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Preface
Thismanual iswritten for those who develop applications using the EOC33Family of microcomputers. Thismanual
explains the configuration and functionality of the JPEG33 image compression middleware for the EOC33 Family
and how to use the software.
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1 OUTLINE OF THE JPEG33 MIDDLEWARE

1 Outlineof theJPEG33 Middleware

JPEG33 isimage compression middleware for the EOC33 Family. It isused to compress and expand images on the
EOC33 Family chip. Itsfunctions are supplied as library functions, which can be referenced after linking tothetarget
program. High-level functions calling these functions are available as C source code, to facilitate image
processing-related programming.

Tools supplied with the product allow you to create image ROM datafor PCs, as well as Windows GUI tools for
evaluation and examination of image compression and expansion on PCs.

The JPEG33 middleware isidea for developing applications and devices such as PDAS, electronic stationery and
toys.

1.1 Contents of the JPEG33 Package

The following provides the contents of the JPEG33 package. Confirm that all listed items are supplied with your
package.

(1) Tool disk (CD-ROM for PC/AT) 1disk

(2) EOC33 Family JPEG33 Middleware Manual (thismanual) 1 copy each in English and Japanese

(3) Warranty card 1 card each in English and Japanese
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1 OUTLINE OF THE JPEG33 MIDDLEWARE

1.2 Basic Configuration of the Image Input/Output System

The basic hardware configuration of the EOC33 system is shown in Figure 1.2.1 below. It consists mainly of the
EOC33 chip, plus external memory and other peripheral circuits.

EOC33xxx =~} LCD controller i,

/driver LCD panel

Internal RAM

O External ROM

EO0C33000
Core CPU

| O External RAM
Bus interface

Image input unit

Figure 1.2.1 Hardware Configuration of the Image Input/Output System

The JPEG33 library is middleware located between the EOC33 hardware and the user program, with the primary
purpose of performing image conversion-related processing. Loading the high-level functions supplied as C source
filesinto or linking them to the user program allows image processing to be performed without having to call
JPEG33 library functions directly from the user program.

User target program
(user's original specification)

JPEG33 library
high-level sources
(corrected by user as necessary)

Image data assembler sources
(created with the JPEG33 tool)

JPEG33 library functions
(for linking to a user project)

Hardware
(external memory for images)

Figure 1.2.2 Software Configuration of the Image Input/Output System

For details on the JPEG33 library functions and high-level functions, see Chapter 5, "JPEG33 Library Reference’”.
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1 OUTLINE OF THE JPEG33 MIDDLEWARE

1.3 JPEG33 Tools

JPEG33 tools create image ROM datato be written into the EOC33 chip, and evaluates image compression and
expansion. All of these tools run in Windows 95 and Windows NT 4.0, as well as more recent Windows versions.

= —([©

Scanner, digital camera, etc.

Figure 1.3.1 Hardware Configuration of the Image ROM Data Creation and Evaluation System

Image ROM data creation tools
Theimage ROM data creation tools consist of aseries of programsthat convert imagefiles (from BMPto
JPEG, RGB, GRY, or YUV) and generate assembly source files for the EOC33. These tools are used to create
the display-only image data that iswritten into ROM. All of these programs are 32-bit applicationsthat may be
executed from the DOS prompt.
Theimage ROM data creation tools arelisted in Table 1.3.1 below.

Table 1.3.1 Image ROM Data Creating Tools
Tools Functions
bin2s.exe Converts binary files (JPEG, RGB, YUV, or GRY files) into assembly source files.
bmp2gry.exe Converts 24-bit BMP file into GRY files.
bmp2jpeg.exe | Converts 24-bit BMP file into JPEG files.
bmp2rgb.exe Converts 24-bit BMP file into RGB files.
bmp2yuv.exe Converts 24-bit BMP file into YUV files.
col2gry.exe Converts 24-bit BMP file into grayscale 24-bit BMP files.
gry2bmp.exe Converts GRY file into 24-bit BMP files.
jpeg2bmp.exe | Converts JPEG file into 24-bit BMP files.
rgh2bmp.exe Converts RGB file into 24-bit BMP files.
yuv2bmp.exe Converts YUV file into 24-bit BMP files.

Image compression/expansion evaluation tool (jb.exe)
The"JPEG33 Bench (jb.exe)" image compression/expansion evaluation tool isa 32-bit Windows GUI
application, which allows you to set compression parameters, convert between BMP and JPEG files, convert
images into grayscale BMP format files, and display original and the converted images, all in one window.
Conversion of imagefiles isdone by calling the executabl e applications"bmp2jpeg.exe”, "jpeg2bmp.exe”,and
"col2gry.exe”.

For detailed information on the JPEG toals, see Chapter 4, "JPEG33 Tool Reference’.

EOC33 FAMILY EPSON 3
JPEG33 MIDDLEWARE MANUAL



2 INSTALLATION

2 Installation

This chapter describes the operating environment of the JPEG33 tools and explains how to install the JPEG33
middleware.

2.1 Operating Environment

Software development with JPEG33 and image ROM data creation and eval uation tools requires the operating
environment detailed below.

Personal computer
AnIBM PC/AT or compatible hardware is required. We recommend a computer with at least a Pentium 90
MHz processor and 32MB of RAM.

Display
An SVGA display with 800 x 600 dot resolution is required. Choose the "small font" display option from the
control panel.

Hard disk
The JPEG33 tools and JPEG33 library together require approximately 10MB of hard disk space.

CD-ROM drive
A CD-ROM driveisrequired toinstall the JPEG33 middleware.

Mouse
A mouse is necessary to perform actions within the compression/expansion eval uation application.

Video card
A video display card capable of 24-hit full color or 32-hit true color isrecommended.

System software
The JPEG33 tools support Microsoft® Windows® 95 and Windows NT® 4.0, or later versions of each (in
Japanese and English).

Other
The"EOC33 Family C Compiler Package" is required for software devel opment.

4 EPSON EOC33 FAMILY
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2 INSTALLATION

2.2 Installing the JPEG33 Middleware

The JPEG33 library and JPEG33 tools are supplied on a CD-ROM. Run the self-extracting file "jpg33vX X.exe" on
the CD-ROM to install the JPEG33 library and JPEG33 tools. (The XX in the file name denotes a version number.
For Version 1.0, for example, thefile name is"jpg33v10.exe".)

When you double-click "jpg33v10.exe" to start it, the dialog box shown below appears.

WinZip Self-Extractor [JPG33V:X EXE] E

To unzip all fileg in JPGE 33 EXE to the specified

folder press the Unzip button.

Urzip To Falder:

¥ Ovenwiite Files Without Prompting

@ Mico Mak Computing, Inc.

WAL WINZIR, COm

In the text box, enter the path/folder in which to install the
software, then click the [Unzip] button. The specified
folder iscreated, and all files are copied to it. If the folder
already exists in the specified path and [Overwrite Files
Without Prompting] is checked (enabled), thefolder is
overwritten without prompting for confirmation.

Unzip
Run Wingip
Cloze

About

ddi]d

Help

The following shows the directory and file configuration after all files have been copied from the CD-ROM to your

computer.

(root)\ (default; C:\EOC33\JPEG33))

jpegtool\
readme.txt

readmeja.txt

bin\

jb.exe
bin2s.exe
bmp2gry.exe
bmp2jpeg.exe
bmp2rgb.exe
bmp2yuv.exe
col2gry.exe
jpeg2bmp.exe
gry2bmp.exe
rgh2bmp.exe
yuv2bmp.exe
gray16.tbl

gray256.tbl

JPEG33 tool directory
Supplementary explanations, etc. (in English)
Supplementary explanations, etc. (in Japanese)

JPEG33 executable binary files

JPEG33 Bench (GUI tool)

Binary — CC33-assembler source conversion tool

BMP- GRY format conversion tool

BMP - JPEG format conversion tool

BMP - RGB format conversion tool

BMP- YUV format conversion tool

BMP format grayscale conversion tool

JPEG- BMP format conversion tool

GRY - BMP format conversion tool

RGB - BMP format conversion tool

YUV - BMP format conversion tool

16-level (4 bits per pixel) grayscale conversion table for the BMP format
grayscale conversion tool

256-level (8 bits per pixel) grayscale conversion table for the BMPformat
grayscale conversion tool

vb40032.dll, olepro32.dil, msvert40.dil .dll for the JPEG33 Bench

sample\

Sample directory

Image samples, image format conversion batch files, and make files (For
details on the configuration and content of sample files, refer to
"readme.txt” or "readmeja.txt" in "jpegtool\".)
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2 INSTALLATION

jpeglib\

readme.txt

readmeja.txt

lib\
jpeg.lib
CONV_yuv.o
jfdctin.o
imemin.o
jstripin.o

include\

jpegtop.h
srcl

jpegtop.c
libsrc\

conv\

conv_yuv.c
conv_yuv.h

conv_y.c
conv_y.h
conv_4g.c
conv_4g.h
conv_8g.c
conv_8g.h

resizer\
resizer.c
resizer.h
resizgry.c
resizgry.h

demol\
demo2\

demoN\

JPEG33 library files
Supplementary explanations, etc. (in English)
Supplementary explanations, etc. (in Japanese)

JPEG33 library directory

JPEG33 library

Object file (RGB — YUV image format conversion)

Object file (DCT conversion)

Object file (internal buffer RAM declaration)

Object file (image sampling)

(These object files may be copied to internal RAM for faster execution.
See Section 5.6, "Techniquesfor Improving Processing Speed”.)

