Evaluation of XREC and C3D for Automated Centering
Currently, collecting data from crystal diffraction requires a user to supervise data collection.  Once the crystals have been screened, autoindexed, and a strategy has been calculated for data collection, everything else about the data collection is automated, except centering the crystal in the x-ray beam.  Between every sample, users have to check crystal centering, and occasionally modify it to their satisfaction.  For this reason, automating crystal centering would be a big time saver, allowing the entire data collection process to become fully automated.  

SSRL uses an automated centering algorithm (called Blu-ice Loop Centering in this paper) which works well for finding the loop center.  However, a small crystal at the end of a large loop will most likely be partly or entirely out of the x-ray beam if the loop itself is centered. There are other programs being developed that claim to be able to isolate the crystal within the loop and center it in the beam.  These programs also have options to only center the loop. XREC and C3D are both automated loop and crystal centering software packages that analyze the shift in images taken at multiple angles to calculate the three-dimensional position of the loop or crystal in question.  XREC was developed at EMBL in Hamburg (contacts Victor S. Lamzi, victor@embl-hamburg.ed, and Tilo Strutz, tilo.strutz@embl-hamburg.de – available until the end of September 2007).  C3D was developed at EMBL in Grenoble by Bernard Lavault, lavault@embl-grenoble.fr. 

The two programs have similar features although C3D has more information in its output.  XREC could potentially have many of the same features of C3D if some of the intermediate information featured in its log is adapted for users.  For example, C3D includes an output to move the loop to the angle at which the most loop area shows.  Using the keyword LOGOUTX, XREC can also be roughly adapted to give this same output using information in logXREC.txt, which XREC creates for each run.
The goal of this project was to test both of these programs in an attempt to evaluate their ability to find and center crystals. The project had two larger parts.  First, twenty crystals were mounted on the beamline and a variety of automated centering programs were run (the current Blu-Ice Loop Centering, XREC Loop Centering, XREC Crystal Centering, C3D Loop Centering, and C3D Crystal Centering).  The centering was all conducted with the blue background light on and the side lights at light level 2 (40% of the total intensity).  These twenty samples gave a rough idea of the potential of each program.  

The second part involved a variety of lighting conditions.  Twelve new crystals (including 4 MiTeGen loops) were mounted so we could monitor the icing levels and determine the effect of a new loop shape, and the same centering procedures
 were run on each one in the following lighting conditions: the blue back light on and side lights at level 0 (off), level 3.75 (75%), and level 5 (full), and the blue back light off with side light at 75% and 100%.  After each centering procedure, a snapshot was taken for reference as well.   In addition, these tests were repeated with polarized side lights to determine if glare reduction may improve results. 
In an attempt to measure the error of each of centering methods, the crystals were all centered by hand and the x, y, and z positions of the center were recorded.  Using the Pythagorean Theorem, it is possible to determine the absolute distance in three-dimensional space from the hand-picked center and the center calculated by each of the programs.  For example, a crystal is centered by XREC and the final positions of sample_x (the motor along the x axis), sample_y (the motor along the y axis), and sample_z (the motor along the z axis), are 300, 250, and 1000, respectively.  The crystal is then centered by hand with final positions of 295, 270, and 1035.  The equation used to calculate the error is:                                                                                                                                         

   .                                                                               .
Error = √ ( Xxrec – Xhand)2 + (Yxrec – Yhand)2 + (Zxrec – Zhand)2
Using this equation, the error would be 40.37.

 This is referred to as the error (see diagram below).
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Input Used
Input for both programs is written as a separate file in a format described in their respective manuals.  Below are the inputs used in this trial.
XREC
PREALIGN—this keyword is added to initiate faster loop centering 
LOOP_POSITION 2—signifies that the loop stem enters the pictures from the left

IMAGE_SPECIAL 0—signifies that this is an ordinary loop

LOGOUTX –used to generated a separate log file, called logXREC.txt.  This log includes additional information used to process the images that is useful for more complex centering. 

NUM_IMG 5 (or 9)—5 pictures seems adequate for loop centering, 9 for crystal

DATA_START—after this, list angle and path for each image used as input    i.e.  

0.0   /data/chomer/XREC3.0/Images/Crystal/loop_high_images_0_0.0.ppm
DATA_END

Other Useful Keywords for XREC
Do not use the CENTRE_COORD keyword described in the manual.  The SSRL beamline set-up is not compatible with this keyword.  Instead of increasing accuracy as the manual claims, this keyword makes XREC calculate a much lower reliability for itself (10-20%) which makes it difficult to differentiate between a failure and successful centering.

The SET_CROSS keyword is also useful when first implementing XREC on a beamline to make sure that the motors are actually moving the sample to the position XREC calculated.  Images (cross_00.jpg, cross01.jpg, etc.) will be output to the current folder when XREC is run from the command line. One cross image is shown below, where XREC has clearly picked the center of the crystal, representing successful centering. The cross image 90 degrees away from this one must also be checked to make sure the crystal is centered in all three axes.    
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C3D
C3D has 46 possible input parameters described in the User’s Manual, some of which are described below. Check the User’s Manual for more details.
-obj—the objective of centering.  Loopshape+loopcentre3d gives the loop’s 3d position, and loopshape+crystal3d gives the crystal’s 3d position.  Other combinations need to be tested.
-scx—the scale in the horizontal direction

-scy—the scale in the vertical direction

-imt—the image name template i.e. images_%d.png

-idx—the index for each image

-ang—the angle corresponding to each image (must be listed in the same order as the indices).
-r3d (or r2d)—specifies a path for the 3D (or 2D) output files
-wfo—specifies the folder in which to write output and log files

-bkg—specifies the path for a background image from the current beamline which eliminates some error

-imd—specifies the directory where the images are located

-nhl—number of images requiring special processing (images showing profiles of the loop)
-lwd—the approximate loop wire diameter (in pixels)

-mme—the maximum mean error.  This can be used to specify the threshold at which centering is declared a failure and the program exits.  It also adjusts the Reliability factor that C3D uses to evaluate each run.

The order of these inputs does not matter for C3D.

Interpreting the Data
XREC and C3D don’t move the beamline motors to center the loop.  They simply output parameters in a results file.  This makes them flexible enough to work on all beamlines, but users must figure out how to interpret the data themselves.  TCL scripts
 can be found in the appendix containing the C3D and XREC adaptation for SSRL BL9-1.  Both manuals describe some possible strategies but the hardware at SSRL requires a unique strategy since the sample motors at SSRL are not dependent on the phi position.  

The method that works with the output given is:

 1. Leave the phi position wherever the last picture was taken. 
2. Move X by the sine of the output angle multiplied by the radius.

3. Move Y by the cosine of the output angle multiplied by the radius.

4. Move Z by the difference between the center of the horizontal and the X center value (given in the results file).  
Depending on the omega and kappa set-up, X and Y may have to be switched and multiplied by negative one.  The scripts in the appendix are for omega at 270 and kappa at 0.  With the adjustment of scale factors, they should be applicable to BL 1-5, 9-1, 9-2, and 11-1.  To use on 7-1, whose omega is set to 0, simply switch the X and Y axes and multiply X by -1. 
Starting at an Offset

In the script, the sample motors are all moved to a specified location off center before pictures are taken and analyzed.  This position improved results over starting from the initial mounting position.  However, more experiments will need to be done to determine if the current off-set is optimal.  If the loop is mounted too close to the center, both programs behave unexpectedly and almost always leave x and y in the same position and move z to the right by a large distance.  

Lighting

C3D and XREC both require back-lighting so the blue background light was kept on for these trials unless otherwise noted.  They can also support UV front-lighting to induce fluorescence (this procedure has not been tested). Side lighting was varied to produce different results.
Types of Loops

Both programs can support nylon loops, LithoLoops, and Micromounts although C3D only does crystal detection using UV illumination (loop centering should be sufficient).
Calculating Scale Factors

C3D takes scale factors in the parameter input file (microns per pixel) and outputs distances in microns. XREC outputs distances in pixels and they must be scaled in the TCL script itself.  

