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1.0 INTRODUCTION

This report describes the NIST Machine Print Database, NIST Special Database 8 (SD8), which contains
360 8-bit gray scale images of pages containing machine printed characters, and a corresponding binary
version of each page, resulting in a total of 720 digitized pages. This database is being distributed as a
common set of images for use in the development and testing of Optical Character Recognition (OCR)
systems. This allows vendors to report results with respect to this common image set. Each disc in this
three-disc set contains approximately 593 Megabytes of storage when the images are compressed.
Uncompressed each disc contains 1.1 Gigabytes of data (1.85: 1 average compression ratio using JPEG[3]
and CCITT Group 4[1]).

2.0 DATABASE IMAGES AND REFERENCE FILES

The 720 digitized pages in SD8 are broken down into four groups. The first group is the style type. Three
styles are used in this database; normal, bold and italic. Each style is organized on a separate disc; disc1,
disc2, and disc3 respectively. Within each style there are six fonts; Courier, Helvetica, New Century School
Book, Optima, Palatino, and Times Roman. Each font has 10 point sizes, 4, 5, 6, 8, 10, 11, 12, 15, 17, and
20 point. Finally, there are two examples of each point size, a randomly ordered page and a sequentially
ordered page. The random page evenly distributes each character represented while randomizing the
character occurrence. The ordered page selects the characters in order.

SD8 contains two types of images, binary and gray scale. The gray scale images are compressed using the
lossless JPEG described in Section 2.3. The binary images are compressed using the CCITT Group 4
compression.

Both the binary and gray scale images have ASCII reference files containing the text of what was scanned
from each page in the database. The page reference files are the ASCII files of text that was printed to
generate the original hard copy version that would later be scanned to produce the gray scale images.
These images can be used as input to a recognition system and the ASCII output file compared to the
reference file. If the reference file did not exist then an operator would have to look at each character and
decide what it was. These files contain a varying number of rows and columns for the different point sizes.
For example more 4 point font characters can be printed on a standard 21.25 x 27.50 centimeter page, 8.5 x
11 inch, than 20 point font characters.

Back to Contents

2.1 IMAGE FILE FORMATS
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Image file formats and effective data compression and decompression are critical to the usefulness of image
archives. Each ASCII reference page was printed and later scanned at 12 dots per millimeter (dpm) gray
scale, compressed using JPEG, and temporarily archived onto computer magnetic mass storage. The gray
scale images were converted to binary using a smart thresholder, thresh2, which is explained in section 2.2.
The binary images produced by thresholding were then compressed using CCITT Group 4. Once the gray
scale, binary images, and reference ASCII files were organized they were mastered and replicated onto
ISO-9660 formatted CD-ROM discs for permanent archiving and distribution.

In this application, a raster image is a digital encoding of light reflected from discrete points on a scanned
page. The 2-dimensional area of the page is divided into discrete locations according to the resolution of a
specified grid. Each cell of this grid, which is called a pixel, is represented by a value between 0 and 255;
255 represents a white pixel, 0 represents a black pixel with the values in between being levels of gray. For
a binary image a white has a pixel value of 0 and black has a pixel value of 1. This 2-dimensional sampling
grid is then stored as a I-dimensional vector of pixel values in raster order, left to right, top to bottom.
Successive scan lines (top to bottom) contain the values of a single row of pixels from the grid.

Certain attributes of a raster image are required to interpret the I-dimensional pixel data as a 2-dimensional

image. Examples of such attributes are the pixel width and pixel height of the image. These attributes are
stored in a machine readable header prefixed to the raster bit stream.
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Header Length ,
ASCII Format Image Header

Binary Raster Stream
QO0000GI000001000001 1111110, ..

» Representing the digital scan across the
page left to right, top 1o botiom,

¢ ‘0" - Represents a white pixel.

* ‘1’ - Represents a black pixel.

¢ 8 Pixels are packed into a single byte
of memory.

FIGURE 1. An illustration of the IHead binary raster file format

Header Length

ASCIH Format Image Header

8-bit Gray Scale Raster Stream
110101003101001111010010110 . ...

* Representing the digital scan across the
page left to right, 1op to botom.
« 8 bits to a pixel
* 256 levels of gray
* 1 Pixel is packed into a single byte
of memory,

FIGURE 2. An tHlustradon of the IHEAD grey scale raster file format

Numerous image formats exist, but most are proprietary. Some are widely supported on small personal
computers and others are supported on larger workstations. A header format named IHead has been
developed for use as a general purpose image interchange format. The IHead header is an open image
format which can be universally implemented across heterogeneous computer architectures and
environments. Both documentation and source code for the IHead format are publicly available and included
with this database. IHead has been designed with an extensive set of attributes in order to adequately
represent both binary and gray scale images, to represent images captured from different scanners and
cameras, and to satisfy the image requirements of diversified applications including, but not limited to, image
archivai/retrieval, character recognition, and fingerprint classification. Figures 1 and 2 iliustrate the iHead
format for binary and gray scale images.

Since the header is represented by the ASCII character set, IHead has been successfully ported and tested

on several systems including UNIX workstations and servers, DOS personal computers, and VMS
mainframes. All attribute fields in the IHead structure are of a fixed length with all multiple character fields
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null-terminated, allowing the fields to be loaded into main memory in two distinct ways. The IHead attribute
fields can be parsed as individual characters and null-terminated strings, an input/output format common in
the "C' programming language, or the header can be read into main memory using record-oriented
input/output. A fixed-length field containing the size in bytes of the header is prefixed to the front of an IHead

image file as shown in Figures 1 and 2.
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The IHead structure definition as written in the "C' programming language is listed in Figure 3. Referencing
the structure members listed in this figure, the first attribute field of IHead is the indentification field, id. This
field uniquely identifies the image file, typically by a file name. The attribute field, created, is the date on
which the image was captured or digitized. The next three fields hold the image's pixel width, height, and
depth. A binary image has a pixel depth of 1 whereas a gray scale image containing 256 possible shades of
gray has a pixel depth of 8. The attribute field, density, contains the scan resolution of the image; in the
case of this database, 12 dots per millimeter which is equivalent to 300 dots per inch. The next two fields

deal with compression.
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