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Image File Formats:
Past, Present,
and Future!

Richard H. Wiggins 111, MD « H. Christian Davidson, MD « H. Ric
Harnsberger, MD ¢ Jason R. Lauman, BS ¢ Patricia A. Goede, BS

Despite the rapid growth of the Internet for storage and display of
World Wide Web—based teaching files, the available image file formats
have remained relatively limited. The recently developed portable net-
works graphics (PNG) format is versatile and offers several advantages
over the older Internet standard image file formats that make it an at-
tractive option for digital teaching files. With the PNG format, it is
possible to repeatedly open, edit, and save files with lossless compres-
sion along with gamma and chromicity correction. The two-dimen-
sional interlacing capabilities of PNG allow an image to fill in from top
to bottom and from right to left, making retrieval faster than with other
formats. In addition, images can be viewed closer to the original set-
tings, and metadata (ie, information about data) can be incorporated
into files. The PNG format provides a network-friendly, patent-free,
lossless compression scheme that is truly cross-platform and has many
new features that are useful for multimedia and Web-based radiologic
teaching. The widespread acceptance of PNG by the World Wide Web
Consortium and by the most popular Web browsers and graphic ma-
nipulation software companies suggests an expanding role in the future
of multimedia teaching file development.

Abbreviations: CRC = cyclical redundancy check, DICOM = Digital Imaging and Communications in Medicine, GIF = graphic interchange for-
mat, JPEG = Joint Photographic Experts Group, LZW = Lempel-Ziv-Welch, PACS = picture archiving and communication system, PNG = portable
networks graphics, RGB = red-green-blue, TIFF = tagged image file format, 2D = two-dimensional
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Images, quality * Images, storage and retrieval * Images, transmission * Internet * Picture archiving and communication system (PACS)
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Introduction
The introduction of picture archiving and com-
munication systems (PACS) into academia has
greatly assisted in the transition from hard-copy
teaching files to the digital environment. As this
transition progresses, an increasing number of
radiologists are attempting to use the Internet for
dissemination of teaching case material, usually
with HyperText Markup Language (HTML),
both throughout the department and around the
world (1-3). Conversion of Digital Imaging and
Communications in Medicine (DICOM) images
from PACS to Joint Photographic Experts Group
(JPEG [pronounced “jay-peg”]) or Tagged Image
File Format (TIFF [pronounced “tiff”]) files for
display (eg, over the Internet) is now the stan-
dard. However, no simple mechanism currently
exists for transmitting labels, legends, or other
image-specific data as part of the image file. A
relatively new powerful and flexible image file
format known as portable network graphics
(PNG [pronounced “ping”]) (1-4) has some
unique features that make it an attractive choice
for multimedia projects and may help solve a
number of problems associated with World Wide
Web—based teaching file development.

In this article, we will define the three principal
bit-mapped image file formats in widespread use
today— graphic interchange format (GIF [pro-
nounced “jiff,” although “giff” is more often
used]), JPEG, and TIFF—and will discuss their
history as well as their strengths and weaknesses.
In addition, we will discuss DICOM with respect
to PACS and as a possible image format in the
electronic teaching environment. In addition, we
will review the three major digital image compres-
sion techniques (JPEG method, fractal compres-
sion, wavelet compression) and discuss the novel
features of the PNG file format.

Bit-mapped

Images: Past and Present
Bit-mapped images (also known as raster images)
make use of pixels, or picture elements, to de-
fine an image as a matrix made up of rows and
columns of pixels. The advantage of using bit-
mapped images in digital teaching files is that they
are specifically designed to handle computed to-
mographic, magnetic resonance, and photo-
graphic images. The disadvantage of using pixel-
based images is that they are resolution depen-
dent, so that overall image quality is degraded if
resolution is altered.
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Bit-mapped images with higher resolution con-
tain more pixels and more detail but are conse-
quently large files that move slowly in the elec-
tronic environment. Compression algorithms help
overcome these problems by decreasing the vol-
ume of data needed to reconstruct an image,
thereby decreasing the storage space needed and
increasing the speed of transmission over a net-
work. With JPEG and GIF, these schemes can be
used to maintain detail in a smaller file size. This
gives these formats a theoretic advantage for use
in the electronic teaching environment.

