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1 GENERAL INFORMATION

1.1

System Overview

The Microgoniophotometer is a measurement device that determines a BRDF curve for
a given sample in relation to a reference. BRDF is an acronym for Bidirectional
Reflectance Distribution Function, which plots light intensity of reflected light versus
angle. When a sample is loaded into the microgoniophotometer it is placed on a
cylinder so that angles relative to the camera are automatically and statically defined for
the device. The device then takes pictures of the sample with different polarity and
colors of LEDs to determine the BRDF, one for each color. The specific technical
details of the science behind this gloss technology can be found at our MSD team
website www.edge.rit.edu/P11541/public.home.

1.1 Authorized Use Permission
Usage of this device is limited to its owner via the terms of its development. The
microgoniophotometer is a development prototype initially design by Jon Arney, a
retired RIT professor, and advancements are being made through the College of
Imaging Science at RIT.

1.2 Points of Contact
1.2.1 Information
For assistance pertaining to the software application, hardware-software interface, and
electronic setup, please contact Lemuel Lebron at lbl5758@gmail.com

2 SYSTEM SUMMARY

2.1 System Configuration

Figure 1

The system is contained by a metal box in the Imaging Science Micro Lab. The system links to a specific
computer through a BNC connector for the camera feed to a PCI card and to power through a standard
MPI POW-PC-6 Power Cord (Computer Power Cord).

2.2 Function Flows

Figure 2

Figure 3

Figure 4

The previous Figures 2, 3 and 4 are the functional diagrams that describe the Initialization, Calibration
and Measurement processes. All interaction with the device is limited to loading the sample and computer
program interaction.

3 GETTING STARTED

Extracting, Installing, and Running ImageJ with the RITMGP_Plugin

3.1 Installing Software Components
The software component of the device is an extension of the open-source application, ImageJ.
In order to execute the program, ImageJ must be properly installed before adding in the
extension. Refer to the ImageJ documentation available on their for additional help.

3.1.1 Installing ImageJ
Installs the latest version of ImageJ.

3.1.1.1
3.1.1.2
3.1.1.3
3.1.1.4

Visit http://rsbweb.nih.gov/ij/
Click on the „Download‟ link
Choose to download the Windows version bundled with 32-bit Java.
Run the ImageJ setup executable and follow the instructions to install the
program.

3.1.2 Installing the MGP Plug-in
Installs the latest version of the MGP plug-in for use in ImageJ

3.1.2.1
3.1.2.2
3.1.2.3

Visit http://edge.rit.edu/content/P11541/public/Home
Click on the „RITMGP_Plugin.zip‟ link located at the bottom of the home
page to download the zip file.
Extract the top folder of the downloaded zip file to the „plugins‟ folder of
the ImageJ directory (by default C:\Program Files\ImageJ\plugins)

3.2 Connecting the Device
3.2.1 Power and Data Connections (Physical Connections)
Readies the device for power-on.

3.2.1.1 Plug in the BNC cable from the outside of the device to the PCI slot in the back
of the lab computer as indicated below

3.2.1.2 Plug the standard MPI POW-PC-6 Power Cord (Computer Power Cord) into the
female port on the side of the device below the power switch. Plug the other
end into a power outlet.
3.2.1.3 Ensure that the camera inside the device box has both the power and BNC
cable properly attached as seen below

3.2.1.4 Plug in the 120VAC-15VDC Power adapter to the closest outlet. (This power
adapter is used as a temporary solution to supplying power for the LED. For
more information refer to the Appendix 9.1.4)
3.2.1.5 Plug in the USB cable into an available USB port on the computer.

3.3 Powering on the Device
3.3.1 One-touch power-on
3.3.1.1 Flip the switch located on the right side of the device to the “on” position in
order to turn on the device‟s electrical components. On several occasions, you
may hear the motors self-calibrating.

3.4 Running the Software
3.4.1 Opening the plug-in from ImageJ
3.4.1.1 Locate the ImageJ executable installed on the computer and double-click to
start the program.
3.4.1.2 Once ImageJ has opened, select “Plugins”-> “RITMGP_Plugin” from the menu
bar to load the Image capture and analysis software.

3.4.1.3 If the software has been successfully installed, you will be greeted by the
following welcoming screen:

4 INITIALIZATION

Setting up output locations and reports for an analysis.

4.1 Starting an Analysis
4.1.1 Analyze a previously captured sample
Load image and configuration files saved onto the local hard drive to repeat a gloss measurement.

4.1.1.1 Select the top radio button to choose to analyze a previously captured sample
that is already saved on the local hard drive.

