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Image files: basic terms (it’s confusing)
 � Resolution: describes the detail an image holds
 � Pixel resolution (file dimensions) – a ratio of vertical to
 horizontal numbers of pixels of an image (e.g., 800x600 pixels);
 sometimes presented as the total count of pixels, esp. in digital
 cameras (e.g., 12 megapixels = 4000x3000 pixel sensor)cameras (e.g., 12 megapixels = 4000x3000 pixel sensor)
 � Spatial resolution (pixel density) – usually expressed as a
 number of pixels per inch; most monitors have the resolution of
 72 to 100 ppi (iPhone 4 has 326 ppi, more than a human eye can
 distinguish)
 � Temporal resolution – applies to movies and describes the
 number of frames per second
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Image files: basic terms
 � File dimensions: digital image files have no inherent physical
 dimensions; the size of their physical representation will
 depend on the pixel resolution of the file and the spatial
 resolution of the media
 � File size: describes the amount of memory (disk space) a file
 occupies in the file system
 � Expressed in KB (1,024 bytes), MB (1,048,576 bytes or 1,000 KB),
 GB (1,073,741,824 bytes) etc.
 � Approximates but does not always represent the image quality
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Image files: basic terms
 � Color model: A color model is an abstract
 mathematical model describing the way colors
 can be represented as numbers, typically as
 three or four values
 � RGB – an additive color model in which red,
 green, and blue light are added together in green, and blue light are added together in
 various ways to reproduce a broad array of
 colors; used in TVs, computer monitors,
 digital cameras etc. Example: 000=black
 � CMYK – a subtractive color model, used in
 color printing. CMYK refers to the four inks
 used in some color printing: cyan, magenta,
 yellow, and key (black). Example: 75, 68, 67,
 90 = black
 Color spaces based on the RGB
 color model
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Image files: raster vs. vector
 � Raster (=bitmat) images: image information is encoded as a
 spatially mapped array of bits of information
 � Image pixels are stored with a color depth of 1, 4, 8, 16, 24, 32, 48,
 or 64 bits per pixel
 � Pixels of 8 bits and fewer can represent either grayscale or indexed � Pixels of 8 bits and fewer can represent either grayscale or indexed
 color (e.g., GIF images are 8-bit); higher bit allow for storing more
 color information
 � Suitable for photography and images with color gradation
 � Most images on the Internet and in publishing are raster images
 � Rescaling of raster images causes loss of their quality
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Image files: raster vs. vector
 Rescaling of raster
 images causes loss of
 their quality
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Image files: raster vs. vector
 � Vector graphics: images are composed of geometrical
 figures such as points, lines, curves, or polygons
 � Suitable for technical drawings or schematic illustrations where
 color gradations are photorealism are not important e.g., maps,
 schematic taxonomic illustrations etc.schematic taxonomic illustrations etc.
 � Can be rescaled without any loss of quality
 � Raster images can be converted into vector images, but with a
 significant posterization effect
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Vector images can be
 rescaled without any
 loss of quality
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Raster images can be converted to
 vector graphics, but with a
 significant loss of quality and color
 fidelity (posterization)
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Image files: Compression
 � Lossy compression: some original image information is lost
 and cannot be restored, possibly affecting image quality
 � Compression ratio can be varied according to need by being more or less
 aggressive e.g., 10:1 compression usually results in an image that cannot
 be distinguished by eye from the originalbe distinguished by eye from the original
 � Significant reduction of the file size i.e., requires less storage space and is
 faster to transmit
 � JPEG and JPEG 2000 – differ in the compression algorithm (discrete
 cosine transform-based vs. wavelet-based)
 � Best for photographs and paintings of realistic scenes with smooth
 variations of tone and color, but not well suited for line drawings and other
 textual or iconic graphics
 � Not suitable for archival storage of images
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JPEG: low compression, high file size JPEG: high compression, low file size
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Image files: Compression
 � Lossless compression: allows the exact original image data
 to be reconstructed from the compressed data
 � File size significantly larger i.e., requires more storage space and is
 slower to transmit
 � No loss of the color information on subsequent saves� No loss of the color information on subsequent saves
 � Examples include TIFF, PNG, GIF
 � Can be used for any kind of images, including photographs and paintings
 of realistic scenes with smooth variations of tone and color as well as line
 drawings and other textual or iconic graphics
 � Suitable for archival storage of images
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Image files: Application
 � Internet
 � Files should have small file size and low to high compression ratios
 � File spatial resolution should be 72 ppi
 � Lossy compression is acceptable� Lossy compression is acceptable
 � Most common file formats:
 � .JPG – compatible with all browsers, small
 file size, wide color gamut, transparent
 background not possible
 � .GIF – compatible with all browsers, very
 small file size, color gamut limited to 256
 colors, transparent background possible
 � .PNG – not backward compatible with
 older browsers, small size, wide color
 gamut, transparent background possible
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Image files: Application
 � Biological databases
 � Files should have small file size and low to medium compression ratios
 � File spatial resolution should be 72 ppi
 � Most common file formats:� Most common file formats:
 � .JPG – compatible with all systems,
 can store embedded IPTC tags
 � .TIF – compatible with most systems,
 large file size, can store embedded
 IPTC tags, preferred archival format
 � .PDF – can be used to encapsulate
 many different file formats, can store
 embedded XMP metadata

