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1. SAFETY AND COMPLIANCE
1.1 Safety

1.11. Safety Symbols

The following symbols and messages may be marked on the unit. The purpose of safety symbddstitheouser to
possible dangers. 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 substittes for proper accident prevention measures.

Symbol Description

% [FaSNI {IFSdeao wWSTFSNI (i2 dzASNRA Yl y

WSFSNI i2 dzASNRA YIlydzat F2NJ alFSde

Caution. Risk of electrahock.

Frame or chassis terminal for electrical earth ground.

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

Protective conductor terminal for electrical earth ground.

Thissign indicates a procedure with the potential to cause serious injury or |
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.

Thissign indicates a procedure with the potential to cause serious damage t
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.
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1.1.2. Line Power

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 vsenviceable parts.

All Micron Optics Interrogator modules amstrumentscovered in this documer(excepting the si325 Portable
Instrument **) can operate from anfpC power supply thaiutputs 7 - 36V and30 Wof power. The MOI
interrogators are supplied with an external AC adapter which accepts an input voltegiagdrom 10e240VAC
within a frequency range of 47 to 63HRlease see the product datasheetsaatw.micronoptics.comfor power
consumption specifications for specific modules.

WARNING:To avoid possibilitgf injury or death, do not operate any electrical 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 CONNEIT@®Snterrogatorgovered in this documer(excepting
the si325 Portable Instrument **) arequipped with gpanel mounted fouterminal block removable connector that
is intended for fixed wiring applicationTherefore, it is extremely important théhe power be applied in the proper
sequence:

M® 2A0K GKS LRoSNI agA0G0OK Ay GKS hCC LlaritGrzyX
2. Connect the power supply leads to the terminal block.

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

4. Tighten thawo (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 iportant as these types of connectors are not intended 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 2@ \dmp output AC/DC converter with a 5.8 mm coaxial connector.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 8



http://www.micronoptics.com/

roq MICRON Optical Sensing Instrumentation & SoftwarENILIGHT
OPTICS

o
1.1.3 Laser Safety O

This section applies to the following MOI interrogators: sm125, sm225, si225, si325, si725, sm130, sm230, si230
si730.

Initial LaseSafety 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 ofcontrols or adjustment of performance or procedures other than those specified for the laser
source may result in hazardous radiation exposure.

Refer servicing only to qualified and authorized personnel. There are no internadars@reable parts.

WARNING:Do not enable the laser (turn on instrument) 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 supptiethe instrument and the instrument is initialized. The 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 operationa

WARNING:The laser radiation is not visible to the human eye, but it can seriously damage your eyesight.
CAUTIONConnecting damaged or dirty fibers to the unit can damage the optical connectors on thAlwas
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 opticalemior to any of thepanelmounted FC/APC
connectors of thenodule. Such mismatched connectionan lead to malfunction cdlamageto the module.
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Follow standard guidelines for cleaning optical fibers.

1. Fold a linfree wipe into a compress.

2. Moisten the compress with ipoopy! alcohol.

0o wSY2@S GKS O02yySOi2NNa LINRBGISOGABS 0O20SN®

4. Press the connector endface 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, firgsh a

clean, dry section of the compress. Repeat process, making sure not to reuse dirty sections 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 aAdiapter 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 Potentially Explosive Atmospheres

All Micron Optics (MOI) Interrogators MUST be tedaand operated in a safe zondowever,with ATEX
certificationthe passiveeomponents of an optical sensing system (optical fiber, interconnects, Bilagig grating
sensors, etg.that are optically coupled toreATEX certifiedOl interrogator may be installed and operated in
Zone 0, 1 or 2 environments.

1.2. Compliance

1.2.1. Preventative Maintenance

Some Micron Opticeiterrogators areequipped with a system of redundant high MTBF ball bearing cooling fans
with an externally mounted, user accessible particle filt8hould an interrogator be so agpped, te user should
periodically monitor the degree of particulate accumulation, and take steps to clean the 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 with forced
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 sold. Details
regarding the warranty are available in the Terms and Conditions of Sale distributed at the time of purchase.

The Micron Optic®ptical Sensing Interrogatearedesigned with longerm field deployment in mind. Continual
on-board calibration procedures using epefxge, Telcordia qualified optical referencing components and/or NIST
Standard Reference Materials ensure that sengavelength measurements remain within specification over the
life of the product.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 10
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1.2.4WEEE

Micron Optics is committed to meeting the requirements of the European Union (EU) Waste Electrical and
Electronic Equipment (WEEE) Directive. ThisciWe requires producers of electrical and electronic equipment to
provide for the takeback, for reuse or recycling, of their products placed on the EU market after August 13, 2005.

Micron Optics products that are within the scope of the Directive labeled with a crosseaut "wheeledbin”

symbol, as required by the Directive. It indicates that the product was placed on the market after August 13, 2005
and that end users should segregate the product from other waste atoéride.

The WEEE Dirtee is being implemented in each of the 27 EU countries through national legislation. Norway and
Switzerland have also implemented similar pieces of legislation. As a result, the detailed requirements vary
considerably throughout the EU, and the Microntiop WEEE compliance approach varies among countries. In each
country affected by the WEEE legislation:

w Micron Optics offers, where required, a product takeback service to its business customers.

w Micron Optics will seek to register as a producer wherducal legislation requires.

In addition:

w The equipment that you bought has required the extraction and use of natural resources for its production. It
may contain hazardous substances that could impact health and the environment.

w In order to avoidlie dissemination of those substances in our environment and to diminish the pressure on the
natural resources, we encourage you to use the appropriate-talak systems. Those systems will reuse or recycle
most of the materials of your end life equipmenta sound way.

w The crosseaut wheeled bin symbo) invites you to use those systems.

w If you need more information on the collection, reuse and recycling systems, please contact your local or
regional waste administration.

@ You can also contact btion Optics for more information on the environmental performances of our products.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 11
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2. INTRODUCTION AND DEFINITION OF TERMS o
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
accuracy, repeatability, stability, and other keyrfjpemance 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 physical form factor determines the size, volumsery 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 MOI Optical 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 {sSLI [l AaSNI ¢SOKy2fz23@

The x25 optical interrogator 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, softwaregi-processing flexibility, and loss budget/dynamic range measurement
performance. x25 technology based interrogators are typically characterized by lower acquisition rates and higher
dynamic ranges, and also suppodntinuouson-board NIST traceable walength reference components. 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 technolegy ar
GeLAoOrtte o0Sal adAGSR F2N) aadlaAO0é YSFEadaNBYSyd | LILX AOF G
tens of Hz.
HOMOPHD GEoné {6SLIG [FH&aSNI ¢SOKyzfz238
The x30 optical interrogator core is based upon swept wavelength laser baessslirement techalogy that is
enabled by hardware detection, optimized for rapid data acquisition of many FBG ser30tschnology is
focused on providing measurements with héglacquisition rates, moderate dynamic range, and continuous on
board refeencing Interrogators based upon x38chnology ared LJA O f t @ 06Sa il ¢a Bk FRINBY Sy dR e
applications, requiring data acquisition rates in thendreds to low thousandsf Hz.

HOMPod GEnmMé adzZ GALI SESNI ¢SOKyz2f 238

The x41 Multiplexers emplay network of optical witches orpassivecouplercomponents and aresed to expand
the physical or spectral distribution sénsor measurements. x41 switch modules featuiigh $peed, solid state
switches optical switches thatrovide years of reliabland durable optical switching functionality.

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 o6l aSR dord@pbnds ditdt tasthim¥etcormadds§ 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 xterioa @c or p1XX

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

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 12
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2.2.2. Sensing Instruments & A € @

An interrogator based uponthisé 2 NJ { Sy & A pfafform yées ArNRY dptimized integrat&NLIGHT
operatingenvironment built upon WindowsEmbedded technology. This facilitates-lboard management of all x25
or x30 interrogatoicore settings, data acquisition, sensor calibration, data visualization, and data stblsgys of
the IntegratedENLIGH&nvironmentinterface to the si through touch screerL.CD, external
keyboard/mouse/monitor, Windows Remote Desktop connectjarshe ENLIGHT Remote Command Interface
Sensing Instrument yields calibrated sensors measurement of engineeringjtsggsa such as temperature, strain,
acceleration, or displacement, and facilitates a host of other sensing system level functions.

2.2.3. Sensing Processara a LJ¢
In addition to the two principal interrogator platforms introduced above, anothersctdsnstrumentation is

I @ At 0f S @ensing R&ssaris blompuftdfional processor module and can be used to add data processing
capabilitiesand flexibilityto interrogator modules, including additional ports, protocols, operating systems,

softwl NB @ 2 KAETS (KS aLI0& R2 yz2i (KSYaSs erdéator tRiindldgiésiithee ¥ S+ G dzN

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 core 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, sm130, sm041

The 1xx Series Field applications form factor is designed for fistdiandindustrial applicationsThe small

physical footprint of the 1XX Series Field module rsétken ideal physical fit for many itadlation scenarios. The

Field unit form 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 has a proven track record for reliability and stability.

2.3.2. 2xx SeriesRack Mount

Examples: sm225, si225, sm230, si230

The 2xx Series Rack Mount form factor is designed to offer compatibility with indusitry y R NR mdpé NI O] Y2

enclosureinstallations 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
Instrumert platforms.

2.3.3. 3xx SeriesPortable

Example: si325

¢KS OEE {SNASE t2NIlIofS F2N¥Y FIOG2NI AyO2NLR NI G8a |
sensing measurements for installations, schedulessio® measurements, ana host of other optical sensing
applications that require portability. All portable units are of the Instrument platform, which includes the
Integrated ENLIGHT operating environment.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 13
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2.3.4. 7xx Seried_ahoratory

¢Examples: si725, si730

TheTEE [ 02N G2NBE F2N¥Y Tl Oh2 NI foyroviidd canMdniénSrdeastirenteA 3 K MT €
environment forresearch and system development efforts in the laboratory. All laboratory units are of the

Instrument platform which includeghe Integated ENLIGHT operating environment, as well as ample 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 instrumentationFor example, an sm125 module is comprised of:

sml25. =>Sensing ModuldPlatform.

smi25. =>1xx Field Form Factor.

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

si730. =>Sensingnstrument Platform.

sm730.  =>1xx Laboratory 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 applicability of

SHOK aS0O0GAa2y 2F R20dzvSydidtdAaz2y G2 F LI NIGAOdzZ N adzoaSid 27

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

For example,

-asectionthatreferstoadl EH p , &/ Hpl ¢A Y (i & BER B | villZdp éniversally to all
sm125, sm225, si225, si325, and sitédules and instrumestand NOTo any x30 units (not the sm130,
sm230, si230, or si730.)

- a section that refers teamX30units will apply exclusively tm130andsm230modulesand 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 apphyotiulesof either core technology
(sm125 sm225, sm130 or sm230)

The following section of Quick Start guides will make use of the guidelines set forth above to ease the navigation of
this manual.

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

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

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 14
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] MICROMN
1 OPTICS

sm125 Optical Sensing Interrogatbtodule External PC runnin@NLIGHT
The interrogator module monitors the optical sensors and LabVIEW examples, or other custonerticode. All module
outputs wavelength data via Ethernet port and custom MOI settings sensor calculations, data visualizatistorage, and
protocol. alarmingtasksare run on externalPCor sp125module.
Navigating User Guide Resources
sml25. =>Sensing ModuldPlatform.
Refer toSection 5.1for information on module and host 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 portsrawings,andpower 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 onENLIGTSensing Analysis Software.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 16
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sm125 Quick Start Instructions

Follow this quick set of instructions to begin making sensor measurements with the sm125 Module.
2 Kl GQa Ay GKS 062EK

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

What else is needed?

2. Have an FBG sensor 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 Na&H2ask.255.0.
4. Download and Install Micron Opti&NLIGH®oftware via the link at
http://micronoptics.com/sensing_software.php
5. ' yT AL GKS R2goyf2FRSR FAf S -dergeR indtibnsdoicSniples dieSristdllation C2f f 26

Prepare the Instrument Hardware:

6. Plug the AC line cord into AC adapter and then AC adapter to sm125 Modligove power switch to the ON
position.

7. Connect test FBG to Channel 1 Optical Connector.

8. Con5Oil G(KS 9GKSNYySiG ONRaa20SN) OFLotS 0Si6SSy (GKS LIBE2NI 16!
of the remote PC.

READY LED
CLIENT LED
POWER LED . .
OMIOFF SWITCH— DC POWER
s b
Do not use ~ / \/p,—cr—n FCIAPC
— L '@? CH2 FCIAPC
M= of
' 3 o = CH3 FCIAPC
B E&ge e
at—— CH4 FCIAPC
& & & © !
Connect toEthernet [ \ : b
port of the remote PC B Ln lcom  vea ‘11
v AUX

=mil25-500 Front View

Connect to the Instrument:

9. On the remote computer, clicRtart, point to All Programs, and then point to Micron Optics.
10. In the Micron Optics menu, to point to ENLIGHT, and then click NNRDIGHT
11. In the IP Connection Parameters box shown in the following figure, choose the x25 Swept Laser Core and enter the
defaut sm125 IP address of 10.0.0.122.
12./ t A01 ahYé FyR GKS 9b[LDI¢ a2FGeglNB gAff O2yySOG G2 GKS
13. For additional assistance, refer to the Micron Optics Optical Sensing Instrumentation and Software User Guide.

NOTE: If the IP address of the module hasgmechanged from the default value of 10.0.0.126, the updated value will
608 RA&aLIX I @SR 2y G(GKS D! 2dzildzi 2F (KS Y2RdzZ So +SNATAOI GA
MADPN PN OMHHE AY (2 ->ROBYFLIPR G OMRYRIG y1a BaidzOBS a a Fdzf LAYy 3 NBLX &
GwSLX & FTNRY mMnodnodndmuHuHY o68iGS&ron GAYSIMYE ¢¢[lTcoéod
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Optical Sensing Interrogator | sm225

sm225 Optical Sensing Interrogator Module External PC runnin@ENLIGHT
The interrogator module monitors the optical sensors and  LabVIEW examples, or other custom client code. All modu
outputs wavelength dataia Ethernet port and custom MOI  settings, sensor calculations, data visualization, storage, ar
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 upgradeseENLIGH%oftware can be run on external

PC, external sp125, or dphal integrated processanodule to manage module settys and collect,
analyze, and store sensor data.

sm?25. =>2xxRack Mounform Factor.

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

sm25.  =>x25Swept 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 7or information onENLIGITSensing Analysis Software.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 18
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sm225Quick Start Instructions

Follow this quick set of instructions to begin making sensor measurements with the sm225 Module.
2 Kl GQa Ay GKS 062EK

1. To get started, locate and identify the sm225, the included Ethecretsover able, AC/DC converter, and A@
cord.

What else is needed?

2. Have an FBG sensor 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 Na&H2ask.255.0.

4. Download and Install Micron Opti&NLIGH®oftware via the link at
http://micronoptics.com/sensing_software.php

5. ' yT AL GKS R26yt2F RSR TAL S -dorgeR indiiiaonsdoicniplet oedritdllation C2€ ¢ 2 ¢

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 Connectorgictired).

8. Connect the Ethernetrossover cable between the padit | 6 SLAN & thie sm225 Modulerad the Ethernet port
of the remotePC.

Do not use < 183

P —

vOOOOOO

DUALUSB  ILaN com VGAl

SENSING MODULE

’)

F 00l
OO
Q0
§ O\Dy

K\

7-36VDC IN

ON'OFF SWITCH

STATUS LEDs
READY = GREEN
Connect toEthernet CLIENT = YELLOW

POWER = RED
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 clicMOFENLIGHT

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

12./ £t A01 dahYé FyR GKS 9b[LDI¢ &a2FG6FNB gAftf O2yySOiG G2 GKS
13. For additional assistance, reftr 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 VGA output of the modtile + SNAFA Ol GA2y 2F &dz00SaaFdzZ Lt O2yTFA

MAPN DN DOMHHE AY(2Stat>ROBYFLPRAODOMRBRYEIN Yy i SNBHE 0 @ I adz00SaaTdAg L

GwSLIX & FTNBY mMnononodmuuHY o0eiGSarow GAYSImMYa ¢¢[Tcoéd
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3.3. si225 Quick Start
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Optical Sensing Interrogator | si225

si225 Optical Sensing Interrogatdnstrument Multiple User Interface Options

The interrogator instrumentacilitateson-board management Users ofthe IntegratedENLIGHE&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 Guide Resources
s1225. =>Sensingnstrument Platform.
Refer toSection 5.%or information oninstrumentEthernet configuration settingsntegrated
ENLIGHT updatgsterrogator core firmware upgradesndEthernet Passhrough, and Remote
Data AccessUsers of Integrate@ NLIGHTan interface to the instrument via local

keybaard/mouse/monitor hardware or via Windows Remote Desktop connections.

si225. =>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 interogator core technology, including: functions and
features, TCP/IP remote control interface, and peak detection parameter optimization.

ENLIGHT Refer toSection 7#or information onENLIGHEBensing Analysis Safire.
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si225Quick Start Instructions

Follow this quick set of instructions to begin making sensor measurements with the si225 Instrument.
2 Kl GQa Ay GKS 062EK

1. To get started, locate and identify the si225 Instrument, the included Ethernet crossabler AC/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 note of the si225 instrument serial number, which can be located on the bottom of thenrent and is of
the form 6SIAXX&

Prepare thelnstrument Hardware

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

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

6. / 2yySOG GKS 9UKSNYySi ONRa&a20OSNI OFrotS 0SioSSy G(KS LRNIa f
in the figure below.

Use these

peripheral ports

=7

O

Do not use «

7-36VDC IN

INTERROGATOR CORE ETHERNET| ONIOFF SWITCH
(CONHECT VIA CROSSOVER

POWER

ICABLE TO LAN 1) STATUS LEDs ouT &
READY = GREEN HOD
CLIENT = YELLOW HOT USED ACTIVITY
HOT USED HOT USED POWER = RED DICATORS

LAHA1
(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 DE€skiopction.
10. In the Computer bx shown enter machine name of the target siXXX instrument, comprised of the moadaber
andserialnumberl YR Ad 2F GKS F2N¥Y aaAnupP{L!. .. £
11.2 KSyYy LINBYLIWGSRZ SyGSNJ dzaSNYIFYS ! RYAYAAGGNI G2NE FyR LI 3a6:
12. The Remte Desktop Window will connect and an image of the Integrated ENLIGHT software will appear.
13. For additional assistance, refer to the 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 connecteg#oitireeral ports of the
si225 instrument for local control of ENLIGHT.
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3.4. si325 Quick Start
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si325 Optical Sensing Interrogator 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 si through a

touch screa LCD, 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 upgradd=tiaemhet
Passthrough ENLIGHSoftware is run on the interrogator instrument in an optimized, integca
operatingenvironment based on Windowsmbedded.

si325. => 3xx Portable Form Factor.

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

si5. => x25Swept 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? for information onENLIGH®Bensing Analysis Software.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 22



file://Nas01/engineering/PROJECT_ENLIGHT/Documentation/x25%23_4.1._

r@ MICRON Optical Sensing Instrumentation & Software ENLIGHT
OPTICS

00

si325 Quick Start InstructiondRDP support coming soon)

Follow this quick set of instructions to begin making sensor measurements with the si725 Instrument.
2 Kl GQa Ay GKS 062EK
1. To getstarted, 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 adapterab si8trument and move power switch to the ON
position.
Connect test FBG to Channel 1 Optical Connector (not pictured).

4.
5. The Instrument will boot up and start the Integrated ENLIGHT interface.
6. For aditional assistance, refer ine Micron Optics Optical Sensing Instrumentation and Software User Guide.

e e e —— ==
o~ -

| | ®)) s

: | ~— B ——vea

| | v
4 ; 6 ——— SMA CONNECTOR
! e H ——— ran

1 F [ —— ovaLuss

£ —— cooLmc Fan
I SUR

) =

| = ] POWERBUTTON — ("} @ —— POWER SUPPLY INPUT
, ' ® O

i

I_LHDD ACTIVITY LED
BATTERY LED

POWER LED

121" TOUCHSCREEN LCD

Optional: Connect to the Instrument from Remote Computer:

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

On the remote computer, click Start, point to All Prograard then point to Accessories.

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

In the Computer box shown, enter machine name of the target siXXX instrument, comprised of the model number
andserialnumberd® Aa 2F (GKS F2N¥Y daiowpy{L!. .. .¢d

2 KSYy LINRPYLIWiSRY SyYyidSNJ dzASNYIFYS 4! RYAYAAUNIG2NE | YR

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

7. For additional assistance, refer to the Micropti@s Optical Sensing Instrumentation and Software User Guide.

PwnhpE

o u

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. éxternal USB hub can be used to connect multiple USB devices to the Instrument. Virtual
keyboard support can then be disabled on the Settings Tab of the ENLIGHT Interface.
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si725 Optical Sensinigiterrogator 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 thesi through a
touch screerL.CD, external keyboard/mouse/monitdk/indows Remote Desktopr ENLIGHT Remote Command Interface
connections.
Navigating User Guide Resources

si725. => Sensing InstrumenPlatform.

Refer toSection 2 for information on instrument Ethernet configuration settings and ENLIGHT
Environment upgrade procedures, as well as optical core firmware upgrades and Etheset Pas
through. ENLIGHSoftware is run on the imrrogator instrument in an optimized, integrated
operatingenvironment based on Windowsmbedded.

sm725. => 7xx LaboratoryForm Factor.

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

sm125.  =>x25Swept 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? for information onENLIGHEensing Analysis Software.
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si725 Quick Start Instructions

Follow this quick set of instructions to begin maks&sgsor measurements with the &% Instrument.

AY

1. To get started, locate and identify tls€725 Instrument, the AC/DC converter, and AC line cord.

2 K 4Qa G§KS 02EK

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 instramentovepower switch to the ON
position.
Connect test FBG to Channel 1 Optical Connector (not pictured).

The Instrument will boot up and start the Integrated ENLIGHT interface.
For additional assistance, refer to the Micron Optics Optical Sensing InstrumerdaatioBoftware User Guide.

o0k

ONIOFF SWITCH

p
A DA D DD
zagya: NS E— &\jn D
= )A T D D HE F
DA E— D
DT DT DT /DN °
5 =

\ Use, TYPE A
POWER IN +12VDC. 80 WATTS

IMATING CONNECTOR - Phoenix I7T8001, 4 pin, 508mm, MOl PIN 222488)

Optional: Connect to the Instrument from Remote Computer:

8. Connectsi725LAN to the local area network router or hub.

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

10. In the Acessories menu, to point to Communications, and then click Remote Desktop Connection.

11. In the Computer box shown, enter machine name of the target siXXX instrument, comprised of the model number
andserialnumbek YR Ad 2FHPHBELF2NNE®AAT

12.Whenpromgi SR Sy GSNJ dzZASNY I YS a! RYAYAAGNI G2NE |yR LI aag2NR

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

14. For additional assistance, refer to the Micron Optics Optical Sensing Instrumentatioofandrs User Guide.

Alternate Method Controlthe Instrument;

If preferred, a USB keyboard ambuse can be directly connected to the peripheral ports of4ff@5 instrument for
local control of ENLIGHRN external USB hub can be used to connect multiple USB devices to the Instrument. Virtual
keyboard support can then be disabled on the Settings Tab of the ENLIGHT Interface.
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sm1300ptical Sensing Interrogator Module External PC runningNLIGHT
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 vikzation, storage, and
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 manage module settings and collect, analyze, and storedsgasor

sml30. =>1xxField Form Factor.

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

sm130. =>x30 Swept Laser Coreesthnology.

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

ENLIGHT Refer toSection 7#or information onENLIGHEensing Analysis Software.
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sm130 Quick Start Instructions
Follow this quick set of instructions to begin making sensor measurements with the sm130 Module.
2 KlIGQa Ay (G(KS 02EK

1. To get started, locate and identify the sm130, 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 remote access to the instrument.

3. Configure thaemote 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://micronoptics.com/sensing_software.php

5. ' yIT AL 6KS R2gyf2FRSR FTAf S -dorgeR indiizyonsdoic@miplest dieSristgllation C2f £ 2 6

Prepare the Instrument Hardware:

6. Plug the AC line cord into AC adapter and then AC adapten18& Module.

7. Connect test FBG to Channel 1 Optical Connector.

8./ 2yyS0O0 GKS 9UKSNYySi ONRPaaz2@gS8SN) OFroftS 08688y G(KS LBRNI f
of the remote PC.

= — — = = —
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n MICRON
Y opTICS

SMGOUT  SYNCIN

) = o)
N e
G

Optical Sensing Interrogator | sm130

Do not use

1 o N
[ o [@( e M @O@ @@ '
— B = )

B A
.

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 clickENWDIGHT

11. In the IP Connection Parameters box shown infatlewing figure, choose the x30 Swept Laser Core and enter the
default sm130 IP address of 10.0.0.126.

12./ t A01 ahYé FyR GKS 9b[LDI¢ a2FGeslNB gAftf O2yySOG G2 GKS
13. For additional assistance, refer to the Micron Optics Optical Sensing Instrumentatiddodtware 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 made By ltypiryg 3

MAndndandMHCcE Ayili2 HROBYFLFRAEONRYEN Yy aGEapBED ¢ I adz00Saa¥fdzZ L

GwSLX & FTNRY mMmnodnodndmucY o6e8iGS&ron GAYSIMYE ¢¢[lTcoéod
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sm230 Optical Sensing Interrogator Module External PC runningNLIGHT

Theinterrogator 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 visualmat storage, and

protocol. alarming tasks are ruon external PGexternal sp13@nodue,
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 setiys and collect,

analyze, and store sensor data.

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

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

sm230. =>x30  Swept Laser Core Technology.

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

ENLIGHT Refer toSection 7#or information onENLIGITSensing Analysis Software.
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sm230Quick Start Instructions
Follow this quick set of instructions to begin making sensor measurements with the sm230 Module.
2 KlIGQa Ay (G(KS 02EK

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

What else is needed?

2. Have an FBG sensor 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 Ne&mmask.255.0.

4. Download and Install Micron Opti&NLIGHSoftware via the link at
http://micronoptics.com/sensing_software.php

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

Prepare the Instrument Hardware:

6. Plug the AC line cord into AC adapter and then AC adapter to sm230 Module.
7. Connect test FBG to Channel 1 Optical Connector (not pictured).

8. Connect the Ethernetcrossovér 6t S 6S0G6S5Sy (KS LBR2NI f+F-6StSR a[! bé
of the remote PC.

Do not use 103
SYNC QU {

. - —
o SIS 0000805809050 o0 ) @/C) X
1.70 @ F@‘ - o @ o )
o © 3 B @ \ o
'R5232 ’LAN KYBD ’VGA UsB A

| 7-36VDC IN

SENSING MODULE ONJOFF SWITCH

READY - GREEN
Connect toEthernet CLIENT = YELLOW

port of the remote PC FONER-RED

Connect to the Instrument:

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

e]e)

2y

11. In the IP Connection Parameters box shown in the following figure, choose the x30 Swept Laser Core and enter the

default sm230 IP address of 10.(LP6.

12./ £t A01 dhYé FyR GKS 9b[LDI¢ &a2FGs6FNB gAtt 0O2yySOi

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

NOTE: If the IP address of the module has been changed from the defduk vd 10.0.0.126, the updated value will

0SS RAALIXITE@SR 2y GKS D! 2dzildzi 2F G(KS Y2RdzZ So +SNATAOLI G
MAndndandMHCcE AYyid2 HROBYFLFRGONMRY EID Yy G £ 65 Bldilkbbe of the fardrO O S & & F dz
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3.8. si230 Quick Start g
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si230 Optical Sensing Interrogator Instrument Multiple User Interface Options

The interrogator instrumentacilitates onboard management Users ofthe IntegratedENLIGHE&nvironmentinterface to the
of all x30optical core settings, data acquisition, sensor si through aouch screerLCD, external

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

ENLIGHT Remote Command Interfagenections.
Navigating User Guide Resources
si230. =>Sensing InstrumenPlatform.
Refer toSection 5.%or information on instrument Ethernet configuration settings, Integrated
ENLIGHT updates, interrogator core firmware upgrades, and Ethernetiffasgh. Users of
IntegratedENLIGHT®an interface to the instrument via local keyboard/mouse/monitor hardsvar
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 regulatory and relidiiy testing.

si2z30. =>x30  Swept Laser Core Technology.

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

ENLIGHT Refer toSection 7#or information onENLIGH®Bensing Analysis Software.
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si230 Quck Start Instructions
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 Adine 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!. - .£&0d

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. / 2yySO0G GKS 9UKSNYySi ONRaaz20S8SN) OrofS 0S8isSSy (KS LRNIA

in the figure below.
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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, tieth point to Accessories.

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

10. In the Computer box shown, enter machine name of the target siXXX instrument, comprised of the model number
and serial numberandisfo G KS FT2N)XY aaAunony{L!. .. .0

f

1.2 KSy LINBYLIWI SR SyiGdSNJ dzaSNYIFYS a! RYAYA&GGNI G2NE FyR LI &a&6:

12. The Remote Desktop Window will connect and an image of the Integrated ENLIGHT software will appear.
13. For additional assistance, refer to the Micron Op@ggtical 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 edrol of ENLIGHT.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 31




r@ MICRON Optical Sensing Instrumentation & SoftwarENILIGHT
OPTICS

3.9. si730 Quick Start

MICRON
1 OPTICS

Optical Sensing Analyzer | si730

[ABsRes

FYYL]
s 3388 3aee

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®fntegratedENLIGHE&nvironmentinterface to the si through a
touch screerL.CD, external keyboard/mouse/monita/indows Remote Desktopr ENLGHT 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 upgraddstiaechet Pass

through. ENLIGHSoftware is run on the interrogator instrument in an optimized, intagca
operatingenvironment based on Windowsmbedded.

sm/730. => 7xx Laboratory Form Factor.

