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Introduction

This is an advanced (complete) manual for Fermilab optical inspection systems. The goal of this manual is to describe the software of the optical inspection systems in details. A user is assumed to know the hardware components.

This manual does not give an algorithm to perform an inspection (refer to the Operator Manual), instead it aims to give information on all the features of the programs used for inspection. No programming details will be discussed here.

Currently there are two inspection systems. They will be referred to as 1st setup (bare 1.3 GHz cavities) and 2nd setup (650 MHz cavities).

The manual will be updated if programs undergo changes. This manual is current as of June 6, 2012.

Software Description

The software package was developed in LabView environment. It includes six major programs that use a number of functions also written in LabView.

On both systems the current program files are located at “C:\All Labview software\Optical inspection\Optical inspection 4.1”. For convenience the necessary folders have green icons (see picture below).  The end-user programs are:

· CONTROL.vi

· INITIAL CHECK.vi

· OPTICAL INSPECTION multi-cell.vi

· OPTICAL INSPECTION single-cell.vi

· Explore region.vi

· in Checking folder
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Control
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Pic.2

“CONTROL.vi” is one of the major components of the inspection system. The program goal is to give a user the flexibility to inspect selected region of a cavity. The program is fully manual, and a user controls all the system motors.

To start the program press  [image: image3.jpg]


  button in the top left corner. To exit the program press [image: image4.png]


 button or press “Esc” and then close the program window. Do not use the LabView stop button in the top-left corner – it does not close the session properly. 

Program features include control of four motors, lights control, and recording of images.

Panels

Image screen

The image screen takes most of display space. Start the program to see the image. 

You can use “zoom” and “hand” tools located in the top-left corner of image screen to zoom to different image parts. Select “zoom” tool and click on the image to zoom in, hold “shift” and click on the image to zoom out.

Motor sections

The inspection system has four motors. They move the cavity, rotate it, change the system focal distance and tilt the mirror inside the camera boom. There are four sections of the control panel that correspond to these actions:

	“slide”
	moves cavity along the table

	“rotate”
	rotates cavity

	“focus”
	changes system focus distance by moving the camera along the stand

	“tilt”
	tilts the mirror inside the boom


All sections have different controls according to the need for a particular section. However, most of them have several controls and indicators in common. They are:
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	name
	contr./indic.
	action common for all sections

	position
	indicator
	current position

	speed
	control
	speed of running a motor (values 1-4)

	moving?
	indicator
	indicator is bright green if a motor is running

	move “–”
	control
	hold to move backwards

	move “+”
	control
	hold to move forward

	set zero
	control
	set current motor position as zero

	go to zero
	control
	go to position set as zero


Table 1

Below is the description of each section:
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	1

indicator

current position in mm

2

control

motor speed
“4” normal, “2” precise

3

indicator

indicator is bright green if a motor is running

4

control

hold to move backwards / forward
You can also use keys “End” / “Home” on the keyboard

5

control

switch between cells
“–”        – one cell back
“+”        – one cell forward
“+1/2”   – half-cell forward
extract   – extract cavity from the boom

6

control

set current position as zero

7

control

go to position set as zero
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	​​​
1

indicator

current position in degrees 0-360º (Omron indicator required)

2

control

motor speed
“3” normal, “1” precise

3

indicator

indicator is bright green if a motor is running

4

control

hold to move backwards / forward
You can also use keys “PgDown” / “PgUp” on the keyboard

5

control

set angle offset (see below)

6

control

go to position set as zero

[image: image32.png]


