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XREC 3.0 Manual  
Copyright © 2006, 2007, European Molecular Biology Laboratory 
 
 
This Manual outlines the basic principles of the XREC software suite for automated crystal centring 
and provides instructions on how to use it at the beamline. For further details please visit www.embl-
hamburg.de/XREC or consult the authors. The users are kindly requested to report any bugs or desired 
features to the authors. 

1 General Information 

1.1 Introduction 
XREC is a software suite for automated crystal recognition. Currently it is applicable for the 
automated alignment of loops and/or automated centring of crystals on a beamline goniostat, Figure 1. 
XREC processes a series of images, which display different orientations of a crystal cryo-cooled in a 
loop, determines the desired coordinates and provides in addition an estimate of the accuracy 
(‘reliability’) of the results. 

 
Figure 1. The loop holding the crystal is mounted to a goniometer. Images, taken by a camera, are used for crystal centring. 

XREC assumes the camera’s optical axis to be orthogonal to the spindle axis. 

1.2 Why using XREC for loop alignment / crystal centring? 
XREC was designed to be functional under arbitrary conditions in terms of lighting, appearance of the 
loop, loop type, crystal’s appearance, disturbing background objects etc. If the human eye is able to 
detect the crystal, then the demand is that also XREC can find the crystal.  
Most homemade solutions have the disadvantage of being designed for a particular beamline station 
owing special and fixed conditions. However, as soon as these conditions have to be changed for any 
reason, also the software for the alignment has to be altered. Using XREC this drawback vanishes.  

1.3 Major changes in XREC version 3.0 compared to version 2.3 
• Fast and robust loop alignment, see Subsections 2.3, 2.5.2 
• New keywords for more reliable estimations, see Subsection 2.3 

o Provision of a background image is now supported. 



 2 

o Centre of rotation can be provided (less images for centring are needed / accuracy of 
coordinates increases) 

• General support of LithoLoops and MicroMounts, see Subsection 4.3 
• XREC can be called as a library (DLL) function 

o images do not have to be stored on harddisk. 
o  can speed up the entire centring process 

• Changed interpretation of resulting values !!, see Section 3 
o X_CENTRE always refers to centre of rotation counted in pixels from either the top 

of the images (horizontal orientation of the loop object) or the left (vertical orientation 
of the loop object) 

o Y_CENTER always refers to the constant coordinate, counted in pixels from either 
the left of the images (horizontal orientation of the loop object) or the top (vertical 
orientation of the loop object) 

 
• Improved overall performance, see Section 4 
• Increased speed of processing 

1.4 Distribution 
The XREC package is freely available to academic users provided that they agree to the XREC 
academic license conditions and the use of XREC is properly cited. Commercial users are requested to 
obtain a corresponding license. 

1.5 Reference 
Sudhir Babu Pothineni, Tilo Strutz & Victor S. Lamzin (2006). Automated detection and centring of 
cryo-cooled protein crystals. Acta Cryst, D62, 1358-1368. 

2 Using XREC 

2.1 Standalone Executable 
XREC is invoked via a shell script with the command line: XREC data.txt result.txt 
The file data.txt contains required parameters and the output is placed in result.txt. The 
beamline operator may write his/her own wrapper to call XREC and, according to its output, to apply 
corresponding movement of the beamline motors that control the position of the crystalline sample. 
 
The data.txt file should have the following structure: 
 

# This is a comment 
LOOP_POSITION 1 
NUMBER_OF_IMAGES 9 
DATA_START 
0 /mnt/pictures/image_000.pgm 
40 /mnt/pictures/image_001.ppm 
80  /mnt/pictures/image_002.tif 
120 /mnt/pictures/image_003.pgm 
160 /mnt/pictures/image_004.pgm 
200 /mnt/pictures/image_005.pgm 
240 /mnt/pictures/image_006.pgm 
280 /mnt/pictures/image_007.pgm 
320 /mnt/pictures/image_008.pgm 
DATA_END 
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The keywords can be given in any order, except for (in the old format) the block ”DATA_START ... 
DATA_END” which has to be the last. The reference to the images within the DATA block can be given 
in any order as long as the image names are accompanied with the corresponding angle (ϕ) of spindle 
rotation. Some keywords are optional. If they are not present in the data file, default values are used 
(see next subsection). 

