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1. SAFETY AND COMPLIANCE
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1.1 Safety

1.11. Safety Symbols

o]e]

The following symbols and messages may be marked on the unit. The purpose of safety symbols is to alert the user to
possibledangers. The safety symbols and the explanations with them deserve your careful attention and
understanding. The safety warnings do not by themselves eliminate any danger. The instructions or warnings they
give are not substitutes for proper accidenepention measures.

Symbol

Description

[FaSNI {IFSdeo wSTFSNI (i2 dzASNDRA Yl y

WSFSNI 2 dZASNRA YIlydzat F2NJ alFSie

Caution. Risk of electric shock.

Frame or chassierminal for electrical earth ground.

9f SOGNRAGFGAO RAAOKI NHS 69{500 w §
use and handling.

Protective conductor terminal for electrical earth ground.

This sign indicates a procedure vthe potential to cause serious injury or los

WARNING of life to the user if not performed with strict adherence to all safety
instructions. Ensure that all conditions are fully understood and met before
proceeding.

This sign indicates a procedure wvthe potential to cause serious damage to

CAUTION destruction of the unit if not performed with strict adherence to the all safety|

instructions. Ensure that all conditions are fully understood and met before

proceeding.

1.1.2. Line Power
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WARNING!:If equipment is used in a manner not specified by the manufacturer, the protection provided by the
equipment may be impaired. There are no internal usenviceable parts.

All Micron Optics Interrogator modules and instrumeotsered in this documer(excepting the si325 Portable
Instrument **) can operate from anfpC power supply thaiutputs 7 - 36V andB80 Wof power. The MOI
interrogators are supplied with an external AC adapter which accepts an input voltage ranging fr@40M8C
within a frequencyange of 47 to 63H2lease see the product datasheetsaatw.micronoptics.comfor power
consumption specifications for specific modules.

WARNING:To avoid possibility of injury or death, do not operate atgctrical device with visible damage to power
supply, line cord, or outer enclosure.

CAUTIONDoO not expose the unit directly to rain or other excessive moisture.

IMPORTANT NOTICE REGARDING POWER CONNEIIT@®Snterrogatorgovered in this dcument(excepting
the si325 Portable Instrument **) arequipped with gpanel mounted fouterminal block removable connector that

is intended for fixed wiring applicationTherefore, it is extremely important that the power be applied in the proper
sequence:

M® 2A0K GKS L1R26SNI asA00OK Ay (GKS hCC LRarAldA2yX
2. Connect the power supply leads to the terminal block.

3. Plug the power connector blockdnthe panel of the interrogator unit.

4. Tighten theéwo (2) retaining screws.

5. Move the power switch to the ON position.

If the panelmountedpower terminal block needs to be removed, the power supply MUST be turned OFF BEEORE
disconnected or reconnectedhis is extremely important as these types of connectorsnateintended to be used as
switches.

Micron Optics recommends the use of a qualified surge protector to prevent damage from unexpected power
transients.

**The si325 Portable Instrument is powered by a 20 V, 6 amp output AC/DC converter witmens8axial connector.

1.1.3 Laser Safety

Copyright © 202 Micron Optics, Inc. User Guide, Revision 136 8
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This section applies to the following MOI interrogators: sm125, sm225, si225, si325, si725, sm130, sm230, si230,

si730.

Initial Laser Safety Information for Swept Laser Source

The specifications for these instruments are as follows:

Laser Type Fiber Laser
Laser Class 1
(According to IEC 60825 21 CFR 1040.10)
Output Power (CW)

min >0.06mwW

max <0.25mwW

Beam Diameter 9mm

Numerical Aperture 0.1

Wavelength 1510nm¢ 1590nm

NOTE: C—
The laser safety warning labels are fixed on the instrument.
You MUST return instruments with malfunctioning lasers to Micron Optics for repair and calibration.

WARNING:Use of controls or adjustment of performance or proceduother than those specified for the laser
source may result in hazardous radiation exposure.

Refer servicing only to qualified and authorized personnel. There are no internaersareable parts.

WARNING:Do not enable the laser (turn on instremt) when neither an optical connector nor FC/APC connector
cover is connected the optical outpoonnector. Refer to sectionf6r location of optical outputs.

The laser is enabled when power is supplied to the instrument and the instrument is iediallhe red LED on the
instrument from panel indicates power is present.

WARNING:Under no circumstances look into the end of an optical cable attached to the optical output when the
device is operational.

WARNING:The laser radiation is not visible the human eye, but it can seriously damage your eyesight.
CAUTIONConnecting damaged or dirty fibers to the unit can damage the optical connectors on thAlwaiys
clean optical connectors before making a connection.

CAUTIONNever forcefit an optical comector. A ferrule may breadnd damage the unit.

CAUTION:Do not attempt to connect an FC/PC or FC/UPC opticelemior to any of thepanelmounted FC/APC
connectors of thenodule.Such mismatched connectionan lead to malfunction alamageto the module.

Follow standard guidelines for cleaning optical fibers.
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1. Fold a linfree wipe into a compress.

2. Moisten the compress with isopropyl alcohol.

oo wSY2@S (KS O02yySOiG2NRa LINRPGISOGAGS O2@SNW

4. Press the connectondface firmly to the moistened section of the compress for a moment, the
forcefully wipe the end with a twisting motion towards the edge of the compress, finishing in a

clean, dry section of the compress. Repeat process, making sure not todigtyssections of the
compress.

5. Discard the used compress.

NOTE: In order to maintain optimal measurement performance of ¥eron Optics interrogator, theanel
mountedoptical connectors must be kept clean. Use of aAdiaper Ferrule Cleaner is recommended periodically.
Please contact Micron Optics or visitvw.micronoptics.cono purchase or receive a recommendation for an
appropriate ferrule cleaner.

1.1.4 Use in PotentiallfExplosive Atmospheres

All Micron Optics (MOI) Interrogators MUST be tedaand operated in a safe zonidowever,with ATEX
certificationthe passive components of an optical sensing system (optical fiber, interconnectBriilgergrating

sensors, etg.that are optically coupled toreATEX certifiedMOl interrogator may be installed and operated in
Zone 0, 1 or 2 environments.

1.2. Compliance

1.2.1. Preventative Maintenance

Some Micron Opticiterrogators areequipped with a system of redundahigh MTBF ball bearing cooling fans
with an externally mounted, user accessible particle filtBhould an interrogator be so equippetietuser should
periodically monitor the degree of particulate accumulation, and take stepketmdhe filter when appropriate.

The externally mounted filtescan be removed by first removing tfhillips head or thumb screws and the filter
surround Hold the fan filter far away from thaterrogator unitand remove any accumulated material wfthrced
air, blowing in a direction opposite that of the typical airflow through the filter when mounted.

1.2.2 Regulatory Testinthformation

Each optical interrogator module is tested teallection ofspecific standardsSeesection6 for hardware specific
compliance testing summaries.

1.2.3 Warranty and Calibratiomformation

Micron Optics offers excellent warranty protection for all components, modules and instruments saélls De
regarding the warranty are available in the Terms and Conditions of Sale distributed at the time of purchase.

The Micron Optic®ptical Sensing Interroga®aredesigned with longerm field deployment in mind. Continual
on-board calibration procgures using epoxfree, Telcordia qualified optical referencing components and/or NIST

Standard Reference Materials ensure that sensor wavelength measurements remain within specification over the
life of the product.

2. INTRODUCTION AND DEFINITIONEBRMS
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Each Micron Opticsiterrogator productis defined by three principal elements. First, the core technology defines the types of
measurements the interrogator can make, in terms of measurement methodology, data rate, dynamic range, wavelength
accuacy, repeatability, stability, and other key performance parameters. Second, the software platform on which the
interrogator core technology is deployed determines thelmard data processing and storage capabilities of the interrogator.
Lastly, the phgical form factor determines the size, volume, user interface options, and power supply considerations of the

interrogator. The following sections introduce the reader to the available options for core technology, platform, and form
factor within the MOIOptical Sensing Interrogator product line.

2.1. Core Technology

Two core measurement technologies are covered in this user manual, both based upon a swept wavelength fiber laser
architecture.

HOMOM® GEHpE {8SLI [l AaSNI ¢SOKy2fz23e@

The x25 optical intepgator core is based upon swept wavelength laser based measurement technology that is

enabled by full spectracanningand data acquisition. x25 technology is focused on providing measurements with

high absolute accuracy, software pgsbcessing flexility, and loss budget/dynamic range measurement

performance. x25 technology based interrogators are typically characterized by lower acquisition rates and higher

dynamic ranges, and also suppoantinuouson-board NIST traceable wavelength reference poments. x25

based interrogators are also ideally suited to measure many different optical sensor types, including FBGs, long

period gratings, extrinsic FabBerot sensors, and many others. Interrogators based upon x25 technology are
typicallybestsuB R F2NJ aadl GAOE YSFAaAdZNBYSyd | LILIX AOFGA2YyasX NBIj dzA NJ
tens of Hz.

HOMPHD GEoné {6SLIG [FHEASNI ¢SOKyzfz238
The x30 optical interrogator core is based upon swept wavelength laser based measurementdgglthat is
enabled by hardware detection, optimized for rapid data acquisition of many FBG sekr30technology is
focused on providing measurements with héglacquisition rates, moderate dynamic range, and continuous on
board referencing Interrogators basedipon x30technology ared LJA O f t @ 06Sa il ¢a &Sk GRINBY Sy dR e
applications, requiring data acquisition rates in thendreds to low thousandsf Hz.

HOM®DPod GEnNME adzxZ GALE SESNI ¢ SOKyz2f 238

The x41 Multiplexers employ a network of opticaitshesor passivecouplercomponents and aresed to expand
the physical or spectral distribution sénsor measurements. x41 switch modules featuiigh $peed, solid state
switches optical switches tharovide years of reliable and durable optical switchimgctionality.
2.2. Platforms
The core technologies are deployedtwo principal firmware platforms, as outlined below.

2.2.1. Sensing Modulesd a Y €

'y AYGSNNRAIFG2N) Y2RdzZA S o0l aSR dzridpbnds ditedt tasthim¥etcommadds§ By a A y 3 a2
the x25 or x30 interrogator cor@nd outputssensorwavelength data via Ethernet port and custom MOI protocol. All

module settings, sensor calculations, data visualization, storage, and alarming tasks are run on exterrnzl XX or s

module. On its own, the Sensinglodule platform is a wavelength measurement device.

2.2.2. Sensing Instrumentst & A € ©®
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An interrogator based upon thésié 2 NJ { Sy & A plaforrh yses arN\iRY dptimized integrat&NLIGHT
operatingenvironment built upon WindowsEmbedded technology. This facilitates-looard management of all x25

or x30 interrogatoicore settings, data acquisition, sensor calibration, data visualization, and data stblseys of

the Integrated ENLIGHRhvironmentinterface to thesi through aouch screer.CD, external
keyboard/mouse/monitor, Windows Remote Desktop connectiamrshe ENLIGHT Remote Command Interface
Sensing Instrument yields calibrated sensors measurement of engineering quantities, such as temperature, strain
acceleration, or displacement, and facilitates a host of other sensing system level functions.

2.2.3. Sensing Processaré a LJ¢

In addition to the two principal interrogator platforms introduced above, another class of instrumentation is

available.¢ K S & Siehding BchSsor is a computational processor module and can be used to add data processing

capabilitiesand flexibilityto interrogator modules, including additional ports, protocols, operating systams,

softwl NB & 2 KAt S emkeBresdlitdfivifealie any af the doré x25 or x3@rimtgator technologies, the
sp SensingrBcessor platform can add the processing flexibility required to address the needs of many optical sensing
applications.

2.3. Form Factors

In addition to coe technology and firmware platform options, an optical interrogator is defined by its physical form factor.
Micron Optics offers sensor interrogation instrumentation in four distinct form factors

2.3.1. 1xx SeriesField

Examples: sm125, sm13m041

The 1xx Series Field applications form factor is designed for fistdimndindustrial applicationsThe small
physical footprint of the 1XX Series Field module raétkan ideal physical fit for many installation scenarios. The
Field unitform factor also has the lowest average power consumption of all of the form factor series and is the

frequent choice for power restricted installations. The 1XX Series represents the largest class of deployed optical

interrogators in the world and haspmoven track record for reliability and stability.

2.3.2. 2xx SeriesRack Mount

Examples: sm225, si225, sm230, si230

¢KS HEE {SNRASa wl Ol az2dzyd T2N¥ FIO0G2NI A& RSarA3aySR
enclosureinstallaions. Built from the same proven core x25 and x30 technologies as the 1xx units, 2xx series
interrogatorssupport integrated multiplexerand sensor processor uni@nd are available in both Module and
Instrument platforms.

2.3.3. 3xx SeriesPortade

Example: si325

¢KS OEE {SNASA t2NIlIo6fS F2N¥Y Tl OG2NI AyO2NLER2NI GSa |
sensing measurements for installations, schedulegsiv® measurements, and a host of other optical sensing
applications that require portability. All portable units are of the Instrument platform, which includes the
Integrated ENLIGHT operating environment.

2.3.4. 7xx Seried_aboratory

Copyright © 202 Micron Optics, Inc. User Guide, Revision 136 12
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¢Examples: si725, si730

The 7xx Laboratory form factor incorporated &NA&A I K ™ T € to pravideCarcondefidniSreasurement
environment forresearch and system development efforts in the laboratory. All laboratory units are of the
Instrument platform,which includeghe Integrated ENLIGHT operating environment, a$ asshmple internal hard
disk capacity folocaldata storage.

The combination of form factor, platform, and core technology are reflected in the model number for all Micron
Optics Interrogation instrumentation. For example, an sm125 module is compfised

sml25. =>Sensing ModuldPlatform.

smi25. =>1xx Field Form Factor.

sm125. =>x25 Swept Laser Core Technology.
Similarly, an si730 Instrument is comprised of:

si730. =>Sensing InstrumenPlatform.

sm730. =>1xx Latoratory Form Factor.
sm730. =>x30 Swept Laser Core Technology.

2.4. Use of Interrogator Naming Convention to Navigate Reference Materials

The above defined terms and alphamericproduct modeldesignations will be used to indicate applicalitif

S OK &aS8S0i0GAa2y 2F R20dzySydltdAazy G2 F LI NUGAOdzZ | NJ adzoaSi

used to represent universal applicability as it pertains to that portion of the module naming convention.

For example,

-asection that referstoart EH p , @&/ Hpl A Y (i & BER B | villzdp® éniversally to all
sm125, sm225, si225, si325, and sifédules and instrumerstand NOTo any x30 units (not the sm130,
sm230, si230, or si730.)

- a section that refers teamX30units will apply exclusively ®m130andsm230modulesand WILL NOT
be applicable to the si230 or si73@strumentsor any of thex25modules or instruments.

-a section that refers to theiXXXnstruments will apply universally to thestrumentplatform, including
the si225, si325, si725, si230, and si730, and will not apphotiulesof either core technology
(sm125, sm225, sm130 or sm230)

The following section of Quick Start guides will make use of the guidelinezrteabove to ease the navigation of
this manual.

3. QUICK START GUIDES
The following section is a collection of Quick Start guides for each Micron Optics optical sensor interrogator. The purpose

of the Quick Start guides is to assist the user with hereé and software setup so that sensor measurements can be made
quickly and simply with each interrogator type.

Copyright © 202 Micron Optics, Inc. User Guide, Revision 136 13
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sm125 Optical Sensing Intergator Module External PC runningNLIGHT
The interrogator module monitors the optical sensors and LabVIEW examples, or other custonemiicode. All module
outputs wavelength data via Ethernet port and custom MOI settings sensor calculatins, data visualizatigrstorage, and
protocol. alarmingtasksare run on externalPCor sp125module.
Navigating User Guide Resources
sml25. =>Sensing ModuldPlatform.
Refer toSection 5.1for information on module and Fsi Ethernet configuration settings, command
console, web browser interfacand firmware upgradesENLIGHSoftware can be run on external
PC or sp125 modute managemodulesettingsand collect, analyze, and store sensor data.

sml25. =>1xxFieldForm Factor.

Refer toSection 6.11 for information on mechanical ports, drawings)d power consumption, as
well as regulatory and reliability testing.

sml?5.  =>x25Swept Laser@e Technology.

Refer toSection 4.%or information on interrogator core technology, including: functions and
features, TCP/IP remote control interface, and peak detection parameter optimization.

ENLIGHT Refer toSection 7#or information onENLIGHEensing Analysis Software.

sm125 Quick Start Instructions

Copyright © 202 Micron Optics, Inc. User Guide, Revision 136 15
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Follow this quick set of instructions to begin making sensor measurements with the sm125 Module
2 Kl Q& Ay GKS 062EK

1. To get started, locate and identify the sm125, the included Ethernet crossabty, AC/DC converter, and A@
cord.

What else is needed?

2. Have an FBG sensor available to measure and a networked PC for remote accessstoutmeii.
3. Configure the remote PC NIC Card with a static IP address of 10.0.0.121 and Netmask 255.255.255.0.
4. Download and Install Micron Opti&NLIGHSoftware via the link at
http://www.mic ronoptics.com/enlight_downloads.php
5. 'yT ALl GKS R26yf2F RSR TAf S -dorgeR inditiiaybnsdoicnipldse JieSnistallation  C2f f 2 6

Prepare the Instrument Hardware:

6. Plug the AC line cord into AC adapter and then AC adapter to sm128é&éodi move power switch to the ON
position.
7. Connect test FBG to Channel 1 Optical Connector.
8./ 2yyS00 GKS 9GKSNYySi ONRPaaz2oSN) OroftS 0S8i68Sy G(KS LBRNI f|
of the remote PC.
READY LED

CLIEMT LED

POWER LED ONIOFF SWITCH— DC POWER

AN
Do not use ( / /_j i
~ / \/D,—cm FCIAPC
\] — ks (:GJ \‘/_ CH2 FCIAPC
= () B o
@

-

ICH3 FCiAPC
(-] )

— Y &
® et CH4 FCIAPC

Connect toEthernet [
port of the remote PC

USE LAN  TCOMT WGA
\ 4

=miI25-500 Front View

Connect to the Instument:

9. On the remote computer, click Start, point to All Programs, and then point to Micron Optics.
10. In the Micron Optics menu, to point to ENLIGHT, and then click BBNDIGHT
11. In the IP Connection Parameters box shown in the following figure, chooseiHawept Laser Core and enter the
default sm125 IP address of 10.0.0.122.
12./ t A01 ahYé FyR GKS 9b[LDI¢ a2FGstNB gAtft O2yySOG (2 GKS
13. For additional assistance, refer tioee Micron Optics Optical Sensing Instrumentatand Software User Guide.

NOTE: If the IP address of the module has been changed from the default value of 10.0.0.126, the updated value will
be displayed on the VGA output of the module. Verification of successful IP configurations can be madé By typiLJA y 3
MADPAPaPMHHE AYyil2 HROBYFLFRAIONRYEN Y aGEaHBED ¢ I adz00Saa¥fdzd L
GwSLX & FTNRBY mMnodnodndmuuHY o68iGS&ron GAYSIMYE ¢¢[lTcoéod
3.2. sm225 Quick Start
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sm225 Optical Sensing Interrogator Module External PC runningNLIGHT

The interogator module monitors the optical sensors and  LabVIEW examples, or other custom client code. All modu

outputs wavelength data via Ethernet port and custom MOI settings, sensor calculations, data visualizatioorage, and

protocol. alarming tasks are run on exterrRG external sp125 mode,
or optionalinternal processomodule.

