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 1.1. Safety 
 

  1.1.1. Safety Symbols 

 
The following symbols and messages may be marked on the unit.  The purpose of safety symbols is to alert the user 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 substitutes for proper accident prevention measures. 
 

Symbol Description 

 

[ŀǎŜǊ {ŀŦŜǘȅΦ  wŜŦŜǊ ǘƻ ǳǎŜǊΩǎ Ƴŀƴǳŀƭ ŦƻǊ ǎŀŦŜǘȅ ƛƴǎǘǊǳŎǘƛƻƴǎ ŦƻǊ ǳǎŜ ŀƴŘ ƘŀƴŘƭƛƴƎΦ 

 

wŜŦŜǊ ǘƻ ǳǎŜǊΩǎ Ƴŀƴǳŀƭ ŦƻǊ ǎŀŦŜǘȅ ƛƴǎǘǊǳŎǘƛƻƴǎ ŦƻǊ ǳǎŜ ŀƴŘ ƘŀƴŘƭƛƴƎΦ 

 

Caution.  Risk of electric shock. 

 

Frame or chassis terminal for electrical earth ground. 

 

9ƭŜŎǘǊƻǎǘŀǘƛŎ ŘƛǎŎƘŀǊƎŜ ό9{5ύΦ  wŜŦŜǊ ǘƻ ǳǎŜǊΩǎ Ƴŀƴǳŀƭ ŦƻǊ ǎŀŦŜǘȅ ƛƴǎǘǊǳŎǘƛƻƴǎ ƛƴ 
use and handling. 

 

        

Protective conductor terminal for electrical earth ground. 

 
WARNING 

This sign indicates a procedure with the potential to cause serious injury or loss 
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. 

 
CAUTION 

This sign indicates a procedure with the potential to cause serious damage to or 
destruction of the unit if not performed with strict adherence to the all safety 
instructions.  Ensure that all conditions are fully understood and met before 
proceeding. 

 

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

 
All Micron Optics Interrogator modules and instruments covered in this document (excepting the si325 Portable 
Instrument **) can operate from any DC power supply that outputs 7 - 36V and 80 W of power.  The MOI 
interrogators are supplied with an external AC adapter which accepts an input voltage ranging from 100-240VAC 
within a frequency range of 47 to 63Hz. Please see the product datasheets at www.micronoptics.com  for power 
consumption specifications for specific modules. 

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

 
     CAUTION:  Do not expose the unit directly to rain or other excessive moisture. 
 

IMPORTANT NOTICE REGARDING POWER CONNECTORS:  All MOI interrogators covered in this document (excepting 
the si325 Portable Instrument **) are equipped with a panel mounted four terminal block removable connector that 
is intended for fixed wiring applications.  Therefore, it is extremely important that the power be applied in the proper 
sequence: 

   
       мΦ ²ƛǘƘ ǘƘŜ ǇƻǿŜǊ ǎǿƛǘŎƘ ƛƴ ǘƘŜ hCC ǇƻǎƛǘƛƻƴΧ 
       2. Connect the power supply leads to the terminal block. 
       3. Plug the power connector block into the panel of the interrogator unit. 
       4. Tighten the two (2) retaining screws. 
       5. Move the power switch to the ON position. 
  

If the panel mounted power terminal block needs to be removed, the power supply MUST be turned OFF BEFORE it is 
disconnected or reconnected. This is extremely important 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 20 V, 6 amp output AC/DC converter with a 5.8 mm coaxial connector. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  1.1.3. Laser Safety 

http://www.micronoptics.com/
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   This section applies to the following MOI interrogators: sm125, sm225, si225, si325, si725, sm130, sm230, si230,  
   si730. 
 
   Initial Laser Safety Information for Swept Laser Source 
 
  The specifications for these instruments are as follows: 

  

Laser Type 
Laser Class 
(According to IEC 60825-1, 21 CFR 1040.10) 
Output Power (CW) 
min 
max 
 
Beam Diameter 
Numerical Aperture 
Wavelength 
 

Fiber Laser 
1 
 
 
>0.06mW 
<0.25mW 
 
9mm 
0.1 
1510nm ς 1590nm 
 

 

 

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

WARNING:  Use of controls or adjustment of performance or 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 internal user-serviceable parts. 
 

WARNING:  Do not enable the laser (turn on instrument) when neither an optical connector nor FC/APC connector 
cover is connected the optical output connector.  Refer to section 6 for location of optical outputs. 

 
The laser is enabled when power is supplied to the 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 operational. 
 
WARNING:  The laser radiation is not visible to the human eye, but it can seriously damage your eyesight. 

 
CAUTION:  Connecting damaged or dirty fibers to the unit can damage the optical connectors on the unit. Always 
clean optical connectors before making a connection. 

 
 
   CAUTION: Never force-fit an optical connector.  A ferrule may break and damage the unit. 
 

CAUTION:  Do not attempt to connect an FC/PC or FC/UPC optical connector to any of the panel mounted FC/APC 
connectors of the module. Such mismatched connections can lead to malfunction or damage to the module. 

 
 
   Follow standard guidelines for cleaning optical fibers. 
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   1.  Fold a lint-free wipe into a compress. 
   2.  Moisten the compress with isopropyl alcohol. 
   оΦ  wŜƳƻǾŜ ǘƘŜ ŎƻƴƴŜŎǘƻǊΩǎ ǇǊƻǘŜŎǘƛǾŜ ŎƻǾŜǊΦ 
   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, finishing in 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 the Micron Optics interrogator, the panel  

mounted optical connectors must be kept clean.  Use of an In-Adapter Ferrule Cleaner is recommended periodically.  
Please contact Micron Optics or visit www.micronoptics.com to 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 located and operated in a safe zone. However, with ATEX 
certification the passive components of an optical sensing system (optical fiber, interconnects, fiber Bragg grating 
sensors, etc.) that are optically coupled to an ATEX certified MOI interrogator may be installed and operated in 
Zone 0, 1 or 2 environments. 
 

 

 1.2. Compliance 
  

  1.2.1. Preventative Maintenance 

 
Some Micron Optics interrogators are equipped with a system of redundant high MTBF ball bearing cooling fans 
with an externally 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 appropriate. 

 
The externally mounted filters can be removed by first removing the Phillips head or thumb screws and the filter 
surround.  Hold the fan filter far away from the interrogator unit and 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 Testing Information  

 
Each optical interrogator module is tested to a collection of specific standards.  See section 6 for hardware specific 
compliance testing summaries. 

 
  1.2.3. Warranty and Calibration Information 

 
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 Optics Optical Sensing Interrogators are designed with long-term field deployment in mind.  Continual 
on-board calibration procedures using epoxy-free, Telcordia qualified optical referencing components and/or NIST 
Standard Reference Materials ensure that sensor wavelength measurements remain within specification over the 
life of the product. 

 
 
 
 
 
 

2. INTRODUCTION AND DEFINITION OF TERMS 

http://www.micronoptics.com/
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Each Micron Optics interrogator product is 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 key performance parameters.  Second, the software platform on which the 
interrogator core technology is deployed determines the on-board data processing and storage capabilities of the interrogator.  
Lastly, the physical form factor determines the size, volume, user interface options, and power supply considerations of the 
interrogator.  The following sections introduce the reader to the available options for core technology, platform, and form 
factor within the 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. 

 
  нΦмΦмΦ άȄнрέ {ǿŜǇǘ [ŀǎŜǊ ¢ŜŎƘƴƻƭƻƎȅ 

 
The x25 optical interrogator core is based upon swept wavelength laser based measurement technology that is 
enabled by full spectral scanning and data acquisition.  x25 technology is focused on providing measurements with 
high absolute accuracy, software post-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 support continuous on-board NIST traceable wavelength reference components.  x25 
based interrogators are also ideally suited to measure many different optical sensor types, including FBGs, long 
period gratings, extrinsic Fabry-Perot sensors, and many others.  Interrogators based upon x25 technology are 
typically best suitŜŘ ŦƻǊ άǎǘŀǘƛŎέ ƳŜŀǎǳǊŜƳŜƴǘ ŀǇǇƭƛŎŀǘƛƻƴǎΣ ǊŜǉǳƛǊƛƴƎ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ǊŀǘŜǎ ƛƴ ǘƘŜ ƭƻǿ ǎƛƴƎƭŜǎ ƻǊ 
tens of Hz. 

 
  нΦмΦнΦ άȄолέ {ǿŜǇǘ [ŀǎŜǊ ¢ŜŎƘƴƻƭƻƎȅ 

 
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-
board referencing.  Interrogators based upon x30 technology are tȅǇƛŎŀƭƭȅ ōŜǎǘ ǎǳƛǘŜŘ ŦƻǊ άŘȅƴŀƳƛŎέ ƳŜŀǎǳǊŜƳŜƴǘ 
applications, requiring data acquisition rates in the hundreds to low thousands of Hz. 

 
  нΦмΦоΦ άȄпмέ aǳƭǘƛǇƭŜȄŜǊ ¢ŜŎƘƴƻƭƻƎȅ 

 
The x41 Multiplexers employ a network of optical switches or passive coupler components and are used to expand 
the physical or spectral distribution of sensor measurements.  x41 switch modules features high speed, solid state 
switches optical switches that provide years of reliable and durable optical switching functionality. 

 

 2.2. Platforms 
 

The core technologies are deployed on two principal firmware platforms, as outlined below. 
 
  2.2.1. Sensing Modules ς άǎƳέ 

 
!ƴ ƛƴǘŜǊǊƻƎŀǘƻǊ ƳƻŘǳƭŜ ōŀǎŜŘ ǳǇƻƴ ǘƘŜ άǎƳέ ƻǊ {ŜƴǎƛƴƎ aƻŘǳƭŜ ǇƭŀǘŦƻǊƳ responds direct to the user commands of 
the x25 or x30 interrogator core and outputs sensor wavelength data via Ethernet port and custom MOI protocol.  All 
module settings, sensor calculations, data visualization, storage, and alarming tasks are run on external pc or sp1XX 
module.  On its own, the Sensing Module platform is a wavelength measurement device. 
 
 
 
 
 
 
 

  2.2.2. Sensing Instruments ς άǎƛέΦ   
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An interrogator based upon the άsiέ ƻǊ {ŜƴǎƛƴƎ LƴǎǘǊǳƳŜƴǘ platform uses an MOI optimized integrated ENLIGHT 
operating environment, built upon Windows Embedded technology. This facilitates on-board management of all x25 
or x30 interrogator core settings, data acquisition, sensor calibration, data visualization, and data storage. Users of 
the Integrated ENLIGHT environment interface to the si through a touch screen LCD, external 
keyboard/mouse/monitor, Windows Remote Desktop connections, or the ENLIGHT Remote Command Interface.  A 
Sensing Instrument yields calibrated sensors measurement of engineering quantities, such as temperature, strain, 
acceleration, or displacement, and facilitates a host of other sensing system level functions. 
 

  2.2.3. Sensing Processors ς άǎǇέ 

 
In addition to the two principal interrogator platforms introduced above, another class of instrumentation is 
available.  ¢ƘŜ άǎǇέ ƻǊ Sensing Processor is a computational processor module and can be used to add data processing 
capabilities and flexibility to interrogator modules, including additional ports, protocols, operating systems, and 
softwŀǊŜΦ  ²ƘƛƭŜ ǘƘŜ ǎǇΩǎ Řƻ ƴƻǘ ǘƘemselves directly feature any of the core x25 or x30 interrogator technologies, the 
sp Sensing Processor 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 Series - Field 

   
   Examples:  sm125, sm130, sm041 
    

The 1xx Series Field applications form factor is designed for use in field and industrial applications.  The small 
physical footprint of the 1XX Series Field module makes it an ideal physical fit for many installation 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 Series - Rack Mount  

 
 Examples: sm225, si225, sm230, si230 

 
¢ƘŜ нȄȄ {ŜǊƛŜǎ wŀŎƪ aƻǳƴǘ ŦƻǊƳ ŦŀŎǘƻǊ ƛǎ ŘŜǎƛƎƴŜŘ ǘƻ ƻŦŦŜǊ ŎƻƳǇŀǘƛōƛƭƛǘȅ ǿƛǘƘ ƛƴŘǳǎǘǊȅ ǎǘŀƴŘŀǊŘ мфέ ǊŀŎƪ Ƴƻǳƴǘ 
enclosure installations.  Built from the same proven core x25 and x30 technologies as the 1xx units, 2xx series 
interrogators support integrated multiplexers and sensor processor units, and are available in both Module and 
Instrument platforms. 

 
  2.3.3. 3xx Series - Portable  

 

 Example: si325 
 

¢ƘŜ оȄȄ {ŜǊƛŜǎ tƻǊǘŀōƭŜ ŦƻǊƳ ŦŀŎǘƻǊ ƛƴŎƻǊǇƻǊŀǘŜǎ ŀ ōǊƛƎƘǘ мнΦмέ ǘƻǳŎƘ ǎŎǊŜŜƴ ŀƴŘ ƛƴǘŜǊƴŀƭ ōŀǘǘŜǊȅ ǘƻ ŜƴŀōƭŜ ƻǇǘƛŎŀƭ 
sensing measurements for installations, scheduled on-site measurements, and a host of other optical sensing 
applications that require portability.  All portable units are of the Instrument platform, which includes the 
Integrated ENLIGHT operating environment. 

 
 
 
 
 
 
 
  2.3.4. 7xx Series - Laboratory  



                                                                              Optical Sensing Instrumentation & Software | ENLIGHT 

C o p y r i g h t  ©  2 0 12  M i c r o n  O p t i c s ,  I n c .                             U s e r  G u i d e ,  R e v i s i o n  1 . 13 6     13 

 

 

 ςExamples: si725, si730 
 

The 7xx Laboratory form factor incorporates a ōǊƛƎƘǘ мтέ ǘƻǳŎƘ ǎŎǊŜŜƴ to provide a convenient measurement 
environment for research and system development efforts in the laboratory.  All laboratory units are of the 
Instrument platform, which includes the Integrated ENLIGHT operating environment, as well as ample internal hard 
disk capacity for local data storage. 
 
 
The combination of form factor, platform, and core technology are reflected in the model number for all Micron 
Optics Interrogation instrumentation.  For example, an sm125 module is comprised of: 
 

    sm125.   => Sensing Module Platform. 
    sm125.   => 1xx  Field Form Factor. 
    sm125.   => x25  Swept Laser Core Technology. 

 
Similarly, an si730 Instrument is comprised of: 
 

    si730.   => Sensing Instrument 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 alpha-numeric product model designations will be used to indicate applicability of 
ŜŀŎƘ ǎŜŎǘƛƻƴ ƻŦ ŘƻŎǳƳŜƴǘŀǘƛƻƴ ǘƻ ŀ ǇŀǊǘƛŎǳƭŀǊ ǎǳōǎŜǘ ƻŦ ǘƘŜ ahL ƛƴǘŜǊǊƻƎŀǘƛƻƴ ǎȅǎǘŜƳ ƭƛƴŜΦ  !ƴ άȄέ ƻǊ ά·έ ǿƛƭƭ ōŜ 
used to represent universal applicability as it pertains to that portion of the module naming convention. 

 
   For example,  
 

  - a section that refers to an άȄнр ǳƴƛǘέ, άȄнр ƛƴǘŜǊǊƻƎŀǘƻǊέ or άȄнр ŎƻǊŜέ will apply universally to all  
sm125, sm225, si225, si325, and si725 modules and instruments and NOT to any x30 units (not the sm130, 
sm230, si230, or si730.) 

   
   - a section that refers to smX30 units will apply exclusively to sm130 and sm230 modules and WILL NOT  
     be  applicable to the si230 or si730 instruments or  any of the x25 modules or instruments. 
 
   -a section that refers to the siXXX instruments will apply universally to the instrument platform, including  
     the si225, si325, si725, si230, and si730, and will not apply to modules of 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 Micron Optics 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. 
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3.1. sm125 Quick Start 
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sm125 Optical Sensing Interrogator Module  
The interrogator module monitors the optical sensors and 
outputs wavelength data via Ethernet port and custom MOI 
protocol. 
 
 

External PC running ENLIGHT  
LabVIEW examples, or other custom client code.  All module 
settings, sensor calculations, data visualization, storage, and 
alarming tasks are run on external PC or sp125 module. 
 

Navigating User Guide Resources 
 

 sm125.   => Sensing Module Platform. 
 

Refer to Section 5.1 for information on module and host Ethernet configuration settings, command 
console, web browser interface, and firmware upgrades.  ENLIGHT software can be run on external 
PC or sp125 module to manage module settings and collect, analyze, and store sensor data. 

 

 sm125.   => 1xx Field Form Factor. 
 

Refer to Section 6.1.1 for information on mechanical ports, drawings, and power consumption, as 
well as regulatory and reliability testing. 

 

 sm125.   => x25 Swept Laser Core Technology. 
 

Refer to Section 4.1 for information on interrogator core technology, including: functions and 
features, TCP/IP remote control interface, and peak detection parameter optimization. 

 

 ENLIGHT    Refer to Section 7 for information on ENLIGHT Sensing Analysis Software. 
 