Includefile directory of JPEG33 library
High-level function header file

Public source directory of high-level function
High-level function C source file of JPEG33 library

Public source directory for JPEG33 library

Image format conversion function source directory

RGB - YUV image format conversion C source file

RGB - YUV image format conversion C source file

RGB - Y image format conversion C source file

RGB - Y image format conversion C source file

Y - 4-bit grayscaleimage format conversion C source file
Y - 4-bit grayscale image format conversion header file

Y - 8-bit grayscaleimage format conversion C source file
Y - 8-bit grayscale image format conversion header file
Image resize function source directory

Color pixel resize C source file

Color pixel resize header file

Grayscale pixel resize C source file

Grayscale pixel resize header file

Demonstration program directory

Each directory (demoX) contains sample programsto help you get the
most from the JPEG33 library. For configuration and contents of the
demonstration programs, refer to "readme.txt” or "readmejatxt” in

"jpeglib\".

The directory structure may be altered, but the explanations given in this manual assume the above directory

structure.

EPSON
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3 SOFTWARE DEVELOPMENT PROCEDURE

3 Softwar e Development Procedure

This chapter describes the procedure for devel oping software to process images on the EOC33 Family chip. The
basic flow of development is shown below.

. Create image processing
Cr_eat%::n;e(gg;RtOl\lll data source program using Create the main program
using 00lS JPEG33 high-level functions
I I |
| Compile |
| |
| Assemble |

| JPEG33 library |

| Link |

=

Execution format object file

Figure 3.1 EOC33 Image Processing Software Development Procedure
1) Before writing image datainto ROM, create an assembly source filefor theimage ROM data using the JPEG33
tools.

2) Create auser program. For image processing, use the high-level functions provided in the JPEG33 library. The
source filefor image ROM data created above can be included in the user program source file.

3) Compile and assembl e the source program.
4) Link the object files generated initem 3 with the JPEG33 library. This creates an executable object file.

EOC33 FAMILY EPSON
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3 SOFTWARE DEVELOPMENT PROCEDURE

3.1 Image File Formats Handled by JPEG33 Tools and Library

The JPEG33 tools and library handle imagefiles created in the following formats.

BMP format file
Thisisthe standard Windows bitmap format file. The JPEG33 tools use image files in this format as source
files when converting image formats. To prepare source files, create image data as 24-bit BMPfiles.

RGB format file
This dataformat providesinformation on color elements R (red), G (green), and B (blue) for each pixel. The
RGB format files used by the JPEG33 tools and library provide 8-bit datafor R, G, and B values, with one
pixel represented by 3 bytes. Approximately 167,000 colors may be expressed, with (R, G, B) valuesof (0, O,
0) indicating black, (255, 255, 255) indicating white, and (255, 0, 0) indicating the brightest red, for example.
For details of file structure, see Section 5.4, "Image Data Structure”.

YUV format file
This dataformat expresses the color of each pixel by valuesfor Y (luminance), U (red chroma), and V (blue
chroma). Because the human eye isinsensitive to chromaticity, thisformat offers the advantage of easy data
compression, althoughit requires RGB conversion for output to a PC color monitor. For detailsof file structure,
see Section 5.4, "Image Data Structure".

GRY format file
Thisisthe datafilefor agrayscaleimage, without color information. The JPEG33 tools and library support
two types of grayscalefiles: a256-levd grayscalefile, in which each pixel isrepresented by 8-bit luminance
information; and a 16-level grayscalefile, in which each pixel isrepresented by 4 bits. For filestructure detail s,
see Section 5.4, "Image Data Structure”.

JPEG format file
Thisfile consists of JPEG-compressed image data.

The JPEG33 tools convert the 24-bit BMP format into the RGB, YUV, GRY, or JPEG formats on aPC to generate
an assembly source file for theimage datato be written to the EOC33 system ROM. The JPEG33 library creates on
the EOC33 chip JPEG compression with YUV format data interleaving and picture quality index val ues specified.
Additionally, when expanding the compressed data, it allows you to specify the roughness of the reduced expansion
and the pixel magnification values, enabling reduced display and pseudo-progressive rendering. RGB - YUV and
RGB/GRY « Y conversion functions are also supported.

8 EPSON EOC33 FAMILY
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3 SOFTWARE DEVELOPMENT PROCEDURE

3.2 Creating Image ROM Data Using JPEG33 Tools

When theimage data to be displayed on the EOC33 chip needs to be prepared in advance, create the data using the
JPEG33 tools.
Figure 3.2.1 shows the procedure for creating image ROM data and the configuration of JPEG33 tools.

Entering § ﬁi ]
Iprocessing —
of images [ @ m Scanner, digital camera, etc.
<=
Image editing software
col2gry.exe

24-bit
file.omp ] gyp file

Creating source image data

Image entry
and processing, etc.

Converting to
grayscale

Converting image file

Conversion
of image Windows GUI tool

; - BMP | BMP BMP BMP

' | bmp2jpeg.exe | [ | bmp2rgb.exe | ! | bmp2yuv.exe | i | bmp2gry.exe | !

: JPEG ! RGB YUV GRY
——— JPEG | - RGB - YUV - GRY
W file 1 filergb Jfie file.yu ] fiie file.gry | fie

D — JPEG | RGB Yuv GRY

' | jpeg2bmp.exe | [ | rgh2bmp.exe | i | yuv2bmp.exe | 1 | gry2bmp.exe | 1

! BMP | BMP BMP BMP

Creating image ROM data

ﬁ Assembly
source file

Image (JPEG, RGB, YUV, GRY)
assembler data

Conversion to

assembly source Assembly source

conversion

Figure 3.2.1 Flow Chart for Creating Image ROM Data

This chapter provides an outline of JPEG33 tool operations. For detailed information, please refer to Chapter 4,
"JPEG33 Tool Reference'.
In the following explanations, we use sample files in the "jpegtool\sample\" directory. We also assume that
"jpegtool\sample\" isthe current directory, and that PATH is set to the "jpegtool\bin\" directory.
Examplee DOS>CD c:\e0c33\j peg33\j pegt ool \ sanpl e

DOS>PATH c: \ e0c33\j peg33\j pegt ool \ bin

EOC33 FAMILY EPSON 9
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3 SOFTWARE DEVELOPMENT PROCEDURE

321 Preparing Image Data

Prepare the image you want to be written to ROM, using a scanner or digital cameraor animagedatabase. Tocapture
images, use commercially-availableimage processing software and save the captured image to a 24-bit BMPfile.

Notes: < Always choose the 24-bit BMP format to save images. The JPEG33 tools cannot process
256-color or 16-color BMP format files.
« When using commercially-available photographs orimages, first confirm that they are not
copyrighted, or arrange for permission to use if they are copyrighted.

Sample 24-bit BMP format files are provided in the "jpegtool\sample\" directory. Use these sample files to test the
JPEG33 tools.

3.22 Converting Image Formats

Usethe JPEG33 tools to convert the prepared 24-bit BMPfile. Conversion tools and batch files provided in the
"jpegtool\sample\" directory arelisted in the table below.

Table 3.2.1 BMP to Other Format Conversion Tools

Nature of Conversion JPEG33 Tool Batch File
BMP - RGB bmp2rgb.exe bmptorgb.bat
BMP - YUV bmp2yuv.exe bmptoyuv.bat
BMP - GRY bmp2gry.exe bmptogry.bat
BMP - JPEG bmp2jpeg.exe bmptojpg.bat
BMP(color) - BMP(gray) col2gry.exe -

After files are converted into RGB, YUV, or GRY formats, they cannot be displayed onaPC. You can aso use
various tools to convert each format into the BMP format to check the results of pseudo-progressive expansion of

JPEG data.
Table 3.2.2 Other Formats to BMP Conversion Tools
Nature of Conversion JPEG33 Tool Batch File
RGB - BMP rgh2bmp.exe rgbtobmp.bat
YUV - BMP yuv2bmp.exe yuvtobmp.bat
GRY - BMP gry2bmp.exe grytobmp.bat
JPEG - BMP jpeg2bmp.exe jpgtobmp.bat

Run these tools from the DOS prompt.

Example:  BMP- JPEG conversion, in whichaBMP file is JPEG-compressed with no specified options
>bnp2j peg sanpl e. bnp sanpl e. j pg
>bnpt oj pg sanpl e
JPEG - BMP conversion, in which a JPEG image is expanded with x4 roughness (in 1/4 size) to
generate aBMP format file with pixels magnified by afactor of four. Pseudo-progressive display in
the same size as the original imageis possible.
>j peg2bnp -r 22 sanple.jpg test. bnp

For details on each tool and batch files, see Chapter 4, "JPEG33 Tool Reference'.
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3 SOFTWARE DEVELOPMENT PROCEDURE

3.2.3 Evaluating JPEG Compression/Expansion

The"JPEG33 Bench (jb.exe)" Windows GUI tool allows you to set compression parameters, convert between BMP
and JPEG files, convert images into grayscale BMP files, and display the original and the converted images, al in
one window.

Thefollowing shows the basic operation procedure for compressing and expanding color images using the JPEG33
Bench. For detailed information on the tool's operation panel and grayscale conversion, see Section 4.3, "Image
Compression/Expansion Evaluating Tool".