Navigating User Guide Resources
sm225. =>Sensing ModuldPlatform.
Refer toSection 5.%or information on module and host Ethernet configuration settings, command
console, web browser interfacand firmware upgradesENLIGHSoftware can be run on external
PC, external sp125, or aphal integrated processaonodule to manage module settings and catlec

analyze, and store sensor data.

sm225. =>2xxRack Mounform Factor.

Refer toSection 6.2.for information on mechanical ports, drawings, and power consumption, as
well as regulatory and reliability testin

sm25.  =>x25Swept Laser Core Technology.

Refer toSection 4.%or information on interrogator core technology, including: functions and
features, TCRP remote control interface, and peak detection parameter optimization.

ENLIGHT Refer toSection 7or information onENLIGH®ensing Analysis Software.

sm225Quick Start Instructions
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Follow this quick set afstructions to begin making sensor measurements with the sm225 Module.
2 Kl Q& Ay GKS 062EK

1. To get started, locate and identify the sm225, the included Ethernet crossabs, AC/DC converter, and Aa
cord.

What else is needed?

2. Have an FBG ssor available to measure and a networked PC for remote access to the instrument.
3. Configure the remote PC NIC Card with a static IP address of 10.0.0.121 and Netmask 255.255.255.0.
4. Download and Install Micron Opti&NLIGHSoftware via the link at

http://www.micronoptics.com/enlight downloads.php

5. 'yT ALl GKS R26yf2F RSR FTAf S -dorgeRinditiizypnsdoicaniplesh JieSnistallation  C2f f 2 4

Prepare the Instrument Hardware:

6. Plug the AC line cord into AC adapter and then AC adapten2@5 Moduleand move power switch to the ON
position.

7. Connect test FBG to Channel 1 Optical Connector (not pictured).

8. Connect the Ethernetrossover cable between the padit | 6 SLAN & thiesm225 Module ad the Ethernet port
of the remotePC.

Do not use 18

vOOOOOO QOO0

QOO0
T 25 i
DUAL UsB LAN com VGA |

SENSING MODULE

DLTJO‘
30@

00
\v)

7-36VDC IN

ONIOFF SWITCH

STATUS LEDs
READY = GREEN
Connect toEthernet GLIENT - VELLOW

POWER =
port of the remote PC

Connect to the Instrument:

9. On the remote computer, click Start, point to All Programs, and then poiktitcon Optics.
10. In the Micron Opticsnenu, to point toENLIGHTand then clicMOFBENLIGHT

11. In theIP Connection Parameteb®x shown in the following figurehoose the x25 Swept Laser Core and enter the
default sm225 IP address of 10.0.0.122.

12./ t A01 ahYé FyR GKS 9b[LDI¢ a2FGelNB gAff O2yySOG G2 GKS
13. For additional assistance, refto the Micron Optics Optical Sensing Instrumentation and Software User Guide.

NOTE: If the IP address of the module has been changed from the default value of 10.0.0.122, the updated value will
be displayed on the VGautput of the moduled +SNATAOIGAZ2Y 2F &4dz00SaafdA Lt O2yFA

MAdPndandOMHHE AY (2 |>Rma§M8LJ§5RaoJMBYtJQyé{Sm.5msqn I adz00SaaTdAg L

GwSLX @ FNRBY MnodndndMHoHEYD 68 GS&aTlfon GAYSImMY&A ¢¢[Tc

3.3. si225 Quick Start
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si225 Optical Sensing Interrogatdnstrument Multiple User Interface Options

The interrogator instrumentacilitates onboard management Users othe IntegratedENLIGH&nvironmentinterface to the
of all x25 optical core settings, data acquisition, sensor si225through atouch screerLCD, exteral

calibration, data visualization, and data storage. keyboard/mouse/monitor Windows Remote Desktop, or

ENLIGHT Remote Command Interfegenections.
Navigating User Gide Resources
si225. =>Sensingnstrument Platform.
Refer toSection 5.%or information oninstrumentEthernet configuration settingsntegrated
ENLIGHT updatgsterrogator core firmware upgradesndEthernd Passthrough, and Remote
Data AccessUsers of Integrate@ NLIGHTan interface to the instrument via local
keyboard/mouse/monitor hardware or via Windows Remote Desktop connections.

si?25. =>2xx Rack Mounform Factor.

Refer toSection 6.21 for information on mechanical ports, drawings)d power consumption, as
well as regulatory and reliability testing.

si225. =>x25  Swept Laser Core Technology.

Refer toSection 4.%or information on interrogator core technology, including: functions and
features, TCP/IP remote control interface, and peak detection parameter optimization.

ENLIGHT Refer toSection 7#or information onENLIGHEensing Analysis Software.
si225Quick Start Instructions

Copyright © 202 Micron Optics, Inc. User Guide, Revision 136
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Follow this quick set of instructions to begin making sensor measurements with the si225 Instrument.

=

2 Kl Qa Ay GKS 02EK

1. To ge started, locate and identify the si225 Instrument, the included Ethernet crossaide,cAC/DC converter,
and AQine cord.

What else is neede®

2. Have an FBG sensor available to measure and a networked PC for remote access to the instrument.
3. Make not of the si225 instrument serial number, which can be located on the bottom of the instrument and is of
the form dSIAXXX

Prepare thelnstrument Hardware

4. Plug the AC line cord into AC adapter and then AC adapter to si225 instrantenmove power swith to the ON
position

5. Connect test FBG to Channel 1 Optical Connector (not pictured).

6. / 2yySO0G GKS 9UKSNYySi ONR&a&az20SNI OFofS 0S8isSSy GKS LRNI
in the figure below.

DO N0t USE ~e . Use these
\ peripheral ports
NN
\
C)_/'
7-36VDC IN
INTERROGATOR CORE ETHERHET] ONJOFF SWITCH
(CONNECT VIA CROSSOVER
ICABLE TO LAN 1} STATUS LEDs
READY = GREEN HDD
CLIENT = YELLOW HOT USED ACTIVITY
HOT USED HOT USED POWER = RED MDICATORS.

LAN1
(COMNECT VIA CROSSOVER CABLE
TO INTERROGATOR CORE ETHERNET)

T Connect to Local Area
Network router or hub

7. ConnectLAN2 to the local area network router or hub.

Connect to the Instrument

8. On the remote computer, click Start, point to All Programs, and then point to Accessories.

9. Inthe Accessories menu, to point to Communications, and then click Remote Desktop @umnecti

10. In the Computer bx shown enter machine name of the target siXXX instrument, comprised of the moadaber
andserialnumber YR Ada 2F GKS F2N¥V daAiAuvwupy{L!. .. .£¢0

11.2 KSy LINPYLIWISRY SydSNJ dzASNYIFYS 4! RYAYA&AUNI G2NE | yR LI a

12. The Remote Destip Window will connect and an image of the Integrated ENLIGHT software will appear.

13. For additional assistance, refer tioee Micron Optics Optical Sensing Instrumentation and Software User Guide.

Alternate Methodto Connest to the Instrument:

If preferred, a USB keyboard/mouse and external VGA monitor can be directly connecteg#oitireeral ports of the
si225 instrument for local control of ENLIGHT.
3.4. si325 Quick Start
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si325 Optical Sensingtierrogator Instrument
The interrogator instrument facilitates @moard management of all x25 optical core settings, data acquisition, sensor
calibration, data visualization, and data storage. Useth®fntegratedENLIGH&nvironmentinterface to the sthrough a
touch screerL.CD, external keyboard/mouse/monitor, Windows Remote DeslkiofENLIGHT Remote Command Interface
connections.
Navigating User Guide Resources

si325. => Sensing InstrumenPlatform.

Refer toSection R for information on instrument Ethernet configuration settings and ENLIGHT
Environment upgrade procedures, as well as optical core firmware upgraddstiaehet
Passthrough ENLIGH%oftware is run on the interrogator instrument in an optzed, integrated
operatingenvironment based on Windowsmbedded.

si325. => 3xx Portable Form Factor.

Refer toSection 6.3.Tor information on mechanical ports, drawings, and power consumption, as
well as regulatoy and reliability testing.

sid?h. => x25Swept Laser Core Technology.

Refer toSection 4.%or information on interrogator core technology, includingnétions and
features, TCP/IP remote control interface, and peak detection parameter optimization.

ENLIGHT Refer toSection 7#or information onENLIGHEensing Analysis Software.

si325 Quick Start InstructiondRDP support coming soon)
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Follow this quick set of instructions to begin making sensor measurements with the si725 Instrument.

2 Kl Q& Ay GKS 062EK
1. To get started, locate and identify the si325 Instrument, the AC/DC converter, and AC line cord.
What else is needed?
2. Have an FBG sensor available to measure.
Prepare the Instrument Hardware:
3. Plug the AC line cord into AC adapter and then AC adapter to si325 instrument and move power switch to the ON
position.
Connect test FBG to Channel 1 Opticalr@gtor (not pictured).

The Instrument will boot up and start the Integrated ENLIGHT interface.
6. For aditional assistance, refer tihe Micron Optics Optical Sensing Instrumentation and Software User Guide.

o &

-l T P —— e ————— A% —
‘ | ®))a
4 ! ~ ¥ ——vGaA
1 [ & ——— SMA CONNECTOR
J - 4 ——an
] F [0 —— puALUSB
i o~
£ —— cooLmc Fan
[ S R
! B
. = POWERBUTTON — [} © ——— POWER SUPPLY INPUT

i

I_LHDD ACTIVITY LED
BATTERY LED

POWER LED

121" TOUCHSCREEN LCD

Optional: @nnect to the Instrument from Remote Computer:

1. Connect si325 LAN to the local area network router or hub.

2. On the remote computer, click Start, point to All Programs, and then point to Accessories.

3. Inthe Accessories menu, to point to Communications, éued tclick Remote Desktop Connection.

4. In the Computer box shown, enter machine name of the target siXXX instrument, comprised of the model number
FYR aSNRFE ydzYoSNI YR A& 2F GKS F2N¥ daioHpy{L!

5.2 KSYy LINBPYLIIiSRE Sy idSNJ dzia SNY IavYSh GNERYVY2ALMAAAGIENE dii 2 NE | Y R

6. The Remote Desktop Window will connect and an image of the Integrated ENLIGHT software will appear.

7. For additional assistance, refertioe Micron Optics Optical Sensing Instrumentation and Software UsideG

Alternate Method Control the Instrument:

If preferred, a USB keyboard and mouse can be directly connected to the peripheral ports of the si325 instrument for
local control of ENLIGHT. An external USB hub can be used to connect multiple id&Btdeke Instrument. Virtual
keyboard support can then be disabled on the Settings Tab of the ENLIGHT Interface.

3.5. si725 Quick Start
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si725 Optical Sensing Interrogator Instrument

The interrogator instrument facilitates amoard management of all x25 optical core settings, data acquisition, sensor
calibration, data visualization, and data storage. Useth@®fntegratedENLIGH&nvironmentinterface to the si through a
touch screerL.CD, external keyboard/mouse/monitaindows Remote Desktqmr ENLIGHT Remote Command Interface
connections.

Navigating User Guide Resources
si725. => Sensing InstrumenPlatform.
Refer toSection 2 for information on instrument Ethernet configuratiaettings and ENLIGHT
Environment upgrade procedures, as well as optical core firmware upgrades and Ethesiet Pas
through. ENLIGHS%oftware is run on the interrogator instrument in an optimized, integrated
operatingenvironment based on Windowsmbedded.

sm725. => 7xx LaboratoryForm Factor.

Refer toSection 6.4.%or information on mechanical ports, drawings, and power consumption, as
well as regulatory and reliability testing.

sm125. =>x25Swept Laser Core Tautiogy.

Refer toSection 4.%or information on interrogator core technology, including: functions and
features, TCP/IP remote control interface, and peak diét@ parameter optimization.

ENLIGHT Refer toSection 7#or information onENLIGHEBensing Analysis Software.
si725 Quick Start Instructions
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Follow this quick set of instructions to begin maks&sgsor meastements with the si25 Instrument.
2 KlIGQa Ay (G(KS 02EK
1. To get started, locate and identify the si725 Instrument, the AC/DC converter, and AC line cord.
What else is needed?
2. Have arFBG sensor available to measure.
Prepare the Instrument Hardware:
3. Plug the AC line cord into AC adapter and then AC adapter to si725 instranemovepower switch to the ON
position.
4. Connect test FBG to Channel 1 Optical Connector (not pictured).
5. The Instrument will boot up and start the Integrated ENLIGHT interface.
6. For additional assistance, refertioe Micron Optics Optical Sensing Instrumentation and Software User Guide.
ON/OFF SWITCH LAN
e
® g I N 7
27 ﬂ\ N ] \\ f y .
() /‘| ™ S <y
d N Ryl ™ f (\
¢ ] VY [N~ N T M
g =
\ USB. TYPE A
POWER IN +12vDC, 80 WATTS
IMATING CONNECTGOR - Phoenix [778001, 4 pin, 508mrm, MOl P/N 222488)
Optional: Connect to the Instrument from Remote Computer:
8. Connectsi725LAN to the local area netwk router or hub.
9. On the remote computer, click Start, point to All Programs, and then point to Accessories.
10. In the Accessories menu, to point to Communications, and then click Remote Desktop Connection.
11. In the Computer box shown, enter machine name & thrget siXXX instrument, comprised of the model number
andserialnumbek YR Ad 2FHPHBELF2NNE®AAT
12.2 KSy LINBYLIWI SR SyidSNJ dzaSNYIFYS ! RYAYA&GGNI G2NE FyR LI &a&6:

13. The Remote Desktop Window will connect and an image of the Integréetd3HT software will appear.
14. For additional assistance, refer tioee Micron Optics Optical Sensing Instrumentation and Software User Guide.

Alternate Method Controlthe Instrument;

If preferred, a USB keyboard anwuse can be directly connected to the peripheral ports of$h25 instrument for
local control of ENLIGHTRN external USB hub can be used to connect multiple USB devices to the Instrument. Virtual
keyboard support can then be disabled on the Settireys df the ENLIGHT Interface.

3.6. sm130 Quick Start
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sm1300ptical Sensing Interrogator Module External PC runningNLGHT
The interrogator module monitors the optical sensors and  LabVIEW examples, or other custom client code. All modu
outputs wavelength data via Ethernet port and custom MOI settings, sensor calculations, data visualization, storage, ar
protocol. alarming tasksire run on externalPCor sp130module.
Navigating User Guide Resources
sml30. =>Sensing ModuldPlatform.
Refer toSection 5.%or information on module and host Ethernet configuration settings, command
console, web browser interfacand firmware upgradesENLIGHSoftware can be run on external
PC or sp125 module to maga module settings and collect, analyze, and store sensor data.

sml30. =>1xxField Form Factor.

Refer toSection 6.1.for information on mechanical ports, drawings, and power consumption, as
well as regulatory ancetiability testing.

sm130. =>x30 Swept Laser Core Technology.

Refer toSection 4.%or information on interrogator core technology, including: functions and
features, TCP/IP neote control interface, and understaityy hardware peak detection

ENLIGHT Refer toSection 7#or information onENLIGHEensing Analysis Software.

sm130 Quick Start Instructions

Copyright © 202 Micron Optics, Inc. User Guide, Revision 136 25




r@ MICRON Optical Sensing Instrumentation & SoftwarENILIGHT
OPTICS

00

Follow this quick set of instructions to begin making sensor nreasents with the sm130 Module.
2 KlIGQa Ay (G(KS 02EK

1. To get started, locate and identify the sm130, the included Ethernet crossakitr, AC/DC converter, and AGz
cord.

What else is needed?

2. Have an FBG sensor available to measure and a netwofkédrPemote access to the instrument.
3. Configure the remote PC NIC Card with a static IP address of 10.0.0.121 and Netmask 255.255.255.0.
4. Download and Install Micron Opti€&NLIGH®oftware via the link at

http://www.micronoptics.com/enlight downloads.php

5. ' yI AL GKS R26yt2F RSR TAL S -dorgeR indiiizyonsdoicSniplest JeSrstdllaion C2t t 2 6

Prepare the Instrument Hardware:

6. Plug the AC line cord into AC adapter #meh AC adapter to sm130 Module.

7. Connect test FBG to Channel 1 Optical Connector.

8./ 2yySOi GKS 9UKSNYySi ONRaa20SNI OFroftS 0SioeSSy G(KS LBRNI f
of the remote PC.
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f gg—‘-_rl?gg Optical Sensing Interrogator | Sm130
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Do not use 40@@ [@o M @O@ @; ous
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Connect toEthernet
L port of the remote PC

Connect to the Instrument:

9. On the remote computer, click Start, point to All Programs, and then point to Micron Optics.
10. In the Micron Optics menu, to point to ENLIGHT, and then clickNWDIGHT

11. In the IP Connection Parameters box shown in the following figure, choose the x30L.%wepCore and enter the
default sm130 IP address of 10.0.0.126.

12./ £t A01 dahYé FyR GKS 9b[LDI¢ &a2FG6FNB gAftf O2yySOiG G2 GKS
13. For additional assistance, refer tioe Micron Optics Optical Sensing Instrumentation &uftware User Guide.

NOTE: If the IP address of the module has been changed from the default value of 10.0.0.126, the updated value will
0S RA&ALX @SR 2y GKS +£D! 2dz0ilddzi 2F GKS Y2RdzZ So s NR FAOF (A

MAndndandMHCcE AYyi2 HROBYFLFRAIONRYEN Yy aGEapBED ¢ I adz00Saa¥fdzZ L

GwSLIX & FTNBY mnononodmucY oedGSarow GAYSImMYa ¢¢[Tcoéd

3.7. sm230 Quick Start
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sm230 Optical Sensing Interrogator Module External PC runnin@NLIGHT
The interrogitor module monitors the optical sensors and  LabVIEW examples, or other custom client code. All modu
outputs wavelength data via Ethernet port and custom MOI settings, sensor calculations, data visualizationegie, and
protocol. alarming tasks are ruon external PGexternal sp13@nodule,
or optionalinternal processomodule.
Navigating User Guide Resources
sm230. =>Sensing ModuldPlatform.
Refer toSection 5.%or information on module and host Ethernet configuration settings, command
console, web browser interface, and firmware upgradeslLIGH$oftware can be m on external

PC, external sp13@r optional integrated processanodule to manage module settings and collect,
analyze, and store sensor data.

sm?230. =>2xxRack Mount Form Factor.

Refer toSection 6.2.for information on mechanical ports, drawings, and power consumption, as
well as regulatory and reliability testing.

sm230. =>x30 Swept Laser Core Technology.

Refer toSection 4.%or information on interrogator core technology, including: functions and
features, TCP/IP remote control interface, and understanding hardware petaktibn.

ENLIGHT Refer toSection 7#or information onENLIGH®Bensing Analysis Software.

sm230Quick Start Instructions
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Follow this quick set of instructions to begin making sensor measurements with trg0dviidule.
2 KlIGQa Ay (G(KS 02EK

1. To get started, locate and identify the sm230, the included Ethernet crossabts, AC/DC converter, and A@
cord.

What else is needed?

2. Have an FBG sensor available to measure and a networked PC for remota@ticessstrument.
3. Configure the remote PC NIC Card with a static IP address of 10.0.0.121 and Netmask 255.255.255.0.
4. Download and Install Micron Opti&NLIGHSoftware via the link at

http://www.micronoptics.com/enlight _downloads.php

5. 'yT AL GKS R26yf2F RSR FTAf S -dorgeR inditiizyonsdoicniples: ieSnistallation  C2f f 2 4

Prepare the Instrument Hardware:

6. Plug the AC line cord into AC adapter and then AC adapsn&30 Module.

7. Connect test FBG to Channel 1 Optical Connector (not pictured).

8./ 2yyS0i GKS 9UKSNYySi ONRaaz20SN)I OFrofS 0S8SisSSy GKS LRNI
of the remote PC.