4.1.1.2 Bright Image Location and Dark Image Location refer to the absolute file
location paths in which to load a previously captured sample‟s un-polarized and
polarized captures. Either manually enter the file locations by clicking on the
empty text field and typing or press the „Browse‟ button that is adjacent to the
text field to open a dialog box that will allow you to browse through file
structures.
Note: The file filters provided by the Browse dialog box will only allow TIFF (.tif)
image files to be seen.

4.1.1.3 Configuration File Location refers to the absolute file location path in which to
load an XML-formatted document containing meta-data to describe a previous
sample‟s f-stop, focus, field of view, light source, and reference area values.
Either manually enter the file location by clicking on the empty text field and
typing or press the „Browse‟ button that is adjacent to the text field to open a
dialog box that will allow you to browse through file structures.
Note: The file filters provided by the Browse dialog box will only allow MGP
(.mgp) files to be seen.

4.1.2 Analyze a new sample
Choose a location where image and configuration files will be saved for newly captured samples.

4.1.2.1 Select the bottom radio button to choose to analyze a new sample that will be
loaded into the device.

4.1.2.2 The Save to Directory label refers to the absolute folder location used to save
reference images and sample images. Either manually enter the file location by
clicking on the empty text field and typing or press the „Browse‟ button that is
adjacent to the text field to open a dialog box that will allow you to browse
through file structures.
4.1.2.3 Select the check box on the bottom of the screen in order to enable the
calibration sequence. Calibration is important to adjust the camera to the
desired field of view, exposure, and focus settings and must be done every time
the program is terminated. Refer to Chapter 5 for more information about
calibration.
Note: The program will use the calibration settings of the last analysis run by
parsing the defaultConfig.mgp file found in the “RITMGPPlugin_\src\” folder
location.

4.2 Setting up the output configurations
4.2.1 Output options
Decide how to view the results of the gloss measurement analysis.

4.2.1.1 Click on the check boxes to select any number of the available output options
that are described on the screen.
Note: Increasing the number of selected output options will increase the time it
takes to analyze gloss.

4.2.1.1.1 BRDF Graph: Outputs the Bi-directional Reflectance Distribution Function Graph.
This is the standard output and graphically represents all the critical values of the
analysis.
4.2.1.1.2 Flat-Field Analysis Graph: Outputs a graph displaying the “smoothing” of the
calculated intensity in order to achieve a more desirable distribution for the BRDF
graph.
4.2.1.1.3 Feature Vector Table: Outputs a table that shows all the numerical results for the
critical values of the analysis.
4.2.1.1.4 Noise Graph: Outputs a graph displaying the amount of noise introduced in the
intensity when the image capture of the sample was taken.

4.2.2 Gloss Measuring Algorithm
Decide how to view the results of the gloss measurement analysis.

4.2.2.1 Select a gloss measurement algorithm from the list located inside of the scroll
pane. Currently only one algorithm is available, but should more methods be
developed in the future, they will be added to this list.
4.2.2.1.1 com.algorithms.JonArneyAlgorithm: Uses the algorithm developed by Dr. Jon Arney
in order to perform the gloss analysis.

5 CALIBRATION

Device calibration is needed in order to build a set of reference values using a known reference sample
and user-specified field of view, exposure, and focus parameters. These reference values are a necessary
component in the gloss measuring algorithms that the program stores internally after going through
calibration at least once. During calibration, the user should set the camera’s field of view to an
appropriate level to allow the sample’s area of interest to be visible.

5.1 Loading a reference sample
5.1.1 By default, the program assumes the reference sample to be black electrical
tape. However, any reference sample can be used in its place as long as a value
of reflectance is known. To change the default reference sample, you must edit
the referenceSampleParameters.dat file located in the “RITMGPPlugin_\src”.
Refer to the Appendix 9.2 for further instructions on editing
referenceSampleParameters.dat.
5.1.2 Open the lid of the containment box. Locate the cylindrical sample holder. Push
the black knob of the spring rack forward towards the camera so that an opening
between the cylinder and the block is visible. Load the reference sample through
that opening and allow the sheet to wrap around the cylinder. Return the spring
rack to its original position.

5.2 Device calibration setup
The Device Calibration Setup screen should be visible at this point. Here, you will adjust the camera’s
settings and view changes in real time.

5.2.1 Connection Status Report
Reveals the connection status of the servo motors attached to the microcontroller and camera.