The following procedure was used to calculate scale factors at different beamlines:

1. Take a picture using the videoSnapshot 1 $filePath command on the Command Line in Blu-Ice.  

2. Determine its dimension in pixels.

3. Determine the dimensions of the screen at the zoom level used for centering (right now, 0.2 and 0.7).  This was accomplished by using one edge of a loop as a marker, moving it across the screen, and recording how much distance it covered by watching the sample motor positions.  (Note: make sure that gonio phi is at some multiple of 90 so that only one vertical motor (x or y) moves when determining the vertical position.)

4. Divide the dimensions of the screen (in microns for C3D, in millimeters for XREC) by the dimensions of the image in pixels for the two scale factors. 

Scale Factors and Middle of Screen Measurements Calculated so far (microns per pixel)
	Beamline
	 
	Zoom 0.2
	Zoom 0.7

	BL9-1
	X
	6.7416667
	2.1012083

	 
	Z
	6.0993162
	1.9122507

	 
	mid. of pic
	2140.86
	671.2

	BL7-1
	X
	9.7670455
	2.1179792

	 
	Z
	10.822917
	1.9200426

	 
	mid. of pic
	2167.375
	675.855

	BL9-2
	X
	6.956
	 

	 
	Z
	6.317358
	 


Further Testing

XREC can be tested on saved pictures when there is limited beamtime due to user runs.  A script to collect these pictures (which can be adjusted to take less pictures at larger phi intervals) and a script to run XREC are in the appendix. SET_CROSS can be used to evaluate performance.

Loop Centering Results—Initial Trial
Loop centering using the current button in Blu-ice, XREC loop centering, and C3D loop centering was performed back to back on 20 samples.  The blue back light was on and the side light was at level 2, 40% of maximum, for all samples. The current loop centering was performed from a random location (wherever the crystal was mounted) and XREC and C3D were both performed from the starting location specified in their scripts (see above for explanation of offset).
Speed Performance
The current loop centering was fastest, XREC finished in the middle, and C3D was slowest.  For every sample, the three processes finished in that order.
	
	Blu-ice Centering
	XREC
	C3D

	Average Time
	29
	48
	67

	Max
	34
	67
	87

	Min
	25
	43
	58


Accuracy
Each sample was also centered by hand and the x, y, and z coordinates were noted.  The error was then calculated as the distance in three-dimensional space (using the Pythagorean Theorem) between the final position achieved by each of the automated centering methods and the hand-picked position. This error is recorded in the table below next to the sample name.  The table includes the max, mean, and average for both methods
	 
	Loop Centering 
	XREC loop
	C3D loop

	Max
	352.40
	330.03
	765.97

	Min
	6.44
	4.61
	57.00

	Average
	69.50
	66.55
	293.55

	Sample
	Distance ( in microns)

	A1
	41.01
	27.00
	74.03

	A2
	24.40
	33.52
	98.12

	A3
	99.16
	12.02
	195.31

	A4
	179.09
	65.25
	674.84

	A5
	50.51
	23.74
	697.73

	A7
	175.74
	57.73
	260.67

	A8
	14.14
	4.85
	77.08

	B1
	352.40
	296.71
	485.63

	B2
	16.27
	13.53
	270.18

	B3
	22.62
	43.02
	148.64

	B4
	26.47
	92.47
	189.09

	B5
	67.73
	89.69
	221.48

	B6
	24.53
	43.73
	172.13

	B7
	42.10
	36.90
	320.90

	B8
	6.44
	22.21
	89.32

	C1
	19.29
	4.61
	583.89

	C3
	149.68
	330.03
	765.97

	C4
	42.38
	33.67
	398.64

	C5
	9.91
	64.54
	57.00

	C6
	26.22
	35.77
	90.27
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The errors for B1 (shown left) are uniformly large, probably due to the severe bend in the loop.  These types of loops will probably have to be centered by hand.
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The errors for C3 (shown left) were also fairly large but this is most likely due to the large size of the loop.  The differences shouldn’t affect data collection very much since the crystal is large, too.
Comparing the methods, XREC loop centering has the lowest minimum, maximum, and average error.  The current loop centering is a close second and C3D loop centering appears to be highly inaccurate.  The following charts compare the processes.  Blue signifies a first place finish, where that method had the best centering for a particular sample. Red shows the number of samples for which the method had the second best centering, and yellow shows the number of samples for which the method was least successful. 
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Both XREC and Blu-ice loop centering were most accurate about half the time and C3D loop centering was least accurate 19 out of 20 trials. 

(1 signifies most accurate, 2 signifies second most accurate, and 3 signifies least accurate).

Sample size is important to accuracy.  The following table includes a list of loop lengths for each sample in microns. (Although width is the standard measurement of a loop, it was too difficult to determine exact widths from the pictures taken after centering.  Length was a more static measurement.)  Using these lengths, the error (distance from hand-picked solution) has been recalculated as a percentage of the loop size
.
	
	 
	Loop Centering 
	XREC loop
	C3D loop

	
	Max
	210.32
	177.08
	289.83

	
	Min
	2.28
	1.55
	22.03

	
	Average
	28.78
	23.46
	99.32

	Loop Size (um)
	Sample
	Error as Percentage of Loop Size

	221.64
	A1
	18.50
	12.18
	33.40

	183.46
	A2
	13.30
	18.27
	53.48

	197.25
	A3
	50.27
	6.10
	99.02

	281.03
	A4
	63.73
	23.22
	240.13

	458.13
	A5
	11.02
	5.18
	152.30

	197.25
	A7
	89.10
	29.27
	132.15

	312.84
	A8
	4.52
	1.55
	24.64

	167.56
	B1
	210.32
	177.08
	289.83

	292.69
	B2
	5.56
	4.62
	92.31

	206.79
	B3
	10.94
	20.81
	71.88

	594.93
	B4
	4.45
	15.54
	31.78

	641.59
	B5
	10.56
	13.98
	34.52

	264.06
	B6
	9.29
	16.56
	65.19

	357.38
	B7
	11.78
	10.33
	89.79

	282.09
	B8
	2.28
	7.87
	31.66

	232.25
	C1
	8.31
	1.99
	251.41

	610.84
	C3
	24.50
	54.03
	125.40

	389.20
	C4
	10.89
	8.65
	102.43

	258.76
	C5
	3.83
	24.94
	22.03

	209.98
	C6
	12.49
	17.03
	42.99


Using the arbitrary cut-off of 25 percent error to mark failure, the current loop centering had four failures (one of which was the severely bent loop shown above).  XREC had three failures (one of which was the severely bent loop), and C3D had 18 failures. 
The distribution of each centering method’s error is shown in the following graph: 
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Although Blu-Ice centering has the highest number of errors under 10%, it also has some errors scattered in the higher range with four results above 40% error. XREC has the most errors concentrated in the first three columns.  Only two of its results are above 30% error, which arguably makes it more accurate than Blu-Ice loop centering.  C3D has an even distribution across the higher error ranges with 7 results over 100% error.  Clearly, the C3D loop centering cannot compete with the other two methods. However, further tests will be needed to conclusively determine if XREC loop centering is more accurate than Blu-Ice loop centering.
Further Evaluation of XREC
[image: image29.jpg]


The reliability factors (XREC rates itself on the accuracy of the loop alignment) for XREC for the three failures above (A7-below, B1, and C3) were 62, 99, and 98.  It would be possible to eliminate the first failure by raising the reliability threshold from 50 to 70 but that would not eliminate the other two false positives.  B1 failed because of the bent loop, which could be avoided most of the time.  C3’s error probably would have been okay with a large x-ray beam because of the large size of the crystal and the loop.  
Crystal Centering Results
The crystal centering option for both programs was evaluated using the same method as loop centering. XREC and C3D crystal centering were performed on 20 samples with 20% side light and the back light on from the starting location specified in their scripts.  
Speed Performance
XREC crystal centering was the faster method. (All times are in seconds.)  For all samples except one, the two processes finished in that order.  The maximum time for C3D came from having to do several rounds of crystal centering to achieve the necessary accuracy threshold demanded by the script.  If accuracy improves from new lighting, etc., this time may go down considerably. 
	
