1 Software Installation
1.1 Minimum Operation System Requirement
Mightex USB Camera is using USB 2.0 for data collection, USB 2.0 hardware MUST be present on user’s PC and Mightex device driver MUST be installed properly before using Mightex demonstration application OR developing application with Mightex SDK.
The minimum requirements for PC are
Processor: 


Pentium III,900M or above

Operating System: 
Windows 2000/XP/Vista/7

RAM: 


256M or greater

USB 2.0 Host Controller: required.
1.2  Camera Modules:

Please refer to the following table for camera modules and their main features:
	Module
	Max Pixel number
	Shutter
	Exposure Time(ms)
	Spectrometer Number
	

	ISP-VIS-MC006
	1392
	Global
	0.05 – 200,000
	6
	


*. Buffer means the camera built-in frame buffer, the value shown is frame buffer under maximum resolution at 8bit, at higher bit (e.g. 12bit ), the maximum buffer is less.
1.3 Imaging Spectrometer USB Driver Installation:
Mightex Buffer USB CCD Camera uses high speed USB2.0 port (480M) for data collection, USB 2.0 Enhanced Host controller MUST be present on host PC, user may check this by going to “Control Panel |System |Hardware | Device Manager | Universal Serial Bus Controllers”, and the “USB Enhanced Host Controller” or “USB2 Enhanced Host Controller” should be present as following:
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[image: image1.emf]
Windows Device Manager
On a PC with USB Enhanced Host Controller (USB2.0 hardware), user can plug the camera into one of its available USB2.0 port, for the first time, Windows will prompt with “Found New Hardware” as following:
[image: image2.emf]
And immediately, windows will show the “Found New Hardware Wizard”:
[image: image3.emf]
User should choose the “No, not this time” (because we know the location of the INF and driver file, don’t bother Windows to search for it), and click [Next], the wizard goes:
[image: image4.emf]
Choose “Install from a list or specific location (Advanced)” (as we know the location of the driver) and click [Next] button, and it goes:
[image: image5.emf]
User may use [Browse] button to specify the location (in this case, it’s in the \driver sub-directory of the installation CD) and click [Next]. If windows will show the following dialog:
[image: image6.emf]
Please click the [Continue Anyway] button to continue the installation, Mightex provides signed driver for Windows Vista and Windows 7 (for both X64 and X86), thus the above warning dialog will not show up, for Windows XP, it will still show up and user need to click the [Continue Anyway] button. After the installation is done. You will see windows show:
[image: image7.emf]
After it’s properly installed, user will see the “Mightex USB Device” in the windows device manager (please refer to previous page for this).
If user changes the device to another USB port on the PC after installation, PC may prompt again with the samenew hardware wizard (This happens for Windows XP, for Vista/7, there’s no need to re-install the driver), please following the same sequence but, as we had already installed the driver, this time you should go with “install the software automatically (recommended)” as following:
[image: image8.emf]
Click [Next] to finish the wizard as the first time installation. 
Note for any USB2.0 Port, the above installation sequence will only occur once, after successful installation, windows will automatically recognize and load proper driver for the device.
1.4 Application Installation and Uninstallation
User can simply copy all the files under the \Application sub-directory of the CD into a target directory of your local disk, and run the “Mightex_ISP.exe” file.
User may simply delete the whole directory to un-install the software package.
1.5 CD ROM File Organization

The CD contains the following directories:
\Application
\Documents

\Driver

\SDK
\Application subdirectory includes the following files:


\ModuleNo_SerialNo: sudirectory of the installed device which contains device specific files.



CalibrationPara.xml: the calibration file of the device



Mightex_ISP_App.exe: the executable file


BUF_USBCCDCamera_SDK.dll: the dll file used by exe file.


BufferCameraUsbLib.dll: the dll file used by exe file.


LE_Colorimetry.dll: the dll file used by exe file.


LE_TxtImporter.dll: the dll file used by exe file.


LinearCameraUsbLib.dll: the dll file used by exe file.
MT_UCISP_SDK.dll: the dll file used by exe file.
MT_CCDDevice_Int.dll: the dll file used by exe file.
\Documents directory includes the User Manual(this manual).
\Driver subdirectory includes drive files for win2k,xp,vista and win7.
\SDK subdirectory includes the following directories files


\Documents: contains SDK development guide.


\Examples: contains SDK development example in Delphi7.0 and VC++6.0.