(1) Starting the JPEG33 Bench

Double-click the"jb.exe" icon to start JPEG33 Bench.
@ When JPEG33 Bench starts, it opens the [Jpeg Bench33] window.

n To quit JPEG33 Bench, click the [Exit] button in the [Jpeg Bench33] window.
.EXE

M Jpeg Bench33 Ver x.x0¢ M= E

Ix_x target files

o =5 “hmp O %jpg

=
%E 053333 binZs.exe ﬂ
a”i:peggtool brip2gry. exe

brip2ipeq.exe

brpZigh.exe

brmp2yuy. exe LI
[T iconers Roiosh | file size I B

™ usage
[~ small fort Dizplay | Digplay2 I F'brushl

Bmp2ipeg | methad |2:2:'I:'|:'|:'| vl gray depth

Out IPQ qualit_l,.l I?E— [glay Dnl‘l’I]

ColZgry | 0 Brp-Jpeg-Brmp |
gray25E.thl g

I E it |
1

[Jpeg Bench33] window

(2) Choosing image data
Choose the BMP format file you want to convert.
For example, choose "jpegtool\sample\" from the directory list box and double-click on "sample.bmp™ in the
filelist box. Image display window 1 will open, displaying the selected image. Or you can click the [Display]
button after choosing afile name to display the selected image in the same way.

m Jpeg Bench33 Yer .0 = =1 B3 || w. sample.bmp

[ScEPson] x| [2bmp target files
=% v “bmp ¢ *jpg

zampleZ_32.brp
zample_24.brmp
zample_32 brp
zampleZ_16.brp ;I

[ icon exe Fefrazh | file zize I 230454 B

™ usage
[~ smal font Digplay1 I Dizplap2 | F'brushl

Bmp2ipeg| I'“Eu'md|2:2:1:‘I:1:1 vI gray depth

Dutjpg  aualiy [75 laray onl]

] jpegtonl

cotzoy | |FETEENE |
gray 226.H '
et - [E]
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3 SOFTWARE DEVELOPMENT PROCEDURE

(3) JPEG compression

First, set theinterleave and picture quality index valuesthat determine theimage compression ratio.

methad Choosetheinterleave value (Y h:Yv:Uh:Uv:Vh:Vv) for UV (chroma) data. The Y
(luminance) datais not interleaved.

If you select 1:1:1:1:1:1, the UV datais not interleaved during compression. If you
select 2:1:1:1:1:1, the UV dataisthinned out to 1/2 in the horizontal direction only.
If you select 2:2:1:1:1:1, the UV dataisthinned out to 1/2 in both horizontal and
vertical directions.

For most cases, the default value 2:2:1:1:1:1 isrecommended.

Choose "gray" for grayscale images.

quality |?5

Enter adecimal value from 1 to 100 for the picture quality index value. This setting
significantly affects compression ratio and picture quality. Smaller values produce
smaller file sizefollowing conversion to JPEG format, but produce poorer picture
quality as well. The default value is 75.

After setting the above values, click the [Bmp2jpeg] button to run "bmp2jpeg.exe”. Theimage datais JPEG-
compressed. When "sample.bmp" is sel ected as theimage source file, a JPEG file withthename " sample.jpg2"
is generated within the "sample\" directory.

The compression effects of "sample.bmp" for variousinterleave and picture quality index values set arelisted
in the table below. Since compression ratios vary with each image, so the values below are shownfor reference
only.

Table 3.2.3 Sizes of "sample.jpg2" (“sample.bmp" = 230,454 bytes)

Picture quality index value 1 25 50 75 100

Interleave 2:2:1:1:1:1| 2,260 (1%) | 7,736 (3.4%) [11,672 (5.1%) |17,346 (7.5%) | 79,666 (35%)

value 2:1:1:1:1:1] 2,571 (1.1%) | 8,334 (3.6%) [12,662 (5.5%) 18,917 (8.2%) | 99,386 (43%)
1:1:1:1:1:1) 3,186 (1.4%) | 9,410 (4.1%) 14,353 (6.2%) |21,803 (9.4%) | 137,482 (60%)

Poor — - Good

Picture quality

Numeric values indicate bytes; Numbers in ( ) show approximate compression ratios.

(4) JPEG expansion

For ordinary expansion, choose the JPEG format file (sample.jpg2) and click the [Jpeg2bmp] button after
setting the option "rough” to "none'. "jpeg2bmp.exe" starts and expands the JPEG file. When "sample,jpg2"
isexpanded, aBMP format file with the name "sample.bmp2" is generated. Selecting the generated file and
clicking the [Display2] (or [Display1]) button opensimage display window 2 (or image display window 1) and
displays the expanded image.

Thefollowing options are available for JPEG expansion:

rough m

Selects the pixel magnification value and the roughness of expansion. Each current
selected value is shown below.

nione
none:  Not magnified, no roughness
X2: Magnified 2-fold, x2 roughness
x4 Magnified 4-fold, x4 roughness
x8: Magnified 8-fold, x8 roughness

x2 small: Not magnified, x2 roughness
x4 small: Not magnified, x4 roughness
x8 small: Not magnified, x8 roughness
Thedefault value is"none'.

If you select the x2, x4, or x8 option, the image data is reduction-expanded with the specified roughness,
resulting in the pixels being magnified by that factor. Consequently, image datais expanded to thesamesizeas
the original into a mosaic image having the roughness of the specified magnification, enabling pseudo-
progressive rendering.

If you select x2 small, x4 small, or x8 small, images are reduced by thinning out pixelsto 1/2, 1/4, or 1/8 so
that the original image isreduced as the image datais expanded. These options can be used to display
thumbnails of images.

12
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(5) Batch processing of JPEG compression and expansion
The JPEG33 Bench can perform image batch-processing by executing "bmp2jpeg.exe” and "jpeg2bmp.exe” in
succession. Choose the source image and the desired options for each tool, then click the [Bmp-Jpeg-Bmp]
button. After executing image compression and expansion processing, the software displays the
precompression image in image display window 1 and the post-expansion image in image display window 2.

™ Jpeg Bench33 Yer x.0< M=l ES . sample_bmp2 M= E

IQC: [EPSON] ﬂ [ bmp target filez U e |
= “hmp € %jpg

sampleZ_32.bmp
sample_24.bmp
sample_32.brp
sample?_16.bmp LI

[~ iconexe Fefresh | file zize: I 230454 B

™ usage
I smal font Display1 | Displayz | Phnush |

BmpZipegl method |2:2:1:1:1:1 v[ aray depth

Out .jpg quality |?5 [aray anly)

—————————————————————————— Inone vl TUUTT T GUMpITCED

Jpeg2bmp | oush [ =] out bmp g;:gEg3g;;g§gig;JPEGTUBL\BIH\jpeg2hmp.E

:
table E Exit | q| | v

3.24 Converting Image Data into Assembly Source Files
To load the created image data (JPEG, RGB, YUV, or GRY format) into or to link to the user program, generate an
assembly source file for the EOC33 Assembler, using "bin2s.exe".

Example: >bi n2s sanpl e.j pg > sanpl e_j pg. s (Using DOSsredirect function)

In thisexample, the JPEG file"sample.jpg" is converted into the assembly sourcefile "sample jpg.s'. Thefile
"sample_jpg.s' isgenerated using theinput file name "sample" as agloba symbol. (The symbol name can be
modified using the -1 symbol" option of "bin2s.exe".

Contents of "sample_jpg.s"
. gl obal sanple
.align 2

sanpl e:
.byte Oxff Oxd8 Oxff Oxdb O0x00 0x84 0x00 0x08
.byte 0x06 0Ox06 0x07 0x06 0x05 0x08 0x07 0x07
.byte 0x07 0x09 0x09 0x08 0OxOa 0x0c 0x14 0xOd

; total 17346 bytes data

3.25 Precautions for Creating Image ROM Data

* When "bmp2yuv.exe" and "yuv2bmp.exe" or "bmp2jpeg.exe" and "jpeg2bmp.exe" are executed repeatedly by
aternating each operation, picture quality may degrade asaresult of calculation errors occurring during conversion.
Avoid running these tools repeatedly.

 Always confirm that the original image datais prepared in 24-bit BMP format. No 256-color or 16-color BMP
format files can be processed by the JPEG33 tools.
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3.3 Creating a User Program and Linking the JPEG33 Library

Image compression and expansion on the EOC33 chip can be realized by calling JPEG33 library functions. This
software package contains the high-level function C source file "jpegtop.c”, as well as low-level library object files.
Install these files into the user program to enable easy creation of JPEG compression and expansion routines.

For details of high-level functions and the JPEG33 library, see Chapter 5, "JPEG33 Library Reference'. Sample
programs are provided in the directories "jpeglib\demol\", "jpeglib\demo2\", and "jpeglib\demo3\" for reference.
The created image ROM data al so needs to be incorporated into the user program, or otherwise linked with the
JPEG33 library after assembly.

Example of link command file (\j peg33\j peglib\demol\demol.cm)

; Map set

-code 0x0601000 ; set relative code section start address
-code 0x0600000 {vector.o boot. o} ; set code sections to absol ute address
-data 0x0660000 {vector.o boot. o} ; set data sections to absol ute address

-bss 0x0670000 {denpl.o jpegtop.o ..\lib\jpeg.lib:jmenory. o}
set relative bss section start address
;Library path
-1 c:\cc33\lib
-1 .\ ib ; JPEG33 libraly path

; Executable file
-0 denol. srf

; Object files

vector.o

boot . o

datal. o ; lmage data file
j pegtop. o

denol. o

;Library files

jpeg.lib ; JPEG33 library
string.lib
idiv.lib

For high-speed operation, severa object files in the JPEG library can be copied to internal RAM. For details, see
Section 5.6, "Techniquesfor Improving Processing Speed".

14
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4 JPEG33 Tool Reference

This chapter explains the function and use of each JPEG33 tool.

4.1 Outline of JPEG33 Tools

The JPEG33 tools are software used to create image ROM data to be written to an EOC33 Family chip, and to
evaluate image compression and expansion. All the tools run under Windows 95, Windows NT 4.0, as well asmore
recent Windows versions. (For information on the operating environment, see Section 2.1, "Operating
Environment".)