5.2.1.1 Adjustment Servos
5.2.1.1.1 Under normal circumstances, the text label next to Adjustment Servos should read
“Connected.” If it doesn‟t, ensure that USB cable connecting the computer to the
microcontroller is properly attached. A misconnection will result in the inability to
adjust the camera‟s field of view, focus, and f-stop.

5.2.1.2 Live Feed Video
5.2.1.2.1 Under normal circumstances, the text label next to Live Video Feed should read
“Connected.” If it doesn‟t, ensure that the BNC cable is properly connected from the
back of the camera to the computer. Also ensure that device‟s power switch is
positioned to “on.”

For further instructions in resolving connection problems, refer to Chapter 8: Troubleshooting.
5.2.1.3 Displaying the live feed
5.2.1.3.1 Click the “Display Live Feed” button to bring up a new window that displays a live
image of what the camera is capturing. Use this feature to see how adjusting the
camera‟s field of view, focus, and f-stop will affect the area of interest. Use the
Contrast and Brightness sliders to improve the visual quality of the live feed (this will
not affect the exposure of the camera).

5.2.2 Light Source Specification
Allows the user to choose between three different color light sources to illuminate the sample.

5.2.2.1 Selecting between Red, Green, and Blue light
5.2.2.1.1 Choose between a red, green, or blue LED light source by clicking on one of the
three radio buttons. Red light should be used for high gloss samples, blue for low
gloss, and green samples that fall in between. By default, red will be selected when
the program enters the screen.

5.2.3 Image Adjustment Panel
Allows the user to adjust the camera’s field of view, focus, and f-stop.

5.2.3.1 Field of View
5.2.3.1.1 Increase or decrease the physical field of view of the image by moving the
corresponding slider bar left or right. The numerical value displayed to the right of the
slider bar indicates the width of the field of view in millimeters.

5.2.3.2 Focus
5.2.3.2.1 By default, the software automatically focuses the camera according to adjustments
made in the field of view. To prevent user intervention, the focus slider bar is
disabled. Refer to the Appendix for details on removing this feature.

5.2.3.3 F-Stop
5.2.3.3.1 Increase or decrease the exposure setting of the camera by moving the f-stop slider
bar left or right. The numerical value displayed to the right of the slider bar indicates
the exposure in milliseconds.

Once the device calibration setup is complete, press next. The system will capture the
reference images. The user should wait patiently for the progress bar to finish. Once
finished, two reference image files (r0Bright.tif and r0Dark.tif) and a configuration file
(config.mgp) will have been written in the Save Directory previously specified.

6 SAMPLE CAPTURE

Capture images of a newly loaded sample in order to analyze gloss.

6.0.1 If a calibration was performed, the program will automatically take the user
to the sample loading screen after calibration is complete. If no calibration is
performed the user will automatically be taken to the sample loading screen after
the proper analysis outputs are selected.

6.1 Sample Loading
6.1.1 Follow the directions on screen in order to correctly load the sample onto
the device sample holder. Currently, there is no guiding laser installed in
the device to mark the point of capture. A pop-up window displaying the
live video feed will instead automatically appear in order to verify to the
user that the area of interest on the sample will be captured. When the
sample is properly loaded, press Next.

6.1.2 The device will automatically begin the analysis, and a progress bar will
pop up displaying how far along the program is in sample capture and
analysis. Two more images files (bright.tif and dark.tif) will be created in
the save directory folder previously specified.

7 SAMPLE ANALYSIS

Sample Analysis – The program will perform the gloss analysis on the samples selected, based on the
algorithm chosen during the output and analysis set up. Once the analysis is complete it will display the
appropriate results depending on what the user specified in the output and analysis set up.

7.1 Performing Analysis
7.1.1 This screen will display a large progress bar that indicates how far along
the gloss analysis the program is. Pop up windows displaying the various
output reports selected previously will also appear in this screen.
Note: If new samples were captured then the sample analysis will begin
immediately after the sample captures are finished. If previously captured
samples are analyzed then the sample analysis will begin after the user
proceeds from the “Set up analysis and output”

7.1.2 When the analysis is complete the program will display the user specified
outputs:

7.1.3 For each of the graphs displayed, the user may choose to list the x and y
values used to build the graphs, to save the list directly to a text file, or to
copy the list of values to the operating system‟s clipboard. For the feature
vector, click to focus on the window, press Ctrl-h to select all and Ctrl-c to
copy the table to the clipboard.
Once analysis has been completed, the user has the option of closing all dialog
windows. In order to start again with analysis or capture, press the “Restart”
button.