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

sm130. =>x30Swept Laser Core Technology.

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

ENLIGHT Refer toSection #or information onENLIGITSensing Analysis Software.
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si730 Quick Start Instructions

Follow this quick set of instructions to begin making sensor measurements with the si730 Instrument.
2 Kl GQa Ay (GKS 02EK
7. To get started, locate and identify the si730 Instrument, the AQ@®erter, 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 and start the Integrated ENLIGHT interface.
12. For addiional assistance, refer tthe Micron Optics Optical Sensing Instrumentation and Software User Guide.

OMIOFF SWITCH LAN

o MDD

L7 ﬂ\ hd b F X—ﬁ*
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\[ ] N~ Iy I\ ©

NS 24
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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. Connect 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 Comnaations, and then click Remote Desktop Connection.

18. In the Computer 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 LINPYLIWISRE SyGSNEJAGRYLIVEZAGPRRAVYAONRU2NIGA O @

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

21. For additional assistance, refer to the 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 devickestaithent. Virtual
keyboard support can then be disabled on the Settings Tab of the ENLIGHT Interface.

4. INTERROGATOR CGRE=ECHNOLOM@ASICS AND INTERFACES
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4.1. &x25€ Swept Laser Core Technology

4.1.1 Functions, Feature and Mbdes ofOperation

4.1.1.1 Full SpectrunMeasurement

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

unit returns the full optical spectrum profile for each of the enabled channels. As many affoitaseous

channels of data can be collected. 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 Detectio\pplication

With the full optical spectrum signal awaile 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 most frequently used to measure the reflectioecsum 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 55000 of a versiar 425 unit and on both post 50000
and 55000 of a version»@x25 unit.

'5.0_
-10.0-
-15.0-
-20,0-
25,0~
-30.0-
-35.0-
-40,0 -
45,0~
-50,0-
55,0~
60,0
65,0~

1 1 1 1 1 1 1 1
1510,000 1520.000 1530.000  1540.000  1550.000 1S40.000  1S570.000 1580.000  1590.000
Wavelength {nm)

x25 full spectrum trace with peak detection results

Power {dBm)

g 1 '
H Wa wl Tn 0 B,
-‘"“i-r"..{ﬁﬂ'*'»'»*{g-‘. b i B

B oot

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

This control 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 detectioly above the 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 selobe-18 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 galue of-3 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 dithe FBG center 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 would-2& dBm.
B. Threshdd (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 othreshold set by 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 wereréase substantially, say 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 set the effective thresholddB 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 lowesteadtive threshold that 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 comparedwadite

requirement, seen in the next parameter description. Typically, this value might be se&oirdicating that

i KS a S gBdhanbih witl be evaluated against the width requirement in determining its peak value.
This parameter can be modifi in order to isolate 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 requirem for the peak detection, 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 wilnselered to be a
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 detecsignals with 3IB 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, theumber of channels can 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 ##5 data acquision process. The sm041 can expand a four
channel interrogator to either eight or sixteen sabannel operation, while maintaining the same wavelength
repeatability and stability, as well as re@he, deterministic data acquisitiorsm225, si225, and si%2nodels are
each available with up to internal 16 channels.
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4.1.1.4 Network Settings

ThesmX25 modulessupporta command set for all basic T#Pconfiguration settings, such as IP address,
Netmask, and default gateway. Additionally, DHCP (Dynamic Host Protocol) is supported and can be configured
via remote commands.

All x25 core Ethernet settings and configtions are managed automatically on the siX25 instrument platform.
4.1.2 TCRIP Remote Control Interface
4.1.2.1 Configuration(applies to si25 modules)

Data transfer to and from the26 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 theserangements require that thenx25 unit and the host be on the same logical

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

for the smx25 unit and/or host PC These values can be configured using the remote commandianeditn

section 4.1.2.®f this manual.

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

NOTE: Thedefault IP address and Net mdsk the sm125/sm225 modulesre 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 andueries to the 25 coreare in the form of ASCII strings that begin with a # character and end with
' fAYSTSSR 6! {/ LWQOKWYNY &n Jéfh Rlchashdtefsis@ntktBe6 \Hre atarialy o
buffered until a linefeed chaicter is detected. Once the2% 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. This-t@te string is not a response to the sultidd command or inquiry. Rather, the yte string
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 the first 10 bytes. The example below illustretgmint:

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 retrieve the

sm125 software version number. In resperto this command, the sm125 first submits theldf@e string
annnnnnnnoué AYRAOFGAY3 (KIFIG GKS NBaLRyasS (G2 GKS 1 L5bK
326808 &A0GNAY3I a{amupE wSOd ndnnnnmEry comBa®wfittehtbditeh 04> Ly Ods
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 is followed whether or not the data sent to the sm125

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

VisualBasic implementation appears thereafter.
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Basc LabVIEW Implementation a2% TCRP Protocol

10.0.0.122

50000] String
To Mumber
EEE]
;—:: k& ouk
Fiha

Basic sualBasi¢mplementation of 25 TCRP Protocol

1
1

4.1.2

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

To establish the Winsock control in Visual Basic, select Microsoft Winsock Control 6.0 from the Component
dialog box 6the Project Menu.

Set Protocol property of the Winsock as sckTCPProtocol. Set the RemoteHost and RerpoogRaies of

the Winsock asi p Q & drdss and 5B000, respectively.

Give a name to the Winsock control (e.g. tcpClient).

Establish connectiowith x25 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.

ItEt GOLY t ASyliod{SyR5F{GFodal L5bKE g @o6[ FO
Wait until 10bytes are received and get data size as string.
While tcpClient.BytesReceived < 10
DoEvents
Wend
Call tcpClient.GetData(strSize, vbString, 10)
Convert data size format from string into integer.

intSize = Cint(strSize)

Then, read data for data size.

.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 current version of the protocol,

n
d

umber of DUTSs contained in the response and a sequence counter for the data. After the Main ¢teadethe
ata 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 froqdlchannels for an26 coreand expands to as many as 16

Cc

hannels for an sm125 thian sm041 Channel Expansion Modaoitea 16 channel sm225/si225/si729 he actual

wavelength data for each DUT is preceded with a Sub Header, which gives the size of the Sub Header, the starting
wavelength point of the data, the wavelength differencewetn each data point, number of data points and the
DUT number.
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4.1.2.4 Data Interpretation
A. #GET_DATA command

The data returned by the #GET _DATA command is a binary string that encodes a mixed set of
data. First comes a 20yte long MairHeader, which contains fiveldyte fields. Each field represents aBi2
unsigned integer with LeaSignificamByte (LSB) first.

After the Main Header comes the wavelength data for every configured DUT. Every array of actual wavelength

data for each lsannel is preceded by a 2yte long Sub Header. The Sub Header consists of fiyte4 fields.

Each field representsa@®A i dzyaA3dy SR Ay iS3ISNI gAlGK GKS [{. FANRGO ¢f
G2 @St SyaitkK LyONBYSyGé FtarSff10R000 beflre theg arektransritted flomlthd SR o6& |
unit. To convert the values back to floating point wavelength numbers, in nm, one must divide the

corresponding 3it values by 10,000.

Each wavelength data point value is represented by-hil8ignedinteger, with the LSB first. The values are
multiplied by a factor of 100 before they are transmitted from the unit. To convert the values back to floating
point numbers the two decimals precision, one must divide eachitliiteger with 100The respons

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 description of each quantity are summarized in the following table. This
table shows an example of the structure if the Number offBUbyte offset 8 in the main header) was equal

to four. As such four channel clusters (comprised of SubHeader, Min Wavelength, Wavelength Increment,
nPoints, DUT number, and Data) are present. If the Number of DUTs were a number other than foune then t
number of data clusters would scale accordingly.

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

Size of Main 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 DUTS 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 instrumenhas
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 first data point,

multiplied by 10000. Default value|
is either 15100000 (1510.0 nm) ol
15200000 (1520.0 nm).
Wavelengthincrement 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. Every data
point value is multiplied by 100.
Size of Sub Header 2 40 + 2*nPoints 4 (U32) 4 The size of the Subeader

Min Wavelength 44 + 2*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 nm).
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Wavelength Increment

48 + 2*nPoints

4 (U32)

Wavelength distance between
each dta point, multiplied by
10000. Default value is 50 (5 pm).

Number of Data Points
(nPoints)

52 + 2*nPoints

4 (U32)

Number of data points for this
DUT. Default value is either 1000]
or 16001.

DUT number

56 + 2*nPoints

4 (U32)

4

The number of the DUfRat this
data belongs to (; 16).

Data

60 + 2*nPoints

2 (U16)

2*nPoints

The actual data for each
wavelength sampled. Every data
point value is multiplied by 100.

Size of Sub Header 3

80 + 4*nPoints

4 (U32)

The size of the Sub Header

Min Wavelength

84 + 4*nPoints

4 (U32)

Wavelength of the first data point,
multiplied by 10000. Default value
is either 15100000 (1510.0 nm) ol
15200000 (1520.0 nm).

Wavelength Increment

88 + 4*nPoints

4 (U32)

Wavelength distance between
each data point, multipliedy
10000. Default value is 50 (5 pm)|

Number of Data Points
(nPoints)

92 + 4*nPoints

4 (U32)

Number of data points for this
DUT. Default value is either 1000}
or 16001.

DUT number

96 + 4*nPoints

4 (U32)

The number of the DUT that this
data belongs tq1¢ 16).

Data

100 + 4*nPoints

2 (U16)

2*nPoints

The actual data for each
wavelength sampled. Every data
point value is multiplied by 100.

Size of Sub Header 4

100 + 6*nPoints

4 (U32)

The size of the Sub Header

Min Wavelength

104 + 6*nPoints

4(U32)

Wavelength of the first data point,
multiplied by 10000. Default value|
is either 15100000 (1510.0 nm) ol
15200000 (1520.0 nm).

Wavelength Increment

108 + 6*nPoints

4 (U32)

Wavelength distance between
each data point, multiplied by
10000. Defaulvalue is 50 (5 pm).

Number of Data Points
(nPoints)

112 + 6*nPoints

4 (U32)

Number of data points for this
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 (U16)

2*nPoints

The actual data for each
wavelength sampled. Every data

point value is multiplied by 100.

Description of #GET_DATA response structure
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B. #GET_PEAKS_AND_LEVELS command

o)
®)

The data returned by #GEPEAKS_AND_LEVELS is a binary string that encodes a mixed set of data. The first

4 bytes (LSB first, MSB last) form abB2unsigned integer that represents the seconds portion of the
timestamp. The second 4 bytes (byteg)s also a 3bit unsignedmteger that represents the micrseconds
portion of the timestamp. Thus:

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

timestamp = seconds + microsectsi1000000.0

The data set serial number is also alB82unsigned number with a byte offset of 8 (bytedB8). The
serial_number = byte 8 + byte 9*(2"8) + byte 10*(2"16) + byte 11*(2/24)

The number of sensors detected on each of the channetpigsented by an unsigned 4t integer 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 remmaéhe 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 reesented with signed 16it numbers. The byte offset is a function of the number of
detected signals on each channel. The details of the datatste are presented 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 multipiékéacilitate as many as 16

optical subchannels. The #GET_DATA data structureewphnd for all available channels that have been
activated. Additional channels enabled by the multiplexer can be activated using the #SET_DUT[Ch]_STATE
command outline in the next section.

NOTE[ S3I O& dzaSNA YI & LINB T S NJrdid Bultin@Ne dblaodziPledse dedtheA y 1 SASNE  a

I LILISY RAE a!'airay3da [S3AFO0e b2ilkdA2y F2NJ ahlL adzZ ALK
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Entry Atomic Total
Byte Size Size Description
Offset (bytes) (bytes)
Timestamp (sec.) 0 4 (U32) 4 Secondgportion 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 the seconds and the microsecon
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 reconstruct the full
timestamp as follows:
timestamp = sec portion

+ (msecportion)/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 numbered. In situations where
the possibility of data loss or corruption exis
during transfersthe serial number can be
used to reorder and/or determine when data|
loss has occurred.

#Peals 1 (NS1) 12 2 (U16) 2 The number of spectral peakigtected on the
#Peals 2 (NS2) 14 2 (U16) 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 usedvalues 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+NS2+ 2 (S16) NS4

NS3+NS4) +

2*(NS1+NS2

+NS3)

Description offGET_PEAKS_AND_LEVELS structure
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4.1.2.6 User Comman&et O
Other available user commands are listed below. The use of these commands follows the same communication
and data retrieval protocaloutlined in sections 4.1.2.1 and 4.1.2&5pectively. Unless otherwise noted, &bx
commands are followed by a response from the unit, indicating either the successful completion of a command or
a syntax error.
#HELP
Syntax: #HELP

Description: The help command returns amplete alphabetized listing of x25 couser
commands.

Example: #HELP
Response: #GET_DATA
#GET_DHCP
#GET_DUTX_STATE (x >= 1, x <= 16)
#IDN?
Syntax:  #IDN?
Description:  This command returns string containinglie name and revision of the25 core
Example: #IDN?
Response: Micron Optics sm12®ptical Sensing InterrogatoRev 2.0
#GET_SYSTEM_IMAGE_ID
Syntax: #GET_SYSTEM_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 0.6, Created: Mon Sep 20 15:41:41 2004

#GET_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 SIA3XX
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#SET_IP_ADDRESS
Syntax:  #SET_IP_ADDRESS [Adr]

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

Description:  This command changéise IP address of the25 core

Example: #SET_IP_ADDRESS 10.020.12
Response #|P_ADDRESS 10.0.0.122

NOTE:Thedefault IP addres®r the sm125 version 0.9 or higherli8.0.0.122

#SET_IP_NETMASK
Syntax: #SET_IP_NETMASK [Mask]

Where,
Mask = A valid IP Netmask of the form xxx.XxX.XXX.XXX

Description:  This command changéise IP Netmask of the25 core

Example: #SET_IP_NETMASK 255.255.255.0
Response #IP_NETMASK 255.255.255.0

NOTE:Thedefault IP Netmasfor 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
Respons: #|P_ADDRESS 10.0.0.122

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

Where,
Ch = Ch# (@) orsub-channel# (1.1¢ 4.4)

Description:  This commands queries th&5 corefor the acquisition state for the particular

device under test (DUT) chaglrspecified by the command name. As shown in this example2heore
would respond with the acquisition state for Channel 1. In order to query the acquisition stagfohannel
4.2, the command would simply be modified to reflect the changechobbto#GET_DUT4.2_STATE.

¢CKS FOljdAaaAadazy adldsS arxayATAasa AT | LI NOGAOdZ I NJ OKI yy
(parameter = 0).

Example: #GET_DUT1_STATE
Response #DUT1_STATE 1

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

Where,
Ch = Ch# (4) orsub-channek (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 showim this example, the x25 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 sta for a channel to 1 will 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 0 will dhesgpecified channel or suthannel 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 above Channel 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_SWaM

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

Example: #REBOQTSYSTEM
Response: No response is generated for this command.
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NOTE: Thefollowing peak detection algorithm commands can be accessed on port 55000es6@n 1x x25 unit and

on both ports 50000 and 55000 of a versiorX25 unit. Port 55000 commands support only the legacy integer channel
notation, while port 50000 commands support both integer and decimal fractiorchabnel notation. See the appdix
Sydaidtf SR a!aaya [ S3l O& bRy yI BBS\Y RAGS & di SIOGLX 25yE SNT

#SET_PEAK_THRESHOLD_CH[Ch]

Syntax #SET_PEAK_THRESHOLD_CH[Ch] [Val]

Where,
Ch = Ch# (& 4) orsubchanrel # (1.1¢ 4.4)
Val = the threshold level (in dBm) for use with the specified channel eclsanel.

Description: This command sets the threshold level in dBm for the peak detection algorithm for the
particular channel specified byélcommand name. As shown in this example, the channel whose level
would be set by the command is Channel 1. In order to set the threshold leweitfghanneld.2, the
command would simply be modified to reflect the changed channel to #SET_PEAK_THRESHCR.

Example:  #SET_PEAK_THRESHOLD-50H1
Response #PEAK_THRESHOLD_¢38100

#GET_PEAK_THRESHOLD_CH[Ch]

Syntax: #GET_PEAK_THRESHOLD_CH[Ch]

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

Description:  This command gets the 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. Ireotd get the threshold level fsub-channel4.2, 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_¢39100

#SET_REL_PEAK_THRED CHICh]

Syntax: #SET_REL_PEAK_THRESHOLD_CH[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 relaé 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 set by the command is Channel 1. In order to set the relative thresholddesab-channel4.2, the

o)
®)

KA a

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

Example: #SET_REL_PEAK_THRESHOLBS.GH1
Response #REL_PEAK_THRESHOLD¢&6
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#GET_REL_PEAK_THRESHOLD_CHI[Ch]
Syntax: #GET_REL_PEAK_THRESHOLD[Ch]

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 shown in this 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 modifiedr&flect the changed channel to
#GET_REL_PEAK_THRESHOLD_CH4.2.

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 = 6# (1¢ 4) orsubchannel# (1.1¢ 4.4)
Val = the peak 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 comnd name. As shown in this example, the channel whose width
would be set by the command is Channel 1. In order to set the peak widshlbexhannel4.2, 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_WIDTH_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 tahgepeak width foisub-channeld.2, the
command would simply be modified to reflect the changed channel to #GET_PEAK_WIDTH_CH4.2.

Example: #GET_PEAK_WIDTH_CH1
Response #PEAK_WIDTH_CH1 0.25
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#SET_PEAK_WIDTH_LEVEL_CH[Ch]
Syntax: #SET_PEAK_WIDTH_LEVEL_CHICh] [Val]

Where,
Ch = Ch# (& 4) orsubchannel# (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 name. As shown in this example, the channel whose width level
would be set by the command is Channel 1. In order to sepéak width level fosub-channel4.2, 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_LEVEICH]

#Syntax: #GET_PEAK_WIDTH_LEVEL_CHI[Ch]

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

Description: This command gets the peak width level in dB for the peak detection algorithm for the
particular channel sped#d by the command name. As shown in this example, the channel whose width level
would be retrieved by the command is Channel 1. In order to get the peak width legelfohanneld.2, the
command would simply be modified to reflect the changed chatm&GET_PEAK_WIDTH_LEVEL_CH4.2.

Example:  #GET_PEAK_WIDTH_LEVEL_CH1
Response #PEAK_WIDTH_LEVEL_CH1 3.0
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4.1.2.7 LabVIEW TCIP kamples

NOTEFor the simplest and most feature rich interface to the modules, Micron Omc@snmends the use of the
MOIENLIGH®ensing Analysis Software, available as a free download fomatmicronoptics.com

NOTEThe 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 specific networking details.

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

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

ThisLabVIEW Ethernet Remote Utility exampkeown 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 tlexampleimmediately after initialization. A pepp
window polls the user for the IP address of the sm125.

Micron Optics 5125 Optical Sensing Interrogator
Ethernet Remate Litilky, ¥ersion 0,90 TP Address: | 10.0.0.122
Edit Metwork Settings: [ Show Help
CH1 CHZ CH3 CH4
r -

Hormalize: 7 Averages: | 1 | Data Save Interval: [ 1 F

0.0
5.0 ,
View
-10.0-|
-15.0|
20.0
5.0 Flease enter IP address of sm125 module. Piref::(m
Detection
= -30.0-|
E 10.0.0.124
B -0 -0.0.
£ 400
]
4 SetPD
507 Parameters
oK
-50.0-|
-55.0
-60.0
Save Data
-65.0
-70.0-|
D ' 1 1 1 ' | | '
1510,000  1520.000 1530.000 1540.000 15S0.000 1560.000 1570000  1580.000 1590000
wavelength (nm) .
Poll for IP address. [& || [Wavelength tnm) Il L[4 Acquisitions
| Power aBm)y | L[4

Screen Shdrom included LabVIEW EthernetriRote Utility example

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

the IP address and Netmask settings of the sm125 unit. Beneath the IP Acloingss on the remote

dziAf AGe A& I OKSOl102E O2yidNRBf f106SfSR 4G9RAG bSis2z2N]
change those settings. The user will be asked to choose between wired and wireless settings, and then

polled to enter thedesired 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.
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ii. Spectrum Graph Mode (0]
The following figuresshows 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 available sensor or device under test (DUT) cbanpeb four. The color of the
checkbox control labels correspond to the display colors for each of the channels on the graph.

Micron Optics smi2S Optical Sensing Interrogator
Ethernet Remoke Liity, Yersion 0.90 1P Address]| 10.0.0.122
SML2S Rev 0.3 )
el Edit Metwork Settings: [~ Show Help
CH1 CH2 CH3 CH4
Mormalize: [ Averages: | 1 | Data Save Interval: [ F r r -
0.0
5.0 5
View
-10.0-|
-15.0
20,0
Perform
-25.0-|
004 Detection
= 3D,
&
T, 35,0
£ 400
a Set PD
450 Parameters
-50.0-|
55,0
-60.0-|
Save Data
-65.0-|
-70.0-|
7.0 ' I ' ' ' I I '
1510.000 1520000 1S30,000 1540000 1SS0.000 1560000 1570.000 1580000  1590.000)
Wavelength (nm) stop
Acquiring Data [ || [Wavelength (nmy I 43 s
| Fower (dam) Il )1y

This next figure shows how these colors allow the user to visually discriminate between data from the
multiple DUTchannels.

Micron Optics sm125 Optical Sensing Interrogator
Ethernet Remate Litiity, Yersion 0,90 1P Address:| 10.0.0.122
sm125 Rev 0.3 .
e Edit Network Settings: [~ Show Help
CH1 CHZz (H3 CH4
Mormalize: |7 Averages:[ 1 | DetaSavelntewat[1 [ [ [ [
_—
0.0~ |
S.0- -
view
-10.0-
-15.0-
-20.0- ||
Perform
-25.0-
Detection
= -30.0-|
£
&
5 5.0
£ 0.0
£ Set PD
-45.0-) Parameters
-50.0-
-55.0-
-60.0-
Save Data
-65.0-
-70.0-
-r40-, I I 1 1 I 1 1 [}
1510000 1520000 1530.000 1S40.000 1S50.000 1560,000 1570000 1S80.000  1590.000
Wavelength (nm) Stop
‘Acquiring Data [® 4| [Wavelongth (o) Il 1[4 e A
Ay Power (dbm) ||| L¥[%4

The preceding figurehows 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 selected bylételsde
OKSO1062E Oz2y (imNgiisordah be seedn Channkl 8, reBresented by the red trace and
selectedbythered 6 Sf SR OKSO102E O2yiGNBf &/ 1 odé
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iii. Other front panel controls visible on theabVIEW Ethernet Remote Utility examate:
i. Normalize

This checkbox control witbggle 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 out the resultant optical spectrum of opticabsensuch 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 acquisition speed of the unit, but the peattelt
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 that are relatively stable for peak detectiont imay change value relatively rapidly.

i. 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 the acquisition speed of the unit, but the speutill

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.

v. Data Stream Interval

As wil 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 determined by the acquisition rate dividedhsy 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.

<

. Show Help

This control activates the escreen help feature, which will be covered in morealeh a laterentry
of this section

vi. Perform Peak Detection

CKAa O2yGNREt OGAGIGSa GKS NBY23GS dziatAadeqa LIS R
data into useful center wavelength values for sensor signals. The behavior of the peak detection
algorithm will be set by the PD parametess, exlained 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 acquired full spectral data

sets. The following figure shows a view of tiabdVIEW Ethernet Remote Utility exampfi¢h the

t SNF2NY t S+ 58i80GA2y IyR {SG t5 LI NF¥YSGSNE odziid?
button activates the peak detection algorithms, which will operate based on the PD Parameters as

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

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

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

¢KS a{Si tSIFIPBNRE(GIS@ 2lyNIWw¥K$d 21LSy | 6AYyR2¢ [ff26AY
detection parameters for each of the available channels, up to four. When this feature is active, the
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Vicron Optics sm125 Cptical Sensing Interrogator

Ethernet Remate Uklky, Version 0,95 IP Address: | 10.0.0.31
S0125 HW 1,0
SJ: SIATEY Edit Hetwork Settings: [ | 07/2205 09:50:45

Peak, Avgs: 1 CH1CH2CH3 CH4
normalize: Spectrum Avgs:| g | D@ Savelntervali| 1 O O

Show Help

View

Power (dBm)

5.0, | 1 | ' ' 1 ' |
1510.000 1520000 1530.000 1540.000 15S0.000 1560.000 1570.000 1580000  1590.000)

Displaying
Peak Detected
Data

wavelength (nm)

Accept Updated
Parameters

[Wiawelength (nmy Il L2551

Save PD Paramet Load PD Paramet, R
ave PD Parameters 0a arameters | | [ Power(dem) I ¥[r

Channel1 Channel 2 Channel 5 Channel 4

Enabled _|Enabled State Disabled |Enabled State Enabled _|Enabled Stare Disabled_||Enabled State:

Save Data

Peaks T [Peakpalley Peaks < [Peakpaley Peaks < |PeakiValley Peaks < [Peakivall

& Rel, Thresh (d&) 6 Rel, Thresh (de) -10 Rel. Thresh (d8) -6 Rel. Thresh (d8)
S0 Threshold (e S0 Threshold (derm) 50 Threshold () 50 ThreshoMd () Stop
2 Ulidh Lewel (48) 2 Width Level (48) 2 Width Levl (dB) 3 idth Level (48) T P

01| Width (om) 0l |Width fom)

[

Widih (o)

01 Width (om)

sm125Ethernet Remote Utilityvith Set PD parameters selected

viii. Save PD Parameters

graph display will be reduced in size to accommodate display of both the graph apdrtraeters
control, as seen in this next figure.

Once peak detection parameters are set, they can be stored to a file location of the user's dhwce.
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 detection 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
¢tKSaS 20KSNJ Y2RSa

LabVIEW Ethernet Remote Utility example
button, which can be found on the right side of the GUI, second button frén thi 2 LJ®

Oty o068
I £t AO1 A

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 resultant values from the peak detection algorithm will beydidma 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 wavelengths that represent the peak values as
derived by the PD algithms for each of the present channels, up to folihe image belowghows 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 Utilityh Peak Table 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

gle& (2 QOAadzaffte GNIO1 OKFy3aSa Ay | aSyaz2Nl gt dzSo | 2
a! OGABGS {Syaz2NEz:I ¢ Ktheakailablechshiek Sndbeastrs t6 gelithelappdpfide

sensor value for displayThe preceding figurshows the sm125 remote utility in Peak Tracking mode.

vi. Data Saving Features

The sm12% abVIEW Ethernet Remote Utility examalso provides a mech&m 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

a{l @S 510l o¢ . & OftAO1AY3 2y GKIFG odziti2ys GKS dza SNJ ¢
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 Remate Liiity, Yersion 0,90 TP Address:| 10.0.0.122
TR0 Edit hetwork Settings: [~ Show Help
CH1 CHZ CH3 (H4
Mormalze: [# Averages: | 1 | Data Save Interval: [ 1 F r K
0.0
5.0 §
View
-10.0
150
-20.0 ‘ i ”
Perform
-25.0 Peak
= Detection
£ |
&
3;— -35.0- Save Full Spectrum or Peak Data?
£ 0.0 —
£ Full Spectrum Peak Data Set PD
-45.0 Parameters
0.0 e
-55.0
-60.0
Saving...
-65.0 4
-70.0
740 I I | | ' | | '
1510.000 1520.000 1530.000 1540.000 15S0.000 1560.000 1570.000 1S30.000  1590.000
‘Wavelength {nm)
Acquiring Data [ | [Wavelength (o)l A/1-8] s
| Fower (dm] Il "1

EthernetRemoteUltility screen shot during Data Save sequence.
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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 16001. The first column representafieof Wavelength

scale. Each of the next four columns represent thieesponding optical power array for each of the

present channels-4, in that order. Any channels either not present or without data will be represented
by a column of zeros. An example of the format far saved data is seen in the tallelow. Thesenight
be representative of the first few lines of a system with Channels 1 and 3 active:

1520.000
1520.005
1520.010
1520.015
1520.020
1520.025
1520.030
1520.035
1520.040
1520.045
1520.050
1520.055
1520.060
1520.065

-32.400
-32.390
-32.450
-32.410
-32.380
-32.360
-32.340
-32.350
-32.370
-32.460
-32.510
-32.420
-32.450
-32.370

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-2.980

-3.370

-3.6500.000
-3.9300.000
-4.1700.000
-4.3600.000
-4.5700.000
-4.810

-5.1400.000
-5.4300.000
-5.5500.000
-5.6900.000
-5.990

-6.1900.000

0.000
0.000

0.000

0.000

Example of Full Spectrum data file fornfiem LabVIEW Ethernet Remote Utility example

Should the user choose "Peak Data", he will be prompted to choose betwewgid'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 the user. If streaming data is selected, the PD data will be saved to the selected file at a
rate detemined by the acquisition rate divided by the Data Stream Interval (see earlier explanation of the
Data Stream Interval control for details).

