated into
SmartSoft. For the time being third party file manager software can be used. One such application is
WinSCP.

WinSCP is available as a free download from http://winscp.net/download/winscp573setup.exe

Some instructions on using this particular application are detailed in the remainder of this chapter.

Install the WinSCP program
Follow the on-screen installation instructions.
When requested select “Typical” Installation and choose the “Commander” style.

Run WinSCP

Use the settings shown below,

File Protocol = SCP

Host name = the IP address of the interrogator, the default IP address is shown below
Port number =22

User name = root

Password = [leave blank]

You can optionally save these settings for later use by pressing the Save button,

To open the connection press “Login”
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http://winscp.net/download/winscp573setup.exe

[ B Login - Winscp [ 1 T T T =& ]
G New Site Session

File protocol:

SCP -

Host name: Port number:

10.0,0,150 22

User name: Password:

root
Save |v Advanced... Iv

Tools V] ’ Manage V] Login IV] ’ Close ] ’ Help

Figure 39 - WinSCP login page

If a password is requested, leave it blank and continue.

You may see an error like:

@ Errar changing directary ko 'fetcfinit,d',

Command 'cd "fekcfinit,d"
Failed with return code 0 and error message
-shi groups; nok Found.

Lok | teb

Figure 40 - WinSCP error message

Just click “OK”. You can prevent this in future by disabling “lookup user groups” in the advanced site
settings and saving the site details.

WinSCP should now open
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B Storage Files - root@192.168,1.135 - WinSCP

e

Local Mark Files Commands Session Options Remote Help

& root@192168.1135 | Mew Session

& 53 synchronize B o | & £ Queue = - Transfer Settings Default -ig-

&, C: Local Disk SEE e mn& % ssi -EE - Dy & @ FindFiles T
& [ & [m
C\SmartFibres\Storage Files fvarftmpyssi_storage/ssi
Name : Size Type Changed Narne ’ Size Changed Rights Cwner

] Parent directory 23/09/2015 14:23:10 . 01/01/1970 TWXTWITWX root
| 00000000, ssf 1,592 KB 12/05/201517:37 PWXPWXTWX root
| 00000001.ssf 4306 KB 16/09/2015 14:25 PWXPWXTW root
|| 00000002, ssf 5945 KB 12/05/201517:38 PWHPWHKTWI root
|_| 00000003, ssf 7856 KB 12/05/201517:38 rwxrwxrwx root
| 00000004, ssf 19189 KB 12/05/201517:41 PWXPWHTW root
| 00000005, ss5f 986 KB 17/09/2015 18:16 PWXIPWXTWX root
| 00000006, ssf 49605 KB 12/05/201517:47 PWHPWHKTWI root
|| 00000007, ssf 787 KB 18/09/2015 10:24 rwxPwWkrWx - root
|_| 00000008, ssf 22529 KB 12/05/201517:41 rwxrwxrwx root
| 00000009, ssf T8 KB 12/05/201517:37 WP root
| 00000010.ssf 2945 KB 12/05/201517:39 PWXIPWXTWX root
| 00000011.ssf 4793 KB 12/05/2015 1741 PWHPWHKTWI root
4 m

0BofDBin0of0 0Bof119 MBin0 of 12
a SCP 0:03:27

Figure 41 - WinSCP main page

The left hand pane shows the file system on the host PC and the right pane shows the file system on the

interrogator.

On the left side select a folder where you want to transfer the storage files to. On the right side navigate to
JVAR/TMP/ssI_STORAGE/ssI . The ‘.." folder allows you to navigate up to the parent folder. In the folder you

should see any storage sessions listed with a .ssf file extension.

Right click any files you want to transfer and select ‘download’, they will now be copied to the selected

folder on the host PC.

When using SmartSoft file replay you can select this folder as the “Storage Path” and the same storage

sessions will then be listed for playback.
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Appendix D - Optical Connector Cleaning

The use of optical fibre connectors requires some care if good results are to be obtained. The core of the
fibre is very small, typically 8 to 9 micrometres in diameter and even the smallest dust particles, lint fibres or
smears of oil can obscure it and cause optical losses. Scratches and chips in the highly-polished end face of
the fibre also result in poor quality, unreliable connections. Therefore, it is important to develop good
habits for handling and cleaning connectors. Ideally, both sides of a connection should be inspected and
cleaned before mating.

Connector tips can easily be damaged by hitting a hard surface. This can be avoided by always keeping the
plastic cover in place when not using or cleaning the connector.

A brief guide to good practise is given here. The interested reader will find further information from Industry
bodies. There are also some useful proprietary standards in the public domain, for example:

o AT&T:document ID ATT-TP-76461
e Cisco: document ID 51834
e JDSU: document ID IBYC — Fiber Inspection, Cleaning & Test

Note: These documents are identified for information only. No connection between any of the named
companies and Smart Fibres Ltd is intended or should be implied.

We understand that the first time user of a Smart Fibres product may not have all the correct equipment to
hand but cleaning and inspection tools are relatively inexpensive and help to ensure continued correct
operation of the interrogator. The regular user should make an effort to acquire them and learn how to use
them effectively. The Interrogator is shipped with a Cletop-S Fibre optic connector cleaner, which facilitates
dry cleaning (see sections 5.1.2 and 5.1.5).

Some or all of the operations described below may be required to ensure that the fibre-optic connection is
free from contaminants. The order of operations is given in Section 0, ‘Cleaning Flowchart’.