\Lib: contains the library files used by application.
2 Getting Started

Connect the Spectrometer to the USB 2.0 port of your computer, if the spectrometer driver has been successfully installed, the found-new-hardware information will be shown on the desktop for the first time plug in.
2.1 Start Application

Start the application by running ‘Mightex_ISP.exe’. A device selection form (Figure 2.1) with the module no. and serial no. of all the supported spectrometers connected to the computer will be shown. The first device is selected by default.
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Figure 2.1 
User should always click the OK Button and the main window (Figure 2.2) shows up. Here the main window is constructed by two forms, the control form (the left one) and the display form (the right one). 
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Figure 2.2
2.2 Set Data Source.


In the main window, click the ‘Edit’ button of the ‘Data Source’ Group situated on the right bottom corner of the display form. A Data Source Selection Form (Figure2.3) will be popped up. Here we can set the data sources for three series of the display form. Clicking the Serie1/Seires2 down triangle button, a list of available spectrometers can be selected (Figure 2.4). You can choose any one for Series1 and another one for Series2. Series 3 is normally used for inter-channel operation of two channels defined by series1 and series2. It could be channels addition, subtractions, multiplication or division. Choose the operation you want for series3 and after that click OK button (figure 2.5), the control now goes back to the main window. And in the main window display form, the ‘Data Source’ Group lists the three data sources we’ve just selected for each series (figure 2.6).
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Figure 2.3





Figure 2.4                    Figure 2.5
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Figure 2.6

2.3 Connect Light Sources

Connect the light sources you want to measure to the Spectrometer you’ve just selected, such as Spectrometer_3 and Spectrometer_1. (There is a digital mark on the optic fiber end which specifies the index of the spectrometer, e.g. if the mark read ‘1’, which means it is the spectrometer_1, etc.)


2.4 Scan the spectrum

1) Set the exposure time

On the main window control form, drag the track bar of the ‘Exposure Control’ group, you can set the exposure time of the camera and the exposure time you set will be shown right on the top of the exposure time track bar, Figure 2.7.
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Figure 2.7

2) Get the Light Data

Click grab one frame button [image: image16.png]


 on the upper left corner of the control form. The spectrum of the two light sources and the addition of these two light sources are shown on the display form (Figure 2.7). The acquired data could also be viewed in table by clicking the ‘Table View’ display form (figure 2.8).
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Figure 2.8

2.5 Saving Data

Click the Save Speed button [image: image18.bmp] on the control form, a ‘Save As’ dialog will popped up (Figure 2.9) and allows us to save the scanned spectrum data to a text file with file extension (*.mis) , which we can load it and view it later. ( Note, the file format of the saved imaging spectrometer spectrum data will be described in details).
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Figure 2.9

3 User Guide

3.1 ‘Production Introduction’ – to be finished.
3.2 Functions and User Interface
3.2.1 Control Form User Interface


The Control Form (figure 3.1) can be divided into 4 sections according to its composition.

Figure 3.1
1) Main Menu Section
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To be Defined.
2) Toolbar Section
[image: image21.png]



[image: image22.bmp]- Save As Speed button: allows you to save the scanned spectrum data into one text file.


[image: image23.png]


- Grab One Spectrum Speed button: Grab one frame, only functional when operated in ISP mode.

[image: image24.png]


 - Grab Spectrum continuously: clicked will continuously grab the spectrum and this button will be changed to stop grab spectrum[image: image25.png]


, which allows you to stop grabbing.

3) Device Control Section

This section is again divided into several groups which allow us to control the device. Details see the ‘Functions’ part.
4) Status bar Section
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Item 1: Device ID, the device index of the selected camera, if only one device was connected and you select this one, you will always see the ‘Device ID: 1’ here. If multiple devices were connected, here will lists the one you selected.


Item 2: Device Type, here lists the device type of the one you selected.


Item 3: Module No and Serial No: the detail module no and serial no of the selected Device.

3.2.2 Functions
1) Operation Mode
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The Mightex® Imaging Spectrometer® can be functioned as a normal CCD camera which allow us to view the whole image of the CCD or as a multichannel-spectrometer which shows the spectrum data of all the predefined spectrometers. These two functions are defined as operation modes, CCD mode and ISP Mode. When Imaging Spectrometer® is in the CCD mode, we can see a 2-D image of the CCD. While Imaging Spectrometer® is in the ISP mode, we can see the 1-D spectrum data of the predefined spectrometers.
If application does not detect slices setting information at start (such as initial setting of the camera), the application will enter CCD mode automatically. Otherwise the application will enter ISP mode.