¢KS dzaSNJ gAff

Thetimebase included in the datasets reflects the total number of acquisitions of the sm125 unit since its

tKSy o8

LINEYLIGI SR 6KSGKSNI 2NJ y2i

2 Gwé

last bootup. For a 1Hz unit, the timebase can then be interpreted as the number of seconds that the unit
has been on. For a 10 Hz unit, the counttemf1/1d"3 $ &2 vy R
te F2NJ GKSaS YSFHadiNByYSyiaé ogatt OFdaS

t 201l ¢
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The peak data will be stored according to the following format:

Each entry consists afsingle 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 four channels, in order. Following the
number of sensor are all of the read sensor wavelengths andifudes, with each channels wavelength
and power reading grouped together. Iretkxample shown in the tableelow, there is one sensor on
channel 1, two sensors on channel 3 and zero sensors on channels 2 and 4.

TIMEBASE CH1 CH2 CH3 CBHTA

10421.000 1 0 2 0 1547.280100 1534.3432 1544.1428.5200 -8.8100
10422.000 1 0 2 0 1547.28(100 1534.3432 1544.1428.5200 -8.8100
10423.000 1 02 0 1547.22978.9100 1534.3435 1544.142:3.5700 -8.8500
10424.000 1 0 2 0 1547.289100 1534.3435 1544.142:3.5700 -8.8500
10425.000 1 0 2 0 1547.28@B00 1534.3444 1544.14078.5700 -8.7700
10426.000 1 0 2 0 1547.280R200 1534.3442 1544.1428.5600 -8.9000
10427.000 1 0 2 0 1547.28200 1534.3442 1544.1428.5600 -8.9000
10428.000 1 0 2 0 1547.2800 1534.3444 1544.143@.5600 -8.8400
10429.000 1 0 2 0 1547.28@B00 1534.3432 1544.1418.5500 -8.8100
10432.000 1 02 0 1547.22968.8600 1534.3435 1544.1428.5700 -8.7700
10433.000 1 0 2 0 1547.28(H00 1534.3429 1544.14148.5300 -8.8000
10436.000 1 0 2 0 1547.288H500 158.3444 1544.14358.5700 -8.8200
10439.000 1 0 2 0 1547.289R200 1534.3428 1544.1408.5700 -8.8400

Example of Peak Data file fornfadm sm125_abVIEW Ethernet Remote Utility example
vii. Onscreen HelMenu

b203S G(KS odzitizy 2y (GKS dzLILISNI NAIKG &ARS 2F GKS NBY2(
control, the user will activate a help screen, which will 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 thedoegen,

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 Screen active.
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B. Channel Acquisition Example (with sm041) O
Micron Optics sm125 Optical Sensing Interrogatar
16 Channel sm125/sm041-016 Dats Acquistion Example Remate Park: | S0000 | IP Address:  10.0.0.122
CH1 CH2 (H3 (H4 CH5 CH6 (H7 (H8 C(HY CHI0CH11(H1Z CH13CH14 (H15CH16
O o o o000 Ooooo oooad
7.5 cH1
-10.0-| HZ
-12.5- H3
-15.0- CH4
Rl CHS
i He
-22.5-| HF
-25.0-| CHs
E 275
E H9
3 00
= cH 10
g -32.5-|
H CH11
& -35.0-
CH1Z
-37.5-|
CH13
-40.0-
Py CH1% |,
. CHIS |,
. CH1E |
-50.0-|
-52.5-|
5.0 I I ' I ' ' I '
1510.000  1520.000  1530.000 1540000  1550.000 1560000 1570000  1580.000  1590.000
Wavelength (nm)
Stop
[ | [wavelength (nm) Il L5[E8 Acquisitions
L] Power (dem) ] JY[E4)

sml25DataAcquisition Example

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

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 Example. This 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 detection functionality and to allow the usertiecome familiamwith the features of thgpeak 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 well as IP address and port selectors. The example can either display peaks only, o
simultaneous spectrum and peak data, for purpose of illustration.

4.1.3 Optimizing Peak Detection Parameters

The basic 26 peak detection application functions in a relatively intuitive manner, using a unique threshold level
(derived from both Rle Thresh and Threshold parameters) and peak width (derived from both Width Level and Width
parameters) for each channel. The algorithm will identify the central wavelength value and peak amplitude of any
spectral peak feature that exceeds the specifibreshold 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 detect peaks of desired width and amplitude,
while ignoring other spurious peak feature¥his 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 sm125 for different signal
conditions and sensor orientations. A starting point ogufation of the peak detection parameters is shown in Case
A below.

Detected Peaks i " -10.0
Optical Spectrum P q

Relative (calc) Thresh [~ 15,0

Threshold (abs limit)  |#™

-20.0 -

Peak Detection Parameters -25.0]

Enabled State
Peaks = !PeakNaIIe\r

50 Rel, Thrash (d&)

-30.0

-35.0-

7E Theashold (dBm)
3 Width Level (d8)

Power {dBm)

-40.0 -

003 |Width () A5.0-

-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. Threskb8, Threshold =17.5, Width Level = 3dB, akdidth = 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. Threshold parameter is-86td8 and the Threshold
parameter is set t617.5 dB.As the peak power for the channel il dBm, the effective threshold

calculated by the relative threshold parameter would beldt + (50) =-60 dBm. Since the Threshold
parameter value 0f17.5 is greater than the calculated value-6® dBm, the vlme 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, meaning that the 8B bandwidth of each peak will be compared

to the minimum widh requirement of 0.03im. 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 detection algorithm.
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I%)etectecl PeakE -10.0-
(ptical Spectrum
Relative (calc) Thresh [+~ e
hreshald {abs limit) 20,0-
Peak Detection Parameters -23.07
Enabled State a0.0—
Peaks T |Peakyalley =
50 Rel Threshide) & -35.0-
—
ATE  Theeshold ider)
£ -40.0-|
3 Width Level (dB) E
0.03 Whidth () 45,01
-50.0 -
-55.0-
-a0,0—|
-65.0-, | | | 1 [
1539.882 1542.000 1544000 1546.000 1545.000 1550.414
Wavelength {nm)

Case B: An additional 8B of insertion loss causé®e 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 insertisoidke 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. tiygdbe Rel. Thresh
parameter to a higher number and the Threshold value to a lower nhumber, like the relative vak8es of
dBm and50 dBm shown in case C, the peak detection algorithm is able to accommodate for elideel
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&OaBm and a Rel. Thresh value®f

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 by the algorithm. The results can be seen in the figure labeled Case C.

Detected Peaks " -10.0
Optical Spectrum Py
Relative (calc) Thresh |~ IS
A
Threshold (abs imit) ™ 0.0+ v
Peak Detection Parameters 23,07
Enabled State 0.0+
Peaks o |Peakpvalley =
- Rel. Thresh (d) =~ &2 -35.0
=
-0 Threshold (dBr)  §
£ -40.0-
8
[

z lidth Lewel )
003 | Width (o) mad
0.0 7

-55.0—

-60.0-

-65.0 T 1 1 1 I 1 1
1539.852 1542,000 1544000 1546000 154,000 1550.414
wavelength (nm})

Cae C: Relative thresholding used with a {mss signal.

After the two threshold parameters have been set as described above, the peak detection algorithm is
ready to accommodate for changes in channel insertion loss. Case D shows that, unlike Case B, an
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additional 10dB of insertion loss will not cause the loss of any peak data from the peak detection

algorithm.
Detected Peaks e -10,0 -
Optical Speckrum [~

-15.0-

Relative (calc) Thresh |~
Threshold (abs limit) P

-20.0 -
Peak Detection Parameters -25.0- q n
i

Enabled  |Enabled State

-30.0-
Peaks = |Peakivalley 9
-8 Rel, Thresh (d8) & -35.0
=
€0 Threshold (dBm) &
: g -40.0-
2 Width Lewel (dB) =
003 Width () 45.0-

M ao A
o \NJW ] \I \[V\f Yean, \//\

60,0 -

850y, I | i I -
1539652 1542,000 1544000 1546,000 1548.,000 1550.414
Wavelength {(nm}

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

It has beerhere shown that the use of relative thresholding can accommodate for chamdel changes
insertion loss. What if, though, there is a change in the relative power levels between two sensors on the
same device channel? The next several cases examinechawe the peak detection parameters to

contend with such a situation.

Detected Peaks " -10.0
Optical Spectrum [
Relative (calc) Thresh | A0
Threshold (abs limit) [ 0.0
Peak Detection Parameters 250 ﬂ
i
Enabled State g v
Desks T !DeakNaHey %
-4 Rel. Thresh (d) =~ &2 -35.0
=
50 Threshold (dBrm) ]
3 -40.0-
3 Width Level (dB) B
00z | Width (o) A ﬂ
ool Wﬁf\ﬂ il A A
W W V V7 \
-55.0
60,0
650, 1 | | | -
1539.852 1542,000 1544000 1546000 154,000 1550.414
wavelength (nm})

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

The figure for Case E shows the same two sensors as the previous cases, but with an additional 10dB of
insertion loss which has been locally applied to thed the two FBG peaks. It can be seen that with a Rel.
Threshold value 0f8 dB and a peak channel power-@0dBm, the resulting28 dBm effective threshold is

too high to effectively locate and identify tioof the FBG peaks. In order to detect tHé 2eak, the Rel.

Thresh value needs to be lowered to reduce the level of the effective threshold. Case F shows the effect of
such a change.

Once the Rel. Thresh parameter has been change2dB, makinglie effective threshold40dBm, it
can be seen in Case F that tf8 PBG peak has been recovered by the peak detection algorithm.
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Unfortunately, this step places the threshold below some of the side modes of tRBG peak, and those
undesired side moek 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 these figures are used.

Detected Peaks i " -10,0-
Optical Spectrum P
Relative (calc) Thresh |~
Threshold {abs limit) P

-15.0—

-20.0—

Peak Detection Parameters -23.0

Enabled State _Ann—
-35.0 ﬂ
~40.0-]

Peaks T |Peakyalley
0,03 |Width fm) 45.0-

-20 Rel, Thresh (dB)

50 Thresheld (dBm)
3 Width Levvel (48

Power {dBm)

i I L
T i LA

-60,0

_ES'D_\ 1 ] 1 1 1 1 1
1539.852 1542.000 154,000 1546.000 1545,000 1550.414
Wavelength (nm)
Case F: Reduction of the Rel. Thresh parameter allow&BGr2 detection, but also includes several side
modes from FBG 1.

In order to successfully peak detect the attenuatédPBG while avoiding detection of any side modes,
two approaches can be used with the pareters 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 property is the relative width of FBG side modes as
compared to the FBG fdlamental 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 caisdztto 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 the higher order side modes. As will be seen in the
coming cases, sidaodes 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 control settings that cause both FBGs and some side modes to
be detected. Specifically, the effective threshold is-40 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 before, a width
value of 0.03 nm is usually impractically low for FBGasrend Case F shows exactly why. From the last
paragraph and from visual inspection of the Case F figure, we can see thatthbahdwidths of the two
fundamental modes are much higher than theB band width of the detected side modes. Thus, thst fir
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 values as those of Case
F, the width requirement for the 8B Width Legl has been increased from 0.681 to 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 the detection algorithm, and only the two desired fundamental modespameed 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 witRBh at 3
bandwidth and change the required bandwidth, such that narrower side 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 parameters summary to the
left side of the plot, the Width Level parameterstdll set to 3dB. 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 FBG have been evaluated for width at that isolation valuegaedutis
graphically depicted in the figure. It is clear from the image that td8 ®andwidth of the fundamental
mode is 0.24m, which does exceed the 0.1nm minimum Width requirement. As such, 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 set. As such, the peak is rejected by the peak detection alganthis 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 side mode is not.

A second way to eliminate side mode detection ia fieak 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 the method, the Width parameter has been set back to the previous

vaue of 0.3 nm. This time, the Width Level has been setto 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 two FBG fundamental
modes have been reported by the peak detectalgorithm.

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 e

AL

-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 offer a more in depth explanation of how the Width Level paranseter wa
used to isolate the two fundamental peaks. Note the red dotted box drawn about the funttahmaode

in figure H(2). AT dB attenuation beneath the top of the peak, the fundamental mode exhibits a
symmetrical spectrum with both sides crossing th@Battenuation 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 the left of the side mode peak allows for the identification dBa 7
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 that meets the definition,
but on the long wavelength side, the isatat 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 computed for comparison against the Width requirement. As suggakés
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 lobe does not.

Thus far, there has been explanation of when &o# 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 make use of the Threshold parameter most effectively to set dntalisoit
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 single FBG is seen with low loss, high side

mode suppression, arltigh 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 of5 dB, setting the effective thresholddB below thepeak power 0f10dBm. 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 insertion loss were to
increase dramatically, like by 8B or so? Thegure 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 an insertion loss change ofdB0

What then if the signalvas todecreased 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
measurement. The noise floor may be dominated by back reflections 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 the noise 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 than the red line, dictated by the peak
level and relative thresbid, 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 isiBn + {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)

-
‘N\M\r WWU Py

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 dB of signal attenuation 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 attenuation and still using relative threshold, the Phaldmgins to

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

numbers.
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Cases M and N show how these new settings, designed to prevent false positive signals near the noise
floor, continue to functio 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. Sinceitsvalueof26UB& 3INBF GSNJ GKIFy GKS HFpmthet y3d i KNBaK2 ¢
calculated reléive 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 is an internal hardware peak detection
measurement. Whepolled, 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 count to as high as 16. The following sections deskaty 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. Titeeeier sensitivity of the 30 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 in reflectivity or insertion loss from deaftbers or onnecbrs 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 incurred, 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 Hfe sm130 also supports«®l f A6 NI 6§ SR ay S3l GA D
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 Leveldapicified 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 tting. The following figure indicates by the two horizontal blue lemesaximum 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. Keepthe Noise Threshold Level as low as is 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 moeg éeatur
poor off resonance back reflection 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 partianlsensor setup while maintaining maximum 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
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4.2.12. Basic Data Acquisition

The primary function of the x30 cors to rapidly and repeatedly make center wavelength measurementsBibs
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 dauof ways.

A. Wavelength Data and Wavelength/Levels Data

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 thatten wavelength
only data, as well as commands that combine both sensor wavelength and amplitude information.

B. Buffered and Urbuffered Acquisitions

The 80 module is capable of interrogag and collecting data from hundredssimultaneous=BG
measuremats 1000 times per secord000 Hz is the most common data rate. 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 roayse a variation in dat@ad rates 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 defaatintireands for wavelength
data extraction are buffered. However, should application specifics requirelibaldta not be buffered, the
x30 supports urbuffered data acquisition commands as well.

C. Command/Reply and Streaming Data Transfers

As will be exglined further in sectiod.2.2.30of this documentthere are two primary modes of aciging

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

FNRY (KS Y2RdzZ S (2 (KS §tarsSgy (v (i KRKRA 5 3ccaiansibhatighe NI yYi2 aNis &
Additionally, though, there is a data streaming mode implemented that reduces the total communications

overhead easing the transmission load of large measures of data from the module.

D. Amplitude Viewand Spectral Diagnostic View

In addition to making peak wavelength and amplitudeasurements, the30 interrogatorsalsoprovides

amplitude information in twalifferent ways. The default Amplitudeeéw reports discrete FBG 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 DiagnostieeW enhances the amplitude

view with a continuous spectral representation 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 making optimal 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 d this document.

The next two figures show an example situation in whichdpion of the 80 interrogatorscan be used in
combination with the Gain and Noise Threshold settings to avoid a potential data acquisition problem. The
black trace in the nexfigure shows a single FBG sensor reflection profile riding atop a Rt 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 aalue of 100. As a result, the peaks of the periodic
reflections are peak detected addition to the real FBG elementesulting in a tainted and erroneous dataset.
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False sensor detection of PC connector baflectionas highlighted by Sgtral Diagnostic View.

With the insight granted by th8pectral Diagnostic Vieas 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 reached or corrected, 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.
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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

o]e)

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 availabBBG®n each of the available channels may bear its own unique number of
averages. Use of averaging on the higeesl data acquisitionf the X30 can yield measurements of

extremely high repeatability. sthe noise component of the3R data acquisition is assumed to be nearly
random, an increase in the number of averages will yield an increase in repeatability that improves with the
squae 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 improvement in repeatability of ~10x. Of course, the effective data
acquisition time interval will go up thi the number of averages. However, if averaging is employed without

the use of Data Interleaving, the data witintinue to transmit from the 30 coreat the full rate, effectively

acting as a boxcar average. Wvl Averaging and Data Interleaving caeddi@ onjunction to reduce the

data transfer rate and increase the measurement repeatability where applications dictate such an approach to
be beneficial.

. Interleaving

To take full advantage of the averaging capabilities, or to simply reduce the volutia¢atransmitted by an
x30 unit an interleave function has been developed. Interleaving allows the user to collect data from the
module at a reduced rate relative to the scan rate of the module. Interleaving is executed olaeper
basis, enabtig as many as five clients to poll data from the module at different rates.

Though the 1kHz data rate is quite enabling for satyjleamicappications, other uses for the3® Optical

Sensing Interrogator do not required its full speed data acquisitiontr@mdfer capabilities. Certain

applications may require a reduced volume of data, and certain data acquisition systems can only support
lower data transfer rates. To accommodate considerations such as these, a Data Interleavenconas

been included irthe x30 coreand a corresponding control in the distributed software utility. The Data
Interleave control acts as a client specific divider of the maximum specified data trestsfexf the 80 core

for data transmission purposes. For exampleseri3) 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 used without any
wavelength averaging to simply filter out unwanted datasets or in combination with averegyield

reduced rate, increased repeatability measurements.

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

measurements.

Commands explaining these of Averaging, Interleayg and \WWvelengthReferencing are covered in section
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 channeBhould an application call for a larger number of sensors 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 optical switches that are amlessly 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 well as +@ale, 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 wétbpect 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, -@fgctive means of increasing the available
bandwidth and channel count, but it does so at a costafuisition 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 Multiplexer Module, data can be acquired at a maximum rfa26@Hz.

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

KIENRgl NBE &8y OKNRYATFdGA2Y FSIGdz2NB OFly 65 dza dmRieB80¢ g2 { a!
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 modules will

bear the same dataset serial number, ensuring tinalty 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 sm230 modules.

The configuratiorof an smX20 module with regat 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 default operating mode for tr@mX30 is Stand Alone ade. When in this mode, the snB0 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 datalriggérind (gedldectidna.2. ¥Fd@details) lara thé ouft2 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 numbers refer to thathod
independent, Stand Alone3® modue 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 converted to Master rhedajtput sync signal of

the sm>30 module onverts 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. If when in a synchronized configuration the data ratehefMaster 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 serial number is passed via hardware to all connectedathles, 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 can be aligned to create-anouluite
synchronized data sét client sofware. Please see section 4.2.87 a basic example on sm130 module
synchronization.

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

4.2.16.

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

Middle SlaveMode

The third operating modés Middle Slave. When a module is configured for either Middle Slave or End Slave

Y2RSZ (KS Y2RdA S f2214& G2 G(KS a{eyO Lyé¢ LRNIL F2NI I &e
present, no data acquisition will take place. Iftheslaverio8u ¢ { &y O Ly ¢ aArdaylrf ArAa O2yyS$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 (or another Middle Slave), according to the synchronizinal. 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 configuration, the module receives an encoded sync sgnal fri KS al a i SNJ 2y Al a
Lyé¢ LERNI FyR LI aasSa (KIFId Y2RdAIFGSR aArdaylrt G2 &dzaSldzsS

End Slave
In End Slave mode, the sB(Xmodule behaves identically to that of the Middle Slave, except that the signal
LI 884SR G(2dzli KSLIANE yOahl &aAYLIX S dzy Y2Rdz I SR &ljdzZ NB ¢ @8

data acquisition equipment, if needed.

Triggering

The previous sectiomtroduced the concept of synchronization, whereby the laser sweep, acquisitiommnate
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 gaveyrevents generated not

by sm>30 modules, but by otheequipment or software.

L

LINBaASYyG:r (GKS &aeyOKNRYATFGA2Yy FSIF(Gdz2NB&a Aa 2yt & &dzJJi2 N

sm130 and sm230 modules.

A.

Untriggered

The deéult triggering mode for the sn80 is Untriggered mode. In this freenning mode, data is made
available to service data calls following each and every acquisition.

Software Triggering

When the module is set to a triggering mode and no trigger is present, no data will be fed to 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 appropriagger signalis 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 triggering, there are two commands that are used to stopaaind st
triggering. Details for those two conandswill be seen in section 4.2.2d3 this document

Hardware Triggering

When the module is set for hardware triggering, it will wait for an appropriate TTL level hardware trigger
AA3YLE 2y G ©OSthedrpng pAr@l befofetsupplzingHata to client in response to a data call. The
hardware trigger signal can be configured in several ways. The start edge of the trigger signal can be either
rising or falling edge. The trigger can be configured tp stoanother 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 subsequent rising or falling edgesmple LabVIEWxample

showing the triggering comamnds is covered in section 4.2.2.7
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NOTEThere is a significant difference between synchronization and triggering, as it relates to the scanning of the 8
laser hardware. In a synchronized configuration, the slave maaielly synchronizes its laser sweep to that of
the master module, so that the lasers are literally scanning together in phaseriggered configuration, the

smX30 laser continues to scan at a rate and phase dictated by its own internal clocleriggmnly 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, triggering tve sm>80 bears a mximum latency of iillisecondfor a 1 kHzapable
module

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 distances from the interrogator to the optical sensors, the finite
speed of light can be a factor in the values of measuramen

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

x30 algorithms, which @ke use of a table of distand¢e-sensors information. This table may be populated

manually, using known fiber lengths or external measurements, or by usirfgB@eSensor Distance

Measurementcapabilities of the sn30 modules.

4.2.1.8. FBG Sensori@2@anceMeasurement

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

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

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

In order for the distance measurement algorithm to execute properly, there are several conditions that must be
met. The most important of thesconditions is that th&BGon each channeahust 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
produceerroneous location measurement results.

4.2.19. Network and Time Settindapplies to siX30 modules)
The smX30 modules supports a command set for all basitPT@mfiguration settings, such as IP address,
Netmask, and default gateway. AdditioyalDHCP (Dynamic Host Protocol) is supported and can be configured
via remote commands.
All x30 core Ethernet settings and configurations are managed automatically on the siX30 instrument platform.
The 80 time based defaults to thiaternal system clok of the x30 interrogator comrmodule. The user can set
the system clock, or can configure the system to use NTP (NetworkPFotarol) to synchronize the8® system

clock with any one of many public time servers, including the default NIST atomiéncBaldder, 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 thesarmements 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 configured using the recot@ands (0]

outlined insection 5.2.2.%f 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 255.255.255.0

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. Communication 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 buffered until aihefeed chaacter 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 imot 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 10 bytes. Thamrabelow 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 version number. In response to this command, the sm130 first submitsilyee1€iring
dannnannnnoué AYRAOFGAY3I (KIFIG GKS NBaLRyasS (2 HBKS |1 L5bK
32020405 A0GNARYy3I aaAONRY hLIianda aYmonX wStS+HasS nodpé G2 GKS
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 firstNote that this protocol is followed whether or not the data sent to the sm130 is a

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

implementation appears thereafter.

Basid_abVIEW Impleméation of 30 TCRP Protocol

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

Basic VisalBasic Implementation of x30CPIP Protocol

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

9 To establish the Winsock control in Visual Basic, sMerbsoft Winsock Control 6.0 from the Component
dialog box of the Project Menu.

9 Set Protocol property of the Winsock as sckTCPProtocol. Set the RemoteHost and RemotePort properties of
the Winsockag30Qa Lt | RRNBaa | yBivem namedthe WiNSSGk LaStol(eigd St & ®
tcpClient).

 Establish connection witk30 corewith the command,
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o}
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 are received 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 cotssing one of four commands: #GET_DATA,
#GET_DATA_AND_LEVELS, #GET_UNBUFFERED_DATA and #GET_UNBUFFERED_DATA_AND_LEVELS. Full
spectrum data can be retrieved with 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). The details of the status header are described in the
next section. Details about each of the data retries@mmands are presented the remainder of this section.

The size of the transfer in bytes is a function of the number of sensors attached to the system. At a minimum, the
transfer will be 88 bytes long (status with no data). At a maximumirémesfer 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_AND_LEVELS (3088= 500 sensors*4bytes/sensor wavelength + 500 sensors*2bytes/sensor level+ 88
byte gatus) . #GET_SPECTRUM returns 65624 bytes (32768*2bytes/sensor level + 88 byte status).

Data can be retrieved from the 30 corefor all four of the above mentioned commands (#GET_DATA,
#GET_DATA_AND_LEVELS, #GET_UNBUFFERED_DATA, AND #GET_UNBNFRAEBHIEVE1S}F outlined

in section 4.2.2.4f this documenusing a Command and Response method of commtiaitaWith the

Command and Response method, each instance of data acquisition must be preceded by one of the four
commands mentioned above. tonjunction 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 data from the unit. For
continuous acquisition, initiating a data stream is strongly recommended.

B. Streaning

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

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

the following steps should be take First, a socket connection is created to ¥38 core Next, that socket is

O2y@SNISR (G2 I GadNBlIYAy3d NEONTAdmmaid(seazicliona. F2Gisk S 1 { 9¢ p{ ¢
documentfor details.) This command converts the data acquisition @fod 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 client must send th@0 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 extract the data. It has been shown that the elimination of the

TCP write dramatically increases d#teoughput from thex30 coreto the client.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 74




r@ MICRON Optical Sensing Instrumentation & SoftwarENILIGHT
OPTICS

The set streaming data command is client and socket specific. In order to use the command, a user would firsto)
open a socket and then send the #SET_STREAMING_DATA command with a parameter of 1 to convet the soc
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 socket. The commands that are sent to the module via the streaming
socket will continue to be prassed, but all replies will be suppressed so as to not corrupt and/sydehronize

the data stream.

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

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

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

to X (XXXXXXXXJpon exiting streaming mode, the final synchronizatignit Sy gAt t OKI y3aS FTNRY SA:
“Qa 0 %VLHLHLYLL) D

NOTE: With the additional 8 byte synchronization token, the maximum data set size for the #GET_DATA command in
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
Ac Acq. Triggered Bit [31] Available to users
B CalibrationFault [30] Reserved for internal use

Cg Start Of Frame [29]

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

EqMUX_STATE [26..24] (S0, S1, S2)

F¢ Xfer Type [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 [18..17]

Q¢ NRZ Command [23..21]

R¢ RESERVED 6 [20.*H#¢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 DWORDS{B@ouble words) numbered-@1.
The following table summarizes the pertinent entries.

o]e)

Location Name Description

DWORD 0, bits-0 FS Radix Radix of the full spectrum number of data points. This fi
Oy 068 AYGSNIINBGSR | & -bFE2f
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 issuing the #IDN?
Command.

DWORD 0, bit 27

Secondary Fan

Indicates that the backup fan is running. The secondary|
runs when the internal temperate of the instrument rises
above 40C. This may be caused either by a failure of th
primary fan or by an elevated 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 the instrument
exceeds 30C.

DWORD 0, bit 30

CalibrationFault

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

DWORDI, bits 167

Switch Position

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

DWORD1, bits 718

Optical
Multiplexer
MUX Level

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

DWORD1, bits 201

Triggering Mode

Legal values for this bit pair are 0, 1 and 3 with the
following definitions:

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

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

3¢ H/W Triggered. The system starts and stops collectir
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 intemal clock. The instrument puts out a square wavg
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 egoded signal on its sync out port. Other
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instruments operating in a slave mode can use this
encoded output to synchronize their data sets with the
master.

2¢9YyR {fl @S I SNB3X GKS Ay
acquisition is driven by an externally suppliEdck. This
clock can be a 1 kHz square wave or it can be encoded
output of another sm130 running as master. In either ca|
GKS AyadNHzySyd 2dziLlzia |
port that is synchronous with the data acquisition proces

3¢Middles | S o | SNB3X (KS Aya
acquisition is driven by an externally supplied clock. Thi
clock can be a 1 kHz square wave or it can be the encoq
output of an another sm130 running as master. In either
OFasSz GKS Ay Llzia &0 GKyEE AL
G2 GKS aqaedyO 2dzié LRNI®
synchronize to the same master signal.

DWORDS 45

Number of
Sensors
Detected

W5 kt¢S11aQ NBTFSNE (2 GKS Yy
the sm130 on DUT channel

DWORD 7

S/N

Every data set collected by the sm130 is serially number
Serial numbers are a good way to assure that loss of dat
does not occur even as the user changes the data rate (
changing the data rate divider).

DWORD 8

Micro-second
timestamp

DWORD 9

Seconds
timestamp

The timestampn the data sets represents absolute time
microseconds since 00:00:00 on January 1 1970,
Coordinated Universal Time (UTC). The accuracy of thi
time is not guaranteed. It will drift with the system clock.
The absolute time stamp is provided for 2 pases. First,
it is reasonably accurate over short periods of time. Drift
can become problematic over periods of weeks or mont
It will unlikely be noticeable over periods of seconds or
minutes. Second, it provides a general framework for
tracking reorded events over long periods of time. (i.e.,
recorded event that occurs at 3:00am of Feb 5, is easily
distinguished from a similar event that occurred on Jan 2

The timestamp is constructed by dividing the microsecor
dword (DWORDS) by 1000000 aaditling the result to the
seconds dword (DWORD9). DWORDS8 can assume valy
from 0 to 1000000 only.

DWORD 11, bits 231

Error

This field is used to report error and/or warning conditior
From the user perspective, Error #1iddicates that the
data has been truncated. Data truncation occurs when t
maximum of 500000 sensors per second has been
processed. Error #1 indicates that a TCP timeout has
occurred. All other errors should be considered fatal.