ONLY for 2nd setup:  “Angle offset” control allows a user to offset the angle displayed by “degree” indicator. This is necessary for the 2nd setup when a dressed cavity is installed onto the setup with the coupler (or label) upright. 
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	1

indicator

current position in mm

2

control

motor speed
“3” normal, “2” precise

3

indicator

indicator is bright green if a motor is running

4

control

hold to move backwards / forward

5

control

press to perform autofocusing

6

control

“to iris”  – press to switch focus from equator to iris
“to eq.”  – press to switch focus from iris to equator
7

control

set current position as zero

8

control

go to position set as zero
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	1

indicator

current position in degrees

2

control

motor speed
“2” normal, “1” precise

3

indicator

indicator is bright green if a motor is running

4

control

hold to move to “top” / “bottom” side

5

control

set current position as zero

6

control

go to position set as zero




Lights panel
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The lights control panel is located to the left of four motor sections. There is one-to-one correspondence between the lights hardware control electronics, and the software control.  If you want to apply a light configuration press the necessary “light” buttons, then press “Apply” button.

Besides turning on individual light buttons, you can use one of the several preset illumination schemes. Select a scheme number and press “Apply” button under the scheme field. The “0” scheme is “all lights off”, the “1” is the default one for the “CONTROL.vi”.

There is no brightness regulating control implemented in the software. You have to use the knob on the control electronics box to change the brightness of the central and side lights.

Saving files panel

The panel below the main screen is intended to record images to files. To record an image, press “Save” button. You can choose from bmp and jpeg file types. You can also add suffixes to the file name that will contain information about inspected region position.

The file name will contain “cavity name”, “cell number”, “object”, and angle (taken from “Rotate” section). Recorded images will have a watermark with the same information. The watermark is located in the bottom-right corner of an image.

[image: image11.png]jpg 1000
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	1
	An indicator turns bright red if an image failed to be recorded

	2
	Record an image

	3
	Type of file (bmp / JPEG 1000)

	4
	Name of a file

	5
	A suffix is added to the image name (4). It includes “eq/iris” indicator, cell number, rotation angle, or mirror tilt

	6
	Include the number of cell to the suffix (5)

	7
	Include the equator/iris indicator to the suffix (5)

	8
	File location


You may want to save two pictures with the same input parameters. In this case the file will not be overwritten. Instead the mark “--1” will be appended to the name of the file. The next files will have the “--2”, “--3” etc. marks in their names (e.g. SomeCavity_eq1_103.jpg; SomeCavity_eq1_103--1.jpg; SomeCavity_eq1_103--2.jpg).

After you have entered all the necessary data press “Save image” button. If for any reason the file is not recorded you will see “Failed” indicator turning bright-red. It will stay that way until a successful file recording is performed.

Extra panel

	The “Error bar” contains indicators of errors that may occur in the camera, motors, illumination, during the image recording, and when closing the program.

“Extra position indicators” bar is complimentary to “position” indicators in motor sections. It contains indicators of motor positions expressed in different units. “Steps” unit refers to number of motor steps.

Below is the “Calibration values” data panel. “Dimensions default” bar shows the inter-cell distance (in mm), the approximate focus distance between iris and equator (in mm), mirror tilt difference between two images during inspection (in deg.), and the position where the cavity should be moved to in the end of inspection (in mm).

“Value” bar shows some of these values, expressed in steps of motor. “Omron” and “rotate” field values are the number of Omron and “rotate” motor steps in the full turn.
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Initial Check
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“Initial check.vi” is a program designed to calibrate “rotate” and “slide” motors for a multi-cell cavity inspection. Every multi-cell cavity must undergo these calibrations before an automated inspection.

There are three reasons for calibration. The first one is fact that the distance between two welds appears to be slightly different for different cavities. The overall cavity length variations may reach 3 mm. That length is changed on purpose during cavity tuning.

The second reason applies only to the 1st setup and is connected with the way the rotation angle is read – the Omron indicator linked to the outer surface of equator receives the information about the angle. Since cavity outer equator perimeters differ a little from cavity to cavity, every cavity has its own number of motor steps that make up a full turn. This number is the data recorded after calibration.

Finally, some cavities used to have wavy equators what makes it necessary to start with some median equator position in order to always keep the weld within the equator image. Wavy equators may also cause what seems to be the length difference.

