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Manual Goal 

The main goal of this manual is to make a user familiar with software used for inspection and to give an algorithm of the inspection process. 

This manual is valid for inspection on both 1st setup (undressed 1.3 GHz cavities) and 2nd setup (650 MHz cavities).

The manual describes all the optical inspection issues from the moment the cavity is put onto the inspection system and fixed properly up to the moment it is ready to be taken away back to the crate. 

The following description refers only to the software part of the inspection system. By the time of using the software:

At the 1st setup:  the 1.3 GHz cavity must be placed onto the inspection system with the safety cage fixed and the Omron indicator (rotary encoder) linked to the cavity. 

At the 2nd setup:  the 650 MHz cavity in the cage must be placed onto the inspection system, fixed on the support, and the Omron indicator (rotary encoder) must be calibrated.

Software and Image Locations
Inspection process has some minor differences for the 1st and the 2nd setups. Differences are be marked with the green color font.

The software used in the optical inspection process was developed in LabView environment. It includes 4 major programs that use a number of functions also written in LabView. An operator will have access to the latest version of the program. 

The shortcuts to program files are located in “C:\OPTICAL INSPECTION\ Optical inspection 4.1\”. The programs you will need are: 

 “Control.vi” 

 “Initial check.vi” 

 “Optical inspection multi-cell.vi” 

 “Optical inspection single-cell.vi” 
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Pic.1

The programs will save files with surface images to the following locations:
For 1st setup:

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

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

For 2nd setup:

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

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

Optical Inspection Algorithm

1. Adjusting cavity position 

The goal of this stage is to align the cavity to the 1st equator center in the upright position. 

Open “Control.vi”. Press [image: image2.jpg]


 button in the top left corner to start the program. 

1) First, use the “slide” section to adjust the camera at the 1st cell. You will probably need to move at speed “4” to reach the position and fine-tune it at speed “2”. Make sure the center of the weld is in the middle of the screen. 

2) ONLY for 1st setup: Next, align the coupler horizontally. To do that, change the rotation angle using the “rotate” section on speed “3”. You will need to make precise adjustment with the bubble-level. Place it on the coupler or other flat surface and adjust the angle at speed “2” or “1”. 

3) If the rotation angle is not zero, press “go to zero” button in section “rotate”.

4) If you think the image is defocused set the focus roughly with the “focus” section. During inspection autofocus will tune the focal distance. 

5) Sometimes the mirror may be tilted after another user work with the system. Make sure the mirror tilt is zero by pressing “Go to zero” button in the “Tilt” section (see “Software description” below.)  Check that the weld is still in the center of the screen.

6) ONLY for 1st setup:  Now you can tune the illumination using two knobs on the control box, one for the central light and another for the side lights (Pic.7). 

Press [image: image3.png]


 button or “Esc” key on the keyboard to stop the program. Do NOT use stop button in the upper-left corner as it does not close the session in the proper way.  

Close the program window. 

2. Calibration (only for multi-cell cavities) 

SKIP THIS SECTION IF THE CAVITY IS SINGLE-CELL. 

The goal of this step is to perform angle and inter- cell distance calibration. 

Open “Initial check.vi”. First, enter the name of the cavity into the “Cavity name” field.

Press [image: image4.jpg]


 button in the top left corner. That will start the program. Follow instructions in pop-ups. They will lead you through the process. The program will stop automatically. 

Close the program window. 

3.1. Inspection of a multi-cell cavity

Typical inspection 

“Multi-cell” refers to 1.3 GHz 9-cell and 640 MHz 5-cell cavities.

Open “Optical inspection multi-cell.vi” file. Fill the fields from the input section.

1) “cavity name”
For a typical inspection fill only this field. The cavity name is case sensitive, please use the lower case.

2) “comment” field
Use this field to attach a suffix to the cavity name. Do not put any comments into the cavity name field.

3) ONLY for 2nd setup:  “Angle offset” field value is added to the rotation angle of the camera. The result affects 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.

After the input is made, start the program by pressing [image: image5.jpg]


 button in the top left corner.

A typical inspection of a 9-cell cavity at the 1st setup takes approximately 3 hours. A typical inspection of a 5-cell cavity on the 2nd setup is likely to take 6 hours. 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: image6.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.)

Extra settings you may want to use (multi-cell)

4)  “Cells”
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 (Pic.2).

[image: image7.emf]
Pic.2

5) “Inspected part” field
On a typical 9-cell inspection the program takes images of irises and of two sides of equators. If you want to inspect some particular part of a cavity, change “all” to an option from the list: 
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Pic.3

	“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 angle

	“iris”
	irises only

	“beampipe”
	beampipe at the ends of cavity (see “Complete User Manual” for instructions)


6) “data” and “backup” fields
The default locations for saving images are on C:\ drive and on Q:\ drive (\\tdserver1\project). You can change these locations or leave a field blank.