DWORD 12, bits-@

%RBuffer

% Buffers indicates the amount of storage space availab
in the data transfer queue. The data transfer queue is a
ring buffer that stores acquired data to be transferred to
data client. The buffer has the primary role of insuring th
the transkrs occur without dropouts even if the client
becomes temporarily busy and unable to service the dat
socket. If the available buffers drops to zero, data loss W
result. If the client PC is able to collect data at a rate
greater than or equal to theate at which the sm130 can
generate it, then the available buffers will climb to 100%
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and stay there. This is the desired operating state.

The #GET_DATA and #GET_DATA_AND_LEVELS com|
always retrieve the oldest data set in the ring buffer.
Because théransfer queue can retain up to 60000 data
sets, at 1kHz, the data retrieved from the sm130 can be
to 1minute old. Use of the transfer buffer can be
circumvented by use of the #GET_UNBUFFERED_DAT
#GET_UNBUFFERED_DATA_AND_LEVELS command
However these commands do not protect against data
dropouts.

DWORD 12, bits-85

Header Version

The version number of the status headeheTablesin
section 4.2.2.4.describe header V3.

DWORD 12, bits 181

Header Size

The size of the status header. A3, this is 88 bytes.

DWORD 18

Granularity

The divider by which the 3Bit unsigned integer
representation of the peak data wavelengths is to be
divided to represent the wavelength in nanometers. As g
SEIFYLX Sz tSGQa Faadzy® GKI
1,000,000. The wavelength of a particular sensor might
then be represented by the 3Rit unsigned integer value o
1,546,338,400. By dividing by the Granularity, the actua
wavelength in nm is computed to be 1546.3384 nm.

DWORD 20

Full Spectrum
Staring Wvl

The 32bit unsigned integer representation of the
wavelength corresponding to the first data point of the fu
spectrum. This field is valid only with the #GET_SPECT|
command. DWORD20 must be divided by the granularit
(DWORD18) to convert thieteger to a floating point value
in nm.

DWORD 21

Full Spectrum
Ending Wvl

The 32bit unsigned integer representation of the
wavelength of corresponding to the last data point of the
full spectrum. This field is valid only with the
#GET_SPECTRUM commabWORD21 must be divided
by the granularity (DWORD18) to convert the integer to &
floating point value in nm.
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B. #GET_DATA and #GET_UNBUFFERED_DATA 8
The #GET_DATA and #GET_UNBUFFERED_DATA commands output a string that encodes the status header
followed by wavelength data. Wavelength data is stored abiB&igned integers. These integers must be

divided by the Granularity value found in the statieaber to yield wavelength data in nm. The number of
wavelength data points from each channel can be found in the status header. The data structure for the
#GET_DATéommand is shown in the figure below

32-bit Offsets

0

Status [HEADER_LENGTH32]

HEADER_LENGTH32
DUT1 [# ChPeaks]

HEADER_LENGTH32+ #Ch1l
Peaks

DUT2 [# Ch2 Peaks]

HEADER_LENGTH32 + #Ch1l

DUTS3 [# Ch3 Peaks] Peaks + #Ch2 Peaks

HEADER_LENGTH32 + #Ch1l
DUT4 [# Ch4 Peaks] Peaks + #Ch2 Peaks + #Ch3

*Header_Length32 = 22

32-bit representation of the data transferred to a client upon issue of the #GET_DATA or
#GET_UNBUFFERED_DATA command.
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C. #GET_DATA_AND_LEVELS and #GET_UNBUFFERED_DATA_AND_LEVELS

o)
®)

The #GET_DATA_AND_LEVELS and #GETFREYD_DATA_AND_LEVELS commands output a string that
encodes the status header, followed by wavelength data followed by amplitude data for a specific channel

(the channel is selected with the #SET_AMP_CH command described in Section 6.4) Level dedeas 60

bit signed integers. The data structure for the #GET_UNBUFFERED_DATA_AND_LEVELS command. The data
structure for the #GET_DATA_AND_LEVaE&and is shown in the figure below.

Status [HEADER_LENGTH32%]

DUT1 [# Ch1l Peaks]

DUT2 [# Ch2 Peaks]

DUT3 [# Ch3 Peaks]

DUT4 [# Ch4 Peaks]

Amplitudes** [# Selected Ch Peaks]
(Selected Channel Only)

*Header_Length32 = 22
*Amplitude data is 1€bit

32-bit Offsets

0

HEADER_LENGTH32

HEADER_LENGTH32+ #Ch1l
Peaks

HEADER_LENGTH32 + #Ch1l
Peaks + #Ch2 Peaks

HEADER_LENGTH32+ #Ch1l
Peaks + #Ch2 Peaks
+ #Ch3 Peaks

HEADER_LENGTH32 + #Ch1l
Peaks + #Ch2 Peaks
+ #Ch3 Peaks + #Ch4 Peaks

32-bit representation of the data transferred to a client upon issue of the #GET_DATA_AND_LEVELS or
#GET_UNBUFFERED_DATA_AND_LEVELS command.
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NOTE:[ S31 08 dzaSNE Yl & LINBFSNI (KS LINBrotatiprozRleadelséetthe apgeincdix3 SNE & G |
SydAadGt SR a! aAay3a [ S3I O fopcdetdis.i A2y FT2NJ ahL adz GALX SESNAE

D. #GET_SPECTRBpectral Diagnostic View data command)

o]e)

The #GET_SPECTRUM command outputs a string that encodes the status header followed by-I3i2768 16
signed integers that represents the full spectrum of the selected chariited.data for the #GET_SPECTRUM is
shown inthe figure below

The estimated wavehgths of the first and last data points in the returned spectrum can be found in the
status header (DWORDS 20 and 24)te that wavelength accuracy for the x8pectrum data is loosely
specified since the spectrum is provided as a means of qualitatiiglglizing the DUTs and setting the noise
thresholds. As such, wavelagth accuracy is not a priority.

Offsets
Status [HEADER_LENGTH32*] 0
Amplitudes™ [32768] HEADER_LENGTH32
(16 bits, Selected Channel Only) -

*Header_Length32 = 22
*Amplitude data is 1€bit

Wavelength data is derived from the FS_Starting_Wvl and FS_Ending_WHVI fields from the status header, as
described in table 6.3.1.2.

32-bit representation of the data transferred to a client upon issf the #GET_SPECTRUM command.
#GET_HIGH_SPEED FS

The #GET_HIGH_SPEED_FS command retrievesafatiaspectrum from the x3at the full acquisition rate
of the x30 core The high speed spectrum is composed of 512 signeitifumbers. Unlike theother data
retrieval functions, #GET_HIGH_SPEED_FS is not preceded by a statusTeadstimated start and end
wavelengths for the transferred data can be obtained by use of the commands
#GET_HIGH_SPEED_FS_START_WVL and #GET_HIGH_SPEED_FS_END_WHVL.

4.2.2.5. Datdnterpretationwith Multiplexed Channels

The maximum numbexr30core measurement fibers is four. These fiber connections are referred to as
GOKI yyStaé YR INB RSaAdIyl GSR o6& (KS AyiS3asSNBE wm3I uZ
fibers of a multiplexer module, which are then agally switched sequentially into either two or four output

FTAOSNE F2NJ SI OK AyLidzi FAoSNWD ¢ KSOKIdzf i $ LB S EISRR 2 dABIIAR

with a decimal fractional number, ranging from 1.1 to 4.4. The integer part afuh#er (the digit on the left
of the decimal point) refers to thmterrogator corechannel to which the subhannel is multiplexed. The
fractional part of the number (the digit on the right of the decimal point) refers to the multiplexer position of
that sub-channel. The full decimal fraction notation uniquely identifies the-cludmnnel.

With this decimal fraction nomenclature, the use of an integer Igbe. 2) always implies an xB@errogator

cored OKI yyStéd ¢KS dzaSoad It BEDA YAV LIF KD yWSY dztvd » e NE &

optical sensing interrogators, certain functions and features are implemented on a channel basis and will
always use an integer channel number as a parameter. Other features and functions areemtpiéion a
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x30commands are outlined isection 4.2.2.®f this document.

Inclusion of an sm04dr internalChannel Multiplexer as part of thaata acquisition system requires some
modifications to the manner in which data is collected. In order to correctly collect and parse the data, the
following information must be considered.

NOTE: The following explanation assumes an sm130 module with external sm041 Multiplexer for illustrative
purposes. The concepts presented are equally applicalde ®m230 module with integratetk16
multiplexer.

First is the present MUX level. The defadliX level for an sm130 is 1, indicating the there is no sm041
connected and that a maximum of four DUT channels are to be interrogated. A mux level of 2 indicates that
an sm041408 is connected, and that the four channels of the sm130 are multiplexegnm&1 sub

channels. A MUX level of 4 indicates that an sm@4d.is connected, and that the four channels of the sm130
are multiplexed to 16 sm041 swdhannels.

NOTE: The MUX level is defined as a doesed parameter, and the #GET_MUX_LEViBmend (aglefined in
section 4.2.2.Bwill reply with a 1, 2, or 4, depending upon the current MUX state. The MUX state entry in the
status headerds defined earlier in this sectipis zero based, and will be populated with 0, 1, or 3, depending
on the current MUX state. All explanations regarding MUX state refer to theb@msed definition.

The MUX level sent with each dataset in gtatus header

Once a MUX level is established and communicated to a client application for data structure scaling, the
information regarding the switch position must be used to correctly parse multiplexed data. The switch
position indicates the state of the multiplexer for each data acquisition cycle. A module with MUX level 1 will
always be in switch position 0. A moduligh MUX level 2 will alternate between switch positions 0 and 1

The switch position is sent with ela dataset in the status header.

For the commands #GET_DATA, #GET_UNBUFFERED_DATA, #GET_DATA_AND_LEVELS, and
#GET_UNBUFFERED_DATA_AND_LEVELSndata available on each acquisition cycle of the module,
regardless of the MUX level and the switch position. Each data call includes data for fotarshows
channels It is thus left to the client application to include MUX level and switch positformation to
deduce what sm04r internal multiplexeisub-channel the data belongs to.

Multiplexed data from the #GET_SPECTRUM is parsed in a different manner. For all MUX levels, the dataset
following the status header is comprised of 327680lt6signed integers. In the case of MUX_level 1, all 32768
datapoints are used to represent the full spectrum of the chosen amplitude channel. When the MUX level is
increased, the same number of data points is shared among thelsainels multiplexed to thepecified

amplitude channel. The data for each port is represented by a fraction of those data points equal to the
reciprocal of the MUX level.

For example, if MUX level is 1, then the full spectrum for the single port measured on a channel will be
represented by 32768/1 = 32768 data points.

If MUX level is 2, then the full spectrum for the two ports measured on the designated amplitude channel will
each be represented by 32768/2 = 16384 data points perchiamnel.

If MUX level is 4, then the full spegain for the four subchannels measured on the designated amplitude
channel will each be represented by 32768/4 = 8192 data points pecizainel.

The data for each suthannel on the common designate amplitude channel is concatenated in ascending
order ofsub-channel number.

For example, consider the case where the designated &amdglichannel is channel 3 of am130module If

an sm041416 is connected and the MUX level is set to 4, then the 32768 data points reported represent the
four subchannels multiplexed to channel 3, which are 3.1, 3.2, 3.3, and 3.4. In this case, data p8it#d 0
would represent the FS datarfsubchannel 3.1, data points 819216383 would represent the FS data for
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sub-channel 3.2, data points 1638424575 would represent the FS for sabannel 3.3, and data points (0]
24576¢ 32767 would represent the FS data for sthannel 3.4.

2.6 User Comman&et

Other available user commands are listed below. Use of these commands follows the same communication and
data retrieval protocols outlined in sectiods2.2.2 and 4.2.2,3especively. Except as noted, aB& commands

are followed bya response from the unit, indicating either the successful completion of a command or a syntax
error.

NOTESome of the commands require that a channel number be peavas a parameter. When th8&core

#HELP

#IDN?

module is used in conjunction with an sm@tinternal Channel Multiplexer, the effective number of sub

channels can be as high as 16. In the cases where the commands &feasulel specific, the parameter can be

set from 11 to 4.4, following the decimal fraction notation defined in the previous eactin many cases, the
commands are implemented at the channel level, and the same setting applies to-atamibels multiplexed to

that channel. In those cases, the parameter is set to any value from 1 to 4. For example, the command
#SET_CH_NOISE_EBR 1 100 sets a common noise threshold of 100 that is applied to all multiplexed sub
channels 1.1, 1.2, 1.3, and 1.4. In contrast the command #SET_INDEX_OF REFRACTION 2.1 1.47 records the
optical index of port 2.1 as 1.47. Ports 2.2, 2.3, and 2.4 dhhesindependently configured.

Syntax: #HELP
Description: The help command returns a complete alphabetized listing36fcoreuser commands.

Example: #HELP
Response: #CLEAR_REFERENCE
#GET_AMP_CH
#GET_CAPABILITIES

Syntax: #IDN?

Description: This command returns a string containing %89 corename, model number, and firmware
revision. The firmware revision number consists of four components which are all separated with a hyphen.
In order, these components are: the firmware server version, the firmware driver version, the FPGA synthesis
versbn, and the CFC build version.

Example: #IDN?
Response:Micron Optics sm130, 0.53-8-3
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#GET_CAPABILITIES
Syntax: #GET_CAPABILITIES

Description: The #GET_CAPAB ILITIES command returns an unsigned 32 bit double word, each bit of which
represents the presence of &30 corefunctional capability as outlined in the table below.

Example: #GET_CAPABILITIES

Response: 1
Bit Description
0 IndicatesSpectral Diagnostic Vie@ = enabled, 0 = disabled)
1 IndicatesFBG Sensor Distanbteasurement capability (1 = enabled, 0 = disabled)
2
4

#GET_SN
Syntax: #GET_SN
Description: This command polls the30 corefor its serial number.
Example: #GET_SN
Response: SIAXXX
#SAVE_SETTINGS
Syntax: #SAVE_SETTINGS

Description: This command writes the current parameters into Agolatile memory such that the settings
will return afterpower is cycled.

Example: #SAVE_SETTINGS
Response: Settings Saved.
#REBOOT
Syntax: #REBOOT
Description: This command will cause thx&&0 coreto reboot.

Example: #REBOOT
Response: Rebooting...

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 85




r@ MICRON Optical Sensing Instrumentation & SoftwarENILIGHT

OPTICS
#SET_IP_ADDRESS 3
Syntax: #SET_IP_ADDRESS [Adr]
Where,

Adr = A valid IP address of the form Xxx.XXX.XXX.XXX
Description: This command changes the IP address ofitsgument. A #SAVE_SETTINGS command will
need to be executed in order to store the new settings. The #RESTART_NETWORK command will need to be
executed or the module rebooted for the new setting to take effect.
NOTE:Thedefault IP Netmasfor the sm1® and sm230 i40.0.0.126.

Example: SET_IP_ADDRESS 10.0.0.126
Response: IP address set to 10.0.0.126.

#GET_IP_ADDRESS
Syntax: #GET_IP_ADDRESS
Description: Retrieves the current IP address of tx®0 core
Example: #GET_IP_ADDRESS
Response: 10.0.0.126

#SET_IP_NETMASK

Syntax: #SET_IP_NETMASK [Mask]

Where,
Mask = A valitNetmaskof the form xxx.XxX.XXX.XxX

Description: This command changes the FlPPNetmask of th&30 core A #SAVE_SETTINGS command will
need to be executed in order to store the new settings. The #RESTART_NETWORK command will need to be
executed or the module rebooted for the new setting to take effect.
NOTE:Thedefault NetmasKor the sm130 and sm236 255.255.255.0
Example: #SET_IP_NETMASK 255.255.255.0
Response: Netmask set to 255.255.255.0.
#GET_IP_NETMASK
Syntax: #GET_IP_NETMASK

Description: Retrieves the current IP Netmaskthe x30core.

Example: GET_IP_NETMASK
Response: 255.255.255.0
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#SET_DEFAULT_GATEWAY (0]
Syntax: #SET_DEFAULT_GATEVGAV]
Where,

GW = A valid Gateway IP Address of the form xxx.XxXX.XXX.XXX

Description: Sets the network default Gatewag #SAVE_SETTINGS command will need to be executed in
order to store the new settings. The #RESTART_NETWORK command needs to be execut8@ ootbe
rebooted for the new setting to take effect.

Example: #SET_DEFAULT_GATEWAY 10.0.0.1
Respone: Default gateway set to 10.0.0.1.

#GET_DEFAULT_GATEWAY

Syntax: #GET_DEFAULT_GATEWAY
Description: Retrieveghe current setting for the default Gateway.

Example: GET_DEFAULT_GATEWAY
Response: 10.0.0.1

#SET_DHCP

Syntax: #SET_DHCP [Val]

Where,
Val = 1 to enable DHCP client services, 0 to disable.

Description: When set to 1, this command enables &0 coreDHCP (Dynamic Host Configuration

Protocol) client services. When set tadHCP services are disabled. Enabling DHCP allows the sm130 to

obtain an IP address and Netmask automatically from an available DHCP server. When disabled, and the static
IP address and Netmask set with the #SET_IP_ADDRESS and #SET_|IP_NETMASK camsethtals are

configure the network interface. You must execute the #RESTART_NETWORK command after executing this
command before any changes take effect.

Example:  #USE_DHCP 1
Response: DHCP Enabled.

#GET_DHCP

Syntax: #GET_DHCP
De<ription:  Returns a 1 if DHCP services are enabled, O if disabled.

Example: GET_DHCP
Response: 1
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#RESTART_NETWORK
Syntax: #RESTART_NETWORK
Description: Restarts thex30 corenetwork interface Note that unlike all othex30 corecommands, you
will not get a response from this command. Once the #RESTART_NETWORK command is executed, the
process of shutting down the network interface begins immediately, making it such that a response wéll not b
returned to the caller.
Example: #RESTART_NETWORK
Response: None
#SET_DNS_SERVER
Syntax: #SET_DNS_SERVE&tver]

Where,
Server = A valid DNS Server IP Address of the form xxx.XXX.XXX.XXX

Description: Sets tle default DNS Servetn thex30 corg the DNS server is used to resolve the IP address of
the NTP time servers. A default DNS server IP address has been set at the factory, but can be changed to a
local DNS server, if needed.
Example: #SET_DS8S| SERVER 207.69.188.185
Response: DNS Server set to 207.69.188.185.

#GET_DNS_SERVER
Syntax: #GET_DNS_SERVE&ver]

Where,
Server = A valid DNS Server IP Address of the form xxx.XXx.XXX.XXX

Description: This command reads the stored DNS Serltethex30 core the DNS server is used to resolve
the IP address of the NTP time servers. A default DNS server IP address has been set at the factory, but can be
changed to a local DNS server, if needed.
Exampé: #GET_DNS_SERVER
Response: 207.69.188.185
#WHO?

Syntax: #WHO?

Description: This command returns a string comprising a list of all IP addresses of clients currently
connected to thex30 coremodule.

Example: #WHO?
Response: 10.0.0.142
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#WHOAMI?
Syntax: #WHOAMI?
Description: This command returns a string indicating the IP address of the remote PC that sent the
command. This command is used to easily and programmatically idérkiff & SY RSNXDa Lt | RRNBa

need for use of system tools.

NOTEUse of the #WHOAMI command via tee13 Web interface is not usefulVhen the command is sent from the command
console on the web interface, the reply will always be the loopback addfaéhe sm130, 127.0.0.1.

Example: #WHOAMI?
Response: 10.0.0.142

#SET_DATE

Syntax: #SET_DATDBéte]

Where,
Date = the date and time to set in the following format: MM.DD.hh.mm.yy

Description: This command sets the date and time on the system clock af3Becorethe value indicated
by the Date parameter in the specified format.

Example: #SET_DATE 08.21.09.07.07
Response: System clock reads Tue Aug 21 09:07:01 2007.

#SET_ENAE_NTP
Syntax: #SET_ENABLE_NVARI]

Where,
Val=0or 1. SetValto 1to enable NTP time service, 0 to disable.

Description: This command enables or disables use of NTP time services xB8Qlemmre Network Time
Protocol (NTP) is@arotocolthat is used to synchronize computer clock times in a network of computers. In
common with similar protocols, NTP ugesordinated Universal Tim&TQ to synchronize computer clock
times to a few milliseconds, and sometimes to a fraction of a millisecond.

In order to use NTP time, the DNS server should be set (#SET_DNS_SERVER), at least one NTP server should be
set (#SET_NTP_SERVERO), NTP services should be enabled (#SET_ENABLE_NTP), and then the network should
be restarted (#RESTART_NETWORK). To madettihgs permanent, the settings should be saved with the
#SAVE_SETTINGS command.

Example: #SET_ENABLE_NTP 1
Response: NTP Services turned ON.
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#GET_ENABLE_NTP
Syntax: #GET_ENABLE_NTP

Description: This commandeturns a 1 if NTP services are enabled and a 0 if NTP services are disabled.
Network Time Protocol (NTP) ipetocolthat is used to synchronize computer dkaimes in a network of
computers. In common with similar protocols, NTP uses Coordinated UniversalJi@eq synchronize
computer clock times to a few millisecondsd sometimes to a fraction of a millisecond.

In order to use NTP time, the DNS server should be set (#SET_DNS_SERVER), at least one NTP server
should be set (#SET_NTP_SERVEROQ), NTP services should be enabled (#SET_ENABLE_NTP), and then the
network shoudl be restarted (#fRESTART_NETWORK). To make the setting permanent, the settings should be
saved with the #SAVE_SETTINGS command.

Example: #GET_ENABLE_NTP
Response: 1
#SET_NTP_SERVERX
Syntax: #SET_NTP_SERVERXver]
Where,
X = one of five available NTP servers, ranging from 0 to 4
Server = A valid NTP Server, either in IP name form or IP Address of the form xxx.XXX.XXX.XXX
Description: This command sets one of the five available settings for NTP servermgireggn server 0 to
server 4. The Server parameter can be passed either as an IP address, or as an IP name, provided that a
functional DNS server has been configured onxB@ core(#SET_NTP_SERVER).
Example: #SET_NTP_SERVERO time.nist.gov
Response: NTP Server 0 set to time.nist.gov.
#GET_NTP_SERVERX

Syntax: #GET_NTP_SERVERX

Where,
X = one of five available NTP servers, ranging from 0 to 4

Description: This command reads back the specified NTP server, rafigingserver 0 to server 4.

Example: #SET_NTP_SERVER®HL.columbiacountyga.gov
Response: NTP Server 4 nistl.columbiacountyga.gov.
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#GET_CH_GAIN_DB 8
Syntax: #GET_CH_GAIN_[EH]
Where,

CH = Channel#-4)
Description: Returns the current gain setting for the specified detector channel, in units of dB
Example:  #GET_CH_GAIN_DB 1
Response: 12.8
#SET_CH_GAIN_DB
Syntax: #SET_CH_GAIN_DB [CH][GAIN]
Where,
CH = Channel #-4)
GAIN = Gain in dB
Description: Setsthe current gain setting for the specified detector channel, in units of dB.

NOTEIn setting gain stages, the user MUST te#ation not to drive the signals into saturation. It is highly recommended that
any call to gain settings be accompanied by a subsequent #GET_DATA_AND_LEVELS call to ensure that signal
levels are acceptable, and not in saturation (>4000 counts).

Example: #SET_CH_GAIN_DB 1 10.0
Response: Channel 1 Gain Set to 10.0 dB.
#GET_NUM_DUT_CHANNELS
Syntax: #GET_NUM_DUT_CHANNELS
Description: Returns the number af30 coreDUT measurement channels. Values can range frqr for
anx30 corealone. Values can range up to 16 fon@® corepaired with an sm04br internalChannel

Multiplexer.

Example: #GET_NUM_DUT_CHANNELS
Response: 4

#SET_CH_NOISE_THRESH

Syntax: #SET_CH_NOISE_THRESH [CH][Val]

Where,

CH = Channel #-4)

Val = Noise Threshold

Description: The #SET_CH_NOISE_THRESH sets the noise threshold for the specified channel. The noise
threshold is a level below which the optical signal is ignored for purposes of peak detettierallowed
range for the Val parameter feom -4096 to 4096.
Example 8ET_CH_NOISE_THRESH 1 100
Response: Setting Ch 1 Noise Threshold to 100.
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#GET_CH_NOISE_THRESH 3
Syntax: #GET_CH_NOISE_THRESH [CH]
Where,

CH = Channel #-4)
Description: Returns the noise threshold setting fdre specified channel.
Example: BET_CH_NOISE_THRESH 1
Response: 100
#SET_AMP_CH
Syntax: #SET_AMP_CH [CH]

Where,
CH = Channel #-4)

Description: Thex30 coreis capable of providing amplitude information for odleannel at a time. This
command sets which channel will have amplitude data, which is used primarily for verifying proper channel
gain settings. The selected channel is also the channel for which full spectrum data is available.
Example: #SET_WP_CH 1
Response: Selected amplitude channel set to 1.

#GET_AMP_CH
Syntax: #GET_AMP_CH
Description: Returns the channel for which amplitude data and full spectrum data are available.
Example: #GET_AMP_CH
Response: 1

#SET_MUX_LEVEL

Syntax: #SET_MUX_LEVEL [Val]

Where,
Val = the multiplexer level 1, 2, or 4.

Description: This command sets the multiplexer level for use with the optional expansion module. A mux
level of 1 indicates that noultiplexer module is present, and that the total number of channels present is 4 *
1=4. A mux level of 2 indicates that the 4 to 8 channel expansion module is to be used, and the total number
of optical subchannels present is 4 * 2 = 8. A mux le¥el indicates that the 4 to 16 channel expansion

module is to be used, and that the total number of measured-chidgnnel channelsis 4 *4 =16 .

Example: SET_MUX_LEVEL 4
Response: Mux Level Set to 4.
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#GET_MUX_LEVEL
Syntax: #GET_MUX_LEVEL

Description: This command reads the multiplexer level currently set for use with the optional expansion
module. A mux level of 1 indicates that no multiplexer module is present, and that the total number of
channels presentis 4 *4 4. A mux level of 2 indicates that the 4 to 8 channel expansion module is to be
used, and the total number of optical suhannels presentis 4 * 2 = 8. A mux level of 4 indicates that the 4 to
16 channel expansion module is to be used, and that t& ttumber of measured suthannels is 4 * 4 = 16.

Example: GET_MUX_LEVEL
Response: 1

#SET_INDEX_OF _REFRACTION
Syntax: #SET_INDEX_OF REFRACTION [Ch][Val]

Where,
Ch = Ch# (4) orsub-channel# (1.1¢ 4.4)
Val = Index of Refraction

Description: This command sets the optical index of refraction for the fiber on a particular channel, for use
in the correction algorithm for timef-flight effects due to the finite speed of light in optical fiber (see
FLIWSYRAE SydAadf SR & {paskiSvavelength Veasirgniert® detis)O iha chanyfel t§ |
which the index applies is passed as a parameter.

Example: #SET_INDEX_OF_REFRACTION 1.3 1.4682

Response: Setting Ch 1.3 Index of Refraction to 1.468200.
#GET_INDEX_OF REFRACTION

Syntax: #GET_INDEX_OF_REFRACTION [Ch]

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

Description: This command reads the stored optical index of refraction for the fiber on a particular channel,
for use in the correction algorithrfor time-of-flight effects due to the finite speed of light in optical fibse¢
FLIWISYRAE Sydadt SR o paskkiSvavelargth Meastiérients far dedplEtihaichannel td [
which the index applies is passed as a parameter.

Example: #GET_INDEX_OF_REFRACTION 1
Response: 1.468200
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#SET_USE_REFERENCES 3
Syntax: #SET_USE_REFERENCES [Val]
Where,

Val =0 or 1. SetValto 0 to disable use of wavelength references. Set Val to 1 to enable
wavelength references.

Description: This command enables or disables use of stored reference wavelengths. The reference
wavelengths allow the user to store an initial sensor value from which all subsequent measurements of the
sensor will be subtracte This allows the user to conveniently make referenced, relative wavelength

YSIF ad2NBYSyidaod ¢KS LI NIYSGSNI amé SyloftSa NBEFSNByOS

Example:  #SET_USE_REFERENCES 1
Response: References enabled.

#GETUSE_REFERENCES
Syntax: #GET_USE_REFERENCES
Description: Returns a 1 is use of wavelength references is enable, or a 0 if disabled.

Example: GET_USE_REFERENCES
Response: 1

#SET_REFERENCE
Syntax: #SET_REFERENCE [Ch][Sensor][RefWvl]

Where,
Ch = Ch# (4) orsub-channel# (1.1¢ 4.4), optional
Sensor = Sensor #250) , optional
RefWvl = Reference Wavelength, optional

Description: This command sets the reference wavelength for a particular sensor on a particular channel.
The reference wavelengths allow the user to store an initial sensor value from whéttbaéquent
measurements of the sensor will be subtracted. This allows the user to conveniently make referenced,
relative wavelength measurements. Parameters passed with this command are all optional. When the
reference wavelength RefWvl is omittedetieurrent sensor reading is used. When the Sensor parameter is
omitted, the current wavelength readings for all sensors on the specified channel are used as the reference
wavelengths for all sensors on that channel. When no parameters are specifiedirtbat wavelength

readings on all sensors on all channels are stored as the reference wavelengths.

