Spectrograph SoftSensor
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 ImSpector imaging spectrograph to form a spectral imaging device.  ImSpector is a component that converts the camera to a spectral line imaging camera. Operation is based on SPECIM’s direct sight imaging spectrograph technology. ImSpector captures a line image of a target and disperses light from each line image pixel to spectrum. Each spectral image contains then line pixels in spatial axis (usually vertical) and spectral pixels in spectral axis (Usually horizontal). 
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ImSpector can also be combined with multichannel fiber optics. Then ImSpector becomes a multichannel spectrograph capable of measuring several distributed points simultaneously (ImSpector_brochure1.2.pdf).

The Spectrograph should be installed on the DVT camera in such a way to have the Spatial axis vertical and the spectral one horizontal. Furthermore, the blue side of the spectrum should be on the left and the red side on the right of the image. Focusing needs to be performed based on Specim’s instructions (Technical_note1.pdf). 

Dark Image Subtraction needs to be performed in precise color measurement applications or when exposure time is high. White Image Normalization needs to be done after Dark Image Subtraction for precise color measurement applications. Please note that the CDD’s reflectance response is week in the blue region. That is why the image looks black on the left hand side. After FOV balancing, the blue region becomes very noisy and should be ignored. The Spectrograph SoftSensor has the capability to normalize the target spectrum to a dynamic white also. This will be explained in later sections. 

Settings Tab

Spectrograph SoftSensor can only be drawn using a rectangular shape. The inspected spectral range is determined by the width of the shape. 

Dark image subtraction needs to be performed for large exposures and precise color measurements. Go to FOV Balance and see Dark Image Subtraction controls. Cover the lens with the lens cap and press Calibrate. This learns the Black image. In the Spectrograph SoftSensor, Settings Tab, the check box “Subtract Black Image” removes the learned dark image from the live image under the sensor. This is done internal to the sensor and does not affect the original image itself. Please note that the dark image calibration needs to be performed if the exposure is changed. 

White image normalization needs to be performed for precise color measurements. Place a standard white in front of the camera and press Calibrate. The white image saved after the dark image is subtracted from it. Note that the Dark image calibration needs to be done before this. Dark and White image calibrations must be repeated time to time depending on lighting and camera stability with aging and temperature variations. In settings tab check FOV Balance to perform white image normalization. Notice that image looks noisy in parts of the spectrum where illumination is low. If white LEDs are used, the left and right parts of the spectrum are noisy. You can adjust the size of the sensor shape to exclude the noisy sections. 

Spectrum Binning Count is the number or pixels’ intensities to be accumulated in the horizontal axis. Spatial Binning Count is the number of pixel’s intensities to be accumulated in the vertical axis. Binning can be used in applications where the sample is dark. This, in effect, brightens the pixel values under the sensor.  Binning is performed before merging spectral lines.

All vertical image pixel data needs to be projected onto the Spectral axis to form a single spectrum for the target. There are many ways to combine the vertical reflectance data into one among which AVERAGE is the default. Other operations are: Peak, Min, Max and Median. All these operations are histogram based. Therefore, “Peak” refers to the peak location of the histogram. The resultant spectrum is used for subsequent operations. A graph of the resultant spectrum is also displayed.

Normalization to another spectrum (usually reference white) can be performed by checking “Enable White Reference” and selecting another Spectrograph SoftSensor. The resultant spectrum is used for subsequent operations.

When “Find Peak Wave Length” is checked, the pixel location at which the spectrum peaks in addition to its reflectance value is found and reported.

When “Compute Abs. Color” is checked, several absolute color values are computed based on CIE 1964 observer for illuminant D65. The computed values are X, Y, Z, L, a*, b*, C, and H. The color difference is Delta E. Please note that Spectral axis calibration (under Image Parameters) needs to be performed for the system to be accurate. Also note that the system needs to be shrouded to prevent ambient light from affecting the system.

The resultant live spectrum is compared to the learned ones, if any. Square error is the method used for the comparison. The live spectrum is compared to all learned spectrums and the one with the least error is found to be the closest match.