2.2 XREC as Library (DLL) Function (version 3.0 or later) 
XREC can now alternatively be invoked as a library function. The advantages are 

• no writing of images to the harddisk 
• time of termination of XREC’s processing is known exactly, no polling of the activity monitor 

(see Subsection 3.1) is required. 
Instead of giving keywords all information can be passed as parameters. The authors of XREC will 
provide a tailored wrapper function on request. For instance at BW7B (EMBL Hamburg), XREC is 
called from a LabView control software. 

2.3 Keywords/Parameter 
LOOP_POSITION <number> (optional) 

Indicates the direction of the loop: 0 - from the bottom (default), 1 - from the top, 2 - from the 
left, 3 - from the right (see Figure 2 - Figure 5) 

 
 

 
Figure 4. LOOP_POSITION=2 

 
Figure 5. LOOP_POSITION=3 

 
 

 
IMAGE_SPECIAL <number> (optional) 

This defines some special cases, e.g. black markers to be masked out by XREC. 
0 - nothing special (default) 
1 - MAR dtb images (Figure 3) 

 
Figure 2. LOOP_POSITION=0 

 
Figure 3. LOOP_POSITION=1, IMAGE_SPECIAL=1 
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3 - UV-light fluorescence images (Figure 6)  

 
BORDER <number> (optional) 

This defines how many lines and columns should be excluded at all four borders of the image. 
This may be necessary in cases when there are black stripes at the borders (e.g. Figure 3). 
Default is 4. If loop positions close to the borders are expected, the value should be small as 
possible for maximal performance,. 

 
BORDER_L <number> (optional) 
BORDER_R <number> (optional) 
BORDER_T <number> (optional) 
BORDER_B <number> (optional) 

Overwrite default value for left/right/top/bottom border. 
For some marDTB beamline stations it was observed that for the right border a value of at 
least 8 should be used. 
 

PREALIGN (optional) 
Activates the fast loop alignment. Only the loop is searched. If crystal size is comparable to 
the size of the loop, this mode can fasten the centring a lot.  
 

BACK  <string> (optional) 
Specifies the filename of the provided background images. Please note that a new background 
image has to be created as soon as the conditions (lighting, camera settings, physical 
background, etc.) at the experimental station have changed. 

 
CENTRE_COORD <number>  (optional) 

Specifies the position of the rotation axis of the goniostat in pixels, i.e. the centre of the 
horizontal (LOOP_POSITION equal to 0 or 1) or vertical movement (LOOP_POSITION 
equal to 2 or 3) of the loop object, respectively. This position is fixed for each beamline 
station. The coordinates computed by XREC will be more accurate, if this value is given. 
 

VERS23   (optional) 
Forces the use of the implementation of XREC version 2.3. 
 

SET_CROSS (optional) 
This keyword is used for testing purposes. It enables the output of images with a red cross 
indicating the position the crystal centre as calculated by XREC.  

 
SHADOW (obsolete for version 3.0 or later) 

This keyword is not needed anymore. Background objects as for instance the shadow in 
Figure 7 are detected automatically.  

 
Figure 6. Crystal in the UV light, IMAGE_SPECIAL=3 

 
Figure 7. Disturbing background object 
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NUMBER_OF_IMAGES <number> (compulsory) 

This specifies the number of images to be processed. Also NUM_IMG can be used. 
 

DATA_START (compulsory) 
 Opens the input list containing rotation angles (ϕ) and corresponding filenames of the images. 
 
<number> <string> (compulsory) 

Specifies the input images. The number is the angular position (ϕ,in degrees) of the spindle. It 
could be in on an arbitrary scale but the values for all input images should be consistent 
between each other since they are used to determine the angular increment between the 
images. The string specifies the file name. 

 
DATA_END (compulsory) 

This closes the input list containing rotation angles (ϕ) and corresponding filenames of the 
images. 

 
Please check the spelling of the keywords. Unknown keywords will be ignored and their presence will 
not cause XREC to stop with an error message. For help, use ’XREC –help’ on the command line.  

2.4 Supported image formats 
XREC version 3.0 accepts binary formatted grey-scaled PGM, coloured PPM images, uncompressed 
TIFF images, PNG and JPEG. The user is advised to use suitable software to convert other formats 
before executing XREC. 

2.5 Number of images  

2.5.1 Crystal Centring 
The more images with different rotation angles are used the more accurate the centring and the 
estimation of the reliability will be. The recommended minimum number is 8 images spanning a 
sufficiently wide angular range. A range wider than 180 degrees is recommended and 360 degrees will 
produce the best results. The result will be better, if multiples of 30, 45 or 60 degrees are avoided. 
Thus providing 8 or 9 images with 40 degrees increment is about ideal. However, when the quality of 
the recorded images is good enough, then centring can also work well with as few as 5 images (e.g. 
with steps of 65 degrees). 
 