The Operation Mode can be selected via the Operation mode group on the control Form.

· CCD Mode
When CCD Mode is selected, the user interface changes to the following figure. A video display form will be shown and the Spectrometer Setup on the control form will be invisible, see figure3.2.
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Figure 3.2

Click ‘Grab Spectrum Continuously’ button, 2-D image can be shown on the video form (figure 3.3).
[image: image29.png]



Figure 3.3
In this mode, you can predefine slices. Steps as following:
Put your mouse cursor on the ‘Operation Mode’, press shift and left click the mouse, a password edit box with a tick button will be shown on the right to the ‘CCD Mode’.
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Click the ‘tick’ button, you can see another tab ‘Slices Setup’ on the control form.
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In this ‘Slices Setup’ page, you can set the slices number of the camera and each slices dimensions. The check box enables you to see the slice area if you select it.
Notes: 1) the ‘Start Column’ and ‘Column Number’ is not allowed to edit and be forced to 0 and maximum column number respectively.
2) You should always set slices number (click ‘Set’ Button beside the Slice Num edit box) before setting the slice dimension. As each time you set the slices number, all the slices dimension you entered will be cleared.
3) It is strongly recommended you restart the application after setting the slices information.
· ISP Mode

ISP Mode normally is the mode when application starts (if ISP device is normally set in factory). In this mode, user can view the spectrum data on the ‘ Spectrum Display Form’ after correctly choose the data source for series of the selected ‘Spectrum Display Form’. For Mightex® Imaging Spectrometer®, multiple ‘Spectrum Display Form’ can be displayed, the maximum number of the ‘Spectrum Display Form’ equals to the channel number. When Application starts, one spectrum display form will be added and displayed automatically.
1) Spectrum Display Form Setup
 In this mode, you can find a ‘Spectrometer Setup’ tab on the control form which is used for control the ‘Spectrum Display Form’, figure 3.4.
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Figure 3.4 
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Figure 3.5 Multiple Spectrum Display Forms
2) Data Source Manager

After you add or show the spectrum display form, you need to select the data sources for its series from available channels of the device. The data source selection can be done in two methods. First method is by invoking the ‘Data Source Manager’ with ‘View Spectrometer Manager’ button on the ‘Spectrometer Setup’ page of the control form, figure 3.6.
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Figure 3.6 Data Source Manager

Data Source manager has two parts. Left table grid lists the currently added spectrum forms with each form listing the three series and pairing device index and spectrometer index. Right editing panel allows you to edit the data source of selected spectrum form. By clicking the ‘Display Form’ Column, the pairing information of that display form will be shown on the editing panel. For example, if you put your mouse cursor on the cell reading ’SpectrumForm_1’ and left click it, you can see the pairing information of this form on the right editing panel. The drop down box lists the available spectrometer channels.
3) Spectrum Display Form

After selecting data source, Spectrum Display Form is the place where you can view spectrum data acquired from selected channel of selected device. The spectrum data can be viewed in graph (figure 3.8) or in table grid (figure 3.7).In table grid view, there are two tables with upper one lists the spectrum data of series1 and bottom one lists the spectrum data of series2.
The graph view (figure 3.8) of spectrum display form can be divided into three sections with left chart showing the spectrum graph and right panel with options to control the graph behavior( zooming in and out, scrolling in all directions)  to operate on the graph such as display option, etc, and a status bar at the bottom which showing the real time information of current acquired spectrum.
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Figure 3.7 Table grid view of spectrum data
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Figure 3.8 Graph view of Spectrum Data
PART1- Chart: There are totally three series for graphing, marked as series1, series2 and series3, of which series1 and series2 can be paired with any channel of ISP device and series3 is used for inter-channel operations of the channels selected by series1 and series2. The operation includes addition, subtraction, multiplication and division of series1 and series2. If only one series is defined, no operation will be carried even if you select the operation type. The three series can be turned on and off by the check box before its name at the bottom of chart.
For help viewing the spectrum on graph, a cursor is provided which can be turned on and off with the check box at the top of the chart[image: image37.png]W ViewCusor



. If cursor is enabled (the check box is checked), cursor can be assigned to any of the three series by clicking the ‘ON’ button [image: image38.png]


to select its destination series (figure 3.9).
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Figure 3.9

PART2 Control Panel: The behavior of the spectrum data and graph can be controlled by the right side control panel (figure 3.10). There are four groups on the control panel with different functions.
a) Graph Control Group: contains speed buttons for controlling the chart viewing.