Thefiles associated with the JPEG33 tools are located in the "jpegtool” folder (directory). The configuration of
JPEG33 tools and procedures for creating image ROM dataare shown in Figure 4.1.1.

Creating source image data

Entering ﬁi

Iprocessing = \ /

of images E@ E Scanner, digital camera, etc.
<>

Image entry
and processing, etc.

Image editing software
col2gry.exe

———— | 24-bit
file.omp | gyip file

Converting to
grayscale

Converting image file

Conversion
of image Windows GUI tool
oma [ ooe ] ‘
- BMP ! BMP BMP BMP
' | bmp2jpeg.exe | Lo | bmp2rgb.exe | 1 | bmp2yuv.exe | i | bmp2gry.exe | 1
; JPEG ! RGB YUV GRY
— JPEG i - RGB - YUV . GRY
file.jpg | fie 3 file.rgb | fie file.yuv | e file.gry | fie
: - JPEG | RGB YUV GRY
' | jpeg2bmp.exe | Lo | rgh2bmp.exe | ! | yuv2bmp.exe | ' | gry2bmp.exe | !

BMP 3 BMP BMP BMP

3 W BMP file | m W BMP file W BMP file

Creating image ROM data

Conversion to

assembly source bin2s.exe
[——— Assembly
m source file

Image (JPEG, RGB, YUV, GRY)
assembler data

Assembly source
conversion

Figure 4.1.1 Flow Chart for Creating Image ROM Data
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Image ROM data creation tools
Theimage ROM data creation tools consist of aseries of programsthat convert imagefiles (from BMPto
JPEG, RGB, YUV, or GRY) and generate assembly source files for the EOC33. All the programs are 32-hit
applications executable from the DOS prompt. They can also be used from batch files or make files.

Notes:

Theimage ROM data creation tools arelisted in Table 4.1.1 below.

Table 4.1.1 Image ROM Data Creating Tools

Tools Functions

bin2s.exe

Converts binary files (JPEG, RGB, YUV, or GRY files) into assembly source files.

bmp2gry.exe Converts 24-bit BMP file into GRY files.

bmp2jpeg.exe |Converts 24-bit BMP file into JPEG files.

bmp2rgb.exe Converts 24-bit BMP file into RGB files.

bmp2yuv.exe Converts 24-bit BMP file into YUV files.

col2gry.exe Converts 24-bit BMP file into grayscale 24-bit BMP files.

gry2bmp.exe Converts GRY file into 24-bit BMP files.

jpeg2bmp.exe | Converts JPEG file into 24-bit BMP files.

rgb2bmp.exe Converts RGB file into 24-bit BMP files.

yuv2bmp.exe Converts YUV file into 24-bit BMP files.

The JPEG33 tools use the same algorithm used by the library to write to the EOC33 chip.

Sincefilesin RGB, YUV, and GRY formats cannot bedisplayed directly on the PC screen, use "rgb2bmp.exe",

"yuv2bmp.exée' and "gry2bmp.exe" to verify theimage in each format.

* BMP files converted with "yuv2bmp.exe" may not match the original BMP format files,

depending on calculation results. Using "gry2bmp.exe" will resultin grayscale images.

« If "bmp2yuv.exe" and "yuv2bmp.exe" or "bmp2jpeg.exe" and "jpeg2bmp.exe" are repeatedly
used in alternation, picture quality may quickly degrade as a result of calculation errors made

during conversion. Avoid such application of these tools.

* Only JPEG images resulting from conversion with "bmp2jpeg.exe” (the BMP - JPEG format
conversion tool for the CC33) may be operated by the JPEG - BMP format conversion tool.

Image compression/expansion evaluation tool (jb.exe)
The"JPEG33 Bench (jb.exe)" image compression/expansion evaluation tool isa32-bit Windows GUI
application. It allows you to set compression parameters, convert between BMP and JPEG files, convert
images into grayscale BMP format files, and display original and converted images, al in one window. Image

files are converted by calls to "bmp2jpeg.exe’, "jpeg2bmp.exe"’ and "col2gry.exe".
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4.2 Image ROM Data Creation Tools

This section describes how to use each image-ROM data creation tool and their various functions.

Run each tool from the DOS prompt. If you do not specify command line parameters when launching atool, the
software displays "Usage'. When atool terminates properly, the software displays an execution message. If anerror
occurs, the software displays an error message and does not generate an output file.

In command line explanations, options enclosed in brackets[ ] may be omitted. The parameters indicated initalics
require values or filenames.

Notes: < The following limitations apply to filenames specified in each tool.
Filename: 32 characters or less
Valid characters:atoz, AtoZ,0t09, ,and.

» A space ortab is required between options or parameters.

EOC33 FAMILY EPSON 17
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4.2.1 bmp2Zjpeg.exe

Function: Converts aBMPfileinto aJPEG file.
Usage: DOs>bnp2j peg [optiong] infile.bmp outfilejpgO
Arguments: infilebmp Input filename (BMPfile)
outfilejpg Output filename (JPEG file)
Options: -d value  Specifiesavalue for grayscalelevels.
value = 4: 16 grayscalelevels (4 bits per pixel)
value = 8: 256 grayscalelevels (8 bits per pixel)
Thisoptioniseffective only if you specify the value 0 (grayscale) in the-i option
(specification of interleave value). Otherwise, it isignored. The default value is 8.
Images are converted to 256-grayscale level datawhen the optionisleft blank after
grayscaleis specified inthe-i option.
-i value Specifiestheinterleave value.
value = 0: Grayscale (Yh:Yv =1:1)
value = 1: Color, with UV datanot interleaved.
(Yh:Yv:Uh:Uv:Vh:Vv = 1:1:1:1:1:1)
value = 2; Color, with the UV datathinned to 1/2 horizontally.
(Yh:Yv:Uh:Uv:Vh:Vv = 2:1:1:1:1:1)
value = 3; Color, with the UV data thinned 1/2 horizontally and vertically.
(Yh:Yv:Uh:Uv:Vh:Vv =2:2:1:1:1:1)
The default value assumed if thisoptionisleft blank is 3 (color, with UV data thinned
1/2 horizontally and verticaly).
-q value  Specifiesthe picture quality index value.
1<value<100 (in decimal)
Smaller correspond to smaller file sizes following conversion to JPEG format, but
picture quality will be poor.
The default value is 75 when this option is|eft blank.
Example: DOS>bnp2j peg -i 1 -q 80 sanpl e. bnmp sanpl e.j pg
Precautions: « Thistool can handle images with amaximum width and height of 32,767 pixels ineach dimension.
* When compressing grayscale images, thistool first converts the RGB datafor the 24-bit BMP file
into grayscale data, using the equation be ow:
((R+G +B) 021845 + 32768) / 65536
(Although thisaverages R, G, and B, it converts floating-point valuesinto fixed decimal valuesfor
integer arithmetic.)
After conversion of thisdatainto unsigned character type, the 4 low-order bits are truncated, and
0x08 isadded for 16-level (4 bits per pixel) grayscale. The datatakes on 16 values, 0XN8 (N =0 to
f). For 256-level (8 bits per pixel) grayscale, the low-order bits are not truncated, and the offset
value is 0. The data assumes 256 values from 0x00 to Oxff.
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4.2.2 jpegZbmp.exe

Function:
Usage:

Arguments:

Options:

Example:

Precautions:

Converts aJPEG fileinto aBMPfile.
DOs>j peg2bnp [options] infilejpg outfile.bmpO

infilejpg  Input filename (JPEG file)
outfilebmp Output filename (BMPfile)

-d value  Specifiesavalue for grayscalelevels.
value = 4: 16 grayscalelevels (4 bits per pixel)
value = 8: 256 grayscale levels (8 bits per pixel)
This option affects grayscaleimages only. For color image conversions, thisoptionis
ignored.
Thedefault valueis 8. If the option isleft blank for agrayscale conversion, theimage
isconverted to 256-grayscale level data.

-r value  Specifiestheroughness of expansion and magnification value.
valueis a1-byte hexadecimal number, with the 4 low-order bits specifying the
roughness of expansion and the 4 high-order bits specifying the magnification value.
value = magnification value OR roughness of expansion =00 to 33
Roughness of expansion: 0 = none, 1 = 2-fold, 2 = 4-fold, 3 = 8-fold
Magnification value: 0 =none, 10 = 2-fold, 20 = 4-fold, 30 = 8-fold
Thedefault value is 0. If this option is|eft blank, the roughness of expansion and the
magnification value are both assumed to be 0 as datais processed.
Varying the roughness of expansion and magnification values while expanding images
enables you to evaluate the picture quality of pseudo-progressively expanded images.

DOS>j peg2bnp -r 11 sanple.jpg test. bnp

» When 16-level (4 bits per pixel) grayscale images are expanded, the 4 low-order bits are truncated,
and an offset 0x08 is added to the resulting value. For 256-level (8 bits per pixel) grayscaleimages,
no truncation occurs, and the offset value is0. Conversion to 16-level (4 bits per pixel) grayscale
images occurs in the following manner.
0x00-0x0f - 0x08, 0x10-0x1f — 0x18, 0x20—0x2f - 0x28, 0x30—0x3f - 0x38
0x40—-0x4f - 0x48, 0x50-0x5f — 0x58, 0x60-0x6f — 0x68, OX70—0x7f - 0X78
0x80-0x8f — 0x88, 0x90-0x9f — 0x98, Oxal-Oxaf — 0xa8, Oxb0—-0xbf - 0xb8
0xc0-0xcf - 0xc8, Oxd0—0xdf — 0xd8, 0xe0-0xef — Oxe8, OxfO-Oxff — Oxf8
For 256-level (8 bits per pixel) grayscale images, the expanded value is output directly asobtained.