Graphic Interchange Format

GIF was created in 1987 (4). As one of the first
solutions to the problem of electronic image stor-
age, it is the oldest and most widely supported
and used Web-based graphic file format (1,4,5).
The primary strength of GIF is its lossless com-
pression algorithm (4—6), known as the Lempel-
Ziv-Welch (LZW) linear compression routine.
This algorithm provides up to 4:1 lossless com-
pression of images with similar compression and
decompression times (5,6). GIF also offers an
interlace option that allows a rough preliminary
version of an image to be displayed before the
entire image is transmitted (6).

However, GIF also has several weaknesses.
First, it is limited to 256 colors or shades of gray
in an image. GIF is a bit-mapped (raster) image
format with pixel values stored in image files. It
uses the classic red-green-blue (RGB) method for
defining pixel values, in which values from 0 to
255 are defined for red, green, and blue. This al-
lows several million color definitions. To limit the
size of files, however, GIF allows only 256 differ-
ent colors from a palette of several million possi-
bilities and keeps these 256 color values indexed
in a look-up table. Because of this limitation,
complex images may lose some detail when refor-
matted into GIF. The practical implication of this
weakness is the inability to display an image with
its full color range (5,6).

Second, the initial GIF, known as GIF87a, had
the small but real disadvantage of not allowing
transparency creation. The newer GIF89a, re-
leased in 1989, does allow one level of transpar-
ency in an image, a partial solution to this limita-
tion (5,6). However, for complex image anno-
tation, one level of transparency may not be
enough. Both versions of GIF have been sup-
ported in most Web browsers since 1990, includ-
ing the two most widely used, Netscape Naviga-
tor (Netscape Communications, Mountain View,
Calif) since version 2.0 and Internet Explorer
(Microsoft, Redmond, Wash) since version
3.0 (5).
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The third and greatest weakness of GIF is the
proprietary nature of its compression technique.
Unisys Corporation (Blue Bell, Pa) patented the
LZW linear compression routine in 1995 (7,8).
However, when the company attempted to collect
royalties from users of this compression algo-
rithm, GIF fell out of favor in the graphics and
education community. Although this patent issue
does not affect the ownership or transmission of
a GIF file, the graphical application that com-
presses or decodes with use of the LZW routine
may be affected. In response to the commercial-
ization of this compression technique, a small
group of graphics and compression users joined
to create the PNG file format (4,8), which will be
discussed later.

Joint Photographic Experts Group

JPEG was created in the early 1990s as the leader
in the next generation of image file format com-
pression schemes (9,10). JPEG is not actually a
file format, but the name of the compression al-
gorithm developed by the Independent JPEG
Group. The JPEG file format is referred to as the
JPEG file interchange format (JIFF) and was cre-
ated specifically for the storage and transmission
of photographic images (5). Like GIF, JPEG also
uses bit-mapped information stored in pixel files;
however, it does not use indexed color. The 24-
bit color scheme of JPEG files displays each pixel
on the screen with 24 bits of data encoding, al-
lowing more color and contrast resolution than is
possible with GIF (16.7 million colors as opposed
to 256 with GIF) (5,9-11).

The strength of the JPEG format is its capacity
to significantly compress larger image files, allow-
ing faster movement in the electronic environ-
ment. As opposed to LZW compression, which is
a type of linear or “file” compression, the more
complicated JPEG algorithms allow genuine “im-
age” compression. The JPEG discrete cosine
transform compression scheme divides an image
into 8 X 8-pixel sections and compresses each
section separately in three stages (10,11). The
discrete cosine transform algorithm is used in
many common image and video standards, in-
cluding the Motion Picture Expert Group. With
JPEG, the algorithm mathematically compares
each pixel with adjacent pixels, allowing the user
to adjust the compression level (9,10). Image
compression to as little as 1/20 of the original file
size can be achieved (5,10). Such compressed
images can obviously be moved considerably
faster in the electronic environment and require
significantly less storage space per image. The
basic format of JPEG is not patented (9,10).
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Another useful feature of JPEG is progressive
display, although it is only available with newer
Web browsers (being first implemented in Net-
scape Navigator 3.0 and Internet Explorer 4.0)
and requires more memory. Progressive display
allows the user to see a preliminary albeit low-
quality version of an image before the full image
is transmitted (5,9).

