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Appendices

1.0 Introduction

This report describes the secondNIST Structured Forms Reference Set database, NIST Special Database 2
(SDB6), containing binary images of synthesized documents. Databases of this magnitude are necessary to
further the research and development of automated document processing systems. This database is being
distributed as a reference data set to be used by developers of document recognition and data capture
systems to test and report results on a common corpus of images digitized from structured forms containing
hand-printed data. The structured forms used in SD6 are twelve different tax forms from the IRS 1040
Package X for the year 1988. These include Forms 1040, 2106, 2441, 4562, and 6251 together with
Schedules A, B, C, D, E, F, and SE. Eight of these forms contain two pages or form faces making a total of
20 different form faces represented in the database. Nist Special Database 2 (SD2). [1]

SD6 contains 5,595 full page images of completed tax forms. Each image is stored in the bilevel black and
white raster format defined in Section 2.2. The images in SD6 appear to be real forms prepared by
individuals but the images have been automatically derived and synthesized using a computer and contain
no "real" tax data.

2.0 Image Synthesis

The entry field values on these forms have been automatically generated by a computer in order to make
the data available without the danger of distributing privileged tax information. The computer-derived entry
field values are synthesized as images from one or more fonts of hand-printed data explained in Section
3.0.. An image of an entry field value is produced by combining images of each character in the value. An
entry field image is then inserted in a selected location within the corresponding field within a form image.
The image data entered in a field in this way has been translated and rotated by small amounts to simulate
variations in hand-print. Multiple examples of the digital representation of each character are used so that
the pattern of the binary pixels representing each character is not consistently replicated but varies as it
would in a sample of real tax forms. Both the form templates and the character examples are digitized at 12
pixels per millimeter binary. Figure 1 displays a synthesized tax form.

Figure 1is a 1040 Form and Figure 2 is the format file for Figure 1.

2.1 Answer File Formats

The values entered on the forms have been derived by a computer. These entry field values are stored
separately from the image in an ASCI!| text file referred to as a format file. This format file, one per
completed structured form image, serves as an answer file which can be used to score the values
hypothesized by a recognition system. An example of one of the answer files in the database is listed in
Figure 2. These text files are the ground truth against which recognition responses may be compared.

The information in Figure 2 has been listed in two adjacent text columns. The first line in this file contains the
identification of the form face in the referenced image. SD6 contains multiple form faces and therefore can
be used for testing the forms identification ability of a document recognition system. The form type
identification can be used to compute a system's accuracy in correctly identifying the form face contained in
an image. The form faces used in SD6 are contained in Appendix A and are the same as those used in SD2.

Each successive line in the answer file is an entry field identification followed by an entry field value. The
field identification string uniquely identifies which entry field is being referenced on a structured form. The
field identifications used in this database are labeled on the form faces contained in Appendix A and are

http://www.nist.gov/srd/WebGuide/SD_6/nistsd6_ug_A.htm 5/1/2008




NIST Imaging Database 2 - Structured Forms Database Users' Guide Page 3 of 11

identical to those used in SD2 except for corrections to labeling errors found in the documentation for SD2.
The entry field value may be empty or it may contain a computer derived value. Typically, any value listed
for an entry field references the precise character information entered into the form image, and empty entry
field values model sparsely filled forms. Exceptions exist for ICON entry fields and Continuation Alpha fields.

Entry fields of type ICON contain non-character information such as box check marks and signatures. The
presence of this kind of non-character information in an ICON field is represented with an entry field value of
1. If no ICON information is present, then the entry field value is left empty.

Continuation Alpha fields (CA) are used in conjunction with alphanumeric fields (A) to represent a single
alphanumeric response that spans multiple entry fields on a form. One example of a CA field is contained in
the textual response to question 9b on the Schedule A form. Figure 3 displays a subimage rom a Schedule
A form containing question Sb.

Three entry fields exist for question 9b, one numeric field and two text fields. The two text fields located to
the left of the numeric field on the form contain a single response, a person's name and address. The first
text entry field in labeled SchA_9b_V1 and has an entry field type of A. The second entry field is labeled
SchA_9b H1 V2 and has an entry field type of CA. All the entry field types used in this database are listed
in Figure 15.

Figure 4 lists the entry field values stored in the form's format file for the textual response to question 9b.
The textual response, "Paine X. Teton, 57 Kearny Avenue", is divided across the two text entry fields. The
entry field SchA_9b_V1 contains "Paine X," and the entry field SchA_9b_H1_V2 contains the remainder of
the response "Tefon, 57 Kearny Avenue". As can be seen from the entry field values in Figure 4,
SchA_9b_V1 contains the entire textual response and SchA_9b_H1_V2 is empty. Also notice that the entry
field value for SchA_9b_V1 is separated across two lines. The portion of the entry field value on the first line
represents the characters entered in SchA_9b V1, while the second line represents the characters entered
in SchA_9b H1_V2.