Do not use
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'R5232 ’LAN KYBD ’VGA usB A

‘ T-36VDCIN

SENSING MODULE

ON/OFF SWITCH
STATUS LEDs
Connect toEthernet CLiENT = e oW

port of the remote PC FONER-RED

Connect to the Instrument:

9. On the emote computer, click Start, point to All Programs, and then point to Micron Optics.

10. In the Micron Optics menu, to point to ENLIGHT, and then clickENWDIGHT

11. In the IP Connection Parameters box shown in the following figure, choose the x30 Swept taserdGmter the
default sm230 IP address of 10.0.0.126.

12./ £t A01 dahYé FyR GKS 9b[LDI¢ &a2FG6FNB gAftf O2yySOiG G2 GKS

13. For additional assistance, refer tioe Micron Optics Optical Sensing Instrumentation and Softwaer Guide.
NOTE: If the IP address of the module has been changed from the default value of 10.0.0.126, the updated value will
6S RA&LI ISR 2y G(GKS D! 2dzildzi 2F (KS Y2RdzZ So +SNATAO!

1000mMHCcé Ayid2 | O2 YYRunhK elLLIER MION RO f ®IYNIBNBH ¢ 0 @ I &4dz00S4&4&TF dz
GwSLIX & FTNBY mnonodonodmucY o0edGSarow GAYSImMYa ¢¢[Tcoéd

3.8. si230 Quick Start
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si230 Optical Sensing Interrogator Instrument Multiple User Interface Options

The interrogapr instrumentfacilitates onboard management Users othe IntegratedENLIGH&nvironmentinterface to the
of all x30optical core settings, data acquisition, sensor si through atouch screerLCD, external

calibration, data visualization, and data storage. keyboard/mouse/monitorWindows Remote Desktop, or

ENLIGHT Remote Command Interfegenections.
Navigating User Guide Resources
si230. =>Sensing InstrumenPlatform.
Refer toSection 5.2for information on instrument Ethernet configuration settings, Integrated
ENLIGHT updates, interrogator core firmware upgrades, and Ethernettffaggh. Users of
IntegratedENLIGHTan interface to the instrument via local keyboard/mouse/ritonhardware or
via Windows Remote Desktop connections.

si?30. =>2xxRack Mount Form Factor.

Refer toSection 6.2.for information on mechanical ports, drawings, and power consumption, as
well as regulatornand reliability testing.

si2z30. =>x30  Swept Laser Core Technology.

Refer toSection 4.Zor information on interrogator core technology, including: functions and
features, TCP/IP remote control interface, and ursd@nding hardware peak detection.

ENLIGHT Refer toSection 7#or information onENLIGHEensing Analysis Software.

si230 Quck Start Instructions
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Follow this quick set of instructions to begin making semseasurements with the si230 Instrument.
2 KlIGQa Ay (G(KS 02EK

1. To get started, locate and identify the si230 Instrument, the included Ethernet crossabler AC/DC converter,
and AQine cord.

What else is needed?

2. Have an FBG sensor available to measund a networked PC for remote access to the instrument.
3. Make note of the si230 instrument serial number, which can be located on the bottom of the instrument and is of
GKS F2N¥Y a{L!- .. ¢

Prepare the Instrument Hardware:

4. Plug the AC line cord into Adapter and then AC adapter to si230 instrument.
5. Connect test FBG to Channel 1 Optical Connector (not pictured).

6. / 2yySOG GKS 9UKSNYySi ONRaaz208SN) OrofS 0S8isSSy (KS LRNIA

in the figure below.

Do not use Use these
_— 18 ioh I
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(CONNECT VIA CROSSOVER ACTIVITY
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Connect to Local Area
Network router or hub

7. Connect LAN2 to the local area network router or hub.

Connect to the Instrument:

8. On the remote computer, click Start, point to All Programs, and then point to Accessories.

9. Inthe Accessories menu, to point to Communications, and thiek Remote Desktop Connection.

10. In the Computer box shown, enter machine name of the target siXXX instrument, comprised of the model number
FYR AaSNARIf ydz¥oSNIIyR Aad 2F GKS FT2N¥Y daAiAnony{L!- .- -£¢d

f

11.2 KSYy LINRPYLII SR Sy (SN dzASNY I Y NP 2RIGMYNEEGINT G2NE YR LI 446

12. The Remote Desktop Window will connect and an image of the Integrated ENLIGHT software will appear.
13. For additional assistance, refer tioe Micron Optics Optical Sensing Instrumentation and Software User Guide.

Alternate Methodto Connect to the Instrument;

If preferred, a USB keyboard/mouse and external VGA monitor can be directly connected to the peripheral ports of the
si230 instrument for local control of ENLIGHT.

3.9. si730 Quick Start
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si730 Optical Sensing Interrogator Instrument

The interrogator instrument facilitates a@moard managemenof all x30optical core settings, data acquisition, sensor
calibration, data visualization, and data storage. Useth@fntegratedENLIGH®&nvironmentinterface to the si through a
touch screerL.CD, external keyboard/mouse/monitindows Remote Desktopr ENLIGHT Remote Command Interface
connections.

Navigating User Guide Resources
si730. => Sensing InstrumenPlatform.
Refer toSection 52 for information on instrument Ethernet configuration settings and ENLIGHT
Environment upgrade procedures, as well as optical core firmware upgraddstiaeahet Pass
through. ENLIGH%oftware is run on the inteogator instrument in an optimized, integrated
operatingenvironment based on WindowEmbedded.

sm730. => 7xx Laboratory Form Factor.

Refer toSection 6.4.%or information on mechanical ports, drawings, and powensiamption, as well
as regulatory and reliability testing.

sm130. => x30Swept Laser Core Technology.

Refer toSection 4.%or information on interrogator core technology, including: functions and features,

TCP/IP mmote control interface, and understanding hardware peak detection.

ENLIGHT Refer toSection #or information onENLIGHEensing Analysis Software.

si730 Quick Start Instructions
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Follow this quick set of itrsictions to begin making sensor measurements with the si730 Instrument.
2 Kl 6Qa Ay (GKS 02EK
7. To get started, locate and identify the si730 Instrument, the AC/DC converter, and AC line cord.
What else is needed?
8. Have an FBG sensor available to measure
Prepare the Instrument Hardware:
9. Plug the AC line cord into AC adapter and then AC adapter to si730 instrument and move power switch to the ON
position.
10. Connect test FBG to Channel 1 Optical Connector (not pictured).

11. The Instrument will boot up andaitt the Integrated ENLIGHT interface.
12. For addiional assistance, refer tthe Micron Optics Optical Sensing Instrumentation and Software User Guide.

ONIOFF SWITCH LAN

o A D A D

A DA D f_ Xq
=4 )1 D] i
D T D i r\

NAW4d N N ] ™ ©

NS =/
UsB, TIPE A
POWER IN -12VDC, B0 WATTS

IMATING CONNECTOR - Phoenix [778001. 4 pin, 5.08mm. MOI P/N 2224881

Optional: Connect to the Instrument from Remote Computer:

15. Cannect si730 LAN to the local area network router or hub.

16. On the remote computer, click Start, point to All Programs, and then point to Accessories.

17. In the Accessories menu, to point to Communications, and then click Remote Desktop Connection.

18. In the Compugr box shown, enter machine name of the target siXXX instrument, comprised of the model number and
ASNAIFf ydzYoSNI IyR Ada 2F (GKS F2N¥Y daaitonyg{L!. .. .£¢0

19.2 KSY LINBPYLIiSRZ Sy :GiSNJ dzASNYIFYS a! RYAYAAUNF G2NE YR LI &dag2l

20. The Remote Desktop Window willroeect and an image of the Integrated ENLIGHT software will appear.

21. For additional assistance, refer tiee Micron Optics Optical Sensing Instrumentation and Software User Guide.

Alternate Method Control the Instrument:

If preferred, a USB keyboard and mouse can be directly connected to the peripheral ports of the si730 instrument for local
control of ENLIGHT. An external USB hub can be used to connect multiple USB devices to the Instrument. Virtual
keyboard supportan then be disabled on the Settings Tab of the ENLIGHT Interface.

4. INTERROGATOR CCGREECHNOLO@ASICS AND INTERFACES

4.1. &x25 Swept Laser Core Technology
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4.1.1 Functions, Featuie and Mbdes of Operation

4.1.1.1 Full SpectrunMeasuement

The pringpal measurement mode for the2% interrogatorsis a Full Spectrum &asurement. When polled, the

unit returns the full optical spectrum profile for each of the enabled channels. As many as four simultaneous
channels of data can be collect Use of a multiplexer module will increase the channel count to as high as 16.
The module scanning rate and spectral sampling density varies with module model.

4.1.1.2 Internal Peak Detectioi\pplication

With the full optical spectrum signal alable from the sensors, the x25 units offgeat flexibility in the area of
peak detection and data interpretation. Custom or unique sensors can be uniquely analyzed with any type of
userdeveloped custom peak detection.

The 25 interrogator is mosfrequently used to measure the reflection spectrum of Fiber Bragg Grating sensors.
As such, MOI has developed a flexible, yet robust peak deteatgorithm for use with the35 and FBG sensors.
This peak detection algorithm can becessed on port 55000f a version X x25 unit and on both ports 50000

and 55000 of a version®2x25 unit.
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x25 full spectrum trace with peak detection results

Power {dBm)

The 25 peak detection algorithm makes use of the following parameters:
A. Rel. Thresh (dB):

This contol sets the relative threshold for the peak detection algorithm in units of dB. The relative threshold
will set the effective threshold for the peak detection algorithm at the prescribed level below the point of
highest power for peak detection, or abotree point of lowest power for valley detection. For example, if a
relative threshold of3 dB is set for a channel with highest optical powerldt dBm, the effective threshold

will be set at18dBm, provided that the Threshold value is set bel@®&dBm.

For example, assume that a single FBG is to be monitored on a particular channel, like therFBGhe
figure aboveon Channel 1. It can be seen that the peak power value of the FB&IBm. Use of the Rel.
Thresh parameter with a value €8 dB will set the effective threshold for the peak detection®t dBm,
which is well above the noise floor of this instrument. Should the level of the FBG change, the relative nature
of the peak detection will allow the unit to continue to find the F&Bter location. For example, if the round
trip path loss for the FBG should increase by 10 dB, the peak power value of the FBG wb8ldB®, and
Rel. Thresh would still b8 dB, and so the new effective threshold would8& dBm.
B. Threshold (dBm):
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This control sets the absolute minimum threshold that can be used by the peak detection algorithm. Use oto)
this parameter prevents the relative threshold from setting the effective threshold below a known noise floor
limit. If the value of threshold sély the Rel. Thresh parameter is lower than the Threshold value for peak
detection (or higher, for valley detection), then the value set by Threshold will be used.

Continuing the example from above, should the path loss of the FBG were to increase salbhstaay by 40

to 50 dB, it is possible that the reflected signal could be dominated by noise, either in form of system back
reflection or instrument noise floor. In that event, it would not be optimal for the peak detection algorithm to
continue to sethe effective threshold 8B below the point of highest power: doing so could result in peak
detection of noise, not signal. To prevent this from happening, the Threshold parameter is used. The value
set by Threshold defines the lowest effective threlshthat will be used by the peak detection algorithm,
despite a value which might be set lower by the relative threshold.

. Width Level (dB):

This parameter sets the relative level for each peak at which the width will be compared to the width
requirement, seen in the next parameter description. Typically, this value might be sedBo iBdicating that

i KS a S gBdhanbih witl be evaluated against the width requirement in determining its peak value.
This parameter can be modified in order solate desired signals in the presence of unwanted side lobes. It
can also be modified to track signals of smaller than normal contrast in a highly back reflective environment.

. Width (nm):

This parameter is used to set the width requirement for the paefection, in conjunction with the Width

Level parameter described above. For a given pair of parameters, only spectral features with a bandwidth
evaluated at a level of Width Level down from the peak of value greater than Width will be considered to be
peak.

For example, assume Width Level and Width values of 3 dB and 0.1 nm, respectively. A sensor feature will
only be captured a peak if the width of the signal @aEbelow the peak exceeds 0.1 nm. These parameter
values will detect signals withdB bandwidths of 0.200 nm, for example, but will ignore any kides

adjacent to the signal that might have 3dB bandwidths of 0.07nm.

Please see section 4.1.3 of this document for tips on optimizing peak detection parameters.

4.1.1.3 Multiplexing

Thex25 unitssupportsmany tens of sensomver a wide common wavelength ranga each of four

simultaneous, parallel measurement channels. Should an application call for a larger number of sensors or a
wider effective spectral range, the number of chatscan be functionally increased through the use of an sm041
Channel Multiplexer. The sm041 Channel Multiplexarssts of a series of high speed, highly reliable optical
switches that are seamlessly integrated with t®#5 data acquisition process. Tem041 can expand a four
channel interrogator to either eight or sixteen sabannel operation, while maintaining the same wavelength
repeatability and stability, as well as reahe, deterministic data acquisitiorsm225, si225, and si725 models are
ead available with up to internal 16 channels.

4.1.1.4 Network Settings
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ThesmX25 modulessupporta command set for all basic TPconfiguration settings, such as IP address,
Netmask, and default gateway. Additionally, DHCP (Dynamic Hiet#®) is supported and can be configured
via remote commands.

All x25 core Ethernet settings and configurations are managed automatically on the siX25 instrument platform.
4.1.2 TCPIP Remote Control Interface
4.1.2.1 Configuration(appliesto smX25 modules)

Data transfer to and from the2& coreis through a 100Mbit/S Ethernet port on the front of the unit. The unit can

be connected to an existing network through a hub or it can be connected directly to a host PC using a crossover
Ethernetcable. Both of thesereangements require that thenx25 unit and the host be on the same logical

network. The network administrator can assure this by providing an appropriate staiicli®ss and Net mask

for the smx25 unit and/or host PC.These valas can be configured using the remote commanddioed in

section 4.1.2.®f this manual.

The 25 coresupports bidirectional communication through a data socket (port #50000).

NOTE: Thedefault IP address and Net mask the sm125/sm225 modulesme 10.0.0.122and 255.255.255.0
respectively.See section 5.1.1 for additional details. The IP address for the si225/si725 instruments
are configured to acquire automatically from a DHCP server by default. See Section 5.2.1 for additional details.

4.1.2.2 Communication Protocol

Commands and queries to th@xcoreare in the form of ASCII strings that begin with a # character and end with
I fAYSTFSSR 6! {/ LWQOKY NI &n Jé h Rlchashdtefsiséntizkthie26 e idtctnally 0 ©
buffered until a linefeed chacter is detected. Once th@% receives the linefeed, it then interprets all the

buffered data that preceded the linefeed. In resgerto the received data, the2ks will first return a 1ebyte

ASCII string. HIs 18byte string is not a response to the submitted command or inquiry. Rather, thgt&0string
representing the number bytes contained in the response to the command. This is the number of bytes that the
host is expected to read in addition to tfiest 10 bytes. The example below illustrates the point:

host: #IDN?<LF>
sm125:0000000032
sm125:SM125, Rev. 0.00001, Micron Optics, Inc.

In this example, the host hassued the #IDN? command to am125. This command is used to retgehe

sm125 software version number. In response to this command, the sm125 first submitsilyée1€iring
dnnnannnnoué AYRAOFGAY3I (KIG GKS NBaLrRyasS (G2 GKS 1 L5bK
320808 aGNAYy3 G{amdOpBRywSOUbA OD®EnhyODE (2 GKS K2aido ¢ K dza :
sm125 by the host, the host must make 2 reads. The first read is always 10 bytes long. The second read has a

variable length dictated by the first. Note that this protocol isieked whether or not the data sent to the sm125

is a valid command. A LabVIEW implementation of wva example appears in the following figura

VisualBasic implementation appears thereafter.

Basc LabVIEW Implementation 02% TCRP Protocol

Copyright © 202 Micron Optics, Inc. User Guide, Revision 136 35




r@ MICRON Optical Sensing Instrumentation & SoftwarENILIGHT
OPTICS

it Read F.ead

10.0.0.122 SR
50000 Gting
To Mumber
EEE]
B O k& out

B2 Fibe]

Basic sualBasic Implementation o2% TCRP Protocol

1 A Winsock control allows user tormonunicate with 25 corevia Transmission Control Protocol (TCP)

9 To establish the Winsock control in Visual Basic, select Microsoft Winsoall@atirom the Component
dialog box of the Project Menu.

9 Set Protocol property of the Winsock as sckTCPProtocol. Set the RemoteHost and RerpobgRedies of
the Winsock asi p Q & drdss and 5B000, respectively.

9 Give a name to the Winsock contfelg. tcpClient).

i Establish connection with2s corewith the command,

Call tcpClient.Connect

Once the connection is established (check connection status with tcpClient.State) send
command to X5 coreto request data size.

Call tcpClient.Sersl | G 6 a1 L5bKE 3 @6[ Fo
9 Wait until 10 bytes are received and get data size as string.

While tcpClient.BytesReceived < 10
DoEvents

Wend

Call tcpClient.GetData(strSize, vbString, 10)

1 Convert data size format from string into integer.
intSize = Cint(strSize)

9 Then, read data for data size.

4.1.2.3 DataRetrieval

Sensor wavelength da can be retrieved from the26 coreusing the #GET_DATA command. The response of a
#GET_DATA command starts with a Main Header, which gives information about currér eéthe protocol,

number of DUTs contained in the response and a sequence counter for the data. After the Main Header comes the
data for all of the DUTs. The number of DUT channel entries on the table is a function of how many DUT channels
are enabled.This data structure can carry fromg#4 channels for an26 coreand expands to as many as 16

channels for an sm125 with an sm041 Channel Expansion Modalé6 channel sm225/si225/si725 he actual
wavelength data for each DUT is preceded with al$e#der, which gives the size of the Sub Header, the starting
wavelength point of the data, the wavelength difference between each data point, number of data points and the
DUT number.

4.1.2.4 Data Interpretation
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A. #GET_DATA command

The datareturned by the #GET _DATA command is a binary string that encodes a mixed set of
data. First comes a 20yte long Main Header, which contains fivéte fields. Each field represents a-Bi2
unsigned integer with LeaSignificantByte (LSB) first.

After the Main Header comes the wavelength data for every configured DUT. Every array of actual wavelength
data for each channel is preceded by al@e long Sub Header. The Sub Header consists of-fiyge$ fields.
Each field represents a3t unsignedh Yy 1 SISNJ 6 A GK G(GKS [{. FANAGP ¢K
G2 @St SyaiK LYONBYSyiGée FASER FNB 0620K YdzZ (ALK A
unit. To convert the values back to floating point wavelength numbers, in nm, osedivide the
corresponding 3it values by 10,000.

S
SR

Each wavelength data point value is represented by-hit§igned integer, with the LSB first. The values are
multiplied by a factor of 100 before they are transmitted from the unit. To convert theegaback to floating
point numbers the two decimals precision, one must divide eachitliteger with 100The response
structure is at most 128108 (20+4*20+4*2*16001) bytes long for a four channel unit.

The byte offsets along with a brief descriptioheach quantity are summarized in the following table. This

table shows an example of the structure if the Number of DUTs (byte offset 8 in the main header) was equal
to four. As such four channel clusters (comprised of SubHeader, Min Wavelength, iigtvéterement,

nPoaints, DUT number, and Data) are present. If the Number of DUTs were a number other than four, then the
number of data clusters would scale accordingly.

Atomic Total
Entry Byte Size Size Description
Offset (bytes) (bytes)

Size of M Header 0 4 (U32) 4 The size of the Main Header. In
this version it is set to 20.

