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3.7. Classiﬁcation and use of image data
B Y H. J. B ERNSTEIN

Table 3.7.1.1. Category groups deﬁned in the CBF/imgCIF dictionary

3.7.1. Introduction
This chapter describes the categories and organization of data
items deﬁned in the CBF/imgCIF dictionary. The classiﬁcation
of image data applies to both Crystallographic Binary File (CBF)
and Image-supporting Crystallographic Information File (imgCIF)
representations. An introduction to CBF data and construction is
given in Chapter 2.3. Full details of the CBF/imgCIF dictionary
are given in Chapter 4.6.
The main reason for introducing the new items deﬁned in
the CBF/imgCIF dictionary was to extend the mmCIF dictionary (Chapter 3.6) to allow the storage of synchrotron diffraction
images. However, these items are also important in other ﬁelds
that use binary image data, including the publication of articles,
the creation of web pages and the production of movies.
Data categories in the CBF/imgCIF dictionary can describe
one-, two- and three-dimensional array detectors that output data
organized by time and/or wavelength. The categories deﬁned at
present support modular data that can be extended for future applications without having to make fundamental structural changes.
For example, it is anticipated that additional data items will be
needed soon to allow higher-dimensional data representations and
more complex data structures; these should be accommodated
easily.
The CBF/imgCIF dictionary consists of three groups of categories of data items: the ARRAY_DATA group, the AXIS group and
the DIFFRN group (Table 3.7.1.1). All fall within the ‘Experimental
measurements’ classiﬁcation of Table 3.1.10.1. The DIFFRN group
already exists in the mmCIF dictionary (Section 3.6.5.2; see also
Section 3.2.2.2) and describes the diffraction data and their measurement. Deﬁnitions in the CBF/imgCIF dictionary extend and in
some cases restate the deﬁnitions in the mmCIF dictionary.
The data categories deﬁned in the CBF/imgCIF dictionary are
described in this chapter. Table 3.7.1.1 lists the formal category
groups declared in the dictionary and the sections of this chapter
in which they are discussed. Each section is divided into subsections describing a single category or a small set of closely related
categories. Within each subsection, the data names within the relevant categories are listed. Category keys, pointers to parent data
items and aliases to data items in the mmCIF dictionary are indicated.
The data collected in an experiment are organized into scans.
Each scan consists of one or more frames. Each frame consists
of one or more data arrays. The logical data in the data arrays
need to be described in terms of physical arrays of image elements. The axes of the laboratory coordinate system needed to
describe the physical positions of the image elements and the
positioning of the specimen are given in the AXIS category. The
axes used for the positioning systems for the specimen and the
detector are constructed in the same laboratory coordinate system.

Section

Subject covered

Experimental measurements
3.7.2
ARRAY_DATA Binary image data
3.7.3
AXIS
Axes required to specify the data collection
3.7.4
DIFFRN
Diffraction experiment

The DIFFRN_DETECTOR_AXIS category relates detector elements to axes. The DIFFRN_MEASUREMENT_AXIS category relates
goniometers to axes. The DIFFRN_SCAN_AXIS and DIFFRN_SCAN_
FRAME_AXIS categories relate scans to overall axis settings and
individual frames to frame-by-frame axis settings, respectively.
The organization of the data in the collected arrays of data is
given in the ARRAY_STRUCTURE_LIST category and the physical
settings of axes for the centres of pixels that correspond to data
points are given in the ARRAY_STRUCTURE_LIST_AXIS category.

3.7.2. Binary image data
The six categories that collectively deﬁne the relationship between
the sequences of octets in arrays of binary data and the information
in the images those octets represent are as follows:
ARRAY_DATA group

The image data (§3.7.2.1)
ARRAY_DATA

Array elements (§3.7.2.2)
ARRAY_ELEMENT_SIZE

Intensities (§3.7.2.3)
ARRAY_INTENSITIES

Organization and encoding of array data (§3.7.2.4)
ARRAY_STRUCTURE
ARRAY_STRUCTURE_LIST
ARRAY_STRUCTURE_LIST_AXIS

3.7.2.1. The image data
Data items in this category are as follows:
ARRAY_DATA
• _array_data.array_id
→ _array_structure.id
• _array_data.binary_id
_array_data.data
The bullet (•) indicates a category key. The arrow (→) is a reference to a parent
data item.

Each value of the _array_data.data data item is a sequence
of octets representing a binary image. _array_data.array_id
and _array_data.binary_id, taken together, uniquely identify
each image. The value of _array_data.array_id is a pointer
to _array_structure.id to provide the relationship between the
sequence of octets and the logical structure of the image. Since
multiple images may have the same logical structure, the purpose
of _array_data.binary_id is to ensure that each image has a
unique identiﬁer.
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3.7.2.2. Array elements
Data items in this category are as follows:

scaling. In the third case, the scaled value is squared. In the ﬁnal
case, 10 is taken to the power given by the scaled value.