Figures 3 and 4

The first entry field of a multiple line response is considered the primary entry field containing the entire
response in its value. The value of the primary entry field is separated across multiple lines consistent with
the way the response spans multiple entry fields on the form. Each subsequent line in the primary entry
field's value corresponds to the characters in each subsequent CA field. The lines in the primary entry field's
value are separated by the unique sequence of a new-line character followed by a tab character, "\n\".
Entry field documentation tables, provided as text files in SD6 and included in Appendix C, contain entry
field types so that CA entry fields can be identified.

The nearest preceding entry field of type A is a CA field's primary entry field. Using this convention, CA field
values are obtained through referencing the primary entry field's value, and the values to the left of CA field
identifiers remain empty in the format file. It is possible for a multiple line response to span less than the total
number of entry fields available to contain that response. CA fields obtain their values sequentially from the
primary entry field's value until all the lines of the response have been assigned, at which point, subsequent
CA field values are left blank.

The exceptional use of CA fields in the format file are the result of historical design decisions. It is
anticipated that their use in future databases will be modified to be consistent with the format of the other
non-ICON entry field types.

Back to Contents

2.2 Image File format
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Image file formats and effective data compression and decompression are critical to the usefulness of image
archives. Each of a completed form face was synthesized at 12 dots per millimeter binary, 2-dimensionally
compressed using CCITT Group 4 [2][3], and temporarily archived onto computer magnetic mass storage.
Once all forms were synthesized, the images were mastered and replicated onto 1SO-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
form. The 2-dimensional area of the form is divided into discrete locations according to the resolution of a
specified grid. Each cell of this grid is represented by a single bit value of 0 or 1 called a pixel; 0 represents
a cell predominately white, 1 represents a cell predominately black. This 2-dimensional sampling grid is then
stored as a 1-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 concatenated together.

After digitization, certain attributes of an image are required to be known to correctly interpret the 1-
dimensional pixel data as a 2-dimensional image. Examples of such attributes are the pixel width and pixel
height of the image. These attributes can be stored in a machine readable header prefixed to the raster bit
stream. A program which is used to manipulate the raster data of an image, is able to first read the header
and determine the proper interpretation of the data which follows it. Figure 5 illustrates this file format.

A header format named IHead has been developed for use as an image interchange format. Numerous
image formats exist; some are widely supported on small personal computers, others supported on larger
workstations; most are proprietary formats, few are public domain. 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 SD6. IHead has been designed with an extensive set of attributes in order to adequately represent both
binary and gray level 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
archival/retrieval, character recognition, and fingerprint classification.

IHead has been successfully ported and tested on several systems including UNIX workstations and
servers, DOS personal computers, and VMS mainframes. The attribute fields in IHead can be loaded into
main memory in two distinct ways. Since the attributes are represented by the ASCII character set, the
attribute fields may be parsed as null-terminated strings, an input/output format common in the 'C'
programming language. IHead can also be read into main memory using record-oriented input/output. The
fixed length of the header is prefixed to the front of the header as shown in Figure 5. The IHead structure
definition as written in the 'C' programming language is listed in Figure 6.

[ Record Length I
ASCIl Format Image Header

Binary Raster Stream
000000010000010000011111110. . ..

Representing the digital scan across the
page left to right, top to bottom.
'0' - Represents a white pixel.
"' - Represents a black pixel.
8 Pixels are packed into a single byte of
memory.

FIG. 5. An illustration of the IHead raster file
format.
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/******************************************************************************

File Name: IHead.h

. Package: NIST Internal Image Header

Author: Michael D. Garris
Date: 2/08/90
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/* Defines used by the ihead structure

#define
IHDR_SIZE 288

#define SHORT-CHARS 8

#define BUFSIZE 80
#define DATELEN 26

typedef struct ihead{
char id[BUFSIZE]
char created[DATELEN];
char width[SHORT_CHARS];
char height{fSHORT_CHARS];
char depth[SHORT_CHARS];
char density[SHORT_CHARS];
char compress[SHORT_CHARS];
char complen[SHORT_CHARS];
char align[SHORT_CHARS];
char unitsize[SHORT_CHARS];
char sigbit;
char byte_order,
char pix_offset{fSHORT_CHARS];
char whitepix[SHORT_CHARS];

char issigned;

char rm_cm;

char tb_bt;

char 1r_r1;

char parent{BUFSIZE];

char par x[SHORT_CHARS];

char par_y[SHORT_CHARS];
HHEAD

*/
/* len of hdr record (always even
bytes) */

/* # of ASCII chars to fepresent a
short */

[* default buffer size */
[* character length of data string */

* idenfification/comment field */

[* date created */

I* pixel width of image */

/* pixel height of image */

/* bits per pixel */

* pixels per inch */

/* compression code */

I* compressed data length */

[* scanline multiple: 8|16|32 */

/* bit size of image memory units */
[*0->sigbit first | 1->sigbit last */
/*0->highlow | 1->lowhigh */

/* pixel column offset */

/* intensity of white pixel */

{; 0->unsigned data | 1->signed data
[* 0->row maj | 1->column maj */

[* 0->top2bottom | 1->bottom2top */
/* 0->left2right | 1->right2left */

/* parent image file */

[* from x pixel in parent */

/* from y pixel in parent */

Figure 6. IHead C language definition.
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