Note: sometimes it is impossible to write files to Q:\ drive. In case the program cannot create a folder at the “data” or “back up” location, you will see a red light to the right of that location field. In this case you will have to manually copy files to the network drive. 

“Settings” panel has three switches that you may want to use:
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Pic.4

7) “Autofocus?” 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 too shiny (usually after tumbling) and the algorithm fails to focus on the surface – only bright light stripes may be visible with no scratches or other distinguishable details on them. The default is “on”.
In case you want to disable autofocusing, reach rough focus beforehand with “Control.vi” program.

8) “Extract cavity afterwards?” activates the step that makes a cavity slide away from the camera boom in the end of the inspection process. Thus an operator is not required to manually extract the cavity using the “Control.vi” program. The default is “on”.
If you are going to look at a cavity after the inspection, disable this feature.

9) “Focus uses usual lighting” sets different illumination scheme during autofocusing. By default, a special lighting scheme is enabled for the focusing. However, it proved to work badly for tumbled cavities.
If autofocusing is unsuccessful for some reason, you may want to turn on this switch instead of disabling autofocusing.
3.2. Inspection of a single-cell cavity
Typical inspection 

Open “Optical inspection single-cell.vi” file. Fill the fields from the input section.

1) “cavity name”
For a typical inspection fill only this field. The cavity name is case sensitive, please use the lower case.

2) “comment” field
Use this field to attach a suffix to the cavity name. Do not put any comments into the cavity name field.

3) ONLY for 2nd setup:  “Angle offset” field value is added to the rotation angle of the camera. The result affects 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.

After the input is made, start the program by pressing [image: image10.jpg]


 button in the top left corner.

A typical inspection of a single-cell cavity at the 1st setup takes approximately 15 minutes, at the 2nd setup – 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: image11.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.)

Extra settings you may want to use (single-cell)

4) “Inspected part” field
In a typical inspection the program takes images of two sides of the equator. If you want to inspect some particular part of a cavity, change that to an option from the list:
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Pic.5

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

	“equator central”
	equators only, one image per angle

	“beampipe”
	beampipe at the ends of cavity (see “Complete User Manual” for instructions)


5)  “data” and “backup” fields
The default locations for saving images are on C:\ drive and on Q:\ drive (\\tdserver1\project). You can change these locations or leave a field blank.

“Settings” panel from “Extra” group has three switches that you may want to use (Pic.6):
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Pic.6

6)  “Autofocus?” 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 too shiny (usually after tumbling) and the algorithm fails to focus on the surface – only bright light stripes may be visible with no scratches or other distinguishable details on them. The default is “on”.
In case you want to disable autofocusing, reach rough focus beforehand with “Control.vi” program.

7) “Extract cavity afterwards?” activates the step that makes a cavity slide away from the camera boom in the end of the inspection process. Thus an operator is not required to manually extract the cavity using the “Control.vi” program. The default is “on”.
If you are going to look at a cavity after the inspection, disable this feature.

8) “Focus uses usual lighting” sets different illumination scheme during autofocusing. By default, a special lighting scheme is enabled for the focusing. However, it proved to work badly for tumbled cavities.
If autofocusing is unsuccessful for some reason, you may want to turn on this switch instead of disabling autofocusing.

4. Monitoring progress (single- and multi-cell)

In a few seconds you will see the image on the screen and changes in the “Progress” section. Files will be recorded to the folders as the inspection proceeds. 

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. At the end of inspection the cavity will be extracted from the boom and ready to be picked up. 

The program will stop automatically. “Step” indicator will turn to “finished”. Close the program window.

Log off the machine.

Light Control Description
The lights control box is a tool to regulate the amount of light for inspected area. There are two types of lighting – “central light” and “side lights” (Pic.7). There is one on/off button for the central light and a row of buttons for side light lamps. You can adjust the brightness of both light types with two knobs. 
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Pic.7

ONLY for 1st setup:  Central light gives a relatively bright blue shine in the center of the image. Side lights give a more uniform light distribution across the image. With different side light lamps on, you can get different shadows effects. The ideal light distribution would give an overall bright image with visible surface details.

ONLY for 2nd setup:  Central light is very dim and does not affect illumination. Side lights are white, blue, and red. Ideal light distribution would give red illumination on one side and blue illumination on the other side of the weld. Avoid turning on all the lights on maximum brightness – it could damage the hardware. Half brightness is usually enough.