[image: image40.png]


: Zoom out the Graph; [image: image41.png]


: scroll graph Up ;   [image: image42.png]


: Zoom In the Graph; 
[image: image43.png]


: Move the graph Left; [image: image44.png]


: Reset the chart.    [image: image45.png]


: Move graph right; 

[image: image46.png]


: Shrink the graph left ; [image: image47.png]


: Move graph down; [image: image48.png]


: Expand the graph.
.[image: image49.png]


:Smooth the graph;  [image: image50.bmp]:Undo Smooth
b) Display Option Group: changes the spectrum data to be displayed on the chart.

CCD Raw Data: Display the acquired RAW spectrum directly.
Calibrated Data: Display the spectrum after ETC calibration if ETC option is enabled, otherwise it is the same as CCD Raw Data;.

Dark: Display the dark spectrum, if no dark spectrum has been set or loaded, it will be 0;

Ref: Display the reference spectrum.
Dark Subtracted: Display the spectrum which had the dark data subtracted from the calibrated data. If no dark data is defined, it should equals calibrated Data.
%T/R: Display the spectrum ratio which is defined as (Calibrated data – Dark Data) / (Reference Data-Dark Data). If no reference or dark data is defined, no data will be Figure 3.10               displayed.
Absorbance Data: Display the spectrum of absorbance which is defined as: Log10((Reference Data-Dark Data)/(Calibrated Data-Dark Data)). If no reference or dark data is defined, no data will be displayed.
Absolute Irradiance: If the channel selected has been calibrated with absolute intensity. Then the absolute irradiance of acquired spectrum can be displayed. Or else, absolute irradiance will show 0.

c) Data Operation Group: contains the speed button to operate the spectrum data.
[image: image51.bmp]: change the abscissa unit between pixel and wavelength if wavelength calibrations have been defined for the paired channels. If both two series are paired with predefined channels while only one channel is calibrated with wavelength calibration, then the change unit to wavelength won’t work.
[image: image52.bmp]: Set current acquired Calibrated Data as reference data. When clicked, it will always set calibrated data as reference data no matter what display options you’ve chosen, and it will save this reference data to the ref.xml file under the device folder.
[image: image53.bmp]: Set current acquired CCD raw data as dark data. When clicked, it will always set CCD raw data as dark data no matter what display options you’ve chosen, and it will save this dark data to the dark.xml file under the device folder.
[image: image54.bmp]: Load previously saved reference file as reference data from ref.xml under the device folder. If no reference data have been saved before, no data will be loaded.

[image: image55.bmp]: Load previously saved dark file as reference data from dark.xml under the device folder. If no dark data have been saved before, no data will be loaded.
[image: image56.png][~ ETC



: check to set ETC status flag. If selected channel has been calibrated with linear exposure time calibration, then check this checkbox will allow the device to apply ETC to the acquired CCD raw data. Then the calibrated data will be different from CCD Raw Data. And uncheck this check box will cancel the disable the ETC calibration. If selected channel has no ETC information (has not been calibrated with linear exposure time calibration), check the check box will have no effect. See appendix ETC for detail.
Data Source Group: allows user to easily change the data sources for the series. This is the second method for changing the data source. (For the first method please see ‘data source Manager’).
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Click the ‘Edit’ button to invoke the Data Source Selection Form. 
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Figure 3.11







PART 3 – Status bar
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1- ‘ETC:Flag1,Flag2’: the ETC status of currently selected channel. The ‘Flag1’ is the ETC status of series1 sourced channel and’ Flag2’ is the ETC status of series2 sourced channel.

2- ‘REF:Flag1,Flag2’: the reference data status of currently selected channel. The ‘Flag1’ is the reference data status of series1 sourced channel and’ Flag2’ is the reference data status of series2 sourced channel.

3- ‘DRK:Flag1,Flag2’: the dark data status of currently selected channel. The ‘Flag1’ is the dark data status of series1 sourced channel and’ Flag2’ is the dark data status of series2 sourced channel.

4- The cursor information.

5- Exposure time of current acquired spectrum (in microsecond).

6- The total CCD gain of current acquired spectrum.

7- Optical Black level of current acquired spectrum.