When “Normalize to Peak Intensity” is used spectrum comparison is performed after peak normalization. The window parameter is associated with this feature. Here is how the system compares the live spectrum to the first saved spectrum:

First the peak location of the saved spectrum is extracted. A range is then defined as: [SavedPeak – Window, SavedPeak + Window]. The Window factor is in nanometers. 

Next the peak of the live spectrum is found inside this range. Then a BoostingFactor is computed as follows:

BoostingFactor = PeakIntensityOfSavedSpectrum / PeakIntensityOfLiveSpectrum

Then, a normalized spectrum is computed by multiplying the boosting factor with each spectrum data points:


NormalizedSpectrum[] = BoostingFactor * LiveSpectrum[]

The NormalizedSpectrum is then compared to the saved spectrum and the error is computed. To compare the live spectrum to the second saved spectrum, another PeakIntensityOfLiveSpectrum, BoostingFactor and NormalizedSpectrum is computed. 

With this feature the intensity component of the live spectrum is somewhat suppressed and only the color information is used for spectrum comparison.

With “Use Std Dev” and the associated number, Standard Deviation comparison is also used for computing Difference. 

Difference = (Perc * DS + (100 - Perc) *DC) /100

where:

Perc is the percentage associated with the check box,

DS is the difference in standard deviation between the live spectrum and the learned one,

DC is the difference between the live spectrum and the learned one.

With this feature, two targets having the same average spectrum but different texture/finishes can be told apart.

Manager Tab

This tab shows all the learned spectrums. You can learn a new spectrum and add it to the list. You can select one or more items on the list and delete them. You can also edit the name of a learned spectrum.

Pass/Warn Tab

The first two Pass/Warn conditions are related to the Spectrum Peak. These options can only be used if  “Find Peak Wave Length” under the settings tab is checked. The third condition is the maximum spectrum variation or Delta E.

Graph Tab

This tab shows the resultant live spectrum.

Various Lights for SpectroCam

LUMILED line light:

· Continuous or Strobe,

· Large exposure times can be used for dark samples.

· Black image needs to be subtracted for large exposures to reduce dark current noise.

· FOV balancing needs to be done for absolute color computation.

· Spectrum and/or spatial binning can be used for dark samples. 

· Spectrum is shown below. 
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Halogen Line light:

· Continuous only,

· Very short exposure time and a very intense amount of light.

· Very weak on the blue side of the spectrum.

· Black image subtraction not crucial.

· Black image subtraction and FOV balancing needs to be done for absolute color computation.

· Low level of noise,

· Spectrum is shown below.
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Xenon Strobe line light:

· Strobe only,

· Intensity of light fluctuates strobe-to-strobe. Therefore, “Peak Normalization” or “White Referencing” needs to be used.

· Very short exposure time and a very intense burst of light.

· Low level of noise,

· Black image subtraction not crucial for relative measurements.

· Spectrum ideal for absolute color measurements.

· Black image subtraction and FOV balancing needs to be done for absolute color computation.

· Spectrum is shown below.
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Fluorescent light:

· Very distinct peaks in the spectrum.

· Spectrum ideal for Spectral calibration.

· Spectrum is shown below.
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Absolute Color Measurements:

The following needs to be done for absolute color measurements:

1) Modify “UniversalWhite.txt” for the white reference you are using. A sample file is shown below:

[image: image6.wmf]UniversalWhite.txt


2) Focus

3) Shroud the system to block it from ambient lights.

4) Spectral axis calibration needs to be performed. Changing the working distance, lens and focus does not affect spectral calibration.

5) Dark Image calibration.

6) White Image calibration.

7) Draw a Spectrograph SoftSensor shape on the desired place. Dark areas of the spectrum need to be excluded for accuracy.

8) Check “Subtract Black Image”, “FOV Balance” and “Compute Abs. Color”.