Inspection

It is highly desirable to inspect the end-face of connector ferrules (the white ceramic part) before mating
them, to ensure that they are clean and undamaged. If no inspection means is available, you may skip this
stage and proceed to a dry cleaning step, but be aware of the risk of making lossy connections by mating
ferrules that may be contaminated or scratched.

Remove the protective cap from the connector ferrule. Insert the connector into the fibre inspection
microscope and examine the end face. If the connector is of an angle-polished type, it may be necessary to
rotate it in order to see the end of the fibre clearly. Bulkhead connectors, such as those in the front face of
a Smart Fibres interrogator, can only be inspected using a fibre video microscope with a suitable adapter.
Typical views of a ferrule end-face are shown below:
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a) b) c)
d) e) f)

a) Clean fibre end-face, ready for mating.

b) Dust particles on connector. Cleaning needed.

c) Liquid on connector. Cleaning needed.

d) Oily streaks on connector. Cleaning needed.

e) Connector is clean but has scratches. This is acceptable as there are no scratches on the fibre
core. Ready for mating.

f) Fibre cladding is chipped. A small amount of chipping is acceptable but this connector should be
replaced.

Dry cleaning

Dry cleaning involves wiping contaminants from the connector end-face using a clean, lint-free cloth. It is
important to use fresh cleaning material for each wipe. Gentle but firm pressure is required, enough to
depress slightly the spring-loaded ferrule. We recommend you use a ‘CLETOP-S’ type cleaner for free
connectors and a ‘One-Click’ type cleaner for bulkhead or other recessed connectors.

Wet cleaning

If a contaminant resists removal by dry cleaning methods then wet cleaning may be needed. The process is
similar but the cleaning material is either supplied pre-impregnated with solvent (as in some optical wipes)
or a solvent is added just before use. The solvent must be of a high purity to avoid leaving a residue and a
dry cleaning operation must follow immediately so that it does not have time to dry on the connector
ferrule. Isopropyl alcohol is often used but there are also some good proprietary solvents.
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Cleaning Flowchart
The flowchart below covers the process of cleaning and inspecting connectors before mating. It also shows
the escalation of the cleaning method from dry cleaning to wet cleaning with solvents.

.

1°t Inspection

Replace or repair

connector*
No
Make Yes
Connection Yes Make
......... Connection
| No
Note: .
I Both sides of | T
1 the | ry Clean th B
6" Inspection .
connection | P : No'te. :
should be - . Bothsides of !
! cleaned and ! | thet. I
I inspected 1 2" Inspection | connection
| before | 5% Dry Clean should be
mating I ' cleaned and '
''''''' ! I inspected I
Yes | before I
C Mak:. 2" Wet Clean mating.
onnection | @00 L 1 ] b.-0o0-.
R o
Note: . No
I Both sides of | y
I the . 2" Dry Clean es Make
connection | Connection
should be -
! cleaned and !
I inspected I 3" Inspection N
. . 5™ Inspection )
| before pecti Note:
mating. - ' Both sides of |
....... 4 i the |
Yes . connection
ComaeIZfion 4% Dry Clean ; should be
! cleaned and !
No I inspected |
t | before
3" Dry Clean 1% Wet Clean mating.
No
4% Inspection > Clean? Yes Make
Connection
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Cleaning tools

Fibre Inspection Microscope

CLETOP-S Cassette cleaner

‘One-click’ Ferrule cleaner

Battery-powered microscope  with 200x
magnification. Requires different adapters for
different connector types. Must never be used to
examine ‘live’ fibres.

Highly effective method of cleaning a free
connector ferrule. Contains a cassette of anti-
static cleaning cloth. Pressing the blue lever
exposes a fresh length of material. The end face
of the connector is then gently wiped across the
exposed cloth in the direction indicated on the
tool. Not suitable for wet cleaning.

Required for cleaning recessed ferrules but can
also be used on free connectors. Automatically
wipes the ferrule end-face when it is pushed into
the connector receptacle. Can be impregnated
with solvent for wet cleaning.

End of document
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Appendix E - CE Compliance Information
Applicable Directives:

e Electromagnetic Compatibility 2014/30/EC
[BS EN61326-1 Electrical equipment for measurement, control and laboratory use. EMC
requirements. 2013 edition]

e Consumer Laser Safety 2014/59/EU

e Restriction of Hazardous Substances 2011/65/EU

e Low Voltage 2014/35/EU

e Waste Electronic and Electrical Equipment 2012/19/EU

Note: the following results were obtained from an SBI and Processing Module housed in a shielded 19”
rack enclosure, as used for the Modular SmartScan product range and are indicative of what could be
achieved by mounting the SBI in a similar type of enclosure. The SBI and optional Processing Module
are supplied as components for an OEM to integrate into their system, therefore it is the
responsibility of the Sytems integrator to ensure CE compliance.

Emissions Test Achieved Class
Radiated Emissions EN 55022 Industrial B B
Conducted Emissions EN 55022 Industrial B B

Indicative EMC Emission Test Results

Immunity Test Standard Required Criterion | Achieved Criterion
Electrostatic Discharge | EN 61000-4-2
e Contact kv B A
e Air 8 kV B A
e Indirect kv B A
Radiated RF EN 61000-4-3 | 3v/m A A
Fast Transients EN 61000-4-4
e DCpower +2 kV B B
o LAN +1 kV B A
Conducted RF EN 61000-4-6 | 3 Vrms A A

Indicative EMC Immunity Test Results