When to use

SKIP THIS STEP if you make an inspection of a single-cell cavity. If you are sure that a multi-cell cavity did not undergo retuning after a previous optical inspection you can also skip this step. By default this step should be performed for every multi-cell cavity.

Optical inspection software uses the most recent record of cavity calibration.

Panels

Screen

The program window contains two main parts – screen and control panel.

Screen consists of the image window itself and the graph window below it, which is designed to show the progress of the check for wavy equator. Refer to progress section on how to use it.

You will see a picture on the screen when you start the program. 

Control panel

In the left part of the window there is a control panel. It consists of three sections: “Cavity name” field, motors control and “tuning is finished” button.

The cavity name you enter in the first field will be used when the calibration data is recorded to the file. Input is case-sensitive. Please use the lower-case in the cavity name. 

The motor control section is the same as the one used in “CONTROL.vi” but with reduced functionality. You will need to use “rotate” section while performing angle calibration and “slide” section for the length calibration. Use “focus” section whenever you feel the image is too blurred to work with.

The “tuning is finished” button is used on every step to indicate that you finished that step calibration. See below on how to use it.

Additional indicators panel

	Additional indicators are located to the left of the control panel. Scroll the program screen to see them. They include calibrated values, constants, and the data file destination.

“Full turn Omron” and “Cell length” are the values that are in fact recorded. They correspond to calibration of full turn (steps of rotary encoder) and of length a one cell (steps of slide motor).

“Consts” and “full turn motor” are constants used by motors.

“Resulted path” is the path of the calibration file. “Destination folder” and “destination file” are the names used to create that path.
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Process

Before you start the program you must make sure the 1st weld is in the center of the screen. Use “CONTROL.vi” and level tool to do that. 

Turn on the central light, dim the side lights. The weld part of the cavity must be the brightest image part. The side parts of the image must be dark. To start the program press [image: image15.jpg]


  button in the top left corner. The program will lead you through the calibrating process with pop-ups containing directions. 

Each pop-up has two buttons – “OK” and “Skip this”. Always press “OK” button. “Skip this” is only used when it is necessary to skip the whole section of calibrating and switch to the next pop-up.
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1. First, the cavity will automatically slide to the 2nd equator and perform a rough full-turn rotation. 

You will see the 1st pop-up window. You will be asked to tune the cavity into upright position.

Press “OK”, the pop-up will disappear. Then use the “rotate” section controls and the level tool to adjust the upright position. Press “tuning is finished” when ready.

2. The cavity will be rotated back in 8 steps. On every step the weld center will be automatically estimated by the bright area in the center of the weld.

This area will expand from step to step and accumulate new regions. You will be able to see it in the graph below the image. “Wavy equators” brightest parts are different for different angles and the final center estimation will include them all. The center of this highlighted area is considered as the real center of the weld. After the cavity is rotated back to zero angle it will be adjusted according to this information.

[image: image17.png]
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You will get the 2nd pop-up. You will be asked to adjust the weld center if necessary. Press “OK” on pop-up, it will disappear.

If you think the program is wrong about the equator center you can adjust it manually using the “slide” section. This is normal practice; the wavy equator check is designed to help the manual equator center adjustment, not to substitute it. Again, the ultimate goal is to make weld centers for every angle as close to the center of the screen as possible. If equator is not wavy that would mean adjusting the weld to the center for zero angle.

Press “tuning is finished” when ready.

3. Finally, the cavity will be moved to the one before the last equator. You will get the 3rd pop-up and asked to adjust the weld center again. That would calibrate the cell length.

Press “OK” and make calibration with “slide” section. Press “tuning is finished” when ready.

The cavity will return to 1st equator position, the program will stop automatically. NOTE: The weld center may be displaced from the equator center.

Remember you can always stop this program in midway with [image: image18.png]


 button in the top-left corner.

The data will be recorded in “Data_Callibration.txt.

Inspection Multi-Cell
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“Optical inspection multi-cell.vi” is a program designed for automated inspection of multi‑cell cavities. The goal is automation of taking pictures of all the equators and irises.