8 TROUBLESHOOTING AND FREQUENTLY ASKED QUESTIONS

8.1 Troubleshooting Problems
8.1.1 When the “Display Live Feed” button is clicked only a blue screen appears.
8.1.1.1 Check to make sure the camera is properly powered and connected to the computer, if
it is then the wrong BNC port might be selected (by default, BNC3 will always be
selected at start-up). The port selected on the Live Feed screen must match the port in
which the camera’s BNC cable is connected. Select the other BNC port on the Live
Feed Screen and press the “Unlive” and “Live” buttons.

8.1.2 When the “Display Live Feed” button is clicked only a black screen
appears.
8.1.2.1 Make sure the camera lens cap is removed, if it is then the polarizer is most likely stuck
in the dark position. To fix this, simply restart the program and the polarizer should
automatically be set back into the bright position.

8.1.3 When the Field of View and F-stop sliders are adjusted nothing happens in
the Live Feed window.
8.1.3.1 The image will occasionally freeze. To fix this simply press the “Unlive” and “Live”
buttons a few times.

8.1.4 A pop-up window indicating “Diver resource error” appears unexpectedly
during sample capture.
8.1.4.1 The imaging board occasionally exhibits a frame buffer fault due to limited memory
resources available. In this case, the image captured may have been corrupted so it is
advisable to re-run the capture.

8.1.5 The light coming out of the light bar is not red, green, or blue (ex. Purple,
cyan, or yellow).
8.1.5.1 The LED installed in the device is actually an integrated circuit containing three
channels of colors (red, green, and blue). When more than one is active at a time, the
colors will combine and produce a unique as a result. The device is exhibiting an error
and the program must be restarted to correct this problem. If that does not correct the
problem, trying powering the device off then back on. If the problem persists, inspect
the circuitry for any shorted wires.

8.1.6 The output graphs show no data when analysis is finished.
8.1.6.1 This usually occurs when the reference area calculated from the reference sample is
equal to 0. Check the bright reference image to ensure that light was captured. If the
picture is black, a bad sample was captured most likely due to unlit LEDs, a covered
lens, or a video resource error. In this case, the device must be recalibrated to obtain
a valid reference area.

8.1.7 The light bar is not producing light.

8.1.7.1 Check to make sure that the external adapter is plugged in, that the power cable is
plugged in, that the device is powered on, and that the program is running. If the
problem persists, check that all cables are properly connect. Also inspect the
supplemental circuit for damaged components. If a component is damaged (for ICs, a
crack would be visible), refer to the circuit schematic in order to replace the part.

8.1.8 The name of the plugin does not appear in the list of plugins when I start
up ImageJ.
8.1.8.1 Ensure that the RITMGPPlugin_ folder is installed in the plugins folder of ImageJ.

8.2 Frequently Asked Questions
8.2.1 Q. How often should the device be calibrated?
8.2.1.1 A. It is strongly recommended that the device is calibrated every time it is turned on.
However, aside from that, there is no set number of samples run that after which the
device must be calibrated. Instead the device should be calibrated every time a new
reference comparison is desired, or when the accuracy of the analysis is called into
question.

8.2.2 Q. How long does a measurement take?
8.2.2.1 A. It depends on the analysis being performed. If the analysis is on previously captured
samples, it should take about 10 to 15 seconds to select the samples and run the
analysis. If a reference sample and a new sample are to be analyzed, it should take
about 45 seconds to a minute to run through the entire process of calibration, sample
capture, and analysis.

8.2.3 Q. What color LED should I use when capturing my sample images?
8.2.3.1 A. The user can select whichever color LED they want, depending on what color suits
their desires most effectively. However, the general guidelines are that green is used
for high gloss samples, red is used for low gloss samples, and blue is used in between.

8.2.4 Q. How large can a sample be?
8.2.4.1 A. The current sample holder can accept samples up to 9 inches wide. However, the
width of the section to be analyzed can only vary from about 0.3 inches to about 1.78
inches.
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9 APPENDIX

9.0 Appendix

9.1 Interfacing the LED with the Phidgets Microcontroller
9.1.1 LED Specifications
9.1.1.1 The light source used for the microgoniophotometer is a high-intensity LED that
contains a series circuit consisting of 4 small LED-diodes individually for red, green,
and blue light illumination. In order to illuminate a color, a minimum voltage must be
connected to the LED‟s anode port. Refer to the specifications document for more
information: https://edge.rit.edu/content/P11541/public/Parts%20Specifications.