8- Time Stamp of current acquired spectrum, which is a word type integer data. The value can be spanned from 0 to 65535 and will roll back to 0 if it reaches 65535.
2) Work Mode
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The ISP device has two working modes:

· Normal Mode (also called Continue mode), in this mode, the spectrometer will start grabbing spectrum data if grabbing command is sent(clicking the grab one frame button or grab continuously button in the control form).
· External Mode, in this mode, the spectrometer grabs spectrum data while there’s an external trigger signal.

Note: In almost all applications, user use Normal mode.

3) Exposure Time
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By sliding the track in the Exposure Control, the device’s integrating time can be changed.

The upper list boxes lists the maximum exposure time of the track bar. The track bar now has 100 steps, which means the minimum exposure time of the track bar is the 1 percent of the maximum exposure time setting. When setting new maximum exposure time for the track bar, the current position of the track will be modified accordingly.
4) CCD Gain

[image: image62.png]Gain




The gain of CCD ADC can be tuned from 6 to 41.
5) Optic Black
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Currently, the optical black value can be tuned from 0 to 200.
6) Frame Time

[image: image64.png]Frame Time:

00 set




7) Average Frame Number
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When grabbing the spectrum data, we allow user to grab more than one spectrum and average them to decrease the noise. The acquired spectrum data is averaged.

8) Saving Data

The spectrum data can be saved to disk by clicking the [image: image66.png]


 on the tool bar or clicking the ‘File|Save Data’ menu item. A file save dialog is open, choose the directory and input the file name, the data will be automatically saved to this directory.

The saved data has the following format, the words in the parenthesis mark are explanations that is not saved in the file. 
@Mightex_ISP_Spectrum_Data
(The Mightex® ISP device spectrum data descriptor)

2011-3-23 18:01:46 


(Data and time when the file is saved)

CCE-B013-U_13 


(the ISP Device module no)

100322-004

 


(the ISP device series no)
SlicesNumber 6



(the ISP device Spectrometer channel Number)

TotalPixelNumber 1392     
(the ISP device maximum column pixel number).
SliceIndex  1



(the spectrometer channel index)

PixelNo Wavelength CCD Calib DrkSub  %T/R_ Ref Dark Absorbance  AbsoluteIrrad

0
 3.98237008130677E+0002 
62.6
62.6
62.6
0.0
4095.0
0.0
3.0
0.0
…
1391
 1.00000000000000E+0000
70.2
70.2
70.2
0.0
4095.0
0.0
3.0
0.0
…
…
….

SliceIndex  6



(the spectrometer channel index)

PixelNo  Wavelength  CCD  Calib  DrkSub  %T/R_  Ref  Dark  Absorbance  AbsoluteIrrad

0
 3.98237008130677E+0002 
62.6
62.6
62.6
0.0
4095.0
0.0
3.0
0.0
…
1391
 1.00000000000000E+0000
70.2
70.2
70.2
0.0
4095.0
0.0
3.0
0.0
9)  

10) 

Appendix 1 Wavelength Calibration


Before doing the wavelength calibration, make sure: 

· Connect the ISP device you want to calibrate to computer and start the application.

· Have a lamp or light source with peaks on known wavelengths and those peaks should properly cover the spectrometer wavelength range.

· Connect the light source or lamp to the spectrometer channel.

Setup Wavelength Table

Before starting to do wavelength calibration, user might want to define a wavelength set which contains multiple wavelength points, and user can give it a set name, which can be used later on for wavelength calibration. 
Set the device operation mode to ISP mode, and in the visible spectrum display form, select the data source for series1 (In wavelength calibration, only series1 is used). On the ‘Wav. Calib.’ Tab of the spectrum display form, uncheck the box ‘Enable Data Table’[image: image67.png]I~ Enable Data Table



. At the bottom of this Tab, click [image: image68.png]Calget



 button to invoke the ‘Calibration Setting” dialog.
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Figure Calibration Setting Dialog 1
The Left side table of Calibration Setting Dialog lists the existing Wavelength sets, the table in the middle shows the wavelengths of the selected wavelength Set. By Clicking Plus sign button, you can create a new wavelength set. By Clicking the Minus Sign Button, you can delete the current selected wavelength Set. Note that the first 3 wavelength sets are predefined which editing is NOT allowed, the following sets are customer defined, so while user selects those customer defined sets, the [Edit] button is enabled to allow user to edit the wavelengths in this set.