When rough-expanding a JPEG image, the width and height of the expanded image are derived by
shifting the bits right by the roughness value after first subtracting 1 from width and height, with
fractions rounded up. The equations are given below:
Width of expanded image

= ((width of image before expansion) — 1) >> (roughness of expansion value) + 1
Height of expanded image

= ((height of image before expansion) — 1) >> (roughness of expansion value) + 1
Magnification is performed simply by magnifying the expanded image. If theimage is magnified
after rough-expansion, the original image size and the expanded size may differ due to rounding of
fractions.

* Thistool can handleimages with amaximum width and height of 32,767 pixels ineach dimension.
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4.2.3 bmpZ2rgb.exe

Function: Converts BMPfilesinto RGB files.
Usage: DCOs>bnp2r gb infilebmp outfile.rghd

Arguments: infilebmp Input filename (BMPfile)

outfilergb Output filename (RGB file)

Example: DOS>bnp2r gb sanpl e. bnp sanpl e. rgb

4.24 rgb2bmp.exe

Function: Converts RGB files into BMPfiles.
Usage: DCOS>r gh2bnp infilergb outfile.ompO

Arguments: infilergb  Input filename (RGB file)
outfilebmp Output filename (BMPfile)

Example: DOS>r gb2bnmp sanpl e. rgb test. bnp
4.2.5 bmp2yuv.exe

Function: Converts BMPfilesinto YUV files.

Usage: DOS>bnp2r gb infilebmp outfileyuv

Arguments: infilebmp Input filename (BMPfile)

outfileyuv Output filename (YUV file)

Example: DOS>bnp2yuv sanpl e. bnp sanpl e. yuv

4.2.6 yuvZ2bmp.exe

Function: Converts YUV filesinto BMPfiles.
Usage: DCOs>yuv2bnp infileyuv outfile.ompd

Arguments: infileyuv  Input filename (YUV file)

outfilebmp Output filename (BMPfil€)
Example: DOS>yuv2bnmp sanpl e. yuv test. bnp

Precautions: The BMP file which was converted into the YUV format may not match the original BMPfile,
depending on calculation results.
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4.2.7 bmp2gry.exe

Function:
Usage:

Arguments:

Option:

Example:

Precautions:

Converts BMPfilesinto GRY files.
DOs>bnp2gry [option] infile.bmp outfile.gryd

infilebmp  Input filename (BMP file converted by "col2gry.exe")
outfilegry Output filename (GRY filg)

-d value  Specifiesavalue for grayscalelevels.
value =1: 2 grayscale levels (1 bit per pixel)
value = 2: 4 grayscale levels (2 bits per pixel)
value = 4: 16 grayscale levels (4 bits per pixel)
value = 8: 256 grayscale levels (8 bits per pixel)
The default value is 8. When this option isleft blank, images are converted to 256-
grayscalelevel data

DOS>bnp2gry -d 4 sanpl e. bnp sanple.gry

Although color BMPfiles can be converted directly into grayscale images using just thistool, we
recommend BMP files already convertedto grayscale with "col2gry.exe".

The 16-level (4 bits per pixel) grayscale data assigns one byte per two pixels, while the 256-level (8
bits per pixel) grayscale data assigns one byte per pixel. Thistool can aso be used to create 2-level
GRY files (one byte per eight pixels) or 4-level GRY files (one byte per four pixels), although these
files cannot be JPEG-compressed/expanded.

4.2.8 gry2bmp.exe

Function:
Usage:

Arguments:

Example:

Precautions:

Converts GRY files into grayscale BMPfiles.
DOs>gr y2bnp infile.gry outfile.bmpO

infile.gry  Input filename (GRY file)
outfilebmp Output filename (BMPfile)

DOS>gr y2bnp sanpl e.gry test. bnp

Thistool converts aGRY fileinto a24-bit BMPfilein 16 grayscalelevels (4 bits per pixel) or 256
grayscale levels (8 bits per pixel), according to theinput file ID. The 16-level (4 bits per pixel)
grayscale datais shifted left by 4 bits and has the offset value 0x08 added to the result, thus the RGB
datain BMP fileis obtaned. The data has 16 values, OxN8 (N =0 tof).

The 256-level (8 bits per pixel) grayscale datais not shifted, and the offset value is 0. The datatakes
on 256 valuesfrom 0x00 to Oxff.

Note that the RGB datain the grayscale BMP file hasthe RGB relationship R=G =B.
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4.2.9 col2gry.exe

Function: Converts acolor imagein BMP format into agrayscaleimagein BMP format.

Usage: DCs>col 2gry [option] infilebmp outfile.ompd

Arguments: infilebmp Input filename (BMPfile)
outfile.bmp Output filename (BMPfile)

Option: -t tablefile  Specifiesagrayscale conversion table file.

Example: DOS>col 2gry -t grayl6.tbl sanple.bnp gray. bnp

Table file:  Anexample of atable used for 16-level (4 bits per pixel) grayscale conversion isgiven below.
Example: "\jpegtool\bin\gray16.tbl"
of 08
1f 18
2f 28
3f 38
4f 48
5f 58
6f 68
7f 78
8f 88
of 98
af a8
bf b8
cf c8
df d8
ef e8
ff f8
Write the threshold and conversion valuesin the same line, separated by a space or tab. Each value
must be written in hexadecimal notation. Write the threshold value, then the conversion value.
The threshold value at the beginning of the fileindicates the end of the grayscale range, starting from
0. Inthe above example, datafrom 0xO to OxOf is converted to 0x08 grayscal e data (see the
precautions below). In the following lines, the threshold value for each preceding line + 1 indicates
the beginning of the grayscalerangein that entry. For the second line in the above example, data
from 0x10 to Ox1f is converted to 0x18 grayscale data.
As shown here, write the threshold valuesin ascending order. (Otherwise, an error isassumed.) If
more than 255 entries of threshold or conversion values are written, the 256th and following entries
areignored. Datain an undefined grayscale range without a specified threshold value is not
converted.
For most cases, specify an intermediate value in the range of threshold values for the conversion
value.
For the 256-level grayscale conversion table, specify the same value for the threshold and conversion
values from 0x0 up to Oxff. (See "\jpegtool\bin\gray256.tbl ")

Precautions: Thistool first converts RGB datain the 24-bit BMP file into grayscale data, according to the
equation below.
((R+ G +B) 021845 + 32768) / 65536
(Although this process averages R, G, and B, it converts floating-point valuesinto fixed decimal
valuesfor integer arithmetic.) Following conversion to unsigned character type, if thisdatafalls
within the range of threshold valuesin thetable file, it is converted to the specified value.
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4.210 binZs.exe

Function: Converts abinary file (JPEG, RGB, YUV, or GRY file) into atext filein EOC33 assembly source
format.
Usetheredirect function in DOS when saving to afile, because the resulting datais output into the
standard output.

Usage: DOs>bi n2s [option] infilejpg/rgb/yuvigry > outfile.sO
Arguments: infilejpg/rgb/yuvigry Input filename (binary file)
outfiles Output filename (assembly source file)

Option: - label Definesthe assembler 1abel name.
If this option isleft blank, the input filename is used as thelabel.

Examples: 1) When the-l optionisleft blank, theinput filename becomes the assembler symbol name.

DOS>bi n2s sanple.jpg > sanple.s
DOS>t ype sanple.s
. gl obal sampl e

.align 2
sanpl e:
.byte Oxff Oxd8 Oxff Oxdb O0x00 0x84 0x00 0x08
.byte 0x06 0x06 0x07 0x06 0x05 0x08 0x07 0x07
DOS>

2) When using asymbol that differs from the filename, specify it with the - option.

DOS>hi n2s -1 | MAGEL sanple.jpg @ sanple.s
DOS>type sanple.s
. gl obal 1 MAGE1
.align 2
| MAGEL:
.byte Oxff 0xd8 Oxff Oxdb Ox00 0x84 0x00 0x08
.byte 0x06 0x06 0x07 0x06 0x05 0x08 0x07 0x07

DOS>

Precautions: Thefollowing limitations apply to symbol name specification.
» Symbol length: 32 characters or less
e Validcharacters. atoz,AtoZ,0to09,and _
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4.2.11 Execution with a Batch File

All image ROM crestion tools are 32-bit applications that can be run from the DOS prompt. Thus, a series of
processes can be executed using abatch file.

Thefollowing shows an example of steps executed using the batch filesprovidedinthe"jpegtool\sample\" directory.
Each file assumes that "jpegtool\sample\" isthe current directory, and that theimage ROM creation toolsin
"jpegtool\" arerun. Correct thefiles, if necessary.