Example: #SET_REFERENCE 2 100 1545.0
Response: Setting Ch 2, Sensor 100 Reference to 1545.000000.
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#GET_REFERENCE 8
Syntax: #GET_REFERENCE [Ch][Sensor]
Where,

Ch = Ch# (4) orsubchannel# (1.1¢ 4.4)
Sensor = Sensor #{25)

Description: This command retrieves the reference wasrgjth for a particular sensor on a particular
channel.

Example: #GET_REFERENCE 2.4 100
Response: 1545.000000

#CLEAR_REFERENCE
Syntax: #CLEAR_REFERE[IHSensor]

Where,
Ch = Ch# (4) orsub-channek (1.1¢ 4.4), optional
Sensor = Sensor #250), optional

Description: This command zeroes the wavelength reference set with the #SET_REFERENCE command. Both
parameters are optional. When supplied, the two parameters specify whiclosensvhich channels will

have its wavelength reference cleared. When the sensor parameter is not specified, all sensors on the

specified channels are cleared. When neither parameter is supplied, all sensors on all channels are cleared.

Example: #CLEAR_REFERENCE 11
Response: Zeroing reference (1, 1).

#SET_DATA_RATE_DIVIDER
Syntax #SET_DATA_RATE_DIVIDER [div]

Where,
div = rate divider (4.000)

Description: This command sets the interneB0 coredata acquisition clock divisor in order to reduce the
internal sm130 acquisition rate. The data rate divider must be in the range of 1 to 1000. The
SET_DATA_RATE_DIVIDER command divides down the acquisition rate from the maximum possible. For
example, bould ansm13) With a max acquisition rate of 1000 Hz be used with a data rate value of 1, the
resulting acquisition rate would be 1000/1 = 1000 Hz. Shoukh#t® With a max acquisition rate of 250 Hz

be used with a clock divisor value of 10, the reésgliacquisition rate would be 250/10 = 25 Hz. This command
may be used instead of the #SET_DATA_INTERLEAVE command in a circumstance where the number of
sensors precludes a higher intern&®0 coredata acquisition rate. This command is implemented at th

module level, and thus impacts the data rates for all connected clients.

Example: #SET_DATA_RATE_DIVIDER 10
Response: Data rate divider set to 10
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#GET_DATA_RATE_DIVIDER
Syntax: #GET_DATA_RATE_DIVIDER

Description: This command returns the value of the data rate divider, which is used to set the acquisition
rate of thex30 core

Example: #GET_DATA_RATE_DIVIDER
Response: 10

#SET_DATA_INTERLEAVE
Syntax: #SET_DATA_INTERLEAVE [int]

Where,
int = interleave (11000)

Description: The #SET_DATA_INTERLEAVE command sets a client specific divider of the maximum specified
data transfer rate of the sm130 for data transmission purposes. For exampt80anrewith 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 used without any wavelength averaging to simply filter out unwanted datasets or in
combination with averging to yield reduced rate, increased repeatability measurements. This command is
implemented at the module level, and thus impacts the data rates for all connected clients.

Example: #SET_DATA_INTERLEAVE 10
Response: Data interleave set to 10

#GET_DATA_INTERLEAVE
Syntax: #GET_DATA_INTERLEAVE

Description: This command returns the value of the cliesgtecific data interleave, which is used to set the
data transfer rate of thex30 core

Example: #GET_DATA _INTERVE
Response: 10

NOTEThere is an important distinction between the DATA_RATE_DIVIDER and the DATA_INTERLEAVE
commands. By using the DATA_INTERLEAVMBGlm®recontinues to acquire data at its full rate (1kHz, for
example) while only reportindata at a reduced rate as determined by the DATA_INTERLEAVE parameter. As
the module continues to acquire at the maximum rate, data is available between periods of reporting to
facilitate additional averaging. For example, if a data interleave of ¢ tigen four datasets could be
averaged (see #SET_NUM_AVERAGES command) each time data is reported, thereby reducing the noise of the
measurement by a factor of 2. With use of the interleave, the output sync signal will still reflect the full data
acquidtions rate of 1kHz, in this example.

In contrast, the DATA_RATE_DIVIDER parameter actually reduces the rate at which data is collected inside
the module. Therefore, with a data rate divider of 4, a 1kHz capable module would only collect data at 250Hz,
with no additional benefit of averaging. However, the DATA_RATE_DIVIDER command will reduce the
frequency of the output sync signal coming from #89 core thereby facilitating reducedate
synchronization of other equipment to the30 coreoutput sync gnal.
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#SET_NUM_AVERAGES 3
Syntax: #SET_NUM_AVERAGES [Ch][Sensor][Avgs]
Where,

Ch = Ch# (4) orsub-channel# (1.1¢ 4.4)
Sensor = Sensor #250)
Avgs = # Averages-1D000)

Description: The #&T_NUM_AVERAGES command accepts up to three argunibetfirst argument is the
channel number, the second is the sensor number and the third is the number of averages. Two of the
arguments are optionalWhen all three arguments are supplied, the sfiedi number of averages is applied
to the specified sensor on the specified channélhen the sensor argument (arg #2) is omitted, the specified
number of averages is applied to all sensors on the specified chavtedn only the number of averages is
provided,then that average is applied to all sensors on all channels.

Example: #SET_NUM_AVERAGES 11 10
Response: Setting Ch 1, Sensor 1 # Averages to 10.
#GET_NUM_AVERAGES
Syntax: #GET_GET_NUM_AVERAGES [Ch][Sensor]
Where,
Ch = Ch# (4) orsub-channek (1.1¢ 4.4)
Sensor = Sensor #250)

Description: This command returns the number of averages applied to the specified sensor on the specified
channel.

Example: #GET_NUM_AVERAGES 11
Respmse: 10

NOTEUse of the averaging functions in conjunction with the data interleave function enables a variety of averaging
scenarios. For example consider a 1kHz module:

Interleave Averages Results
1 1 1kHz data with no noise reduction
10 10 100 Hz data with 3.16:1 noise reduction
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#SET_STREAMING_DATA
Syntax: #SET_STREAMING_DATA [Val]

Where,
Val =0 or 1. Avalue of 1 enables streaming data. A value of 0 disables streaming
data.

Description: This command converts the data acquisition mode from a traditional command and response
mode to streaming mode, for the #GET_DATA commantheloommand and response mode, the client

must send thex30 corea #GET_DATA command and then read the returned data, when available. In
streaming mode, thex30 coreinternally generates #GET_DATA command following each acquisition, requiring
only that the user perform a TCP read to extract the data. It has been found that the elimination of the TCP
write dramatically increases data throughput from th@0 coreto the client.

The set streaming data command is client and socket specific. In order theusemmand, a user would first
open a socket 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, 30 corewill stream data to that socket and will not
make any othereplies to commands sent to that socket.

In reading a streaming socket, special provisions should be made to ensure that the server and client do not
become unsynchronized. To this end, each streaming dataset is terminated by synchronization tokemt A cl
application should validate synchronization by ensuring that the last eight characters of the dataset are all
equal to X (XXXXXXXX).

P2y SEAGAY3 AGNBFYAYy3a Y2RST (GKS FTAYLf aeyOKNRBRYATFGAz

(222227277).

Exanple: #SET_STREAMING_DATA 1

Response: Data Streaming data enabled.
#GET_STREAMING_DATA

Syntax: #GET_STREAMING_DATA

Description: This command returns a 1 if the socket is set to streaming mode and a 0 if it is in cormnthnd
response mode.

Example: #GET_STREAMING_DATA
Response: 1
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#SET_BUFFER_ENABLE
Syntax: #SET_BUFFER_ENABLE [Val]

Where,
Val = 0 for disabled and a 1 for enabled.

Description: This command converts thiata acquisition from buffered to unbuffered (or vice versa) for

data collected by the #GET_DATA and #GET_DATA_AND_LEVELS commands for a particular socket connection.
By default, all data is buffered into the #GET_DATA and #GET_DATA_AND_LEVELS cbnurderds.

disable buffering and receive only the most recent dataset upon a data call, the #SET_BUFFER_ENABLE

command can be sent with a parameter of 0. This command must be sent via the data acquisition socket and

the setting is only valid while thaiarticular socket is open.

Alternatively, the commands #GET_UNBUFFERED_DATA and #GET_UNBUFFERED_DATA_AND_LEVELS can be
used to extract urbuffered data from thex30 core Either method is valid and each may present a particular
convenience in particulasituations.

Example: #SET_BUFFER_ENABLE 0

Response: Client buffers disabled.
#GET_BUFFER_ENABLE

Syntax: #GET_BUFFER_ENABLE

Description: This command returns a 1 if buffering is enabled or a 0 if buffering is disablgédfpresent
socket connection.

Example: #GET_BUFFER_ENABLE
Response: 1

#GET_BUFFER_COUNT
Syntax: #GET_BUFFER_COUNT

Description: This command returns the number of entries stored in the internal data buffer foptagsent
socket connection. This value can range from 0 to 60,000 entries.

Example: #GET_BUFFER_COUNT
Response: 225

#FLUSH_BUFFER
Syntax: #FLUSH_BUFFER

Description: This command flushes out the contents of the data bufée the present socket connection,
clearing all data and resetting the buffer count to zero.

Example: #FLUSH_BUFFER
Response: Client 0 buffers flushed.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 99




r@ MICRON Optical Sensing Instrumentation & SoftwarENILIGHT

OPTICS
#SET_OPERATING_MODE
Syntax: #SET_OPERATING_MODE [mode]
Where,

mode =0 for stanéhlone operation, 1 for Master, 2 for End Slave, and 3 for middle slave.

Description: This command sets the operating mode of #89 core Care should be taken to ensure that
any module configured as a slave is propedynected to a module configured as a master.

Example: #SET_OPERATING_MODE 1
Response: Settingoperatingmode to 1.
#GET_OPERATING_MODE
Syntax: #GET_OPERATING_MODE [mode]
Description: This command returns the operatingoale of thex30 core
Example: #GET_OPERATING_MODE
Response: 1
#SET_TRIG_MODE
Syntax: #SET_TRIG_MODE [mode]

Where,
mode =0 for untriggered, 1 for S/W triggered, and 3 for H/W triggered.

Description: This command sets the triggering mode of #89 core
Example: #SET_TRIG_MODE 0
Response: Setting triggering mode to 0.
#GET_TRIG_MODE
Syntax: #GET_TRIG_MODE
Description: This command returns the triggering mode of %&0 core

Example: #GET_TRIG_MODE
Response: 0
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#SET_TRIG_START_EDGE 3
Syntax: #SET_TRIG_START_EDGE [Val]
Where,

Val =0 for rising edge anddr fallingedge.
Description: This command sets the start trigger edge for ¥3® corein H/W trigger mode (mode 3). If
rising edge is selected, then ti&0 corewill begin acquisitions and data transfer upon the rising edge of a
trigger signal connected tihe Sync In port on the front panel. If falling edge is selected, ther3becore
will begin acquisitions and data transfer upon the fall edge of a trigger signal connected to the Sync In port on
the front panel.
Example: #SET_TRIG_START_HDGE
Response: Trig Start Edge set to rising edge.
#GET_TRIG_START_EDGE
Syntax: #GET_TRIG_START_EDGE
Description: This command returns the start trigger edge setting for the sm130 module.
Example: #GET_TRIG_START_EDGE
Response: 0
#SET_TRIG_STOP_TYPE
Syntax: #SET_TRIG_STOP_TYPE [Val]

Where,
Val =0 for # acquisitions and 1 for edge triggering.

Description: This command sets the trigger stop event from among two choices. The first cimdiicated
with a parameter value of zero, is a stop trigger upon reaching a number of acquisitions following the start
trigger. The second choice, indicated with a parameter value of 1, is a stop trigger on presence of another
edge signal, be it risingr falling, as determined by the #SET_TRIG_STOP_EDGE command.
Example: #SET_TRIG_STOP_TYPE O
Response: Trig Stop Type set to '# Acquisitions'.
#GET_TRIG_STOP_TYPE
Syntax: #GET_TRIG_STOP_TYPE

Description: This command returns the configured trigger stop event for the connex3®dcore Either
edge stop triggering or fixed number of acquisition will be indicated.

Example:  #GET_TRIG_STOP_TYPE
Response: ¢ NA 3 { (2L ¢&L)S asSi G2 WwWI9R3IASUOD
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#SETTRIG_STOP_EDGE 3
Syntax: #SET_TRIG_STOP_EDGE [Val]
Where,

Val =0 for rising edge anddr fallingedge.
Description: This command sets the start trigger edge for ¥3 coremodule in H/W trigger mode (mode
3). If#SET_TRIG_STOP_TYPE is set to 1 and rising edge is selectedx3harotheill stop acquisitions and
data transfer upon the rising edge of a trigger signal connected to the Sync In port on the front panel.
Example: #SET_TRIG_STOP_EDGE 1
Response: Trig Stop Edge set to falling edge.
#GET_TRIG_STOP_EDGE
Syntax: #GET_TRIG_STOP_EDGE
Description: This command returns the stop trigger edge setting forx86 core
Example: #GET_TRIG_STOP_EDGE
Response: 1
#SET_TRIG_NUM_ACQ

Syntax: #SET_TRIG_NUM_ACQ [Val]

Where,
Val = the number of acquisitions to take following the start trigger.

Description: This command sets the number of acquisisdn be taken following the start trigger event,
giventhat the #SET_TRIG_STOP_TYPE is set to 0. In this mode, any stop trigger event will be ignored and data
acquisition and transfer will continue for the number of acquisitions defined by this command.
Example: #SET_TRIG_NUM_ACQ 1000
Response: Triggered acquisition set to 1000 samples.
#GET_TRIG_NUM_ACQ
Syntax: #GET_TRIG_NUM_ACQ
Description: This command returns the number of acquisitions to be taken following the tsigger event,
given that the #SET_TRIG_STOP_TYPE is set to 0. In this mode, any stop trigger event will be ignored and data

acquisition and transfer will continue for the number of acquisitions defined by this command.

Example: #GET_TRIG_NUMCA
Response: 1000
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#SET_AUTO_RETRIG 3
Syntax: #SET_AUTO_RETRIG [Val]
Where,

Val =0 or 1. Avalue of 1 enables automatic retriggering, while a value of 0 disables
automatic retriggering.

Description: This commanaonfigures whether or not th&30 corewill automatically retrigger. If
#SET_AUTO_RETRIG is set to zero, then only one start trigger event will be observed, and only a single data
acquisition event will occurlf #SET_AUTO_RETRIG is set to 1, thenddelmwill continually retrigger on
subsequent start trigger events, following each successful stop trigger.
Example: #SET_AUTO_RETRIG 1
Response: Auto-Retriggering enabled.

#GET_AUTO_RETRIG
Syntax: #GET_AUTO_RETRIG

Description: This command returns the state of the auto retriggering setting for the connected sm130. If 1,
then the module is set to automatically retrigger.

Example: #GET_AUTO_RETRIG
Response: 1
#SW_TRIG_START
Syntax: #SW_TRIG_START
Description: This command initiates a software start trigger to 889 corein S/W triggering mode. The
command can also be used to simulate a hardware trigger start when the module is set to hardware triggering
mode.
Example: #SW_TRIG_START
Response: Start of Acquisition Triggered.
#SW_TRIG_STOP
Syntax: #SW_TRIG_STOP
Description: This command initiates a software stop trigger to #89 corein S/W triggering mode. The
command can also be useddonulate a hardware trigger stop when the module is set to hardware triggering

mode.

Example: #SW_TRIG_STOP
Response: Stopping Triggered Acquisition.
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#MEASURE_LOCATIONS
Syntax: #MEASURE_LOCATIONS

Description: This ommand initiates an optional internal sensor location measurement algorithm, whereby
the module independently measures and deduces the optical path length from the interrogator to each optical
sensor. The optical sensors must be separated by at leagnlabd physically laid out in simultaneously
ascending wavelength order with physical distance. The command will either reply with a message indicating
that whether or not measurements were successfully completed.

Example: #MEASURE_LOCATIONS
Resmnse: Measuring Sensor Locations...OK.

#APPLY_MEASURED_LOCATIONS
Syntax: #APPLY_MEASURED_LOCATIONS [Ch][Sensor]

Where,
Ch = Ch# (4) orsubchannel (1.1¢ 4.4)
Sensor = Sensor #250)

Description: This command transfers the measured sensor locations that are generated from the
#MEASURE_LOCATIONS command and applies the values to the internally stored physical location or distance

of the sensor relative to the30 core for use in the correction algibhm for time-of-flight effects due to the

finite speed of light in optical fiber (séeLJLISY RAE Sy i Ailif SR & pas&iSMavelergth [ A IKG 9FF
a S a dzNBfyrSlafaiisi £

The #APPLY_MEASURED_LOCATIONS command accepts up to two argihefestargument is the

channel number and the second is the sensor number. Both arguments are optighah both arguments

are supplied, the measured sensor location is applied tespiecified sensor on the specified channélhen

the sensor argumeniafg #2) is omitted, the measured locations for the entire specified channel are all
applied. When neither argument is supplied, then all sensor locations for all sensors on all channels are set.

Example: #APPLY_MEASURED_LOCATIONS
Response: Applying measured locations to all sensors on all channels.
#GET_MEASURED_LOCATION

Syntax: #GET_MEASURED_LOCATION [Ch][Sensor]

Where,

Ch = Ch# (4) orsub-channelt (1.1¢ 4.4)

Sensor = Sensor #250)

Description: This command retrieves the measured sensor location generated by the
#MEASURE_LOCATIONS command as specified by the CH and Sensor parameters, and returns the location in

units of meters.

Example: #GET_MEASURHIIDCATION 13 1
Response: 8761.185289
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#SET_LOC_MEAS_CH_OFFSET_METERS 3
Syntax: #SET_LOC_MEAS_CH_OFFSET_METERS [Ch][Val]
Where,

Ch = Ch# (4) orsub-channel# (1.1¢ 4.4)
Val = location of the optical sensor, in meters

Description: This command sets the stored location calibration offset for the specified channel to the
specified value, in meters.

Example: #SET_LOC_MEAS_CH_OFFSET_METERS 1 15
Response: Setting channel 1 location offset to 15.000000.

#SET_SENSOR_LOIOAT[Ch][Sensor][Val]
Syntax: #SET_SENSOR_LOCATION 2 100 30000

Where,

Ch = Ch# (4) orsub-channek (1.1¢ 4.4)
Sensor = Sensor#-g60)
Val = Sensor Location in meters

Description: This command sets éhphysical location or distance of the sensor relative toxs@ core for

use in the correction algorithm for timef-flight effects due to the finite speed of light in optical fibee¢

FLIWISYRAE Sydadt SR o paskiSvavelength BA Az By Sy S pdrereargld RBG Af &
three parameters for this command. The first is channel number, the second is sensor number, and the third

is distance to the sensor, in units of meters.

Example: #SET_SENSOR_LOCATION 2 100 30000
Response: Setting Ch 2, Sensor 100 distance to 30000.

#GET_SENSOR_LOCATION
Syntax: #GET_SENSOR_LOCATION [Ch}[ Sensor]

Where,
Ch = Ch# (4) orsubchannelt (1.1¢ 4.4)
Sensor = Sensor#-g60)

Description: This commandeads the stored physical distance or locatiorthaf sensor relative to the x30
core, for use in the correction algorithm for tiraef-flight effects due to the finite speed of light in optical fiber
@SS FLIISYRAE Sy(Ailf SRba$ RISSROGFSYAEK (a & MHF MBS Z§ad [ T2
two parameters for this command. The first is channel number, and the second is sensor number. The unit
will reply with the recorded distance to the specified sensor in units of meters.

Example: #GET_SENSOR_LOCATION 2 100
Response: 30000
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NOTEThere are two types of location dathat are pertinent to the locations commangis ¢ KS FANBRG | NB K% ayYSt
t20FiA2yaés oKAOK NB OFftdzSa ISYySNI G§SR xB0kordi&e Ay G SNy I €
measured values are generated by the module and held in temporary memory for retrieval by the client
application (via the #GET_MEASURED_LOCAGMNaad) or for application to the internal distance correction
algorithm (via the #APPLY_MEASURED_LOCATIONS command). Calling the #APPLY_MEASURED_LOCATIONS
command causes these measured values to be moved from temporary memory into the internal sensor
configuration tables, to be immediately used by the internal distance compensation algorithm and applied to all
subsequent wavelength measurements. These stored location values in the internal sensor configuration tables
can be retrieved by calling the #GESENSOR_LOCATION command, or directly edited with the
#SET_SENSOR_LOCATION command.

4.2.27. LabVIEW TCGIP Utilities and Examples

NOTEFor the simplest and most feature rich interface to the modules, Micron Optics recommends the use of the
MOIENLIGHTBensing Analysis Software, available as a free download fasmatmicronoptics.com

NOTEThe following examples were written for and reference the sm130 Field Module specifically, but are equally
applicable to any Ethernet accessible x30 core. See section 5 for platform specific networking details.

Included with theinstrumentation support materialare several basic LabVIEW examples that demonstrate the
core functionality of the module. These examples demonstrate the functions of wavelength streaming, acquisition
triggering, and module synchronization.

A. Basic Data Streaming Example

The followingfigure shows a screen capture of an sm130 basic streaming wavelength data example. This
program creates a socket connection to the sm130, converts the socket to a streaming socket, and reads
wavelength data from the module. Data is then formatted foptiig on either a graph or table view.

Micron Optics sm130 Swept Laser Inkerrogator 100.0 10.0.0.33
Remote Ethernet Ltility, Release 1.4 BuFfer (%) smi30 P Address

MICRON
OPTICS

Graph Table

Active Channel: =[ 3 Active Sensor: [ @
1546.400 -

1546,350 -
1545,300 -
1546,250 -

E 1548.200 -

£

£ 1546.150~

e

& 1546.100 -

]

% 1546.050-
1545,000 -
1545,950 -

1545900 -

1545350 -, ]
134117 135116

Stop

[& =
Datapoint  JI[E2 ##4 [wavelength || Hﬂ‘ 1546.16 ﬂJ

A basicsm130streaming wavelength data example.
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B. Triggered Acquisition Example

o)
®)

As was introduced in section 4.2.1tBe x30 coresupports three triggering modes. The first of these modes
hasbeen exhibited in the preceding example. All of the features of the sm130 shown in the Basic Remote
Utility were demonstrated in Untriggered mode.

i. Untriggered

In untriggered mode, th&30 corereplies with data to any and all data commands set. Data is gated by
the acquisition of thex30 core and all data calls to the30 coreare blocking. When operating in a
triggered mode, while no trigger is present, responses to the data acquisitiomeaons will be marked
with a value of 9 in the error entry of the status headas defined in section 4.2.2,4ihdicating that the
module is awaiting trigger.

ii. Software Triggered

The following figuresshows a LabVIEW sm130 Triggered Acquisition ExamBleftware Triggered mode.

2 KSy GKS 1 aSGpiNAIYPY2RS O2yiNRf A& Q&VFESRIOFNBY da! yi
Triggered Acquisition Exampends the commanéset_trig_mode 1o the sm130 module. This

command immediately sets the sm1304goftware triggered mode, where it waits for a software trigger.

In the LV example, the #get_data calls continue to be set to the sm130, whose responses to the data

acquisition commands will be marked with a value of 9 in the error entryeo§tatus heder of section

4.2.2.4 indicating that the module is awaiting trigger. This error code has been brought out to the

al g Al A yirdicatoNsker B $ébllowing figure

Micron Optics smi30 Swept Laser Interrogator 10,0.0.23 o
Triggered Acquisition Example sl30 TF Address  guffers (%) YView

MICRON [ e P
OPTICS () Untriggered
awaiingwgoer () Datalntereaver 4 Acive Channel [ 1 of 16 activeSensor: 5[ 1 () S/ brigger

1546,911 = () Hw Erigger

#w_trig_startjstol
1546,900 - S "

1546,890
Start Trigger

1546880 -

1546870

1546860 -

1546850 -

TSI T L

1546840 -

1546830 -

1546.820 -

1546810

1546.800 -, !
14986 16009

Stop

Triggering Mode: /W Triggered

A software triggered acquisition.

In this example, there is a blean control that becomes visible in software triggered mode labeled

lagPdidNARIpadl NIkad2Llo 2 KSy GKS tF0St NBIFRa af{dF NI ¢
LINBaaAy3d GKAa 022tSty O2y(iNRft oAffiéODAMS TRSIRBYRES
module, at which time the #get_data command will return wavelength data, the awaiting trigger indicator

gAft 3I2 G2 FLfaSI FyR GKS 022tSly O2yiNBf gAff o NE

S
willcausetheremotelzi A f A& (2 A&dadzS | aaggpiNAIPaidizLE O2YYIlYyRZ
trigger status.
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iii. Hardware Triggered.

o)
0]

If the #set_trig_mode control is set to H/W trigger, then the GUI will present the user with a selection of
trigger configuration options, such as those seethimnext figure The user will be required to select
among a number of configuration settingad submit them to the module before hardware triggering is

activated.

&)

MICRON

Triggered Acquisition Example

Micron Optics sm130 Swept Laser Interrogator

10.0.0.23 99

sml30 IP Address  puffers (%) View

OPTICS

awaiting tigger ) DataInterleave: | ¢

62.5 Hz

Active Chanrel: +| 1 of |16

Hset_tig_mode
) Untriggered
() 5] trigger
() HW Erigger

Active Sensor: 5[ 1

1546.880 -
1546.575 |
1546.870 -
1546.565 -
1546860 -
1546,555 -
1546.850 |
1546,845 -
1546.540 -
1546,835 -
1546.530 -
1546.525 -

1546,820 -,
151496

I F'"_"TV"II‘JLTJW_*

Hzet_trig_start_edge
() rising edge
" Falling edge

Hset_tig_stop_type
() #acqusitions
(+) edge triggered

et _thig_stop_edge
(rising edge
(=) Falling edge

et _suto_retrig
() retrigger off
(%) retrigger on

F‘““U"ﬁJLlI"V’HLT

.

Enable/Update

i
152519

Triggering Made: HfW triggered

Stop

Hardware triggering configured for rising edge start, falling edge stop, with automatic retrigger off.

As hardware triggering is always activated by a TTL level signal, the must first select between rising or
falling edge signals for the start edge. Next, the user must choose whether the trigger cycle will be
terminated by the acquisition of a pr@etermined number of acquisitions, or by the detection of another
trigger signal edge. If number of acquisitions is selected, the user will be presented with a control to set
the number of acquisitions. If the stop trigger type is selected to be another hardvdge, the user will
choose again between rising and falling edge.

NOTEThere is no requirement that the start and stop triggers be on different edge types (either rising/falling or falling/rising)
from one another. Lastly, the user will configure wier or not automatic retriggering will be activated.
If automatic retriggering is not activate, then the module will trigger on and off once. If retriggering is
active, then the module will continue to retrigger upon subsequent trigger conditions edien valid

trigger cycle is completed.
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C. Module Synchronization Measurement Example (0]
Aswas also introduced in section 4.2.1t6e x30 coresupports synchronization of multipk80 coredor
expanded channel count, high speed sensor interrogation. The following figures demonstrate a synchronized
measurement of twdl kHzsm130 modules.

The test configuration is as seen below.

Slave sm130 Data Acquisition PC

Ethernet Hub

1 SErics

2o L e

Q

Function Generator
Master sm130

Hardware configuration for synchronized teseasurement.

The preceding figurehows the hardware configuration for a demonstration measurement foxg

synchronization function. Two sm130 modules evanected togetheria a coaxial cable. The bottom

Y2RdzZA S Aad O2yFAIdzNBR & | YF&AGSNI Y2RdzZA S o1 aSae2LISNI A
GKS a{,b/ Lb¢ O2yySOG2NI2F GKS (2L Y2RdzZ So ¢CKS G2L1 Y
(#set_operating_mode)3 Both modules are connected via Ethernet to a data acquisition PC via and Ethernet

hub.

With this configuration in place, the modules are ready to perform simultaneous and synchronized data
acquisition. As is explained in section 4.2,106ce the mdules are synchronized, the data set serial number
generated by the Master module will be encoded on the synchronization signal and passed to the slave
module. In this way, all datasets will be simultaneously acquired and bear common dataset serialmumber
between the two synchronized modules.

In order to test the simultaneity of the measuremenaspair of specialized FBG components wsed. These

two test FBGs are each mounted onto a PZT actuator and connected to a common function generator. When
the generator applies a voltage to the PZTs, the actuators increase in length, inducing a strain on each of the
test FBGs. As both FBGs driven by a common voltage, their respective strains will be modulated together,

in phase, allowing for a comparison of the acquired datasets from each module.

With the function generator off, measurements on the two synchronized sm130 modules aaeihitiWith

data acquisition underway, power is applied to the function generator, and the PZT fixtures are simultaneously
modulated. Data from each sm130 is stored to a file, and the data acquisition is terminated.
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Once the dataset for each module/semgair is stored, they can each be opened and merged with respect toO
the common dataset serial number$he following figureshows a plot of the resulting synchronized data sets.

sm130 Masker rave
sm130 End Slave |

‘Wavelength Change {nm})

-0.061= 1 1 1 1 1
4251110 4251200 4251300 4251400 4251500 4251550
Dataset Serial Mumber

Figure 6.5.3.2 Graphical display of Synchronized Data Sets

By virtue of the hardware synchronization and data set serial number alignment, it is seen that the two
measurements from the two separate sm130 modules are completely synchronized. The moment at which
the function generator begins to modulate the strain the two test FBGs is apparent and is seen to be the
same for the two synchronized sm130 modules.