Before using this program, make sure the camera is adjusted at the 1st equator weld and zero rotation angle at Omron indicator is set. Make sure you performed calibration for the inspected cavity. (For information on calibration, see “Initial check”.)

Parameters specific to an inspection system are stored in configuration files. 

By default the program makes a full inspection of all equators and irises, and records image files on both local and network drives.

Inspection system characteristics

The number of images per angle, the number of angles per full turn, and camera parameters are in the table below. Camera resolution is the major system optical power characteristic.

	
	1st setup
1.3 GHz cavities
	2nd setup
650 MHz cavities

	Iris:
	
	

	    shots per angle
	1
	1

	    angles per iris
	60
	60

	Equator:
	
	

	    shots per angle
	2
	2

	    angles per equator
	110
	180

	Camera resolution
	~20 µm
	~20 um

	Camera field of view (mm)
	~ 14 × 10
	~ 13 × 10


Table 2

Panels

Image screen

The image screen takes most of display space.

You can use “zoom” and “hand” tools located in the top-left corner of image screen to zoom to different image parts. Select “zoom” tool and click on the image to zoom in, hold “shift” and click on the image to zoom out.

Input panel

Before the inspection you should enter the necessary data into the system using the input panel. There are several controls you may want to use.

1. “Cavity name” field. This is the only control to be used in a typical inspection. The cavity name is case sensitive, please use the lower case.

2. “Comment” field allows you to add a suffix to the name of a cavity. If you want to make a comment do not add it to the cavity name, use this field instead. 

3. “Inspected part” is the area in a cavity that will be inspected. The default is “all”. If you want to collect images of some particular cavity part, select another option from the list:
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	“all” (default)
	irises and equators, for equators – 2  images per angle

	“equator bottom + top”
	equators only, 2 images per angle

	“equator center”
	equators only, one image per rotation angle

	“iris”
	irises only

	“beampipe”
	beampipe at the ends of cavity (see “Inspection algorithm” section for instructions)


Table 3

4. “Cells” control indicates what cells to inspect. If you want to inspect only certain cells, remove the check-mark from the “All cells on/off” field and check the cells to inspect.

5. “Backup” and “Data” are the locations of the folders for the inspection images. By default, “Backup” specifies a location on a local drive, “Data” – a path on a network drive. You can change the locations or leave a field blank. The default values are:

1st setup:

C:\9-cell cavity\
Q:\TD_SCRF\Cavity imaging\Fermilab\9-cell cavity\

2nd setup:

C:\650 MHz 5-cell cavity\
Q:\TD_SCRF\Cavity imaging\Fermilab\650_MHz_5-cell\

Inside these folders the cavity name folder is searched for, and created if necessary. The current inspection folder is created in it. Its name includes cavity name, input comment, and date. If there is already such a folder, a new one created with the suffix “--1”, “--2”, etc.:

C:\ 9-cell cavity\CavityName\CavityName_Comment_Date\
C:\ 9-cell cavity\CavityName\CavityName_Comment_Date--1\
C:\ 9-cell cavity\CavityName\CavityName_Comment_Date--2\

Thus previous inspections are never overwritten.

Settings panel

Angle offset field:

ONLY for 2nd setup:  “Angle offset” field value is added to the rotation angle of the camera. The result goes to the image name. Thus you have an opportunity to start numbering images with an offset.
At the 2nd setup the camera always heads down at the start. If, for example, the cavity label is exactly on top, then the “angle offset” field must be assigned the value 360/2 = 180 degrees.

Switches:

1. “Autofocus on/off” allows you to disable autofocusing. It can be disabled any time during inspection. It may be reasonable to disable autofocusing in case the cavity is very shiny and the algorithm tends to focus on the lights mirror reflections. The default is “on”.

2. “Extract cavity afterwards” activates the step that makes a cavity slide away from the camera boom at the end of inspection process. Thus an operator is not required to manually extract the cavity using the “Control” program. The default is “on”.