 

 sm125 Quick Start Instructions 

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


                                                                              Optical Sensing Instrumentation & Software | ENLIGHT 

C o p y r i g h t  ©  2 0 12  M i c r o n  O p t i c s ,  I n c .                             U s e r  G u i d e ,  R e v i s i o n  1 . 13 6     16 

 

 
  Follow this quick set of instructions to begin making sensor measurements with the sm125 Module. 
 

 ²ƘŀǘΩǎ ƛƴ ǘƘŜ ōƻȄΚ 
 

1. To get started, locate and identify the sm125, the included Ethernet crossover cable, AC/DC converter, and AC line 
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 Netmask 255.255.255.0. 
4. Download and Install Micron Optics ENLIGHT Software via the link at 

http://www.micronoptics.com/enlight_downloads.php. 
5. ¦ƴȊƛǇ ǘƘŜ ŘƻǿƴƭƻŀŘŜŘ ŦƛƭŜ ŀƴŘ Ǌǳƴ άǎŜǘǳǇΦŜȄŜέΦ  Cƻƭƭƻǿ ǘƘŜ ƻƴ-screen instructions to complete the installation. 

 

 Prepare the Instrument Hardware: 
 

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

7. Connect test FBG to Channel 1 Optical Connector. 
8. /ƻƴƴŜŎǘ ǘƘŜ 9ǘƘŜǊƴŜǘ ŎǊƻǎǎƻǾŜǊ ŎŀōƭŜ ōŜǘǿŜŜƴ ǘƘŜ ǇƻǊǘ ƭŀōŜƭŜŘ ά[!bέ ƻƴ ǘƘŜ ǎƳмнр aƻŘǳƭŜ ŀƴŘ ǘƘŜ 9ǘƘŜǊƴŜǘ ǇƻǊǘ 

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 click MOI-ENLIGHT 
11. In the IP Connection Parameters box shown in the following figure, choose the x25 Swept Laser Core and enter the 

default sm125 IP address of 10.0.0.122. 
 

12. /ƭƛŎƪ άhYέ ŀƴŘ ǘƘŜ 9b[LDI¢ ǎƻŦǘǿŀǊŜ ǿƛƭƭ ŎƻƴƴŜŎǘ ǘƻ ǘƘŜ ƳƻŘǳƭŜΦ 
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 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 typiƴƎ άǇƛƴƎ 
млΦлΦлΦмннέ ƛƴǘƻ ŀ ŎƻƳƳŀƴŘ ǇǊƻƳǇǘ ό{ǘŀǊǘ->Run-ҔǘȅǇŜ άŎƳŘ ғ9ƴǘŜǊҔέύΦ  ! ǎǳŎŎŜǎǎŦǳƭ ǇƛƴƎ ǊŜǇƭȅ ǿƛƭƭ ōŜ ƻŦ ǘƘŜ ŦƻǊƳ 
άwŜǇƭȅ ŦǊƻƳ млΦлΦлΦмннΥ ōȅǘŜǎҐон ǘƛƳŜҐмƳǎ ¢¢[ҐсоέΦ 

 3.2. sm225 Quick Start 
 

Connect to Ethernet 
port of the remote PC 

Do not use 

http://www.micronoptics.com/enlight_downloads.php
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sm225 Optical Sensing Interrogator Module  
The interrogator module monitors the optical sensors and 
outputs wavelength data via Ethernet port and custom MOI 
protocol. 
 
 

External PC running ENLIGHT  
LabVIEW examples, or other custom client code.  All module 
settings, sensor calculations, data visualization, storage, and 
alarming tasks are run on external PC, external sp125 module, 
or optional internal processor module. 
 

Navigating User Guide Resources 
 

 sm225.   => Sensing Module Platform. 
 

Refer to Section 5.1 for information on module and host Ethernet configuration settings, command 
console, web browser interface, and firmware upgrades.  ENLIGHT software can be run on external 
PC, external sp125, or optional integrated processor module to manage module settings and collect, 
analyze, and store sensor data. 

 

 sm225.   => 2xx Rack Mount Form Factor. 
 

Refer to Section 6.2.1 for information on mechanical ports, drawings, and power consumption, as 
well as regulatory and reliability testing. 

 

 sm225.   => x25 Swept Laser Core Technology. 
 

Refer to Section 4.1 for information on interrogator core technology, including: functions and 
features, TCP/IP remote control interface, and peak detection parameter optimization. 

 

 ENLIGHT    Refer to Section 7 for information on ENLIGHT Sensing Analysis Software. 

 

sm225 Quick Start Instructions 

file://Nas01/engineering/PROJECT_ENLIGHT/Documentation/x25%23_4.1._
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  Follow this quick set of instructions to begin making sensor measurements with the sm225 Module. 
 

 ²ƘŀǘΩǎ ƛƴ ǘƘŜ ōƻȄΚ 
 

1. To get started, locate and identify the sm225, the included Ethernet crossover cable, AC/DC converter, and AC line 
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 Netmask 255.255.255.0. 
4. Download and Install Micron Optics ENLIGHT Software via the link at 

http://www.micronoptics.com/enlight_downloads.php. 
5. ¦ƴȊƛǇ ǘƘŜ ŘƻǿƴƭƻŀŘŜŘ ŦƛƭŜ ŀƴŘ Ǌǳƴ άǎŜǘǳǇΦŜȄŜέΦ  Cƻƭƭƻǿ ǘƘŜ ƻƴ-screen instructions to complete the installation. 

 

 Prepare the Instrument Hardware: 
 

6. Plug the AC line cord into AC adapter and then AC adapter to sm225 Module and move power switch to the ON 
position. 

7. Connect test FBG to Channel 1 Optical Connector (not pictured). 
8. Connect the Ethernet crossover cable between the port ƭŀōŜƭŜŘ άLANέ on the sm225 Module and the Ethernet 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 click MOI-ENLIGHT 
11. In the IP Connection Parameters box shown in the following figure, choose the x25 Swept Laser Core and enter the 

default sm225 IP address of 10.0.0.122. 
 

12. /ƭƛŎƪ άhYέ ŀƴŘ ǘƘŜ 9b[LDI¢ ǎƻŦǘǿŀǊŜ ǿƛƭƭ ŎƻƴƴŜŎǘ ǘƻ ǘƘŜ ƳƻŘǳƭŜΦ 
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 default value of 10.0.0.122, the updated value will  

be displayed on the VGA output of the moduleΦ  ±ŜǊƛŦƛŎŀǘƛƻƴ ƻŦ ǎǳŎŎŜǎǎŦǳƭ Lt ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ Ŏŀƴ ōŜ ƳŀŘŜ ōȅ ǘȅǇƛƴƎ άǇƛƴƎ 
млΦлΦлΦмннέ ƛƴǘƻ ŀ ŎƻƳƳŀƴŘ ǇǊƻƳǇǘ ό{ǘŀǊǘ->Run-ҔǘȅǇŜ άŎƳŘ ғ9ƴǘŜǊҔέύΦ  ! ǎǳŎŎŜǎǎŦǳƭ ǇƛƴƎ ǊŜǇƭȅ ǿƛƭƭ ōŜ ƻŦ ǘƘŜ ŦƻǊƳ 
άwŜǇƭȅ ŦǊƻƳ млΦлΦлΦмннΥ ōȅǘŜǎҐон ǘƛƳŜҐмƳǎ ¢¢[ҐсоέΦ 

 
 
 
 

 3.3. si225 Quick Start 
 

Connect to Ethernet 
port of the remote PC 

Do not use 

http://www.micronoptics.com/enlight_downloads.php
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si225 Optical Sensing Interrogator Instrument  
The interrogator instrument facilitates on-board management 
of all x25 optical core settings, data acquisition, sensor 
calibration, data visualization, and data storage. 

 
 

Multiple User Interface Options  
Users of the Integrated ENLIGHT environment interface to the 
si225 through a touch screen LCD, external 
keyboard/mouse/monitor, Windows Remote Desktop, or 
ENLIGHT Remote Command Interface connections. 
 

Navigating User Guide Resources  
 

 si225.   => Sensing Instrument Platform. 
 

Refer to Section 5.2 for information on instrument Ethernet configuration settings, Integrated 
ENLIGHT updates, interrogator core firmware upgrades, and Ethernet Pass-through, and Remote 
Data Access.  Users of Integrated ENLIGHT can interface to the instrument via local 
keyboard/mouse/monitor hardware or via Windows Remote Desktop connections. 

 

 si225.   => 2xx Rack Mount Form Factor. 
 

Refer to Section 6.2.1 for information on mechanical ports, drawings, and power consumption, as 
well as regulatory and reliability testing. 

 

 si225.   => x25  Swept Laser Core Technology. 
 

Refer to Section 4.1 for information on interrogator core technology, including: functions and 
features, TCP/IP remote control interface, and peak detection parameter optimization. 

 
 ENLIGHT    Refer to Section 7 for information on ENLIGHT Sensing Analysis Software. 

 
si225 Quick Start Instructions 

file://Nas01/engineering/PROJECT_ENLIGHT/Documentation/x25%23_4.1._
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  Follow this quick set of instructions to begin making sensor measurements with the si225 Instrument. 
 

 ²ƘŀǘΩǎ ƛƴ ǘƘŜ ōƻȄΚ 
 

1. To get started, locate and identify the si225 Instrument, the included Ethernet crossover cable, AC/DC converter, 
and AC line cord. 

 

 What else is needed?  
 

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 the instrument and is of 

the form άSIAXXXέ. 
 

 Prepare the Instrument Hardware: 
 

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

5. Connect test FBG to Channel 1 Optical Connector (not pictured). 
6. /ƻƴƴŜŎǘ ǘƘŜ 9ǘƘŜǊƴŜǘ ŎǊƻǎǎƻǾŜǊ ŎŀōƭŜ ōŜǘǿŜŜƴ ǘƘŜ ǇƻǊǘǎ ƭŀōŜƭŜŘ άLƴǘŜǊǊƻƎŀǘƻǊ /ƻǊŜ 9ǘƘŜǊƴŜǘέ ŀƴŘ ά[!bмέ ŀǎ ǎƘƻǿƴ 

in the figure below. 
 

   
 
 
 
 
 

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

 Connect to the Instrument: 
 

8. On the remote computer, click Start, point to All Programs, and then point to Accessories. 
9. In the 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 number ŀƴŘ ƛǎ ƻŦ ǘƘŜ ŦƻǊƳ άǎƛннрψ{L!···έΦ 
11. ²ƘŜƴ ǇǊƻƳǇǘŜŘΣ ŜƴǘŜǊ ǳǎŜǊƴŀƳŜ ά!ŘƳƛƴƛǎǘǊŀǘƻǊέ ŀƴŘ ǇŀǎǎǿƻǊŘ άƳƛŎǊƻƴƻǇǘƛŎǎέΦ 
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 Optics Optical Sensing Instrumentation and Software User Guide. 

 

 Alternate Method to Connect to the Instrument: 
    

If preferred, a USB keyboard/mouse and external VGA monitor can be directly connected to the peripheral ports of the 
si225 instrument for local control of ENLIGHT. 

 3.4. si325 Quick Start 
 

Connect to Local Area 
Network router or hub 

Use these 
peripheral ports 

Do not use 



                                                                              Optical Sensing Instrumentation & Software | ENLIGHT 

C o p y r i g h t  ©  2 0 12  M i c r o n  O p t i c s ,  I n c .                             U s e r  G u i d e ,  R e v i s i o n  1 . 13 6     21 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

si325 Optical Sensing Interrogator Instrument 
 The interrogator instrument facilitates on-board management of all x25 optical core settings, data acquisition, sensor 
calibration, data visualization, and data storage. Users of the Integrated ENLIGHT environment interface to the si through a 
touch screen LCD, external keyboard/mouse/monitor, Windows Remote Desktop, or ENLIGHT Remote Command Interface 
connections. 
 
Navigating User Guide Resources 
 

 si325.   =>  Sensing Instrument Platform. 
 

Refer to Section 5.2 for information on instrument Ethernet configuration settings and ENLIGHT 
Environment upgrade procedures,  as well as optical core firmware upgrades and Ethernet 
Passthrough.  ENLIGHT software is run on the interrogator instrument in an optimized, integrated 
operating environment based on Windows Embedded. 

 

 si325.   =>  3xx  Portable Form Factor. 
 

Refer to Section 6.3.1 for information on mechanical ports, drawings, and power consumption, as 
well as regulatory and reliability testing. 

 

 si325.   =>  x25 Swept Laser Core Technology. 
 

Refer to Section 4.1 for information on interrogator core technology, including: functions and 
features, TCP/IP remote control interface, and peak detection parameter optimization. 

 
 ENLIGHT    Refer to Section 7 for information on ENLIGHT Sensing Analysis Software. 
 

 si325 Quick Start Instructions (RDP support coming soon) 

file://Nas01/engineering/PROJECT_ENLIGHT/Documentation/x25%23_4.1._
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  Follow this quick set of instructions to begin making sensor measurements with the si725 Instrument. 
 

 ²ƘŀǘΩǎ ƛƴ ǘƘŜ ōƻȄΚ 
 

1. To get started, locate and identify the si325 Instrument, the AC/DC converter, and AC line cord. 
 

 What else is needed?  
 

2. Have an FBG sensor available to measure. 
 

 Prepare the Instrument Hardware: 
 

3. Plug the AC line cord into AC adapter and then AC adapter to si325 instrument and move power switch to the ON 
position. 

4. Connect test FBG to Channel 1 Optical Connector (not pictured). 
5. The Instrument will boot up and start the Integrated ENLIGHT interface.  
6. For additional assistance, refer to the Micron Optics Optical Sensing Instrumentation and Software User Guide. 

 
 

 Optional: Connect to the Instrument from Remote Computer: 
 

1. Connect si325 LAN to the local area network router or hub. 
2. On the remote computer, click Start, point to All Programs, and then point to Accessories. 
3. In the Accessories menu, to point to Communications, and then click Remote Desktop Connection. 
4. In the Computer box shown, enter machine name of the target siXXX instrument, comprised of the model number 
ŀƴŘ ǎŜǊƛŀƭ ƴǳƳōŜǊ ŀƴŘ ƛǎ ƻŦ ǘƘŜ ŦƻǊƳ άǎƛонрψ{L!···έΦ 

5. ²ƘŜƴ ǇǊƻƳǇǘŜŘΣ ŜƴǘŜǊ ǳǎŜǊƴŀƳŜ ά!ŘƳƛƴƛǎǘǊŀǘƻǊέ ŀƴŘ ǇŀǎǎǿƻǊŘ άƳƛŎǊƻƴƻǇǘƛŎǎέΦ 
6. The Remote Desktop Window will connect and an image of the Integrated ENLIGHT software will appear. 
7. 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 si325 instrument for 
local control of ENLIGHT.  An 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. 
 
 
 

 3.5. si725 Quick Start 
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si725 Optical Sensing Interrogator Instrument 
 The interrogator instrument facilitates on-board management of all x25 optical core settings, data acquisition, sensor 
calibration, data visualization, and data storage. Users of the Integrated ENLIGHT environment interface to the si through a 
touch screen LCD, external keyboard/mouse/monitor, Windows Remote Desktop, or ENLIGHT Remote Command Interface 
connections. 
 
Navigating User Guide Resources 
 

 si725.   =>  Sensing Instrument Platform. 
 

Refer to Section 5.2 for information on instrument Ethernet configuration settings and ENLIGHT 
Environment upgrade procedures, as well as optical core firmware upgrades and Ethernet Pass-
through.  ENLIGHT software is run on the interrogator instrument in an optimized, integrated 
operating environment based on Windows Embedded. 

 

 sm725.   =>  7xx  Laboratory Form Factor. 
 

Refer to Section 6.4.1 for information on mechanical ports, drawings, and power consumption, as 
well as regulatory and reliability testing. 

 

 sm125.   =>  x25 Swept Laser Core Technology. 
 

Refer to Section 4.1 for information on interrogator core technology, including: functions and 
features, TCP/IP remote control interface, and peak detection parameter optimization. 

 
 ENLIGHT    Refer to Section 7 for information on ENLIGHT Sensing Analysis Software. 

 si725 Quick Start Instructions 

file://Nas01/engineering/PROJECT_ENLIGHT/Documentation/x25%23_4.1._
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  Follow this quick set of instructions to begin making sensor measurements with the si725 Instrument. 
 

 ²ƘŀǘΩǎ ƛƴ ǘƘŜ ōƻȄΚ 
 

1. To get started, locate and identify the si725 Instrument, the AC/DC converter, and AC line cord. 
 

 What else is needed?  
 

2. Have an FBG sensor available to measure. 
 

 Prepare the Instrument Hardware: 
 

3. Plug the AC line cord into AC adapter and then AC adapter to si725 instrument and move power switch to the ON 
position. 

4. Connect test FBG to Channel 1 Optical Connector (not pictured). 
5. The Instrument will boot up and start the Integrated ENLIGHT interface.  
6. For additional assistance, refer to the Micron Optics Optical Sensing Instrumentation and Software User Guide. 