At some beamlines only high magnification cameras are used. If the crystal is far away from the 
centre, it may move out of the field of view or run out of focus during the rotation. For such cases we 
recommended to collect a higher number of pictures with smaller angular increment (for example 12 
images with 25 degrees increment). 

2.5.2 Loop Alignment 
At beamline stations with two cameras (one with low one with high magnification) or using a 
zoomable camera the centring process is done in two steps. At first the loop has to be aligned to the 
beam in order to bring the crystal into the field of view of the high magnification camera. Typically 
the alignment of loops has to be quick as possible.  
The new version (3.0) of XREC supports the fast loop alignment using only 4 or 5 images by giving 
the keyword PREALIGN. The number can be even dropped, if 

• the background images is provided (keyword BACK) and/or 
• the centre of the horizontal/vertical loop movement (position of rotation axis) is provided 

(keyword CENTRE_COORD). 



 6 

In case of excellent image quality (i.e. sufficient contrast between loop object and background), given 
background image and given centre of rotation only 2 images (90 degrees apart) are sufficient for the 
alignment of the loop. 

3 The output of XREC 
XREC generates a file results.txt (see the example below) describing the position of the crystal 
in polar coordinates. 
 

TARGET_ANGLE  -20 
RADIUS  123 
Y_CENTRE 343 
X_CENTRE  402 
PRECENTRING  0 
RELIABILITY  89 

 
The values of RADIUS, Y_CENTRE, and X_CENTRE are given in the units of the image pixels, the 
value of TARGET_ANGLE is given in degrees. These should be converted into the motor steps for the 
given beamline setup. (X_CENTRE, Y_CENTRE) are the current coordinates of the crystal, where 
X_CENTRE is the centre of its rotation and Y_CENTRE its position along the spindle, both given in 
pixels from the top-left corner. 
 
One method of centring the crystal using the XREC output, Figure 8, is first to rotate the goniostat to 
the TARGET_ANGLE - this moves the crystal to the right outmost position and eliminates the shift 
along the z axis, perpendicular to the image plane. Then a shift equal to the value of RADIUS is 
applied along the horizontal axis, Figure 2 and Figure 3 (LOOP_POSITION 0 or 1), or along the 
vertical axis, Figure 4 and Figure 5 (LOOP_POSITION 2 or 3). 
 
Some beamlines use two motors fixed at the spindle. One motor is typically positioned parallel to the 
image plane if the loop is at the ϕ = 0 position. The second motor operates orthogonal to the first. 
According to Figure 8 you have to centre the loop using an adjustment by

! 

"x  for the first motor by 
and using the second motor by 

! 

"z  with 
 

! 

"z = r0 sin(#0) "x = r0 cos(#0)  
 

Clearly, there are other ways of using the XREC output and the user is advised to choose the one, 
which is the most appropriate for the given hardware setup.  
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Figure 8. Modelling of the motion of the crystal with the camera’s optical axis being orthogonal to the rotation axis. The 

rotation axis is along the y-direction, where as the camera view is along the z-direction. 

 
The value of RELIABILITY gives an indication on how reliable the result is. The range is from 0 to 
100%. For XREC version 3.0 a reliability value of higher than 70% can be taken as success, although 
it can vary depending on the beamline settings.  
 
The output of XREC is supplemented by the flag PRECENTRING. Typically its value is zero and 
there is nothing to worry about. The value is equal to one if 

1) The loop alignment was activated using the keyword PREALIGN. In this case Y_CENTRE 
and X_CENTER point to the centre of the loop and also TARGET_ANGLE and RADIUS refer 
to the loop centre. The result can be used for the loop alignment and XREC has to be called 
for a second time (without the keyword PREALIGN), if crystal centring is required. 

 
TARGET_ANGLE  14 
RADIUS  95 
Y_CENTRE  5 
X_CENTRE  246 
RELIABILITY   89 
PRECENTRING  1 

 
2) All images are empty (Figure 9). The interpretation is: the loop is positioned outside the image 

(Y_CENTRE and X_CENTER are set to ’-1’). The beamline-control software must initiate an 
exception handling. Either the spindle has just to be moved towards the beam along the y axis, 
Figure 8, or no loop was mounted to the goniostat. 

