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1.0 INTRODUCTION

This report describes the NIST Fingerprint database, NIST Special Database 4. which contains 8-bit gray
scale images of randomly selected fingerprints. The database is being distributed for use in the development
and testing of automated fingerprint classification systems on a common set of images. The CD-ROM

http://www.nist.gov/srd/WebGuide/SD_4/FingerprintDB_4.htm
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contains 4000 (2000 pairs) fingerprints stored in NIST's lliead raster data format and compressed using a
modified JPEG lossless [1] compression algorithm. Each print is 512 X 512 pixels with 32 rows of white
space at the bottom of the print (see Appendix A). Approximately 636 Megabytes of storage are needed
when the prints are compressed where as 1.1 Gigabytes are needed when uncompressed (1.6 : 1 average
compression ratio).

The fingerprints are classified into one of five categories (L = left loop, W = whirl, R = right loop, T = tented
arch, and A = arch) with an equal number of prints from each class (400). Each filename contains a
reference to the hand and digit number so the classes can be converted to other classification techniques
(i.e. radial and ulnar). All classes are stored in the NIST IHead id field of each file, allowing for comparison
with hypothesized classes.

2.0 MODIFIED JPEG LOSSLESS COMPRESSION

The compression used was developed from techniques outlined in the WG 10 "JPEG" (draft) standard for 8-
bit gray scale images with modifications to the compressed data format. The NIST IHead format already
contained most of the information needed in the decompression algorithm, so the JPEG compressed data
format was modified to contain only the information needed when recon- structing the Huffman code tables
and identifying the type of predictor used in the coding process. Codes used to compress and decompress
the images are still developed per the draft standard, but only applied to 8-bit gray scale images.

The standard uses a differential coding scheme and allows for seven possible ways of predicting a pixel
value. Tests showed that predictor number 4 provided the best compression on up to 99.9% of the
fingerprint images; therefore, this predictor was used to compress all of the images.

Back to Contents

3.0 DATABASE REFLECTANCE CALIBRATION

The reflectance values for the fingerprint dataset in NIST Special Database 4 was calibrated using a
reflection step table [3]. A plot of the reflectance values obtained using this step table is shown in Appendix
B. Also shown on the plots and below is an equation used to predict the reflectance of a given datapoint.
The plot in Appendix B shows that this predicted reflectance closely follows the actual reflectance obtained
using the reflection step table.

predicted % reflectance = 10 + (.32 * grayscale pixel value)

4.0 FINGERPRINT FILE FORMAT

Image file formats and effective data compression and decompression are critical to the usefuiness of image
archives. Each fingerprint was digitized in 8-bit gray scale form at 19.6850 pixels/mm (500 pixels/inch), 2-
dimensionally compressed using a modified JPEG lossless algorithm, and temporarily archived onto
computer magnetic mass storage. Once all prints were digitized, the images were mastered and replicated
onto 1SO-9660 formatted CD-ROM discs for permanent archiving and distribution.

After digitization, certain attributes of an image are required 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 manipulates the raster data of an image is able to first read the header and determine the
proper interpretation of the data which follows it.

Numerous image formats exist, but. most image formats are proprietary. Some are widely supported on
http://www.nist.gov/std/WebGuide/SD_4/FingerprintDB_4.htm 5/1/2008
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small personal computers and others on larger workstations. A header format named [Head 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 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
archivalfretrieval, character recognition, and fingerprint classification. Figure 1 illustrates the IHead format.

Header Length

ASCII Format Image Header
8-bit Gray Scale Raster Stream

110101001101001111010010110...

» Representing the digital scan across the
page left to right, top to bottom

+8 bits to a pixel

+256 levels of gray

*1 Pixel is packed into a single byte of
memory.

Figure 1: An illustration of the lhead raster file
format.

Since the header is represented by the ASCIl character set, IHead has been successfully potted and tested
on several systems including UNIX workstations and servers, DOS personal comput- ers, and VMS
mainframes. All attribute fields in the IHead structure are of fixed length with all multiple character fields 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 Figure 1.