3. “Focus uses usual lighting” disables a separate illumination setting for autofocus. In particular, this setting can be used for tumbled cavities when side lights do not provide enough light for focusing. If the switch is on, central light is used during focusing. The default is “off”.

4. “Motor rotation/ rot. encoder” switch regulates whether “Omron” indicator will be used to indicate angle instead of the built-in motor indicator. The default is “on”. 

5. “Check for outliers?” activates checking for mistakes of autofocus and correcting them in case a mistake is detected. The default is “on”.

Progress panel

You can monitor the inspection progress with the progress panel. It contains several indicators:

1. “Step” is the operation the program is performing at the moment. The first step is “Initialization”. The inspection is done when the step turns to “Finished”.

2. “Progress” bar. If you are running an inspection default settings, the progress bar first fills from 0 to 100% for equators, after that – for irises.

3. “Cell number” – is the number of the cell inspected at the moment.

4. “Degrees” – is the rotation angle the cavity is rotated to at the moment in degrees. It changes from 0 to 360 for every cell regardless of “Angle offset” value.

5. “Time passed” is the time from the moment the inspection started.

Detailed progress panel

1. “Tilting mirror”, “Rotating”, “Saving image”, and “Autofocus” are the indicators to show the current operation. It is an extension of the “Step” indicator from the progress panel.

2. “No focus?” is lit when the autofocus program is not able to find focus and instead uses the previous autofocus result. Focus procedure is performed one time for several angles. The indicator state may change from focusing to focusing. It is normal when the indicator is not lit during the whole inspection process.

3. “Focus distance” array displays focus motor positions for every image. If “Autofocus?” switch is on (default), this array is filled at run-time.

4. “Result folder” is the name of the folder that will contain image files.

Error panel

This panel indicates whether there are errors at different steps of inspection. The normal state is no errors. One exception is an IO error when one of the image destination folders is not specified.

Configurations panel

This panel contains indicators of configuration settings for motors and inspection. It is filled after the program starts. These are the displayed data:

“Motors, steps/dim.” shows how many steps  there are in one mm for slide and focus motor, in full turn for rotate motor and Omron encoder, in one degree for tilt motor.

“Cavity dimensions” indicates inter-cell distance, radius difference between equator and iris, and mirror tilt difference between two adjacent shots (for two shots per rotation angle, it is the same as mirror tilt between “bottom” and “top” shots.)

“Resolution” relates to the camera and denotes the number of µm in a pixel.

“Inspection data” shows number of cells for multi-cell inspection, number of shots per full turn, number of mirror tilts per a rotation angle, suffixes in the folders, such as “eq_t” for the top side of equator and “iris” for iris, illumination configuration for taking images and for focusing, and the number of rotation angles between two focusing procedures.

“Motor steps” is the same as “Cavity dimensions” field but recalculated in motor steps.

“Extract” is the number of steps it takes to extract a cavity from the camera boom.

“Wait time” denotes delay before focusing, before taking image, and after rotating. These delays are introduced to wait for mechanical vibrations of a cavity and the camera boom to stop.

Inspection Single-Cell
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“Optical inspection single-cell.vi” is a program designed for automated inspection of single‑cell cavities. The goal is automation of taking pictures of all the equators and irises.

Before using this program, make sure the camera is adjusted at the equator weld and zero rotation angle at Omron indicator is set. Make sure you performed calibration for the inspected cavity. (For information on calibration, see “Initial check”.)

By default the program makes a full inspection of the equator and records image files on both local and network drives.

Parameters that are specific to an inspection system are stored in configuration files. 

Inspection system characteristics

The number of images per angle, the number of angles per full turn, and camera parameters are in the table below. Camera resolution is the major system optical power characteristic.