4.2.3 Understanding Speed of Light Effects

Swept wavelength laser based wavelength measurements can be susceptible to perceived wavelength measurement

offsets generated by the finite speed of light in optical fiber. In most casissaffect manifests as a simpi#set that

can be ignored when an installed sensors is zerasds the case with most strain sensohs certain cases, it may be

necessay to compensate for that perceivedavelength offset, as would be the case with a calibrated temperature, for

example. Please see theLJLJS y RA BfLight Efiéc8 Bn i 8 SR 2 | #St Sy3i K aSl adNBYSyidaé
section of this document for detisi
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4.3.1.Functions, Features, and Modes of Operation

Additional measurement channels can be conveniently and economically added to an x25 or x30 core through the use
of x41 Multiplexer Technology. The switigipe sm041 multiplexer is based upon the latest generation of solid state
optical switches that redéct the optical path without moving parts. These switches feature low insertion loss, fast
response time, higlextinction ratiq and extremely high reliability and repeatability. It is designed to meet the most
demanding switching requirements of contimws operation without weabut, longevity without fail, and live

operation under vibration/shock.

Optical multiplexing can be achieved through an external multiplexer module like the sm041, or through internal
multiplexing, as is the case for the sm28/,230, si725, and si730.

The sm04Inoduledoes not have a power switch of its own. Rather, it powered on when connected to a live sm125
or sm130host interrogator. Power can be verified on the sm041 by the red LED on the lower right side of the front
panel.

The sm041 module has four optical inputs and either eight or sixteen optical outputs, depending upon model. The
input connectors are aligrtkvertically on the right side of the module, from 1 to 4, from top to bottom. The output
connectors are arrange in two horizontal groupings of 8, with Multiplexed Channels numbetjiy1, 3.1, 4.1, 1.2,

2.2, 3.2 and 4.®n the top row, andlL.3, 2.33.3, 4.3, 1.4, 2.4, 3.4 and 44 the bottom row, in the case of a 16
channel unit.

Each of the four sm041 optical inputs should be connected to the corresponding detector channel on th@ hxxt
SensingModule. In other words, them1XXPhysical Detetor Channel 1 would connect to the sm041 Input Channel 1
with an APC to APC jumpe8m1X>Physical Detector Channel 2 would connect to the sm041 Input Channel 2 with an
APC to APC jumper, and so on through channels 3 and 4.

The sm041 Channel Expansionddle multiplexes either 2 or 4 channels from the module to a single channel on the

K2aid {Syaiay3a LYGSNNRIIG2N LyadNHdzySyido l'a adzOK3Z SI OK da dz
G2 GKS alYS at Keaaollt |/ KHeyitifléxéd Chayinel§ &eSgrokp@ditdi Physivad Ghatbeyis v (i ®
this manner:

NOTE[ §3+ 08 dzASNE YIF& LINBFSNI GKS LINBGA2dza alff AYyGS3ISNE &Gl yREN]
appendixentitedd ! aAy 3 [ S3I 0& b20l (A 2cfionB@iNbtailh L adz GALX SESNERE Ay &

For an 8 sulchannel expansion module, the multiplexing is as follows:

Expansion Module Sulhannels x25 or x30 Interrogator Core
1.1,1.2 1
2.1,2.2 2
3.1,3.2 3
41,42 4

For a 16 sulchannel expansion module, thultiplexing is as follows:

Expansion Module SulEhannels x25 or x30 Interrogator Core
11,1.2,13,1.4 1
2.1,2.2,23,2.4 2
3.1,3.2,33,34 3
4.1,42,4.3,4.4 4

A diagram of how to optically connect the sm041 Channel Expansion modtle tost interrogator core is shown in
section 6.1.3.2f this document.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 112




r@ MICRON Optical Sensing Instrumentation & SoftwarENILIGHT
OPTICS

4.3.2.Remote Control Interface (0]

All control of the sm041 module is facilitated by the hw&b or x30 core Once the host module is configured to
interact with the sm041, nadditional control of the module is necessary. All multiplexed data generated by the
sm041 and host instrument pair is available exclusively through the remote Ethernet utility of the host instrument.
See sections 4.1.2.3 and 4.2.1.4 for additional detai
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5. PLATFORM SPECIFICS
5.1 sm Sensing Modules

5.1.1 Module IP Address inagement

On the module platform, the user commicates directly with the x25 030 optical core. In order to communicate,
GKS dzaSNna Kz2ad t/ Ydzad oS 2y GKS alyYyS t23A0lt ySig2N] 6/

5.1.1.1. Host PC and module are not on the same logical network.
If the host PC is not on the same logical network or the lihgstfor the module are unknown, the module
configuration utility can be used, as is explained in the following sectibe. user will need to have a VGA
monitor and USB keyboard available.

5.1.1.2. Host PC and module are already on the same logitabrk.

If the host PC and the module are already on the same logical network, one of four methods can be used to set
the IP address.

A. The configuration utility can still be used, provided that the user has a VGA monitor and USB keyboard
available.

B. Theweb interface command console, as shown in section 5.1.3 of this document can be used to send
commands directly to the x25 or x30 interrogator cofiehe appropriate IP settings commands are
documented in sections 4.1.2.6 and 4.2.2.5 for the x25 and x@&crespectively.

C. The same commands referenced in option B can be sent to the module from any client developed command
utility.

D. ENLIGHEan be used to connect to the module and set the IP address of that module by using the Edit IP
Parameters pogup window under the Hardware section on the Settings tab. See secti®hfarletails.
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5.1.2 Module Keyboard/VGAConfiguration Utililes

The snXXXmodules areequipped with a front mounted VGA connectitirat offer a direct video output from the x25
or x30 core Connection of a VGA monitor and external USB keyboard will allow a user to perform seswofall
configuration tasks for the modulesThe following three figures illustrate initialization menu, configuration window,
and basic orboard GUI of the sm12&nd sm130modules.

NOTE: an external monitor and keyboard are not required for use of the sm125 and are suggested as a configuration
convenience only.

Following a series of boot up messages aeldtestindicators, an initializing interrogator modubdll display an

image onscreen as is seen in two images beloif’ a keyboard is not attached or a selection is not made, the default
OK2 A0S starte 811 8 R i & NI@autdmaticallyibe selected, and the interrogator modtilenware will

start.

[2] configure

Instrument Conf.

=l

sm125 Initiakation Window sm130 Initialization Window

LT 0KS aLyadNHzySyid /2yFToe 2LIA2y Aa aStSOGSR @Al GKS
utility will launch, as shown in the following two figures. Navigating the arrow keys &Etfimard will allow the user
to change the network configuration settings and save them.

r‘ﬂ' Micron Optics sm125 r‘n, Micron Optics sm130

Setthis fiekd 100 to disable 4] et this fiekd 10 0 to disable
Fent services. When #SET_DEFAULT_GATEWA |1000.1 DHCP client services. When
setio 1, the sm130 retrieves its setto 1, the sm130 retrieves its
configuration information #SET_DHCP i configuration information
ipAddress 10.00.126 automaticaly from a DHCP = automatically from a DHCP

-
DHCP £

server. Consullwih your server. Consultwith your

ipNetmask 255.255.255.0 system administrator to #SET_IP_ADDRESS | 1000.126 system administrator to
determine i a DHCP server i determine if a DHCP server is

Gateway 10001 avalable for use. Note that the #SET_IP_NETMASK  |255.255.255.0 avaiable for use. Note that the

DHCP server wil not DHCP server will not
automaticaly configure the /| automatically configure the
defauh gateway. You wil need default gateway. You will need
10 configure that separately. to configure that separately.

~ [+]

Save & Quit

Page 1of 1 Reload Valves Page 1of 1 Reload Values Abort & Quit

Abort & Quit ‘ Save & Quit

sm125 Configuration Utility sm130 Configuration Utility
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sn125 v2 (Betad P Rev 1.5 [CPC 111, S/N SIA388 ; )
ethd [HCPI: ip-address=18.8.8.167, netnack=255.255.255.0, gatenay=18.0.0.1 Micron Optics sm130
XIA456
1000.0 Hz
CFC Buid 9 Time ‘Wed Sep 26 09:52:02 2007
Firmware Release 098f Source NTP
Driver Rele: 8
FPGA Synthesis Release 40
Operating Mode Stand-Alone
s Triggering Mode Untriggered
e = AuoReaser  NA
DHCE Ei Mux Level (sm041) 1
HaR o DUTs 00 0 0
Internal Temperature 000°C
[AB] Initializing ....
sm125 VGA output screen sm130 VGA output screen

Once the main sm125 firmwaresgarted, the basic screen seen above left will be displayed. The following
information is displayed on this screen:

Module type: e.g. sm125v2

FirmwareRevision (F/W Régv eg. 15

[ 2YLI OG CflaK . dazfflR 6w/ C/ XB80Y

Module SeriaNumber (S/N): e.g. SIA388

Ethernet status: displays use of static IP or DHCP (e.g. ethO [DHCP]: or eth0:)
IP Address: e.g. 10.0.0.167

IP Netmask: e.g. 255.255.255.0

IP Default Gateway: e.g. 10.0.0.1

Once the sm130 firmware is started etimage above right will be displayed. The following information is displayed
on the screen:

Module type: e.g. sm130

Module serial number: e.g. XIA456

CFC Build: eg.9

Firmware Release: e.g. 0.98f

Driver Release: eg.8

FPGA SynthedRelease: e.g. 40

IP Address: e.g. 10.0.0.130

Netmask: e.g. 10.0.0.130

DHCP: displays whether enabled or disabled

# Clients: displays number of current client socket connections (e.g. 0)

Internal Temperature: e.g. 0.0tC

Time: displays the current internal system time
(e.g. Wed Sept 26 09:52:02 2007)

Operating Mode: displays current synchronization mode (e.g. Staiohe)

Triggering Mode: displays current triggering mode (e.g. Untriggered)

Auto Retrigger: displays whether configured to automatically retrigger, if in a triggered mode
(e.g. N/A)

Mux Level (sm041): displays the present mux level of unit, as pertains to external switch
multiplexing: 1 for 14 channels, 2 for 8 channels, 4 for 16 channels

DUTs displays the number of detected FBG DUTs on each channel, in the following
sequence:

11 2.1 3.1 4.1
1.2 2.2 3.2 4.2
13 2.3 3.3 4.3
14 2.4 3.4 4.4
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5.1.3 Module Web InterfaceUtilities

The smXXX interrogatanodules are equipped with anternal web servethat can be used to perforroonfiguration,
diagnostic, and fmware upgrade tasks. Thesgernal web pags arebest viewed with Internet Explorer, Mozilla
Firefox, or the Opera browser.

All sm125, sm225m130, and sm230 modules are equipped with Web Interface utiliiée following images
highlight the pages for the sm125 and sm130 modules, but are equally applicable to the sm225 and sm230 modules as
well.

To access the internal sm125 web page, siraptgr the IP address of any sm125 on your local network.

5.1.3.1 Home Page

I Web Interface - Windows Internet Exphorer =< | | Optical Interrogator Web Interface - Windows Internet Explorer B
G- [emioons 2 - G & 0005 ] 2=
A | opucmsngnn wab tstace B8 8- Dee-On- 6 8 cpatintamogeor web e B B W rewe - G- "
MICRON MICRON
& S5nes sml 25- @] Serics sm13-
Main Menu Main Menu
Command Console Command Console
Instrument Status
Instrument Upgrade
Instrument Upgrade
a | ]
sm125 Web Interface Home Page sm13 Web Interface Home Page

The two images above shows the main home padeéke sm125andsm13 Web interfaces Thesepages link the
user to available Instrument Status, Command Console, and Instrument Upgrade pages.

5.1.3.2 Module Command Console Window

The firstfunctional page on the sm12idsm13 Web interface is the Command Console. From this console, th

user can send any command to tbennectedsm125or sm130module and read the reply in the large text box at the
bottom. A list of user commands can be pulled from the unit by issuing the #HELP command into the command line
control and pressingthé { SYR / 2YYl yRé¢ odzidz2y o

(B e Care T CoreoR Wiedes et g oo (e Caeerana o Wt ATt G BEx|
00 [Drimasziamess Bl G 2

[ BT SEIE

60 et Conmoed Carson

v Struent Conard Consde

Bec B - e Geke ™ & (@ - B i - resos - GTadke -
MICRON MICRON
lC*ﬂ OPTICS sm125- m OPTICS sm13-
Command Console Command Console
((SendCna EwaComoma| ) [[Sendoma
. a2 2
sm125 Command Console Window sm130 Command Console Window
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5.1.3.3 Module Status PagésmX30 only)

00

| 8 instrument Status - Windows Intermet Explorer /o]
[ [P wl

i & [ s B-8 @ - oo
& SFvics

Serial Number SlagHE Timo Tha Mar 19084914 2009
CFC Build 0 Source

Firmware Release 3 Operating Mode

Driver Release B Triggering Mode.
FPGA Syuthesis m Awta Re-trigger
Operating Speed MUX Level (smo41)
TP Address
Netmask

DHCP

&Clients v

Tntersal Temperature. 4219e

sm130 Status Page

The imagebove showthe sm130status page Ths pageis useful for monitoring applicablimformation about the
module, including serial number, firmware version, acquisition rate, network parameters, date and time, date/time
source, operating mode, triggering mode, and MUX level. Additionally, the status gegéaythe number of clients
that are currently connected, as well as the number of sensors detected by the nsasiugeper channel basis.

The smP5 module does not have anstrument status page.

5.1.3.4.Module Firmware Upgrade Page

e T T B
=

[ nstrment Upgrace - Windows iternet Explarer x|
O - o meinsnsmnms S a0
S S0 @vsnument Upgrade

[ B
b & uennedt Uk

[RAvsey  smizsiall

Instrument Upgrade

Upgrade Fie (Biowe)

sm125 Firmware Upgrade Page

Lastly, themoduleweb pagesare used to upgrade the firmware to theonnected sm125 or sm130 modul@he

[RAvsey  smisolll

Instrument Upgrade

Upgrade Fie (Biowe)

sm130 Firmware Upgrade Page

newest upgrade files will be made available on the Micron Optics website, at
www.micronopics.comisupport_downloads The latest firmware will be packaged into a *.upg file, which contains all

of the required firmware components, includi@fC image, Firmware, DrivERGA synthes@ any other required

components of the complete firmware bdil

The following imagshows a screenshot of the sm125 web interface in Upgrade mode. To upgrade the host sm125
module, the user will click on the Browse button to locate the latest *.upg file, and then press the Upgrade button.
The web interface willdvise the user to wait while the module upgrades and reboots itself. Upon rebooting, the unit

gAtt AYAGAFEAT S FyR
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& sm130 Upgrade - Windows Internet Explorer

G - e mpina sy T for] 3¢ [socae
& "smmwam _\ B B - & - (o Page v £ Took
MICRON

OPTICS
sm125 Upgrade

Upgrade File:

8]
Look it [ 9 upgrade_lies -l o cm

[
Home ]_J

Rlecent

uyw File mame: [

£ Flesolyps Al Fles '] ~

Upgrading firmware to sm125 via Web Interface
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5.2 siSensing Instrumerd

This section covers the tools and actions required for managemdirhofare and connections tthe Integrated
ENLIGHT environment of the siXXX interrogation instrumentation line, which includes the si225, si230, si325, si725, and
si730.

5.2.1 InstrumentENLIGHT Environment Upgrade

The latestversionof ENLIGHT that is compatible with the Segsnstrument Platfornis versionl.0.38. It is
recommended that alft & A ¢ @sSryfmeritsyoferate this ENLIGHT versiompatible with the Integrated ENLIGHT
operating environment

I TALI FAES O2yilAyAy3d GKA&deforldinBldadatdaré O2YLI GAD0ES NBfSIa:
http://micronoptics.com/sensing_software.php

To upgrade an siXXX instrument to this latest compatible release, download the zip file from the URAndbove
extract the contents to the root of a USB drive. Connect that drive to the USB port of an unpowered siXXX
interrogator instrument. When power is applied to the instrument, it will recognize the ENLIGHT installation file on
the root of the drive and asthe user if he wishes to upgrade. The user should confirm and the Integrated ENLIGHT
environment will be upgraded. No reboot is réiqa after upgrade. Should tHENLIGHVersioninclude and require
updated interrogator core firmware, the user will be alerted. The process for updating interrogator core firmware
through ENLIBT is presented in sectiah3.90f this document.

5.2.2 InstrumentintegratedENLIGHT Environme@bnnection Settings

5.2.21. HostiP Address nagement

The networksettingsof the Integrated ENLIGHT instrument can be configured on the Settings tab of the ENLIGHT
interface, as detailed in section3.90f this document. The instrument host IP address, Subnet Mask, and Default
Gateway can all be manually controlledaatomatically configured by DHCP.

5.2.22. Instrument Machine Namingo@trol

Additionally, the Integrated ENLIGHT instrument controls on the settings tab allow the user to assign a custom
machine name for the interrogator instrument. The factoonfigured default machine name is based upon the
model number and serial number of the interrogator instrument. For example, and si725 instrument with serial
number SIAXXX will be named si725_SIAXXX by default.

In addition to addressinthe instrument va the instrument host IP address, the unit can be addressed bhineac
name for Remote DesktoRemote Dataand Ethernet Paghiroughaccess purposeslhe process for changing

the instrument machine name through BISHT is covered in secti@rB.90f this document.

5.2.3.InstrumentRemote Desktop Instrument Control

Remote configuration of the siXXX interrogation instrument can be facilitated by use of the Remote Desktop Protocol.
Remote Desktop Protoc@RDR is a multichannel protocol that allws a user to connect to a networked computer
Microsoft refers to the official RDP server softwarelasminal Servicesr Remote Desktop Services. The official client
software is referred to as eithdkemote Desktop ConnectigRDC) or Terminal Services Client (TSC). The following
instructions show howd create a Remote Desktop Connection.

1. hy (KS dza S mBuseriidchickIBiart Sobint to All Programs, and theoint to Accessories.

2. Inthe Accessories menthe user is tgpoint to Communications, and then click Remote Desktop Connection.

3. In the Computer box shown in the following figutke user is taype either the IP address or machine name of
the target siXXX instrun.
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“& Remote Desktop Connection

Remote Desktop
Connection

Computer: | 725 siaxed lv]

User name:  51725_514:3< administratar

“I'ou will be asked for credentials when you connect.

[ Connect H Cancel ][ Help ngliuns» ]

4. The usewill then be prompted for your credentials to log onto the siXXX interrogator. The correct credentials are
as follows:

User name: Administrator
Password: micronoptics

Once connected, the user will see a complete image of the siXXX integrat&&HaNenvironment, asiswn in the
following image All interrogator core setup, FBG and sensor creation, charting, alarming, and data saving functions

Oty G(KSy 0S8 O2yiGNBfftSR NBYy2GSte 2y GKS dzaSNna O2YLlzi SN
‘. si725_siao - Remote Desktop E]

_ Acquisition | Sensors | Charts | Image | Alerts | Settings | Help | HostiP:1000215

cH1  cH2  cHs  cHa

0-

FEE

Power (dBm)

1510 1520 1530 1540 1560 1570 1580 1590

1550
Wavelength (nm)
Channel 1 Channel 2 Channel 3 Channel 4
Theeshod gomy: Threshold @y Treeshod (@ Theeshold @om:
R Theshald 48 e Throshod (o) el Trveshid 485 R Theshald 4o
v om0 v o W o -

Width Level (dB):

[ Detoct Valleys

‘Width Level (dB):

[ Datect Valleys

Width Level (dB):

[ Detest valleys

Width Level 4By

] Detoct Valleys

[ ) [ ] [ e ) [ s )

wposie:| [ | ook v | #poaks: v | wposke:| v ]

NN : L]

The Remote Desktop Connection canalsobigady F 4§ SR 2NJ AyGdS3aNI G6SR Ayid2 | dzaSNDa
application through the use of command line calls to Remote Desktop or the Remote Desktop Active X control.

0.00 KBisec ( 0./50 kB)
gths: 0.00 kBisec ( 0450 kB )
-~ days (92.60 /93 GB )

5.2.4. Instrument Local Data Storage and Remote Data Access

The Integrated ENLIGHT environment supports a host of local data storage features. These features can be accessed
by directtouch screenmouse, and/or keyboard controls or via Remote Desktop Connections, as highlighted in the
previous section. The stadedata can be accessed through two different methods.

The first method is to use the ENLIGHT Import/Export wizard to transfer files from the instrument internal hard drive
to an external USB drivelhis optionwill be covered in detail in sectich2.2.20f this manual.

In addition to direct, local access to the data, the stored files can also be remotely accessed over a network through
the Shared Files feature of the Integrated ENLIGHT environment. To access the data, the connected user would simply
need to browse the shared folders of the interrogator instrument.
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For example, asi725 instrument with machine name si725_SIAXXX housed files that were of interest to the remoteo)
user, he could view, copy, and/or move those files using Windows Exploray atlzer file browsing utility of his

choice. The following image shows the listing of internally saved files for the si725 instrument as viewed by the
remote networked user.

ELD [N/
Ele Edt View Favorites Tools Help o
Qo - () (T O seuch | [ rolders | [T | (KB Folder sy
Address | () \\6i725_simood ENLIGHTIDatal Sensorsl2005103124 ~| B o
Links
Folders X HName Size | Type Date Modified

® g% Instruments ~| [E) Sensors, 0090324092751, txt 2KB  Text Documert 3{24/2009 5:28 AM
® ol Workgroup [5] Sensors 20090324143848 bt 44KB  Text Document 3/24]2009 10:47 AM
5 ) si72s s (5] sensors 20090324 145239 txt SKE Text Document 3124]2009 10:53 AM
® i ENLIGHT [Z] Sensors, 20090324 160034 bt 61KB  Text Document 3J24]2009 12:11PM
® [ Deta [Z] tom _test_save.20090324165 25KB Text Document 3/24/2009 12:56 PM
# (2 Sensors
® I3 2009
# D03
=]
Y Wb Client Network. v
< 3 [ >

The organizational folder structure for saved datél be covered in sectin7.3.7of this document.
The shared data folders are secured and require the same login credentials used for Remote Desktop Connection:

Username: Administrator
Password: ngronoptics

Remote Data Access allows users to access sensor anevpealength data logging files, screen capture files, full
spectrum acquisition data files, image files, configuration files and firmware images. Access to these data stores can
be accessed programmatically as well.

5.2.5. Ethernet Pagfirough

The inerrogator instrument configuration offers a suite of powerful onboard ENLIGHT tools for the user, as compared
to the basic firmware of the smXXX optical interrogator module series. However, there may be circumstances where a
user would prefer to communida directly to the optical interrogator core by using the commands and protocols

outlined in section 4 of this manual. An example of this type of use case could be the following.

Suppose that a user purchases an si730 Optical Sensor Interrogator Instriamase in a development laboratory.
Under most conditions, the user will prefer to employ the simple user interface and convenient data storage tools of
the integrated ENLIGHT software. At some point, however, the user may find the need to cgileceassed

wavelength data from the optical interrogator core and integrate that data into his own custom data collection
process, in much the same way that a user may traditionally interface an sm130 module. To facilitate this user
scenario, the Integrai ENLIGHT environment includes an Ethernet-Baesigh mode. When Ethernet Pass

through is enabled, the user may send commands and queries directly to the optical interrogator core of the
instrument, as though it was a module configuration rather thanretrument. For example, when Pabsough is
enabled, the x25 aomands and protocols of sections 4.1.2.2 to 4.1.2.7 can be directly applied to collect data from
GKS AyailiNHzySyioa AYyGiSNNRIIG2N O2NB o

In order to activate Paghirough mode, the Integrate&NLIGHT software needs to be disconnected from the
interrogator core. Taconnect/disconnecfeature is officially introduced in sectiah2.2.2 of this document, but is
previewed in the following image.

When the Connect/Disconnect button is disengagesishown below, Ethernet Pagsough is automatically enabled,
allowing for direct Ethernet connections to the interrogator core.
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Connect/Disconnect button (left) is disengaged, thereby enabling Ethernetitasgh.

id

The x25 0x30 interrogabr commands should be addressed to the IP address or machine name of the interrogator
AYAUNHzYSy iz +ad RSFAYSR Ay (KS {SiiAy3a The mloRingimageS Ay & G Nuz
show a basic generic communication program pagsony' | Yy Ra RANBOGt & (2 GKS Ay GaSNNRILG?
host IP address (left) and machine name (right).

generic_instrument_commande... E]@ generic_instrument_commande... E]@
File Edit OQperate Tools window Help ‘ File Edit OQperate Tools window Help ‘

e s e s
data out A data out A
|#DUT4.4_STATE 0 B | |#DUTL.1_STATE 1 B |
address [T address
‘remote port ‘remote port
cormmand cormmand
| #get_dutd.4_state | | #get_dut1.1_state

-V. W

<] B <] B

NOTE: Only port 1852 communications for the x30 and port 50000 communications for the x25 are supported via

Ethernet Passhrough. Fotthis reason, the web servers for the two interrogator cores are not available via Pass
through. Similarly, port 55000 internal peak detection commands are not supported for the x25 core via Pass
through, but port 50000 internal peak detection commands. are

NOTE2 KSy |y AYGSNNRIFGE2NI O2NB A& o0daAtd Ayd2 Fy AyadNdzySyid O2y T/

Once in embedded mode the instrument host manages all IP settings for the core. As such, all commands to set IP

address, Netmask, and defagateway of the interrogatorare are ignored, replying with glaceholdereply of

dndndndn dé ' RRAGAZ2Y LTty GKS D! 2dziildzi 2F GKS Ay diSNNE3II
interrogator core have been relegated to thestrument host.

5.2.6 Safe Instrument Shutdown Procedures.

The Integrated ENLIGHGftsvare should be shut down prior to turning off powter the instrumentviahardware
power switch. First, a soft shutdown sequence should be initiated by pressing the Exit button on the Integrated
ENLIGHT Interfac®nce a soft shutdown sequence is initiated, the green and amber LEDs will begin to cycle in
phase with each other. As the shutdown sequepcogresses, the frequency of this simultaneous flashing will
increase. When the safe shutdown sequence is complete, the green and amber LEDs will both go dark and the
si225 will yield a sequence of three audible beeps. At that time, it is safe to tm@westrument power switch to
GKS a2FF¢é¢ LRaAAGAZY D

ENLIGHT exit button

CAUTION Failure to follow safe instrument shutdown proceduneay affect instrumenttability or longevity. Pleasexit

ENLIGHT and wait for the three beep sequence befetting the power switch to the off position.
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5.3. sp Sensing Processors
5.31. Features and Options

The sp125 and sBD Sensing Processaase industrial grade, high performance, processing module accessories for use
with MOl sm125and sm130LJG A O f { SyaAy3 LYGSNNRB3II G§2NEROD ¢KS aLia I NB
communication and power control to the sm125 and sm130 module.

Custom software and application development are supported in both Linux and Windows XP operagimg sys
Maximum flexibility supports many applications.

The data processing environment enabled by the sp125 and sp130 allows users to easily bridge the gap between optical
domain data and application specific engineering units like strain, tempergitessure, and acceleration.

Datacan besavedthe/ 2 YLJ Ol Ct | & KRa® diprecesped data 5abi diso be exported to other processors
via Ethernet, R832/422/485, or USB.

Support for ACPI power management is provided. In addition thengpcan remotdy switch power okoff to the
sm125 or sm130 interrogatatia software.

Mechanical Details and port definitions can be found in section 6.1 of this document

¢CKS alivup YR allvon LINRBOSaa2z2NB | NB thdsm225 and@$mRI0 Rack Mount & & A y
optical interrogator module configurations. Please wisiw.micronoptics.confor details.

5.3.2.Support Materials

Included among the instrumentation support materials are fgvogrammers guides for the sp125 and sp130 Processor

Modules. These guides highlight both Windows XP environment and Linux examples for programmatic control of the

general purpose /O (GPIO) ports of the Processor modules. Also included with the 8@\sTipp Y+ G SNA £ & | NB R
the associate documentation that support basic sm125 and sm130 communications andtdaizle See
www.micronoptics.com/support_downloadsr details.
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6. FORM FACTOR SPECIFICS

NOTE: Please ensure that you reference the proper documentation for your particular module or instrument, as the required
connections vary between models.

6.1. Field Modules
6.1.1. sm125
6.1.1.1. Compliance
This product complies with Part 15 of the FCC Rules. Operation is subject to the following two considerations: (1)
This device may not cause harmifulerference, and (2) this device must accept any interference received,

including interference that may cause undesired operation.

This product complies with Emissions Standard EN6133&ibpart B Rules and Regulations Class A limits,
EN610063-2 and EN10003-3.

This product complies with Immunity Standard EN613Z8000).
This product complies with Safety Standard EN61D10
This product complies with 21 CFR Subchapter J.

This product compliewith applicable European Normatives and iscGmpliant.

The laser safety warning labels are fixed on the module in the following locations.

(bottom
mounted)

{front mounted)
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6.1.1.2. Mechanical
A. Ports and Indicators
i. Front View of sm125 module

READY LED
CLIEWT LED
POWER LED

\ |GMGFF SWITCH— DC POWER

/ I-II
/ ] CH1FCIAPC
| i @l

. @ o[esea o - CHZ2 FCIAPC

)

CH3 FCiAPC

)

=

USE Lay  comt TVGA

=mil25-500 Front View

ON/OFF SWITCHontrols the supply of DC power to the sm125 module.
VGA: This port can be used to attach an external monitor for diagnostic purposes.
COM1: Not Used

USB:May be used for an external USB keyboard for limited configuration tasks, includingeshto IP
settings.