	XREC
	C3D

	Average Time
	61
	104

	Max
	95
	256

	Min
	46
	65


Accuracy

Each sample was also centered by hand and the x,y, and z coordinates were noted.  The error was then calculated as the distance in three-dimensional space (using the Pythagorean Theorem) between the final position achieved by each of the automated centering methods and the hand-picked position. This error is recorded in the table below next to the sample name.  The table includes the max, mean, and average for both methods.
	 
	XREC crystal
	C3D crystal

	Max
	267.58
	263.31

	Min
	13.06
	4.95

	Average
	56.68
	65.12

	Sample
	Distance ( in microns)

	A1
	25.63
	18.18

	A2
	13.06
	122.29

	A3
	108.29
	23.42

	A4
	28.88
	29.13

	A5
	71.65
	156.84

	A7
	48.12
	47.03

	A8
	32.57
	4.95

	B1
	267.58
	263.31

	B2
	40.97
	21.61

	B3
	48.47
	69.60

	B4
	60.77
	144.67

	B5
	37.30
	62.35

	B6
	46.40
	60.87

	B7
	51.05
	38.97

	B8
	18.96
	21.58

	C1
	19.40
	63.89

	C3
	130.49
	52.18

	C4
	41.73
	12.86

	C5
	25.89
	57.52

	C6
	16.41
	31.06


B1 has large errors again and XREC shows three errors over 100 microns away.  C3D has four errors over 100.  XREC has a slightly lower average error but C3D has slightly lower maximum and minimum errors.
In a comparison, XREC was more accurate 11 out of 20 times, roughly 50% of the time.  
The following table lists the crystal sizes in each sample:

The error (distance from center) can be put in terms of the percentage of the crystal size:
	
	
	XREC crystal
	C3D crystal

	
	Max
	267.58
	263.31

	
	Min
	13.06
	4.95

	
	Average
	56.68
	65.12

	Crystal Size (um)
	Sample
	Error as Percent of Crystal Size

	91.20
	A1
	28.11
	19.94

	74.23
	A2
	17.59
	164.74

	61.51
	A3
	176.05
	38.07

	151.65
	A4
	19.04
	19.21

	355.26
	A5
	20.17
	44.15

	106.05
	A7
	45.38
	44.35

	120.89
	A8
	26.94
	4.09

	92.26
	B1
	290.02
	285.40

	197.25
	B2
	20.77
	10.96

	146.35
	B3
	33.12
	47.56

	411.47
	B4
	14.77
	35.16

	253.45
	B5
	14.72
	24.60

	112.41
	B6
	41.28
	54.15

	191.95
	B7
	26.59
	20.30

	108.17
	B8
	17.53
	19.95

	95.44
	C1
	20.33
	66.94

	475.10
	C3
	27.47
	10.98

	173.92
	C4
	23.99
	7.40

	176.04
	C5
	14.71
	32.68

	155.89
	C6
	10.53
	19.92


Using the arbitrary cut-off of 25 percent error as the line marking failure, XREC had 9 failures (one of which was the severely bent loop and four which were very  close to 25%), and C3D had 10 failures (one was the severely bent loop). 

The following graph shows the distribution of error for C3D and XREC crystal centering. 
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XREC has a tighter distribution in the low error range and has only one error over 100% (compared to C3D’s two).  However, neither method appears to have a significant advantage over the other.
Further Tests
Varying Side Lighting and Back Light

In a follow-up test, eight loops with myoglobin and lysozyme crystals and 4 MiTeGen loops with myoglobin and lysozyme were tested in the manner described above.  In addition, each sample was run under different light levels: only back light (side light 0), back light and 75% of maximum side light (level 3.75), back light and full side light (level 5), only 75% side light, and only full side light.  Only XREC was tested without back light.  C3D does not support that type of lighting. 
Speed Performance
Varying the light levels did not seem to significantly change the relative speed of the centering programs. The Bluice Loop centering was still the fastest in all cases, followed by XREC, and then C3D.  However, turning the background light off did slightly lengthen the XREC process. Both XREC and C3D seem to be a little faster with low side-lighting and the background light on.  The following chart shows the max, min, and average lengths of all the centering processes:
	 
	 
	Background light on
	 
	 
	Background light off
	 

	Strategy
	 
	No Light 
	75% Light 
	Full Light 
	75% Light 
	Full Light

	Bluice Loop
	Max
	33
	 
	 
	 
	 

	 
	Min
	28
	 
	 
	 
	 

	 
	Average
	30
	 
	 
	 
	 

	XREC Loop
	Max
	58
	85
	71
	108
	140

	 
	Min
	47
	44
	46
	44
	45

	 
	Average
	52
	56
	57
	61
	68

	C3D Loop
	Max
	83
	107
	134
	 
	 

	 
	Min
	55
	57
	55
	 
	 

	 
	Average
	64
	74
	73
	 
	 

	XREC Cryst
	Max
	82
	82
	72
	140
	116

	 
	Min
	45
	46
	45
	44
	45

	 
	Average
	57
	57
	60.5
	64
	61

	C3D Cryst
	Max
	619
	198
	235
	 
	 

	 
	Min
	65
	68
	67
	 
	 

	 
	Average
	182
	92
	118
	 
	 


In the following graph, it is easy to see that lighting conditions did not greatly affect the speed of XREC or C3D, except for the C3D crystal centering procedure.  The average time for that procedure seems to decrease at medium lighting, although it is still significantly longer than any other procedure.  [image: image6.emf]Average Times for Each Centering Process
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Accuracy

The average error (in microns from true center of crystal) from these tests is shown below:

	
	Background Light On
	 
	Background Light Off

	 
	No Light
	75% Light
	Full Light
	75% Light
	Full Light

	Bluice Average
	134.73
	 
	 
	 
	 

	XREC Loop Average
	339.57
	363.33
	339.19
	485.66
	415.84

	C3D Loop Average
	278.49
	485.26
	495.34
	 
	 

	XREC Crystal Average
	294.09
	288.77
	274.04
	486.43
	450.29

	C3D Crystal Average
	178.31
	335.68
	320.35
	 
	 


Compared to the previous tests, these errors seem higher than anticipated due to very high errors for all four MiTeGen-mounted samples.  The automated centering programs (except for Bluice centering), appeared to fail for all of these samples.  The following is a picture of the final centering for A3, a myoglobin crystal mounted in a MiTeGen loop, centered with XREC loop centering with back light and 75% side light.
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The crystal centering options for both C3D and XREC fared better, but never completely centered the crystal.  The following is a picture of the final centering for A3 using C3D crystal centering with background light and full side light: 
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Further experimentation and adaptation will probably be needed before the MiTeGen loops can be centered well.  XREC has never been specifically designed to center MiTeGen loops and C3D is only designed to center the crystal using UV illumination. 

Removing the MiTeGen loop results allows us to evaluate the programs using only nylon loops. The following is the average error (distance in three dimensions) with the MiTeGen results removed:
	
	Background Light On
	 
	Background Light Off

	 
	No Light
	75% Light 
	Full Light
	75% Light 
	Full Light

	Bluice Average
	66.94
	 
	 
	 
	 

	XREC Loop Average
	106.77
	109.10
	99.09
	224.09
	244.14

	C3D Loop Average
	129.17
	360.90
	370.65
	 
	 

	XREC Crystal Average
	105.63
	89.77
	82.89
	193.23
	246.88

	C3D Crystal Average
	125.21
	369.09
	351.33
	 
	 


All of the errors dropped significantly, although C3D loop and crystal centering errors remain high.  
The following graph compares the errors for light levels and centering processes:
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In this graph, it is clear that C3D has the worst performance record.  However, C3D’s error is greatly diminished in low light levels, perhaps indicating a sensitivity to glare on the loop edge.  XREC seemed to fare best at high side-lighting, although the results at all lighting levels are fairly close.  Turning off the back light greatly reduced XREC’s performance. 
The following table is notes on the appearance of each sample.  This may be useful when analyzing the individual results on the next page.  Each picture of the crystal was chosen because it had the best lighting and angle to show the crystal and /or the ice on the loop.
	Crystal 
	Type
	Comments
	Picture

	A1
	Myoglobin
	Some ice but the crystal is visible, small crystal
	[image: image10.jpg]




	A2
	Myoglobin
	Larger crystal, visible with no ice
	[image: image11.jpg]