 
 

      
 

 Optional: Connect to the Instrument from Remote Computer: 
 

8. Connect si725 LAN 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 Accessories 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 

and serial number ŀƴŘ ƛǎ ƻŦ ǘƘŜ ŦƻǊƳ άǎƛтнрψ{L!···έΦ 
12. ²ƘŜƴ ǇǊƻƳǇǘŜŘΣ ŜƴǘŜǊ ǳǎŜǊƴŀƳŜ ά!ŘƳƛƴƛǎǘǊŀǘƻǊέ ŀƴŘ ǇŀǎǎǿƻǊŘ άƳƛŎǊƻƴƻǇǘƛŎǎέΦ 
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 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 si725 instrument for 
local control of ENLIGHT.  An 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. 
 
 
 
 

 3.6. sm130 Quick Start 
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sm130 Optical Sensing Interrogator Module  
The interrogator module monitors the optical sensors and 
outputs wavelength data via Ethernet port and custom MOI 
protocol. 

 
 

External PC running ENLIGHT  
LabVIEW examples, or other custom client code.  All module 
settings, sensor calculations, data visualization, storage, and 
alarming tasks are run on external PC or sp130 module. 
 

Navigating User Guide Resources 
 

 sm130.   => Sensing Module Platform. 
 

Refer to Section 5.1 for information on module and host Ethernet configuration settings, command 
console, web browser interface, and firmware upgrades.  ENLIGHT software can be run on external 
PC or sp125 module to manage module settings and collect, analyze, and store sensor data. 

 

 sm130.   => 1xx Field Form Factor. 
 

Refer to Section 6.1.1 for information on mechanical ports, drawings, and power consumption, as 
well as regulatory and reliability testing. 

 

 sm130.   => x30  Swept Laser Core Technology. 
 

Refer to Section 4.2 for information on interrogator core technology, including: functions and 
features, TCP/IP remote control interface, and understanding hardware peak detection. 

 
 ENLIGHT    Refer to Section 7 for information on ENLIGHT Sensing Analysis Software. 
 
 

sm130 Quick Start Instructions 
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  Follow this quick set of instructions to begin making sensor measurements with the sm130 Module. 
 

 ²ƘŀǘΩǎ ƛƴ ǘƘŜ ōƻȄΚ 
 

1. To get started, locate and identify the sm130, the included Ethernet crossover cable, AC/DC converter, and AC line 
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 Netmask 255.255.255.0. 
4. Download and Install Micron Optics ENLIGHT Software via the link at 

http://www.micronoptics.com/enlight_downloads.php. 
5. ¦ƴȊƛǇ ǘƘŜ ŘƻǿƴƭƻŀŘŜŘ ŦƛƭŜ ŀƴŘ Ǌǳƴ άǎŜǘǳǇΦŜȄŜέΦ  Cƻƭƭƻǿ ǘƘŜ ƻƴ-screen instructions to complete the installation. 

 

 Prepare the Instrument Hardware: 
 

6. Plug the AC line cord into AC adapter and then AC adapter to sm130 Module. 
7. Connect test FBG to Channel 1 Optical Connector. 
8. /ƻƴƴŜŎǘ ǘƘŜ 9ǘƘŜǊƴŜǘ ŎǊƻǎǎƻǾŜǊ ŎŀōƭŜ ōŜǘǿŜŜƴ ǘƘŜ ǇƻǊǘ ƭŀōŜƭŜŘ ά[!bέ ƻƴ ǘƘŜ ǎƳмол aƻŘǳƭŜ ŀƴŘ ǘƘŜ 9ǘƘŜǊƴŜǘ ǇƻǊǘ 

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

default sm130 IP address of 10.0.0.126. 
 

12. /ƭƛŎƪ άhYέ ŀƴŘ ǘƘŜ 9b[LDI¢ ǎƻŦǘǿŀǊŜ ǿƛƭƭ ŎƻƴƴŜŎǘ ǘƻ ǘƘŜ ƳƻŘǳƭŜΦ 
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 default value of 10.0.0.126, the updated value will  

ōŜ ŘƛǎǇƭŀȅŜŘ ƻƴ ǘƘŜ ±D! ƻǳǘǇǳǘ ƻŦ ǘƘŜ ƳƻŘǳƭŜΦ  ±ŜǊƛŦƛŎŀǘƛƻƴ ƻŦ ǎǳŎŎŜǎǎŦǳƭ Lt ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ Ŏŀƴ ōŜ ƳŀŘŜ ōȅ ǘȅǇƛƴƎ άǇƛng 
млΦлΦлΦмнсέ ƛƴǘƻ ŀ ŎƻƳƳŀƴŘ ǇǊƻƳǇǘ ό{ǘŀǊǘ->Run-ҔǘȅǇŜ άŎƳŘ ғ9ƴǘŜǊҔέύΦ  ! ǎǳŎŎŜǎǎŦǳƭ ǇƛƴƎ ǊŜǇƭȅ ǿƛƭƭ ōŜ ƻŦ ǘƘŜ ŦƻǊƳ 
άwŜǇƭȅ ŦǊƻƳ млΦлΦлΦмнсΥ ōȅǘŜǎҐон ǘƛƳŜҐмƳǎ ¢¢[ҐсоέΦ 

 
 
 
 

 3.7. sm230 Quick Start 
 

Connect to Ethernet 
port of the remote PC 

Do not use 

http://www.micronoptics.com/enlight_downloads.php
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sm230 Optical Sensing Interrogator Module  
The interrogator module monitors the optical sensors and 
outputs wavelength data via Ethernet port and custom MOI 
protocol. 

 
 

External PC running ENLIGHT  
LabVIEW examples, or other custom client code.  All module 
settings, sensor calculations, data visualization, storage, and 
alarming tasks are run on external PC, external sp130 module, 
or optional internal processor module. 
 

Navigating User Guide Resources 
 

 sm230.   => Sensing Module Platform. 
 

Refer to Section 5.1 for information on module and host Ethernet configuration settings, command 
console, web browser interface, and firmware upgrades.  ENLIGHT software can be run on external 
PC, external sp130, or optional integrated processor module to manage module settings and collect, 
analyze, and store sensor data. 

 

 sm230.   => 2xx Rack Mount Form Factor. 
 

Refer to Section 6.2.1 for information on mechanical ports, drawings, and power consumption, as 
well as regulatory and reliability testing. 

 

 sm230.   => x30  Swept Laser Core Technology. 
 

Refer to Section 4.2 for information on interrogator core technology, including: functions and 
features, TCP/IP remote control interface, and understanding hardware peak detection. 

 
 ENLIGHT    Refer to Section 7 for information on ENLIGHT Sensing Analysis Software. 

 

sm230 Quick Start Instructions 
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  Follow this quick set of instructions to begin making sensor measurements with the sm230 Module. 
 

 ²ƘŀǘΩǎ ƛƴ ǘƘŜ ōƻȄΚ 
 

1. To get started, locate and identify the sm230, the included Ethernet crossover cable, AC/DC converter, and AC line 
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 Netmask 255.255.255.0. 
4. Download and Install Micron Optics ENLIGHT Software via the link at 

http://www.micronoptics.com/enlight_downloads.php. 
5. ¦ƴȊƛǇ ǘƘŜ ŘƻǿƴƭƻŀŘŜŘ ŦƛƭŜ ŀƴŘ Ǌǳƴ άǎŜǘǳǇΦŜȄŜέΦ  Cƻƭƭƻǿ ǘƘŜ ƻƴ-screen instructions to complete the installation. 

 

 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. /ƻƴƴŜŎǘ ǘƘŜ 9ǘƘŜǊƴŜǘ ŎǊƻǎǎƻǾŜǊ ŎŀōƭŜ ōŜǘǿŜŜƴ ǘƘŜ ǇƻǊǘ ƭŀōŜƭŜŘ ά[!bέ ƻƴ ǘƘŜ ǎƳнол aƻŘǳƭŜ ŀƴŘ ǘƘŜ 9ǘƘŜǊƴŜǘ ǇƻǊǘ 

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 click MOI-ENLIGHT 
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 10.0.0.126. 
 

12. /ƭƛŎƪ άhYέ ŀƴŘ ǘƘŜ 9b[LDI¢ ǎƻŦǘǿŀǊŜ ǿƛƭƭ ŎƻƴƴŜŎǘ ǘƻ ǘƘŜ ƳƻŘǳƭŜΦ 
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 default value of 10.0.0.126, the updated value will  

ōŜ ŘƛǎǇƭŀȅŜŘ ƻƴ ǘƘŜ ±D! ƻǳǘǇǳǘ ƻŦ ǘƘŜ ƳƻŘǳƭŜΦ  ±ŜǊƛŦƛŎŀǘƛƻƴ ƻŦ ǎǳŎŎŜǎǎŦǳƭ Lt ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ Ŏŀƴ ōŜ ƳŀŘŜ ōȅ ǘȅǇƛƴƎ άǇƛƴƎ 
10.0.0.мнсέ ƛƴǘƻ ŀ ŎƻƳƳŀƴŘ ǇǊƻƳǇǘ ό{ǘŀǊǘ->Run-ҔǘȅǇŜ άŎƳŘ ғ9ƴǘŜǊҔέύΦ  ! ǎǳŎŎŜǎǎŦǳƭ ǇƛƴƎ ǊŜǇƭȅ ǿƛƭƭ ōŜ ƻŦ ǘƘŜ ŦƻǊƳ 
άwŜǇƭȅ ŦǊƻƳ млΦлΦлΦмнсΥ ōȅǘŜǎҐон ǘƛƳŜҐмƳǎ ¢¢[ҐсоέΦ 
 
 
 
 
 
 

 3.8. si230 Quick Start 
 

Connect to Ethernet 
port of the remote PC 

Do not use 

http://www.micronoptics.com/enlight_downloads.php
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si230 Optical Sensing Interrogator Instrument  
The interrogator instrument facilitates on-board management 
of all x30 optical core settings, data acquisition, sensor 
calibration, data visualization, and data storage. 
 

Multiple User Interface Options  
Users of the Integrated ENLIGHT environment interface to the 
si through a touch screen LCD, external 
keyboard/mouse/monitor, Windows Remote Desktop, or 
ENLIGHT Remote Command Interface connections. 
 

Navigating User Guide Resources  
 

 si230.   => Sensing Instrument Platform. 
 

Refer to Section 5.2 for information on instrument Ethernet configuration settings, Integrated 
ENLIGHT updates, interrogator core firmware upgrades, and Ethernet Pass-through.  Users of 
Integrated ENLIGHT can interface to the instrument via local keyboard/mouse/monitor hardware or 
via Windows Remote Desktop connections. 

 

 si230.   => 2xx Rack Mount Form Factor. 
 

Refer to Section 6.2.1 for information on mechanical ports, drawings, and power consumption, as 
well as regulatory and reliability testing. 

 

 si230.   => x30  Swept Laser Core Technology. 
 

Refer to Section 4.2 for information on interrogator core technology, including: functions and 
features, TCP/IP remote control interface, and understanding hardware peak detection. 

 
 ENLIGHT    Refer to Section 7 for information on ENLIGHT Sensing Analysis Software. 
 
 

si230 Quick Start Instructions 
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  Follow this quick set of instructions to begin making sensor measurements with the si230 Instrument. 
 

 ²ƘŀǘΩǎ ƛƴ ǘƘŜ ōƻȄΚ 
 

1. To get started, locate and identify the si230 Instrument, the included Ethernet crossover cable, AC/DC converter, 
and AC line cord. 

 

 What else is needed?  
 

2. Have an FBG sensor available to measure and 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 
ǘƘŜ ŦƻǊƳ ά{L!···έΦ 

 

 Prepare the Instrument Hardware: 
 

4. Plug the AC line cord into AC adapter and then AC adapter to si230 instrument. 
5. Connect test FBG to Channel 1 Optical Connector (not pictured). 
6. /ƻƴƴŜŎǘ ǘƘŜ 9ǘƘŜǊƴŜǘ ŎǊƻǎǎƻǾŜǊ ŎŀōƭŜ ōŜǘǿŜŜƴ ǘƘŜ ǇƻǊǘǎ ƭŀōŜƭŜŘ άLƴǘŜǊǊƻƎŀǘƻǊ /ƻǊŜ 9ǘƘŜǊƴŜǘέ ŀƴŘ ά[!bмέ ŀǎ ǎƘƻǿƴ 

in the figure below. 
 

   
 
 
 
 
 

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

 Connect to the Instrument: 
 

8. On the remote computer, click Start, point to All Programs, and then point to Accessories. 
9. In the 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 
ŀƴŘ ǎŜǊƛŀƭ ƴǳƳōŜǊ ŀƴŘ ƛǎ ƻŦ ǘƘŜ ŦƻǊƳ άǎƛнолψ{L!···έΦ 

11. ²ƘŜƴ ǇǊƻƳǇǘŜŘΣ ŜƴǘŜǊ ǳǎŜǊƴŀƳŜ ά!ŘƳƛƴƛǎǘǊŀǘƻǊέ ŀƴŘ ǇŀǎǎǿƻǊŘ άƳƛŎǊƻƴƻǇǘƛŎǎέΦ 
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 Optics Optical Sensing Instrumentation and Software User Guide. 

 

 Alternate Method to Connect to the Instrument: 
    

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

 3.9. si730 Quick Start 
 

Connect to Local Area 
Network router or hub 

Use these 
peripheral ports 

Do not use 
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si730 Optical Sensing Interrogator Instrument 
 The interrogator instrument facilitates on-board management of all x30 optical core settings, data acquisition, sensor 
calibration, data visualization, and data storage. Users of the Integrated ENLIGHT environment interface to the si through a 
touch screen LCD, external keyboard/mouse/monitor, Windows Remote Desktop, or ENLIGHT Remote Command Interface 
connections. 
 

Navigating User Guide Resources 
 

 si730.   =>  Sensing Instrument Platform. 
 

Refer to Section 5.2 for information on instrument Ethernet configuration settings and ENLIGHT 
Environment upgrade procedures, as well as optical core firmware upgrades and Ethernet Pass-
through.  ENLIGHT software is run on the interrogator instrument in an optimized, integrated 
operating environment based on Windows Embedded. 

 

 sm730.   =>  7xx  Laboratory Form Factor. 
 

Refer to Section 6.4.1 for information on mechanical ports, drawings, and power consumption, as well 
as regulatory and reliability testing. 

 

 sm130.   =>  x30 Swept Laser Core Technology. 
 

Refer to Section 4.2 for information on interrogator core technology, including: functions and features, 
TCP/IP remote control interface, and understanding hardware peak detection. 

 
 ENLIGHT    Refer to Section 7 for information on ENLIGHT Sensing Analysis Software. 
 

 si730 Quick Start Instructions 



                                                                             Optical Sensing Instrumentation & Software | ENLIGHT 

C o p y r i g h t  ©  2 0 12  M i c r o n  O p t i c s ,  I n c .                             U s e r  G u i d e ,  R e v i s i o n  1 . 13 6     32 

 

 
  Follow this quick set of instructions to begin making sensor measurements with the si730 Instrument. 
 

 ²ƘŀǘΩǎ ƛƴ ǘƘŜ ōƻȄΚ 
 

7. To get started, locate and identify the si730 Instrument, the AC/DC converter, and AC line cord. 
 

 What else is needed?  
 

8. Have an FBG sensor available to measure. 
 

 Prepare the Instrument Hardware: 
 

9. Plug the AC line cord into AC adapter and then AC adapter to si730 instrument and move power switch to the ON 
position. 

10. Connect test FBG to Channel 1 Optical Connector (not pictured). 
11. The Instrument will boot up and start the Integrated ENLIGHT interface.  
12. For additional assistance, refer to the Micron Optics Optical Sensing Instrumentation and Software User Guide. 

 
 

      
 

 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 Communications, 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 
ǎŜǊƛŀƭ ƴǳƳōŜǊ ŀƴŘ ƛǎ ƻŦ ǘƘŜ ŦƻǊƳ άǎƛтолψ{L!···έΦ 

19. ²ƘŜƴ ǇǊƻƳǇǘŜŘΣ ŜƴǘŜǊ ǳǎŜǊƴŀƳŜ ά!ŘƳƛƴƛǎǘǊŀǘƻǊέ ŀƴŘ ǇŀǎǎǿƻǊŘ άƳƛŎǊƻƴƻǇǘƛŎǎέΦ 
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 devices to the Instrument.  Virtual 
keyboard support can then be disabled on the Settings Tab of the ENLIGHT Interface. 
 
 

 
 

4. INTERROGATOR CORES - TECHNOLOGY BASICS AND INTERFACES 
 

 4.1. άx25έ Swept Laser Core Technology 
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  4.1.1. Functions, Features, and Modes of Operation 

 
   4.1.1.1. Full Spectrum Measurement 
 

The principal measurement mode for the x25 interrogators is a Full Spectrum Measurement.  When polled, the 
unit returns the full optical spectrum profile for each of the enabled channels.  As many as four simultaneous 
channels of data can be 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 Detection Application 
 

With the full optical spectrum signal available from the sensors, the x25 units offer great flexibility in the area of 
peak detection and data interpretation.  Custom or unique sensors can be uniquely analyzed with any type of 
user-developed custom peak detection.   