Table 4.2.1 Sample Batch Files

Batch File Content of Processing
bmptojpg.bat | Converts BMP to JPEG, creates assembly source file
bmptorgb.bat |Converts BMP to RGB, creates assembly source file
bmptoyuv.bat |Converts BMP to YUV, creates assembly source file
bmptogry.bat | Converts BMP to GRY, creates assembly source file
jpgtobmp.bat | Converts JPEG to BMP
rghtobmp.bat | Converts RGB to BMP
yuvtobmp.bat |Converts YUV to BMP
grytobmp.bat |Converts GRY to BMP
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Function:

Input file:
Output files:

Contents of file:

Example:

Reference:

jpgtobmp.bat

After converting aBMP fileinto aJPEG file, it generates an assembly source file. For the JPEG
compression performed, it uses the-i option (interleave value) in "bmp2jpeg.exe" =3
(Yh:Yv:Uh:Uv:Vh:Vv = 2:2:1:1:1:1) and the -g option (picture quality index value) = 75.

filename.bmp  BMPfile

filename.jpg JPEGfile
filename_jpg.s Assembly source file

@cho of f

if "od"=="" goto ERROR

echo bnp2j peg %. bnp

..\bin\bnp2jpeg -i 3 -q 75 %.bnmp %. | pg
echo bin2s %.jpg

..\bin\bin2s -1 %_jpg A.jpg > %_jpg.s
goto END

. ERROR

echo Pl ease input filenane

: END

>bnpt oj pg sanpl e
Converts aBMPfile "sample.omp" into the JPEG file "samplejpg", then creates an assembly
source file"sample_jpg.s'. Thefile "sample_jpg.s' has the global label "sample_jpg" defined in
it.

. gl obal sanpl e_jpg

.align 2
sanpl e_j pg:

.byte Oxff 0xd8 Oxff Oxdb Ox00 0x84 0x00 0x08

.byte 0x06 0x06 0x07 0x06 0x05 0x08 0x07 0x07

.byte 0x07 0x09 0x09 0x08 Ox0a 0xOc 0x14 0x0d

total 17346 bytes data

"4.2.1 bmp2jpeg.exe”, "4.2.10 bin2s.exe"

Function:

Input file:
Output file:

Contents of file:

Example:

Reference:

Converts aJPEG fileinto aBMP file. For the JPEG expansion performed, it uses the -r optionin
"peg2bmp.exe” = 01 (not magnified, roughness of expansion = x2).

filename.jpg JPEG file
filename_jpg.omp BMPfile

@cho of f

if "9d"=="" goto ERROR

echo j peg2bnmp %.. ) pg

..\bin\jpeg2bnmp -r 01 %.jpg %_jpg. bnp
goto END

: ERROR

echo Please input filenane

- END

>j pegt obnmp sanpl e
Converts aJPEG file"sample,jpg" into the BMPfile"sample_jpg.bmp".

"4.2.2 jpeg2bmp.exe"
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bmptorgb.bat

Function:
Input file:
Output files:

Contents of file:

Example:

Reference:

rgbtobmp.bat

Generates an assembly source file after converting aBMPfileinto an RGB file.
filenamebmp  BMPfile

filename.rgb RGB file
filename_rgh.s Assembly source file

@cho of f

if "9d"=="" goto ERROR

echo bnp2rgb %l. bnp

..\bin\bnmp2rgb %. bmp %..rgb

echo bin2s %.rgb

..\bin\bin2s -1 % _rgb %.rgb > % _rgb.s
goto END

: ERROR

echo Pl ease input filenane

: END

>bnpt orgb sanpl e

Converts aBMPfile"sample.omp" into the RGB file "sample.rgb’, then creates an assembly
sourcefile "sample_rgb.s'. Thefile"sample_rgh.s" hasthe global label "sample_rgb" definedin
it.

.gl obal sanple_rgb
.align 2

sanpl e_rgb
.byte 0x00 0x00 Ox00 0x00 0x40 0x01 0x00 0x00
.byte Oxf O 0x00 Ox00 Ox00 Ox8e 0x98 0Oxa7 0x92
.byte 0x96 Oxa5 0x94 0x98 0xa8 0x95 0x97 Oxab

total 230412 bytes data
"4.2.3 bmp2rgb.exe”, "4.2.10 bin2s.exe"

Function:
Input file:
Output file:

Contents of file:

Example:

Reference:

Converts an RGB fileinto aBMPfile.
filename.rgb RGB file
filename_rgb.bmp BMPfile

@cho of f

if "9d"=="" goto ERROR

echo rgh2bnmp %..rgb
..\bin\rgb2bnmp 9%.rgb % _rgb. brmp
goto END

. ERROR

echo Pl ease input filenane

. END

>r gbt obnp sanpl e
Converts an RGB file"sample.rgh” into the BMPfile "sample_rgb.bmp".

"4.2.4 rgh2bmp.exe"
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Function:
Input file:
Output files:

Contents of file:

Example:

Reference:

yuvtobmp.bat

Generates an assembly source file after converting aBMPfileintoaYUV file.
filename.bmp  BMPfile

filenameyuv YUV file
filename_yuv.s Assembly source file

@cho of f

if "od"=="" goto ERROR

echo bnp2yuv %. bnp

..\ bi n\bnp2yuv %. bnmp %.. yuv

echo bin2s %. yuv

..\bin\bin2s -1 %_yuv %.yuv > %_yuv.s
goto END

. ERROR

echo Please input filenane

: END

>bnpt or gb sanpl e

Converts aBMPfile"sample.bmp" into the YUV file"sample.yuv", then creates an assembly
source file "sample_yuv.s'. Thefile "sample_yuv.s' hasaglobal label "sample_yuv" defined in
it.

. gl obal sanpl e_yuv
.align 2

sanpl e_yuv:
.byte 0x01 0x00 O0x00 0x00 0x40 0x01 0x00 0x00
.byte Oxf 0 0x00 0x00 Ox00 0x97 0x89 0Ox7a 0x96
.byte 0x88 0x7d 0x99 0x89 Ox7d 0x98 0x88 0Ox7e

total 230412 bytes data
"4.2.5 bmp2yuv.exe", "4.2.10 bin2s.exe"

Function:
Input file:
Output file:

Contents of file:

Example:

Reference:

ConvertsaYUV fileintoaBMPfile.
filename.rgb YUV file
filename_yuv.bomp BMPfile

@cho of f

if "9d"=="" goto ERROR

echo yuv2bmp %L. yuv
..\'bin\yuv2bnmp %.. yuv %l_yuv. bnp
goto END

. ERROR

echo Please input filenane

- END

>yuvt obnp sanpl e
ConvertsaYUV file"sampleyuv" into the BMPfile "sample_yuv.bmp".

"4.2.6 yuv2bmp.exe"
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bmptogry.bat

Function:

Input file:
Output files:

Contents of file:

Example:

Reference:

grytobmp.bat

Generates an assembly source file after converting aBMPfileinto a GRY file. It first converts a
color imageinthe BMPfileinto a16-level grayscaleimage, using "col2gry.exe" and the
conversion table file"gray16.tbl”, then createsa GRY filefrom the resulting file and converts it
into an assembly source file.

filename.bmp BMPfile(color)
filename_c2g.omp BMPfile (16-level grayscale)
filename.gry GRY file

filename_gry.s Assembly source file

@cho of f

if "9d"=="" goto ERROR

echo col 2gry %.. bnp

..\bin\col2gry -t ..\bin\grayl6.tbl %.bnp %_c2g. bnp
echo bnmp2gry %_c2g. bnp

..\bin\bnmp2gry -d 4 %_c2g. bnp %.gry

echo bin2s %.gry

..\bin\bin2s -1 % _gry %.gry > % _gry.s

goto END

: ERROR

echo Pl ease input filenanme

: END

>bnpt ogry sanpl e

Converts aBMPfile "sample.omp" into the GRY file"sample.gry", then creates the assembly
source file "sample_gry.s'. Thefile"sample_gry.s' hasthe global label "sample_gry" definedin
it.

. gl obal sanple_gry
.align 2

sanpl e_gry:
.byte 0x03 0x00 0x00 Ox00 0x40 0x01 0x00 0x00
.byte 0xfO Ox00 Ox00 0x00 0x99 0x99 0x99 0x99
.byte 0x99 0x99 0x97 0x43 0x44 0x44 0x44 0x34

; total 38412 bytes data
"4.2.7 bmp2gry.exe", "4.2.10 bin2s.exe"

Function:
Input file:

Output file:
Contents of file:

Converts aGRY fileinto aBMPfile.

filename.gry GRY file
filename_gry.omp BMPfile
@cho of f

if "9d"=="" goto ERROR

echo gry2bmp %. gry
..\bin\gry2bmp 9%.gry % _gry. bmp

goto END
: ERROR
echo Pl ease input filenane
: END
Example: >gryt obnmp sanpl e
Converts aGRY file"sample.gry” into the BMP file"sample_gry.bmp".
Reference: "4.2.8 gry2bmp.exe"
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4.2.12 Execution by a make File

A make file allows you to create image ROM datamore efficiently. A sample make file, "sample.mak", is provided
inthe"jpegtool\sample\" directory, for your reference as follows.

For details of make file syntax and makefunctionality, refer to the "EOC33 Family C Compiler Package Manual”.

sample.mak

Thismake file creates theimage ROM data shown below from the sample BMPfile "sample.bmp" as image source
datafor the demonstration programs (demol, demo2, demo3) found in the "jpeg33\jpeglib\" directory.