	A3
	Myoglobin
	crystal visible, no ice
	[image: image12.jpg]




	A4
	Myoglobin
	micromount cracked, crystal visible
	[image: image13.jpg]




	A5
	Lysozyme
	no ice, crystal visible
	[image: image14.jpg]




	A6
	Lysozyme
	micromount missing, skipped data collection
	

	A7
	Lysozyme
	lots of ice, crystal not visible
	[image: image15.jpg]




	A8
	Lysozyme
	larger crystal, very visible with no ice
	[image: image16.jpg]




	B1
	Lysozyme
	crystal not readily visible under low light, no ice
	[image: image17.jpg]AT





	B2
	Lysozyme
	very big crystal, highly visible, no ice
	[image: image18.jpg]




	B3
	Lysozyme
	a lot of ice on pin and a little on crystal, visible, big loop
	[image: image19.jpg]




	B4
	Myoglobin
	no ice, small crystal, visible
	[image: image20.jpg]




	B5
	Myoglobin
	icy, crystal barely visible from one side only
	[image: image21.jpg]





Included below is a chart with all the individual results for each sample:
	 
	 Side Light
	 
	XREC Loop
	XREC Cryst
	C3D Loop
	C3D Cryst
	Bluice Loop

	Back Light 
	No Light
	A1
	36.61
	77.11
	121.91
	56.81
	24.64

	On
	 
	A2
	139.95
	171.96
	164.23
	202.04
	146.22

	 
	 
	A3
	702.12
	565.12
	505.10
	Failed
	216.05

	 
	 
	A4
	1043.73
	877.65
	922.91
	482.81
	204.89

	 
	 
	A5
	734.87
	680.02
	587.14
	212.72
	152.83

	 
	 
	A7
	972.80
	749.66
	442.79
	317.34
	575.25

	 
	 
	A8
	51.02
	60.84
	114.24
	160.53
	49.91

	 
	 
	B1
	64.88
	71.31
	87.39
	33.39
	60.95

	 
	 
	B2
	73.85
	145.73
	89.94
	67.89
	71.55

	 
	 
	B3
	77.84
	86.46
	153.48
	245.35
	197.28

	 
	 
	B4
	73.89
	81.92
	54.52
	70.44
	22.28

	 
	 
	B5
	442.86
	255.38
	376.78
	290.41
	29.67

	 
	75% Light 
	A1
	27.41
	27.96
	148.35
	37.25
	 

	 
	 
	A2
	133.95
	37.52
	156.14
	146.09
	 

	 
	 
	A3
	713.15
	564.33
	602.52
	142.74
	 

	 
	 
	A4
	1375.25
	885.70
	991.57
	487.99
	 

	 
	 
	A5
	741.83
	652.34
	698.52
	201.59
	 

	 
	 
	A7
	656.92
	644.77
	643.27
	243.08
	 

	 
	 
	A8
	39.27
	13.49
	150.38
	38.77
	 

	 
	 
	B1
	36.33
	80.14
	93.77
	64.56
	 

	 
	 
	B2
	51.23
	57.04
	82.48
	47.98
	 

	 
	 
	B3
	86.92
	46.95
	1631.36
	272.90
	 

	 
	 
	B4
	61.18
	35.86
	303.06
	101.78
	 

	 
	 
	B5
	436.53
	419.18
	321.65
	2243.41
	 

	 
	Full Light
	A1
	22.49
	19.39
	97.55
	48.83
	 

	 
	 
	A2
	134.08
	139.58
	199.03
	136.73
	 

	 
	 
	A3
	709.43
	573.09
	618.31
	107.56
	 

	 
	 
	A4
	1108.75
	916.38
	1003.30
	457.56
	 

	 
	 
	A5
	729.92
	698.44
	700.02
	134.75
	 

	 
	 
	A7
	969.66
	628.58
	781.87
	302.70
	 

	 
	 
	A8
	45.94
	19.78
	84.06
	48.67
	 

	 
	 
	B1
	106.31
	100.12
	75.58
	103.30
	 

	 
	 
	B2
	50.36
	38.39
	166.67
	563.52
	 

	 
	 
	B3
	56.85
	39.28
	177.38
	172.08
	 

	 
	 
	B4
	40.26
	87.05
	27.92
	88.32
	 

	 
	 
	B5
	435.47
	302.40
	2507.69
	2000.54
	 

	Back Light
	75% Light
	A1
	42.83
	26.17
	 
	 
	 

	Off
	 
	A2
	200.91
	144.83
	 
	 
	 

	 
	 
	A3
	902.14
	774.28
	 
	 
	 

	 
	 
	A4
	1321.56
	818.81
	 
	 
	 

	 
	 
	A5
	774.32
	767.37
	 
	 
	 

	 
	 
	A7
	1037.16
	1083.80
	 
	 
	 

	 
	 
	A8
	77.35
	14.66
	 
	 
	 

	 
	 
	B1
	65.90
	38.05
	 
	 
	 

	 
	 
	B2
	130.22
	161.96
	 
	 
	 

	 
	 
	B3
	237.39
	227.42
	 
	 
	 

	 
	 
	B4
	271.19
	107.03
	 
	 
	 

	 
	 
	B5
	766.89
	825.73
	 
	 
	 

	 
	Full Light
	A1
	37.54
	35.60
	 
	 
	 

	 
	 
	A2
	119.16
	418.30
	 
	 
	 

	 
	 
	A3
	752.82
	763.75
	 
	 
	 

	 
	 
	A4
	1324.83
	781.04
	 
	 
	 

	 
	 
	A5
	775.75
	819.56
	 
	 
	 

	 
	 
	A7
	1030.61
	1064.18
	 
	 
	 

	 
	 
	A8
	70.72
	9.28
	 
	 
	 

	 
	 
	B1
	133.57
	105.94
	 
	 
	 

	 
	 
	B2
	66.60
	138.91
	 
	 
	 

	 
	 
	B3
	198.33
	254.40
	 
	 
	 

	 
	 
	B4
	555.15
	189.72
	 
	 
	 

	 
	 
	B5
	772.09
	822.87
	 
	 
	 


The samples that were centered with an error over 200 microns are highlighted in orange.  The high error for A3 though A7 for every light level is correlated to the samples mounted in MiTeGen loops.  B5 also has a high error for every light level, probably due to the large amount of ice on the loop. The crystal was barely visible.  For this sample, it appears that all the strategies chose part of the loop stem instead of the loop itself.  The following picture was taken after XREC crystal centering, full side light and background light on:

[image: image22.jpg]



Effects of Ice

The level of ice on the crystal only seemed to play a role when it was extreme, to the point that the crystal wasn’t visible anymore (as with crystal B5).  However, having some ice on the crystal did not seem to alter the results drastically.  As shown above, sometime the results were better, sometimes worse when there was ice on the loop or stem.  

Varying Lighting Using Polarized Light

As another test to possibly improve the accuracy, the experiment described above was repeated using polarized side lights. The back light remained unpolarized.  The centering processes were tried for the back light on with 75% and full side lighting, and the back light off with side lighting at 75% and full.  