Protocol Version 4 4 (U32) 4 Current version of the definition of
this response structure.

Number of DUTs 8 4 (U32) 4 Number of DUTSs this response
contains

Reserved 12 4 (U32) 4 Reserved for future use.

Counter 16 4 (U32) 4 A sequential counter for the data
set that the instrument has
processed internally.

Size of Sub Header 1 20 4 (U32) 4 The size of the Sub Header

Min Wavelength 24 4 (U32) 4 Wavelength of the firstlata point,

multiplied by 10000. Default value|
is either 15100000 (1510.0 nm) o
15200000 (1520.0 nm).
Wavelength Increment 28 4 (U32) 4 Wavelength distance between
each data point, multiplied by
10000. Default value is 50 (5 pm)|

Number of Data Points 32 4 (U32) 4 Number of data points for this

(nPoints) DUT. Default value is either 1000}
or 16001.

DUT number 36 4 (U32) 4 The number of the DUT that this
data belongs to (& 16).

Data 40 2 (U1e) 2*nPoints | The actual data for each

wavelength sampled. Ewy data
point value is multiplied by 100.
Size of Sub Header 2 40 + 2*nPoints 4 (U32) 4 The size of the Sub Header

Min Wavelength 44 + 2*nPoints 4 (U32) 4 Wavelength of the first data point,
multiplied by 10000. Default value
is either 15100000 (1510r@m) or
15200000 (1520.0 nm).
Wavelength Increment 48 + 2*nPoints 4 (U32) 4 Wavelength distance between
each data point, multiplied by
10000. Default value is 50 (5 pm))|
Number of Data Points 52 + 2*nPoints 4 (U32) 4 Number of data points for tis
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(nPoints) DUT. Default value is either 1000 (o]
or 16001.

DUT number 56 + 2*nPoints 4 (U32) 4 The number of the DUT that this
data belongs to (; 16).

Data 60 + 2*nPoints 2 (Ule) 2*nPoints | The actual data for each
wavelength sampled. Every data
point value is mliiplied by 100.

Size of Sub Header 3 80 + 4*nPoints 4 (U32) 4 The size of the Sub Header

Min Wavelength 84 + 4*nPoints 4 (U32) 4 Wavelength of the first data point,
multiplied by 10000. Default value
is either 15100000 (1510.0 nm) ol
15200000 (1520.0 njn

Wavelength Increment 88 + 4*nPoints 4 (U32) 4 Wavelength distance between
each data point, multiplied by
10000. Default value is 50 (5 pm)|

Number of Data Points 92 + 4*nPoints 4 (U32) 4 Number of data points for this

(nPoints) DUT. Default value idteer 10001
or 16001.

DUT number 96 + 4*nPoints 4 (U32) 4 The number of the DUT that this
data belongs to (& 16).

Data 100 + 4*nPoints 2 (U1e) 2*nPoints | The actual data for each
wavelength sampled. Every data
point value is multiplied by 100.

Sze of Sub Header 4 100 + 6*nPoints 4 (U32) 4 The size of the Sub Header

Min Wavelength 104 + 6*nPoints 4 (U32) 4 Wavelength of the first data point,
multiplied by 10000. Default value|
is either 15100000 (1510.0 nm) o
15200000 (1520.0 nm).

Wavelength Isrement 108 + 6*nPoints 4 (U32) 4 Wavelength distance between
each data point, multiplied by
10000. Default value is 50 (5 pm)|

Number of Data Points 112 + 6*nPoints 4 (U32) 4 Number of data points for this

(nPoints) DUT. Default value is either 1000]
or 16001.

DUT number 116 + 6*nPoints 4 (U32) 4 The number of the DUT that this
data belongs to (& 16).

Data 120 + 6*nPoints 2 (Ule) 2*nPoints | The actual data for each
wavelength sampled. Every data
point value is multiplied by 100.
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The data returned by #GET _PEAKS_AND_LEVELS is a binary string that encodes a mixed set of data. Tge first
4 bytes (LSB first, MSB last) form ab®unsigned integer that representbe seconds portion of the

timestamp. The second 4 bytes (byteg)s also a 3bit unsigned integer that represents the mieseconds

portion of the timestamp. Thus:

seconds = byte 0 + byte 1*(2"8) + byte 2*(2"16) + byte 3*(2/24)
microsecmds = byte 4 + byte 5*%(278) + byte 6*(2"16) + byte 7*(224)

timestamp = seconds + microseconds/1000000.0

The data set serial number is also al82unsigned number with a byte offset of 8 (bytedB). The
serial_number = byte 8 + byte 9*(2/8) yt& 10*(2"16) + byte 11*(2"24)

The number of sensors detected on each of the channels is represented by an unsigriemhtEger with the
following byte offsets:

channel 1: byte offset 12

channel 2: byte offset 14

channel 3: byte offset 16

channel 4: byte offset 18

For 25 models with less than 4 channels, the structure remains the same and empty channels will return data
as zero values.

The wavelength data for channel 1 is represented with signeblit32umbers with a byte offset of 32
Subsequent byte offsets scale by the number of signals detected.

Amplitude data is represented with signed-tis numbers. The byte offset is a function of the number of
detected signals on each channel. The details of the datatste are presentd in the following table.

4.1.2.5. Data Interpretation for Multiplexed Channels
For sm125/sm041 combinations, or open operating systems sm225 16 channel configurations.
NOTE: Use of an optional sm041 Channel Expansion Module or internal mu#iphet facilitate as many as 16
optical subchannels. The #GET_DATA data structure will expand for all available channels that have been activated.
Additional channels enabled by the multiplexer can be activated using the #SET_DUT[Ch]_STATE cohmaandiaat

next section.

NOTH: S3I 08 dzaSNAE YI& LINBFSNI GKS LINB@A2dza alftt AYyGS3ISNE &Gl yRINF
F LIISY RAE ' aAy3 [ S3F0e b2iGlGA2y FT2N) ahlL adz GALX SESNA

Entry Atomic Total
Byte Size Size Description
Offset (bytes) (bytes)
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4.1.2.6 User Comman&et

Timestamp (sec.) 0 4 (U32) 4 Seconds portion of the timestamp. The
timestamp, which is the absolute time in
microseconds elapsed since 00:00:00 of
January 1, 1970, must be reconstructed by
combining theseconds and the microsecond
portions as described below.

Timestampifisec.) 4 4 (U32) 4 Microseconds portion of the timestamp. Se
the note above on the seconds portion. The
microseconds portion must be combined wit
the seconds portion to reconstruché full
timestamp as follows:
timestamp = sec portion

+ (msec portion)/1000000
The computed timestamp is a double
precision float.

Serial Number 8 4 (U32) 4 Serial number of the data set. Data points g
sequentially numberedIn situations where
the possibility of data loss or corruption exis
during transfers, the serial number can be
used to reorder and/or determine when data|
loss has occurred.

#Peals 1 (NS1) 12 2 (Ul16) 2 The number of spectral peakigtected on the

#Peals 2 (NS2) 14 2 (Ule) 2 first, second, third and fourth channels

#Peals 3 (NS3) 16 2 (U16) 2 respectively.

#Peals 4 (NS4) 18 2 (U16) 2

Thermal Stability Flag 20 2(U16) 2 Thermal Stability Flag. This value is-zero
when the system is in warmp stage.

MUX State 22 Communicates switch position when channg
expansion module used. Values 0, 1 for 8
channels; 0,1,2,3 for 16 channel system.

Reserved 24 1 8

Ch1 data 32 4 (S32) 2*NS1

Ch2 data 32+4*(NS1) 4 (S32) 2*NS2

Ch3 data 30+ 4 (S32) 2*NS3

4*(NS1+
NS2)

Ch4 data 32+4*(NS1 4 (S32) 2*NS4

+NS2+NS3)

Chl levels 32+4*(NS1+NS2+ 2 (S16) NS1

NS3+NS4)
Ch2 levels 32+4*(NS1+NS2+ 2 (S16) NS2
NS3+NS4) +
2*(NS1)
Ch3 levels 32+4*(NS1+NS2+ 2 (S16) NS3
NS3+NS4) +
2*(NS1+NS2)
Ch4 levels 32+4*(NS1+82+ 2 (S16) NS4
NS3+NS4) +
2*(NS1+NS2
+NS3)
Description of #GET_PEAKS_AND_LEVELS structure
User Guide, Revision 136 40
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Other available user commands are listed below. The use of these commands follows the same communicatiaoh
and data retreval protocos outlined in sections 4.1.2.1 and 4.1.2.2, respectively. Unless otherwise not&} all x
commands are followed by a response from the unit, indicating either the successful completion of a command or
a syntax error.

#HELP

#IDN?

Syntax: #HELP

Description: The help command returns a comf#ealphabetized listing of x25 cotser
commands.

Example: #HELP
Response: #GET_DATA

#GET_DHCP
#GET_DUTxX_STATE (x >= 1, x <= 16)

Syrtax: #IDN?
Description:  This command returns a string containifigehame and revision of the25 core

Example: #IDN?
Response: Micron Optics sm12®ptical Sensing InterrogatoRev 2.0

#GET_SYSTEM_IMAGE_ID

#GET |

Syntax: #GET 8STEM_IMAGE_ID

Description  This command returns a string containing the revision identification of the firmware
currently installed a x25 core

Example: #GET_SYSTEM_IMAGE_ID
Response #SYSTEM_IMAGE_ID Image: Sm125, Rev 0.&dZidan Sep 20 15:41:41 2004

PRODUCT_SN
Syntax #GET_PRODUCT_SN

Description:  This command returns a string containing the serial number of the connected
x25 core

Example: #GET_PRODUCT_SN
Response #PRODUCT_SN SXX3

#SET_IP_ADDRESS
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Syntax: #SET_IP_ADDRESS [Adr]

Where,
Adr = A valid IP address of the form XxX.XXX.XXX.XXX

Description: This command changdise IP address of the25 core

Example: #SET_IP_ADDRESS 10.0.0.122
Response #|P_ADDRESS 10.0.0.122

NOTE:Thedefault IP addresfor the sm125 version 0.9 or higherli.0.0.122

#SET_IP_NETMASK
Syntax:  #SET_IP_NETMASK [Mask]

Where,
Mask = A valid IP Netmask of the form Xxx.XxXX.XXX.XXX

Description:  This command changéise IP Netmask of thge25 core

Example: #SET_IP_NETMASK 255.255.255.0
Response #/P_NETMASK 255.255.255.0

NOTE:Thedefault IP Netmakfor the sm125 and sm225 265.255.255.0

#GET_IP_ADDRESS
Syntax: #GET_IP_ADDRESS
Description:  This command gets the currently configd IP address of the25 core
Example: #GET_IP_ADDRESS
Response #|P_ADDRES8.0.0.122
#GET_IP_NETMASK
Syntax: #GET_IP_NETMASK
Description: This command gets the currently configured IP Netmask ok2%ecore

Example: #GET_IP_NETMASK
Response #IP_NETMASK 255.255.255.0

#GET_DUTh]_STATE
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Syntax:  #GET_DUT[Ch]_STATE

Where,
Ch = Ch# (&) orsub-channekl (1.1¢ 4.4)

Description: This commands queries the5 corefor the acquisition state for the particular

device under test (DUT) channel specifiedtiy command name. As shown in this example x2& core
would respond with the acquisition state for Channel 1. In order to query the acquisition staelfohannel
4.2, the command would simply be modified to reflect the changed chanrgb®eT _DUT2_STATE.

¢CKS OljdzAaAadAazy adldS arxayATasa AT | LI NOGAOdZ I NJ OKI yy
(parameter = 0).

Example: #GET_DUT1_STATE
Response #DUT1_STATE 1

#SET_DUT[Ch]_STATE
Syntax: #SET_DUT[CISTATE [Val]

Where,
Ch = Ch# (4) orsubchannek (1.1¢ 4.4)
Val = 0 for disabled and a 1 for enabled.

Description:  This command sets the acquisition state for the particular channel specified by the command
name. As shown in this example, %5 core would set the acquisition state for Channel 1. In order to set
the acquisition state fosub-channel4.2, the command would simply be modified to reflect the changed
channel to#SET_DUT4.2_STATE.

Setting the acquisition state for a channel tavill cause the x25 core to collect data for that channel and
include a corresponding entry in the data transfer command responses. Inclusion of the parameter 1 will
cause the specified channel to become active; parameter O will cause the specified abrasutethannel to
become inactive.

Example: #SET_DUT1 _STATE 1
Response:#DUT1_STATE 1

NOTEThis command is used to trigger the use of an optional sm041 channel expansion unit, if connected to an
sm125 module. If aub-channel(or a channel above abevChannel 4) is activated, the sm125 will initiate
switch drive commands to the attached sm041 module and port the data accordingly through the data
transfer command responses.
#REBOOT_SYSTEM
Syntax: #REBOOT_SYSTEM

Description: This command will cause the x25 core to reboot.

Example: #REBOOTKSYSTEM
Response: No response is generated for this command.

NOTE: Thefollowingpeak detection algorithm commands can be accessed on port 55000 of a versi@b Linit and
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on both ports 50000 and 55000 of a versiom 225 unit. Port 55000 commands support only the legacy integer channel O
notation, while port 50000 commands support both integer and decimal fractiorchabhnel notation. See the appendix
SytiAdGt SR dptatibnfoEMQI Multiplédé® Ay (GKS | LIISYRAOSE aS00GAzy 2F GKAA |

#SET_PEAK_THRESHOLD_CHICh]
Syntax #SET_PEAK_THRESHOLD_CHICh] [Val]
Where,
Ch = Ch# (& 4) orsubchannel# (1.1¢ 4.4)
Val= the threshold level (in dBm) for use with the specified channel oickabnel.
Description:  This command sets the threshold level in dBm for the peak detection algorithm for the
particular channel specified by the command name. As showis example, the channel whose level
would be set by the command is Channel 1. In order to set the threshold leweitfehanneld.2, the
command would simply be modified to reflect the changed channel to #SET_PEAK_THRESHOLD_CH4.2.
Example: #FT PEAK_THRESHOLD-8H1
Response #PEAK_THRESHOLD_¢38100
#GET_PEAK_THRESHOLD_CHICh]
Syntax: #GET_PEAK_THRESHOLD_CHICh]

Where,
Ch = Ch# (¢ 4) orsubchannel# (1.1¢ 4.4)

Description:  This command getdie threshold level in dBm for the peak detection algorithm for the
particular channel specified by the command name. As shown in this example, the channel whose level
would be retrieved by the command is Channel 1. In order to get the threshold leweitfohannel4.2, the
command would simply be modified to reflect the changed channel to #GET_PEAK_THRESHOLD_CH4.2.

Example: #GET_PEAK_THRESHOLD_CH1
Response #PEAK_THRESHOLD_€38100
#SET_REL_PEAK_THRESHOLD_CHICh]
Syntax: #SETREL_PEAK_THRESHOLD_CHI[Ch] [Val]
Where,
Ch = Ch# (& 4) orsubchannel# (1.1¢ 4.4)
Val = the relative threshold (in dB) for use with the specified channel
Description: This command sets the relative threshold level in dBmtergeak detection algorithm for the
particular channel specified by the command name. As shown in this example, the channel whose level
would be set by the command is Channel 1. In order to set the relative threshold lesabfcnannel4.2, the

command would simply be modified to reflect the changed channel to #SET_REL_PEAK_THRESHOLD_CH4.2.

Example: #SET_REL_PEAK_THRESHOLBE;.GH1
Response #REL_PEAK_THRESHOLD¢&6

#GET_REL_PEAK_THRESHOLD_CH[Ch]
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Syntax: #GET_REL_PEAKIRESHOLDICh]

Where,
Ch = Ch# (& 4) orsubchannel# (1.1¢ 4.4)

Description:  This command gets the relative threshold level in dBm for the peak detection algorithm for the
particular channel specified by the command name. As shinwhis example, the channel whose level

would be retrieved by the command is Channel 1. In order to get the relative threshold lesabfcinannel

4.2, the command would simply be modified to reflect the changed channel to
#GET_REL_PEAK_THRESHOLR. CH4

Example: #GET_REL_PEAK_THRESHOLD_CH1
Response #REL_PEAK_THRESHOLDc&®611
#SET_PEAK_WIDTH_CHI[Ch]
#Syntax: #SET_PEAK_WIDTH_CHI[Ch] [Val}
Where,
Ch = Ch# (& 4) orsubchannel# (1.1¢ 4.4)
Val = the pak width in nm for use with the specified channel.
Description:  This command sets the peak width in nanometers for the peak detection algorithm for the
particular channel specified by the command name. As shown in this example, the channel vdtbse wi
would be set by the command is Channel 1. In order to set the peak widshlfehannel4.2, the command
would simply be modified to reflect the changed channel to #SET_PEAK_WIDTH_CH4.2.
Example: #SET_PEAK_WIDTH_CH1 0.25
Response #PEAK_\WTH_CH1 0.25
#GET_PEAK_WIDTH_CHI[Ch]
Syntax  #GET_PEAK_WIDTH_CHI[Ch]

Where,
Ch = Ch# (& 4) orsubchannel# (1.1¢ 4.4)

Description  This command gets the peak width in nanometers for the peak detection algorithm for the
particular channel specified by the command name. As shown in this example, the channel whose width
would be retrieved by the command is Channel 1. In order to get the peak widshilbarhannel4.2, the
command would simply be modified to reflect theactged channel to #GET_PEAK_WIDTH_CH4.2.

Example: #GET_PEAK_WIDTH_CH1
Response #PEAK_WIDTH_CH1 0.25

#SET_PEAK_WIDTH_LEVEL_CH[Ch]
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Syntax: #SET_PEAK_WIDTH_LEVEL_CHI[Ch] [Val]

Where,
Ch = Ch# (& 4) orsubchamel # (1.1¢ 4.4)
Val = the peak width level (in dB) for use with the specified channel.

Description:  This command sets the peak width level in dB for the peak detection algorithm for the
particular channel specified by the command nam&s shown in this example, the channel whose width level
would be set by the command is Channel 1. In order to set the peak width lewelfohannel4.2, the

command would simply be modified to reflect the changed channel to #SET_PEAK_WIDTH_LEVEL_CH4.2.

Example:  #SET_PEAK_WIDTH_LEVEL_CH1 3.0

Response #PEAK_WIDTH_LEVEL_CH1 3.0
#GET_PEAK_WIDTH_LEVEL_CH[Ch]

#Syntax: #GET_PEAK_WIDTH_LEVEL_CH[Ch]

Where,
Ch = Ch# (& 4) orsubchannel# (1.1¢ 4.4)

Descrption:  This command gets the peak width level in dB for the peak detection algorithm for the

particular channel specified by the command name. As shown in this example, the channel whose width level
would be retrieved by the command is Channel 1. Ireotd get the peak width level faub-channeld.2, the
command would simply be modified to reflect the changed channel to #GET_PEAK_WIDTH_LEVEL_CH4.2.

Example:  #GET_PEAK_WIDTH_LEVEL_CH1
Response #PEAK_WIDTH_LEVEL_CH1 3.0

4.1.2.7 LabVIEW TCIP kamples
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NOTEFor the simplest and most feature rich interface to the modules, Micron Omesnmends the use of the
MOIENLIGH®ensing Analysis Software, available as a free download fomatmicronoptics.com

NOTE: The following examples were written for and reference the sm125 Field Module specifically, but are equally
applicable to any Ethernet accessible x25 core. See section 5 for platform specifickiregvaetails.

A. Four Channel Complete Interface Example
Included with thenstrumentation support materials a full four channel example program that uses the-IRCP
communication protocol. The example is written in National Instruments LabVIEWS awdlable as an open
source LabVIEW library and as a stafwhe executable. Thibrary files are compatible witthe LabVIEW 7.1 Full
Development System.