After Clicking Plus Sign Button (or the [Edit] button on a customer defined set), the ‘Calibration Setting’ Form will change to the following, a right table is shown with a pull down box listing several predefined lamp types and characteristic wavelength values of that lamp will be shown on the table below.
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Figure Calibration Setting dialog 2
User can input the name of this new wavelength set in the edit box below ‘Calibration Set Name’.

You can choose the lamp type from the pull-down list box, there’re two predefined lamps, the table below lists the characteristic wavelengths of the selected lamp you have chosen. By double clicking a certain wavelength, or clicking the [image: image71.png]


 button after choosing a certain wavelength, this wavelength is added to the wavelength set. For a certain wavelength in the set, user might use the [image: image72.png]


 button to remove it from the set. (Note, user might also manually edit the wavelength value)

After properly adding the wavelengths, click ‘Save’ Button to save your settings, the new added wavelength set is added to the existing set table on the left. And then you can click ‘Exit’ button to return the control back to the display form.
Wavelength Calibration

Note: The wavelength calibration here adopts the polynomial equation to express the relationship between ‘pixel number’ and ‘Wavelength’ in the form of (the max poly degree is 3):


Wavelength(nm)= A0*Pixel+A1*Pixel^1+A2*Pixel^2+A3*Pixel^3. 

After the pixel no. and related wavelength has been defined, the application using least square method to find the best coefficients.
The procedure to do the wavelength calibration is as following:
1) Choose a data source (spectrometer channel) for series1 (note only series1).
2) Connect the wavelength calibration light to that channel.

4) Set the display choice to CCD Raw Data.

5) Change the unit of abscissa of the chart to Pixel.
6) Select ‘Calibration’ Tab in the ‘control area’, and check the ‘Enable Data Table’ checkbox. The ‘calibration’ Tab will show the content as the right figure. Set the Calibration Set to the predefined wavelength sets described above. 
7) Click ‘Acquire One’ Button to scan one spectrum. If the data acquired is small, you can adjust the exposure time and scan spectrum again until the spectrum data is good for wavelength recognition. E.g. if we have a spectrum data like the following:
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Figure Wavelength lamp spectrum data

9) Activate the cursor on spectrum by checking the ‘Auto Fill’ check box.

10) Place the cursor on one spectrum peak which is corresponding to the wavelength selected in the right calibration table. Holding ‘Shift’ key, clicking the cursor, the relative pixel value will be added to the corresponding pixel value cell. Usually, user should do:

a) Select a wavelength on the table

b) Enable the ‘Auto Fill’ checkbox

c) Moving the cursor to the peak which is corresponding to the wavelength selected in step (a) and shift click. The pixel value will be filled automatically on the space beside the wavelength in the table.

Note: If we want the software to find the exact pixel value of the peak, you might check the ‘Peak Finder’ checkbox and move the cursor near the peak and shift click, the software will find the peak for you and auto-fill the table.

Note: if user wants to manually input the pixel value for each wavelength, just uncheck the ‘Auto-Fill’ Check box and skip step 8 and step 9.

11) After you have finished filling the calibration table. You can click the calc. curve fitting button[image: image74.png]


, the software will calculate and try to find best coefficients. An additional message box will show the calculated coefficients and also the errors. And the original wavelength-pixel graph and the fitted wavelength-pixel graph will be shown on the chart as series2 and series3. If you hide series1, the chart will be looked as following after calc. curve fitting button is pressed.
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Figure Pixel-Wavelength Data and fitted wavelength curve
Note: User can save the wavelength-pixel calibration table by click the [image: image76.png]


 button, this will let software to store the wavelength value and corresponding pixel value in a specified file with extension ‘*.cal’. And later on, user might manually load calibration table back by clicking [image: image77.png]


 button for recalculating the calibration coefficients.

12) After calculating the wavelength calibration coefficients, user should click Save Coefficients Button [image: image78.bmp] beside the curve-fitting button to store the wavelength calibration coefficients to the specified channel.
13) Please repeat steps 1) to 11) to calibrate other channels. After wavelength calibrations were done, it is strongly recommended to restart the application.
Appendix 2 ETC (Exposure Time Linear Calibration) Compensation Details 
Linear response of a spectrometer is often required for quantitative studies.  Linear response is also critical when compare two spectra measured with different exposure times.  Response of a CCD pixel is not strictly linear with incident optical power or exposure time.  Therefore a linearity calibration is necessary when strictly linear response is required.