The primary weakness of JPEG is that it is a
lossy compression technique that results in a loss
of data with each compression, which may trans-
late into image degradation. This decoding pro-
cess also requires more time before the image can
be viewed (5). An additional weakness of JPEG is
the possibility of distortion created by the com-
pression technique. This can affect image files
that are composed of only a few colors or those
with large areas of the same color, such as a radio-
logic image background. Another possible distor-
tion is Gibbs’ phenomenon, which can be seen on
high-resolution images as well as high-bandwidth
images (eg, line art) (5,12).

Tagged Image File Format

TIFF was developed by Microsoft and Aldus in
1986 (13). TIFF is a trademark that was origi-
nally registered to Aldus, which subsequently
merged with Adobe Systems (San Jose, Calif).
Adobe now controls the TIFF specifications
copyright. TIFF was created primarily by imaging
developers of input and output devices such as
printers, monitors, and scanners; as a result, it is
specifically designed to be compatible with differ-
ent image processing devices (13).

The word “Tagged” in “TIFF” refers to this
format’s complicated file structure. The initial
header of the file data is followed by “chunks” of
data called “tags,” which convey the image infor-
mation to the program displaying the file. The
actual TIFF specifications define over 70 differ-
ent tag types. This level of complexity allows
great flexibility between viewers; however, pro-
grams that interpret TIFF images must contain
all the different data for the tags. Although many
programs simplify this by implementing only cer-
tain tags, skipping some tags could theoretically
affect image quality, and private tags may limit
the use of TIFF files for some applications.

The greatest strength of TIFF is that it can
support the full range of image sizes, resolutions,
and color depths. Another strength is its use of
different compression techniques. Lossless com-
pression allows TIFF files to maintain image



792 May-June 2001

resolution without loss of detail. TIFF 5.0 was
released in 1988 and incorporated support for the
LZW compression technique (13). Although the
LZW technique is one of the most popular com-
pression algorithms, its use may be restricted due
to proprietary limitations as discussed earlier. An-
other useful feature of TIFF files is that each file
can contain more than one image.

The primary weakness of TIFF is the large file
size that results from the use of (a) lossless com-
pression techniques and (b) tags for conveying
image data. This larger file size limits the use of
TIFF in the Internet educational environment
and slows overall performance. The newest speci-
fication, TIFF 6.0 (released in 1992), incorpo-
rates the JPEG lossy method of compression,
thereby allowing a decreased file size. This ver-
sion has raised some issues concerning compat-
ibility because images that make use of the new
compression schemes cannot be successfully de-
coded by older software. However, this shortcom-
ing is expected to be corrected in TIFF 7.0 (13).

Digital Imaging

and Communications in Medicine
DICOM is the third and most comprehensive
version of an imaging communications standard
developed by the American College of Radiology
in conjunction with the National Electrical Manu-
facturers Association. The purpose of DICOM
is to provide platform-independent methods of
interconnecting all types of digital medical imag-
ing devices by means of standard computer net-
works. DICOM offers a wide variety of functions
for use in PACS; these functions range from de-
tailed technical and demographic data to methods
for generating worklists and interacting with hos-
pital information systems (14).

The strength of DICOM is its comprehensive
set of specifications for medical images in PACS.
These specifications allow detailed descriptions of
bit-mapped digital images (including 12-bit gray-
scale images and color images), intensity mapping
functions, annotations, and other elements that
are used for digital medical images. In addition to
complete image specifications, DICOM also pre-
scribes multilayer communications and network
protocols that are specific for use in PACS (14).

Unfortunately, the additional data in the
DICOM specification that relate to communica-
tion protocols make this file format unwieldy for
use in multimedia teaching tools outside PACS.
Although it is now widely accepted in the radiol-
ogy community, DICOM is not necessarily sup-
ported by medical computer systems outside the
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field of radiology and is relatively obscure in the
nonmedical digital imaging community.

Digital Image

Compression Techniques

The performance of PACS has been greatly en-
hanced by the use of image compression algo-
rithms. The ability to compress and decompress
images without loss of diagnostic data has allowed
PACS to become a reality by greatly decreasing
transmission times and storage requirements and
permitting shorter retrieval times. Whereas loss-
less compression maintains the full integrity of the
original image file, the goal of lossy compression
in PACS is to reach these objectives without com-
promising diagnostic image quality. This can be
accomplished partly because the unaided human
eye cannot perceive minimal changes in degrada-
tion; consequently, the data can be described as
“diagnostically lossless” (15,16). The three most
commonly used image compression techniques
are the JPEG method, fractal compression, and
wavelet compression.

