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Advanced Image Handling Capabilities for Fax Applications

Introduction
Image handling, data modulation, and T.30 protocol processing are considered the three major criteria in considering the robustness, reliability and efficiency of a multichannel fax platform. This white paper discusses basic digital image concepts and how the image handling capabilities of the Brooktrout TR114 board and API combine to provide the developer of enhanced fax solutions with unmatched performance and flexibility.

Basic Representation of Faxable Images
Image data in its raw form consists of bits of data which represent pixels (picture elements). This data as a whole is often called a bit-map. For the purposes of fax transmission these pixels are bi-level, which means they are black (bit value is 1) or white (bit value is 0). When scanned from hardcopy or created electronically, the image data is created with a certain resolution or dots (pixels) per inch on the vertical and horizontal axis. An increase in resolution results in a quadratic increase in pixels to represent the image. Again, for the purposes of fax transmission, there are several standards for the resolution of the images. The TR114 supports the transmission and reception of normal resolution (200 horizontal by 100 vertical bits/square inch) and fine resolution (200 by 200) images as well as automatic scaling between those resolutions. Additional resolution standards called semi-superfine (200 by 400), print (300 by 300) and superfine (400 by 400) will be supported later in 1997. In addition to resolution, the size of the image, measured by page width, directly affects the amount of data bits. The TR114 supports multiple page widths (A4, B4, A3) and supports conversion and automatic scaling between them.

Image Data Formats
G3 (Group 3) fax devices exchange image data in one of three compressed image data formats defined by the ITU and referred to as MH (Modified Huffman), MR (Modified Read) and MMR (Modified Modified Read). MH and MR are specified by the T.4 specification and MMR is specified by the T.6 specification. MH, MR and MMR provide increasingly greater potential for compression and MMR requires ECM. PCX is another popular type of compressed image data format. Although fax devices don't transmit data in PCX format, applications create PCX formatted images that must be transmitted via fax.

Transcoding of Image Data Formats
The TR114 board performs G3 and PCX transcoding on-the-fly as required upon sending and receiving faxes. Transcoding "on-the-fly" implies that the transcoding is performed at a speed equal to or faster than the data can be transmitted or received, which means that the transmission/receiving process is not slowed down by the transcoding process. By performing the transcoding on the TR114, the host processor is not burdened and does not become a bottleneck, especially in high density applications. Transcoding upon transmission is required if, for example, fax image data is in MMR or PCX format and must be transmitted to a fax device that only supports MH format. Transcoding upon receiving is advantageous for storing all received faxes in the same format. For example, many applications store image data in MMR format (typically yielding the smallest file size) even if they are received as MH or MR.

Exchange of Image Data Between the Application and the Brooktrout API
During the process of transmitting or receiving faxes, the Brooktrout API exchanges G3 or PCX raw image data with the TR114 through the driver. Upon fax reception, the API provides the application with G3 or PCX raw image data encapsulated (for example, contained) in a choice of several different types of image file formats. Conversely, upon fax transmission, the application provides the API with G3 or PCX raw image data encapsulated or contained in the same choice of image file formats.

Fax applications provide the Brooktrout API with one of the following types of files for fax transmission: Raw Data Image, TIFF Class F, DCX or Brooktrout Infopkt. Upon receiving a fax, the API can provide the application with any of the same file types. This file format flexibility provided by the API allows the application to use a file format which is the most effective or simple to use.

Raw Data Image Files
A raw image data file is a file that contains G3 (MH, MR or MMR encoded), PCX or ASCII data with no special information in tags or headers which describe the data. G3 and PCX data is compressed bit-map data while ASCII data is comprised of 8 bit (single byte) codes. A distinct 8 bit code exists for 256 ASCII characters including letters (small and capital), numbers, punctuation marks and special characters.

TIFF Files
TIFF stands for Tagged Image File Format and is a file format for many types of image data. TIFF Class F is the TIFF file format specifically for fax or G3 image data. TIFF Class F files provide "tags" or header information that describe the raw image format (MH, MR, or MMR), the image resolution (normal, fine, etc.), the image page size, etc., of the raw fax image data contained in the file.

DCX Files
DCX is an image file format which was developed for PC applications. DCX files contain one or multiple pages of PCX compressed raw image data. DCX files, like TIFF, contain information describing the raw image data which is PCX encoded.

Infopkt Files
Infopkt is a Brooktrout proprietary file format which encapsulates multiple types of image data into what are called "strips." Single or multiple strips within an Infopkt file make up a complete single or multipage fax that can be delivered to the API for transmission or delivered by the API after reception. Strips can either contain actual image data or point to the image file types described above. Individual strips can also contain parameters which describe the type of image data (MH, MR, MMR, PCX or ASCII), the resolution (normal or fine), and the page width (A4, B4, A3). ASCII strips contain parameters which describe how the ASCII data is to be formatted into an image.

Image Rasterization
Image rasterization is the process of building a bit-mapped image. The TR114 performs all image rasterization thus relieving the host processor of this processing intensive task. The Brooktrout API passes raw image and ASCII data contained in files through the Brooktrout driver to channel processing units on the TR114 board. The API also provides descriptions of the raw image data format (MH, MR, MMR, PCX or ASCII), resolution (normal, fine, etc.) and page width. It also provides the board with instructions for text formatting and image placement as prescribed by the application within the Infopkt file. 

Rasterization of ASCII Data
ASCII data must be rasterized to be portrayed as a text image. The text rasterization process takes character images from a font set and builds text images. A font set is a collection of ASCII character bit-maps portrayed in a similar style at a similar resolution. Again, the TR114 performs text rasterization on-board and on-the-fly using several normal and fine resolution font sets that can be chosen by the application. 

Forms Overlay
The TR114 provides a unique capability which allows one or multiple images to be stored within the memory of each TR114 channel processing unit. Variable text or image data can then be overlaid or pasted onto any portion of the stored image as it is being transmitted. This TR114 Forms Overlay capability provides the application with power flexibility in creating customized image pages (such as fax cover pages) without burdening the host processor with rasterization. TR114 Forms Overlay is especially advantageous for high volume fax broadcast applications.

Image Data and File Formats Not Supported by the TR114
Certain image data file formats such as PostScript, PCL5e, and GIF are not supported by the Brooktrout API. In a case where such a file format must be transmitted via fax, customers may use third party tools which convert these file formats into formats supported by the Brooktrout API. These tools usually come in the form of utilities or libraries that can be utilized by the customer application. 

The following diagram illustrates the advanced image processing capabilities of the TR114 and the breadth of image file formats supported by the Brooktrout API:
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