ARRAY_ELEMENT_SIZE
• _array_element_size.array_id
→ _array_structure.id
• _array_element_size.index
→ _array_structure_list.index
_array_element_size.size

3.7.2.4. Organization and encoding of array data
Data items in these categories are as follows:
(a) ARRAY_STRUCTURE

• _array_structure.id
_array_structure.byte_order
_array_structure.compression_type
_array_structure.encoding_type

The bullet (•) indicates a category key. The arrow (→) is a reference to a parent
data item.

The value of the _array_element_size.size data item is
a size in metres of an image element (a pixel or voxel).
The direction of the measurement is given in each dimension by _array_element_size.index. The array structure specifying the organization of the dimensions is referenced by
the value of _array_element_size.array_id, which is a
pointer to _array_structure.id. The value of _array_element_
size.index is a pointer to _array_structure_list.index. For
data organized into rectangular arrays of pixels or voxels, this gives
the spatial dimensions of the individual image elements.

(b) ARRAY_STRUCTURE_LIST

• _array_structure_list.array_id
• _array_structure_list.index
→ _array_structure.id
_array_structure_list.axis_set_id
_array_structure_list.dimension
_array_structure_list.direction
_array_structure_list.precedence

(c) ARRAY_STRUCTURE_LIST_AXIS

• _array_structure_list_axis.axis_id
→ _axis.id
• _array_structure_list_axis.axis_set_id
→ _array_structure_list.axis_set_id
_array_structure_list_axis.angle
_array_structure_list_axis.angle_increment
_array_structure_list_axis.angular_pitch
_array_structure_list_axis.displacement
_array_structure_list_axis.displacement_increment
_array_structure_list_axis.radial_pitch

3.7.2.3. Intensities
Data items in this category are as follows:
ARRAY_INTENSITIES
• _array_intensities.array_id
→ _array_structure.id
• _array_intensities.binary_id
→ _array_data.binary_id
_array_intensities.gain
_array_intensities.gain_esd
_array_intensities.linearity
_array_intensities.offset
_array_intensities.overload
_array_intensities.scaling
_array_intensities.undefined_value

The bullet (•) indicates a category key. The arrow (→) is a reference to a parent
data item.

The data items in the ARRAY_STRUCTURE category show how
the stream of octets in a binary image is to be reorganized into
words of an appropriate size. Each possible encoding is identiﬁed by a value of _array_structure.id. In most cases, large
images will have been compressed. The type of compression
used is given by _array_structure.compression_type. Once
a stream of octets has been decompressed, it can be organized
into words. The type of each word is given by the value of
_array_structure.encoding_type and the order of mapping
octets onto words, most signiﬁcant octet ﬁrst (‘big-endian’) or
least signiﬁcant octet ﬁrst (‘little-endian’), is given by the value
of _array_structure.byte_order.
The data items in the ARRAY_STRUCTURE_LIST category show
how the list of words deﬁned by the ARRAY_STRUCTURE
category should be organized into image arrays. The value
of _array_structure_list.array_id is a pointer to _array_
structure.id. Each dimension (row, column, sheet etc.) of
the image is identiﬁed by an index, counting from 1, given
by _array_structure_list.index. The order of nesting of
the indices is given by the values of _array_structure_
list.precedence, with the index of precedence 1 varying most
rapidly (i.e. having values stored sequentially). The direction of
index change for increasing memory location is given by the value
of _array_structure_list.direction. For a given index, the
number of image elements in that direction is given by the value
of _array_structure_list.dimension.
Data items in the ARRAY_STRUCTURE_LIST_AXIS category
describe the physical settings of sets of axes for the centres of pixels that correspond to data points described in the
ARRAY_STRUCTURE_LIST category.
In the simplest cases, the physical increments of a single axis
correspond to the increments of a single array index. More complex organizations (e.g. spiral scans) may require coupled motions
along multiple axes.

The bullet (•) indicates a category key. The arrow (→) is a reference to a parent
data item.