Speed Performance
Polarizing the light seemed to slightly increase the length of the centering process for most methods. However, the changes were not uniform, so it is difficult to conclude that an overall change is present.
The following chart shows the max, min, and average lengths of all the centering processes:
	 
	 
	Background light on
	 
	Background light off
	

	Strategy
	 
	75% Light 
	Full Light
	75% Light 
	Full Light 

	Bluice Loop
	Max
	27
	 
	 
	 

	 
	Min
	31
	 
	 
	 

	 
	Average
	29.5
	 
	 
	 

	XREC Loop
	Max
	54
	55
	71
	58

	 
	Min
	44
	45
	44
	47

	 
	Average
	50
	51
	55
	50

	C3D Loop
	Max
	180
	297
	 
	 

	 
	Min
	58
	56
	 
	 

	 
	Average
	86
	85
	 
	 

	XREC Cryst
	Max
	74
	92
	120
	111

	 
	Min
	47
	47
	50
	50

	 
	Average
	55
	59
	70
	66

	C3D Cryst
	Max
	97
	96
	 
	 

	 
	Min
	66
	66
	 
	 

	 
	Average
	75
	78
	 
	 


In the following graph, it is easy to see that polarized light did not greatly alter the average time for centering, except for C3D crystal centering.  Both instances of C3D crystal centering show a significant increase in average time.  
[image: image23.emf]Effect of Polarized Light on Time
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Accuracy

The average error (in microns from true center of crystal) from these tests is shown below:
	
	Background Light On
	Background Light Off

	 
	75% Light 
	Full Light
	75% Light 
	Full Light

	Bluice Average
	78.60
	 
	 
	 

	XREC Loop Average
	353.83
	355.43
	554.21
	512.34

	C3D Loop Average
	1586.99
	844.87
	 
	 

	XREC Crystal Average
	303.46
	307.00
	428.46
	471.64

	C3D Crystal Average
	559.00
	593.99
	 
	 


As expected, these errors were quite high because of the MiTeGen results.  The automated centering programs (except for Bluice centering) continued to fail for all of these samples despite the change in lighting.  
 The following is the average error with the MiTeGen results removed:

	
	Background Light On
	Background Light Off

	 
	75% Light 
	Full Light
	75% Light 
	Full Light

	Bluice Average
	62.86
	
	
	

	XREC Loop Average
	100.02
	113.47
	205.40
	198.01

	C3D Loop Average
	1701.16
	736.23
	
	

	XREC Crystal Average
	95.45
	88.96
	167.28
	149.58

	C3D Crystal Average
	614.32
	582.97
	
	


The XREC errors dropped significantly but the C3D remained very high and actually increased for a few samples.  These results seem strange because the C3D manual actually recommends decreasing glare to improve results.  One possible explanation is that the polarization decreased the light intensity which caused poorer results for C3D.  Perhaps a more intense polarized light would improve the results.  However, light level 5 (full) is the current highest possible setting, so a new hardware configuration would be required to test this hypothesis. 
The following graph compares the errors for polarized and unpolarized light:
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In this graph, it is clear that C3D’s accuracy, which was already poor, decreased dramatically.  Except for the decrease in light intensity caused by polarization, there does not appear to be any other explanation. Polarized lighting seemed to slightly decrease XREC’s accuracy as well when the back light was on.  With the back light off, XREC’s performance improved slightly using polarized light. Perhaps the back light itself must be polarized to improve performance. 

Included below is a chart with all the individual results for each sample:
	
	
	
	XREC Loop
	XREC Cryst
	C3D Loop
	C3D Cryst
	Bluice Loop

	Back Light 
	75% Light 
	A1
	30.65279227
	33.47056934
	126.6398642
	20.91867694
	13.28228241

	On
	
	A2
	62.20756977
	14.89604102
	3200.151674
	117.4155453
	56.31935904

	
	
	A3
	705.4226049
	544.2456578
	606.3635722
	214.3674054
	67.98204606

	
	
	A4
	1048.467306
	894.2061656
	928.7594643
	701.351303
	157.9533518

	
	
	A5
	730.3091859
	608.9970884
	2635.926727
	64.01959641
	122.5728618

	
	
	A7
	861.5472459
	830.496755
	1263.538322
	813.6582629
	91.72994433

	
	
	A8
	88.48447907
	41.32731612
	246.918429
	117.4047534
	68.55963449

	
	
	B1
	76.23360166
	54.45958172
	800.0453567
	438.679993
	33.5368623

	
	
	B2
	80.65970514
	56.19703457
	151.4209607
	527.1982975
	48.38234642

	
	
	B3
	146.7735741
	63.11504401
	220.7958278
	1644.208322
	105.4084371

	
	
	B4
	103.7547175
	103.6428681
	6413.388226
	1940.147625
	67.91039512

	
	
	B5
	311.4042006
	396.472936
	2449.926478
	108.6149582
	109.5117368

	
	Full Light
	A1
	8.28879376
	10.12586841
	846.941027
	693.7159657
	

	
	
	A2
	37.59403793
	26.45229393
	920.5063065
	628.3104869
	

	
	
	A3
	716.0953391
	556.5902216
	622.5273221
	466.3194522
	

	
	
	A4
	1048.341178
	905.5495227
	912.9988376
	663.4488512
	

	
	
	A5
	729.6341856
	581.6587025
	1597.434831
	518.8459881
	

	
	
	A7
	863.3205314
	928.5410255
	1115.682368
	815.4848679
	

	
	
	A8
	85.7714562
	54.95705069
	246.3007218
	131.3863153
	

	
	
	B1
	30.77431232
	61.52530957
	942.9826441
	570.8327413
	

	
	
	B2
	57.72379186
	56.24057828
	771.7211018
	471.1268401
	

	
	
	B3
	193.5486632
	122.2481494
	140.1304994
	204.639646
	

	
	
	B4
	106.3554201
	80.73068412
	134.3088166
	129.8160718
	

	
	
	B5
	387.6639912
	299.3772774
	1886.916434
	1833.901607
	

	Back Light
	75% Light 
	A1
	75.38304206
	40.8909715
	
	
	

	Off
	
	A2
	108.144865
	15.31540463
	
	
	

	
	
	A3
	966.632269
	610.5241912
	
	
	

	
	
	A4
	1324.214004
	835.3079301
	
	
	

	
	
	A5
	966.3353678
	1031.605186
	
	
	

	
	
	A7
	1750.16634
	1325.888943
	
	
	

	
	
	A8
	103.322419
	38.33452985
	
	
	

	
	
	B1
	119.435292
	47.22253933
	
	
	

	
	
	B2
	283.7087653
	41.93267452
	
	
	

	
	
	B3
	100.069954
	109.7695123
	
	
	

	
	
	B4
	250.1629349
	191.3046348
	
	
	

	
	
	B5
	602.9460964
	853.4600538
	
	
	

	
	Full Light
	A1
	117.5239236
	33.68452421
	
	
	

	
	
	A2
	135.5595245
	160.8098282
	
	
	

	
	
	A3
	1239.807684
	778.406605
	
	
	

	
	
	A4
	1087.359359
	1279.669875
	
	
	

	
	
	A5
	949.9714053
	915.1886017
	
	
	

	
	
	A7
	1286.892426
	1489.821999
	
	
	

	
	
	A8
	150.4802187
	69.25281436
	
	
	

	
	
	B1
	31.52826346
	43.44963359
	
	
	

	
	
	B2
	245.4161328
	34.60558101
	
	
	

	
	
	B3
	131.942291
	102.4479054
	
	
	

	
	
	B4
	177.3631761
	201.0016985
	
	
	

	
	
	B5
	594.280999
	551.3852459
	
	
	


The samples that were centered with an error over 200 microns are highlighted in orange.  The high error for A3 though A7 for every light level is correlated to the samples mounted in MiTeGen loops.  B5 also continued to have a high error for every light level, probably due to the large amount of ice on the loop. In addition, more errors over 200 microns appeared for C3D loop and crystal centering.
Conclusion
Loop Centering
C3D’s loop centering function is not accurate enough to be effective; in addition, it is the slowest of the three methods.  At this point, it is feasible to remove C3D from further loop centering tests.  XREC’s results show more promise.  Although about twice as long as the current loop centering (with the potential to be 3 or 4 times as long if it is a difficult crystal), XREC appears to be slightly more accurate than the current loop centering in initial results, with 40% side lighting.  Further testing with varied light levels was not able to improve upon XREC’s performance, suggesting that 40% side light (or even lower—a range which has not yet been explored) may be optimal. However, without further tests and modification, it does not appear to be accurate enough under the current lighting and zoom levels to be used without user intervention. 

Since a smaller sample size was used in the above trials, XREC will need further evaluation before disqualified or declared ready for use. Perhaps XREC can be adapted as a button in Blu-ice for users to try and statistics can be collected from there.

Crystal centering for both programs showed uneven results that require further study. Although most of the crystals were centered fairly accurately and the crystal would have remained in a larger x-ray beam for 360 degrees of rotation, there were catastrophic failures at each light level where the program centered on the pin or loop stem.  No data would have been collected in these instances.  Overall, XREC seemed to be slightly more accurate but the statistics are so similar that both programs should continue to be tested for crystal centering. 