Steps 5 and 6 must be repeated time to time depending on lighting and camera stability with aging and temperature variations. Do these steps only after the light has warmed up.

SpectroCam Specifications:

	Spectral Range
	380 – 780 nm ± 5nm

	Spectral Resolution
	0.63 ± 0.02  nm/pixel

	Spectral Bandwidth, Full Width Half Maximum (FWHM) Resolution
	7 pixels, or 5nm

	Image Size
	4.8mm × 3.6mm (640 × 480 pixels)

	Spectrograph Slit Width
	50 µm

	Numerical aperture
	0.18 (F/2.8)

	Aberrations
	Insignificant astigmatism, Bending of Spectral lines across spatial axis < ±2nm

	Light
	6” white LUMILED

	Repeatability (White LUMILED light)
	0.5 DE

	CCD
	TC237B, Spectral Response shown below
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Size of Imaged line

The length (L) and width (W) of the imaged line depends on lens focal length (f in mm) and distance between target and lens (D):

L  = 3.6 * D / f       

W = 0.05 * D / f


          

In the following table the width of the images line is shown with various lenses at different distances:

	WIDTH
	Distance D

	Focal Length 

f (mm)
	5”
	10”
	15”
	50”

	25
	.010”
	.020”
	.030”
	.100”

	16
	.016”
	.031”
	.047”
	.156”

	8
	.031”
	.063”
	.094”
	.313”


In the following table the length of the images line is shown with various lenses at different distances:

	LENGTH
	Distance

	Focal Length (mm)
	5”
	10”
	15”
	50”

	25
	.72”
	1.4”
	2.2”
	7.2”

	16
	1.1”
	2.2”
	3.4”
	11.2”

	8
	2.3”
	4.5”
	6.8”
	22.5”


Scripting:

Here is the list of output parameters accessible through script:

· MatchScore, is the Spectrum Difference,

· MatchIndex, the index number of the closest spectrum match,

· MatchSpectrumName, the name of the closest spectrum match,

· LivePeakIntensity,

· LivePeakLocation, in nm,

· PeakIntensityChange,

· PeakLocationChange, in nm

· LiveAverage[], is used to get the intensity of spectrum at a particular wavelength. Resultant spectrum is computed by averaging. LiveAverage[500] returns the intensity of spectrum at 500nm if available, and an error otherwise. 

· LiveContrast[], gets the contrast (Max – Min) at a particular wavelength.

· LiveMaximum[], gets the maximum at a particular wavelength.

· LiveMedian[], gets the median at a particular wavelength.

· LiveMinimum[], gets the minimum at a particular wavelength.

· LivePeak[], gets the peak at a particular wavelength.

· LiveStdDev[], gets the standard deviation at a particular wavelength.

The absolute color values of the resultant live spectrum can be read by: LiveMean_X, LiveMean_Y, LiveMean_Z, LiveMean_L, LiveMean_a, LiveMean_b, LiveMean_C, LiveMean_H.

The absolute color values of learned spectrums can also be read. The index to the list is zero based. Here is the list: GoldenMean_X[], GoldenMean_Y[], GoldenMean_Z[], GoldenMean_L[], GoldenMean_a[], GoldenMean_b[], GoldenMean_C[], GoldenMean_H[].

� Text and images courtesy of Specim
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_1114343821/UniversalWhite.txt
Reflectance values from 360 - 780nm with 10nm steps:

0.6257, 0.6257, 0.6257, 0.6257, 0.7024,

0.7791, 0.8283, 0.8455, 0.8462, 0.8448,

0.8411, 0.8385, 0.8362, 0.8346, 0.8340,

0.8348, 0.8365, 0.8394, 0.8407, 0.8359,

0.8311, 0.8310, 0.8329, 0.8367, 0.8401,

0.8395, 0.8389, 0.8450, 0.8529, 0.8597,

0.8638, 0.8607, 0.8576, 0.8604, 0.8667,

0.8667, 0.8667, 0.8667, 0.8667, 0.8667,

0.8667, 0.8667, 0.8667,
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