Page 15
						
						

Image files: Application
 � Printing and publishing
 � Files should be of large sizes and
 resolution
 � File spatial resolution should be at least
 240 dpi240 dpi
 � .JPG – acceptable only if used with a low
 compression (= high quality)
 � .TIF – preferred by most publishers, high
 color fidelity, no loss of quality
 � .BMP – can be used for line illustrations,
 not suitable for color and grayscale
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How to find out how large the file will print(in Adobe Photoshop)
 � Go to Image>Image Size…
 � Deselect “Resample “Resample image”
 � Enter the desired printing resolution (typically at least 240 ppi)
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Image files: Metadata
 � IPTC tags (Information Interchange Model) – file structure and set of metadata attributes that can be applied to text, images and other media types. Developed by the International Press Telecommunications Council. It can include:
 � Geographic information
 � Keywords
 � Copyright information� Copyright information
 � Many others
 � Exif (Exchangeable image file format) – a specification for the image file format used by digital cameras (including smartphones) and scanners. It can include:
 � Date and time
 � Camera settings
 � A thumbnail
 � Descriptions and copyright information
 � GPS coordinates
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IPTC tags
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Exif data
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Image files: RAW files
 � RAW files – An image file that contains minimally processed
 data from the image sensor of either a digital camera, image
 scanner, or motion picture film scanner. Raw files have a
 wider dynamic range and color gamut than the final image
 format (e.g., JPG or TIF). They are considered a digital format (e.g., JPG or TIF). They are considered a digital
 equivalent of a negative.
 � They are proprietary and lack standards. Raw files should not
 be used for archival storage of images.
 � Examples: Nikon – .nef, nrw; Canon – .crw; Sony – .arw, srf;
 Olympus – .orf; Pentax – ptx
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Image files: RAW files
 � Why use them? – Raw files allow for a wide range of adjustments to the image, such as changing the color balance, sharpening amount, lens distortion correction etc.
 � They contain all information that the camera registered in the file; most of this information is lost during the conversion
 � They contain all information that the camera registered in the file; most of this information is lost during the conversion to JPG or other formats
 � Raw files can be converted to the archival format DNG (Adobe Digital Negative) – DNG is considered a desirable, archival alternative to Raw by the U.S. Library of Congress
 � DNG maintains all data contained in the original Raw file and can be modified in a similar manner

Page 22
						
						


Page 23
						
						