You can turn on/off different lamps programmatically with “light” panel from ”Control.vi” (Pic.10.) Good illumination can usually be achieved with a preset scheme of lighting. You can choose a scheme from the list on the “light” panel. However, light brightness has to be adjusted manually with the knobs.

Software Description
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Pic.8

Control.vi

 “CONTROL.vi” is a program that allows manipulating the cavity position. You can rotate and slide a cavity along the stand, change focal distance and tilt the mirror inside the boom. These four operations are managed with four sections of the program motor panel:

	“slide”
	moves cavity along the table

	“rotate”
	rotates cavity or camera

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

	“tilt”
	tilts the mirror inside the boom


The controls you are likely to use in each section are “move forward”, “move backwards” and “speed”. First select the speed you want, and then hold “move forward/backwards” buttons to start moving.

The controls common to all the sections are illustrated on Pic.9.
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Pic.9

To facilitate fine tuning of cavity position, keyboard shortcuts have been added to “move” operations of “slide” and “rotate” sections.

	“Home”
	start / stop sliding a cavity forward

	“End”
	start / stop sliding a cavity backwards

	“PageUp”
	start / stop rotating a cavity forward

	“PageDown”
	start / stop rotating a cavity backwards


For example, to rotate cavity several steps forward, you need to set “1” as “speed” in “rotate” section, to press “PageUp”, and, when needed, press “PageUp” again.

The “lights” panel allows a user to turn on/off lamps programmatically. However, it is not possible to control the brightness from this panel. Lighting configuration that proved to be good can be set by choosing a scheme from the list and pressing “Apply” button.
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To start the program press  [image: image18.jpg]


  button in the top left corner.

To exit the program press [image: image19.png]


 button or press “Esc” and then close the program window.
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Initial check.vi

 “Initial check.vi” is a program designed to make calibration for “slide” motor for 5-cell cavity on the 2nd setup and for “rotate” and “slide” motors for 9-cell cavity on the 1st setup. The program records these data onto local drive for using them later during optical inspection. 

SKIP this program if you are making a single-cell cavity inspection. 

Before starting the program enter the cavity name into “Cavity name” field. 

Press [image: image21.jpg]


  button in the top left corner. That will start the program. 

Follow instructions in pop-ups. They will lead you through the process. The program will stop automatically. 

You will use “slide” and “rotate” sections to move a cavity. They are the same as in “Control.vi” and perform in the same way. You will also need “tuning is finished” button. 

Remember you can always stop this program in midway with [image: image22.png]


 button in the top-left corner.
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Optical inspection multi-cell.vi

 “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 cavity zero rotation 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 all equators and irises, and records image files on both local and network drives.

Some inspection parameters are in the table below. Camera resolution is the major system optical power characteristic. It indicates the minimum distance, at which two points can be resolved.

	
	1st setup
(bare 1.3 GHz)
	2nd setup
(650 MHz)

	Number of images (multi cell):
	~2500
	~2000

	Camera resolution:
	~20 µm
	~20 µm

	mm in image
	~ 14 × 10
	~ 13 × 10


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 on different image parts. Select “zoom” tool and click on the image to zoom in, press “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. The next control is the object to 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 “Complete User Manual” for instructions)


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\

Settings panel

Angle offset:

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 that you may want to use:

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.

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.
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Optical inspection single-cell.vi 

“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 cavity zero rotation at Omron indicator is set 

By default the program makes a full inspection of the equator, and records image files on both local and network drives. Several parameters can be changed in the control section. 

One of the inspection system characteristics is images number. The number of images per angle, the number of angles per full turn, and camera parameters are in the table below.

	
	1st setup
(bare 1.3 GHz)
	2nd setup
(650 MHz)

	Number of images (1-cell):
	110
	180

	Camera resolution:
	~20 µm
	~20 µm

	mm in image
	~ 14 × 10
	~ 13 × 10


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. Click “zoom” on the image to zoom in, click “shift” + “zoom” to zoom out.

Input panel

Before the inspection you should enter the necessary data into the system. This is the function of 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. It affects the names of the folders to be created. 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. It allows you not to duplicate cavity folders.

3. The next control is the object to be inspected. The default is “equator + iris”. If you want to take one image per rotation angle, select another option from the list:
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	“equator bottom + top” (default)
	equators only, two  images per angle 

	“equator central”
	equators only, one image per angle

	“beampipe”
	beampipe at the ends of cavity (see “Complete User Manual” for instructions)


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\

Settings panel

Angle offset:

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 that you may want to use:

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.

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.

3.  “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.

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