	
	1st setup
1.3 GHz cavities
	2nd setup
650 MHz cavities

	Iris:
	
	

	    shots per angle
	1
	1

	    angles per iris
	60
	60

	Equator:
	
	

	    shots per angle
	2
	2

	    angles per equator
	110
	180

	Camera resolution
	~20 µm
	~20 um

	Camera field of view (mm)
	~ 14 × 10
	~ 13 × 10


Table 4

Panels

Image screen

The image screen takes most of display space.

You can use “zoom” and “hand” tools located in the top-left corner of image screen to zoom to different image parts. Select “zoom” tool and click on the image to zoom in, hold “shift” and click on the image to zoom out.

Input panel

Before the inspection you should enter the necessary data into the system using the input panel. There are several controls you may want to use.

1.  “Cavity name” field. This is the only control to be used in a typical inspection. The cavity name is case sensitive, please use the lower case.

2. “Comment” field allows you to add a suffix to the name of a cavity. If you want to make a comment do not add it to the cavity name, use this field instead. 

3. “Inspected part” is the area in a cavity that will be inspected. The default is “equator bottom + top”. If you want to collect images of some particular cavity part, select another option from the list:
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	“equator bottom + top” (default)
	equators only, 2 images per angle

	“equator center”
	equators only, one image per rotation angle

	“beampipe”
	beampipe at the ends of cavity (see “Inspection algorithm” section for instructions)


Table 5

4. “Backup” and “Data” are the locations of the folders for the inspection images. By default, “Backup” specifies a location on a local drive, “Data” – a path on a network drive. You can change the locations or leave a field blank. The default values are:

1st setup:

C:\single-cell cavity\
Q:\TD_SCRF\Cavity imaging\Fermilab\single-cell cavity\

2nd setup:

C:\650 MHz single-cell cavity\
Q:\TD_SCRF\Cavity imaging\Fermilab\650_MHz_single-cell\

Inside these folders the cavity name folder is searched for, and created if necessary. The current inspection folder is created in it. Its name includes cavity name, input comment, and date. If there is already such a folder, a new one created with the suffix “--1”, “--2”, etc.:

C:\single-cell cavity\CavityName\CavityName_Comment_Date\
C:\single-cell cavity\CavityName\CavityName_Comment_Date--1\
C:\single-cell cavity\CavityName\CavityName_Comment_Date--2\

Thus previous inspections are never overwritten.
Settings panel

Angle offset field:

ONLY for 2nd setup:  “Angle offset” field value is added to the rotation angle of the camera. The result goes to the image name. Thus you have an opportunity to start numbering images with an offset.
At the 2nd setup the camera always heads down at the start. If, for example, the cavity label is exactly on top, then the “angle offset” field must be assigned the value 360/2 = 180 degrees.

Switches:

1. “Autofocus on/off” allows you to disable autofocusing. It can be disabled any time during inspection. It may be reasonable to disable autofocusing in case the cavity is very shiny and the algorithm tends to focus on the lights mirror reflections. The default is “on”.

2. “Extract cavity afterwards” activates the step that makes a cavity slide away from the camera boom at the end of inspection process. Thus an operator is not required to manually extract the cavity using the “Control” program. The default is “on”.

3. “Focus uses usual lighting” disables a separate illumination setting for autofocus. In particular, this setting can be used for tumbled cavities when side lights do not provide enough light for focusing. If the switch is on, central light is used during focusing. The default is “off”.

4. “Motor rotation/ rot. encoder” switch regulates whether “Omron” indicator will be used to indicate angle instead of the built-in motor indicator. The default is “on”. 

5. “Check for outliers?” activates checking for mistakes of autofocus and correcting them in case a mistake is detected. The default is “on”.

Progress panel

You can monitor the inspection progress with the progress panel. It contains several indicators:

1. “Step” is the operation the program is performing at the moment. The first step is “Initialization”. The inspection is done when the step turns to “Finished”.

2. “Progress” bar fills from 0 to 100%.

3. “Degrees” – is the rotation angle the cavity is rotated to at the moment in degrees. It changes from 0 to 360 regardless of “Angle offset” value.