Focus stacking
 � Focus stacking – technique which combines multiple images
 taken at different focus distances to give a resulting image
 with a greater depth of field (DOF) than any of the individual
 source images
 � Focus stacking also allows generation of images physically
 impossible with normal imaging equipment; it overcomes the
 depth of field limitations inherent to macrophotography
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Focus stacking – dedicated software
 � LAS Multifocus (Leica) –a turnkey solution
 (software+camera+microscope) for imaging of biological specimens;
 Windows only, expensive
 � AutoMontage (Syncroscopy) –a turnkey solution
 (software+camera+computer) for imaging of biological specimens;
 Windows only, expensive
 � Helicon Focus – software only, excellent GUI; Windows and Mac, $30-250
 � CombineZ – software only, mediocre GUI; Windows only, freeware
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Photographing specimens
 � For focus stacking use
 the lowest f-stop
 possible to reduce
 chromatic aberration
 � Use diffused light to
 reduce specular
 highlights and burnout
 � Shoot TIFF or the
 highest quality JPG
 � Use the highest
 resolution possible
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Keeping track of image files
 � Append metadata to image files as soon as they are
 downloaded to a computer; backup immediately
 � Develop a naming system for your files e.g.,
 Locality_date_number.tif; Species_locality_date_number.jpgLocality_date_number.tif; Species_locality_date_number.jpg
 � Use image cataloging software e.g., Adobe Bridge, ACDSee,
 Adobe Lightroom
 � Optional: convert Raw images to DNG
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Adding images to a database
 � Images and other multimedia can be associated with database record by embedding or linking
 � Embedded images become a part of the database table and are independent
 Image file embedded
 the database table and are independent of the source file; the size of the database grows very quickly
 � Linked images are associated with the database record by relational pointers; the logical path between the database and the source files must be maintained; the size of the database does not increase
 Image file linked
 The effect of moving or renaming the original image file associated with a database record
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Audio files
 � Used by biologists working on acoustic systems and
 organisms
 � Use lossy and lossless compression formats similar to those
 used to compress image filesused to compress image files
 � Can be tagged with similar metadata
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Audio files: file formats
 � Lossy file formats:
 � MP3, Vorbis, ATRAC, AAC – not suitable for scientific analyses, but can be used for online demonstrations
 � Lossy compression uses psychoacoustic techniques to remove data not perceived by human ears
 Lossless file formats:� Lossless file formats:
 � FLAC, MPEG-4, Apple Lossless – compresses elements of the file that contain little or no information (e.g., silence)
 � Uncompressed file formats:
 � AIFF, WAV, AU, PCM – large files that contain the complete set of data produced by the recorder; encode both sound and silence with the same number of bits per unit of time
 � Most appropriate for scientific analyses
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Sound software for biologists
 � Raven (The Cornell Lab of
 Ornithology)
 � A powerful, user-friendly
 research and teaching toolresearch and teaching tool
 � Highly customizable
 visualization and analysis of
 sound signals
 � No real-time processing
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Sound software for biologists
 � SonoBat
 � Dedicated software for
 analysis of bat echolocation
 calls recorded from time-
 expansion bat detectorsexpansion bat detectors
 � Includes tools for bat
 species identification
 � Avisoft-SASLab
 � Real-time spectrogram
 display
 � Includes mapping tools for
 acoustic field surveys
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Sound software for biologists
 � Spectra-series
 � Developed by the Cetacean
 Research Technology for
 cetacean acoustic data
 acquisition, measurement, acquisition, measurement,
 and signal processing
 � Syrinx
 � Designed for field research
 and optimized for field
 playback
 � Real-time sound processing

Page 34
						
						

Exercise 1
 � Download the sample set of images for focus stacking
 (Stack.zip)
 � Combine them into a composite image using Photoshop CS5;
 follow the instructions from the document “Focus stack.doc”follow the instructions from the document “Focus stack.doc”
 � Save the resulting image as .jpg and add appropriate IPTC
 metadata to the final file
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Exercise 2
 � Photograph one katydid specimen – illustrate taxonomically informative characters as indicated in the sample file “Exercise_2.jpg” (create at least 5 images)
 � At least one of the images should be a focus stacked composite image (use your own equipment or the Automontage system in the entomological collection)image (use your own equipment or the Automontage system in the entomological collection)
 � Save the images as JPG, with the maximum horizontal dimension of 1000 pixels; use the following naming convention: “lastname_species_number.jpg”
 � Tag each final image with appropriate IPTC tags (species name, locality data, photographer info etc.); e-mail to me ([email protected]) the focus stacked image
 � Upload all images to the class Flickr account
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