 
The x25 interrogator is most frequently used to measure the reflection spectrum of Fiber Bragg Grating sensors.  
As such, MOI has developed a flexible, yet robust peak detection algorithm for use with the x25 and FBG sensors.  
This peak detection algorithm can be accessed on port 55000 of a version 1.x x25 unit and on both ports 50000 
and 55000 of a version 2.x x25 unit. 

 
 

   
  x25 full spectrum trace with peak detection results 
 
  The x25 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 detection, or above the point of lowest power for valley detection.  For example, if a 
relative threshold of -3 dB is set for a channel with highest optical power at -15 dBm, the effective threshold 
will be set at -18 dBm, provided that the Threshold value is set below -18 dBm.   

 
For example, assume that a single FBG is to be monitored on a particular channel, like the FBG seen in the 
figure above on Channel 1.  It can be seen that the peak power value of the FBG is ~-8 dBm.  Use of the Rel. 
Thresh parameter with a value of -3 dB will set the effective threshold for the peak detection at -11 dBm, 
which is well above the noise floor of this instrument.  Should the level of the FBG change, the relative nature 
of the peak detection will allow the unit to continue to find the 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 would be -18  dBm, and 
Rel. Thresh would still be -3 dB, and so the new effective threshold would be -21 dBm. 

B. Threshold (dBm): 
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This control sets the absolute minimum threshold that can be used by the peak detection algorithm.  Use of 
this parameter prevents the relative threshold from setting the effective threshold below a known noise floor 
limit.  If the value of threshold 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 were to increase 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 threshold 3 dB below the point of highest power: doing so could result in peak 
detection of noise, not signal.  To prevent this from happening, the Threshold parameter is used.  The value 
set by Threshold defines the lowest effective threshold that will be used by the peak detection algorithm, 
despite a value which might be set lower by the relative threshold.  

 
C. Width Level (dB): 

 
This parameter sets the relative level for each peak at which the width will be compared to the width 
requirement, seen in the next parameter description.  Typically, this value might be set to 3 dB, indicating that 
ǘƘŜ ǎŜƴǎƻǊΩǎ о dB bandwidth will be evaluated against the width requirement in determining its peak value.  
This parameter can be modified 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. 

 
D. Width (nm): 

 
This parameter is used to set the width requirement 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 will be considered 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 at 3 dB below the peak exceeds 0.1 nm.  These parameter 
values will detect signals with 3 dB bandwidths of 0.200 nm, for example, but will ignore any side lobes 
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 
 

The x25 units supports many tens of sensors over a wide common wavelength range on each of four 
simultaneous, parallel measurement channels.  Should an application call for a larger number of sensors or a 
wider effective spectral range, the number of channels can be functionally increased through the use of an sm041 
Channel Multiplexer.  The sm041 Channel Multiplexer consists of a series of high speed, highly reliable optical 
switches that are seamlessly integrated with the x25 data acquisition process. The sm041 can expand a four 
channel interrogator to either eight or sixteen sub-channel operation, while maintaining the same wavelength 
repeatability and stability, as well as real-time, deterministic data acquisition.  sm225, si225, and si725 models are 
each available with up to internal 16 channels. 

 
 
 
 
 
 
 
 
 
 
 
   4.1.1.4. Network Settings 
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The smX25 modules support a command set for all basic TCP-IP configuration settings, such as IP address, 
Netmask, and default gateway.  Additionally, DHCP (Dynamic Host Protocol) is supported and can be configured 
via remote commands.  
 
 All x25 core Ethernet settings and configurations are managed automatically on the siX25 instrument platform. 

 
  4.1.2. TCP-IP Remote Control Interface 
 
   4.1.2.1. Configuration (applies to smX25 modules) 
 

Data transfer to and from the x25 core is 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 these arrangements require that the smx25 unit and the host be on the same logical 
network.  The network administrator can assure this by providing an appropriate static IP address and Net mask 
for the smx25 unit and/or host PC.  These values can be configured using the remote commands outlined in 
section 4.1.2.6 of this manual. 

 
    The x25 core supports bi-directional communication through a data socket (port #50000). 
 
NOTE: The default IP address and Net mask for the sm125/sm225 modules are 10.0.0.122 and 255.255.255.0,  

respectively.  See section 5.1.1 for additional details.  The IP address for the si225/si725 instruments  
are configured to acquire automatically from a DHCP server by default.  See Section 5.2.1 for additional details. 

 
   4.1.2.2. Communication Protocol 
 

Commands and queries to the x25 core are in the form of ASCII strings that begin with a # character and end with 
ŀ ƭƛƴŜŦŜŜŘ ό!{/LL ŎƘŀǊ мл ώлȄлŀ ƛƴ ƘŜȄΣ Ψ\ƴΩ ƛƴ /Σ Ǿō[Ŧ ƛƴ ±ƛǎǳŀƭ .ŀǎƛŎϐύΦ  All characters sent to the x25 are internally 
buffered until a linefeed character is detected.  Once the x25 receives the linefeed, it then interprets all the 
buffered data that preceded the linefeed.  In response to the received data, the x25 will first return a 10-byte 
ASCII string.  This 10-byte string is not a response to the submitted command or inquiry.  Rather, the 10-byte 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 illustrates the point: 

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

In this example, the host has issued the #IDN? command to an sm125.  This command is used to retrieve the 
sm125 software version number.  In response to this command, the sm125 first submits the 10-byte string 
άллллллллонέ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ІL5bΚ ŎƻƳƳŀƴŘ ƛǎ он ōȅǘŜǎ ƭƻƴƎΦ  ¢ƘŜ ǎƳмнр ǘƘŜƴ ǎǳōƳƛǘǎ ǘƘŜ 
32-ōȅǘŜ ǎǘǊƛƴƎ ά{aмнрΣ wŜǾΦ лΦллллмΣ aƛŎǊƻƴ hǇǘƛŎǎΣ LƴŎΦέ ǘƻ ǘƘŜ ƘƻǎǘΦ  ¢ƘǳǎΣ ŦƻǊ ŜǾŜǊȅ ŎƻƳƳŀƴŘ ǿǊƛǘǘŜƴ ǘƻ ǘƘŜ 
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 the above example appears in the following figure.  A 
VisualBasic implementation appears thereafter. 

 
 
 
 
 
 
 
 
 
 
 
    Basic LabVIEW Implementation of x25 TCP-IP Protocol 
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    Basic VisualBasic Implementation of x25 TCP-IP Protocol 
 

¶ A Winsock control allows user to communicate with x25 core via Transmission Control Protocol (TCP) 

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

¶ Set Protocol property of the Winsock as sckTCPProtocol. Set the RemoteHost and RemotePort properties of 
the Winsock as xнрΩǎ Lt ŀŘdress and 50000, respectively.  

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

¶ Establish connection with x25 core with the command, 
 

Call tcpClient.Connect 
 

    Once the connection is established (check connection status with tcpClient.State) send  
      command to x25 core to request data size. 
 

Call tcpClient.Send5ŀǘŀόάІL5bΚέ ϧ Ǿō[Ŧύ 
 

¶ Wait until 10 bytes 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. 
 
 
   4.1.2.3. Data Retrieval 
 

Sensor wavelength data can be retrieved from the x25 core using 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, 
number of DUTs contained in the response and a sequence counter for the data. After the Main Header comes the 
data for all of the DUTs. The number of DUT channel entries on the table is a function of how many DUT channels 
are enabled.  This data structure can carry from 1 ς 4 channels for an x25 core and expands to as many as 16 
channels for an sm125 with an sm041 Channel Expansion Module or a 16 channel sm225/si225/si725.  The 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 difference between each data point, number of data points and the 
DUT number.  
 
 
 
 

   4.1.2.4. Data Interpretation 
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A.  #GET_DATA command 
 
     The data returned by the #GET _DATA command is a binary string that encodes a mixed set of  

data. First comes a 20-byte long Main Header, which contains five 4-byte fields. Each field represents a 32-bit 
unsigned integer with Least-Significant-Byte (LSB) first. 

 
After the Main Header comes the wavelength data for every configured DUT. Every array of actual wavelength 
data for each channel is preceded by a 20-byte long Sub Header. The Sub Header consists of five 4-bytes fields. 
Each field represents a 32-bit unsigned ƛƴǘŜƎŜǊ ǿƛǘƘ ǘƘŜ [{. ŦƛǊǎǘΦ ¢ƘŜ άaƛƴ ²ŀǾŜƭŜƴƎǘƘέ ŦƛŜƭŘ ŀƴŘ ǘƘŜ 
ά²ŀǾŜƭŜƴƎǘƘ LƴŎǊŜƳŜƴǘέ ŦƛŜƭŘ ŀǊŜ ōƻǘƘ ƳǳƭǘƛǇƭƛŜŘ ōȅ ŀ ŦŀŎǘƻǊ ƻŦ млΣллл ōŜŦƻǊŜ ǘƘŜȅ ŀǊŜ ǘǊŀƴǎƳƛǘǘŜŘ ŦǊƻƳ ǘƘŜ 
unit. To convert the values back to floating point wavelength numbers, in nm, one must divide the 
corresponding 32-bit values by 10,000. 

 
Each wavelength data point value is represented by a 16-bit signed integer, 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 each 16-bit integer with 100. The response 
structure is at most 128108 (20+4*20+4*2*16001) bytes long for a four channel unit. 

 
The byte offsets along with a brief description of each quantity are summarized in the following table.  This 
table shows an example of the structure if the Number of DUTs  (byte offset 8 in the main header) was equal 
to four.  As such four channel clusters (comprised of SubHeader, Min Wavelength, Wavelength Increment, 
nPoints, DUT number, and Data) are present.  If the Number of DUTs were a number other than four, then the 
number of data clusters would scale accordingly. 

 
 
Entry 

 
Byte 

Offset 

Atomic 
Size 

(bytes) 

Total 
Size 

(bytes) 

 
Description 

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 instrument has 
processed internally. 

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

Min Wavelength 24 4 (U32) 4 Wavelength of the first data point, 
multiplied by 10000. Default value 
is either 15100000 (1510.0 nm) or 
15200000 (1520.0 nm). 

Wavelength Increment 28 4 (U32) 4 Wavelength distance between 
each data point, multiplied by 
10000. Default value is 50 (5 pm). 

Number of Data Points 
(nPoints) 

32 4 (U32) 4 Number of data points for this 
DUT. Default value is either 10001 
or 16001. 

DUT number  36 4 (U32) 4 The number of the DUT that this 
data belongs to (1 ς 16). 

Data 40 2 (U16) 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 Sub Header 

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) or 
15200000 (1520.0 nm). 

Wavelength Increment 48 + 2*nPoints 4 (U32) 4 Wavelength distance between 
each data point, multiplied by 
10000. Default value is 50 (5 pm). 

Number of Data Points 52 + 2*nPoints 4 (U32) 4 Number of data points for this 
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(nPoints) DUT. Default value is either 10001 
or 16001. 

DUT number  56 + 2*nPoints 4 (U32) 4 The number of the DUT that this 
data belongs to (1 ς 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) 4 The size of the Sub Header 

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

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

Number of Data Points 
(nPoints) 

92 + 4*nPoints 4 (U32) 4 Number of data points for this 
DUT. Default value is either 10001 
or 16001. 

DUT number  96 + 4*nPoints 4 (U32) 4 The number of the DUT that this 
data belongs to (1 ς 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) 4 The size of the Sub Header 

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

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

Number of Data Points 
(nPoints) 

112 + 6*nPoints 4 (U32) 4 Number of data points for this 
DUT. Default value is either 10001 
or 16001. 

DUT number  116 + 6*nPoints 4 (U32) 4 The number of the DUT that this 
data belongs to (1 ς 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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B. #GET_PEAKS_AND_LEVELS command 
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The data returned by #GET _PEAKS_AND_LEVELS is a binary string that encodes a mixed set of data.  The first 
4 bytes (LSB first, MSB last) form a 32-bit unsigned integer that represents the seconds portion of the 
timestamp.  The second 4 bytes (bytes 4-7) is also a 32-bit unsigned integer that represents the micro-seconds 
portion of the timestamp.  Thus: 

 
     seconds = byte 0 + byte 1*(2^8) + 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 + microseconds/1000000.0 
 

The data set serial number is also a 32-bit unsigned number with a byte offset of 8 (bytes 8-11).  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 channels is represented by an unsigned 16-bit 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 x25 models with less than 4 channels, the structure remains the same and empty channels will return data 
as zero values. 

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

 
Amplitude data is represented with signed 16-bit numbers.  The byte offset is a function of the number of 
detected signals on each channel.  The details of the data structure 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 multiplexer will facilitate as many as 16  

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

 
NOTE:[ŜƎŀŎȅ ǳǎŜǊǎ Ƴŀȅ ǇǊŜŦŜǊ ǘƘŜ ǇǊŜǾƛƻǳǎ άŀƭƭ ƛƴǘŜƎŜǊέ ǎǘŀƴŘŀǊŘ ŦƻǊ ƳǳƭǘƛǇƭŜȄŜǊ ƴƻǘŀǘƛƻƴΦ  tƭŜŀǎŜ ǎŜŜ ǘƘŜ 
     ŀǇǇŜƴŘƛȄ  ά¦ǎƛƴƎ [ŜƎŀŎȅ bƻǘŀǘƛƻƴ ŦƻǊ ahL aǳƭǘƛǇƭŜȄŜǊǎέ ƛƴ ǎŜŎǘƛƻƴ у ŦƻǊ ŘŜǘŀƛƭǎΦ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Entry  

Byte 
Offset 

Atomic 
Size 

(bytes) 

Total 
Size 

(bytes) 

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

Timestamp (msec.) 4 4 (U32) 4 Microseconds portion of the timestamp.  See 
the note above on the seconds portion.  The 
microseconds portion must be combined with 
the seconds portion to reconstruct the full 
timestamp as follows: 
timestamp = sec portion  
                         + (msec portion)/1000000 
The computed timestamp is a double-
precision float. 

Serial Number 8 4 (U32) 4 Serial number of the data set.  Data points are 
sequentially numbered.  In situations where 
the possibility of data loss or corruption exists 
during transfers, the serial number can be 
used to re-order and/or determine when data 
loss has occurred. 

#Peaks 1 (NS1) 12 2 (U16) 2 The number of spectral peaks detected on the 
first, second, third and fourth channels 
respectively. 

#Peaks 2 (NS2) 14 2 (U16) 2 

#Peaks 3 (NS3) 16 2 (U16) 2 

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

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

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

Reserved 24 1 8 --- 

Ch1 data  32 4 (S32) 2*NS1  

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

Ch3 data  30+ 
4*(NS1+ 

NS2) 

4 (S32) 2*NS3 

Ch4 data  32+4*(NS1 
+NS2+NS3) 

4 (S32) 2*NS4 

Ch1 levels 32+4*(NS1+NS2+
NS3+NS4) 

2 (S16) NS1  

Ch2 levels 32+4*(NS1+NS2+
NS3+NS4) + 

2*(NS1) 

2 (S16) NS2 

Ch3 levels 32+4*(NS1+NS2+
NS3+NS4) + 

2*(NS1+NS2) 

2 (S16) NS3 

Ch4 levels 32+4*(NS1+NS2+
NS3+NS4) + 
2*(NS1+NS2 

+NS3) 

2 (S16) NS4 

 
      Description of #GET_PEAKS_AND_LEVELS structure 
 
 
 
 
 
 
 
 
   4.1.2.6. User Command Set 
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Other available user commands are listed below.  The use of these commands follows the same communication 
and data retrieval protocols outlined in sections 4.1.2.1 and 4.1.2.2, respectively.  Unless otherwise noted, all x25 
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 a complete alphabetized listing of x25 core user  
     commands. 
 
     Example:        #HELP 
     Response:  #GET_DATA 
         #GET_DHCP 
         #GET_DUTx_STATE  (x >= 1, x <= 16) 
 
   #IDN? 
 
     Syntax:   #IDN? 
 
     Description: This command returns a string containing the name and revision of the x25 core. 
 
     Example:  #IDN? 
     Response:  Micron Optics sm125 Optical Sensing Interrogator, Rev 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 on 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 
 
 
 
 
 
 
 
 
 
 
   #SET_IP_ADDRESS 
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     Syntax:   #SET_IP_ADDRESS [Adr] 
 
      Where, 
                                Adr = A valid IP address of the form xxx.xxx.xxx.xxx 
 
             Description:  This command changes the IP address of the x25 core. 
 
     Example:  #SET_IP_ADDRESS 10.0.0.122 
     Response: #IP_ADDRESS 10.0.0.122 
 
NOTE:  The default IP address for the sm125 version 0.9 or higher is 10.0.0.122.  
 
 
   #SET_IP_NETMASK 
      
     Syntax:  #SET_IP_NETMASK [Mask] 
  
      Where, 
                                 Mask = A valid IP Netmask of the form xxx.xxx.xxx.xxx 
 
     Description: This command changes the IP Netmask of the x25 core. 
 