The included sm125 remote LabVIEW examples are compatith Windows 98, NT, 2008R Vistaand
Windows 7 An 800MHz Pentium Il or better is recommended to run the utilities.

ThisLabVIEW Ethernet Remote Utility exampkown irnthe figures of this sectigruses the command set and
protocol as described isections4.1.2 .1¢ 4.1.2.60f this document. The data can be retrieved, parsed and
plotted at the full acquisition speed of the sm125 module.

i. Initialization and Connection

The following figureshows a screen shot of thexampleimmediately after initialization. A pepp
window polls tle user for the IP address of the sm125.

Micron Optics sm125 Optical Sensing Interrogator
Ethernet Remate Litilky, Version 0.90 TP Address: | 10.0.0.122
Edit Network Settings: [~ Show Help
CH1 CHZz CH3 CH4
r -

Normalze: |7 Averages:[ 1 | DataSavelntervali[1 ¥ [

0.0
5.0 .
Yiew
-10.0
-15.0
-20.0
i Please enter 1P address of smi25 module. Perform
-25.0 Peak
Detection
=300
E 10.0.0.124
5.-35.0 .0.0.
; 40.0
& SetPD
450 Parameters
CK
-50.0-
-85.0
-60.0
Save Data
5.0
=70.0
740, ' l ' ' ' ' ' '
1510.000  1520.000  1530.000  1540.000  1550.000  1560.000  1570.000  1580.000  1590.000
wavelength {nm) stop
Poll for IP address. [ || [Wavelength frm) 1l L]5-55 fenEns
Eu] Power (dBm) Il L[4

Screen Shdrom included LabVIEW EthernegiRote Utility example

Once the sm12kabVIEW Ethernet Remote Utility examisleonnected and running, it can be used to set

the IP address and Netmask segs of the sm125 unit. Beneath the IP Address control on the remote
dziAfAGe A& I OKSOl102E O2yidNRBf f106SfSR 49RAG bSis2z2N]
change those settings. The user will be asked to choose between wiradli@ielss settings, and then

polled to enter the desired IP address and Netmask, with the current values offered as the default. When

the values have been entered, the settings are automatically saved to the sm125 and will take effect upon

sm125 reboot.

ii. Spectrum Graph Mode
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The following figureshows a screen shot of the LabVIEW remote example in Spectrum Graph Mode with
Channel 1 active. The array of checkboxes above the graph on the right allows the user to activate and
deactivate each of the availsbsensor or device under test (DUT) channels, up to four. The color of the

checkbox control labels correspond to the display colors for each of the channels on the graph.

Micron Optics sml25 Optical Sensing Interrogator

Ethernet Remote Litility, Yersion 0,90 1P Address:| 10.0.0.122
Sm125 Rev 0.3 )
STA385 Edit Netwark Settings: [ Show Help
CH1 CH2 CH3 CH4
Normale: 7 Averages: [ 1 | DataSavelntervak[1 | @ [
0.0
50 §
View
-10.0-|
-15.0
-20.0-|
Perform
-25.0-|
Detection
= -30,0-|
£
&
2 350
£ 0.0
H
< Set PD
-45.0-| Parameters
50,0
-55.0-|
60,0
Save Data
-65.0-|
-70.0-|
740 | | ' ' | | | |
1510.000 1520000 1S30.000 1540000 1SS0.000 1S60.000 1SP0.000  1SS0.000  1590.000)
Wavelength (nm)
Acquiring Data [ || Wavelength (nm) [ L]%-43 Acquisitions
o) Power (dBmy Il L[

This next figure shows how these colors allow the user to visuallyrdisate between data from the

multiple DUT channels.

Micran Optics sl2S Optical Sensing Interrogator
Ethernet Remote Liity, Yersion 0.90

Smi2S Rev 0.3

SI1A385

1P Address: | 10.0.0.122

Edit Metwork Settings: [~

Show Help

A

Mormalize: 7 Averages: | 1 Daka Save Interval: | 1

CH1 CH2 CH3 CH4
[

0.0~
50—
-10.0-
-15.0-
-20.0- ||
-25.0- ]
-30.0-
-35.0-

Power (dBm)

-40.0-
-45.0-
-50.0-
-55.0-
-60.0-

-65.0-

70,0~

740, | | '
1510,000 1520000 1530,000  1540.000

Wavelength (nm)

' 1 '
1550000  1560,000  1570.000

' '
1560000 1590.000

Yiew

Perform

Detection

Set PD
Parameters

Save Data

Acquiring Data [ +|| [Wavelength (nm) [l L5[%4]
Ful) Power (dBm) (|| J¥[¥%Y

Acquisitions

The preceding figurshows the sm125 measuring a mixed collection of FBG and-Paboy Sensors. The
FBG sensors can be seen on Channel 1 represented by the blue trace, and selectdulusylételed

OKSO102E O2yiNRft

all M @

é ¢tKS Ct
selectedbythered | 6 St SR OKS0O102E O2y{iNERt

aSyaz2N) Ol y
al l o0 dE

Other front panel controls visible on theabVIEW Ethernet Remote Utility examate:
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i. Normalize

This checkbox control will toggle the power normalization feature. This feature normalizes the DUT
traces to an internal monitor of the optical output power as a function of wavelength. This tool is
intended to assist in flattening ouhé resultant optical spectrum of optical sensors such that peak
detection is simplified.

ii. Peak Avgs.

This control will allow the user to set a number of peak detected values to be used in a boxcar
average. Data will continue to be reported at the aisifion speed of the unit, but the peak detected
values will reflect the average value over the number of averages set. This tool can be used to
minimize the effects of system and peak detection noise to increase measurement repeatability on
signals thatre relatively stable for peak detection, but may change value relatively rapidly.

iii. Spectrum Avgs.

This control will allow the user to set a number of optical spectrum traces to be used in a boxcar
average. Data will continue to be reported at therjaisition speed of the unit, but the spectrum will
reflect the average optical signal over the number of averages set. This tool can be used to minimize
the effects of system noise to increase measurement repeatability on signals that may be difficult to
peak detect.

iv. Data Stream Interval
As will be explained later in this section, thebVIEW Ethernet Remote Utility exampéa save data
in multiple formats. For "Streaming Data", peak wavelength data will be continuously streamed to
disk at a rate deermined by the acquisition rate divided by the Data Stream Interval. For example, at
an acquisition rate of 1 Hz and a Data Stream Interval of 10, data will be saved to disk at 1/10 Hz, or
every 10s.

v. Show Help

This control activates the escreen hgb feature, which will be covered in more detaila laterentry
of this section

Perform Peak Detection

VI.

¢CKA& O2yGNRft FOGAGIGSa GKS NBY2GS dziatAadeqa LIS R
data into useful center wavelength wels for sensor signals. The behavior of the peak detection
algorithm will be set by the PD parameteas, explained in section 4.1.1.2 of this document

vii. Set PD Parameters

The next two functional buttons are used to perform peak detection on the aeddirll spectral data

sets. The following figure shows a view of tiabVIEW Ethernet Remote Utility examypfi¢h the

t SNF2NY t S+ 58080GA2y IyR {SG t5 LI NF¥YSGSNE odziid?
button activates the peak detection algdritis, which will operate based on the PD Parameters as

defined by the functions described in the next section. When "Perform Peak Detection" is set to on,

the spectral data plots will change from solid lines to dashed lines, and the peak detected vélues wi

be indicated by a solid round dot of identical color to the spectrum plot.

¢KS a{SdG tSI] 5SG4SO0G tINIYSGSNR¢ odzilz2y Attt 2Ly
detection parameters for each of the available channels, up to four. Whefetitigre is active, the

graph display will be reduced in size to accommodate display of both the graph and the parameters

control, as seen in this next figure.
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Wicran Optics sm125 Optical Sensing Interrogatar

Ethernet Remots Utility, Version 0,35 IP Address:|  10.0.0.31
smi25 HW 1.0
SIN: SIAZEY Edit Network Settings: [ ] 07/22§05 09:50:45 Show Help

Pask. Awgs:| 1 CH1CH2CH3 CH4
Normalize: [7] ooy ae | DataSavelnterval | 1 [m] 0

View

Power (dBm)

Displaying
Peak Detected
Data
' Accept Updated
] ' ! | ' ! ! ! Parameters
1510000 1520.000 1530000 1S40.000 1550.000 1S60.000 1S70.000 1S60.000  1590.000
wavelength (nm)
8 || [wavelength () 1 )54
Save PD Parameters Load PD Parameters @) Fower Bl L]
Channel1 Channel 2 Channel 3 Channel 4 Save Data
[CEnsbled |Enabled State Enabled State Erabled State [Ensbled State
Faaks - |Peakivalley Faaks o [Peakivalley Peaks © |PeakiValey Paaks < |PeakiValley
& Rel. Thresh (d8) & Rel. Thresh (d8) 10 Rel, Thresh (38) £ Rel, Thesh (48)
S0 Threshold ) -0 Threshold (drm) 50 Thresheld (dm) 50 Threshold ()
H idh Lawel (48) H Width Level (48] H Width Level (48] 3 Width Level (48 b LR
0.1 | Width (o) 01 Wit () 01 Wi (o) 01| Width (o)

sm125Ethernet Remote Utilityvith Set PD parameters selected

viii. Save PD Pararters

Once peak detection parameters are set, they can be stored to a file location of the user's choice. The
peak detection algorithm is saved as a flattened string data file that can be saved as a simple text file.

ix. Load PD Parameters

Once peak detdion parameters have been saved, they can be loaded from the file. The LV utility will
un-flatten the string file and restore the parameters.

When desired PD parameters have been selected, toggling the "Accept Update Parameters™ will return
the utility to its ordinary functions.

In addition toSpectral grapWiew, two other modes of data visualization are available in the four channel
LabVIEW Ethernet Remote Utility example ¢ KS&4S8 20 KSNJ Y2RS8a OFry 68 0O
button, whichcanbefdzy R 2y GKS NARIKG aiARS 2F (GKS D!'Lx as80

button repeatedly causes the GUI to toggle among the three available views. The next two sections
explain these views.

iv. Peak Table Mode

In Peak Table mode, the resultarglues from the peak detection algorithm will be displayed on the table.
The first column will contain a single value reflecting the counter, or relative timestamp, of the data set
collected by the sm125. The next four columns will contain waveleng#isépresent the peak values as

derived by the PD algorithms for each of the present channels, up to fihe.image belovghows a view
of the sm125%EthernetRemote Utility in Peak Table display mode.
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Micron Optics sm125 Optical Sensing Interrogator
Ethernet Remate Litiity, Yersion 0,90 1P Address:| 10.0.0.122
TR0 Edit Network Settings: [~ Show Help
CH1 CHz (H3 CH4
Mormalize: 7 Averages:[ 1| DataSaveltewak[1 @ [ R [
Counter Channel L Channel 2 Channel 3 Channel4 =
1 | esooooo | 1s30.0355 0.0000 1510,2908 0.0000
2 00000 1538,5539 00000 15110519 00000 View
3 0.0000 15466832 0.0000 15118135 0.0000
4 00000 1554,3530 00000 15125772 00000
5 0.0000 0.0000 0.0000 15133409 0.0000
6 00000 00000 00000 1514,1044 00000 i
7 0.0000 0.0000 0.0000 1514.8691 0.0000 Displaying
] 0,0000 00000 10,0000 1515,6357 0,0000 el Detiedied
] 0.0000 0.0000 0.0000 1516.4011 0.0000 Doka
10 00000 00000 00000 1517,1684 00000
11 0.0000 0.0000 0.0000 1517.9572 0.0000
12 00000 00000 00000 1518,7062 00000
13 0.0000 0.0000 0.0000 1519.4754 0.0000 T
14 00000 00000 10,0000 15202465 0,0000 Parameters
15 0.0000 0.0000 0.0000 15210179 0.0000
16 00000 00000 00000 1521,7903 00000
17 0.0000 0.0000 0.0000 1522.5629 0.0000
18 00000 00000 00000 1523,3363 00000
19 0.0000 0.0000 0.0000 1524.1095 0.0000
20 0,0000 00000 10,0000 1524,8661 0,0000 Gl
21 0.0000 0.0000 0.0000 15256616 0.0000
22 00000 00000 00000 1526,4384 00000
23 0.0000 0.0000 0.0000 1527.2161 0.0000
'>I| n nnnn n nnnn n nnnn 1697 Q047 I n nnnn d‘
‘ T Acquisitions

sm125Ethernet Remote Utilityn PeakTable display mode.

v. Peak Tracking Mode

Micron Optics smi2S Optical Sensing Interrogator
Ethernet Remate Litiity, Yersion 0,04 1P Address:|  10.0.0.219
Sm125 HW vD,91 ; FW Rew 0,94
SJH; SIAZER Edit Network Settings: | | 06/13/05 09:12:13 Show Help
H1
Mormalize: ] Averages: | 10 | Data Save Intervali| 1
1546,9000 -
1546.8600 - View
1546.8600 -
1546,5400 - » s
- Displaying
E |c4p.5000- Peak Detected
=1 Data
2 1546,6000 -
H]
T
© 15467600~
E3
Set PD
1546.7600 - Parameters
1546.7400 -
1546.7200~
Save Data
L346.7000 -, ] i I ' I [ [l I
3.30S6E+6 3.3056E+6 3.306E+6 3.3062E+6 3.3064E+6 3,3066E+6 3.3068E+6 3.307E+6 330726+
counter
Active Chanel:| 1 Active Sensor | 1 Clear Chart
Stop
Display Mode: Peak WL Chart 8 | comnter vy s
[y wavelength (nmy I L[4

sm125Ethernet Remote Utilityn Peak Tracking Mode.

Peak tracking mode displays a single FBG value in a strip chart versus timestamp. This view is a convenient

way to visually track changes in a/s& 2 NJ @ f dz8S ® /I 2yiNRta F2NJ GKAA Y2RS A
a! OGABS {Sya2Niz ¢gKAOK (23SGKSNJ asStsSOG Fyz2y3a GKS | gt
sensor value for displayThe preceding figurshows the sm125 remote utility in Peatatking mode.

vi. Data Saving Features

The sm12% abVIEW Ethernet Remote Utility examalso provides a mechanism to save the spectral data

collected by the nit to a fle. Note on the figure belovg control button located on the right side labeled

af{ I5aSi | o¢ . & OftAO1AY3 2y (KIFG odziG2ys GKS dzaSNJ gAff
the activation of the button, the user will be prompted to choose what type of data to save, either Full

Spectrum or Peak Dat& he following figureshows a screen shot of the utility at this phase of the Save

Data sequence.
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Micron Optics sm125 Optical Sensing Interrogator

Ethernet Remote Utilivy, Yersion 0,90 TP Address:| 10.0.0.122

smL2S5 Rew 0.3 A

1385 Edit Network Settings: [~ Show Help
CH1 CHZ CH3 CH4

Mormalize: [ Averages: | 1 Data Save Interval: | | i r ird r

0.0
5.0 §
View
-10.0 -
-15.0 -
-20.0 ‘ i ”
Perform
-25.0 Peak
= Detection
£ |
&
3;— -35.0- Save Full Spectrum or Peak Data?
£ 400 -
£ Full Spectrum Peak Data Set PD
-45.0 Parameters
S0 e
-55.0
-60.0
Saving...
-65.0 S
-70.0
740 I I | | ' | | '
1510.000 1520.000 1530.000 1540.000 1550.000 1S&60.000 1570.000  1530.000  1590.000
‘Wavelength {nm)
Acquiring Data [ | [Wavelength (o)l A/1-8] s
| Fower (dm] Il "1

EthernetRemote Utility screen shot during Data Save sequence.

Should the user choose "Full Spectrum", he will be prompted for a filename and path to which the data
should be saved. Data is stored in following format: Each entry consists of five columns, delimited by
tabs. Each column contains a number of elements equal to the number of spectral samples collected by
the sm125, commonly 3201, 5001, 10001 or 1600ke first column represents theakis or Wavelength
scale. Each of the next four columns represent the corresponding optical power array for each of the
present channels-4, in that order. Any channels either not present or without data will be represd

by a column of zeros. An example of the format far saved data is seen in the talblelow. These might

be representative of the first few lines of a system with Channels 1 and 3 active:

1520.000  -32.400 0.000 -2.980 0.000
1520.005 -32.390 0.000 -3.370 0.000
1520.010  -32.450 0.000 -3.6500.000
1520.015  -32.410 0.000 -3.9300.000
1520020 -32.380 0.000 -4.1700.000
1520.025 -32.360 0.000 -4.3600.000
1520.030 -32.340 0.000 -4.5700.000
1520.035  -32.350 0.000 -4.810 0.000
1520.040 -32.370 0.000 -5.1400.000
1520.045  -32.460 0.000 -5.4300.000
1520.050 -32.510 0.000 -5.5500.000
1520.055  -32.420 0.000 -5.6900.000
1520.060  -32.450 0.000 -5.950 0.000
1520.065 -32.370 0.000 -6.1900.000

Example of Full Spectrum data file fornfietm LabVIEW Ethernetefote Utility example

Should the user choose "Peak Data", he will be prompted to choose between "Single Save" and "Streaming
Data." Single save will save the peak detected data one time to disk, after a selection of filename and path
are selected by theser. If streaming data is selected, the PD data will be saved to the selected file at a

rate determined by the acquisition rate divided by the Data Stream Interval (see earlier explanation of the
Data Stream Interval control for details).

Theuserwil (KSY 0SS LINPYLIISR 6KSGKSNI 2NJ y20 (G2 dwSFSNByOS
The timebase included in the datasets reflects the total number of acquisitions of the sm125 unit since its

last bootup. For a 1Hz unit, the timebase can then berpreted as the number of seconds that the unit

has been on. For a 10 Hz unit, the counts reflect fJAB 02y R F OljdA 3 A GA 2y 3 & ¢tKS aNB
t20rtfte F2NJ GKSAS YSIHadNBYSyiaéd ogaftt OFdaAaS GKS &b @S

e ull
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The peak data will be stored according to the following format: O
Each entry consists of a single row, delimited by tabs. The first entry of the row is the timestamp for the
data set. The next four entries are the number of sensors for the fourreis, in order. Following the
number of sensor are all of the read sensor wavelengths and amplitudes, with each channels wavelength

and power reading grouped together. Iretkxample shown in the tableelow, there is one sensor on
channel 1, two senseron channel 3 and zero sensors on channels 2 and 4.