C3D also has a couple different options for crystal centering that have not yet been tested.  See manual for details. The number of pictures used for centering may also be a variable that can be used to increase accuracy (currently 9 images are being used). 
Neither program appears to be ready at this point for full automation.  One interesting trial (once beam is back) would be to take a full cassette of crystals, mount each one individually, center it using XREC and take two images for autoindexing, center it using C3D and take two images for autoindexing, and then mount the next crystal.  This could be a fully automated test, allowing a lot of data to be collected.  Perhaps being off by 30% of the crystal size would still yield adequate diffraction.

Contact Christina Homer at chomer@ucsd.edu for questions about this document. 

Appendix A—Script for XREC

set numShot 5 


Number of pictures

set delta [expr 360.0 /$numShot]

Find angle between pictures
set dir /data/[get_user_name]/XREC3.0/Images/Loop
set directory for data 
set prefix loop_low_images 


identifying prefix for images
### to avoid the deadspace where x and y are close to .127 and -.502 mm respectively

move sample_x to 250 um 
move x,y, and z to preset positions
move sample_y to 250 um

move sample_z to 2000 um

wait_for_devices sample_x

wait_for_devices sample_y

wait_for_devices sample_z

set RELIABILITY 1



set a lower threshold
while {$RELIABILITY<50} {

for reliability (here, 50%)
#### move phi to zero and save phi

move gonio_phi to 0


data collection always starts at phi=0
wait_for_devices gonio_phi

##### move camera_zoom to low zoom

move camera_zoom to 0.2


move zoom to low for loop centering
wait_for_devices camera_zoom

for {set i 0} {$i < $numShot} {incr i} {
sequence to take the number of pictures set above separated by the angle calculated above
    set phi [expr $delta * $i]

    move gonio_phi to $phi

    wait_for_devices gonio_phi

    ###filename

    set filename ${prefix}_${i}_${phi}.jpg
format for filename
    set filePath [file join $dir $filename]

    ###

    videoSnapshot 1 $filePath



command to take picture
    log_note snapshot to $filePath

}

log_note "Video snapshot done. Please wait a moment while XREC runs"

######converting jpeg files to ppm amd removing the jpg files before reading into XREC

set convert [exec /data/chomer/XREC3.0/convert_jpeg_2_ppm_loop]
convert program—XREC will not run with JPEG images
log_note "conversion of files completed"

##### running XREC to give values for centring of crystal in pixels

set XREC [exec /home/grayum/XREC3.0/XREC_linux86  /data/chomer/XREC3.0/centre_loop_low /data/chomer/XREC3.0/results_loop_low.tcl >& /dev/null ]
Run XREC
set RELIABILITY [exec grep RELIABILITY /data/chomer/XREC3.0/results_loop_low.tcl | cut -c12-18 ]

log_note "RELIABILITY $RELIABILITY (scored range is 0-100%)"
Determine reliability from output file
### getting the values from results file

set TARGET_ANGLE [exec grep TARGET_ANGLE 

Cut parameters from results /data/chomer/XREC3.0/results_loop_low.tcl | cut -f 2 ]

set RADIUS [exec grep RADIUS /data/chomer/XREC3.0/results_loop_low.tcl | cut -f 3 ]

set Y_centre [exec grep Y_CENTRE /data/chomer/XREC3.0/results_loop_low.tcl | cut -f 2 ]

set X_centre [exec grep X_CENTRE /data/chomer/XREC3.0/results_loop_low.tcl | cut -f 2 ]

#### move vertically, in screen image, first converting pixels to mm, at 0.2 zoom image is 6.876  x 5.195 mm (704 pix by 480 pix)

set move_x [expr ((cos($TARGET_ANGLE *6.28 /360)) * 0.0067416667* $RADIUS ) ]

move sample_x by $move_x mm



Center in one vertical axis
log_note "moving sample_x by $move_x"

set move_y [expr ((sin($TARGET_ANGLE *6.28 /360)) * 0.0067416667* $RADIUS )] 

move sample_y by $move_y mm

log_note "moving sample_y by $move_y"

Center in other vertical axis
##### moving xtal to centre of image 704/2 pixels minus the value of Y_centre (current position of xtal) and translating in Z and moving to those positions,

set move_z [expr (352-$Y_centre) * 0.0060993162]
Center horizontal axis
log_note "moving sample_z by $move_z"

move sample_z by $move_z mm

wait_for_devices sample_z

wait_for_devices sample_y

wait_for_devices sample_x

}

#### move to medium zoom

move camera_zoom to 0.7 

Move zoom to high for crystal centering
wait_for_devices camera_zoom

set dir /data/[get_user_name]/XREC3.0/Images/Crystal
Reset the folder
set prefix loop_high_images




New prefix
 
set numShot 9





Use 9 images for crystal 
set delta [expr 360.0 /$numShot]
centering separated by 40 degrees
set RELIABILITY 1

while {$RELIABILITY<60} {

Set threshold at above 60% reliability
#### move phi to zero and save phi

move gonio_phi to 0


Start data collection at phi=0
wait_for_devices gonio_phi

for {set i 0} {$i < $numShot} {incr i} {
take pictures 40 degrees apart
    set phi [expr $delta * $i]

    move gonio_phi to $phi

    wait_for_devices gonio_phi

    ###filename

    set filename ${prefix}_${i}_${phi}.jpg

    set filePath [file join $dir $filename]

    ###

    videoSnapshot 1 $filePath

    log_note snapshot to $filePath

}

log_note "Video snapshot done. Please wait a moment while XREC runs"

######converting jpeg files to ppm amd removing the jpg files before reading into XREC







Convert to ppm for XREC
set convert [exec /data/chomer/XREC3.0/convert_jpeg_2_ppm_crystal]

log_note "conversion of files completed"

##### running XREC to give values for centring of crystal in pixels

set XREC [exec /home/grayum/XREC3.0/XREC_linux86  /data/chomer/XREC3.0/centre_loop_high /data/chomer/XREC3.0/results_loop_high.tcl >& /dev/null ]
Run XREC
set RELIABILITY [exec grep RELIABILITY /data/chomer/XREC3.0/results_loop_high.tcl  | cut -c12-18]

log_note "RELIABILITY $RELIABILITY(scored range is 0-100%)" Check Reliability
### getting the values from results file

set TARGET_ANGLE [exec grep TARGET_ANGLE 
get centering parameters /data/chomer/XREC3.0/results_loop_high.tcl | cut -f 2 ]

set RADIUS [exec grep RADIUS /data/chomer/XREC3.0/results_loop_high.tcl | cut -f 3 ]

set Y_centre [exec grep Y_CENTRE /data/chomer/XREC3.0/results_loop_high.tcl | cut -f 2 ]

set X_centre [exec grep X_CENTRE /data/chomer/XREC3.0/results_loop_high.tcl | cut -f 2 ]

#### move vertically, in screen image, first converting pixels to mm, at 0.2 zoom image is  6.876 x 5.195 mm (704 pix by 480 pix)

set move_x [expr (((cos($TARGET_ANGLE *6.28 /360)) * 0.0021012083)* $RADIUS ) ]

move sample_x by $move_x mm

log_note "moving sample_x by $move_x"
Center along x axis
set move_y [expr ((sin($TARGET_ANGLE *6.28 /360) * 0.0021012083)* $RADIUS ) ]

move sample_y by $move_y mm

log_note "moving sample_y by $move_y"
Center along y axis
##### moving xtal to centre of image 704/2 pixels minus the value of Y_centre (current position of xtal) and translating in Z and moving to those positions,

set move_z [expr (352-$Y_centre) *  0.0019122507]

log_note "moving sample_z by $move_z"
Center in horizontal direction
move sample_z by $move_z mm

wait_for_devices sample_z

wait_for_devices sample_x

wait_for_devices sample_y

}

Files referenced by script:

/data/chomer/XREC3.0/convert_jpeg_2_ppm_loop
#!/usr/local/bin/tcsh -f

foreach file (/data/chomer/XREC3.0/Images/Loop/*.jpg) Convert each jpg to ppm
convert $file $file:r.ppm

end

#rm /data/grayum/mitegen/*.jpg

/data/chomer/XREC3.0/centre_loop_low
input file for XREC loop centering
PREALIGN

starts loop centering
LOOP_POSITION 2 # this has loop stem coming in from the left