The JPEG method described earlier can pro-
vide lossless compression at low compression ra-
tios up to 4:1. Image data degradation can be
minimized while still maintaining a significant
amount of integrity if compression ratios below
30:1 are used. JPEG has been the most popular
image file format on the Internet primarily be-
cause of its compression characteristics and the
JPEG standards. These JPEG standards allow a
Web browser or graphics program to compress
and decompress any JPEG image with ease. The
more complicated “tag” format of TIFF files pre-
vents ready compression of TIFF images (5,10,
15-17).

Fractal image compression makes use of com-
plex mathematics in analyzing patterns within an
image, as opposed to the discrete cosine trans-
form algorithms used in JPEG, which compare
individual pixels with surrounding pixels. This is
a patented lossy type of compression that permits
rapid image decompression. The compression
algorithm is complex and therefore slow com-
pared with the JPEG algorithm. The ability to
store a series of equations instead of pixel data
allows compressed image files to be stored in a
much smaller space while allowing some change
in the size of the image displayed. Relatively little
image degradation can be detected, even at com-
pression ratios up to 100:1. Unlike the JPEG
method, however, fractal image compression
lacks strict standards (15-17).

Wavelet compression is the oldest of the three
digital image compression techniques in common
use. Wavelet concepts were first described almost
100 years ago (15-17). The original Fourier
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PNG File Identification Information

CRC Cyclical Redundancy Check Information
Image

Data
Gamma Platform Independent Gamma Correction

Web Deta 2-dimensional Interlacing Schemes
Alpha Channel Transparency
Chunks Patient and Study Identifying Information
= Platform Independent Lossless Compression
Figure 1. Schematic illustrates PNG attributes.

mathematical series theory has been adapted and
modified, branching into several different ver-
sions that are not compatible with each other. No
set standards for the wavelet compression tech-
nique have been adopted. Although lossless wave-
let compression techniques usually do not exceed
compression ratios of 4:1, commercialized lossy
techniques have been reported to preserve diag-
nostic quality at ratios up to 150:1 (15). This
multiresolution analysis usually involves filtering
the data based on contrast and frequency, fol-
lowed by removal of data that are unimportant to
image quality before image compression encoding
is completed. High-contrast data are preferen-
tially retained, allowing preservation of image de-
tail. Consequently, wavelet compression is an
attractive method for use in medical imaging.

The wavelet algorithms also allow image scalabil-
ity, similar to fractal compression techniques
(15-17).

Bit-mapped
Images: The Future Is PNG
A relative newcomer on the scene, the PNG file
format was created in 1995 in response to the
GIF proprietary transition (4,8,10,12). In addi-
tion to their stated goal of remaining nonpropri-
etary, the creators of PNG were looking to define

a flexible file format that would allow lossless data
compression, gamma correction for cross-plat-
form consistency in brightness, and variable
transparency. They achieved their objectives, and
since 1996, the HTML format used for the pre-
sentation of these files has shown great versatility
and continues to increase in popularity. Conse-
quently, the PNG file format has the potential to
be the image file format of the future.

Chunk Architecture

A PNG file has a chunk architecture that allows
flexible descriptions of each attribute (Fig 1)
(12,18). It is this chunk architecture that gives the
PNG file format its greatest theoretic advantage
over other image file formats. A wide range of
image information as well as supporting alphanu-
meric data may be housed within the same PNG
file. A PNG image file consists of an initial “sig-
nature” (the initial eight bytes) identifying the file
as a PNG image, followed by a series of chunks of
data that encode the image information to the
decoder program (eg, Web browser). The infor-
mation for the image is stored in groups (chunks)
marked with four-character names, each ending
in a “cyclical redundancy check” (CRC) that veri-
fies the integrity of the data. The initial signature
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and CRC, together with the Adler-32 Checksum
(an algorithm that is similar to the CRC for the
uncompressed data), allow three types of integrity
checks on a PNG file (12,18,19).