4. “Time passed” is the time from the moment the inspection started.

Detailed progress panel

1. “Tilting mirror”, “Rotating”, “Saving image”, and “Autofocus” are the indicators to show the current operation. It is an extension of the “Step” indicator from the progress panel.

2. “No focus?” is lit when the autofocus program is not able to find focus and instead uses the previous autofocus result. Focus procedure is performed one time for several angles. The indicator state may change from focusing to focusing. It is normal when the indicator is not lit during the whole inspection process.

3. “Focus distance” array displays focus motor positions for every image. If “Autofocus?” switch is on (default), this array is filled at run-time.

4.  “Result folder” is the name of the folder that will contain image files.

Error panel

This panel indicates whether there are errors at different steps of inspection. The normal state is no errors. One exception is an IO error when one of the image destination folders is not specified.

Configurations panel

This panel contains indicators of configuration settings for motors and inspection. It is filled after the program starts. These are the displayed data:

“Motors, steps/dim.” shows how many steps  there are in one mm for slide and focus motor, in full turn for rotate motor and Omron encoder, in one degree for tilt motor.

“Cavity dimensions” indicates inter-cell distance, radius difference between equator and iris, and mirror tilt difference between two adjacent shots (for two shots per rotation angle, it is the same as mirror tilt between “bottom” and “top” shots.)

“Resolution” relates to the camera and denotes the number of µm in a pixel.

“Inspection data” shows number of cells for multi-cell inspection, number of shots per full turn, number of mirror tilts per a rotation angle, suffixes in the folders, such as “eq_t” for the top side of equator and “iris” for iris, illumination configuration for taking images and for focusing, and the number of rotation angles between two focusing procedures.

“Motor steps” is the same as “Cavity dimensions” field but recalculated in motor steps.

“Extract” is the number of steps it takes to extract a cavity from the camera boom.

“Wait time” denotes delay before focusing, before taking image, and after rotating. These delays are introduced to wait for mechanical vibrations of a cavity and the camera boom to stop.

Explore Region
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“Explore region.vi” is designed to facilitate shape analysis of a given region of cavity surface. Several pictures are taken with light coming from different angles.

Panels

Input panel

1. “Cavity name”. Enter the cavity name here. Images will be placed into a folder with that name. If the folder does not exist, it will be created.

2. “Path” specifies the location where the folder with the given cavity name is located. Usually it should be either the folder with single-cell or multi-cell cavity inspections.

Progress panel

1. “Resulting path”. “Path\CavityName\CavityName_Date\Explore region\” is the full path of images where Path and CavityName are inputs and Date is the current date.

In case “Explore region” folder already exists another folder with the suffix “--1” in its name is created, e.g. 

Path\Cavity\Cavity_2011‑09‑07\Explore region\
Path\Cavity\Cavity_2011‑09‑07\Explore region‑‑1\
Path\Cavity\Cavity_2011‑09‑07\Explore region‑‑2\

2. “Calibrations” are the data specific to the inspection system and used by motors.

3. “Error” records any error that may happen during program execution.

Process

An operator must first shift to the region of interest and focus on the surface using “CONTROL.vi”. If a surface defect is studied, that defect should be placed at the center of the screen. After that, make the necessary inputs and start the program by pressing [image: image24.jpg]


 button.

The execution time of the program is several minutes.

Checking Folder
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Checking folder has several programs that check different components of the system.

Interface of most of them is self-explanatory but we will describe two of them – “Motor check” and “Camera check”.

Motor check
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“Motor check” has several input fields.

First you need to enter “Axis name”. It should be one of the following: “slide”, “rotate”, “focus”, or “angle” (the last one stands for mirror tilt).

The second control is position to go (for “go to” mode) or jump steps (for “jump” mode). The units are motor steps.

Other controls include a switch between motors “go to” and “jump” modes, a speed control and a direction switch that is used in jump mode.