TIMEBASE CH1CH2 CH3 CH4 DATA

10421.000 1 0 2 0 1547.280100 1534.3432 1544.1428.5200 -8.8100
10422.000 1 0 2 0547.2300-8.9100 1534.3432 1544.1428.5200 -8.8100
10423.000 1 0 2 0 1547.289100 1534.3435 1544.142:3.5700 -8.8500
10424.000 1 0 2 0 1547.289100 1534.3435 184422 -8.5700 -8.8500
10425.000 1 0 2 0 1547.28@B00 1534.3444 1544.1408.5700 -8.7700
10426.000 1 0 2 0 1547.280R200 1534.3442 1544.1428.5600 -8.9000

10427.000 1 0 2 0 1547.23@B9200 1534.3442 1544.142:8.5600 -8.9000

10428.000 1 0 2 0 1547.2800 1534.3444 1544.143@.5600 -8.8400
10429.000 1 0 2 0 .P30D -8.8600 1534.3432 1544.1418.5500 -8.8100
10432.000 1 0 2 0 1547.288600 1534.3435 1544.1428.5700 -8.7700
10433.000 1 0 2 0 1547.28(H00 1534.3429 1544.1441-8.5300 -8.8000
10436.000 1 0 2 0 1547.288H500 1534.3444 1544.1438.5700 -8.8200
10439.000 1 0 2 0 1547.289R200 1534.3428 1544.1408.5700 -8.8400

Exampleof Peak Data file formdtom sm125_abVIEW Ethernet Remote Utility example
vii. Onscreen Help Menu

b203S G(KS odzitizy 2y (GKS dzLILISNI NAIKG &ARS 2F GKS NBY2(
control, the user will activate a help screen, whicili guide the user through the operation of the

LabVIEW Ethernet Remote Utility examplény changes to the remote utility example following the

release of this manual will be captured and sufficiently explained using tkésreen Help featureThe

following figureshows the sm125 remote utility with the help screen active. To hide the help screen,

AAYLX & OtAO] 2y G(GKS dzLJLISNI NAIK(G odzid2y +F3IALAYyI y2g f1

Wicron Optics sm125 Optical Sensing Interragator

Ethernet Remaks Utilty, Version 1.0 IP Address:|  10.0.0.31
125 HW 1.0 ; FW Rev 0.961 5
SJN: SIAZBY Edit Metwork Settings:  [] | 07/29/05 09:33:21 Click Here to
Hide Help Screen
CH1CH2CH3 CH4

Peak Avgsi | 1
Normalize:

[ spectrum avas: ;| DotaSaveIntereal:| 1 O O

Wicron Optics sm125 Optical Sensing Interrogator ~
Remote Ethernet Utilty, version 1.0

Help Menu Yiew

The following Features are present and avalable for use in this version of the sm125 Remate Utilty.

-Title Ba, Located at the tap of the display, to the right of the Micran Optics logo, is the program
title bar. Lipon program iniialization, this text contains the sm125 remote bty version number,

Once the program is initialized and cantact made with an sm125 unit, the serial number and Displaying
Product Revision Mumber will also be displayed. These two pieces of Peak Detected
data wil be elminated when contact with the sm125 is terminted, Data

-IP Address. Located to the right of the Tile Bar is the IP address control for the sm125 Remate Ltilty.
ihen the program is started, the user will be polled For the [P address of the sm25 unk to which
the user wishes o connect. This program assumes that the host computer and smi.25 unit are
on the same logical network with the same Subnet mask aready.

set PD
-Edit Network Settings. Selection of this boolzan checkbax il intit the Metwork Setting change Parameters

sequence. The user will be asked whether to modify the wired ethernet configuration (RMS

cannection) or the wireless ethernet connection (LISE adapter.) ko enter Netmask and 1P

address walue, The present values wil be offered in the prompt windaw as the default, The

netywork setting changes wil kake effect upon sm125 rebook,
-Time and Date Stamp, This indicatar shows the present tine and date,

Save Data

-tormalize. This boclean checkbox contral will toggle the power normalization feature. This feature
will normalize the DUT traces ta an internal manitor of the optical nutput pawer as a Function of
wavelenoth, This toal is intended to assist in Flattening out the resultant optical spectrum of
aptical sensors such that peak detection s sipified.

-Peak &wgs. This control will alow the user to set a number of peak detected values to be used in
3 boear averages. Data wil continue tn be reparted at the acquisition speed of the urit, but
the peak detected values wil reflect the average value over the number of averages set. This
tool can be used to minimize the effects of system and peak detection neise ta increase

im cinmole bhiok sve velabival chobls fry maal doberkine bk o

Acquisitions

v

sm125EthernetRemote Utility with the Help Seen active.
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B. Channel Acquisition Example (with sm041)

Micron Optics sm125 Optical Sensing Interrogator
16 Charinel 511 25/sm041-016 Dats Acquistion Example Remote Park: |50000 | 1P Address:| 10.0.0.122
CH1 CH2 CH3 CH4 CHS CH6 CH7 CH8 CHOY CHIOCH11CHIZ CHI3CHI14CHISCHIG
M O 0O 0O OO0OO00 Ooog oogoao
7.5 CH1
-10.0- CH2
125 CH3
-15.0- CH4
Rl CHS
i He
-22.5-] e
-25.0-| @B
E 275
£ CH9
I -30.0-
= CH10
¥ 325+
H CH11
£ -35.0-
CHiz
-37.5-]
CH13 |,
-40.0-
CH1% |,
42,5
. CHIS |,
. CH1E |,
-50.0-
52,5
5.0 I I ' I ' ' I '
1510.000 1520.000  1530.000 1540000 1S50.000 1S60.000 1570.000 1580.000  1590.000
wavelength (nm}
Stop
[ | [wavelength (nm) Il L5[E8 Acquisitions
o] Power (dsm) Il M4

sml25DataAcquisition Example

Also included witlthe sm125 support materials is a 16 Channel Acquisition Example. This example program
utilizes the commands required to operate the stblmodule with the optional sm041 Channel Expansion
Module. Each of the checkbox controls seen on the top of the interface enables/disables its corresponding
acquisition channel on the sm125/sm041 combination. Additional details regarding the physicattons
between the two @vices can be found in section 6.1.3.2 of this document.

C. Internal Peak Detection Example

Micron Optics sm125 Optical Sensing Interrogator

Internal Peak Detection Example 1P Address: 10.0.0.31

125 HW 1,0

Sih: SIA3BY Main Command Remote Port: | 50000
Rel. Thresh (dB): | &

width Level (dB) | 3
Channel: 1 Threshold (dBm): | 50 Width tnm): | 0,100 [ ] Update Params

5.0 Spectrum
e " Peaks -

Peak Wavelengths

o0 1534271
1544, 104
0,000
0,000
0.000
0,000
0,000
0.000
0,000
0,000
0,000
0.000
0,000
0,000

Peak Detection App Port: | 55000

Power (dBm)

-65.0-

With Full Spectrum

-70.0-, ' ' ' ' ' ' ' '

1510.000  1520.000  1530.000  1540.000  1550.000  1580.000 1570.000  1580.000 150,000
Wavelength (nm)

St
Acquiring Data... [ 4| [wavelength () Il L35 St
| Power (dBm) || Y%

sm125 Internal Peak Detection Example

The preceding figurshows a screen shot of the included Internal Peak Detection Exambig example uses the
peak detection command set outlined section 4.1.2.®f this documento perform peak detection on the

collected spectrum inside the sm125 module itself. The purpose for this example is to demonstrate the internal
peak detectiorfunctionality and to allow the user tbecome familiawith the features of the peak detection
algorithm.
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Controls available in this example include: Channel selection, Threshold and Relative Threshold controls, Width
Level and Width controls, as wal IP address and port selectors. The example can either display peaks only, or
simultaneous spectrum and peak data, for purpose of illustration.

4.1.3 Optimizing Peak Detection Parameters

The basic 26 peak detection application functions in datévely intuitive manner, using a unique threshold level

(derived from both Rel. Thresh and Threshold parameters) and peak width (derived from both Width Level and Width
parameters) for each channel. The algorithm will identify the central wavelengilk aald peak amplitude of any

spectral peak feature that exceeds the specified threshold value in a symmetric manner with a spectral width greater
than the specified peak width.

The width and threshold parameters can be optimized to selectively detedtspef desired width and amplitude,
while ignoring other spurious peak features. This section will show how the controls can be used to derive desired
results.

The following sixteen images show how to optimize the peak detection parameters of the sonIferent signal
conditions and sensor orientations. A starting point configuration of the peak detection parameters is shown in Case
A below.

Detected Peaks i " -10.0
Optical Spectrum P
Relative (calc) Thresh |+~

-15.0

Power {dBm)

Threshold (abs limit)  |#™ 0.0+
Peak Detection Parameters -25.0]
Enabled State a0.0-
Peaks = !PeakNaIIe\r

-50 Rel, Thresh (dB]) -35.0

-17.5 Threshold (d&rm)
-40.0 |

3 Width Lewvel (dB)
003 | Width (m) P

-50.0 -

-55.0

-60.0 -

65.0-, | | | | [
1539.882 1542.000 1544.000 1546.000 1548.000 1550.414
Wavelength (nm})

Case A: Starting point for peak detection explanation. Peak detection is enabled, peaks selected (as
opposed to valleys), Rel. Thresks8, Threshold =17.5, Width Level = 3dB, and Width = 0.03nm.

In Case A above, simple peak detection is performed on two sensor signals of relatively low insertion loss
and similar peak power values. Here, the Rel. Tioleksparameter is set teb0 dB and the Threshold
parameter is set te17.5 dB. As the peak power for the channel-iD~4IBm, the effective threshold

calculated by the relative threshold parameter would beldt + (50) =-60 dBm. Since the Threshold
parameter value o0f17.5 is greater than the calculated value®® dBm, the value set by the Threshold
parameter is used by the PD algorithm, and the relative threshold calculated value is effectively ignored.
The width level parameter is set todB, maning that the 3B bandwidth of each peak will be compared

to the minimum width requirement of 0.08m. This value is lower that what practically makes sense for
most FBG sensors, but it will help to illustrate some of the features of the peak detatginithm.
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%etacted Peakg

-10.0-
Optical Spectrum
Relative (calc) Thresh [ {05
hreshold {abs limit) 0.0
Peak Detection Parameters -0
[ Enabled |Enabled State 30,0
Peaks < |Peakfvalley =
50 Rel, Thesh () | 5 -35.0-
=
175 Threshold (dBr)  §
£ -40.0-
3 vidth Level (d8)
003 |Width () a5.0-
-50.0 -
-55.0 -
-60.0 -
63.0-), | | | | [
1539.882 1542,000 1544.000 1546.,000 1548.000 1550.414
Wavelength {nm)

Case B: An additional 88 of insertion loss causes the spectrum to fall below the fixed Threshold value of
-17.5 dBm.

Case B illustrates the limitation of using the Threshold parameter on its own, without utilizing the dynamic
power tracking capabilities of the Rel. Thresh parameter. As the insertion loss of the two sensors was
increased by 1@B, both of the peaks fell below the Threshold valuel@f5 dBm, and neither of the FBG
peaks were successfully identified as peaks.

The solution to this problem is the use of the Rel. Threshold parameter. By setting the Rel. Thresh
parameter to a higher number and the Threshold value to a lower number, like the relative vak8es of
dBm and50 dBm shown in case C, the peak detectilgoathm is able to accommodate for channeide
changes in insertion loss.

Case C shows the optical spectrum similar to that of Case A, but the peak detection algorithm is fed the
parameter values described above. With a channel peak powd&OadBm ad a Rel. Thresh value &

dB, the calculated relative threshold4%0 + ¢(8) =-18 dBm. Asl8 dBm is higher than the Threshold value
of -50 dBm, the effective threshold used for the peak detectioi&dBm and both peaks are effectively
detected bythe algorithm. The results can be seen in the figure labeled Case C.

Detected Peaks " -10.0
Optical Spectrum By
Relative (ralc) Thresh [~ 4805
A
Threshold (abs limit) [ 0.0 v
Peak Detection Parameters 230
Enabled State 30,0
Peaks <~ |Peakivalley
& Rel. Theash (4B} 35,0

50 Threshold (4B
-40.0 -

3 Widhh Level (d&)
0.0 | Width (o) 5.0

-50.0
v

Power {(dBm)

-55.0—

-60.0-

£5.0-, | | | | [
1539.882 1542.000 1544.000 1546.000 1548.000 1550.414
wawelength (nm})

Case C: Relative thresholding used with allosg signal.
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After the two threshold parameters have been set as described above, the peak detection algorithm is
ready to accommodatéor changes in channel insertion loss. Case D shows that, unlike Case B, an
additional 10dB of insertion loss will not cause the loss of any peak data from the peak detection

algorithm.
Detected Peaks S -10,0
Optical Spectrum P

-15.0-

Relative (calc) Thresh  |#™w.
Threshold (abs limit) |

-20.0-
Peak Detection Parameters -25.0- ﬂ n
A

Ensbled State 30,04 v
Peaks T |Reakfvalley &
K] Rel, Thresh (dg) & -35.0-
z
50 Threshold (Bm) &
Z -40.0-
3 width Loval (5] 8
0.03 Width (i) 45,0

Iy RV
. W'W Inf \’ \[VV o \/ \

60,0~

5.0, | | | | [
1539.882 1542.000 1544.000 1546.000 1548.000 1550.414
Wavelength (nm})

Case D: Use of relative thresholding allows for changes irtimséoss without the need to change peak
detection parameters.

It has been here shown that the use of relative thresholding can accommodate for cheideathanges
insertion loss. What if, though, there is a change in the relative power levels betweesensors on the
same device channel? The next several cases examine how to use the peak detection parameters to
contend with such a situation.

Detected Peaks s -10.0
Optical Spectrum P
Relative (calc) Thresh |+ e
Threshold (abs imit) ™ 0.0+
Peak Detection Parameters 230 ﬂ
A
Enabled State 30,0 v
Peaks T |Peskivaley B
E] Rel, Thresh (dg) &2 -35.0
-
-5 Thresheld (dBre) &
Z 40,0
3 Width Level (de) E
003 | Width o) m g W ﬂ
s L wf\w
-55.0- V \/ \
60,0
5.0, | | | | [
1539.882 1542,000 1544,000 1546,000 1548.000 1550.414
Wavelength {nm}

Case E: Insertion loss on a single FBG loss leads to a missing peak

The figure for Case E shows tlare two sensors as the previous cases, but with an additional 10dB of
insertion loss which has been locally applied to tha? the two FBG peaks. It can be seen that with a Rel.
Threshold value of8 dB and a peak channel power-@0dBm, the resulting28 dBm effective threshold is

too high to effectively locate and identify both of the FBG peaks. In order to detecf'd[he&k, the Rel.

Thresh value needs to be lowered to reduce the level of the effective threshold. Case F shows the effect of
sucha change.
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Once the Rel. Thresh parameter has been change2lxdB, making the effective threshold0dBm, it

can be seen in Case F that t{8 PBG peak has been recovered by the peak detection algorithm.
Unfortunately, this step places the threshdidlow some of the side modes of th& EBG peak, and those
undesired side modes have been detected as signals as well.

This can be a common situation in optical sensor systems and is particularly problematic when non
apodized FBGs like FBG 1 in thesardig are used.

Detected Peaks o om -10.0-
Optical Spectrum [
Relative (calc) Thresh |~
Threshold (abs limit) |+

-15.0-

-20.0 -

Peak Detection Parameters -25.0-

Enabled State 30.0-
-35.0- ﬂ
-40,0-

Pesks T [Peakivalley
ol M /\Mr\ I
B AR

20 Ral, Theesh (d8)
50.0 \N, 'W !
[} I 1 1 1 1 1
153,882 1542,000 1544000 1546000 1543.,000 1550414

Wavelength {nm)

-0 Theashald (dm)
3 Width Level (d8)

Power {dBm}

00z | Width ()

-55.0

60,0

Case F: Reduction of the Rel. Thresh parameter allows for FBG 2 detection, but also includes several side
modes from FBG 1.

In order to successfully peak detect the attenuatéiPBG while avoiding detection of any side modes,
two approaches can be used with the paraters and controls of the x2%ak detection algorithm

To effectively use the peak detection controls, it is useful to understand some of the typical spectral
characteristics of FBG sensors. The first useful profeethe relative width of FBG side modes as

compared to the FBG fundamental mode. Typically, the lowest order or fundamental mode of the FBG is
not only the strongest signal, but also tends to be the widest. Thus, when setting width requirements for
the sensors, information about sensor and side mode bandwidths can be used to isolate the fundamental
modes from the side modes. In addition to width differences, there are also difference in height and
symmetry of the fundamental modes, as compared to ttghbr order side modes. As will be seen in the
coming cases, side modes of higher optical power will often have an asymmetrical shape that can be
exploited for exclusion by the peak detection algorithm.

Case F shows a collection of peak detection cosgtiings that cause both FBGs and some side modes to
be detected. Specifically, the effective threshold isd@dBm, and the peak requirement is set such that
each prospective peak must have dB bandwidth of 0.03 nm or more. As we mentioned befarejidth

value of 0.03 nm is usually impractically low for FBG sensors and Case F shows exactly why. From the last
paragraph and from visual inspection of the Case F figure, we can see thatlthbahdwidths of the two
fundamental modes are much highdran the 3dB band width of the detected side modes. Thus, the first
technique used to isolate the fundamentals modes from the higher order modes is the use of the Width
parameter. So, with the Threshold and Rel. Threshold parameters set to the same aslise of Case

F, the width requirement for the 8B Width Level has been increased from h@8to 0.1 nm, as is seen in
figure for Case G(1). By increasing the width requirement, none of the narrow side modes then qualify as
peaks according to theatlection algorithm, and only the two desired fundamental modes are reported as
peaks.
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Detected Peaks " -10,0- o
Optical Spectrum [

-15.0-

Relative (ralc) Thresh |~
Threshold (abs limit) |+

-20.0 -

Peak Detection Parameters -25.0]

Enabled State a0.0-
-35.0- ﬂ
-40,0-

Peaks !PeakNaHey
20 Rel Thresh (48)
01 Widh (o) e h} L ﬂ
il il y rAN
-55.0 - ‘\’ \/ \
650, i | i I I
1539,852 1542.000 1544.000 1546,000 1548.000 1550,414

0 Thrashold (dBrr)
-60,0 -
Wavelength {nm)

3 Width Levvel (d5)

Power {dBm)

Case G(1). First method for isolating signals from side modes. Keep evaluation of peak witBh at 3
bandwidth and change the required bandwidth, such that narroside modes do not meet the criteria,
but fundamental FBG modes do.

The figure for Case G(2) offers a more in depth explanation of how the width parameter was used to
discriminate sidenodes from the fundamental FBG mode. As is seen in the parametersayrtorthe

left side of the plot, the Width Level parameter is still set B3 That means that thedB bandwidth of
each potential peak will be evaluated and compared against the Width requirement. For illustration
purposes, two peaks on the first GBhave been evaluated for width at that isolation value, and the results
graphically depicted in the figure. It is clear from the image that td8 ®andwidth of the fundamental
mode is 0.2dm, which does exceed the 0.1nm minimum Width requirementsu&$, the peak passes
through the peak detection algorithm, anlde image is so noted with adedot atop the peak. The side
mode to the blue side of the fundamental mode has@B3bandwidth of only 0.06 nm, which is less than
the 0.1 nm requirement setAs such, the peak is rejected by the peak detection algorithm and is not
adorned with a red dot.

Detected Peaks L~ -16.9-
Optical Spectrum P

Relative (calc) Thresh |-~
Threshold (abs mit) |~

(] 1 (] 1 ] 1
1543.200 1543.400 1543.600 1543.800 1544.000 1544.197|
wWavelength {(nm)

Case G(2). A close up reveals that thlBandwidth of the fundamental mode is greater than the
required 0.1 nm, while the 3dB bandwidth of the sidedaas not.

A second way to eliminate side mode detection in the peak algorithm is to exploit the frequent asymmetry
of the higher order modes, relative to the fundamentals. The next two figures show how this method

might be employed. To illustrate theathod, the Width parameter has been set back to the previous

value of 0.3 nm. This time, the Width Level has been set to 7 dB. The results can be seen in the Case H(1)
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figure that follows. In brief, the side moslbave been eliminated, and only the tWwaBG fundamental
modes have been reported by the peak detection algorithm.