The relationship between the data values for individual
image elements and the number of incident photons can
be complex. The data items in the ARRAY_INTENSITIES category provide information about this relationship. The value
of _array_intensities.linearity states the type of relationship, and the values of _array_intensities.array_id and
_array_intensities.binary_id identify the array structure and
the image being discussed. The other items are used in different ways depending on the relationship. If the value of
_array_intensities.linearity is raw, then the image elements hold uninterpreted raw data values from the detector, e.g.
for calibration. If the value of _array_intensities.linearity
is linear, then the count in an image element is proportional to the incident number of photons by the value
of _array_intensities.gain. The standard uncertainty (estimated standard deviation) of the gain may be given in
_array_intensities.gain_esd. The value used for this should
be estimated from a good understanding of the physical characteristics of the experimental apparatus. If the value of
_array_intensities.linearity is offset, then the value of
_array_intensities.offset should be added to the image element value. If the value of _array_intensities.linearity is
scaling, scaling_offset, sqrt_scaled or logarithmic_scaled,
the necessary scaling factor is given by the value of
_array_intensities.scaling. In all cases, the scaling factor is
applied to the image element value before the other operations are
applied. In the ﬁrst case, only simple scaling is used. In the second case, the value of _array_intensities.offset is added after
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Fig. 3.7.2.1. ARRAY STRUCTURE LIST speciﬁcation of linearly organized image
elements.

Note that a spiral scan uses two coupled axes, one for the angular direction and one for the radial direction. This differs from a
cylindrical scan for which the two axes are not coupled into one
set.
Multiple related axes are gathered together into sets.
Each set is identiﬁed by the value of the axis set identiﬁer, _array_structure_list_axis.axis_set_id, and each axis
within a set is identiﬁed by the value of _array_structure_
list_axis.axis_id. Each set given by a value of *.axis_set_id
is linked to a corresponding value for _array_structure_
list.axis_set_id to relate settings of the axes in the axis set to
particular image elements in ARRAY_STRUCTURE_LIST.
If axes are all independent, no value need be given
for _array_structure_list_axis.axis_set_id, which is
then implicitly given the corresponding value of _array_
structure_list_axis.axis_id. Each axis given by a value
of _array_structure_list_axis.axis_id is linked to a corresponding value for _axis.id to provide a physical description of the axis. _array_structure_list_axis.axis_id and
_array_structure_list_axis.axis_set_id together uniquely
identify a row of data in an ARRAY_STRUCTURE_LIST_AXIS table.
For the remaining data items, there are two important cases
to consider: axes that step by Euclidean distance and axes that
step by angle. Fig. 3.7.2.1 shows a portion of an array of image
elements laid out on a rectangular grid. The starting point of
an axis is speciﬁed in millimetres by the value of _array_

Fig. 3.7.2.3. ARRAY STRUCTURE LIST speciﬁcation of ‘constant-velocity’ image
elements in a cylindrical scan. The angular and radial axes are coupled. Note
that outer-zone image elements are the same linear distance apart, centre-tocentre, as the inner-zone image elements.

and the centre-to-centre
distance between pixels is speciﬁed in millimetres by the value
of_array_structure_list_axis.displacement_increment.
Fig. 3.7.2.2 shows a portion of an array of image elements laid out in concentric cylinders. The starting point
of the angular axis is speciﬁed in degrees by the value of
_array_structure_list_axis.angle and the centre-to-centre
angular distance between pixels is speciﬁed in degrees by the
value of _array_structure_list_axis.angle_increment. The
starting point of the radial axis is speciﬁed by the value of
_array_structure_list_axis.displacement and the radial distance between cylinders of pixels is speciﬁed in millimetres by
the value of _array_structure_list_axis.radial_pitch. Note
that the image elements further from the centre are larger than the
image elements closer to the centre.
Fig. 3.7.2.3 shows a portion of a spiral scan array in which the
angular and radial axes are coupled. This example represents a
‘constant-velocity’ scan, in which the size of the image elements
does not depend on the distance from the centre. The starting
point of the angular axis is again speciﬁed in degrees by the value
of _array_structure_list_axis.angle, but the centre-to-centre
distance between pixels is speciﬁed in millimetres by the value
of _array_structure_list_axis.angular_pitch. The coupled
radial axis is handled in much the same way as for the uncoupled
radial axis in the cylindrical array.
These examples show some of the more common twodimensional data structures. By coupling an additional axis not
in the plane of the ﬁrst two, regular three-dimensional arrays of
data can be represented without additional tags. The categories
in the DIFFRN group allow arrays of data to be associated with
frames and thereby with time and/or wavelength. More general
data structures, for example ones based on dope vectors or hash
tables, would require the deﬁnition of additional tags, but any data
structure (see Aho et al., 1987) that can be handled by a modern
computer should be manageable within this framework.
structure_list_axis.displacement

3.7.3. Axes
The category describing the axes required to specify the data collection is as follows:
AXIS group

Fig. 3.7.2.2. ARRAY STRUCTURE LIST speciﬁcation of ‘constant-angle’ image elements in a cylindrical scan. The angular and radial axes are independent. Note
that outer-zone image elements are further apart, centre-to-centre, than innerzone image elements.

AXIS
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