The chunk data can contain keywords and
strings of information, sometimes referred to as
“metadata” (ie, information about data), which
are interpreted by certain decoder programs while
being ignored by others (12,19,20). One of these
chunks is designated as an alphanumeric text
string such that information about an image (eg,
annotations, patient data, image contributor) can
be stored in this string. Consequently, data about
an image can be stored in the same file as the im-
age itself (12,19). Because there are Internet
metadata image-capable search engines that can
detect text strings, the image can be found faster
on the basis of the image file name or the text ma-
terial within the text string (21,22). The chunk
architecture of a PNG file also allows private in-
formation to be read by certain applications while
being ignored by others. This would allow the
embedding of DICOM-specific chunks, which
would aid in the transmission of the image be-
tween PACS and imaging software or database
files. The ability to quickly input cases into data-
bases in an easy-to-use graphical user interface
would overcome a large barrier to most clinicians
contributing to large-scale digital teaching file
projects.

Pixel Support

The PNG chunk architecture supports three pixel
types: palette-mapped, gray-scale, and true-color
(RGB) (12,18,23). PNG supports true color with
48-bit color images, as opposed to the 24-bit
color scheme of JPEG. PNG also supports 16-bit
gray-scale images, which becomes important in
detailed radiologic studies (8,10,12).

JPEG supports only true-color and gray-scale
images, whereas GIF supports only palette-based
mapping (5,6,10,17,18). PNG’s variable alpha-
channel transparency support, similar to that of
TIFF, allows the creation of an image with differ-
ing levels of transparency for each pixel such that
multicolored images can be fully or only partially
transparent (8,12,13,18,23). This creates true-
color pixel data with four bytes for each pixel
(red, green, blue, and alpha [RGBA]), predomi-
nantly used in transitions and drop shadow effects
(18). JPEG does not support alpha-channel trans-
parency or gamma correction, whereas GIF sup-
ports only a single layer of transparency (10-12).
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Interlacing Scheme

The algorithm known as Adam?7 is an interlacing
method that displays PNG images in seven stages
in less time than is required for the four-stage dis-
play of GIF. The GIF interlacing scheme remem-
bers which lines of the file are even- or odd-num-
bered and progressively displays the file with the
odd-numbered lines displayed first, so that the
image appears to be displayed twice as fast. The
PNG format makes use of a two-dimensional
(2D) interlacing scheme that progressively dis-
plays the image, not only from top to bottom, but
also from right to left, displaying the image even
faster. However, this progressive display tech-
nique may increase the size of the image file
(12,18,23).

The interlacing progressive display technique
has been supported by GIF and TIFF essentially
since 1989 and widely implemented by the JPEG
file interchange format since 1996 (18). In a di-
rect comparison of PNG and GIF interlacing
schemes, only about the top one-eighth of the
GIF image is visible by the time the PNG scheme
has completed the first pass of the entire image,
and four PNG passes have been completed by the
time the first full pass of the GIF image has been
completed. As a result, the PNG file image dem-
onstrates better resolution in less time (12,18).
Therefore, a PNG file can usually be recognized
after approximately 25% of the file is transmitted,
compared with the necessary transmission of 50%
of a similar GIF file before it is recognized (10).

Gamma Correction

The inherent coding of gamma correction, which
refers to the brightness reproduction curve of an
image, allows the values displayed on any plat-
form to be the same as those of the original.
PNG?’s platform-independent gamma correction
for independent brightness controls is a powerful
tool for viewing radiologic images. This inherent
features allows PNG-formatted images to have
standard colors and contrast settings without ap-
pearing too dark on Windows-based personal
computers (Microsoft) or too light on Macintosh
computers (Apple Computer, Cupertino, Calif)
(10,12,18). This problem exists because Macin-
tosh computers, Windows-based computers, and
SGI workstations (Silicon Graphics, Mountain
View, Calif) all have different gamma values, so
there is no Internet gamma value standard. GIF
and JPEG files have no inherent gamma correc-
tion (10,12,24). The PNG chromicity correction
feature (for precise specification of color indepen-
dent of brightness) allows similar standardization
of RGB strength in the individual pixels of an
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image (10,12,18). These gamma and chromicity
controls allow more accurate depiction of pixel
image levels in terms of color and gray-scale im-
aging. The PNG specifications even allow use of a
complete color management system for increased
color control (18).