9.1.2 Using Pulse Width Modulation for Programmability
9.1.2.1 Each port of the Phidgets microcontroller contains 3 pins labeled black (B), red (R),
and white(W). The black pin corresponds to the boards‟ ground connection. The white
pin outputs a pulse width modulated (PWM) signal that controls the motors position,
velocity, and acceleration. The red pin corresponds to a 5V source and is irrelevant to
this device. According to the specifications of the Phidgets microcontroller, this PWM
signal outputs a maximum 50 Hz square wave 11% duty cycle with a voltage peak of
5V.
9.1.2.2 Library functions of the Phidgets microcontroller allows programmability for each
individual port‟s PWM signal. When a port is engaged through the setEngaged()
function, it will produce a constant PWM signal that varies in peak length in relation to
the value of position in setPosition(). However, a disengaged port will produce a
grounded DC signal, regardless of position. This functionality presented by
setEngaged() allows the on/off programmability needed by the LEDs.
9.1.2.3 Without amplification, the PWM signal itself does not have a high enough average
voltage to illuminate the LED.

9.1.3 Converting the PWM signal to an amplified DC signal
9.1.3.1 In order to generate enough voltage to illuminate the high-intensity LED, a
supplementary circuit was installed into the device. This circuit contains 3 important
stages for converting the programmable PWM signal to a programmable amplified DC
signal.
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Stage 1

Stage 2

Stage 3

9.1.3.1.1 Polarity Inverter
9.1.3.1.1.1 The polarity inverter uses a 555 IC timer to take in a +20 V source and produce -18V output.
This -18V will be used to power op-amps in subsequent stages.
9.1.3.1.2 Low Pass Filter
9.1.3.1.2.1 The low pass filter is used to convert each connected port’s PWM signal into a DC signal
equal to the PWM’s average voltage.
9.1.3.1.3 Inverting Amplifier
9.1.3.1.3.1 The inverting amplifier is used to greatly amplify the DC signal produced in the last stage
enough to light the LEDS.

9.1.4 Supplying Power to the Supplementary Circuit
9.1.4.1 Currently, the power supply contained in the device produces +5 V and +12V, neither
of which are high enough to power the supplementary circuit. The supplementary
circuit requires at least +20 V to amplify the PWM signal to illuminate the LEDs. As a
temporary solution, an external adapter was introduced into the system that converts

9.0 Appendix

120 VAC from the wall outlet to +20 VDC which is directly connected to the
supplementary circuit.
9.1.4.2 As an improvement to the system, the original power supply should be replaced with a
CFM40T-06 power supply. Refer to the specifications sheet for more information:
https://edge.rit.edu/content/P11541/public/Parts%20Specifications. With this new
power supply, the +24 V port can be directly connected to the supplementary circuit,
removing the need to use the power adapter.

9.1.5 Programming the LED’s Intensity
9.1.5.1 It is possible to alter the brightness of the LEDs using the Phidgets software library. By
setting a port‟s servo type to PHIDGET_SERVO_RAW_us_MODE with the
setServoType function, a port‟s PWM becomes completely modifiable. Using
setPosition at this point will allow the programmer to specify, in microseconds, the
length of the peak in the square wave. Altering this length will increase the signal‟s
initial average DC voltage value.

9.1.6 Extending the Number of Visible Colors Through Programming.
9.1.6.1 It is possible to produce more than just red, green, and blue light from the LED. Since
all three LED colors are physically connected to three individual ports at the same time,
it is possible to engage more than one port at the same time to allow colors to
combine. For example, engaging the red port and blue port at the same time will
produce violet light. Adjusting the intensity for each port will allow all possible colors of
visible light to be produced.

9.2 Editing Files Created by the Program
9.2.1 Modifying the default reference reflectance
9.2.1.1 Go to “ImageJ\plugins\RITMGP_Plugin_\src”
9.2.1.2 Double-click on referenceSampleParameters.dat to open the file with a text editor.
9.2.1.3 This file is formatted in XML for ease of parsing. Edit the value between the
<reflectance> node in order to change the assumed value for reference reflectance
when the program runs again.
9.2.1.4 Save the editor and close. Do not rename this file name!
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9.2.2 Modifying a configuration (.mgp) file
9.2.2.1 Locate the desired MGP file to modify.
9.2.2.2 Double-click the file to open with a text editor.
9.2.2.3 This file is formatted in XML for ease of parsing. Edit the values between the < >
nodes in order to change the stored values. Avoid settings any values to 0.0 to prevent
divide-by-zero errors. This errors usually manifest in the form of empty graph results.
9.2.2.4 A file called defaultconfig.mgp is automatically created and stored in
“ImageJ\plugins\RITMGPPlugin_\src” after each finished calibration sequence. The
program will automatically load this file on each program start-up.