IMAGE_SPECIAL 0 # default for ordinary loops

NUM_IMG 5

number of images taken
DATA_START

0.0   /data/chomer/XREC3.0/Images/Loop/loop_low_images_0_0.0.ppm
image paths
72.0  /data/chomer/XREC3.0/Images/Loop/loop_low_images_1_72.0.ppm

144.0  /data/chomer/XREC3.0/Images/Loop/loop_low_images_2_144.0.ppm

216.0 /data/chomer/XREC3.0/Images/Loop/loop_low_images_3_216.0.ppm

288.0 /data/chomer/XREC3.0/Images/Loop/loop_low_images_4_288.0.ppm

DATA_END

/data/chomer/XREC3.0/convert_jpeg_2_ppm_crystal

#!/usr/local/bin/tcsh -f

foreach file (/data/chomer/XREC3.0/Images/Crystal/*.jpg) Convert jpg to ppm
convert $file $file:r.ppm

end

#rm /data/grayum/mitegen/*.jpg

/data/chomer/XREC3.0/centre_loop_high

LOOP_POSITION 2 # this has loop stem coming in from the left

IMAGE_SPECIAL 0 # default for ordinary loops

LOGOUTX

Outputs special log file
NUM_IMG 9

DATA_START

0.0   /data/chomer/XREC3.0/Images/Crystal/loop_high_images_0_0.0.ppm

40.0  /data/chomer/XREC3.0/Images/Crystal/loop_high_images_1_40.0.ppm

80.0  /data/chomer/XREC3.0/Images/Crystal/loop_high_images_2_80.0.ppm

120.0 /data/chomer/XREC3.0/Images/Crystal/loop_high_images_3_120.0.ppm

160.0 /data/chomer/XREC3.0/Images/Crystal/loop_high_images_4_160.0.ppm

200.0 /data/chomer/XREC3.0/Images/Crystal/loop_high_images_5_200.0.ppm

240.0 /data/chomer/XREC3.0/Images/Crystal/loop_high_images_6_240.0.ppm

280.0 /data/chomer/XREC3.0/Images/Crystal/loop_high_images_7_280.0.ppm

320.0 /data/chomer/XREC3.0/Images/Crystal/loop_high_images_8_320.0.ppm

DATA_END
Appendix B—Script for C3D

set numShot 5

Set number of images
set delta [expr 360.0 /$numShot]

Set angle between them
set dir /data/[get_user_name]/C3D/Images/Loop

Set directory 
set prefix loop_low_images


Set prefix for images
### to avoid the deadspace where x and y are close to .127 and -.502 mm respectively

move sample_x to 250 um


move x, y, and z to preset positions
move sample_y to 250 um

move sample_z to 2000 um

wait_for_devices sample_x

wait_for_devices sample_y

wait_for_devices sample_z

set RELIABILITY 1

Set reliability threshold (here between 6 and 9)
while {$RELIABILITY<6} {

#### move phi to zero and save phi

move gonio_phi to 0



Start data collection at phi=0
wait_for_devices gonio_phi

#### Move camera_zoom to low level

move camera_zoom to 0.2



Move zoom to low for loop centering
wait_for_devices camera_zoom

for {set i 0} {$i < $numShot} {incr i} {
Take pictures separated by angle specified above
    set phi [expr $delta * $i]

    move gonio_phi to $phi

    wait_for_devices gonio_phi

    ###filename

    set filename ${prefix}_${i}.jpg

    set filePath [file join $dir $filename]

    ###

    videoSnapshot 1 $filePath

    log_note snapshot to $filePath

}

log_note "Video snapshots done. Please wait a moment while C3D runs"

######converting jpeg files to png amd removing the jpg files before reading into C3D



convert jpegs to png (format accepted by C3D)
set convert [exec /data/chomer/C3D/convert_jpeg_2_png_loop]

log_note "conversion of files completed"

###set remove [exec rm $dir/*.jpg]

##### running C3D to give values for centring of crystal in pixels

cd /data/chomer/C3D/

change to directory where c3d exec. is stored
set C3D [exec ./c3d /data/chomer/C3D/centre_loop_low0.2]
run C3D
log_note "C3D done"

set RELIABILITY [exec cut -c112-118 results.txt | paste -s | cut -c13-18]

log_note "Reliability $RELIABILITY -Scored range between 0 (failure) and 9 (likely good centering)"
Determine reliability
### getting the values from results
     Get centering parameter from results
set TARGET_ANGLE [exec cut -c36-42 results.txt | paste -s | cut -c7-25]

set RADIUS [exec cut -c30-36 results.txt | paste -s | cut -c7-25]

set Y_centre [exec  cut -c23-30 results.txt | paste -s | cut -c7-25]

set X_centre [exec cut -c15-23 results.txt | paste -s | cut -c7-25]

#### move vertically, in screen image, first converting pixels to mm, at 0.2 zoom image is 6.876  x 5.195 mm (704 pix by 480 pix)

set move_x [expr ((sin($TARGET_ANGLE *6.28 /360))* $RADIUS   ) ]
center                         

along x axis
move sample_x by $move_x um

log_note "moving sample_x by $move_x"

set move_y [expr ((cos($TARGET_ANGLE *6.28 /360))* $RADIUS ) ]
center along y axis
move sample_y by $move_y um

log_note "moving sample_y by $move_y"

##### moving xtal to centre of image 704/2 pixels minus the value of Y_centre (current position of xtal) and translating in Z and moving to those positions,

set move_z [expr ((2146.9593 - $X_centre)) ]
center along horizontal
move gonio_phi to 0

log_note "moving sample_z by $move_z"

move sample_z by $move_z um

wait_for_devices sample_z

wait_for_devices gonio_phi

wait_for_devices sample_y

wait_for_devices sample_x

}

###moving to higher zoom

move camera_zoom to 0.8


move to high zoom for crystal centering
wait_for_devices camera_zoom

set numShot 9



change number of pictures taken
set delta [expr 360.0 /$numShot]

change angle between pictures
set dir /data/[get_user_name]/C3D/Images/Crystal
change directory
set prefix loop_high_images


change prefix
set RELIABILITY 1 

while {$RELIABILITY<6} {

set reliability threshold
move gonio_phi to 0


start data collection at phi=0
wait_for_devices gonio_phi

for {set i 0} {$i < $numShot} {incr i} {
collect 9 picture separated by 40 degrees
    set phi [expr $delta * $i]

    move gonio_phi to $phi

    wait_for_devices gonio_phi

    ###filename

    ###set filename ${prefix}_${i}_[clock format [clock seconds] -format "%d%b%y%_H%M%S"].jpg

    set filename ${prefix}_${i}.jpg

    set filePath [file join $dir $filename]

    ###move gonio_phi to 0

    wait_for_devices gonio_phi

    videoSnapshot 1 $filePath

    log_note snapshot to $filePath

}

log_note "Video snapshots done. Please wait a moment while C3D runs"

######converting jpeg files to png and removing the jpg files before reading into C3D





Convert jpegs to png (format accepted by C3D)
set convert [exec /data/chomer/C3D/convert_jpeg_2_png_crystal]

log_note "conversion of files completed"

##### running C3D to give values for centring of crystal in pixels

cd /data/chomer/C3D/

set C3D [exec ./c3d /data/chomer/C3D/centre_loop_high0.7]
Run C3D
log_note "C3D done"

set RELIABILITY [exec cut -c112-118 results.txt | paste -s | cut -c13-18]

log_note "Reliability $RELIABILITY -Scored range between 0 (failure) and 9 (likely good centering)"
Check Reliability
### getting the values from results file







Get centering parameters from results
set TARGET_ANGLE [exec cut -c36-42 results.txt | paste -s | cut -c7-25]

set RADIUS [exec cut -c30-36 results.txt | paste -s | cut -c7-25]

set Y_centre [exec  cut -c23-30 results.txt | paste -s | cut -c7-25]

set X_centre [exec cut -c15-23 results.txt | paste -s | cut -c7-25]

set GBA [exec  cut -c85-93 results.txt | paste -s | cut -c7-25]