Compression Options

Although the data chunks are capable of support-
ing multiple compression formats, the “deflate”
compression method is the only one defined for
PNG images (12,25). This algorithm, which is
used with .zip files, is a version of LZ77 (so
named because it was first published by Lempel
and Ziv in 1977), a predecessor of the LZW tech-
nique (12). LZ77 is a platform-independent loss-
less compression technique that actually has
10%-30% better compression than the LZW
technique used with GIF files (12,18). Unlike the
LZW algorithm, however, LZ77 is not patented
4,7).

The PNG deflate compression method is es-
sentially a combination of LZ77 and Huffman
encoding algorithms. Lossless encoding with the
PNG method was intended for use in applications
such as medical imaging and detailed image edit-
ing in which strict preservation of all data is man-
datory. Because of its chunk architecture, the
PNG format is able to adapt and incorporate
compression techniques common to PACS, al-
lowing easier transition from DICOM to PNG for
incorporation into digital teaching files and more
complex multimedia projects (12,25).

The PNG specifications also define a compres-
sion filtering technique. There are five different
options for this filter (including “None™), which
significantly increases decoder efficiency. These
options compare specific pixels with surrounding
pixels to increase the degree of compression. As
an extreme example, a 24-bit, 48-Mbyte image
file can be losslessly compressed to 0.1 Mbytes
but to only 36 Mbytes without the filtering option
(12,18,25).

Browser Support

Perhaps the most significant limitation of the use
of PNG in Internet digital teaching files is rela-
tively limited support with earlier browser ver-
sions. The creation of PNG, with its complex in-
terlacing scheme, alpha-channel support, and
automatic gamma correction, was somewhat fo-
cused on Internet use. Although there are over 30
2D Web browsers with at least some PNG sup-
port, the two most commonly used browsers,
Netscape Navigator and Internet Explorer, have
had limited support with early versions and native
support since versions 4.04 and 4.0, respectively
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(23). Both JPEG and GIF have essentially been
natively supported by Netscape Navigator and
Internet Explorer since version 2.0 (24,26).

Netscape Navigator has limited support for
PNG files since version 2.0 with multiple avail-
able plug-ins (helper applications such as Quick-
Time [Apple]) and support for progressive dis-
play since version 4.04. There is also full alpha-
channel and gamma correction support in the
latest version (6.0). This latest version is based on
Mozilla, another browser developed with the sup-
port of Netscape, which has widely supported
PNG (23,26,27).

Microsoft Internet Explorer and the new
America Online Internet Explorer (Dulles, Va)
have had read-only support of PNG files since
version 4.0 and full alpha-channel support since
version 5.0 for the Macintosh community. Win-
dows Internet Explorer version 4.0 is able to dis-
play PNG files with plug-ins, similar to the earlier
Netscape browsers, but full gamma correction
and interlacing capabilities are not fully supported
in this version. The more recent Internet Explorer
version 5.5 for Windows does fix some of these
problems but has not addressed full alpha-chan-
nel support (26,27). The desire to display Web
pages that can easily be viewed by a majority of
Internet users may limit PNG’s use in digital
teaching file creation, and issues concerning ran-
dom access memory and storage space limit users
to early versions of these browsers.

Acceptance

The PNG file format is by design free of the
patent issues that have hindered further GIF de-
velopment. In 1996, the World Wide Web Con-
sortium issued PNG specification 1.0 as a Con-
sortium recommendation, the first recommenda-
tion to be issued by the group. The adoption of
PNG by the Virtual Reality Modeling Language
(VRML) Architecture Group for VRML 2.0 and
the formal approval of “image/png” as an official
Internet media type by the Internet Assigned
Numbers Authority will ensure widespread use of
this complex yet flexible graphic file format in the
future (4). Both of the leading Web browsers,
Netscape Navigator and (Microsoft) Internet Ex-
plorer, now have some native PNG support
(23,26,27). Adobe PhotoShop 5.5 and Macrome-
dia Fireworks 2.0 (Macromedia, San Jose, Calif)
also contain PNG support (8). Photoshop offers
easy “save” options for PNG 8-bit and 24-bit im-
ages. PNG support already exists or is being
planned in over 125 applications. Animation can
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Comparison of Image File Formats with Respect to Selected Parameters

Parameter GIF89a

JPEG TIFF PNG

Maximum color depth 8-bit (256 colors)

24-bit (millions of

colors) colors) colors)
Compression technique  Lossless Lossy Lossless (lossy) Lossless
Interlacing Yes (one-dimensional) No No Yes (2D)
Gamma correction No No Yes Yes
Patent issues Yes No (yes) Yes No

48-bit (trillions of ~ 48-bit (trillions of

be achieved with a closely related format known
as multiple-image networks graphics (28).