DC POWERThe front pael mounted connector is a four4erminal, removable terminal block that is
intended for fixed wiring applicationsTherefore, it is extremely important that the power be applied in
the proper sequence:

With the switch in the OFF position and the power cord disconnected from powece$ur
Connect the power supply leads to the terminal block.

Plug the power connector block into the front panel of the sm125.

Tighten thetwo (2) retaining screws.

Connectpower cord to power source.

Move the power switch to the ON position.

ouhrwbhpE

The sm125 can operate from any DC power supply that outpu&6Y¥ and80 Wof power.
LAN: This RJ5 connector is used for the Ethernet communication port.

AUX: This port is a8 pin DIN connector used to connect the sm125 to accessories, including the available
sm041 Channel Expansion Module.

CH1 {CH4) FC/APCAs many as four optical connectors can be found on the front panel of the sm125
module. Use only FC/APC jumpersdmnect to the front panel FC/APC connectors.
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ii. Rear View of the sm125 Module (0]

— REAR POWER INFUT

{ /
|~ A2 14-20 MOUNTING HOLES

S e R o

o o D D

825
O o S

I 8915

emil25-500 Redr View

REAR POWER INPUMis rear panel mounted coaxial power connector is designed to handle power
application and disconnect under all load conditions. Use this connector for all applications in which a
fixed power connector is not required.

MOUNTING HOLEShese threadedtholes on the rear of the sm125 allow for direct mounting of the
module.

ii. Side View of the sm125 Module

—a 2= ==
® &
@UDUUOUDDDOOU
COO00O0COCO0O0O0
000000 O0CO00O0
000000000000 | 4a

CoOOQOOQOoOOC0000
COoOQOOQOQoQQO0O0
COOOO0O0OCO00O0 |
®000000000000
@ ®
5.32

=mil25-500 Side View
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B. Other sm125 Mounting Options

There are several options for fixed mechanical mounting of the sm125 module. The follovdaegniages
highlight these options.

i. sm125Mounting Option 1: WaMounting Bracket

PN 229649, 1420 % V2" PHILLIPS FLAT HEAD SCREW, 4%

/N 221389, FLAT MOUNTING BRACKET, 2

19—l f

® ®

®ccooooooocoo
©C0000000000
0G0000000000
6G00000000630

+m138-500 miSptonst Mol Mountng
Brocets - Re az view

0G00000000C00

= ==t=}

mI28-000 wstonal Wl Mowring Brachets - Reor View

. )] microN oPTICS, INC.
s

W CETIONAL WAL MOLRT ERACKETS

PN 221843, 14-20 % 1iZ” PHILLIPS FLAT HEAD SCREW, 4X

FUN 221393, ANGLE MOUBTING BRACKET, 2X

000000000000,
000000

28500 wiCptiona! Banch Mourting Brachess
e o view

- ko] micron opTics, INC.

28-£00 wilteral Berch suming Braseets .
sty s
T GPTONAL BENCH MOUATIG BRACIETS

=

= il

i.aYMHp az2dzyiAy3 hLIA2Y oY hLIGAZYFE wmpé whk O]

F’]\
= e Racxk oL TABs

PIM 221852, 16 RACK MOUNT SHELF

ATTACH sm 125 TO SHELF USIG
RN ANGLE

MICRON OPTICS, INC.

OFTIGNAL 15" RAGK MOURT
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6.1.2 sm130

6.1.21. Compliance
This product complies with Part 15 of the FCC Rules. Operation is subject to the following two considerations: (1)
This device may not cause harmful interference, and (2) this device must accept any interference received,
includinginterference that may cause undesired operation.

This product complies with Emissions Standard EN6133ubpart B Rules and Regulations Class A limits,
EN6100&3-2 and EN6100G-3.

This product complies with Immunity Standard EN61322000).
This product complies with Safety Standard EN61D10
This product complies with 21 CFR Subchapter J.

This product compliewith applicable European Normatives and is CE compliant.

The laser safety warning labels are fixed onrttedulein the following locations.

(bottom
mounted)

{front mounted)

6.1.22. Mechanical
A. Ports and Indicators

i. Front View of the sm130 Module
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L
S
A = -

NOTE: The only required peripheral for normal operation is amB.Ethernet Cable.
POWER LEDhis red indicator confirms that power has been supplied to the module.

READY LEDThis green indicator confirms that the initialization sequence of thehastcompleted and
remote communications are possible.

CLIENT LELThis amber indicator is illuminated when there is an open remote connection to the module.
VGA: This port can be used to attach an external monitor for diagnostic and configurationggspo
DIAG: Not used.

USB: Used with USB keyboard for diagnostic and configuration purposes.

7¢ 36 V DC POWERHhe sm130 is equipped with a front panel mounted four (4) terminal block
removable connector that is intended for fixed wiring applicas. Therefore, it is extremely important
that the power be applied in the proper sequence:

M® 2AGK GKS LI26SNI a6AG0OK Ay GKS hCC LRaAlA2YyX
2. Connect the power supply leads to the terminal block.

3. Plug the power connector block intoetliront panel of the sm130.

4. Tighten théwo (2) retaining screws.

5. Move the power switch to the ON position.

The sm130 can operate from any DC power supply that outpu6Y¥ and80 Wof power.

LAN: This RJ5 connector is used for the Ethernet communication port.

AUX: This port is an 8 pin DIN connector used to connect the sm130 to accessories, including the available
sm041 Channel Expansion Module.

CH1 {CH4) FC/APCAs many as four optical connectors can be found on the front panel of the sm130
module. Use only FC/APC jumpers to connect to the front panel FC/APC connectors.

SYNC INSMA connector used for input trigger signals, for synchronizing acquisitionggamdtiple
sm130s triggering or sm130 acquisitions to external sync signal.

SYNC OUTSMA connector used to output sync signal, useful for synchronizing acquisitions among

Ydzf GALX S aYmMonQ&a 2NJ GNAIISNAY3I SEGSNYFE REGE F Ol dzi & A
ii. RearView of the sm130 Module
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smil30-500 Rear View

MOUNTING HOLEShese threaded holes on the rear of the sm130 allow for direct mounting of the
module.

iii. End View of sm130 Module

o
)

| ~——REMOVABLE
FAH FILTER

i N )

sml30-500 End View - Fan

REMOVABLE FAN FILTER:S &Ymon Y2 Rdz SQa alBqRigggdinithyad ex@rBallyt A y3 Tl ya
mounted, user accessible particle filter. Should an interrogator be so equipped, the user should

periodically monitor the degree of particulate accumulation, and take steps to clean the filter when

approprate.

B.sm1300ptionalMounting Bracket

5 350

T el ol
B &1

2! 30-500 widptional Pansl Mount Bracksts - Frank Vier

\
[Tl =ee @mm 3
)
&

=N =N=N =]

]
&

mIZ0-500 wiOpticnal Ponel Mount Srozists - Sids View

=mI30-500 widplisnal Panel Mouniing Brackets - Rear f=a Vien
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6.1.3. sm041

o]e)

6.1.3.1. Compliance
This product complies with Part 15 of the FCC Rules. Operation is subject to the following two considerations: (1)
This device may not cause harmifulerference, and (2) this device must accept any interference received,
including interference that may cause undesired operation.

This product complies with Emissions Standard EN6133ubpart B Rules and Regulations Class A limits,
EN610063-2 and E100063-3.

This product complies with Immunity Standard EN61328000).
This product complies with Safety Standard EN61D10
This product complies with 21 CFR Subchapter J.

This product compliewith applicable Europen Normatives and is CE compliant.

6.1.3.2. Mechanical
A. Ports and Indicators

i. Front View of the sm041 Module

()l )@)e)e)E)

1.1 21 3.1 4.1 1.2 22 3.2 4.2
13 23 33 34 14 24 34 44
A

TONED

ouTPUT J

M Channel Multiplerer | SM041 POWER

WIERON OPTICS

fz,C:)" e

@

POWER LEDhis red indicator confirms that power has been supplied to the modalswitchtype

sm041 modulde.g. sm044416)requires noseparatepower supply of its own, as all power and control for
the multiplexer are supplied from the host interrogator module via the AUX paouplertype sm041
module (e.g. sm04016) is passive and requires only opticaihnectors. See INPUT and OUTPUT below.

AUX: This port is used to connect the sm041 module to the host interrogator module and supplies the
electrical power and control signals to the multiplexer.

INPUT (#4): These optical input FP/APC connectors i@r be cabled to the four front panel optical
connectors of the host module.

OUTPUT (1.4 4.4): These optical output FP/APC connectors are to be cabled directly to the
optical sensors.
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B. Optical Connections

TONED

a o o (=} (-} (-] [ (-]
11 241 31 41 12 22 32 42
13 23 33 34 14 24 34 44
. QUTPUT J
M Channel Multipexer | SM041
ERON 8 TS
s
com 2 "e’ 4oL
Cary =i
vGA comA - 5 vde
LAH

g

Power
Ready
Client

.

Diagram of sm041 optically connected to host instrument.

e]e)

The input FC/APC optical connectors of the sm041 multiplexer module are to be connected directly to the

front panel FC/APC optical connectors of the host interrogator modiile input channel numbyeof the

multiplexer module should exactly match the output channel number of the host interrogator.
6.1.4. sp125

6.1.4.1. Compliance

Testing for this product is underway. Successful completion of all testing will allow for the following claims:

GThis product complies with Part 15 of the FCC Rules. Operation is subject to the following two considerations:
(1) This device may not cause harmful interference, and (2) this device must accept any interference received,

including interference that magause undesired operation.

This product complies with Emissions Standard EN61336bpart B Rules and Regulations Class A limits,

EN610068-2 and EN61003-3.

This product complies with Immunity Standard EN61B28000).
This productomplies with Safety Standard EN61a10

This product complies with 21 CFR Subchapter J.

This product compliesith applicable European Normatives and is CE compdiant.
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6.1.4.2. Mechanical (0]
A. Ports and Indicators

i. Front Panel View of sp125 Module

1COM2
S232485

-

Gareral pur inputioutput 1GRICH
N s PS2 keyboord and mouse
- frequires Y cablel

168 Ethernet LAN aures -

|00MB Ethernet LAN spl25 pL‘l.\L-I' switch
5 3 N
l 01020 spl25 power in header, S.08mm

....... O,,,\ @m

Benes AR LA

I° O{DIO IEI 0 pm. e smi25 power out heoder, 38Imm

COMICOND
Sending Processor|sp125 | @

/

power ond hard drive
activity LEDs

VGk CompoctFlash cover

spl25 reset button

VGA Used for connection to an external VGA monitor.

COM1, R&32 Available for other communications protocols on O&Miser developedasis.

COM2, R®32/485; Available for other communications protocols ®EM basis.

USB1/USB2Used for connection of any USB1.0/2.0 compatible device.

PS2! &SR FT2NJ O2yySOGAYy3a I t{H (Seo062INR FtyR Y2dzaSod wSl

LAN1/LAN2 Used to connect sp125 to sm125 aondexternal LAN. Connection to a sm125 requaes
crossover cable.

GPIO Female DB15 connector used to connect external, general purpose)aypptit (GPIO) signals to
sp125. Please refer to section on GPIO for more information.
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ii. Power Connector Details

-

-

Pin &1
>< \. 5p125 power input

Fin #1 = « T to 36Vdc in, 60-75 watts
Fin #2 = Vide ground
Imates with Phoenix 1777992)

i

NOTES -
1) The sp125, via software, can provide power to a sm125. MOI pin 222122,
sm 125 power cable, must be used to connect the sp125 to the sm125
-, R:-_J 2) Thie sp125 is powered from an external source capable of supplying 7-38Vde
\\ / at 60-75 watts.
- -
smi25 power output
Pin &] Pin 22 Pin #1 = +5¥dc, 5 amps, max ouput

Pim #2 = Vde ground
luse anly with MOl el 25 power cable, pin 2221221

ii. General Purpose Input/Output (GPIO) Wiring Diagram
/'_“‘M A
/s \

pin #1 “or” = +5Vdc, 4mA max
pin #1 *off" = 0,45Vde max

o O
Output bit 80 (see note 1) Signal ground
D@15 pin #1 Eigure 1 - output connecti DB pin 9

(refer o note 1)

Table I = spl25 GPIO, DBIS fernale

Pin Description o v/c o

Inpuit bit 80 closed = or = 1 Signal ground
| Output Bit #0 DB1S pin 84 open = "ol = 0 DE15 pin 10
2 Output Bit #1 igure 2 - ion
3 Output Bit #2 {refer to nate 1)
4 Input Bit #0
5 Input Bit #1
o v
[ it & 1. GPIC line valtags and current rangs -
° nput Bit #2 Input voltage fow = -0.3 to +0.8Vde
7 ot used Input valtage high = +2.0 16 +5 3Vdc
. Culput kw(sinking) - voltage = 0.45Vidc max, current = 12mé
a ' o Qutpat high(sourcing) - voltage = 5Vide max, current = 4mA
netuse [acditonal speciications. avadable upon request)
2. Refer to Table 1 for description of GPIO ines.
9 sigrol ground 3. Reter to figures 1 & 2 for examples of connecting external devices to the GPIO,
4_Bit vahse of 0 = “off", bit vahue of 1 = “on”
10 signal ground 8. Any signal ground may be used with any GP1O input or output line.

1] signal ground

12 signal ground
DETAIL A 13 sigral ground
14 zignal ground
15 signal ground
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iv. Compact Flash Access Port

spl25 CompactFlash cover

CompoctFlash cord #4-40 pon head screw, 2 ploces

B. Attachment to sm125 Module

H pin 222185 #6-32 X 2.25" socket head cap screw, 4x

Copyright © 2013 Micron Optics, Inc.

Instructions for installing CompactFlash in sp125

pin 222|84,025° 0D X 2 long spacer,
43 lone spacer hidden in this viewl

Rernove #6-32 X 3/16” button
heod screw, 4x, 05 shown.

1) Remove #4-40 pan head screw, 2 places, as shown.
2) Remove sp125 CompactFlash cover,

3) Insert CompaciFlash card into sp125. Please note that the
CompactFlash card is keyed and will only align with the
CompactFlash socket in one orentation.

CAUTION - DO NOT FORCE CompactFlash CARD. CARD
SHOULD SEAT INTO SOCKET WITH GENTLE PRESSURE. IF
RESISTANCE IS FELT THEN VERIFY THAT CompactFlash
CARD IS NOT DAMAGED AND THAT THE CARD KEY
PROPERLY ALIGNS WITH THE SOCKET KEY.

4) Install sp125 CompactFlash cover,

Instructions for attaching sp125 to sm125

1)Remove #6-32 X 3/16" button head screw from sm125 case, 4
places, as shown.

CAUTION - DO NOT REMOVE ANY OTHER SCREWS FROM
sm125. THIS CAN RESULT IN DAMAGE TO THE OPTICAL
COMPONENTS HOUSED WITHIN THE sm125.

2)insert a #6-32 X 2.25" socket head cap screw through the
sp125. 4 places, as shown. The screw should pass completely
through the sp125 housing and protrude from the bottom of the
sp125.

3} Insert the 0.25" OD X 27 long spacer into the $p125 fram the
bottorn. The #6-32 X 2.25" screw installed in the previous slep
should protrude from the bottom of the sp125, and through the
Spacer,

4) Align the #6-32 X 2,257 screws with the holes in the sm125 and
tighten, 4 places, as shown. MOl recommends applying a small
amount of removable thread locking compound (Locktite 222MS)
to each screw prior 1o installation. Screws should be torqued to a
maximum of 9 inch-pownds.

CAUTION - FAILURE TO USE THE 27 SPACERS PROVIDED
WITH THE 5p125 MAY RESULT IN DAMAGE TO THE OPTICAL
COMPONENTS HOUSED WITHIN THE sm125. FAILURE TO
USE THE #6-32 X 2.25" SCREWS PROVIDED WITH THE sp125
MAY RESULT IN DAMAGE TO THE OPTICAL COMPOMENTS
HOUSED WITHIN THE sm125.

User Guide, Revision 1319
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6.1.5. sp130
6.1.5.1. Compliance
Testing for this product is underwaguccessful completion of all testing will allow for the following claims:
G¢KAA LINRRdzOUG O2YLX AS&a gAGK tIFNI wmp 2F GKS C// wdz Sao
(1) This device may not cause harmful interference, and (2) thisedewust accept any interference received,

including interference that may cause undesired operation.

This product complies with Emissions Standard EN61336bpart B Rules and Regulations Class A limits,
EN610063-2 and EN6100G-3.

Thisproduct complies with Immunity Standard EN61-32@000).
This product complies with Safety Standard EN641010
This product complies with 21 CFR Subchapter J.

This product compliesith applicable European Normatives and is E&vd.Jt A |l y i ® ¢

6.1.5.2. Mechanical

A. Ports and Indicators

General purpose INputicutout IGRI

IGE Ethernet LAN P52 keyboord and mouse
Irequires Y coblel

5pl30 reset button

VGA Used for connection to an external VGA monitor.
COM1, R&32 Available for other communications protocols on O&Miser developedasis.
COM2, R&32/485; Available for other commupations protocols on OEM basis.

USB1/USB2Used for connection of any USB1.0/2.0 compatible device.

u»

PS2! &SR FT2NJ O02yySOGAYy3 I t{Hn 1S@062INR FYyR Y2dz&aSod wSlo

LAN1/LAN2 Used to connect si80 to sm130 anar external LAN. Connection to a sm130 requires a
crossover cable.

GPIO Female DB15 connector used to connect external, general purpose)dupptit (GPIO) signals to
sp130. Please refer to section on GPIO for more information.
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i. Power Connector Details

[ H o[wlo#«

QPTICS

= *‘:;**’@3, of|

SANT

I:®

)

08

=

COAMCOMT

olp.g.8.8/0

~__

- -

A

spl30 power input
Piry @] = « T t0 38VdC in, BO-75 walts
Pin &2 » Ve ground

imates with Proanix 1777292

530 power output
Fin &l = « 7 {0 36Vde in, 80-75 wolls
Fin #2 = Vidc ground

.-F"'"—"

Fin 24 = 10 control for remcte power
e only with MO! sl 30 power coble. pin 222207

{ DETAIL A
/

L

/

NOTES -

,
5/ 1) The sp130, via software, can provide power to a sm130. MO pin 222207,
- sm 130 power cable, must be used to connect the sp130 to the sm120.
2) The sp130 is powered from an extemal source capable of supplying 7-36Vdc
at 60-75 watts.

o736 Vel

vim
oo

#7336 Vo Ot

®

Sensing Pwonw|sp|30

DETAILC

Copyright © 2013 Micron Optics, Inc.

pin #1 "on" = +EVdo, 4mA max
pn#1 "off" = 0.48Vde max

o Extermal lkag a
Output bit 3 [seenche ®) | Signal ground
. ~ - CB1% pin #1 Fi 1- 5 DB15pin®
(refer to note 1)
= Descrotion
I Output Bit 20 :',’/’
- " o o o
2 Dutput Bit #1 Inpus bt M0 losed = et = 1 Signal greund
- DE1S pin i =voir = D815 pin 10
3 Output Bit £2 e opan "ol =0 e
" Figure 2 - input connection
4 Irput Bit =0 irefer to note 1)
5 Inpist Bit =l
NOTES:
& nput Bit 52 1. GPIC line voltage and current ratings -
- = Input voltage low = 0.3 o +D.8Vido
B r— Input voltage high = +2.0 ta +5,3Vdc
- it Qutput kwlsinking) - voitage = 0.48Vdc max, curent = 12mA,
B not used Qutput highissurcng) - vatage = 5Vde max. cument = Sma
= (additional specications availadle Lpon request)
~ 2. Reter 1o Table 1 for descripton of GPIO ines.
3 signal groeund 3. Refer tofigures 1 & 2 for exampies of connectng extemal devices o the GRIO,
- 4. Bit value of 0 = “ofF, bit value of 1 = on".
10 signal ground 8. Any signal ground may be used with any GFIC input or output line.
1 signol ground
12 signol ground
13 signal ground
14 signal ground
15 signal ground
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iii. Compact Flash Access Port
Instructions for installing CompactFlash in sp125

1) Remove #4-40 pan head screw, 2 places, as shown,
2} Remove sp125 CompactFlash cover.

3) Insert aﬁﬁaﬁFlash card into 5p125. Please note that the
CompactFl rd is keyed and '-'i'l" only align with the
CompactFlash socket in one onentation.

CAUTION - DO NOT FORCE CompactFlash CARD. CARD
SHOULD SEAT INTO SOCKET WITH GENTLE PRESSURE. IF
RESISTANCE 1S FELT THEN VERIFY THAT CompactFlash
CARD IS NOT DAMAGED AND THAT THE CARD KEY
PROPERLY ALIGNS WITH THE SOCKET KEY.

4} Install 5p125 CompactFlash cover.

44 4000 neos serem 2paces

B. Attachment to sm130 Module

Instructions for attaching sp130 to sm130

1IRemove 85-32 X 316" button head screw from sm 130 case, 4
places, as shown.

CAUTION - DO NOT REMOVE ANY OTHER SCREWS FROM
sm130. THIS CAN RESULT IN DAMAGE TO THE OPTICAL
COMPONENTS HOUSED WITHIN THE sm130.

ﬂ in 222185, #6-32 X 225" socket heod cop screw, 4x 2““5&'1 a ﬁ_sz x 225‘ m mﬂ m saew Ihrw#l ‘m

sp130, 4 places, as shown. The screw should pass completely
mroﬁhﬂ'espiw housing and protrude from the battom of the
130.

3) Insert the 025" 0D X 2" long spacer into the sp130 from the
bottom. The #6-32 X 2 25" screw installed in the previous step
should protrude from the bottom of the 5p130, and through the

£/ 222184, 0257 6D X 2" long sposer,
41 lon@ SPOCET Niaden In s viewt

SpACET.
femows s6-32536 n 4) Algn the #5-32 X 2.25" screws with the holes in the sm130 and
e tighten, 4 places, as shown. MOl recommends applying a small

amount of remaovable thread locking compound (Locktite 222MS)

to each screw prior to installation. should be torqued to a

maximum of 9 inch-pounds.

CAUTION - FAILURE TO USE THE ° SPACERS PROVIDED
WITH THE sp130 MAY RESULT IN DAMAGE TO THE OPTICAL
COMPONENTS HOUSED WITHIN THE sm130. FAILURE TO
USE THE #6-32 X 2.26" SCREWS PROVIDED WITH THE sp130
MAY RESULT IN DAMAGE TO THE OPTICAL COMPONENTS
HOUSED WITHIN THE sm130.
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6.2. Rack MountUnits (@)

Due to the possibility of multiple Ethernet, VGA and/or USB ports on the rear of the Rack Mount units, special attention
should be paid to th&orts and Indicators section farese products.

CRITICANOTEsI225 and si230 Instruments with the Integrated ENLIGHT environment REQUIRE that a crossover
cable be used in loopback configuration in order to function. Please ensure that the provided cable remains
connected betweerthe Laser Module Ethernet port and the LAN1 port of the si225 or si230 instrument.

6.2.1.sm2258si225

6.2.1.1.Compliance
Testing for this product is underway. Successful completion of all testing will allow for the following claims:
a ¢ Krbduct complies with Part 15 of the FCC Rules. Operation is subject to the following two considerations:
(1) This device may not cause harmful interference, and (2) this device must accept any interference received,

including interference that may causadesired operation.

This product complies with Emissions Standard EN61336bpart B Rules and Regulations Class A limits,
EN610063-2 and EN61003-3.

This product complies with Immunity Standard EN61B28000).
This product comps with Safety Standard EN61610

This product complies with 21 CFR Subchapter J.

(@]

This product compliegith | LILJX A Ol 6t S 9dzNRLISIY b2NXIGA@®SE YR A& /9
6.2.1.2.Mechanical
A. Ports and Indicators

i. Front Pael View ofsm225/si225, 16 channel version

J=—— CHANNELS 1.142 — COOLING FANS

© lo = (2 (e (A ]
- |[g888] 8888 (=0 i

o |° @@@@

—— CHANNELS 1.34.4 —

C
ol..
0l

(&)

;

OPTICAL CONNECTIONS, FCAPC, 16X,
CHANNELS 1¢l4.2, 1.3¢ 4.4: FC/APC optical connectors.

COOLING FANEDoling fans feature user accessible dust screen for easy cleaning.
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ii. Front Panel View of sm225/si225, 4 chanvaision

CHANNELS 14 COOLING FANS
= leo ol ©
- o) &\ o
o | [¢00g) |[Ce -
o @ o| —~

\ OPTICAL CONNECTIONS, FCAPC, 4X,

CHANNELS4: FC/APC optical connectors.

COOLING FANEDoling fans feature user accessible dust screen for easy cleaning.

iii. Top View of sm225/si225 enclosure

18

iv. sm225/si225 Relay Output

QUT RELAY #3
4;_/,,);—1 OUPUT RELAY #1
38600 e (@
= N
FOEe.e [@ ©
I @' O

v. sm225/si229Power Terminal Details.

,-'"""_r__'_""‘--.L

.
/ -7 to 36Vde

-"r'::lk

N

|

o E‘E'g'@ 8]

!.\ | FRAME GROUND

/

™, s

DETAIL B
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vi. Rear View of si225 Instrument. Ethernet crossover loopback connector REQUIRED for operation. (0]

=%
T-36VDCIN
INTERROGATOR CORE ETHERHET] ON/OFF SWITCH
HCONNECT VIA CROSSOVER
ICABLE TO LAH 1) STATUS LEDs
READY = GREEN
CLIENT = YELLOW HOT USED ACTIVITY
NOT USED HOT USED POWER = RED IDICATORS

(CONHECT VIA CROSSOVER CABLE
TO INTERROGATOR CORE ETHERNET)

T

CRITICANOTEEthernet crossover loopback connector REQUIRED for operation.

In the si225 instrumenthere are several ports which are not used for normal operation. It is important
to become familiar with the correct ports for use with the Integrated ENLIGHT environment.

INTERROGATOR C@RHEERNEThis portto the x25interrogator coremustbe conneted to LAN1 of
the si225 instrument via a crossover cable at all times.

POWERED:This red indicator confirms that power has besrpplied to the x25 interrogatarore.

CLIENT LEDrhis amber indicator is illuminated when therais open socket conmtion to the x25
interrogator core. This indicator will be active when either ENLIGHT is connected to the core, or a remote
PC is connected directly to the interrogator core via the Ethernet-thasagh feature.

READY.ED:This green indicator confirmthat the initialization sequence of the interrogator core has
completed and data connects to the core are possible.

NOTEThe amber client LED and the green ready LED are also used in combination to give a visible indication that the
si225 instrument is in a Bashutdown sequence. Once a soft shutdown sequence is initiated via the Exit
button on the Integrated ENLIGHT interface, the green and amber LEDs will begin to cycle in phase with
each other. As the shutdown sequence progessshe frequency of this simultaneous flashing will
increase. When the safe shutdown sequence is complete, the green and amber LEDs will both go dark and
the si225 will yield a sequence of three audible beeps. At that time, it is safe to move thenestru
L26SN) agAG0OK (2 (GKS a2FF¢ LRarAldAZy®

ON/OFF SWITCHControls the supply of DC power to the si225 instrument.

7-36VDC IN:The front mounted connector is a four (4) terminal, removable terminal block that is
intended for fixed wiring applications.h@&refore, it is extremely important that the power be applied in
the proper sequence:

M® 2AGK GKS LR6SNI asAG0OK Ay GKS hCC LRaAldAZ2YyX
2. Connect the power supply leads to the terminal block.

3. Plug the power connector block into the front panéthe sm130.

4. Tighten théwo (2) retaining screws.

5. Move the power switch to the ON position.

The si225 can operate from any DC power supply that outpu6¥ and30 Wof power.
VGA OUTThis portcan be used to attach and external mitmm to the instrument. Used in combination

with a USB keyboard and mouse, as user can locally operate to view the Integrated ENLIGHT graphical user
interface.
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NOTEThe si225 Instrument VGA port must be connected to a monitor device during boot ugenfor the VGA
drivers to be loaded by the processor. If no monitor is connected during boot up, no video signal
will be available to the VGA port.

LAN 1:This port must be connected to the Interrogator Core Ethernet port via a crossabier at all
times.

LAN2¢ KA & LRNI Aa dzaSR (2 O02yySOG GKS aAnup AyadNUzySyl
through the Integrated ENLIGHT interface and enables Remote Desktop, Remote Data, and Ethernet Pass

through functions.

PS2APS2 mouse or keyboard can be connected to this port.

POWER AND HDD ACTIVITY INDICATORSyreen power LED indicates that power has been supplied

to the internal processor module of the si225 instrument. The amber LED indicates that there is active

hard disk activity.

vii. Rear view o$m225 Module

o) ¥ JT\
l @ 000000000 @/u A
s O @ e ® O )
= 6\‘ [ — @ e ¢f 4 @ _
> © P
— [ & ‘—_',_’/
| DUALUSB ILan | com vea A

7-36VDC IN

SENSING MODULE

ON/OFF SWITCH

STATUS LEDs
READY = GREEN
CLIENT = YELLOW
POWER = RED

POWER LEDrhis red indicator confirms that power has been supplied to the module.

READY LEDThis green indicator confirms that the initialization sequence of the unit has completed and
remote communications are possible.

CLIENT LELThis amber indicator iduiminated when there is an open remote connection to the module.
ON/OFF SWITCHControls the supply of DC power to the sm225 module.