1) Image ROM data"datal.s' for demol
sample_gryl: 16-level (4 bits per pixel) grayscale data (GRY format)
sample_gry2: 256-level (8 bits per pixel) grayscale data (GRY format)
sample yuv: YUV data

2) Image ROM data"data2.s" for demo2

sample_jpgl: 16-level (4 bitsper pixel) grayscale data (JPEG format) Quality index value = 75
sample jpg2: 256-level (8 bits per pixel) grayscale data (JPEG format) Quality index value = 75
sample jpg3: Color data (JPEG format) Yh:Yv:Uh:Uv:Vh:Vv =2:2:.1:1:1:1  Quality index value =75
sample jpg4: Color data (JPEG format) Yh:Yv:Uh:Uv:Vh:Vv =2:1:1:1:1:1 Quality index value =75
sample jpg5: Color data (JPEG format)  Yh:Yv:Uh:Uv:Vh:Vv =1:1:1:1:1:1  Quality index value =75
sample_jpg6: Color data(JPEG format) Yh:Yv:Uh:Uv:Vh:Vv =2:2:1:1:1:1 Quality index value=1
sample_jpg7: Color data (JPEG format) Yh:Yv:Uh:Uv:Vh:Vv =2:2:1:1:1:1  Quality index value =25
sample jpg8: Color data (JPEG format) Yh:Yv:Uh:Uv:Vh:Vv =2:2:1:1:1:1  Quality index value =50
sample jpg9: Color data (JPEG format) Yh:Yv:Uh:Uv:Vh:Vv =2:2:1:1:1:1  Quality index value =75
sample_jpgl0: Color data (JPEG format) Yh:Yv:Uh:Uv:Vh:Vv =2:2:1:1:1:1  Quality index value = 100

3) Image ROM data"data3.s' for demo3
sample_rgb: Color data (RGB format)

To create an image ROM datafile, enter the command line shown below to start make.
DOS>make -f sanpl e. mak

Thefile"sample.mak" has been created to be executed from the "jpegtool\sample\" current directory. Specify the
"make.exe" directory with the PATH command or copy "make.exe" into the "jpegtool\sample\" directory before
running.

Thefile"sample.mak" also contains acommand to delete all generated files except the original (sample.bmp). To
execute this function, enter the command line shown below as you launch make.

DOS>make -f sanpl e. mak cl ean

The contents of the file are shown below.
# macro definitions for tools & dir

TOOL DIR = ..\bin

BI N2S = $(TOOL_DI R)\ bi n2s. exe
BMP2GRY = $(TOOL_DI R)\ bnp2gry. exe
BMP2JPEG = $(TOOL_DI R)\ bnp2j peg. exe
BMP2RGB = $( TOOL_DI R)\ bnp2r gb. exe
BMP2YWV = $(TOOL_DI R)\ bp2yuv. exe
COL2GRY = $(TOOL_DI R)\col 2gry. exe

# suffix & rule definitions

.SUFFIXES : .bnp .gryl .gry2 .jpgl .jpg2 .jpg3 .jpg4 .jpg5 .jpg6 .jpg7 .jpgd .jpg9 \
.jpgl0 .rgb .yuv

.bnp.gryl :
$(COL2GRY) -t ..\bin\grayl6.tbl $*.bnmp $*_c2gl. bnp
$(BMP2GRY) -d 4 $*_c2gl.bnp $*.gryl
$(BIN2S) -I $*_gryl $*.gryl > $*_gryl.s
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.bnp.gry2 :
$(COL2GRY) -t ..\bin\gray256.tbl $*.bnmp $*_c2g2. bnp
$(BMP2GRY) -d 8 $*_c2g2.bnp $*.gry2
$(BIN2S) -1 $*_gry2 $*.gry2 > $*_gry2.s

. bnp.jpgl :
$(COL2GRY) -t ..\bin\grayl6.tbl $*.bnp $*_c2g3. bnp
$(BWMP2JPEG) -i 0 -q 75 -d 4 $*_c2g3.bnp $*.j pgl
$(BIN2S) -1 $*_jpgl $*.jpgl > $*_jpgl.s

.bnp.jpg2 :
$(COL2GRY) -t ..\bin\gray256.tbl $*.bnmp $*_c2g4. bnp
$(BMP2JPEG) -i 0 -q 75 $*_c2g4.bnmp $*.j pg2
$(BIN2S) -1 $*_jpg2 $*.jpg2 > $*_jpg2.s

. bnp. jpg3 :
$(BMP2JPEG) -i 3 -q 75 $*.bnp $*.] pg3
$(BIN2S) -1 $*_jpg3 $*.jpg3 > $*_jpg3.s

. bnp. jpg4 :
$(BMP2JPEG) -i 2 -q 75 $*.bnp $*.jpg4
$(BIN2S) -1 $*_jpg4 $*.jpgs > $*_jpgs.s

. bnmp. j pg5
$(BMP2JPEG) -i 1 -q 75 $*.bnp $*.j pg5
$(BIN2S) -1 $*_jpg5 $*.jpg5 > $*_jpg5.s

. bnp. j pgb6 :
$(BMP2JPEG) -i 3 -q 1 $*.bnp $*.jpg6
$(BIN2S) -1 $* jpg6 $*.jpg6 > $*_jpg6.s

. bnp. jpg7
$(BMP2JPEG) -i 3 -q 25 $*.bnp $*.jpg7
$(BIN2S) -1 $*_jpg7 $*.jpg7 > $*_jpg7.s

. bnp. j pg8
$(BMP2JPEG) -i 3 -q 50 $*.bnp $*.jpg8
$(BIN2S) -1 $*_jpg8 $*.jpg8 > $*_jpg8.s

. bp. jpg9 :
$(BMP2JPEG) -i 3 -q 75 $*.bnp $*.j pg9
$(BIN2S) -1 $*_jpg9 $*.jpg9 > $*_jpg9.s

. bmp. j pgl0
$(BMP2JPEG -i 3 -q 100 $*.bnp $*.jpglo0
$(BIN2S) -1 $*_j pgl0 $*.j pgl0 > $*_j pgl0.s

.bnp.rgb
$(BVP2RGB) $*.bnp $*.rgb
$(BIN2S) -1 $*_rgb $*.rgb > $*_rgb.s

. bnp. yuv
$(BWP2YWV) $*.bnp $*.yuv
$(BIN2S) -1 $*_yuv $*.yuv > $*_yuv.s

# dependency |i st

al

# Dempl input file (4bit

datal.s : sanple.gryl sanple.gry2 sanple.yuv

data2.s :

datal.s data2

s data3.s
depth GRY file

type sanple_gryl.s > datal.s
type sanple_gry2.s >> datal.s
type sanple_yuv.s >> datal.s

# Demp2 input file (JPEG file)

8bit depth GRY file

YW file)

sanpl e.j pgl sanpl e.jpg2 sanple.jpg3 sanple.jpgd sanple.jpg5 sanple.jpg6 \

sanpl e. j pg7 sanpl e.jpg8 sanple.jpg9 sanple.jpglo
type sanple_jpgl.s > data2.s
type sanple_jpg2.s >> data2.s
type sanple_jpg3.s >> data2.s
type sanple_jpg4.s >> data2.s
type sanple_jpg5.s >> data2.s
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type
type
type
type
type

# Denp3 i nput
data3.s :

sanpl e_j pg6.
sanpl e_j pg7.
sanpl e_j pg8.
sanpl e_j pg9.

n n n u

sanpl e. rgb

>>
>>
>>
>>

dat a2
dat a2
dat a2
dat a2
sanpl e_j pgl0.s >> data2.s

file (RGB file)

n n n u

type sanple_rgb.s > data3.s

# BMP->GRY (4bit

depth grayscal e)

4 JPEG33 TOOL REFERENCE

sanpl e.gryl : sanple. bnp
# BMP->CRY (8bit depth grayscale)
sanpl e.gry2 : sanpl e. bnp
# BMP->JPEG (4bit depth grayscal e nmobde (Yh:Yv=1:1) and quality 75)
sanpl e.jpgl : sanple. bnp
# BMP->JPEG (8bit depth grayscal e node (Yh:Yv=1l:1) and quality 75)
sanpl e.j pg2 : sanple. bnp
# BMP->JPEG (Col or node (Yh:Yv:Uh: Uv: Vh: W=2:2:1:1:1:1) and quality 75)
sanpl e.j pg3 : sanpl e. bnp
# BMP->JPEG (Col or npde (Yh:Yv:Uh: Uv: Vh: W=2:1:1:1:1:1) and quality 75)
sanpl e.jpg4 : sanple. b
# BMP->JPEG (Col or node (Yh:Yv:Uh:Uv:Vh:W=1:1:1:1:1:1) and quality 75)
sanpl e.j pg5 : sanpl e. bnp
# BMP->JPEG (Col or node (Yh:Yv:Uh: Uv: Vh: W=2:2:1:1:1:1) and quality 1)
sanpl e.j pg6 : sanple. bnp
# BMP->JPEG (Col or node (Yh:Yv:Uh: Uv: Vh: W=2:2:1:1:1:1) and quality 25)
sanpl e.j pg7 : sanple. bnp
# BMP->JPEG (Col or npde (Yh:Yv:Uh: Uv: Vh: W=2:2:1:1:1:1) and quality 50)
sanpl e.j pg8 : sanple. bnmp
# BMP->JPEG (Col or node (Yh:Yv:Uh: Uv: Vh: VW=2:2:1:1:1:1) and quality 75)
sanpl e.j pg9 : sanple. bnp
# BMP->JPEG (Col or node (Yh:Yv:Uh: Uv: Vh: W=2:2:1:1:1:1) and quality 100)
sanpl e. j pgl0 : sanple. bnp
# BMP- >RGB
sanple.rgb : sanple. bmp
# BWP->YWV
sanpl e. yuv : sanpl e. bnp
cl ean:

del sanpl e_c2g*. bnp

del *.gry

del *.jpg

del *.rgb

del *.yuv

del *.s
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4.3 Image Compression/Expansion Evaluating Tool

This section describes how to use theimage compression/expansion evaluating tool " JPEG33 Bench (jb.exe)" and
its various functions.

Outline
JPEG33 Bench (jb.exe) isaGUI tool for IPEG33 compression/expansion and grayscale BMP file conversion.
Itallowsyou to select afileto convert, set compression parameters, and start conversiontools ("bmp2jpeg.exe’,
"jpeg2bmp.exe" or "col2gry.exe"), al in one window. Y ou can aso display the original and converted images.