Detected Peaks -10.0-

Optical Spectrum
-15.0 -

-20.0

Peak Detection Parameters 25,0

| Enabled |Enabled State 30,0

Peaks T |Pealvalley
-35.0 -
-40,0 -

0.02 Width (R 45,0 /\J K
M I¥a) A
] '\l \‘J Voo \/ \

-65.0-)

-20 Rel, Thresh (dE)
i | i i -
1539,882 1542,000 1544.,000 1546.,000 1548.000 1550.414
Wavelength {nm)

50 Thresheld (dBr)
7 Width Level (d8)

Power {dBm)

-50.0 A\nf' 'W.
-55.0

-60.0—

Case H(1). Keep original PD width parameter, but change the Width Level to take advantage of spectral
symmetry of fundamental FBG modes

The figure labeled Case H(2) will offemore in depth explanation of how the Width Level parameter was
used to isolate the two fundamental peaks. Note the red dotted box drawn about the funttahmaode

in figure H(2). AY dB attenuation beneath the top of the peak, the fundamental modetetcha

symmetrical spectrum with both sides crossing th@Brattenuation point, allowing for the calculation of a
7 dB bandwidth. Compare that condition to the one about the first side mode left of the fundamental.
Here, tracing down the curve to theft of the side mode peak allows for the identification of dB&
attenuation point. Try to look to the right side of the peak for a comparahiB attenuation point,

though, and one cannot be found. There is a point on the short wavelength side tleés the definition,

but on the long wavelength side, the isolation from the next higher mode does not ever go past 5 dB or so.
The higher order mode does not have a symmetrilB7bandwidth about the peak value, and as such, no 7
dB bandwidth can be comped for comparison against the Width requirement. As such, the peak is
disqualified by the PD application and not recorded among the qualified sensor signals.
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Has symmetric

7dB bandwidth AV |
Y
-
440 Dioes MOT have ;
-46.0-  symmetic 7B
48,0 Fandwidth
-50.0
52,0
*53.3, (] 1 | | | 1 1
1543.230 1543.300 1543.400 1543.500  1543.600  1543.700  1543.800  1543.500
| Wavelength (nm}) |

Case H(2). The fundamental mode has a symmetti® Bandwidth, but the side lobdoes not.

Thus far, there has been explanation of when and how to use the Rel. Thresh, Width, and Width Level
parameters to optinie peak detection with the x2%efault peak detection application. Next, there will be
a brief explanation of how to makesa of the Threshold parameter most effectively to set an absolute limit
for the effective threshold.

Detected Peaks om -10.0—
Optical Spectrum e
Relative (calc) Thresh |+
Threshold (abs limit) |+ 20.0-

-15.0-

Peak Detection Parameters -25.0—

Enabled State
Pecks T [Peakivalley

£ Rel, Thresh (d8)
B8 Theeshold (dBm)
2 Widh Level (48]

40,0
001 \width (o) 45,0 [H‘N
i MM }J\/\I\I\
A Sy A,
' Wrrr O

-30.0—

-35.0—

Power (dBm)

-55.0—

-60.0—

650 i I I I | | I i
1544.000 1546000 15483000 1550000  1552,000 1554.000 1556.000 1558000  1S60.000
Wavelength {nm)

Case I: Single FBG, Rel. Thresh sets effective threshold far above noise floor.

Consider thecase presented in the preceding figurklere a singlEBG is seen with low loss, high side

mode suppression, and high signal to noise ratio. The parameters are set with a 2dB Width Level, a 0.01
nm width requirement (again, lower than might be practical, but useful for illustrative purposes), and a Rel.
Thresh of-5 dB, setting the effective thresholddB below the peak power e10dBm. With this low

degree of insertion loss, the peak detection is clean and clear.

What might result from the peak detection algorithm with these settings if the inserticniese to

increase dramatically, like by 8B or so? The figure for Case J shows the result. With the current settings
taking advantage of the Rel. Thresh valuesadB, the peak detection continues to track the signal without
complication through amisertion loss change of 3iB.

What then if the signal was tdecreased again by a few more dB? As can be seen in Case K, when the

signal is further reduced in intensity it begins to appear at a similar power level as the noise floor of this
measuremat. The noise floor may be dominated by back reflections from the fiber end face, or the
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aggregate signal from all other sensors on the fiber. Either way, it is not desirable to have the effective
threshold continue to track the signal all the way to ti@se floor, such that false signals are generated
out of that noise.

The solution to this problem is the judicious use of the Threshold parameter, represented in these plots by
the black horizontal line. If the Threshold parameter is ever higher thamed line, dictated by the peak

level and relative threshold, then it becomes the gating factor in determining the effective threshold. This
effect can be seen in Case L. The Threshold parameter is-d&tdBm, which is higher than the value
determined by the peak and relative threshold, which isd®m + {5 dB) =49dBm. Thus, the effective
threshold is set te45dBm, and no signal can meet the width and width level requirements.

Detected Peaks " -10.0~
Optical Spectrum P

Relative (calc) Thresh |+ =309
Threshold (abs limit] ™ 20.0-
Peak Detection Parameters -25.0-
Enabled State 0.0+

Peaks - |Peakialey 7
-5 Rel. Thresh (dg) 8 -35.0

-

5 Threshold (dBr) &
g -40.0-

2 width Level (d8)

001 | Width (o)

-45.0 - n
-55.0 - ll
v V v o \/
-60,0
-65.0-, i i
1944.000  1546.000  1546.000 1550 oo 1552 ooo 1554 oo 1556 Qoo 1558 oo 1560 000
Wavelength {(nm})

Case J: By using the relative threshold parameter, 30 diralsattenuation is accommodated in the PD
algorithm. This is a good thing. Effective threshold is still dictated by the peak level and relative threshold,

Fa GKS& IINB 02@0S GKS tAYAGAY3I GGKNBakKz2t Ré LI NI YSGSND

Detected Peaks P om -10.0-
Optical Spectrum e
Relative (ralc) Thresh | ==
Threshold (abs limit) | 20.0-
Peak Detection Parameters 25,07
Enabled State Ao
Peaks T !Peak.l\-'alley ‘E
£ Rel. Thresh (dB] =~ & -35.0-
-
-5 Threshold (dBrm) ~ ©
2 -40.0-
z width Level (d8) 8
001 |Widsh (o) a5.0-
f \J i U\
-55.0 -
v & \;
-60,0
-65.0 T 1 I 1
1544.000  1546.000  1545.000  1550.000 1552 ooo 1554 uulu} 1556 aoo 1558 ooo 1560 fuulu]
Wavelength (nm)

Case K: With several more dB of attatian and still using relative threshold, the PD algorithm begins to

IS4G Frfas LRaAGAGSar o0& ARSyGATeAy3d y2AaS adNUzOGdz2NB | a gl
parameter is included. It should be used to prevent massive attenuations freultireg in false positive

numbers.
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Cases M and N show how these new settings, designed to prevent fasie@signals near the noise
floor, continue to function well as the insertion loss on the FBG signal is reduced.
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Case N: With attenuation returning towards zero, the calculated threshold continues to track 5dB below

the peak amplitude. Since its value of 25dB greater thanthe WA G A y3 & (i K NB-85EME tRe¢ @  dzS &
calculated relative threshold continues to function as the effective threshold, used in the PD. The updated

a i KNB a K 2 {-45dBm@emairdz pratdction against false positive findings in the event of a future

increases in insertion loss.
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4.2. &x3C€ Swept Laser Core Technology

4.2.1 Functions, Features, and Modes of Operation

4.2.11. Detection Settings

The principal measurement mode for the x30 interrogators igternal hardware peak detection

measurement. When polled, the unit returns peak data for each FBG on each of the enabled channels. As
many as four simultaneous channels of data can be collected. Use of a multiplexer module will increase the
channel cant to as high as 16. The following sections describe how to set parameters for hardware settings
for the internal peak detection circuitry.

A. Gain

The gain control is a numeric value that sets a booster-galine inthe receiver circuit of the30

interrogatorsfor the specified Active Channel. Titeeeiver sensitivity of the30 unitsis calibrated to give

nearly full amplitude deflection for a high reflectivity FBG sensor with low insertion loss with a channel gain

setting of 0dB. Any reduction inftectivity or insertion loss from leainh fibers or connedirs can be offset by

keying inthe desired value in the Gain control, in units of dB. For example, if an FBG of 50% reflectivity is used
and an additional 3dB round trip fiber ledwl loss is incued, then the total loss of power to overcome is 6dB.

Setting the Gain control to 6dB will restore the amplitude of signal to nearly full scale. Calibrateairgy

settings may range from 0 to 20 dB in steps of 0.1 e sm130 also supportswalitNt § SR ay S$3alL G A GBS
to reduce from 0 to5 dB that can be used for additional flexibility in sensor level optimization.

B. Noise Threshold Level

Below the Gain control is a control to set the Noise Threshold Level for the specified Active Channel. The
Noise Threshold Level control sets a level below which the optical signal is ignored for purposes of peak
detection. Clearly, a lower value for Noise Threshold Level increases the available dynamicrrargecio

gain setting. The following figure idies by the two horizontal blue linesmaximum sensor amplitude

value of 4000 and Channel 1 noise threshold d@ These two settings affoeddynamic range of
10log(4000/200) = 1B for each given gain value. Keeping the Noise Threshold Level as i® practical
increases the dynamic range and thus loss budget for any particular gain setting. Increasing the Noise
Threshold Level value may enable stable sensor measurements for sensors with strong side mode features or
poor off resonance back refttion issues, such as those that might result from a reflective fiber end face or
poor connector. The Noise Threshold Level and Gain settings may be used in combination to maximize the
available loss budget for a particular sensor setup while maintamisxgmum stability of the sensor

measurements.
Micron ©ptics sm130 Swept Laser Interrogator mooiE
Remote Ethernet Utiity, Release 0.9 10.0.0.126 100.0
Release: 0,90h-4-18-3 ; 5{N; SIAGHF sm1301P Address  Buffer (%)
MICRON

OPTICS At chs i[1 of [4  ActiveSensor: 2[ 1 Savelnterval 5[ 1

4000~
3500
3000~

2500

Gain

1000 - 0.0

Noise Threshold
100

500 v ' ' v v ' i v '
1500 1510 1520 1530 1540 1550 1560 1570 1580 1590 LEred e

vl B =
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Screen shot oEthernet Remote Utilityn Channel Power Level View
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4.2.12. Basic Data Acquisition

The primary function of the x30 cors to rapidly and repeatedly make center wavelength measients onFBGs
As such, the bulk of the data transfer from the module is comprised of wavelength measurements data. That
wavelength data can be processed and transmitted from the module in a number of ways.

A. Wavelength Data and Wavelength/Levels &at

The x30 interrogator coris able to make simultaneous wavelength and relative amplitude measurements on
a number ofFBGs Section 4.2.2.4f thisdocumentwill outline specific commands that return wavelength
only data, as well as commands that conghboth sensor wavelength and amplitude information.

B. Buffered and Urbuffered Acquisitions

The 80 module is capable of interrogag and collecting data from hundredssimultaneous=BG

measurements 1000 times per secofi®00 Hz is the most common datete. Other x30 configurations are
available at other rates, e.g. 100Hz, 500Hz, 20Q0Mé&)h such high potential data transfer rates, it is

conceivable that shifting priorities in the host PC may cause a variation imedataates from the x30 core

To safeguard againany potential data loss, the3Rinterrogatorsmaintains an internal data buffer of 30,000
wavelength data sets, or a full 30 seconds of data at a 1000Hz rate. By default, the commands for wavelength
data extraction are buffered. Hawver, should application specifics require thiagtdata not be buffered, the

x30 supports urbuffered data acquisition commands as well.

C. Command/Reply and Streaming Data Transfers

As will be explained further in sectidn2.2.3of this documentthere ae two primary modes of acdping

wavelength data from the30 cored azald O02YYFYyR& FINB AYLI SYSYGiSR QAL I
method, where a command requesting data is sent from the client PC to the module instigating a data transfer

fromthe moduletol KS Of ASy (@ CKYESEOXBYIKER [A30RodthiB®atih2 NJ Y240 E
Additionally, though, there is a data streaming mode implemented that reduces the total communications

overhead, easing the transmission load of large measures of datathe module.

D. Amplitude Viewand Spectral Diagnostic View

In addition to making peak wavelength and amplitudeasurements, the30 interrogatorsalsoprovides
amplitude information in two differenways. The default Amplitudeé reports discretd-BG peak
amplitudes, allowing the user to set Gain and Noikee$hold levels to appropriate levels for the FBG
reflectivity and insertion loss characteristicAn optional Spectral Diagnostic View enhances the amplitude
view with a continuous spectral peesentation of the optical signal as received by the x30 interrogator core.
ThisSpectral Diagnostic Viegapability can provide a wealth of information about the health and operational
condition of a sensor measurement system, as well as assist in gnagdimal choices with regard to gain and
detection threshold settings. The associated commands and data formats f8ptetrum Diagnostic View
modealsowill be presented insection4.2.2.4 of this document.

The next two figures show an example siioatin which theoption of the X80 interrogatorscan be used in
combination with the Gain and Noise Threshold settings to avoid a potential data acquisition problem. The
black trace in the next figurshows a single FBG sensor reflection profile ridiog at FabryPerot etalon

created by a poor, reflective PC connection. As is seen in the figure, the amplitude of the periodic reflection
spectum exceeds the Noise Threshoddél when set to a value of 100. As a result, the peaks of the periodic
reflections are peak detected imddition to the real FBG elementesulting in a tainted and erroneous dataset.
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Micron Optics sm130 Swept Laser Inkerrogator
Remote Ethernet Uilky, Release 0.9
Relsass: 0.90h-4-18-3 ; SiN: SIASHF
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False sensor detection of PC connector baflectionas highlighted by Spectral Diagnostic View.

With the insight granted by th8pedral Diagnostic Viewas to the nature of the issue, the obvious best choice

is to locate and correct the poor optical connection, restoring the desired low, flat noise floor of an ideal
setup. If, though, for some reason the connection cannot be reachedroected, the Noise Threshold can be
increased to a level higher than the periodic noise floor, but lower than the desired sensor peaks, as is shown
in the figure below.

Micron Optics sm130 Swept Laser Interrogator
Remote Ethernet Utity, Relsase 0.9
Release: 0.90h-4-18-3 ; 5/N: SIAEHF
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Use of the Noise Threshold Level control to eliminate false sensectitan
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4.2.13. Wavelength Data Processing

After data is acquired by the x30 urihd before it is transmitted to the client, there are several data processing
features that can beised

A. Averaging

The x30 corés equipped with orboard averaging capabilities. Averaging can be implemented on an entire
module, perchannel, or peFBGhasis. This control initiates an internal averaging routine performed on a per
sensor basis. Each of the availaBBG®n each of the available chaels may bear its own unique number of
averages. Use of averaging on the higeesl data acquisition of the3® can yield measurements of

extremely high repeatability. sthe noise component of the3R data acquisition is assumed to be nearly
random, anicrease in the number of averages will yield an increase in repeatability that improves with the
square root of the averages. For example, a use of 4 averages on a sensor should yield a repeatability of ~2x.
An use of 100 averages should yield an impnosst in repeatability of ~10x. Of course, the effective data
acquisition time interval will go up with the number of averages. However, if averaging is employed without
the use of Data Interleaving, the data wilintinue to transmit from the 30 coreat the full rate, effectively

acting as a boxcar average. Wvl Averaging and Data Interleaving can be used in conjunction to reduce the
data transfer rate and increase the measurement repeatability where applications dictate such an approach to
be beneficial

B. Interleaving

To take full advantage of the averaging capabilities, or to simply reduce the volume dfatesmitted by an
x30 unit an interleave function has been developed. Interleaving allows the user to collect data from the
module at a reducedate relative to the scan rate of the module. Interleaving is executed on-aligsit

basis, enabling as many as five clients to poll data from the module at different rates.

Though the 1kHz data rate is quite enabling for satyjleamicappications, otter uses for the 30 Optical
Sensing Interrogator do not required its full speed data acquisition and transfer capabilities. Certain
applications may require a reduced volume of data, and certain data acquisition systems can only support
lower data transfe rates. To accommodate considerations such as these, a Data Interleaveandrhas

been included in the30 coreand a corresponding control in the distributed software utility. The Data
Interleave control acts as a client specific divider of the mawrirspecified data transferate of the X80 core

for data transmission purposes. For exampleseari3 With a maximum data rate of 1000Hz when used with
a Data Interleave of 10 will output data to the client at a rate of 100Hz. This feature can be Usmat aity
wavelength averaging to simply filter out unwanted datasets or in combination with averaging to yield
reduced rate, increased repeatability measurements.

C. Wavelength Referencing
The 380 firmware hasnternal wavelength referencing capabilitiedlowing the user to either manually set or
automatically capture reference wavelengths for each sensor, thereby enabling relative wavelength

measurements.

Commands explaining these of Averaging, Interleaving andaWelengthReferencing are covered in sdon
4.2.2.50f this manual.
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4.2.14. Multiplexing

Thestandardx30 core supports tens 6BBG®vera wide, common wavelength ranga each of four
simultaneous, parallel measurement channels. Should an application call for a larger roiraéesors or a

wider effective spectral range, the number of channels can be functionally incréasad x30 corg¢hrough the
use of an sm04Channel MultiplexerThe sm04Dbptical multiplexersonsistof a series of high speed, highly
reliable opticd switches that are semlessly integrated with the30 data acquisition process. The sm041 can
expand a four channel interrogator to either eight or sixteen-sblhnnel operation, while maintaining the same
wavelength repeatability and stability, as wedl mealtime, deterministic data acquisitiorsm230, si230, and si730
models are each available with up to internal 16 channels.

Sectiord.2.2.5explains how to integrate the sm041 Channel Multiplexer with respect to data acquisition formats.
4.2.15. Operating Modes and Synchronization

The previous sectiomtroduced the concept of optical channel expansion through the use of an sm041 Channel
Multiplexer. The use of the multiplexer provides a flexible, -@ff&ctive means of increasing the avaikbl
bandwidth and channel count, but it does so at a cost of acquisition speed. For each doubling of the channel
count, there is a reduction in maximum acquisition rate by a factor of two.e¥ample, ilalkHz sm13000 with

an4 x 16sm041416 Channel Mitiplexer Module, data can be acquired at a maximum rate of 250Hz.

If an application should require more than four channels of simultaneous measurements atthedthe sm80

KIENRgI NB &8y OKNRYATFGA2Y FSI Gdz2NB DY F 16\6¢ diayoRidendod @ H deid ¢
interrogator core allowfor serial connection of multiple sn80 units. When properly configured, each connected

module will scan in unison, with all lasers in phase. All data acquired from each of the synchronized mddule

bear the same dataset serial number, ensuring that truly simultaneously acquired data can be collected from each

module.

The synchronization features is only supported onthé Y é6 Y2NJdzf S¢ Of I aa 2F Eon dzyAadas .
sm130 and sm23Modules.

The configuratiorof an smX20 module with regard to its state of synchronization is known as an Operating Mode.
The following sections will introduce each of the four operating modes and the associated trigger signals.

A. Stand AlonéMode

The deéult operating mode for themX30 is Stand Alone ade. When in this mode, the slBX module is

neither synchronized to another module, nor is it configured to provide a synchronization signal to any other
Y2 RdzZ Sao ¢ KS a{ @y datatrighéringl@@aNséction &.2. 16@details) lara thé& outpd NJ
signal is a simple square wave of frequency equal to the acquisition rate of the module, which can be used to
synchronize other equipnre to the acquisition of the sn30. The dataset serial numiserefer to that ofthe
independent, Stand Alone3® module only.