VGA: This port can be used to attach an external monitor for diagnostic purposes.

COM: Not Used

DUALUSB: May be used for an external USB keyboard for limited configuration tasks, including changes
to IP settings.

7-36VDC IN:The front panel mounted connector is a four (4) terminal, removable terminal block that is
intended for fixed wiring applicatian Therefore, it is extremely important that the power be applied in
the proper sequence:

M® 2AGK GKS agAliOK Ay GKS hCC LlRaiitArzyX
2. Connect the power supply leads to the terminal block.

3. Plug the power connector block into the froranel of the sm125.

4. Tighten thdawo (2) retaining screws.

5. Move the power switch to the ON position.

The sm225 can operate from any DC power supply that outpu86Y¥ and30 Wof power.

LAN: This RJ5 connector is used for the Ethernet communication port.
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viii. Rear View of sm225 Module with Optional Sensing Processor

183

uOOOOOOOvO")O

oo“oocoooo
@ b
DUAL USB uw

com

SENSING MODULE

COMIZ “VGA ‘AN 'USB 'KYBD
\CF ACCESS |

SENSING PROCESSOR

ONOFF SWITCH

STATUS LEDs
READY = GREEN
CLIENT = YELLOW
POWFR =RFD

The ports for the sm225 Sensing Module are defined in the previous section. Addition of the Optional
Internal &nsing Processor adds the following ports and connections.

VGA Used for connection to an external VGA monitor.

NOTEThe Sensing Process®GA port must be connected to a monitor device during hgoin order for the VGA
drivers to be loadedby the processor. If no monitor is connected during bopt no video signal
will be available to the VGA port.
COM1, R&32 Available for other communications protocols on OEM or user developed basis.
COM2, R®32/485. Available for othecommunications protocols on OEM basis.

USB1/USB2 Used for connection of any USB1.0/2.0 compatible device.

PSY ! a

U))

R F2NJ O2yySOiGAya | t{u 188062FNR IyR Y2dzaSd w

LAN1/LAN2 Used to connect Sensing Processor to Sensing Machal@r external LAN. Connection to
the Sensing Module requires a crossover cable.

B. Rack Mounting Tabs

The sm225/si225 modules and instruments can be rack mounted tstangardized EIA310-D, IEC
60297 andDIN41494 SC48D) frame or enclos@r@ RS LI K My dpé 2 NJ INBI G SN aSor
included rack mount ears are seen in the image below.
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6.2.2 sm230/si230
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6.2.2.1. Compliance
Testing for this product is underwasuccessful completion of all testing will allow for the following claims:
A¢KAA LINPRdzOG O2YLX ASa 6AGK tIFNIG mp 2F GKS C// wdzs Sao
(1) This device may not cause harmful interference, and (2) thisedeust accept any interference received,

including interference that may cause undesired operation.

This product complies with Emissions Standard EN61336bpart B Rules and Regulations Class A limits,
EN610063-2 and EN6100G-3.

Thisproduct complies with Immunity Standard EN61-32@000).
This product complies with Safety Standard EN64010
This product complies with 21 CFR Subchapter J.
This product compliegith | LILX A Ol 6t S 9dzNRLISIYy b2NXI GAGSAa FyR Aa /9 O
6.2.2.2. Mechanical
A. Ports and Indicators

i. Front Panel View of sm230/si230, 16 channel version

f—— CHANNELS 1.142 —| COOLING FANS
D - —— 10| ©)
o 1° @@@@J PO r\m@[ °l o
o 10 @000)] ||[©00Q [u J] ol o
Fe—— CHANNELS 1344 —

OPTICAL CONNECTIONS, FCAPC, 16X,
CHANNELS 1¢l4.2, 1.3¢ 4.4: FC/APC optical connectors.

COOLIE FANSCooling fans feature user accessible dust screen for easy cleaning.
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ii. Front Panel View of sm230/si230, 4 channel version

CHANNELS 14 COOLING FANS
= leo ol ©
- o) &\ o
o | [¢00g) |[Ce -
o @ o| —~

\ OPTICAL CONNECTIONS, FCAPC, 4X,

CHANNELS4: FC/APC optical connectors.

COOLING FANE&ooling fans featuraser accessible dust screen for easy cleaning.

iii. Top View of sm230/si230 enclosure

18

iv. sm230/si230 Relay Output

QUT RELAY #3
:j;—l OUPUT RELAY #1
38600 oL @ ©
ﬂ -
FIOES . @ ©
I @' O

v. sm225/si225 Power Terminal Details.
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/ «7 to 36Vdc
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vi. Rear View of si230 Instrument. Ethernet crossover loopbankector REQUIRED for operation. O
. ‘
HOT USED HOT USED
AN
o) &~ 94T 7P 333333 @/ ™
Rty '7,/‘ Ns) ’_E = ) @: — )
g () {emm) o2 DE@-o UE -
7% | 2 S
INTERROGATOR B A
CORE ETHERNET T-36VDCIN Ps2
(CONNECT VIA HOT USED
CROSSOVER OWOFF SWITCH

CABLE TO
LA 1) STATUS LEDS
READY = GREEN

LAN2 DUAL POWER
use &

HOT USED HOT USED HOT USED CLIENT - YELLOW

POWER = RED
(CONNECT VIA CROSSOVER ACTIVITY
CABLE TO INTERROGATOR MDICATORS.
CORE ETHERIET)

T

CRITICANOTEEthernet crossover loopback connector REQUIRED for operation.

In the si230 instrument, there are several ports which are not used for normal operation. It is important
to becomefamiliar with the correct ports for use with the Integrated ENLIGHT environment.

INTERROGATOR CORE ETHERMKETport to the x30 interrogator core must be connected to LAN1 of
the si230 instrument via a crossover cable at all times.

POWER LEDrhisred indicator confirms that power has been supplied to the x30 interrogator core.

CLIENT LEDrhis amber indicator is illuminated when there is an open socket connection to the x30
interrogator core. This indicator will be active when either ENLIGebhigcted to the core, or a remote
PC is connected directly to the interrogator core via the Ethernet-thasagh feature.

READY LEDXhis green indicator confirms that the initialization sequence of the interrogator core has
completed and data connecte the core are possible.

NOTEThe amber client LED and the green ready LED are also used in combination to give a visible indication that the
si230instrument is in a safe shutdown sequence. Once a soft shutdown sequence is initiated via the Exit
button on the Integrated ENLIGHT interface, the green and amber LEDs will begin to cycle in phase with
each other. As the shutdown sequence progresses, the frequency of this simultaneous flashing will
increase. When the safe shutdown sequence is complleéegreen and amber LER4l both go dark and
the si23 Wl yield a sequence of three audible beeps. At that time, it is safe to move the instrument
L26SN) agAG0OK (2 (GKS a2FF¢ LRarAldAZYy®

ON/OFF SWITCHControls thesupply of DC power to the si2@tstrument.

7-36VDC IN:The front mounted connector is a four (4) terminal, removable terminal block that is
intended for fixed wiring applications. Therefore, it is extremely important that the power be applied in
the proper sequence:

1. Withthepowela 6 A G OK AY GKS hCC LRAAGAZYX
2. Connect the power supply leads to the terminal block.

3. Plug the power connector block into the front panel of the sm130.

4. Tighten théwo (2) retaining screws.

5. Move the power switch to the ON position.

The si23@an operate from any DC power supply that outputs3BV and30 Wof power.
VGA OUTThisport can be used to attach and external monitor to the instrument. Used in combination

with a USB keyboard and mouse, as user can locally operatevicthe Integrated ENLIGHT graphical user
interface.

Copyright © 2013 Micron Optics, Inc. User Guide, Revision 1319 149




r@ MICRON Optical Sensing Instrumentation & SoftwarENILIGHT
OPTICS

o]e)

NOTEThe si230 Instrument VGA port must be connected to a monitor device during boot up in order for the VGA
drivers to be loaded by the processor. If no monitor is connected during boot upyiteo signal
will be available to the VGA port.

LAN 1:This port must be connected to the Interrogator Core Ethernet port via a crossover cable at all
times.

LAN2¢ KA & LRNI Aa dzaSR (2 O02yySOG G KStisukencondfiguialyed i NHzY Sy (
through the Integrated ENLIGHT interface and enables Remote Desktop, Remote Data, and Ethernet Pass

through functions.

PS2A PS2 mouse or keyboard can be connected to this port.

POWER AND HDD ACTIVITY INDICATORSyreen powek ED indicates that power has been supplied

to the internal processor module of the si225 instrument. The amber LED indicates that there is active

hard disk activity.

vii. Rear View 06m230 Module.

18:
SYNC OUT SYNCIN [
x Q_%Fggzgoocwnw 2000000 © @ e ”@/Q‘P—\
170 | ' ;U f @ O )
= —,—] g | ()
l o \L_/ / § LD ==, ICANSI%
f—— =
‘RSBZ ’LAN kvBD ’VGA USB B A
‘ FasvDCIN
SENSING MODULE ONOFF SWITCH

STATUS LEDs

CLIENT YELLOW
POWER = RED

POWER LEDhis red indicator confirms that power has been supplied to the module.

READY LEDXhis green indicator confirms that the initialization sequence of the unit has completed and
remote communications are possible.

CLIENT LELThis amber indicator iduiminated when there is an open remote connection to the module.
VGA: This port can be used to attach an external monitor for diagnostic and configuration purposes.
DIAG: Used for diagnostic purposes only.

USB: Used with USB keyboard for diagnostic and configuration purposes.

7¢ 36 V DC POWERhe sm230 is equipped with a front panel mounted four (4) terminal block
removable connector that is intended for fixed wiring applicatiomberefore, it is extremglimportant
that the power be applied in the proper sequence:

M® 2AGK GKS LRESNI asA00K Ay GKS hCC LRaAGAZYX
2. Connect the power supply leads to the terminal block.

3. Plug the power connector block into the front panel of the sm130.

4. Tighten thdawo (2) retaining screws.

5. Move the power switch to the ON position.

The sm230 can operate from any DC power supply that outpu&6¥ and80 Wof power.

LAN: This R35 connector is used for the Ethernet communicatiomtpo

SYNC INSMA connector used for input trigger signals, for synchronizing acquisitions among multiple
sm230s triggering or sm130 acquisitions to external sync signal.
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SYNC OUTSMA connector used to output sync signal, useful for synchronizingsioonus among (0]
Ydzt GALIX S aYHonQa 2N GNRAIISNAYy3I SEGSNYLt RIFEGE | Oljdz &
viii. sm230 Module with Optional Sensing Processor
183
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O ©[33883°9208°33888339¢0 \@ &9 g47-3332883 7o
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7-36VDC IN
SENSING MODULE CNIOFF SWITCH SENSING PROCESSOR

STATUS LEDs

READY = GREEN

CLIENT = YELLOW

POWER =RED
The ports for the sm20 Sensing Module are defined in the previous section. Addition of the Optional
Internal Sensing Processor adds the following ports and connections.
VGA Used for connection to an external VGA monitor.

NOTE: The Sensing Processor VGA port must be connected to a monitor device during boot up in order for the VGA

drivers to beloaded by the processor. If no monitor is connected during boot up, no video signal
will be available to the VGA port.
COM1, R&32 Available for other communications protocols on OEM or user developed basis.
COM2, R®32/485. Available for dier communications protocols on OEM basis.
USB1/USB2 Used for connection of any USB1.0/2.0 compatible device.
PSY PaSR T2N) O02yySOlGAy3a + t{u {1S@02FNR YR Y2dz&ASod w

LAN1/LAN2 Used to connect Sensing Processor to Sensing Machal@r external LAN. Connection to
the Sensing Module requires a crossover cable.

B. Rack Mounting Tabs

The sm30/si230 modules and instruments can be rack mounted to any standardgs&8(0-D, IEC
60297 andDINmmncpn {/ ny50 FNIYS 2NJ SyOf2adzNB 2F RSLIIK my dp:
included rack mount ears are seen in the image below.
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6.3. Portable Units
6.3.1.si325

6.3.1.1. Compliance

The tests performed intended to demonstrate the compliance of the sample tested with the requirements stated in
the European standards applicable in the scope of the directive 2004/108/CE.

The performed tests are baseh the harmonized standards applicable from the "Publication of titles and references
of European standards harmonized in the scope of the directive" (commission's communication 2007/C 225/01).

The test specifications applied are described in the folgvtable:

EMISSION

EN 610065-3 (07)

EN 61326 (97) + A1(98) + A2(01) + A3(03) §7
EN 55022 (06)

IMMUNITY
EN 610065-2 (05)

EN 61326 (97) + AL(98) + A2(01) + A3(03) §6
EN 610084-2 (95) + AL (98) + A2 (01)

EN 610084-3 (06)

EN 6100044 (04)

EN 610084-5 (06)

EN 6100846 (07)

EN 610004-8 (93)+A1 (01)
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6.3.1.2. Mechanical
A. Ports and Indicators

i. Front View of si325 Instrument

%
|
= i ] = =
— ] - E
LHDD ACTIVITY LED
BATTERY LED
L — POWER LED

121" TOUCHSCREEN LCD

M H IT@YCH SCREEGD:¢ K S  touctbsckeer, CD is the primary data input and GUI
display device for the si325 interrogator. Text input is facilitated by amoand virtual keyboard.

POWER LEDhe leftmost LED the Powerindicatorandwill illuminate when the unit is
turned on

BATTERY LEIhe center LED indicator displays the status of théaard battery module.

HDD ACTIVITY LEDhe LED indicator on the right will illuminate when there is hard disk activity on the
si325 interrogator.

ii. Left Side View of s&% Instrument

P 2]
='W VGA
w
@ SMA COHHECTOR
& a LAH
; m DUAL USB
ft COOLING FAN
el
POWER BUTTON — ;:, e POWER SUPPLY INPUT
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VGA: Can be used for additional viewing options for si325 graphical user interface.
SMA CONNECTOBsed to connect external wireless Ethernet antenna folfi\onnectivity.
LAN: This RJI5 connector is used for the Ethernet communication port.

DUAL USBUsed for file transfer to and from external USB memory device. May also be used to connect
external USB keyboard and mouse devices, if preferred.

POWER SUPPLY INPUis gile panel mounted coaxial power connector is designed to handle power
application and disconnect under all load conditions.

NOTE: The si325 Portable Instrument is NOT compatible with the stanidand(4) terminal block removable
connector used fothe 1xx, 2xx, and 7xx form factors. Please see the next section for details.

COOLING FANhis left panel mounted cooling fan draws ambient air into the si325 module for cooling
purposes.

POWER BUTTONMis side mounted momentary switch initiatesoftware shutdown of the
module

iii. Right Side View of si325 Instrument

@ ) b
O CH1 {-CH4) FC/APC
B
B COOLING FAH
BN

CH1 {CH4) FC/APCAs many as four optical connectors can be found on thesae! of the si32Bodule.
Use only FC/APC jumpers to connect to the fimantel FC/APC connectors.

COOLING FANEhis right panel mounted cooling fan exhaust air from inside the module to its ambient
surroundings.

B. Power Supply Requirements

The si325 Portable Instrumeigt powered by 20 V, 6 amp output AC/DC converteith a5.8 mm coaxial
connector.
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6.4. Laboratory Instruments
6.4.1 si725
6.4.1.1. Compliance
Testing for this product is underway. Successfuhpletion of all testing will allow for the following claims:
A¢KAA LINPRdzOG O2YLX ASa 6AGK tIFNIG mp 2F GKS C// wdzs Sao
(1) This device may not cause harmful interference, and (2) this device roejst agy interference received,

including interference that may cause undesired operation.

This product complies with Emissions Standard EN61336bpart B Rules and Regulations Class A limits,
EN610063-2 and EN6100G-3.

This product compliesith Immunity Standard EN61326(2000).
This product complies with Safety Standard EN641010

This product complies with 21 CFR Subchapter J.

O

This product compliegith | LILJX A OF 6t S 9dzNRLISIY b2NXIGAG®SE FYyR A& /9
6.4.1.2. Mechanical
A. Ports and Indicators

i. Front View of 16 Channel si725 Instrumehbuch screerClosed

y=

| — &l

’— CHANNELS 1.1 -42—
@O @O [y
I @@@OU bc%oo GO
b |- CHANNELS 1.3 -2 4_4 OPTICAL CONNECTIONS, FC/APC, 16 CHANNEL

CHANNELS 1¢l4.2, 1.3¢ 4.4: FC/APC optical connectors.

COOLING FAN&ooling fans feature user accessible dust scfeeeasy cleaning.

ii. Front View of 4 Channel si725 Instrumefuch screeiClosed

=

CHANNELS 1-4 = =
OPTICAL COMNECTIONS, FCIAPC, 4 CHANNEL

CHANNELS 1¢l4.2, 1.3¢ 4.4: FC/APC optical connectors.

COOLING FANE&ooling fans feature user accessible dust screen for@aaping.
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iii. Rear View of si725 Instrument (0]
 ONIOFF SWITCH LAN
.-”
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o d [ ] D f , \\ 4 ’\.
N 7]
Al Dy /’ — M@a
A m— e , a
NAW4! N~ ™ /’\ / I\ @
b3 3 ; =
\ I.IJLB_ TYPE A
POWER IN +12VDC, B0 WATTS
IMATING CONNECTOR - Phoenix 1778001, 4 pin, 5.08mm. MOI P/IN 2224881

ON/OFF SWITCHontrols the supply of DC power to the sm725 module.

USB:May be used for external keyboard and mouse control. Also used to import and export saved data,
configuration, image, and firmware files.

7-36VDC IN:The rear panel mounted connector is a four (4) terminal, removable terminal block that is
intended for fixed wiring applicationsTherefore, it is extremely important that the power be applied in
the proper sequence:

M® 2A0GK GKS apA00K Ay GKS hCC LRaAGAZ2YX

2. Connect the power supply leads to the terminal block.

3. Plug the power connector block into the front panel of the si725.

4. Tighten theéwo (2) retaining screws.

5. Move the power switch to the ON position.

The si725 can operate from any DC power supply that outpu6¥ and30 Wof power.

LAN: This R3l5 connector is used for the Ethernet communication port.

B. Touch screerccess

¢ K S tawahscreenLCD panel of the si725 is accessed by loosening the front panel mounted
thumbscrew and pulling the black recessed handle.

6.4.1.2. Touch Screen Calibration
Periodically, the alignment of the touch screen interfac¢hefsi725 Instrument may require calibration. The
Integrated ENLIGHT environment includes afboard calibration utility to restore the performance of theuch
screento the original factory alignment. The control for initiatingpaich screercalibraion can be found on the
Settings tab of the Integrated ENLIGHT environment. Please see s&8ti®of this document for details.

6.4.2 si730

6.4.2.1. Compliance

See section 6.4.1.1 of this document for a summary of si725/si730 comptesioe.

6.4.2.2. Mechanical

See Section 6.4.1df this documenfor si725/si730 mechanical drawings.
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6.5. Cabinet Installation Considerations

Should any Micron Optics Optical Interrogator module or instrument be installed into an equipaiginet or rack, the
following items should be considered:

w 9fSGFGSR 2 LIS NIFidshliedin Scio@d dBufint Sagkiassembly, the operating ambient of the
rack may be greater than the room ambient (@0maximum).

w wS R dzO8 Qnstallatidd oF the2quipment in a rack should be such that the amount of airflow required for safe
operation is not compromised.

w aSOKI y A Mobinting &f kgRipmeéd in a rack should be such that a hazardous condition is not achieved due
to uneven loading.

w/ A NDdzA (i ¢EahSdedmtdr sRoulgl i given to the connection of the equipment to the supply circuit and the
effect that overloading of circuits could have on oeeirrent protection and supply wiring. Appropriate consideration
of equipment nameplate rankings should be used when addressing this concern.

w wSft Al 0¢Reliaddedidhifgloffabounted equipment should be maintained. Particular attention should
be given to supply connections other than direct connectiothtoBranch (use of power strips).
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7. ENLIGHBENSING ANALYSIS SOFTWARE
7.1 ENLIGHTntroduction
7.1.1. Background andotivation

Optical sensors and interrogators offer many unique advantages to conventionaiedesensors. However, for

years integration of an optical measurement system involved the selection of an appropriate sensor and interrogator
combination, bllowed by an extensive software development effort by the end user to pull the components
functionally together MOI developed the ENLIGEftware package to ease the integration of the optical sensor
system and facilitate many of the common featuregded in such measurement systems.

Optical sensor systems share many operational characteristics with conventional electronic sensors systems.
Concepts such as sensor limits and alarm conditions, for example, apply equally well to both types of syd@ms an
thus well supported by software for either sensor class. Optical sensors, however, have special properties outside the
scope of traditional sensor software that require attention, management, and control. Optical spectrum provisioning
and spectrapeak detection are two examples of such properti@he fact that FBG sensors can be serially

multiplexed is a great architectural advantage, but introduces significant additional data processing challé@ges.
ENLIGHT endeavors to combine the tradiilynuseful features of conventional sensor software with the specific

needs of the optical sensor system to create a single software tool for the optical sensor system integrator.

7.1.2. New and Different In ENLIGHT Versién 1.

ENLIGHT version 1.5isnajor new release that enhances existing features and adds new functionality, principally in
the areas of data management, archiving, analysis, and ackeysamong these additionsttee new ENLIGHData

Archive which provides users with a reliablaseline of data storage functionality that is both complementary and
completely independent from the existing useelected data saving options located dwetSave tabThe ENLIGHT

Data Archiveserves as a data safety net: an epeesent archival data ste that is active from the moment the first

FBGs and sensors are defined. The new Archive tab presents the user with a suite of indicators and controls used to
plot and view sensor and FBG data that has been stored in the ENDEZArchive

Some othese changes are minor and will not materially affect the user or the measurement system. However, some

of the changes are fundamental in nature and will need to be thoroughly understood by the user prior to use. The

user is encouraged to read throughdtsection in detail to become comfortable with the changes before using this

latest version. Throughout this section of the user guiay ¥ S § dzZNB& oA f f oONSwIKW.3&Kt AIKGISR 6 A
indicator in the margin.

7.1.2.1.Features

New in v15!
A. The new ENLIGHData Archiveand theArchive Tab

i. ENLIGHT v1.5 automatically stores FBG and sensor databyata &rchivehat is active from the moment
that the first FBGs and sensors are defined. Data Archiverovides users with a reliable baseline of data
archiving functionality that is both complementary and completely independent from the existinglaiaed
saving options location on the Save tab.

ii. Datastored into the ENLIGHTata Archivés governé by adjustable data archiving update interval and
maximum file size controls.

iii. Thenew Archiveab enables the user to retrieve FBG and sensor data from the ENID&BERArchiveand
viewthat data on an archive chart

iv. Retrieved archive dataao be copied or saved to file for easy export.

v.AnewMOl designeci A ONER & 2 T (i WebiApplicatd ekamnilé enables users to view and plot FBG and
sensor data stored in the ENLIGBiEta Achive quickly and conveniently with a web browser.
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B. SaveTab

In addition to local storage and email distribution, data files generateth®pavetab cannow be transferred
via FTP

C. Settings Tab
i. Application Settings

New to the Application Settingsectionare controls to enable and specify the port for tHdlHEGHT Remote
Command Interface or the new Web Interface

ii. Data Archivingontrols

A new collection of controls has been added to the Settings tab to govern the location, update interval, and
maximum size of the ENLIGIDRta Archive

7.1.2.2. Considerations

Large sections of the ENLIGHT code base have beeorked to provide for many of the tools outlined
above. Micron Optics recommends reviewing the documentation contained herein to bedamiéiar with
the additional functios, features, plugn requirements andnterrogator model compatibility.

7.1.3 Scope and Support

7.1.31. Supported Instruments
MOI ENLIGHT supports a full suite of MGarirtgators based upon the x2Bdx30swept laserinterrogator cores.

Throughout this manual, the reader will find referencesx® andx30interrogatorcores. The distinctions
between the types of interrogatacores are important in many aspects of the software. A basic explanation of
their differencess introduced in section 2.1 of this documenteimplications of those differences as it relates
the software features arpresented here.

The x25 optical interrogator core is based upon swept wavelength laser based measurementdgglthat is

enabled by full spectral scanning and data acquisition. x25 technology is focused on providing measurements with

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

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

dynamic ranges, and also support continuoushoard NIST traceable wavelength reference components. x25

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

period gratings, extrinsic FabBerot sensors, and many others. Interrogators based upon x25 technology are
GeLMAOrtte o0Sail adAGSR F2NJ aadl GAOé YSlndhddbsinGlesor | LILX A O
tens of Hz.

The x30 optical interrogator core is based upon swept wavelength laser based measurement technology that is

enabled by hardware detection, optimized for rapid data acquisition of many FBG sensors. x30 technology is

focused on providing measurements with higher acquisition rates, moderate dynamic range, and continuous on

02 NR NBFTSNByOAy3ID LYGSNNR3IFG2NAR ol aSR dzll2y Eon (SOKy?2
applications, requiring data acquisitioates in the hundreds to low thousands of Hz.

These two distinctions of scan rate and peak detection methodology will have some impact on the user interface

for several of the ENLIGHT features. It is advisable that the user become comfortablesvdifettences between

the two swept lasemterrogator coreplatforms in order to best understand the documentation and subsequent

use of the ENLIGHT software.

Micron Optics ENLIGHT is the default software interface for all MOI Sensor Interrogator systems.
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Windows computersvith Microsoft .NET Frameworkd 9b[LDI ¢ @Gmdp
with the Integrated ENLIGHT operating environment.

Y2 Rdzt §
a bhte

O Q¢
N
< -

A

i. ENLIGHT v1.5 is compatible with the follonsegsing modules and sensing processors

sm125 (V1 and2)
sm225

sm130 (all versions)
sm230 (all versions)
spl25

spl130

> D > D

ii. ENLIGHT v1.5 is NOT compatibith the following £ndng nstruments

si225
si325
Si725
si230
si730

D > D> >

The latest versionf ENLIGHT that is compatible with the Sensing Instrument Platform is v1.0.38. It is recommended
GKFG FEt aaAie aSyaiay3a AyadNuzySyda 2LISNIGS GKAa 9b[LDI ¢ @
environment.

7.1.32.Supported 8nsors

ahL 9b[LDI¢ KIFIa 0688y RSaAnDYT8iRd (RSHBIPYRYER(IEGHO SN ANKIBE D
based optical sensors, as well as a host of other FBG sensor designs.

Some advanced features, includib®| Sensor @mplates, aravailable exclusively for FBG sensors bearing the
MOITuned RSaAIYyLF(GA2y O

7.1.33. ENLIGHT Deployment Versions

ENLIGHT is deployed in two versions, desktop or integrated. Desktop ENLIGHT can be rpplasiéonaon any
Windows XPVista or Wirdows 7computer with .NET .0 support.

Integrated ENLIGHZ huilt into a hardware specific WindoviEmbedded image angkbrves as the module firmware
for certain MOI Sensor Interrogator products. The next section will outline the various deplogtagatms for
both integrated and desktop versions of ENLIGHiElatestversion ofENLIGHEompatible with the integrated
ENLIGHT operating environment/is0.38.
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7.1.34. Deploymentonfigurations

MOI ENLIGHT has been developedsto be deployable on a number of MOI interrogation system platforms.

Before identifying specific platforms, it will be instructive to become familiar with the components subsystems that
comprise the MOl interrogation hardware product lin&s introdu@d in sectior? of this document, the MOI
Interrogator product offering is comprised of combinations of technology, platform and form factor components.
Micron Optics ENLIGHT software is optimized to bring maximum benefit to each of the product coiofiguiehe
physical interface and configuration tools to the ENLIGHT software will be in part dependent on the specifics of the
deployment platform. Some examples of those differences follow here.

A. Integrated ENLIGHT on a portable interrogator.
Example:si325Sensindnstrumentwith integrated ENLIBT

The portable interrogatomstrumentis an implementation of an MOl measurement system which includes an
x25interrogator core a processor module, batteries, support electronics, and a touch sensitiveck€.

The primary data input device for an integrated ENLIGHT powered portable interrogator is a touch sensitive
LCD screen. Alphanumeric inputs are captured through ascoeen popup virtual keyboard, which becomes
visible when needed by the softw& The two figures below show a virtual alptameric keyboard and a

virtual numeric keypad, which are used by the application for data entry.

Virtual Alphanumeric Keyboard Virtual numeric keypad

B. Desktop ENLIGHT ors@ndalone PC.

Example: User provided laptop or desktop Windows PC with desktop ENLIGHT connected to sm125 or sm130
Sensing Interrogatamodule

MOI ENLIGHT can be installed and run on a stdawie Windows PC. In this configuration, the ENLIGHT
software would be useconfigured to connect to a Sensing Interrogatoodulevia an external Ethernet
connection. In such an installation, the PC keyboard, mouse, and monitor would be the primary devices of
inputting and reading data from the ENLIGHT software.

C. Integrated ENLIGHT on a rankunt Interrogatorinstrument
BExample: s2250r sR30 Sensindnstrumentwith integrated ENLIGHT
ahL 2FFSNB O2YLX SGSs AyGSaNF G§SR aduyitcanfiguratibn, vhattNB Y Sy (i & @
integrate theinterrogatorcore, an optical multiplexer, and an internal processor unit preloaded with
IntegratedENLIGHT software. In this implementation, the ENLIGHT software runs as integrated

firmware on the interrogator module, and cédre accessed through lodedyboard/mouseémonitor
devices, or remotely via a Windows Remote Desktop Protocol (RDP) connection.
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