Camera check
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“Checking\Camera check.vi” is a supplementary program designed to make a quick check of the camera status. The main goal is to make sure that the camera will be detected by a LabView program. The program is mostly used on the 2nd setup where the camera is unstable.

Program takes no user input. “Session In” value is loaded from a configuration file. You can also specify your own value.

Inspection Algorithm
Typical inspection

Before using this program, make sure the camera is adjusted at the 1st equator weld and cavity zero rotation at Omron indicator is set. Make sure you performed calibration for the inspected cavity. (For information on calibration, see “Initial check”.)

Enter the cavity name into the corresponding field.

ONLY for 2nd setup:  Fill the “Angle offset” field if the cavity zero angle is not exactly at the bottom.

Enter comment to the name if necessary. Choose the part of the cell to be inspected if necessary (pic. 13). Use some switches from “Settings” panel if necessary.

To start the program press [image: image28.jpg]


  button in the top left corner.

At the 1st setup a 9-cell cavity inspection takes approximately 3 hours, single-cell – 20 minutes. On the 2nd setup a 650 MHz 5-cell cavity inspection is expected to take 7 hours, single cell – 1 hour.  You do not need to monitor the system during that time. The program will stop automatically. Inspection is finished when the “Step” indicator turns to “Finished”.

Remember you can always stop this program in midway with [image: image29.png]


 button in the top-left corner.

Suppose you had to interrupt inspection to change some input parameters. Contrary to the previous software versions (≤ v3.0), now it is possible to restart the inspection without adjusting the cavity to zero positions (of slide, rotate and mirror tilt motors.)

After every finished (not cancelled in midway) inspection, a record is made into the file 
“C:\Optical inspection\Optical system Labview config\CavityListLog.txt”. The cavity name, date and time of the inspection are recorded.

Non-standard inspection (and beampipe inspection)

You can perform inspections other than with standard parameters described in Table 3. In order to do that you need to add your settings into a configuration file:
“C:\Optical inspection\Optical system Labview config\Inspection.ini”
This file is .ini format. It has several sections, each one for inspection of a certain cavity part, like iris. You need to add your own section and assign a name to it. This is an example of non-standard settings on the 1st setup. This inspection takes 8 shots per rotation angle. Thus the pictures of cell sides area are recorded.

[equator_8_rows]

cells_number=9

shots_number_on_Y=110

shots_number_on_X=8

folder_names=t4,t3,t2,t,b,b1,b2,b3

lights=4

lights_focusing=5

focus_period=10

“Folder_names” entry is the suffix to the folder name. In this case, folder names will be: “equator_8_rows_t4”, “equator_8_rows_t3”…

“Lights” is the number of illumination scheme for taking pictures. The schemes are taken from “motors.ini” file. You can add own to “motors.ini”. “Lights_focusing” is the illumination scheme during autofocusing.

All the entries above are mandatory. However, you can overload standard cavity dimension settings from “motors.ini”. For example, the following “tilt” entry is added:

tilt = 7.0

It is less than standard mirror tilt entry and results in bigger overlap between images of different mirror tilt. There are three 3 dimension settings you can overload:

tilt=7.0;
degrees between two images of different mirror tilt

slide=5.23;
inter-cell distance

focus=106;
difference in radius between iris and equator

After you save the “inspection.ini” file you can start your inspection. Instead of choosing one of the preset values, write your new section name into “Inspected part” field of the “Input panel” in “OPTICAL INSPECTION multi-cell.vi” or “OPTICAL INSPECTION single-cell.vi”
Beampipe inspection

Inspection of beampipe is one example of settings with overloaded dimension. The inter-cell distance is chosen to be 30 mm and the number of cells is chosen to be 4. Thus there will be 4 full turns, separated by 3 cm from each other.

If you want to make an inspection, slide to the edge of the beampipe (cavity will be moved towards the camera boom during inspection) and focus on the surface. Choose “beampipe” from “Inspected part” field in the “Input panel”. The rest is the same as the regular inspection.
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