 
TARGET_ANGLE  0 
RADIUS  0 
Y_CENTRE  -1 
X_CENTRE  -1 
RELIABILITY   -1 
PRECENTRING  1 
 

3) No loop could be recognised, the image contains only the pin (Figure 10) and maybe a part of 
the loop stem. In this case Y_CENTRE and X_CENTER point to the tip of the pin. This pre-
centring may be applied to the beamline motors and XREC may then be called for a second 
time. 
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TARGET_ANGLE  -124 
RADIUS  94 
Y_CENTRE  567 
X_CENTRE  346 
RELIABILITY   99 
PRECENTRING  1 
 

 
Figure 9. Empty image 

 
Figure 10. Pin crossing the image 

3.1 Activity monitor  
When starting in standalone mode XREC writes '0' into a newly created file Xrec_check.txt, 
when XREC finishes it overwrites zero with '1'. The beamline-control software has to check the 
content of this file in order to detect the termination of XREC. 
If XREC is called as a library (DLL) function (possible for version 3.0 o later) the activity monitor 
becomes obsolete. 

4 The XREC performance 

4.1 Loop Alignment 
The loop-alignment mode is available for XREC version 3.0 or later. Using a minimum number of 
pictures it brings the loop into the centre of the field-of-view. 
This mode was tested with typically 4-5 images per data set. This number could be even dropped if 

• a background image is provided and/or 
• the centre coordinate of rotation is provided (keyword CENTRE_COORD). 

The performance of the pre-alignment of the loop is rather reliable. No failure could be observed in 
323 test cases (Figure 11). 
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Figure 11. Results of fast loop alignment 

 

4.2 Crystal Centring 
The centring of crystals was tested by the authors on 210 sets (containing a crystal), mostly 
comprising 6 - 10 images with 30˚ - 60˚ increment. These images are compiled from different 
beamlines worldwide (EMBL Hamburg, SRS Daresbury, ESRF Grenoble, SSRL Stanford, ALS 
Berkeley, APS Argonne, MAXLAB Lund). The crystals are mostly illuminated with visual light but 
there were 4 cases with UV light.  
The calculated crystal coordinates were compared with the actual situation judged from visual 
inspection. If RELIABILITY was above 70%, the method was deemed to indicate successful 
centring, otherwise not. In three quarters of the cases (blue colour in Figure 12) XREC correctly 
centred the crystal. In 14% of the cases (red) XREC pointed towards one edge of the crystal. Yellow 
indicates cases where the crystal could not be found, but the loop was centred. No failure was 
recorded.  If the diameter of the X-ray beam can be assumed larger than or at least equal to the 
diameter of the loop, then the success rate of crystal centring using XREC approaches 100%. 
In general, the accuracy of the coordinates as well of the reliability value increases with increasing 
number of images per data set. 
 

 
Figure 12. Success rate of XREC for crystal centring 
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4.3 Loops and illumination 
XREC assumes typical geometries of the pin-stem-loop object, where at least the loop containing the 
crystal must be visible in the image. In most of the XREC test cases the crystals were mounted using 
Hampton nylon loops. XREC software has not been extensively tested on images with 
MicroMounts™ (Figure 13) or LithoLoops™ (Figure 14), but in most cases the different loop shape is 
no problem for XREC as soon as the crystal is in the loop hole and does not stick to the loop body. 
Strong reflections at the loop wire, low image contrast, or shadows from the loop wire may adversely 
affect the performance of XREC. 
 

 
Figure 13. MicroMount 

 
Figure 14. LithoLoop 

4.4 Speed 
XREC was tested on a MacOSX platform (2GHz PowerPC G5) using 324 data sets comprising a total 
number of 2404 images for crystal centring and 1617 images for loop alignment respectively. The 
time was measured via the UNIX command ‘time’ (user time). 

• fast loop alignment: 6m25.4s for 1612 images     239 ms per image on the average 
• crystal centring:     23m13.2s for 2404 images     580 ms per image on the average. 

4.5 Supported Platforms 
The software has been written in C/C++. Compiled binaries are available for: 
• Mac OSX  
• Linux x86 
• Windows 9x, XP, 2000 

4.6 Contact 
Tilo Strutz (tilo.strutz@embl-hamburg.de, tel. +49-40-89902-203) 
Victor S. Lamzin (victor@embl-hamburg.de, tel. +49-40-89902-121) 
 
EMBL c/o DESY, Building 25A 
Notkestrasse 85,  
22603 Hamburg,  
Germany 
Url : http://www.embl-hamburg.de/XREC 