Linearity calibration may be performed with a series of linearly increasing optical powers or a series of linearly increasing exposure times.  Exposure time calibration (ETC) is much easier to implement.  All are required is a highly stable light source set at a constant output level.

ETC Calibration Procedure(A highly stable source is required) 

.
1. Connect the ETC calibration source to the spectrometer channel and assign this channel to series1 of any visible spectrum display form.
2. Turn on the light source and let it warm up to stabilize. 
3. Acquire spectrum and adjust exposure time so that the maximum pixel value is above around 4000.  Make sure no pixel value is saturated.  Record exposure time and pixel number of the peak.

[image: image79.png]Vixiehtex ise I [8[X] ] sectrovisplayFors 1
oot | TobeViow

a8 ™ ViewCusar ContoFanel | Wav, Caib.
Graph Control

3800

3600 PP e
3400

P —— 3200 [0 2]
@ NomalMode  ETiigMode 3000 ||| Display Option

>e

Operaton Mode
€ CCDMode @ ISPMade

Evposure Canticl 2600  CCD Raw Data

M Evposueme [fims <]
i o 2500 Calibrated Data

Evposure Time: (38ms )
e DakData

g 2 Rafance Data

Optical Black Contol Baiksib baia
200

Opti Black: (0) %1/ Data
1,600

a 1500

1,400

Absatbance Data

Absalit Inadfance

Gan  Frame Time. Data Operation

1,200

B % Ba af of

I ETC

1,000

00
DataSource

Seresti[Specomee 3
5 @ S —
a0 40 S0 B0 700 e0 0 1000 1400 1200 1300 [
Pixel

e Gl Spactanain S s s
TR _ea |

CCEB0134_13100322.004 ETCOFF.OFF REFON.ON  DRKON.OFF i 721.753y: 17532 1345 | 16238

600





4. Invoke Exposure Time Linearity Calibration from the main menu ‘Tools’.
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5. Set the spectrometer channel you want to calibrate from the pull-down box. 
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6. Use pixels near the peak found in Step 2 for Reference Pixel Range.  Select Manual Set Exposure Time option.  Enter 50us which is the minimum exposure time supported by the spectrometer into the first exposure time.  Enter the exposure time found in Step 2 into the last exposure time.  Right click anywhere on the Exposure time section table and select and left click ‘Set E.T. with MinET and MaxET’ option, the exposure times in between should be approximately uniformly distributed.  Click Start ETC Calibration button to start the calibration process.
7. The ‘ Start ETC Calibration’ button will change to following indicating the ETC calibration is running and allow you to stop the calibration procedure if you click.
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8. After ETC calibration is finished, the ‘ Start ETC Calibration’ button again will change to the following indicating the application has finished scanning the ETC calibration data. And at the same time, the ‘Save ETC coefficients’ in step 4 becomes enabled.
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9. Set Polynomial Degrees at the Step 3 for curve fitting. The fitted curve will be shown on the chart as fitted Data. You can compare the fitted data with the Measured Data to decide the best polynomial degree.
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10. Click Save ETC Coefficients in step 4 to save the calibration coefficients.  This completes the ETC calibration process.
11. Repeat step 1) through 10) to calibrate the other spectrometer Channel.
Applying Exposure Time Calibration
Check ETC Compensation Box in the Data Operation group of the spectrum display form.
Appendix 3AIC (Absolute Irradiance Calibration)

There are two types of applications of spectrometers.  One is for relative measurements such as spectral transmission, reflection and absorption where a standard sample with known spectral property is used as a reference.  The other type of application is to measure various radiometric quantities such as spectral radiant existence of a source or spectral irradiance on an object.  One example is spectral radiant intensity characterization of a LED source.  For this type of measurements it is essential that any spectral dependence of spectrometer response being calibrated out.  
Many factors contribute to spectral response of a spectrometer.    Quantum efficiency of the sensor, optical interference of thin films on the sensor, diffraction grating efficiency, mirror reflectance, transmission of order sorting filters, optical aberration and vignetting if any, all have spectral dependence and in some cases fairly strong spectral dependence.  Other components outside of the spectrometers such as optical fiber/light guide, collecting optics and windows may also introduce additional spectral dependence to the measurement system.