     Example:  #SET_IP_NETMASK 255.255.255.0 
     Response:  #IP_NETMASK 255.255.255.0 
 
NOTE:  The default IP Netmask for the sm125 and sm225 is 255.255.255.0.  
 
 
   #GET_IP_ADDRESS 
 
     Syntax:  #GET_IP_ADDRESS 
 
             Description: This command gets the currently configured IP address of the x25 core. 
 
     Example:  #GET_IP_ADDRESS 
     Response:  #IP_ADDRESS 10.0.0.122 
 
 
   #GET_IP_NETMASK 
 
     Syntax:   #GET_IP_NETMASK 
 
          Description:   This command gets the currently configured IP Netmask of the x25 core. 
 
     Example:  #GET_IP_NETMASK 
     Response:  #IP_NETMASK 255.255.255.0 
 
 
 
 
 
 
 
 
 
 
   #GET_DUT[Ch]_STATE 
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     Syntax:   #GET_DUT[Ch]_STATE 
 
      Where, 
       Ch = Ch# (1-4) or sub-channel # (1.1 ς 4.4) 
 
     Description: This commands queries the x25 core for the acquisition state for the particular  

device under test (DUT) channel specified by the command name.   As shown in this example, the x25 core 
would respond with the acquisition state for Channel 1.  In order to query the acquisition state for sub-channel 
4.2, the command would simply be modified to reflect the changed channel to #GET_DUT4.2_STATE. 
 
¢ƘŜ ŀŎǉǳƛǎƛǘƛƻƴ ǎǘŀǘŜ ǎƛƎƴƛŦƛŜǎ ƛŦ ŀ ǇŀǊǘƛŎǳƭŀǊ ŎƘŀƴƴŜƭΩǎ Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ƛǎ ŀŎǘƛǾŜ όǇŀǊŀƳŜǘŜǊ Ґ мύ ƻǊ ƛƴŀŎǘƛǾŜ 
(parameter = 0).    

 
     Example:   #GET_DUT1_STATE 
     Response:   #DUT1_STATE 1 
 
 
   #SET_DUT[Ch]_STATE 
 

Syntax:  #SET_DUT[Ch]_STATE [Val] 
 
 Where, 
  Ch = Ch# (1-4) or sub-channel # (1.1 ς 4.4) 
  Val = 0 for disabled and a 1 for enabled.  
 
Description: This command sets the acquisition state for the particular channel specified by the command 
name.   As shown in this example, the x25 core would set the acquisition state for Channel 1.  In order to set 
the acquisition state for sub-channel 4.2, the command would simply be modified to reflect the changed 
channel to #SET_DUT4.2_STATE. 
 
Setting the acquisition state 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 cause the specified channel or sub-channel to 
become inactive. 
 
Example:  #SET_DUT1_STATE 1 
Response: #DUT1_STATE 1 

 
NOTE:This command is used to trigger the use of an optional sm041 channel expansion unit, if connected to an  

sm125 module.  If a sub-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_SYSTEM 
 
Description:     This command will cause the x25 core to reboot. 
 
Example:          #REBOOT_SYSTEM 
Response:   No response is generated for this command. 

 
 
 
 
 
NOTE: The following peak detection algorithm commands can be accessed on port 55000 of a version 1.x x25 unit and  
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on both ports 50000 and 55000 of a version 2.x x25 unit.  Port 55000 commands support only the legacy integer channel 
notation, while port 50000 commands support both integer and decimal fraction sub-channel notation.  See the appendix 
ŜƴǘƛǘƭŜŘ ά¦ǎƛƴƎ [ŜƎŀŎȅ Notation for MOI Multiplexersέ ƛƴ ǘƘŜ ŀǇǇŜƴŘƛŎŜǎ ǎŜŎǘƛƻƴ ƻŦ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŦƻǊ ŀŘŘƛǘƛƻƴŀƭ ŘŜǘŀƛƭǎΦ 

 
   #SET_PEAK_THRESHOLD_CH[Ch] 
 
     Syntax:  #SET_PEAK_THRESHOLD_CH[Ch] [Val] 
 
      Where, 
       Ch = Ch# (1 ς 4) or sub-channel # (1.1 ς 4.4) 
       Val = the threshold level (in dBm) for use with the specified channel or sub-channel. 
        
     Description: This command sets 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 set by the command is Channel 1.  In order to set the threshold level for sub-channel 4.2, the 
command would simply be modified to reflect the changed channel to #SET_PEAK_THRESHOLD_CH4.2. 

 
     Example:  #SET_PEAK_THRESHOLD_CH1 -50     
     Response: #PEAK_THRESHOLD_CH1 ς50.00 
 
 
   #GET_PEAK_THRESHOLD_CH[Ch] 
 
     Syntax:  #GET_PEAK_THRESHOLD_CH[Ch] 
 
      Where, 
       Ch = Ch# (1 ς 4) or sub-channel # (1.1 ς 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.  In order to get the threshold level for sub-channel 4.2, 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_CH1 ς50.00 
 
 
   #SET_REL_PEAK_THRESHOLD_CH[Ch] 
 
     Syntax:  #SET_REL_PEAK_THRESHOLD_CH[Ch] [Val] 
 
      Where, 
       Ch = Ch# (1 ς 4) or sub-channel # (1.1 ς 4.4) 
       Val = the relative threshold (in dB) for use with the specified channel 
 
     Description: This command sets 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 set by the command is Channel 1.  In order to set the relative threshold level for sub-channel 4.2, the 
command would simply be modified to reflect the changed channel to #SET_REL_PEAK_THRESHOLD_CH4.2. 

  
     Example:  #SET_REL_PEAK_THRESHOLD_CH1 -6.00 
     Response: #REL_PEAK_THRESHOLD_CH1 ς6.00 
 
 
 
 
 
   #GET_REL_PEAK_THRESHOLD_CH[Ch] 
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     Syntax:  #GET_REL_PEAK_THRESHOLD[Ch] 
 
      Where, 
       Ch = Ch# (1 ς 4) or sub-channel # (1.1 ς 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 level for sub-channel 
4.2, the command would simply be modified to reflect the changed channel to 
#GET_REL_PEAK_THRESHOLD_CH4.2. 

  
     Example:  #GET_REL_PEAK_THRESHOLD_CH1 
     Response: #REL_PEAK_THRESHOLD_CH1 ς6.00 
 
 
   #SET_PEAK_WIDTH_CH[Ch] 
 
     #Syntax:  #SET_PEAK_WIDTH_CH[Ch] [Val} 
    
      Where, 
       Ch = Ch# (1 ς 4) or sub-channel # (1.1 ς 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 command 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 width for sub-channel 4.2, 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_CH[Ch] 
 
     Syntax:  #GET_PEAK_WIDTH_CH[Ch] 
 
      Where, 
       Ch = Ch# (1 ς 4) or sub-channel # (1.1 ς 4.4) 
 
     Description:  This command gets the peak width in nanometers for the peak detection algorithm for the 

particular channel specified by the command name.   As shown in this example, the channel whose width 
would be retrieved by the command is Channel 1.  In order to get the peak width for sub-channel 4.2, 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 
 
 
 
 
 
 
 
 
 
 
   #SET_PEAK_WIDTH_LEVEL_CH[Ch] 
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     Syntax:  #SET_PEAK_WIDTH_LEVEL_CH[Ch] [Val] 
 
      Where, 
       Ch = Ch# (1 ς 4) or sub-channel # (1.1 ς 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 set the peak width level for sub-channel 4.2, the 
command would simply be modified to reflect the changed channel to #SET_PEAK_WIDTH_LEVEL_CH4.2. 

  
     Example:  #SET_PEAK_WIDTH_LEVEL_CH1 3.0 
     Response: #PEAK_WIDTH_LEVEL_CH1 3.0 
 
 
    #GET_PEAK_WIDTH_LEVEL_CH[Ch] 
 
     #Syntax:  #GET_PEAK_WIDTH_LEVEL_CH[Ch] 
 
      Where, 
       Ch = Ch# (1 ς 4) or sub-channel # (1.1 ς 4.4) 
         
     Description: This command gets the peak width level in dB for the peak detection algorithm for the 

particular channel specified by the command name.   As shown in this example, the channel whose width level 
would be retrieved by the command is Channel 1.  In order to get the peak width level for sub-channel 4.2, the 
command would simply be modified to reflect the changed channel to #GET_PEAK_WIDTH_LEVEL_CH4.2. 

      
     Example:  #GET_PEAK_WIDTH_LEVEL_CH1 
     Response: #PEAK_WIDTH_LEVEL_CH1 3.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
4.1.2.7. LabVIEW TCP-IP Examples 
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NOTE: For the simplest and most feature rich interface to the modules, Micron Optics recommends the use of the  
   MOI ENLIGHT Sensing Analysis Software, available as a free download for at www.micronoptics.com. 
 
NOTE: The following examples were written for and reference the sm125 Field Module specifically, but are equally  
   applicable to any Ethernet accessible x25 core.  See section 5 for platform specific networking details. 
 

A. Four Channel Complete Interface Example 
  

Included with the instrumentation support materials is a full four channel example program that uses the TCP-IP 
communication protocol.  The example is written in National Instruments LabVIEW, and is available as an open-
source LabVIEW library and as a stand-alone executable.  The library files are compatible with the LabVIEW 7.1 Full 
Development System. 
 
The included sm125 remote LabVIEW examples are compatible with Windows 98, NT, 2000, XP, Vista and 
Windows 7.  An 800MHz Pentium III or better is recommended to run the utilities. 

 
This LabVIEW Ethernet Remote Utility example, shown in the figures of this section, uses the command set and 
protocol as described in sections 4.1.2 .1 ς 4.1.2.6 of 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 figure shows a screen shot of the example immediately after initialization.  A pop-up 
window polls the user for the IP address of the sm125. 

 

       
      Screen Shot from included LabVIEW Ethernet Remote Utility example 

 
Once the sm125 LabVIEW Ethernet Remote Utility example is connected and running, it can be used to set 
the IP address and Netmask settings of the sm125 unit.  Beneath the IP Address control on the remote 
ǳǘƛƭƛǘȅ ƛǎ ŀ ŎƘŜŎƪōƻȄ ŎƻƴǘǊƻƭ ƭŀōŜƭŜŘ ά9Řƛǘ bŜǘǿƻǊƪ {ŜǘǘƛƴƎǎΦέ  {ŜƭŜŎǘƛƴƎ ǘƘƛǎ ōƻȄ ǿƛƭƭ ƛƴƛǘƛŀǘŜ ŀ ǎŜǉǳŜƴŎŜ ǘƻ 
change those settings.  The user will be asked to choose between wired and wireless settings, and then 
polled to enter the desired IP address and Netmask, with the current values offered as the default.  When 
the values have been entered, the settings are automatically saved to the sm125 and will take effect upon 
sm125 reboot. 

 
 
 
 

ii. Spectrum Graph Mode 

http://www.micronoptics.com/
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The following figure shows 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) channels, up to four.  The color of the 
checkbox control labels correspond to the display colors for each of the channels on the graph.   

 

       
 

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

  

       
 

The preceding figure shows the sm125 measuring a mixed collection of FBG and Fabry-Perot Sensors.  The 
FBG sensors can be seen on Channel 1 represented by the blue trace, and selected by the blue-labeled 
ŎƘŜŎƪōƻȄ ŎƻƴǘǊƻƭ ά/I мΦέ  ¢ƘŜ Ct ǎŜƴǎƻǊ Ŏŀƴ ōŜ ǎŜŜƴ ƻƴ /ƘŀƴƴŜƭ оΣ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ǘƘŜ ǊŜŘ ǘǊŀŎŜ ŀƴŘ 
selected by the red-ƭŀōŜƭŜŘ ŎƘŜŎƪōƻȄ ŎƻƴǘǊƻƭ ά/I оΦέ   

 
 
 
 
 

iii. Other front panel controls visible on the LabVIEW Ethernet Remote Utility example are: 
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i.  Normalize 

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

 
ii.  Peak Avgs.   

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

 
iii.  Spectrum Avgs.   

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

 
iv.  Data Stream Interval 

 
As will be explained later in this section, the LabVIEW Ethernet Remote Utility example can 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 divided by the Data Stream Interval.  For example, at 
an acquisition rate of 1 Hz and a Data Stream Interval of 10, data will be saved to disk at 1/10 Hz, or 
every 10s. 
 

v.  Show Help 
 

This control activates the on-screen help feature, which will be covered in more detail in a later entry 
of this section. 

 
vi.  Perform Peak Detection 

 
¢Ƙƛǎ ŎƻƴǘǊƻƭ ŀŎǘƛǾŀǘŜǎ ǘƘŜ ǊŜƳƻǘŜ ǳǘƛƭƛǘȅΩǎ ǇŜŀƪ ŘŜǘŜŎǘƛƻƴ ŀƭƎƻǊƛǘƘƳΣ ǿƘƛŎƘ ƛǎ ǳǎŜŘ ǘƻ Řƛǎǘƛƭƭ Ŧǳƭƭ ǎǇŜŎǘǊŀƭ 
data into useful center wavelength values for sensor signals.  The behavior of the peak detection 
algorithm will be set by the PD parameters, as explained in section 4.1.1.2 of this document. 
 

vii.  Set PD Parameters 
 

The next two functional buttons are used to perform peak detection on the acquired full spectral data 
sets.  The following figure shows a view of the LabVIEW Ethernet Remote Utility example with the 
tŜǊŦƻǊƳ tŜŀƪ 5ŜǘŜŎǘƛƻƴ ŀƴŘ {Ŝǘ t5 ǇŀǊŀƳŜǘŜǊǎ ōǳǘǘƻƴǎ ŀŎǘƛǾŀǘŜŘΦ  ¢ƘŜ άtŜǊŦƻǊƳ tŜŀƪ 5ŜǘŜŎǘƛƻƴέ 
button activates the peak detection algorithms, which will operate based on the PD Parameters as 
defined by the functions described in the next section.  When "Perform Peak Detection" is set to on, 
the spectral data plots will change from solid lines to dashed lines, and the peak detected values will 
be indicated by a solid round dot of identical color to the spectrum plot.  
 
 
¢ƘŜ ά{Ŝǘ tŜŀƪ 5ŜǘŜŎǘ tŀǊŀƳŜǘŜǊǎέ ōǳǘǘƻƴ ǿƛƭƭ ƻǇŜƴ ŀ ǿƛƴŘƻǿ ŀƭƭƻǿƛƴƎ ǘƘŜ ǳǎŜǊ ǘƻ ŎǳǎǘƻƳƛȊŜ ǇŜŀƪ 
detection parameters for each of the available channels, up to four.  When this feature is active, the 
graph display will be reduced in size to accommodate display of both the graph and the parameters 
control, as seen in this next figure. 
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       sm125 Ethernet Remote Utility with Set PD parameters selected 
 
 

viii.  Save PD Parameters 
 

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

 
ix.  Load PD Parameters 

 
Once peak 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 to Spectral graph View, two other modes of data visualization are available in the four channel 
LabVIEW Ethernet Remote Utility exampleΦ  ¢ƘŜǎŜ ƻǘƘŜǊ ƳƻŘŜǎ Ŏŀƴ ōŜ ŀŎŎŜǎǎŜŘ ōȅ ǇǊŜǎǎƛƴƎ ǘƘŜ ά±ƛŜǿέ 
button, which can be fƻǳƴŘ ƻƴ ǘƘŜ ǊƛƎƘǘ ǎƛŘŜ ƻŦ ǘƘŜ D¦LΣ ǎŜŎƻƴŘ ōǳǘǘƻƴ ŦǊƻƳ ǘƘŜ ǘƻǇΦ  /ƭƛŎƪƛƴƎ ǘƘŜ ά±ƛŜǿέ 
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 be displayed on the table.  
The first column will contain a single value reflecting the counter, or relative timestamp, of the data set 
collected by the sm125.  The next four columns will contain wavelengths that represent the peak values as 
derived by the PD algorithms for each of the present channels, up to four.  The image below shows a view 
of the sm125 Ethernet Remote Utility in Peak Table display mode. 
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      sm125 Ethernet Remote Utility in Peak Table display mode. 
 

v.  Peak Tracking Mode 
 

       
      sm125 Ethernet Remote Utility in Peak Tracking Mode. 
 