/*********************************************************************

File Name: IHead.h

Package: NIST Internal Image Header
Author: Michael D. Garris

Date: 2/08/90

*********************************************************************/

/* Defines used by the ihead structure */

#define IHDR_SIZE 288 /* len of hdr record (always even bytes) */
#define SHORT _CHARS 8 /* # of ASCII chars to represent a short */ .
#define BUFSIZE 80 /* default buffer size */

#define DATELEN 26 /* character length of data string */
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typedef struct ihead{
char id[BUFSIZE];
char created[ DATELENT];
char width[SHORT CHARS]J;
char heightfSHORT CHARS];
char depth[SHORT CHARS];

char density[SHORT CHARS];
char compressf SHORT CHARS];
char complen[SHORT CHARS];
char align[SHORT CHARS];
char unitsize[SHORT CHARS];
char sigbit;

char byte order;

char whitepix[SHORT CHARS];
char issigned;

char rm_cm;

chartb_bt;

char Ir_1I;

char parent[BUFSIZE];

char par x[SHORT_ CHARS];
char par y[SHORT CHARS];
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/* identification/comment field */
/* date created */

/* pixel width of image */

/* pixel height of image */

/* bits per pixel */

/* pixels per inch */

/* compression code */

/* compressed data length */

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

/* bit size of image memory units */

/* 0->sigbit first | 1->sigbit last */
char pix_offsetfSHORT CHARS];

/* 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 2: The IHead 'C’programming language structure definition.

The IHead structure definition written in the"C" programming language is listed in Figure 2. Figure 3 lists the
header values from an IHead file corresponding to the structure members listed in Figure 2. This header
information belongs to the database file f0001_0l.pct (see Figure A.l in Appendix A). Referencing the
structure members listed in Figure 2, the first attribute field of IHiead is the identification field, id. This field
uniquely identifies the image file, typically by a file name. The identification field in this example not only
contains the image's file name, but also the classification of the fingerprint, any references to another
classification, and the sex of the individual. This convention enables an image recognition system's
hypothesized classification to be automatically scored against the actual classification printed in the id field.

IMAGE FILE HEADER

Identity
Header Size
Date Created

Width

Height
Bits per Pixel

http://www.nist.gov/srd/ WebGuide/SD_4/FingerprintDB_4.htm

: f0001_01.pct WM
: 288 (bytes)
: MON OCT 28 17:25:45 1991
: 512 (pixels)
: 512 (pixels)
: 8
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Resolution : 500 (ppi)
Compression : 6 (code)
Compress Length : 160602 (bytes)

Scan Alignment . 8 (bits)
Image Data Unit . 8 (bits)
Byte Order : High-Low
MSBit . First
Column Offset : 0 (pixels)
White Pixel : 255
Data Units : Unsigned
Scan Order : Row Major,
Top toBottom,
Left to Right
Parent : a0591.pct
X Origin : 0 (pixels)
Y Origin : 0 (pixels)

Figure 3: The IHead values for the fingerprint data file f0001_01.pct.

Back to Contents

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 this case, 19.6850 pixels/rnm (500 pixels/inch). The next two
fields deal with compression.

In the IHead format, images may be compressed with virtually any algorithm. Whether the image is
compressed or not, the IHead is always uncompressed. This enables header interpretation and manipulation
without the overhead of decompression. The compress field is an integer flag which signifies which
compression technique, if any, has been applied to the raster image data which follows the header. If the
compression code is zero, then the image data is not compressed, and the data dimensions: width, height,
and depth, are sufficient to load the image into main memory. However, if the compression code is nonzero,
then the complen field must be used in addition to the image's pixel dimensions. For example, the image
described in Figure 3 has a compression code of 6. This signifies that modified JPEG lossless compression
has been applied to the image data prior to file creation. In order to load the compressed image data into
main memory, the value in complen is used to determine the size of the compressed block of image data.

Once the compressed image data has been loaded into memory, JPEG lossless decompression can be
used to produce an image which has the pixel dimensions consistent with those stored in its header. Using
JPEG lossless compression and this compression scheme on the images in this database, an average
compression ratio of 1.6 to 1 was achieved.

The attribute field, align, stores the alignment boundary to which scan lines of pixels are padded. Pixel

values of 8-bit gray scale images are stored 1 pixel (or 8 bits) to a byte, so the images will automatically
align to an even byte boundary.
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