The gamma and color correction features in-
herent in PNG are important for developing digi-
tal teaching files, and the added alpha channels
for variable transparency support and lossless
compression make PNG an attractive alternative
for multimedia projects. The 2D interlacing
scheme works up to eight times faster than GIF
one-dimensional interlacing schemes and makes
PNG graphics an attractive alternative for Web-
based teaching files. PNG images can have crisp
detail on varied backgrounds for transparency
work (if needed) and demonstrate better detail
than GIF images while having a similar file size
(10,12).

Conclusions
Although the full capabilities of PNG may not be
used by most radiologists, the ability to repeatedly
update and edit files with lossless compression
along with gamma and chromicity correction
makes PNG the optimal image format for Web-
based teaching files (Table) (10,12,23,24). The
bit-mapped PNG image files are usually 20%—
30% smaller than similar GIF files but contain
images with equal resolution (Fig 2). In addition,
GIF files do not support true color or gamma cor-
rection, limitations that still hinder the image
quality of many Web-based projects, leaving
many images either too dark or too light on differ-
ent computer platforms. Some monitors also tend
to display highlights and shadows of graphic files
that are too dark or too light relative to the origi-
nal file settings. The alpha-channel variable trans-
parency capabilities of PNG will not directly af-
fect the teaching file images in radiology Web-
based projects but will allow sharper supporting
graphics in the database interface.

Although PNG is clearly superior to GIF, a
comparison of PNG with JPEG is more problem-
atic due to significant differences. Whereas the
JPEG format may be preferable for color photo-

graphic images that are not to be altered, PNG is
better suited to computer-generated graphics (eg,
in digital radiographic studies). The ability to
open, edit, and save files repeatedly with PNG
without data loss makes this a preferable format
in multimedia projects (12). Although there is a
nearly lossless version of JPEG compression, it is
inferior to the earlier LZ77 compression scheme
of PNG and has problems with the storage of bit-
mapped color graphic files. The lossless version of
JPEG uses a completely different compression
scheme that has not gathered significant support
among image-editing applications. The 2D inter-
lacing capabilities of PNG allow an image to fill in
from top to bottom as well as from right to left,
making PNG images identifiable faster than GIF
or JPEG images, which can be loaded only from
top to bottom. This increased speed can be im-
portant on slower networks (eg, in teleradiologic
or off-site PACS applications) and with digital
teaching file projects.

Although TIFF is a good choice for bit-
mapped data file transfer for image input and out-
put devices, it is not an option for Web-based
teaching tools. Although it would theoretically be
possible to encode a new fully-supported (private)
tag for TIFF files for Internet use, this would
merely complicate an already very complex for-
mat. The multiple compression schemes already
in use and the countless number of existing tags
would make the creation of a Web-based image
editor for radiologic case input over the Internet
nearly impossible. Moreover, TIFF files have no
existing tags for the progressive display that is so
popular with the other formats and are not de-
signed for stream processing. As discussed earlier,
certain legal issues also limit the use of TIFF for
such projects.

The capacity of PNG to integrate private
chunks of data should allow seamless conversion
of DICOM images into the PNG format. The
integration of alphanumeric text in metadata (eg,
patient information) will assist in incorporating
case material into a database. The acceptance of
PNG by the World Wide Web Consortium and
by the most popular Web browsers and graphic
manipulation software companies ensures its fu-
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Figure 2. Comparison of image file formats. An original TIFF image was saved at 300 dots per
inch in the following file formats: GIF file (687 Kbytes) (a), JPEG file interchange format file (250
Kbytes) (b), PNG file (549 Kbytes) (c), and TIFF file (959 Kbytes) (d). No interlacing was used
to obtain the GIF image, and no interlacing or filtering was used for the PNG image. Maximum
quality (minimum compression) was used for the JPEG (JFIF) image, and no compression was
used for the TIFF image, which was obtained with Adobe Photoshop 5.5.

ture place in Web-based and imaging editing
projects. In conclusion, the PNG file format pro-
vides a network-friendly, patent-free, lossless
compression scheme that is truly cross-platform
and has many new features that are useful for
multimedia and Web-based radiologic teaching.
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