Peak tracking mode displays a single FBG value in a strip chart versus timestamp.  This view is a convenient 
way to visually track changes in a seƴǎƻǊ ǾŀƭǳŜΦ  /ƻƴǘǊƻƭǎ ŦƻǊ ǘƘƛǎ ƳƻŘŜ ƛƴŎƭǳŘŜ ά!ŎǘƛǾŜ /ƘŀƴƴŜƭέ ŀƴŘ 
ά!ŎǘƛǾŜ {ŜƴǎƻǊέΣ ǿƘƛŎƘ ǘƻƎŜǘƘŜǊ ǎŜƭŜŎǘ ŀƳƻƴƎ ǘƘŜ ŀǾŀƛƭŀōƭŜ ŎƘŀƴƴŜƭǎ ŀƴŘ ǎŜƴǎƻǊǎ ǘƻ ƎŜǘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ 
sensor value for display.  The preceding figure shows the sm125 remote utility in Peak Tracking mode. 

 
vi.  Data Saving Features 

 
The sm125 LabVIEW Ethernet Remote Utility example also provides a mechanism to save the spectral data 
collected by the unit to a file.  Note on the figure below, a control button located on the right side labeled 
ά{ŀǾŜ 5ŀǘŀΦέ  .ȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŀǘ ōǳǘǘƻƴΣ ǘƘŜ ǳǎŜǊ ǿƛƭƭ ƛƴƛǘƛŀǘŜ ŀ ǎŀǾŜ Řŀǘŀ ǎŜǉǳŜƴŎŜΦ  LƳƳŜŘƛŀǘŜƭȅ ŦƻƭƭƻǿƛƴƎ 
the activation of the button, the user will be prompted to choose what type of data to save, either Full 
Spectrum or Peak Data.  The following figure shows a screen shot of the utility at this phase of the Save 
Data sequence. 
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      Ethernet Remote Utility screen shot during Data Save sequence. 

 
Should the user choose "Full Spectrum", he will be prompted for a filename and path to which the data 
should be saved.  Data is stored in following format:  Each entry consists of five columns, delimited by 
tabs.  Each column contains a number of elements equal to the number of spectral samples collected by 
the sm125, commonly 3201, 5001, 10001 or 16001.  The first column represents the X-axis or Wavelength 
scale.  Each of the next four columns represent the corresponding optical power array for each of the 
present channels 1-4, in that order.  Any channels either not present or without data will be represented 
by a column of zeros.  An example of the format for the saved data is seen in the table below.  These might 
be representative of the first few lines of a system with Channels 1 and 3 active: 

 
                    1520.000       -32.400 0.000      -2.980      0.000 
                    1520.005       -32.390      0.000      -3.370      0.000 
                    1520.010   -32.450      0.000      -3.650 0.000 
                    1520.015       -32.410      0.000      -3.930 0.000 
                    1520.020       -32.380      0.000      -4.170 0.000 
                    1520.025       -32.360      0.000      -4.360 0.000 
                    1520.030       -32.340 0.000      -4.570 0.000 
                    1520.035       -32.350      0.000      -4.810      0.000 
                    1520.040       -32.370      0.000      -5.140 0.000 
                    1520.045       -32.460      0.000      -5.430 0.000 
                    1520.050       -32.510      0.000      -5.550 0.000 
                    1520.055       -32.420      0.000      -5.690 0.000 
                    1520.060   -32.450      0.000      -5.950      0.000 
                    1520.065       -32.370      0.000      -6.190 0.000 

 
      Example of Full Spectrum data file format from LabVIEW Ethernet Remote Utility example 
 

Should the user choose "Peak Data", he will be prompted to choose between "Single Save" and "Streaming 
Data."  Single save will save the peak detected data one time to disk, after a selection of filename and path 
are selected by the user.  If streaming data is selected, the PD data will be saved to the selected file at a 
rate determined by the acquisition rate divided by the Data Stream Interval (see earlier explanation of the 
Data Stream Interval control for details).   

 
The user wilƭ ǘƘŜƴ ōŜ ǇǊƻƳǇǘŜŘ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ ǘƻ άwŜŦŜǊŜƴŎŜ ǘƛƳŜōŀǎŜ ƭƻŎŀƭƭȅ ŦƻǊ ǘƘŜǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎΦέ  
The timebase included in the datasets reflects the total number of acquisitions of the sm125 unit since its 
last bootup.  For a 1Hz unit, the timebase can then be interpreted as the number of seconds that the unit 
has been on.  For a 10 Hz unit, the counts reflect 1/10

th
 ǎŜŎƻƴŘ ŀŎǉǳƛǎƛǘƛƻƴǎΦ  ¢ƘŜ άǊŜŦŜǊŜƴŎŜ ǘƛƳŜōŀǎŜ 

ƭƻŎŀƭƭȅ ŦƻǊ ǘƘŜǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎέ ǿƛƭƭ ŎŀǳǎŜ ǘƘŜ ǎŀǾŜŘ ŘŀǘŀǎŜǘ ǘƻ ǎǘŀǊǘ ǘƘŜ ǘƛƳŜōŀǎŜ ƻǾŜǊ ŀƎŀƛƴ ŀǘ ȊŜǊƻΦ 
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      The peak data will be stored according to the following format: 
 

Each entry consists of a single row, delimited by tabs.  The first entry of the row is the timestamp for the 
data set.  The next four entries are the number of sensors for the four channels, in order.  Following the 
number of sensor are all of the read sensor wavelengths and amplitudes, with each channels wavelength 
and power reading grouped together.  In the example shown in the table below, there is one sensor on 
channel 1, two sensors on channel 3 and zero sensors on channels 2 and 4. 

 
      TIMEBASE    CH1 CH2 CH3 CH4     DATA 
 
      10421.000        1      0      2     0      1547.2300   -8.9100   1534.3432   1544.1429   -8.5200   -8.8100  

10422.000        1      0      2     0      1547.2300   -8.9100   1534.3432   1544.1429   -8.5200   -8.8100  
10423.000        1      0      2     0      1547.2297   -8.9100   1534.3435   1544.1422   -8.5700   -8.8500  
10424.000        1      0      2     0      1547.2297   -8.9100   1534.3435   1544.1422   -8.5700   -8.8500  
10425.000        1      0      2     0      1547.2300   -8.8300   1534.3444   1544.1407   -8.5700   -8.7700  
10426.000        1      0      2     0      1547.2308   -8.9200   1534.3442   1544.1423   -8.5600   -8.9000  
10427.000        1      0      2     0      1547.2308   -8.9200   1534.3442   1544.1423   -8.5600   -8.9000  
10428.000        1      0      2     0      1547.2302   -8.9100   1534.3444   1544.1430   -8.5600   -8.8400  
10429.000        1      0      2     0      1547.2300   -8.8600   1534.3432   1544.1415   -8.5500   -8.8100  
10432.000        1      0      2     0      1547.2296   -8.8600   1534.3435   1544.1423   -8.5700   -8.7700  
10433.000        1      0      2     0      1547.2303   -8.9600   1534.3429   1544.1414   -8.5300   -8.8000  
10436.000        1      0      2     0      1547.2299   -8.8600   1534.3444   1544.1435   -8.5700   -8.8200  
10439.000        1      0      2     0      1547.2293   -8.9200   1534.3428   1544.1400   -8.5700   -8.8400  

 
      Example of Peak Data file format from sm125 LabVIEW Ethernet Remote Utility example 

 
vii. On-screen Help Menu 

 
bƻǘŜ ǘƘŜ ōǳǘǘƻƴ ƻƴ ǘƘŜ ǳǇǇŜǊ ǊƛƎƘǘ ǎƛŘŜ ƻŦ ǘƘŜ ǊŜƳƻǘŜ ǳǘƛƭƛǘȅ ƭŀōŜƭŜŘ ά{Ƙƻǿ IŜƭǇΦέ  .ȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘƛǎ 
control, the user will activate a help screen, which will guide the user through the operation of the 
LabVIEW Ethernet Remote Utility example.   Any changes to the remote utility example following the 
release of this manual will be captured and sufficiently explained using this on-screen Help feature.  The 
following figure shows the sm125 remote utility with the help screen active.  To hide the help screen, 
ǎƛƳǇƭȅ ŎƭƛŎƪ ƻƴ ǘƘŜ ǳǇǇŜǊ ǊƛƎƘǘ ōǳǘǘƻƴ ŀƎŀƛƴΣ ƴƻǿ ƭŀōŜƭŜŘ ά/ƭƛŎƪ IŜǊŜ ǘƻ IƛŘŜ IŜƭǇ {ŎǊŜŜƴΦέ 

 

       
       sm125 Ethernet Remote Utility with the Help Screen active. 
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B. Channel Acquisition Example (with sm041) 
 

     
    sm125 Data Acquisition Example 
 

Also included with the 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 checkbox 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 devices can be found in section 6.1.3.2 of this document. 

 
C. Internal Peak Detection Example 

     
    sm125 Internal Peak Detection Example 
  

The preceding figure shows a screen shot of the included Internal Peak Detection Example.  This example uses the 
peak detection command set outlined in section 4.1.2.6 of this document to 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 user to become familiar with the features of the peak detection 
algorithm.   

 



                                                                             Optical Sensing Instrumentation & Software | ENLIGHT 

C o p y r i g h t  ©  2 0 12  M i c r o n  O p t i c s ,  I n c .                             U s e r  G u i d e ,  R e v i s i o n  1 . 13 6     55 

 

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, or 
simultaneous spectrum and peak data, for purpose of illustration.   
 

  4.1.3. Optimizing Peak Detection Parameters 

 
The basic  x25 peak detection application functions in a relatively intuitive manner, using a unique threshold level 
(derived from both Rel. Thresh and Threshold parameters) and peak width (derived from both Width Level and Width 
parameters) for each channel.  The algorithm will identify the central wavelength value and peak amplitude of any 
spectral peak feature that exceeds the specified threshold value in a symmetric manner with a spectral width greater 
than the specified peak width.   

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

 
The following sixteen images show how to optimize the peak detection parameters of the sm125 for different signal 
conditions and sensor orientations.  A starting point configuration of the peak detection parameters is shown in Case 
A below. 

 

  
Case A:  Starting point for peak detection explanation.  Peak detection is enabled, peaks selected (as 
opposed to valleys), Rel. Thresh = -50, Threshold = -17.5, Width Level = 3dB, and Width = 0.03nm. 

 
In Case A above, simple peak detection is performed on two sensor signals of relatively low insertion loss 
and similar peak power values.  Here, the Rel. Threshold parameter is set to -50 dB and the Threshold 
parameter is set to -17.5 dB.  As the peak power for the channel is ~-10 dBm, the effective threshold 
calculated by the relative threshold parameter would be at -10 + (-50) = -60 dBm.  Since the Threshold 
parameter value of -17.5 is greater than the calculated value of -60 dBm, the value set by the Threshold 
parameter is used by the PD algorithm, and the relative threshold calculated value is effectively ignored.  
The width level parameter is set to 3 dB, meaning that the 3 dB bandwidth of each peak will be compared 
to the minimum width requirement of 0.03 nm.  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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Case B:  An additional 10 dB of insertion loss causes the spectrum to fall below the fixed Threshold value of 
-17.5 dBm. 

 
Case B illustrates the limitation of using the Threshold parameter on its own, without utilizing the dynamic 
power tracking capabilities of the Rel. Thresh parameter.  As the insertion loss of the two sensors was 
increased by 10 dB, both of the peaks fell below the Threshold value of -17.5 dBm, and neither of the FBG 
peaks were successfully identified as peaks. 

 
The solution to this problem is the use of the Rel. Threshold parameter.  By setting the Rel. Thresh 
parameter to a higher number and the Threshold value to a lower number, like the relative values of -8 
dBm and -50 dBm shown in case C, the peak detection algorithm is able to accommodate for channel-wide 
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 power of -10 dBm and a Rel. Thresh value of -8 
dB, the calculated relative threshold is -10 + (-8) = -18 dBm.  As -18 dBm is higher than the Threshold value 
of -50 dBm, the effective threshold used for the peak detection is -18 dBm and both peaks are effectively 
detected by the algorithm.  The results can be seen in the figure labeled Case C. 

 

  
 Case C: Relative thresholding used with a low-loss signal. 
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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 
additional 10 dB of insertion loss will not cause the loss of any peak data from the peak detection 
algorithm. 

 

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

 
It has been here shown that the use of relative thresholding can accommodate for channel-wide 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 examine how to use the peak detection parameters to 
contend with such a situation. 

 

  
 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 the 2

nd
 of the two FBG peaks.  It can be seen that with a Rel. 

Threshold value of -8 dB and a peak channel power of -20dBm, the resulting -28 dBm effective threshold is 
too high to effectively locate and identify both of the FBG peaks.  In order to detect the 2

nd
 peak, 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. 
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Once the Rel. Thresh parameter has been changed to -20 dB, making the effective threshold -40 dBm, it 
can be seen in Case F that the 2

nd
 FBG peak has been recovered by the peak detection algorithm.  

Unfortunately, this step places the threshold below some of the side modes of the 1
st
 FBG peak, and those 

undesired side modes have been detected as signals as well. 
 

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

 
 

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

 
  

In order to successfully peak detect the attenuated 2
nd

 FBG while avoiding detection of any side modes, 
two approaches can be used with the parameters and controls of the x25 peak 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 fundamental mode.  Typically, the lowest order or fundamental mode of the FBG is 
not only the strongest signal, but also tends to be the widest.  Thus, when setting width requirements for 
the sensors, information about sensor and side mode bandwidths can be used to isolate the fundamental 
modes from the side modes.  In addition to width differences, there are also difference in height and 
symmetry of the fundamental modes, as compared to the higher order side modes.  As will be seen in the 
coming cases, side modes of higher optical power will often have an asymmetrical shape that can be 
exploited for exclusion by the peak detection algorithm. 

 
Case F shows a collection of peak detection control settings that cause both FBGs and some side modes to 
be detected.  Specifically, the effective threshold is at -40 dBm, and the peak requirement is set such that 
each prospective peak must have a 3 dB bandwidth of 0.03 nm or more.  As we mentioned before, a width 
value of 0.03 nm is usually impractically low for FBG sensors and Case F shows exactly why.  From the last 
paragraph and from visual inspection of the Case F figure, we can see that the 3 dB bandwidths of the two 
fundamental modes are much higher than the 3 dB band width of the detected side modes.  Thus, the first 
technique used to isolate the fundamentals modes from the higher order modes is the use of the Width 
parameter.  So, with the Threshold and Rel. Threshold parameters set to the same values as those of Case 
F, the width requirement for the 3 dB Width Level has been increased from 0.03 nm 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 modes are reported as 
peaks. 
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Case G(1).  First method for isolating signals from side modes.  Keep evaluation of peak width at 3 dB 
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 side modes from the fundamental FBG mode.  As is seen in the parameters summary to the 
left side of the plot, the Width Level parameter is still set to 3 dB.  That means that the 3 dB 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 value, and the results 
graphically depicted in the figure.  It is clear from the image that the 3 dB bandwidth of the fundamental 
mode is 0.24 nm, which does exceed the 0.1nm minimum Width requirement.  As such, the peak passes 
through the peak detection algorithm, and the image is so noted with a red dot atop the peak.  The side 
mode to the blue side of the fundamental mode has a 3 dB bandwidth 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 algorithm and is not 
adorned with a red dot. 

 

 
Case G(2).  A close up reveals that the 3 dB bandwidth 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 in the peak algorithm is to exploit the frequent asymmetry 
of the higher order modes, relative to the fundamentals.  The next two figures show how this method 
might be employed.  To illustrate the method, the Width parameter has been set back to the previous 
value of 0.3 nm.  This time, the Width Level has been set to 7 dB.  The results can be seen in the Case H(1) 
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figure that follows.  In brief, the side modes have been eliminated, and only the two FBG fundamental 
modes have been reported by the peak detection algorithm. 

 

  
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 parameter was 
used to isolate the two fundamental peaks.  Note the red dotted box drawn about the fundamental mode 
in figure H(2).  At 7 dB attenuation beneath the top of the peak, the fundamental mode exhibits a 
symmetrical spectrum with both sides crossing the 7 dB attenuation 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 of a 7 dB 
attenuation point.  Try to look to the right side of the peak for a comparable 7 dB 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 isolation from the next higher mode does not ever go past 5 dB or so.  
The higher order mode does not have a symmetric 7 dB bandwidth about the peak value, and as such, no 7 
dB bandwidth can be computed for comparison against the Width requirement.  As such, the peak is 
disqualified by the PD application and not recorded among the qualified sensor signals. 
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 Case H(2).  The fundamental mode has a symmetric 7 dB bandwidth, but the side lobe does not. 
 

Thus far, there has been explanation of when and how to use the Rel. Thresh, Width, and Width Level 
parameters to optimize peak detection with the x25 default peak detection application.  Next, there will be 
a brief explanation of how to make use of the Threshold parameter most effectively to set an absolute limit 
for the effective threshold. 

 

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

Consider the case presented in the preceding figure.  Here a single FBG is seen with low loss, high side 
mode suppression, and high signal to noise ratio.  The parameters are set with a 2dB Width Level, a 0.01 
nm width requirement (again, lower than might be practical, but useful for illustrative purposes), and a Rel. 
Thresh of -5 dB, setting the effective threshold 5 dB below the peak power of -10 dBm.  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 30 dB or so?  The figure for Case J shows the result.  With the current settings 
taking advantage of the Rel. Thresh value of -5 dB, the peak detection continues to track the signal without 
complication through an insertion loss change of 30 dB.   

  
What then if the signal was to decreased 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 from the fiber end face, or the 
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aggregate signal from all other sensors on the fiber.  Either way, it is not desirable to have the effective 
threshold continue to track the signal all the way to 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 threshold, then it becomes the gating factor in determining the effective threshold.  This 
effect can be seen in Case L.  The Threshold parameter is set to -45 dBm, which is higher than the value 
determined by the peak and relative threshold, which is 44 dBm + (-5 dB) = -49 dBm.  Thus, the effective 
threshold is set to -45 dBm, and no signal can meet the width and width level requirements.  