B. MasterMode

In Master mode, the snB80 module is configured to be the Master module, to which all otheX3modules

that are configured as slaves will be synchronized. When converteld$ter mode, he output sync signal of

the sm>30 module converts from a simple square wave into a modulated signal onto which information for
synchronization is encoded. Included in the encoded synchronization signal is information about the data
rate. Fwhen in a synchronized configuration the data rate of the Master module is reduced, all synchronized
slaves will be correspondingly reduced in acquisition rate. Also encoded in the sync signal is the dataset serial
number of the master module. This s#dmumber is passed via hardware to all connected slave modules, such
that a common serial number is applied to all simultaneous acquisitions made by all synchronized modules. It
is from this common dataset serial number that all collected datasets eaigned to create a muithodule
synchronized data set in client saofire. Please see section 4.2.87 a basic example on sm130 module
synchronization.

NOTE:Synchronizationsi only compatible with 1 kHz sil®Xmodules. If synchronized data is reeqd at a lesser
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rate, the data rate divider can be altered on the master module to reduce data acquisition rates on all O

synchronized modules. In order for synchronization to function at all, though, the master module and each
slave module must be 1 kidapable.

C. Middle SlaveMode
The third operating mode is Middle Slave. When a module is configured for either Middle Slave or End Slave
Y2RSZ (KS Y2RdA S f2214a G2 G(KS a{eyO Lyé¢ LRNIL F2NI I &e
present, noRI G | OljdzZAaAdG A2y @Attt GF1S LXIOSo LT GKS atl @S$
signal of an snB0 module configured as a master, then the slave unit will synchronize its internal laser sweep
and data rate to that of the master (@nother Middle Slave), according to the synchronization signal. Once
synchronized, all data acquisitions made by the slave will be labeled with the dataset serial number of the
master, as encoded in the synchronization signal.
In the Middle Slave configilr G A2y~ GKS Y2RdzZ S NBSOSA@Sa |y SyO2RSR aey
Lyé¢ LERNI FyR LI aasSa (KIFId Y2RdAIFGSR aArdaylrt G2 &dzaSldzsS

D. End Slave
In End Slave mode, the sB(Xmodule behaves identically to that of the Middblave, except that the signal
LI 8&4SR G2 (GKS a{eéeyO hdzié¢ LIRNI A& | &AYLXS dzyY2RdzZ | GSR
data acquisition equipment, if needed.

4.2.16. Triggering

The previous sectiomtroduced the concept of syncbnization, whereby the laser sweep, acquisition rate and
data set serial number of an srB®modué can be dictated by another slBXmodule. This section will discuss
the Triggering feature, whereby data acquisition from a single module can be gdviegyesents generated not
by sm>80 modules, but by other equipment or software.

G LINBaSyilds GKS adyOKNRYyATLFGA2Y TSI GdNBa A& 2ytée a

sm130 and sm230 modules.
A. Untriggered

The deéult triggering moe for the sm&0 is Untriggered mode. In this free running mode, data is made
available to service data calls following each and every acquisition.

B. Software Triggering

When the module is set to a triggering mode and no trigger is present, no data Vel e the data

structure for that acquisition. Rather, responses to the data acquisition commands will be marked with a
value of 9 in the error entry of #hstatus header of described in section 4.2, 2¢dlicating that the module is
awaiting trigger.When configured for triggering and an appropriate trigggnalis present, the status bit will
be set to 1 and the full dataset will be populated with first dataset acquired following the trigger signal.

When the module is set for software triggeringete are two commands that are used to stop and start
triggering. Details for those two conandswill be seen in section 4.2.2d3 this document

C. Hardware Triggering

When the module is set for hardware triggering, it will wait for an appropriate WELHardware trigger
AAdylLE 2y GKS a{ey0O Lyé¢ LERNI 2y (KS FTNRyid LI ySt
hardware trigger signal can be configured in several ways. The start edge of the trigger signal can be either
rising or &lling edge. The trigger can be configured to stop on another rising or falling edge, or to simply
trigger for a number of predefined acquisitions. Additionally, the module can be configured to trigger only
one time, or to automatically retrigger on sudrgient rising or falling edge# simple LabVIEW example

showing the triggering comamnds is covered in section 4.2.2.7
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NOTE: There is a significant difference between synchronization and triggering, as it relates to the scanning of the
laser hardware.ln a synchronized configuration, the slave module actually synchronizes its laser sweep to
that of the master module, so that the lasers are literally scanning together in phaseridgeaed
configuration, the sm30 laser continues to scan at a ratedagphase dictated by its own internal clock.
Triggering only affects the time at which data is transmitted and has no effected on the start or stop timing of
the internal laser sweep and data acquisition. As such, triggeringeosni>80 bears a mximumlatency of 1
millisecondfor a 1 kHzapablemodule.

4.2.17. Speed of Light Compensation

The B0interrogator coremakes wavelength measurements with a high speed swept wavelength laser. Due to
the rapid scanning rates and the potentially vast distes from the interrogator to the optical sensors, the finite
speed of light can be a factor in the values of measurements.

Using the speed of light @ldzt A2y a RSGFAET SR Ay FLIWSYRAE Syidaidt SR af{ LIS
a S & dzNBof tfigriaaual, the effects of this time of flight delay can be cotghyecompensated by internal

x30 algorithms, which make use of a table of distatwsensors information. This table may be populated

manually, using known fiber lengths or external measnents, or by using thEBG Sensor Distance

Measurementcapabilities of the sn30 modules.

4.2.1.8. FBG Sensor Distanbteasurement

The 380 optical interrogatas areavailable with optionaFBG Sensor Distanbteasurement capabilities. 30 FBG
sensor distancaneasurements can be a very useful tool F8Gocation in the deployment and management of
large sensor networks, as well as provideushle data for input to the30 distance compensation algorithms.

In DistanceMeasurement mode, the inteogator performs a series of measurements which enable it to deduce
the optical, and thus physical, distance from the interrogator to each connected bpB¢a Like an OTDR, the

x30 coreuses information about the laser tirf-flight to calculate thealistance to a particular spectral feature.
Unlike anOTDR, however, the8® can make these measurements on multiple spectrally narrow optical features,
such as fiber Bragg gratings.

In order for the distance measurement algorithm to execute propehgre are several conditions that must be
met. The most important of thesconditions is that th&BG®on each channel must be separated by at least
1.5nm and physically laid out in simultaneously ascending wavelength order with physical disfd6.
wavelengths are out of order, the algorithm used in the sensor location measurement procedure will very likely
produce erroneous location measurement results.

4.2.19. Network and Time Settindapplies to siX30 modules)
The smX30 modules supporteammand set for all basic TTHP configuration settings, such as IP address,
Netmask, and default gateway. Additionally, DHCP (Dynamic Host Protocol) is supported and can be configured
via remote commands.
All x30 core Ethernet settings and configunat are managed automatically on the siX30 instrument platform.
The 80 time based defaults to thiaternal system clock of the x30 interrogator can@dule. The user can set
the system clock, or can configure the system to use NTP (NetworkPFotaro) to synchronize the30 system
clock with any one of many public time servers, including the default NIST atomic clock in Boulder, Colorado.

4.2.2 TCPIP Remote Control Interface

4.2.2.1 Configuration(applies to siXx30 modules)

ConfiguratiorData transfer to and from the30 coreis through a 100Mbit/S Ethernet port on the front of the

unit. The unit can be connected to an existing network through a hub or it can be connected directly to a host PC
using a crossover Ethernet cable. Both of th@sangements require that the30interrogatorand the host be

on the same logical network. The network administrator can assure this by providing an appropriate static IP
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address and Net mask for th8& and/or host PC. These values can be configuned tise remotecommands (0]

outlined in section 5.2.2.6f this manual.

The sm130 supportsdgiirectional communication through a data socket (port #1852).

NOTE:Thedefault IP address and Net mask the sm130/sm230 modules afié.0.0.126and 255.255255.0Q

respectively. See section 5.1.1 for additional details. The IP address for the si230/si730 instruments
are configured to acquire automatically from a DHCP server by default. See Section 5.2.1 for additional details.

4.2.22. Communicatn Protocol

Commands and queries to th8&coreare in the form of ASCII strings that begin with a # character and end with

I fAYSTSSR 6! {/ LWQOKYNY EndedhBENRYAFAREEE WIAAO0B0® I £ f
internally buffeed until a linefeed chacter is detected. Once th&@corereceives the linefeed, it then

interprets all the buffered data that preceded the linefeed. In resggoto the received data, the8® corewill first

return a 16byte ASCII string. This-b@te string is not a response to the submitted command or inquiry. Rather,

the 10-byte string represents the number bytes contained in the response to the command. This is the number of
bytes that the host is expected to read in addition to the first 1GbytThe example below illustrates the point:

host: #IDN?<LF>
sm130:0000000032
sm130:Micron Optics sm130, Release 0.9

In this example, the host hassued the #IDN? command to am130. This command is used to retrieve the

sm130 software @rsion number. In response to this command, the sm130 first submits oy tEOstring
dannnannnnoué AYRAOFNGAY3I (KIG GKS NBaLrRyasS (G2 GKS 1 L5bK
32025 A0GNRYy3I adaiONRy h L stOBhusiof everyicbmmasdiwBtieritGtherslPEby 6 2 G K S
the host, the host must make 2 reads. The first read is always 10 bytes long. The second read has a variable

length dictated by the first. Note that this protocol is followed whether or not the datd to the sm130 is a

valid command. A LabVIEW implementation of the above example appehesfoilowing figure A VisualBasic

implementation appears thereafter.

Basid_abVIEW Implementation 088 TCRP Protocol

TCP TCP
Read Read
TG TG
L =
String
To Mumber
EEXE]
O NO ka out
m—— 3 —
Fabc]

Basic VisalBasic Implementation of x30rCPIP Protocol

1 A Winsock control allogruser to communicate with x30 cove Transmission Control Protocol (TCP)

9 To establish the Winsock control in Visual Basic, select Microsoft Winsock Control 6.0 from the Component
dialog box othe Project Menu.

9 Set Protocol property of the Winsock as sckTCPProtocol. Set the RemoteHost and RemotePort properties of
the Winsockag30Qa Lt | RRNBaa | yBivemnama to the Wkeckidrirdl (eg.St & ¢
tcpClient).

 Establish connection i x30 corewith the command,
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Call tcpClient.Connect (0]

1 Once the connection is established (check connection status with tcpClient.State) send command to x30 core
to request data size.

It GOLY t ASYyGo{ SyR5F{lFo6dal L5bKEé g @o[ FO
1 Wait until 10 bytes areeceived and get data size as string.

While tcpClient.BytesReceived < 10
DoEvents

Wend

Call tcpClient.GetData(strSize, vbString, 10)

9 Convert data size format from string into integer.
intSize = Cint(strSize)
1 Then, read data for data size.
4.2.23. DataRetrieval
A. Command and Response

Sensor peak wavelength datan be retrieved from the x30 cotesing one of four commands: #GET_DATA,
#GET_DATA_AND_LEVELS, #GET_UNBUFFERED_DATA and #GET_UNBUFFERED_DATA_AND_LEVELS. Full
spectrum data can be retriedewith the #GET_SPECTRUM command. In all of these cases, the retrieved data is
preceded by an 88yte status header (Note that there is also a #GET_HIGH_SPEED_FS command for retrieving
spectrum data that does not make use of the status header). Thédslefahe status header are described in the

next section. Details about each of the data retrieval commands are presentieel iemainder of this section.

The size of the transfer in bytes is a function of the number of sensors attached to the sydtarminimum, the
transfer will be 88 bytes long (status with no data). At a maximum, the transfer will be 2088 bytes long in the case
of #GET_DATA (2088 = 500 sensors *4bytes /sensor + 88 byte status) and 3088 bytes long in the case of
#GET_DATA_ANDMHS (3088= 500 sensors*4bytes/sensor wavelength + 500 sensors*2bytes/sensor level+ 88
byte status) . #GET_SPECTRUM returns 65624 bytes (32768*2bytes/sensor level + 88 byte status).

Data can be retrieved from the 30 coréfor all four of the above merdned commands (#GET_DATA,
#GET_DATA_AND_LEVELS, #GET_UNBUFFERED_DATA, AND #GET_UNBUFFERED_DATa#s AWNIhedEVELS)
in section 4.2.2.4f this documenusing a Command and Response method of commtiaitaWith the

Command and Response method, eadtance of data acquisition must be preceded by one of the four

commands mentioned above. In conjunction with the #FLUSH_BUFFER command, #GET_DATA and the other
Command and Response commands are a good means of retrieving up to ~30 seconds of datauroin Hor
continuous acquisition, initiating a data stream is strongly recommended.

B. Streaming

In an effort to reduce the amount of data overheaadehandshaking between the x30 caed client computers,

a data streaming mode has been implemented fog #GET_DATA command. In order to utilize streaming mode,

the following steps should be taken. First, a socket connection is created ¥3theore Next, that socket is

O2y@SNISR (G2 I GadNBlIYAy3d NEONTAdmmadd(seasdd. 22 ofthisk S 1 { 9¢ ¢{ ¢
documentfor details.) This command converts the data acquisition mode for that socket connection from a

traditional command and response mode to streaming mode, for the #GET_DATA command. In the command and
response mode, the cli¢t must send thex30 corea #GET_DATA command and then read the returned data, when

availale. In streaming mode, the3® coreinternally generates #GET_DATA command following each acquisition,

requiring only that the user perform a TCP read to extraetdata. It has been shown that the elimination of the

TCP write dramatically increases data throughput fromx8@ coreto the client.
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The set streaming data command is client and socket specific. In order to use the command, a user would firsto)
open asocket and then send the #SET_STREAMING_DATA command with a parameter of 1 to convert the socket
to a streaming socket. From that point forth, th@0 corewill stream data to that socket and will not make any

other replies to commands sent to that sockéEhe commands that are sent to the module via the streaming

socket will continue to be processed, but all replies will be suppressed so as to not corrupt angjarctheonize

the data stream.

In reading a streaming socket, special provisions shouldde to ensure that the server and client do not

become unsynchronized. To this end, each streaming dataset is terminated by synchronization token. A client

application should validate synchronization by ensuring that the last eight characters of tsetlate all equal

to X (XXXXXXXXILR Y SEAGAY3I AaGNBFYAYy3d Y2RSST GKS FTAylf aed8yOKNRYA
“Qa 0 %VLHLHLYLL) D

NOTE: With the additional 8 byte synchronization token, the maximum data set size for the #GET_DATAddmma
streaming mode is 2096 bytes.

4.2.2.4. Data Interpretation
A. Status Header
The status header is a 22x32bit (88 bytes) structure of mixed data types that precedes and provides
information about the data being transferredhe following tableshows the relevant members of the

structure. The shaded member fields aeservedfor future expansion, used internally for instrument
monitoring and controlsor simply not yet implemented.
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0 [AB|C| D E F/W Ver. [23..16] | Cur. Layer [15.8] | “FS Radix [7..0]
1 GH[I[3| K | N |*P] L FBG Thermistor [15..0]

2 Tx Ambient Temp [31..16] RESERVED 2 [15..0]

3 # FFPI Peaks [31..16] # FBG Peaks [15..0]

4 # DUT2 Peaks [31..16] # DUT1 Peaks [15..0]

5 # DUT4 Peaks [31..16] # DUT3 Peaks [15..0]

6 RESERVED 7 [Q R ACQ Counter 3 [15..0]

7 Serial Number [31..0]

8 Kernel Time Stamp (usec)[31..0]

9 Kernel Time Stamp (sec)[31..0]

10 Kernel Src Buffer [31..16] Kernel Buffers [15..0]

11 Error Kernel RT LocO [23..0]

12| Header Lenath* (bvtes) [31..161 Hdr Ver #115..81 | %Buffers [7..01
13 DUT2 Gain [31..16] DUT1 Gain [15..0]

14 DUT4 Gain [31..16] DUT3 Gain [15..0]

15 DUT2 Noise Thresh [31..16] DUT1 Noise Thresh [15..0]

16 DUT4 Noise Thresh [31..16] DUTS3 Noise Thresh [15..0]

17 H/W Clk Divider [31..16] Peaks Data Rate Divider [15..0]
18 Granularity [31..0]

19 RESERVED 4 [31..0]

20 Ful | Spectr [BmO]Starting a
21 Full Spectr[8nm Ending o

Available to users

A¢ Acq. Triggered Bit [31]
B¢ CalibrationFault [30]

Reserved for internal use

Cg Start Of Frame [29]

DqFAN_STATE [28..27] 28 = Primary Fan; 27 = Secondary Fan

E¢ MUX_STATE [26..24] (SO, S1, S2)
F¢ XferType [31..28]

G¢ SOA Therm. Limit [27]
H¢ SOA Current Limit [26]

I ¢ TEC Over Temp [25]

J¢ TEC Under Temp [24]
K¢ Operating Mode[23..22]
L¢ SW Position[17..16]

N ¢ Triggering Mode[21..20]
P¢sm041 Mux Level [187]
Q¢ NRZ Command [23..21]

R¢ RESERVED 6 [20.*t#¢ader_Length = offset of DUT1 data.

"“The number of FS data points is 2*(FS Radix).

"*he zerebased MuxLevel values of {0,1,3} correspond to MuxLevels {1,2,4}
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The header is composed of 22 DWIIER(32bit double words) numbered-@1.
The following table summarizes the pertinent entries.

Location Name Description

DWORD 0, bits-0 FS Radix Radix of the full spectrum number of data points. This fi
Oy 68 Ayl SNLINEG SRradixilebi 2
g2NRa Ay (GKS FdzZ £ aLISOG NUz
is composed of 65536 words, FS Radix = 16.

DWORD 0, hits 183 F/W Version The version of the currently running FPGA synthesis. Tk

information can also be retrieved by issuitng #/IDN?
Command.

DWORD 0, bit 27

Secondary Fan

Indicates that the backup fan is running. The secondary|
runs when the internal temperature of the instrument rise
above 40C. This may be caused either by a failure of th
primary fan or by an elevatd ambient temperature. In
either case, action may be required. Under most
circumstances, the secondary fan will never run.

DWORD 0, bit 28

Primary Fan

Indicates that the primary fan is running. The primary fa
runs when the internal temperature of tHastrument
exceeds 30C.

DWORD 0, bit 30

CalibrationFault

Part of the health monitoring system, this bit goes high
when the repeatability of the wavelength calibration
cannot be guaranteed to the specifications of the
instrument. Uner normal operation, this bit should neve
go high.

DWORDI, bits 167

Switch Position

The position of the external optical multiplexer switches.
Possible values are 0, 1, 2 and 3. The optical port numb
can be computed as 4 * SwtichPosition + Chahhehber.

DWORD1, bits 718

Optical
Multiplexer
MUX Level

Together, these bits can assume the value of 0, 1 or 3
which corresponds to optical MUX levels of 1, 2 and 4
respectively. When the MuxLevel is 1, no optical
multiplexer is present. When the Muxied is set to 2, then
each of the channels is multiplexed to two optical ports.
When the MuxLevel is set to 4, then each of the channel
multiplexed to four optical ports.

DWORD1, bits 201

Triggering Mode

Legal values for this bit pair are 0, Idaéwith the
following definitions:

0¢ Untriggered. The system is freenning and collects
data continuously using its internal clock base.

1¢ S/W Triggered. The system starts and stops collecti
data based on software commands only.

3¢ H/W Triggeed. The system starts and stops collectin
data based on either software commands or logical
GNYyarxdidAiaAzya 2y (GKS aqaeayo

DWORD1, bits 223

Operating Mode

Legal values for this bit pair are 0, 1, 2 and 3 indicating t
following operating modes:

0 ¢ Stand Alone. This is the default operating mode. He
the instrument is free running. Data collection is based
an internal clock. The instrument puts out a square wav
on the sync out port that is synchronous with the data
acquisition process.

1¢ Master. Here, the instrument is free running. Data
collection is based on an internal clock. The instrument
puts out an encoded signal on its sync out port. Other
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