#### move vertically, in screen image, first converting pixels to mm, at 0.2 zoom image is 6.876  x 5.195 mm (704 pix by 480 pix)
center along x axis
set move_x [expr ((sin($TARGET_ANGLE *6.28 /360))* $RADIUS  ) ]

move sample_x by $move_x um

wait_for_devices sample_x

log_note "moving sample_x by $move_x"










center along y axis
set move_y [expr ((cos($TARGET_ANGLE *6.28 /360))* $RADIUS ) ]

move sample_y by $move_y um

wait_for_devices sample_y

log_note "moving sample_y by $move_y"

##### moving xtal to centre of image 704/2 pixels minus the value of Y_centre (current position of xtal) and translating in Z and moving to those positions,

set move_z [expr ((671.2 - $X_centre ) ) ]

center horizontally
log_note "moving sample_z by $move_z"

move sample_z by $move_z um

wait_for_devices sample_z

wait_for_devices sample_y

wait_for_devices sample_x

}

move gonio_phi by $GBA


move loop to angle with best view 
wait_for_devices gonio_phi

#### If going to use C3D for automated crystal centering, it would be good to add an additional troubleshooting measure:  In the deadspace described above, the program thinks the loop is as long as the pin ~ 3.210 mm.  If "L" is greater than 1mm?, need to supply different starting coordinates. 

Files referenced by script:

/data/chomer/C3D/convert_jpeg_2_png_loop

Conversion file
#!/usr/local/bin/tcsh -f

foreach file (/data/chomer/C3D/Images/Loop/*.jpg)

convert $file $file:r.png

end

#rm /data/grayum/mitegen/*.jpg

/data/chomer/C3D/convert_jpeg_2_png_crystal
Conversion file
#!/usr/local/bin/tcsh -f

foreach file (/data/chomer/C3D/Images/Crystal/*.jpg)

convert $file $file:r.png

end

#rm /data/grayum/mitegen/*.jpg

/data/chomer/C3D/centre_loop_low0.2

Input for low zoom
-obj=loopshape+loopcentre3d

-scx=6.1573153

-scy=6.7231042

-imt=loop_low_images_%d.png

-idx= 0 1 2 3 4 

-ang= 0 72 144 216 288

-r3d=results.txt 

-wfo=/data/chomer/C3D

-bkg=background71.png

-imd=/data/chomer/C3D/Images/Loop

-nhl=2

-r2d=results2d.txt

-lwd=30

-mme 40

/data/chomer/C3D/centre_loop_high0.7
Input for high zoom
-obj=loopshape+crystal3d

-scx=1.9122507

-scy=2.1012083

-imt=loop_high_images_%d.png

-idx= 0 1 2 3 4 5 6 7 8

-ang= 0 40 80 120 160 200 240 280 320

-r3d=results.txt 

-wfo=/data/chomer/C3D

###-bkg=background71.png

-fuz

-imd=/data/chomer/C3D/Images/Crystal

-log=log.txt

-nhl=2

-r2d=results2d.txt

-v=3

Appendix C—Script to Collect Pictures

***Note: This script takes 180 pictures, each 2 degrees apart.  If just using this for XREC, it is possible to adjust the number of pictures taken to speed up the process.

set id A1



Set crystal ID
set numShot 180


Set number of pictures
set delta [expr 360.0 /$numShot]

Set angle between them
file mkdir /data/[get_user_name]/MATCH4/${id}

set dir /data/[get_user_name]/MATCH4/${id}
make and set directory
### First pass

set prefix1 zoom1-light3
Set prefix describing light and zoom
set cam-zoom1 1


Set zoom

set light 3



Set light
#### save phi

variable gonio_phi

set orig_phi $gonio_phi

Save original phi so you can return
### move side light

variable aoDaq00


Save original light level so you can return
set orig_aoDaq00 $light

move aoDaq00 to ${light}
Change light to right level
wait_for_devices aoDaq00

##### move camera_zoom to zoom

variable camera_zoom

Save original zoom
set orig_zoom $camera_zoom

move camera_zoom to ${cam-zoom1}
Move to correct zoom
wait_for_devices camera_zoom

for {set i 0} {$i < $numShot} {incr i} {
 For each picture:
    set phi [expr $delta * $i]

    move gonio_phi to $phi



Rotate to corresponding angle
    wait_for_devices gonio_phi

    ###filename

    set filename ${prefix1}_${i}_${gonio_phi}.jpg

    set filePath [file join $dir $filename]

    ###

    videoSnapshot 1 $filePath



Take snapshot
    log_note snapshot to $filePath

    wait_for_time 200

}

Appendix D—Script to Run XREC on Already Saved Pictures

puts "Enter directory"

gets user-defined filepath for stored pictures
set dir [gets stdin]

changes to correct directory
foreach image_prefix {zoom0.8-light2 zoom0.8-light3 zoom0.9-light2 zoom0.9-light3 zoom1-light2 zoom1-light3} {

For each light and zoom level:
#### running XREC on pictures collected


Copies needed picture to the Run_xrec folder
file copy -force $dir/${image_prefix}_0.jpg /data/chomer/Run_xrec/Images/image_.jpg

file copy -force $dir/${image_prefix}_20.jpg /data/chomer/Run_xrec/Images/image_20.jpg

file copy -force $dir/${image_prefix}_40.jpg /data/chomer/Run_xrec/Images/image_40.jpg

file copy -force $dir/${image_prefix}_60.jpg /data/chomer/Run_xrec/Images/image_60.jpg

file copy -force $dir/${image_prefix}_80.jpg /data/chomer/Run_xrec/Images/image_80.jpg

file copy -force $dir/${image_prefix}_100.jpg /data/chomer/Run_xrec/Images/image_100.jpg

file copy -force $dir/${image_prefix}_120.jpg /data/chomer/Run_xrec/Images/image_120.jpg

file copy -force $dir/${image_prefix}_140.jpg /data/chomer/Run_xrec/Images/image_140.jpg

file copy -force $dir/${image_prefix}_160.jpg /data/chomer/Run_xrec/Images/image_160.jpg

### convert jpg to ppm







Converts them to correct format
set convert [exec /data/chomer/convert_jpeg_2_ppm]

###run XREC

set XREC [exec /home/grayum/XREC3.0/XREC_linux86 /data/chomer/Run_xrec/run_xrec ${dir}/results.tcl >& /dev/null]
Runs XREC
###move cross images to previous directory





Copies results back to original directory
file copy -force /data/chomer/Run_xrec/Cross ${dir}/Cross_${image_prefix}

file rename -force ${dir}/results.tcl ${dir}/Cross_${image_prefix}/results.tcl

}

Files referenced by script:

/data/chomer/Run_xrec/run_xrec
LOOP_POSITION 2 # this has loop stem coming in from the left

IMAGE_SPECIAL 0 # default for ordinary loops

SET_CROSS 
Output images with cross marking calculated position of crystal
LOGOUTX

NUM_IMG 9

DATA_START

0.0   /data/chomer/Run_xrec/Images/image_0.ppm

40.0  /data/chomer/Run_xrec/Images/image_20.ppm

80.0  /data/chomer/Run_xrec/Images/image_40.ppm

120.0 /data/chomer/Run_xrec/Images/image_60.ppm

160.0 /data/chomer/Run_xrec/Images/image_80.ppm

200.0 /data/chomer/Run_xrec/Images/image_100.ppm

240.0 /data/chomer/Run_xrec/Images/image_120.ppm

280.0 /data/chomer/Run_xrec/Images/image_140.ppm

320.0 /data/chomer/Run_xrec/Images/image_160.ppm

DATA_END
















� Blu-ice Loop Centering was only run once because it has lighting conditions incorporated into its own code so the change in lighting conditions would not affect its results.


� Script for XREC on 9-1 can be found at /data/chomer/XREC3.0/crystal9-1 and script for C3D is /data/chomer/C3D/crystal9-1.


� The percent error is a crude measurement of accuracy, designed to determine roughly how accurate both programs are.  From the results above, XREC and C3D appear to be on fairly equal footing for crystal centering, although XREC has the edge in timing and is a little bit more accurate.  
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