 

  
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, 
ŀǎ ǘƘŜȅ ŀǊŜ ŀōƻǾŜ ǘƘŜ ƭƛƳƛǘƛƴƎ άǘƘǊŜǎƘƻƭŘέ ǇŀǊŀƳŜǘŜǊΦ 

 

  
Case K:  With several more dB of attenuation and still using relative threshold, the PD algorithm begins to 
ƎŜǘ ŦŀƭǎŜ ǇƻǎƛǘƛǾŜǎΣ ōȅ ƛŘŜƴǘƛŦȅƛƴƎ ƴƻƛǎŜ ǎǘǊǳŎǘǳǊŜ ŀǎ ǾŀƭƛŘ ǇŜŀƪǎΦ  ¢Ƙƛǎ ƛǎ ǿƘȅ ǘƘŜ ŀōǎƻƭǳǘŜ άǘƘǊŜǎƘƻƭŘέ 
parameter is included.  It should be used to prevent massive attenuations from resulting in false positive 
numbers. 
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/ŀǎŜ [Υ .ȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƭƛƳƛǘƛƴƎ ά¢ƘǊŜǎƘƻƭŘέ ǇŀǊŀƳŜǘŜǊΣ ǿŜ ǇǊŜǾŜƴǘ ƴƻƛǎŜ ŦƭƻƻǊ ŦŜŀǘǳǊŜ ŦǊƻƳ ōŜƛƴƎ ŦŀƭǎŜƭȅ 
identified as valid peak structure. 

  
Cases M and N show how these new settings, designed to prevent false positive signals near the noise 
floor, continue to function well as the insertion loss on the FBG signal is reduced. 

 

  
/ŀǎŜ aΥ ²ƛǘƘ άTƘǊŜǎƘƻƭŘέ ǎŜǘ ŀǘ -45, attenuation of the FBG is decreased, and the relative calculated 
ǘƘǊŜǎƘƻƭŘ ƛƴŎǊŜŀǎŜǎ ŀōƻǾŜ ǘƘŜ άǘƘǊŜǎƘƻƭŘέ ƭƛƳƛǘΧǘƘŜ ƘƛƎƘŜǊ ƻŦ ǘƘŜ ǘǿƻ ƭƛƴŜǎ ƛǎ ŀǇǇƭƛŜŘ ŀǎ ǘƘŜ ŜŦŦŜŎǘƛǾŜ 
threshold. 
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Case N:  With attenuation returning towards zero, the calculated threshold continues to track 5dB below 
the peak amplitude.  Since its value of 25dBm is greater than the liƳƛǘƛƴƎ άǘƘǊŜǎƘƻƭŘέ ǾŀƭǳŜǎ ƻŦ -55dBm, the 
calculated relative threshold continues to function as the effective threshold, used in the PD.  The updated 
άǘƘǊŜǎƘƻƭŘέ ǾŀƭǳŜ ƻŦ -45dBm remains to protection against false positive findings in the event of a future 
increases in insertion loss. 
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 4.2. άx30έ Swept Laser Core Technology 
 
  4.2.1. Functions, Features, and Modes of Operation 

 
   4.2.1.1. Detection Settings 
  

The principal measurement mode for the x30 interrogators is an internal hardware peak detection 
measurement.  When polled, the unit returns peak data for each FBG on each of the enabled channels.  As 
many as four simultaneous channels of data can be collected.  Use of a multiplexer module will increase the 
channel count to as high as 16.  The following sections describe how to set parameters for hardware settings 
for the internal peak detection circuitry. 

 
A. Gain 

 
The gain control is a numeric value that sets a booster gain-value in the receiver circuit of the x30 
interrogators for the specified Active Channel.  The receiver sensitivity of the x30 units is 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 lead-in fibers or connectors can be offset by 
keying in the 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 lead-in loss is incurred, then the total loss of power to overcome is 6dB.  
Setting the Gain control to 6dB will restore the amplitude of the signal to nearly full scale.  Calibrated gain 
settings may range from 0 to 20 dB in steps of 0.1 dB.  The sm130 also supports un-calibǊŀǘŜŘ άƴŜƎŀǘƛǾŜ Ǝŀƛƴǎέ 
to reduce from 0 to -5 dB that can be used for additional flexibility in sensor level optimization. 

 
B. Noise Threshold Level 

 
Below the Gain control is a control to set the Noise Threshold Level for the specified Active Channel.  The 
Noise Threshold Level control sets a level below which the optical signal is ignored for purposes of peak 
detection.  Clearly, a lower value for Noise Threshold Level increases the available dynamic range for a given 
gain setting.  The following figure indicates by the two horizontal blue lines a maximum sensor amplitude 
value of 4000 and a Channel 1 noise threshold of 200.  These two settings afford a dynamic range of 
10log(4000/200) = 13dB for each given gain value.  Keeping the 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 mode features or 
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 particular sensor setup while maintaining maximum stability of the sensor 
measurements. 

 

      
     Screen shot of Ethernet Remote Util ity in Channel Power Level View 
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   4.2.1.2. Basic Data Acquisition 
 

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

 
 

A. Wavelength Data and Wavelength/Levels Data 
 

The x30 interrogator core is able to make simultaneous wavelength and relative amplitude measurements on 
a number of FBGs.  Section 4.2.2.4 of this document will outline specific commands that return wavelength 
only data, as well as commands that combine both sensor wavelength and amplitude information. 

 
B. Buffered and Un-buffered Acquisitions 

 
The x30 module is capable of interrogating and collecting data from hundreds of simultaneous FBG 
measurements 1000 times per second (1000 Hz is the most common data rate. Other x30 configurations are 
available at other rates, e.g. 100Hz, 500Hz, 2000Hz).  With such high potential data transfer rates, it is 
conceivable that shifting priorities in the host PC may cause a variation in data read rates from the x30 core.  
To safeguard against any potential data loss, the x30 interrogators maintains an internal data buffer of 30,000 
wavelength data sets, or a full 30 seconds of data at a 1000Hz rate.  By default, the commands for wavelength 
data extraction are buffered.  However, should application specifics require that the data not be buffered, the 
x30 supports un-buffered data acquisition commands as well. 

 
C. Command/Reply and Streaming Data Transfers 

 
As will be explained further in section 4.2.2.3 of this document, there are two primary modes of acquiring 
wavelength data from the x30 coreΦ  aƻǎǘ ŎƻƳƳŀƴŘǎ ŀǊŜ ƛƳǇƭŜƳŜƴǘŜŘ Ǿƛŀ ŀ άŎƻƳƳŀƴŘ ŀƴŘ ǊŜǎǇƻƴǎŜέ 
method, where a command requesting data is sent from the client PC to the module instigating a data transfer 
from the module to ǘƘŜ ŎƭƛŜƴǘΦ  ¢Ƙƛǎ άŎƻƳƳŀƴŘ ŀƴŘ ǊŜǎǇƻƴǎŜέ ƳŜǘƘƻŘ ƛǎ ǳǎŜŘ ŦƻǊ Ƴƻǎǘ Ȅ30 communications.  
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 View and Spectral Diagnostic View 

 
In addition to making peak wavelength and amplitude measurements, the x30 interrogators also provides 
amplitude information in two different ways.  The default Amplitude View reports discrete FBG peak 
amplitudes, allowing the user to set Gain and Noise Threshold levels to appropriate levels for the FBG 
reflectivity and insertion loss characteristics.  An optional Spectral Diagnostic View enhances the amplitude 
view with a continuous spectral representation of the optical signal as received by the x30 interrogator core.  
This Spectral Diagnostic View capability 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 for the Spectrum Diagnostic View 
mode also will be presented in section 4.2.2.4 of this document. 

 
The next two figures show an example situation in which the option of the x30 interrogators can be used in 
combination with the Gain and Noise Threshold settings to avoid a potential data acquisition problem.  The 
black trace in the next figure shows a single FBG sensor reflection profile riding atop a Fabry-Perot etalon 
created by a poor, reflective PC connection.  As is seen in the figure, the amplitude of the periodic reflection 
spectrum exceeds the Noise Threshold level when set to a value of 100.  As a result, the peaks of the periodic 
reflections are peak detected in addition to the real FBG element, resulting in a tainted and erroneous dataset.   
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     False sensor detection of PC connector back-reflection as highlighted by Spectral Diagnostic View. 
 

With the insight granted by the Spectral Diagnostic View as 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. 
 

      
     Use of the Noise Threshold Level control to eliminate false sensor detection 
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   4.2.1.3. Wavelength Data Processing 
 

After data is acquired by the x30 unit and before it is transmitted to the client, there are several data processing 
features that can be used.   

  
A. Averaging 

 
The x30 core is equipped with on-board averaging capabilities.  Averaging can be implemented on an entire 
module, per channel, or per FBG basis. This control initiates an internal averaging routine performed on a per 
sensor basis.  Each of the available FBGs on each of the available channels may bear its own unique number of 
averages.  Use of averaging on the high speed data acquisition of the x30 can yield measurements of 
extremely high repeatability.  As the noise component of the x30 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 
square root of the averages.  For example, a use of 4 averages on a sensor should yield a repeatability of ~2x.  
An use of 100 averages should yield an improvement in repeatability of ~10x.  Of course, the effective data 
acquisition time interval will go up with the number of averages.  However, if averaging is employed without 
the use of Data Interleaving, the data will continue to transmit from the x30 core at the full rate, effectively 
acting as a boxcar average.  Wvl Averaging and Data Interleaving can be used in conjunction to reduce the 
data transfer rate and increase the measurement repeatability where applications dictate such an approach to 
be beneficial. 
 

B. Interleaving 
 

To take full advantage of the averaging capabilities, or to simply reduce the volume of data transmitted 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 on a per-client 
basis, enabling as many as five clients to poll data from the module at different rates. 
 
Though the 1kHz data rate is quite enabling for some dynamic applications, other uses for the x30 Optical 
Sensing Interrogator do not required its full speed data acquisition and transfer capabilities.  Certain 
applications may require a reduced volume of data, and certain data acquisition systems can only support 
lower data transfer rates.  To accommodate considerations such as these, a Data Interleave command has 
been included in the x30 core and a corresponding control in the distributed software utility.  The Data 
Interleave control acts as a client specific divider of the maximum specified data transfer rate of the x30 core 
for data transmission purposes.  For example, an sm130 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 averaging to yield 
reduced rate, increased repeatability measurements. 

 
C.  Wavelength Referencing 

 
The x30 firmware has internal 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 the use of Averaging, Interleaving and Wavelength Referencing are covered in section 
4.2.2.5 of this manual. 
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   4.2.1.4. Multiplexing 
 

The standard x30 core supports tens of FBGs over a wide, common wavelength range on each of four 
simultaneous, parallel measurement channels.  Should an application call for a larger number of sensors or a 
wider effective spectral range, the number of channels can be functionally increased for an x30 core through the 
use of an sm041 Channel Multiplexer.  The sm041 optical multiplexers consist of a series of high speed, highly 
reliable optical switches that are seamlessly integrated with the x30 data acquisition process. The sm041 can 
expand a four channel interrogator to either eight or sixteen sub-channel operation, while maintaining the same 
wavelength repeatability and stability, as well as real-time, deterministic data acquisition.  sm230, si230, and si730 
models are each available with up to internal 16 channels. 

 
Section 4.2.2.5 explains how to integrate the sm041 Channel Multiplexer with respect to data acquisition formats. 

 
   4.2.1.5. Operating Modes and Synchronization 

 
The previous section introduced the concept of optical channel expansion through the use of an sm041 Channel 
Multiplexer.  The use of the multiplexer provides a flexible, cost-effective means of increasing the available 
bandwidth and channel count, but it does so at a cost of acquisition speed.  For each doubling of the channel 
count, there is a reduction in maximum acquisition rate by a factor of two.  For example, if a1kHz sm130-700 with 
an 4 x 16 sm041-416 Channel Multiplexer Module, data can be acquired at a maximum rate of 250Hz. 

 
If an application should require more than four channels of simultaneous measurements at 1 kHz, then the smX30 
ƘŀǊŘǿŀǊŜ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ ŦŜŀǘǳǊŜ Ŏŀƴ ōŜ ǳǎŜŘΦ  ¢ǿƻ {a! ŎƻƴƴŜŎǘƻǊǎΣ ƭŀōŜƭŜŘ ά{ȅƴŎ Lƴέ ŀƴŘ ά{ȅƴŎ hǳǘέ on the x30 
interrogator core allow for serial connection of multiple smX30 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 that truly simultaneously acquired data can be collected from each 
module.  
 
The synchronization features is only supported on the άǎƳέ ƻǊ άƳƻŘǳƭŜέ Ŏƭŀǎǎ ƻŦ Ȅол ǳƴƛǘǎΣ ƛƴŎƭǳŘƛƴƎ ōƻǘƘ ǘƘŜ 
sm130 and sm230 modules. 
 
The configuration of an smX30 module with regard to its state of synchronization is known as an Operating Mode.  
The following sections will introduce each of the four operating modes and the associated trigger signals. 

 
A. Stand Alone Mode 

 
The default operating mode for the smX30 is Stand Alone mode.  When in this mode, the smX30 module is 
neither synchronized to another module, nor is it configured to provide a synchronization signal to any other 
ƳƻŘǳƭŜǎΦ  ¢ƘŜ ά{ȅƴŎ Lƴέ ǇƻǊǘ ƛǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ data triggering (see section 4.2.1.6 for details) and the output 
signal is a simple square wave of frequency equal to the acquisition rate of the module, which can be used to 
synchronize other equipment to the acquisition of the smX30.  The dataset serial numbers refer to that of the 
independent, Stand Alone x30 module only. 
 

B. Master Mode 
 
In Master mode, the smX30 module is configured to be the Master module, to which all other smX30 modules 
that are configured as slaves will be synchronized.  When converted to Master mode, the output sync signal of 
the smX30 module converts from a simple square wave into a modulated signal onto which information for 
synchronization is encoded.  Included in the encoded synchronization signal is information about the data 
rate.  If when in a synchronized configuration the data rate of the Master module is reduced, all synchronized 
slaves will be correspondingly reduced in acquisition rate.  Also encoded in the sync signal is the dataset serial 
number of the master module.  This serial number is passed via hardware to all connected slave modules, such 
that a common serial number is applied to all simultaneous acquisitions made by all synchronized modules.  It 
is from this common dataset serial number that all collected datasets can be aligned to create a multi-module 
synchronized data set in client software.  Please see section 4.2.2.7 for a basic example on sm130 module 
synchronization. 
 

NOTE:  Synchronization is only compatible with 1 kHz smX30 modules.  If synchronized data is required at a lesser  
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rate, the data rate divider can be altered on the master module to reduce data acquisition rates on all 
synchronized modules.  In order for synchronization to function at all, though, the master module and each 
slave module must be 1 kHz capable. 

 
C. Middle Slave Mode 

 
The third operating mode is Middle Slave.  When a module is configured for either Middle Slave or End Slave 
ƳƻŘŜΣ ǘƘŜ ƳƻŘǳƭŜ ƭƻƻƪǎ ǘƻ ǘƘŜ ά{ȅƴŎ Lƴέ ǇƻǊǘ ŦƻǊ ŀ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ ǎƛƎƴŀƭΦ  LŦ ŀƴ ŀǇǇǊƻǇǊƛŀǘŜ ǎƛƎƴŀƭ ƛǎ ƴƻǘ 
present, no Řŀǘŀ ŀŎǉǳƛǎƛǘƛƻƴ ǿƛƭƭ ǘŀƪŜ ǇƭŀŎŜΦ  LŦ ǘƘŜ ǎƭŀǾŜ ƳƻŘǳƭŜ ά{ȅƴŎ Lƴέ ǎƛƎƴŀƭ ƛǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ά{ȅƴŎ hǳǘέ 
signal of an smX30 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 synchronization signal.  Once 
synchronized, all data acquisitions made by the slave will be labeled with the dataset serial number of the 
master, as encoded in the synchronization signal. 

 
In the Middle Slave configuǊŀǘƛƻƴΣ ǘƘŜ ƳƻŘǳƭŜ ǊŜŎŜƛǾŜǎ ŀƴ ŜƴŎƻŘŜŘ ǎȅƴŎ ǎƛƎƴŀƭ ŦǊƻƳ ǘƘŜ aŀǎǘŜǊ ƻƴ ƛǘǎ ά{ȅƴŎ 
Lƴέ ǇƻǊǘ ŀƴŘ ǇŀǎǎŜǎ ǘƘŀǘ ƳƻŘǳƭŀǘŜŘ ǎƛƎƴŀƭ ǘƻ ǎǳōǎŜǉǳŜƴǘ {ƭŀǾŜǎ Ǿƛŀ ǘƘŜ ά{ȅƴŎ hǳǘέ ǇƻǊǘΦ 

 
D. End Slave 

 
In End Slave mode, the smX30 module behaves identically to that of the Middle Slave, except that the signal 
ǇŀǎǎŜŘ ǘƻ ǘƘŜ ά{ȅƴŎ hǳǘέ ǇƻǊǘ ƛǎ ŀ ǎƛƳǇƭŜ ǳƴƳƻŘǳƭŀǘŜŘ ǎǉǳŀǊŜ ǿŀǾŜ ǎƛƎƴŀƭ ǘƘŀǘ ƛǎ ŀǾŀƛƭŀōƭŜ ǘƻ ǘǊƛƎƎŜǊ ƻǘƘŜǊ 
data acquisition equipment, if needed. 