In order to perform a radiometric calibration one must have a radiometric calibration source with known output spectrum.  The calibration source is coupled into the spectrometer through various means such as an optical fiber.  It must be noted that the radiometric calibration is for the entire system immediately after the calibration source, not just for the spectrometer.  For this reason any change of the coupling optics outside of the spectrometer after calibration can alter the spectral response of the system and thus invalidate the radiometric calibration.

Mightex spectrometer software supports absolute irradiance calibration(AIC).  After AIC spectral response of the system is calibrated out, and when absolute irradiance option is chosen the software will display spectral irradiance data in unit of uW/cm2nm.  Additionally, integrated irradiance(uW/cm2) and illuminance(lux) are also displayed in real time.  User may specify the wavelength range of integration.  Furthermore colorimetric parameters such as color coordinates, color temperature, and color rendering index are also computed based on the measured spectral irradiance. 

AIC Calibration Procedure(A radiometric calibration source is required) 

1. Wavelength calibration and exposure time linearity calibration(ETC) must be performed before AIC.  ETC should be turned on.

2. Connect the radiometric calibration source with known spectrum to the spectrometer channel. Assign this channel to series1 of one visible spectrum display form.
3. Turn on the radiometric calibration source and let it warm up to stabilize.  Acquire spectrum and adjust exposure time so that the maximum pixel value is about 4000.  Make sure no pixel value is saturated.  Write down the exposure time for later use.
4. Acquire a dark spectrum: Disconnect the fiber or Cosine corrector from the light source, and cover the fiber or Cosine corrector with a black cloth.  Then click ‘Acquire One’ button in the control form, the acquired spectrum will be shown on the display form. Click ‘Set to Dark’ button in the ‘Data Operation’ group of the display form. And then remove the cover and reconnect the fiber or cosine corrector to the light source.
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5. Invoke AIC dialog from the Tools menu ‘Absolute Irradiance Calibration’.
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6. AIC User Interface 
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7. Set the spectrometer channel you want to calibrate from the pull-down box on the top.
8. Set light source type. In most cases only one light source will be used for calibration.  In these situations choose Standalone light source.  The following steps show the case where two separate light sources are used, each covering a segment of the wavelength range. 

9. Select Combined light source.  Enter joint wavelength.  This is the wavelength where the two light source spectra meet.  Click OK.  In Step 2 select irradiance unit according to the data file of the light sources.  Click OK.

10. Click Load in Step 3 to load the irradiance data file for the first calibration light source.  Data should be in a text file with wavelength in one column and irradiance in the other column.  Wavelength unit should be nanometer.
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11. Select the proper delimiter according to file format.  Data start row equals number of rows occupied by non-data text.  Click the first wavelength data and then click the XValue button to import wavelength.  Click the first spectrum data and then click the YValue button to import the spectrum data.  If weights are assigned to wavelengths import the weights.  Click OK button to finish.  The imported calibration spectrum will be shown in the data window as well as in the chart.

12. In Step 3 in the AIC window, increase the terms of polynomial to at least 8, and then click Polyfit to generate a polynomial fit of the irradiance data. The polynomial coefficients will be shown on the top right editor.
13. Enter the proper exposure time in Step 4 and click Set.  Click Start button in Step 5 to acquire a raw spectrum.
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14. In Step 6 you may choose to smooth the data. Please click the smooth function only once.  Click Calc button to calculate the calibration coefficients. The chart should show that the calibrated measurements closely match the imported irradiance data of the light source.
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15. Connect the fiber or Cosine corrector to the second light source.  Repeat above steps for the second light source.  Note that the proper exposure time is in general different from that for the first light source.
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16. Save the calibration coefficients by clicking the OK button in Step 8.  This completes the absolute irradiance calibration process.
17. Repeat steps 1) through steps 16) for calibrating other spectrometer channel.[image: image95.png]
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Section 1: MainMenu
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Part 1





Spectrum From Box: here lists the index of display form which invoke this form.


User can set the data sources for three series by drop down button, which will lists the available channels of selected ISP device.


See ‘Data Source Manager’ for detail.


‘OK’ to return the control back to the display form and apply the selection.





‘Add Spectrum Display Form’: you can add more Spectrum Display Forms with this button, the maximum number is the channel number of the device, Figure 3.5





‘View Spectrometer Manager’ : With this button, you can invoke ‘Data Source Manager’.





‘List Box’: Here lists the currently available spectrum display forms. You can hide or show the spectrum display form by check or uncheck the checkbox before the spectrum display form you want to modify.
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USB 2.0 Controller





Mightex Buffer USB Device