 
   4.2.1.6. Triggering 
 

The previous section introduced the concept of synchronization, whereby the laser sweep, acquisition rate and 
data set serial number of an smX30 module can be dictated by another smX30 module.  This section will discuss 
the Triggering feature, whereby data acquisition from a single module can be governed by events generated not 
by smX30 modules, but by other equipment or software. 

 
!ǘ ǇǊŜǎŜƴǘΣ ǘƘŜ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ ŦŜŀǘǳǊŜǎ ƛǎ ƻƴƭȅ ǎǳǇǇƻǊǘŜŘ ƻƴ ǘƘŜ άƳƻŘǳƭŜέ Ŏƭŀǎǎ ƻŦ Ȅол ǳƴƛǘǎΣ ƛƴŎƭǳŘƛƴƎ ōƻǘƘ ǘƘŜ 
sm130 and sm230 modules. 

 
A. Untriggered 

 
The default triggering mode for the smX30 is Untriggered mode.  In this free running mode, data is made 
available to service data calls following each and every acquisition. 

 
B. Software Triggering 

 
When the module is set to a triggering mode and no trigger is present, no data 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 the status header of described in section 4.2.2.4, indicating that the module is 
awaiting trigger.  When configured for triggering and an appropriate trigger signal is 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 stop and start 
triggering.  Details for those two commands will be seen in section 4.2.2.6 of this document. 
 

C. Hardware Triggering 
 

When the module is set for hardware triggering, it will wait for an appropriate TTL level hardware trigger 
ǎƛƎƴŀƭ ƻƴ ǘƘŜ ά{ȅƴŎ Lƴέ ǇƻǊǘ ƻƴ ǘƘŜ ŦǊƻƴǘ ǇŀƴŜƭ ōŜŦƻǊŜ ǎǳǇǇƭȅƛƴƎ Řŀǘŀ ǘƻ ŎƭƛŜƴǘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŀ Řŀǘŀ ŎŀƭƭΦ  ¢ƘŜ 
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 to stop on another rising or falling edge, or to simply 
trigger for a number of predefined acquisitions.  Additionally, the module can be configured to trigger only 
one time, or to automatically retrigger on subsequent rising or falling edges.  A simple LabVIEW example 
showing the triggering commands is covered in section 4.2.2.7. 
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NOTE:  There is a significant difference between synchronization and triggering, as it relates to the scanning of the  
laser hardware.  In a synchronized configuration, the slave module actually synchronizes its laser sweep to 
that of the master module, so that the lasers are literally scanning together in phase.  In a triggered 
configuration, the smX30 laser continues to scan at a rate and phase dictated by its own internal clock.  
Triggering only affects the time at which data is transmitted and has no effected on the start or stop timing of 
the internal laser sweep and data acquisition.  As such, triggering on the smX30 bears a maximum latency of 1 
millisecond for a 1 kHz capable module. 

 
   4.2.1.7. Speed of Light Compensation 
 

The x30 interrogator core makes 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 measurements. 

 
Using the speed of light calŎǳƭŀǘƛƻƴǎ ŘŜǘŀƛƭŜŘ ƛƴ ŀǇǇŜƴŘƛȄ ŜƴǘƛǘƭŜŘ ά{ǇŜŜŘ ƻŦ [ƛƎƘǘ 9ŦŦŜŎǘǎ ƻƴ {[ ōŀǎŜŘ ²ŀǾŜƭŜƴƎǘƘ 
aŜŀǎǳǊŜƳŜƴǘǎέ of this manual, the effects of this time of flight delay can be completely compensated by internal 
x30 algorithms, which make use of a table of distance-to-sensors information.  This table may be populated 
manually, using known fiber lengths or external measurements, or by using the FBG Sensor Distance 
Measurement capabilities of the smX30 modules.   

 
   4.2.1.8. FBG Sensor Distance Measurement 

 
The x30 optical interrogators are available with optional FBG Sensor Distance Measurement capabilities.  x30 FBG 
sensor distance measurements can be a very useful tool for FBG location in the deployment and management of 
large sensor networks, as well as provide valuable data for input to the x30 distance compensation algorithms. 

 
In Distance Measurement mode, the interrogator performs a series of measurements which enable it to deduce 
the optical, and thus physical, distance from the interrogator to each connected optical FBG.  Like an OTDR, the 
x30 core uses information about the laser time-of-flight to calculate the distance to a particular spectral feature.  
Unlike an OTDR, however, the x30 can make these measurements on multiple spectrally 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 these conditions is that the FBGs on each channel must be separated by at least 
1.5nm and physically laid out in simultaneously ascending wavelength order with physical distance.  If FBG 
wavelengths are out of order, the algorithm used in the sensor location measurement procedure will very likely 
produce erroneous location measurement results.  

 
   4.2.1.9. Network and Time Settings (applies to smX30 modules) 

 
The smX30 modules supports a command set for all basic TCP-IP configuration settings, such as IP address, 
Netmask, and default gateway.  Additionally, DHCP (Dynamic Host Protocol) is supported and can be configured 
via remote commands.  
 
 All x30 core Ethernet settings and configurations are managed automatically on the siX30 instrument platform. 

 
The x30 time based defaults to the internal system clock of the x30 interrogator core module.  The user can set 
the system clock, or can configure the system to use NTP (Network Time Protocol) to synchronize the x30 system 
clock with any one of many public time servers, including the default NIST atomic clock in Boulder, Colorado. 

 

  4.2.2. TCP-IP Remote Control Interface 

 
   4.2.2.1. Configuration (applies to smX30 modules) 
 

Configuration Data transfer to and from the x30 core is 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 these arrangements require that the x30 interrogator and 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 the x30 and/or host PC.  These values can be configured using the remote commands 
outlined in section 5.2.2.5 of this manual. 

 
    The sm130 supports bi-directional communication through a data socket (port #1852). 
 
NOTE:  The default IP address and Net mask for the sm130/sm230 modules are 10.0.0.126 and 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. 
 
   4.2.2.2. Communication Protocol 

 
Commands and queries to the x30 core are in the form of ASCII strings that begin with a # character and end with 
ŀ ƭƛƴŜŦŜŜŘ ό!{/LL ŎƘŀǊ мл ώлȄлŀ ƛƴ ƘŜȄΣ Ψ\ƴΩ ƛƴ /Σ Ǿō[Ŧ ƛƴ ±ƛǎǳŀƭ .ŀǎƛŎϐύΦ  !ƭƭ ŎƘŀǊŀŎǘŜǊǎ ǎŜƴǘ ǘƻ ǘƘŜ ǎƳмол ŀǊŜ 
internally buffered until a linefeed character is detected.  Once the x30 core receives the linefeed, it then 
interprets all the buffered data that preceded the linefeed.  In response to the received data, the x30 core will first 
return a 10-byte ASCII string.  This 10-byte string is not a response to the submitted command or inquiry.  Rather, 
the 10-byte string represents the number bytes contained in the response to the command.  This is the number of 
bytes that the host is expected to read in addition to the first 10 bytes.  The example below illustrates the point: 

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

In this example, the host has issued the #IDN? command to an sm130.  This command is used to retrieve the 
sm130 software version number.  In response to this command, the sm130 first submits the 10-byte string 
άллллллллонέ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ǘƘŜ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ІL5bΚ ŎƻƳƳŀƴŘ ƛǎ он ōȅǘŜǎ ƭƻƴƎΦ  ¢ƘŜ ǎƳмол ǘƘŜƴ ǎǳōƳƛǘǎ ǘƘŜ 
32-ōȅǘŜ ǎǘǊƛƴƎ άaƛŎǊƻƴ hǇǘƛŎǎ ǎƳмолΣ wŜƭŜŀǎŜ лΦфέ ǘƻ ǘƘŜ Ƙƻst.  Thus, for every command written to the sm130 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 sm130 is a 
valid command.  A LabVIEW implementation of the above example appears in the following figure.  A VisualBasic 
implementation appears thereafter. 

 
    Basic LabVIEW Implementation of x30 TCP-IP Protocol 
 

     
 

    Basic VisualBasic Implementation of x30 TCP-IP Protocol 
 

¶ A Winsock control allows user to communicate with x30 core via Transmission Control Protocol (TCP) 

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

¶ Set Protocol property of the Winsock as sckTCPProtocol. Set the RemoteHost and RemotePort properties of 
the Winsock as x30Ωǎ Lt ŀŘŘǊŜǎǎ ŀƴŘ рллллΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ςGive a name to the Winsock control (e.g. 
tcpClient). 

¶ Establish connection with x30 core with the command, 
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Call tcpClient.Connect 
 

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

 
/ŀƭƭ ǘŎǇ/ƭƛŜƴǘΦ{ŜƴŘ5ŀǘŀόάІL5bΚέ ϧ Ǿō[Ŧύ 

 

¶ Wait until 10 bytes 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. 
 
   4.2.2.3. Data Retrieval 
 

A. Command and Response 
 

Sensor peak wavelength data can be retrieved from the x30 core using 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 88-byte 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 retrieval commands are presented in 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 maximum, the transfer will be 2088 bytes long in the case 
of #GET_DATA (2088 = 500 sensors *4bytes /sensor + 88 byte status) and 3088 bytes long in the case of 
#GET_DATA_AND_LEVELS (3088= 500 sensors*4bytes/sensor wavelength + 500 sensors*2bytes/sensor level+ 88 
byte status) .  #GET_SPECTRUM returns 65624 bytes (32768*2bytes/sensor level + 88 byte status). 

 
Data can be retrieved from the x 30 core for all four of the above mentioned commands (#GET_DATA, 
#GET_DATA_AND_LEVELS, #GET_UNBUFFERED_DATA, AND #GET_UNBUFFERED_DATA_AND_LEVELS), as outlined 
in section 4.2.2.4 of this document using a Command and Response method of communication.  With the 
Command and Response method, each instance of data acquisition must be preceded by one of the four 
commands mentioned above.  In conjunction with the #FLUSH_BUFFER command, #GET_DATA and the other 
Command and Response commands are a good means of retrieving up to ~30 seconds of data from the unit.  For 
continuous acquisition, initiating a data stream is strongly recommended. 

 
B. Streaming 

 
In an effort to reduce the amount of data overhead and handshaking between the x30 core and 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 taken.  First, a socket connection is created to the x30 core.  Next, that socket is 
ŎƻƴǾŜǊǘŜŘ ǘƻ ŀ άǎǘǊŜŀƳƛƴƎ ǎƻŎƪŜǘέ ōȅ ǳǎŜ ƻŦ ǘƘŜ І{9¢ψ{¢w9!aLNG_DATA command (see section 4.2.2.5 of this 
document for details.)  This command converts the data acquisition mode for that socket connection from a 
traditional command and response mode to streaming mode, for the #GET_DATA command.  In the command and 
response mode, the client must send the x30 core a #GET_DATA command and then read the returned data, when 
available.  In streaming mode, the x30 core internally 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 data throughput from the x30 core to the client. 
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The set streaming data command is client and socket specific.  In order to use the command, a user would 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, the x30 core will 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 processed, but all replies will be suppressed so as to not corrupt and/or de-synchronize 
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, each streaming 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 (XXXXXXXX).  UǇƻƴ ŜȄƛǘƛƴƎ ǎǘǊŜŀƳƛƴƎ ƳƻŘŜΣ ǘƘŜ Ŧƛƴŀƭ ǎȅƴŎƘǊƻƴƛȊŀǘƛƻƴ ǘƻƪŜƴ ǿƛƭƭ ŎƘŀƴƎŜ ŦǊƻƳ ŜƛƎƘǘ ·Ωǎ ǘƻ ŜƛƎƘǘ 
½Ωǎ ό½½½½½½½½ύΦ 

 
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 transferred.  The following table shows the relevant members of the 
structure.  The shaded member fields are reserved for future expansion, used internally for instrument 
monitoring and controls, or simply not yet implemented. 
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    A ς Acq. Triggered Bit [31] 
    B ς Calibration Fault [30] 
    C ς Start Of Frame [29] 

D ς FAN_STATE [28..27]    28 = Primary Fan; 27 = Secondary Fan 
    E ς MUX_STATE [26..24]   (S0, S1, S2) 
    F ς Xfer Type [31..28]      
    G ς SOA Therm. Limit [27] 
    H ς SOA Current Limit [26] 
    I ς TEC Over Temp [25] 
    J ς TEC Under Temp [24] 
    K ς Operating Mode[23..22] 
    L ς SW Position[17..16] 
    N ς Triggering Mode[21..20]  
    P ς sm041 Mux Level [18..17] 
    Q ς NRZ Command [23..21] 

    R ς RESERVED 6 [20..16]*Header_Length = offset of DUT1 data. 
Ϟ
The number of FS data points is 2^(FS Radix). 
ϞϞ

The zero-based MuxLevel values of {0,1,3}  correspond to MuxLevels {1,2,4} 

Available to users 

Reserved for internal use 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

C A B D E 
 

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

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

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

FBG Thermistor [15..0] 

F/W Ver. [23..16] 
À
FS Radix [7..0] 

L 

RESERVED 7 

Serial Number [31..0] 

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

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

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

Kernel RT Loc0 [23..0] 

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

Error 
 

K F I G H J 

DUT2 Gain [31..16] 

 H/W Clk Divider [31..16] 

Header Length* (bytes) [31..16] Hdr Ver # [15..8] 
 

%Buffers [7..0] 

DUT1 Gain [15..0] 

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

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

DUT4 Noise Thresh [31..16] DUT3 Noise Thresh [15..0] 

Granularity [31..0] 

Peaks Data Rate Divider [15..0] 

RESERVED 4 [31..0] 

Cur. Layer [15.8] 

Full Spectrum Starting ɚ [31..0] 

Full Spectrum Ending ɚ [31..0] 

ACQ Counter 3 [15..0] 

N 
ÀÀ

P 

Q   R 
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The header is composed of 22 DWORDS (32-bit double words) numbered 0-21.    
The following table summarizes the pertinent entries. 

 Location Name Description 

DWORD 0, bits 0-7 FS Radix Radix of the full spectrum number of data points.  This field 
Ŏŀƴ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀǎ ŦƻƭƭƻǿǎΥ ά¢ƘŜǊŜ ŀǊŜ 2^radix 16-bit 
ǿƻǊŘǎ ƛƴ ǘƘŜ Ŧǳƭƭ ǎǇŜŎǘǊǳƳ ŘŀǘŀέΦ  ¢ƘǳǎΣ ƛŦ ǘƘŜ Ŧǳƭƭ ǎǇŜŎǘǊǳƳ 
is composed of 65536 words, FS Radix = 16. 

DWORD 0, bits 16-23 F/W Version The version of the currently running FPGA synthesis.  This 
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 fan 
runs when the internal temperature of the instrument rises 
above 40C.  This may be caused either by a failure of the 
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 fan 
runs when the internal temperature of the instrument 
exceeds 30C. 

DWORD 0, bit 30 Calibration Fault Part of the health monitoring system, this bit goes high 
when the repeatability of the wavelength calibration 
cannot be guaranteed to the specifications of the 
instrument.  Under normal operation, this bit should never 
go high. 

DWORD1, bits 16-17 Switch Position The position of the external optical multiplexer switches.  
Possible values are 0, 1, 2 and 3.  The optical port number 
can be computed as 4 * SwtichPosition + Channel Number. 

DWORD1, bits 71-18 Optical 
Multiplexer 
MUX Level 

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

DWORD1, bits 20-21 Triggering Mode Legal values for this bit pair are 0, 1 and 3 with the 
following definitions: 
0 ς Untriggered.  The system is free-running and collects 
data continuously using its internal clock base. 
 
1 ς S/W Triggered.  The system starts and stops collecting 
data based on software commands only. 
 
3 ς H/W Triggered.  The system starts and stops collecting 
data based on either software commands or logical 
ǘǊŀƴǎƛǘƛƻƴǎ ƻƴ ǘƘŜ άǎȅƴŎ ƛƴέ ǇƻǊǘΦ 

DWORD1, bits 22-23 Operating Mode Legal values for this bit pair are 0, 1, 2 and 3 indicating the 
following operating modes: 
 
0 ς Stand Alone.  This is the default operating mode.  Here, 
the instrument is free running.  Data collection is based on 
an internal clock.  The instrument puts out a square wave 
on the sync out port that is synchronous with the data 
acquisition process. 
 
1 ς Master.  Here, the instrument is free running.  Data 
collection is based on an internal clock.  The instrument 
puts out an encoded signal on its sync out port.  Other 




































































































































































































































































































































































































































































