Starting and closing
Double-click the"jb.exe" icon to start JPEG33 Bench.

Ih To close JPEG33 Bench, click the [Exit] button in the [Jpeg Bench33] window.
A=hi

Window structure
JPEG33 Bench hasfive windows.

Operation window Image display window 1 Image display window 2
™ Jpeg Bench33 Ver X< M= B W zample bmp2

IQC: [EPSON] j I*.hmp target filles
i EE O fhmp  jpg

[
E3Enca?
Aipeg3

 jpegtoal

sample2_32 bmp
sample_24.brap
sample_32.brmp
zampleZ_16.bmp ;I

["liconese Ropech | file size [ 230454 B

™ usage
[~ small fant Dizplayl | D|spla_l,l2| F'brushl

EmpZjpeg | meth0d|2;2;1;1;1;1 vl RIETEC Ml ) Output window
Out .jg qualiy [75 laiayonb] | 16+ \E6C33\ JPEG33)\ JPEGTODL\BIN\bN2peg.c -

—————————————————————————— Inone YI Covert Completed
Jpeg2bmp | 'Dughlnone vl Out brip C:\EBC33%JPEG33\JPEGTOOLABIN: jpeg2bmp ¢

——————————————————————————————————— Covert Completed

Cal2ary | T
ara. t
table Exit | a| [ [

Execution results display window

Operation window ([Jpeg Bench33] window)
The window displayed when you start JPEG33 Bench. All operations are performed in this window.

Image display windows 1 and 2

Select theimagefile (BMP format only) you want to display from thefilelist box and click the [Display 1]
button. Image display window 1 opens, displaying the selected image. Similarly, image display window 2 will
appear when you click the [Display 2] button. Or you can double-click the desired image filenametodisplay it
in Image display window 1.

When you choose aBMP file and double-click the [Bmp-Jpeg-Bmp] button, the software displays the BMP
image before compression in Imagedisplay window 1 and the BM P image expanded after JPEG compression
in Image display window 2. If you specify conversion to grayscale before clicking on the [Bmp-Jpeg-Bmp]
button, the software displays the BMP format image converted into grayscal e before JPEG-compression in
Image display window 1.
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Execution results display window

Thiswindow displays the execution results of the tool launched by pressing the execution button. Thecontents
displayed in thiswindow are the execution and error messages and Usage that are output to STDOUT by
"bmp2jpeg.exe’, "jpeg2bmp.exe" and "col2gry.exe”. The messages are recorded in thelog file"jb.err" by
"ccap.exe” (refer to the "EOC33 Family C Compiler Package Manual"), the contents of which are displayed in

thiswindow.

Controls on the operation window

File selection

|=2cErsan =] [bmp
r“' x.x

Fefresh

E=

file zize 230454 B

Image display
Dizplayl

=
Dizplay2 |
Poush|

Pbrugh

zample?_32 brip
zample_24 bmp
zample_32.bmp
zample?_16.bmp

target files

Select theimage file (BMP format) you want to convert or display.

@ bmp " *jpg  Select multiplefiles by holding down the [Shift] or [Ctrl] key as

you click multiple filenames. Multiplefiles are processed one after
another. ([Display 1/2] and [Bmp-Jpeg-Bmp] buttons work only for
=l thefirst file among those selected.)

Updates the contents displayed in the file list box. The contents of the filelist box
arenot automatically updated when you create or update files with atool.

Displays the size of thefile selected in thefilelist box. When multiplefiles are
selected, the size of thefirst fileis displayed.

Displays theimagefile (BMP format) selected in thefilelist box in Image display
window 1. When multiplefiles are selected, thefirst fileis displayed.

Displays theimagefile (BMP format) selected in thefilelist box in Image display
window 2. When multiplefiles are selected, thefirst fileis displayed.

Starts the Windows "Paint" application for theimagefile (BMP format) selected in
thefilelist box. When multiplefiles are selected, "Paint" islaunched for all selected
files.

Image compression (BMP - JPEG)

Empzipeg |

method [

guiality I?E

Starts "bmp2jpeg.exe” to compress the BMP file selected in thefilelist box,
according to the parameters set for conversion to JPEG format. Multiple files are
processed one after another.

An output filename is automatically assigned, based on theinput filename and the
extension ".jpg2". It cannot be changed in JPEG33 Bench.

Selects the -i option in "bmp2jpeg.exe” (interleave value, Yh:Yv:Uh:Uv:Vh:Vv).
If you select 1:1:1:1:1:1, the UV datais not interleaved when compressed. If you
select 2:1:1:1:1:1, the UV dataisthinned 1/2 in only the horizontal direction. If you
select 2:2:1:1:1:1, the UV dataisthinned 1/2 horizontally and vertically.

Choose "gray" for grayscale images.

Thedefault valueis2:2:1:1:1:1.

Setsthe -q option in "bmp2jpeg.exe” (picture quality index value).

Enter adecimal value from 1 to 100. Smaller values correspond to smaller filesize
following conversion to JPEG format, but with correspondingly poor picturequality.
The default value is 75.
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gray depth Selects the -d option in "bmp2jpeg.exe” (depth of grayscale value).
[aray only] Selecting "8hit" converts input datato 256-level (8 bits per pixel) grayscale format.
I - I Selecting "4bit" converts input datato 16-level (4 bits per pixel) grayscale format.
— This specification is enabled only when "gray" is selected in the [interleave] list
box. It is otherwise ignored.
4bit Thislist box isalso used to set options in "jpeg2bmp.exe”.
Image expansion (JPEG - BMP)
Jpeg2bmp | Starts "jpeg2bmp.exe" to expand the JPEG file selected in thefilelistin BMP
format, according to the set conversion parameters. Multiplefiles are processed one
after another.

An output filename is automatically assigned, based on the input filename and the
extension ".bmp2'. It cannot be changed in JPEG33 Bench.

Selects the -r optionin "jpeg2bmp.exe" (pixel magnification value and the
roughness of reduced expansion). The specific actions are shown below.
none:  Not magnified, noroughness  (Set value =-r0)

X2: Magnified 2-fold, X2 roughness (Set value = -r11)
x4 Magnified 4-fold, x4 roughness (Set value = -r22)
x8: Magnified 8-fold, x8 roughness (Set value = -r33)

x2 small: Not magnified, x2 roughness  (Set value =-rl)

x4 small: Not magnified, x4 roughness  (Set value =-r2)

x8 small: Not magnified, x8 roughness  (Set value =-r3)

The default value is"none'.

If you select the x2, x4, or x8 option, the image datais reduction-expanded with the
specified roughness, resulting in magnification of pixels by that factor.
Consequently, the image datais expanded to original sizeinto amosaic image with
the roughness of the specified magnification, enabling pseudo-progressive
rendering. Selecting x2 small, x4 small, or x8 small reduces images by thinning out
pixelsto 1/2, 1/4, or 1/8, so that the original image is reduced as image datais
expanded. These options can be used to display image thumbnails.

gray depth Selects the -d option in "jpeg2bmp.exe" (depth of grayscale value).
(gray only] If you select "8bit", input datais converted to 256-level (8 bits per pixel) grayscale
I vI format. If you select "4bit," input datais converted to 16-level (4 bits per pixel)
pw— grayscale format. This specification applies only for grayscale expansion.
Thislist box isalso used to set options in "bmp2jpeg.exe’.
Ahit

Grayscale conversion (color BMP — grayscale BMP)

Col2gy Starts "col2gry.exe” to convert the BMP format color file selected in the file listbox
to BMP grayscale, using the selected conversion table file. Multiplefiles are
processed one after another.

An output filename is automatically assigned, based on the input filename and the
extension "g.gry". It cannot be changed in JPEG33 Bench.

Selectsthe conversiontablefile to be used for grayscale conversion by "col2gry.exe”.
| gray256.thl Thislist box displays thefiles existing in the same directory as "jb.exe" having the
table extension ".thl". The conversion table files "gray16.tbl" and "gray256.thl" havebeen
preinstalled for 16-level (4 bits per pixel) and 256-level (8 bits per pixel) grayscale
conversion, respectively. To useyour own conversion table files, placethemin the
same directory as "jb.exe' after adding the".thl" extension.

d
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4 JPEG33 TOOL REFERENCE

Executes image data compression by "bmp2jpeg.exe” and image dataexpansion by
"jpeg2bmp.exe” in succession. It also displays the image before compression in
Image display window 1 and the expanded image in Image display window 2,
allowing you to compare the original image and the image following compression
and expansion. The options for these tools are set just as when running each
application individualy. If grayscale conversion is specified in the option for
JPEG compression, the converted imageisdisplayed as the original imagein
Image display window 1.

When multiplefiles are selected, thefirst selected fileis processed.

Selecting this option runs each tool minimized, as an icon. If thisoptionis not
selected, aDOS prompt window is displayed as the applications runs.

Selecting this option before running atool displays Usage, the information output
by thetool, in the Execution results display window. In this case, no compression,
expansion, or conversion processing is performed.

Selecting this option displays the execution results in the Execution results display
window inasmaller font size. (This specification applies only when the Terminal
10-point font isinstalled in the OS.)

Terminates JPEG33 Bench.

EOC33 FAMILY
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Precautions

* When using JPEG33 Bench to expand JPEG images, note that only the following seven combinations of
expansion roughness and magnification values are supported.
none: Not magnified, no roughness (Set value = -r0)

X2: Magnified 2-fold, x2 roughness (Set value = -r11)
x4: Magnified 4-fold, x4 roughness (Set value = -r22)
x8: Magnified 8-fold, x8 roughness (Set value = -r33)

x2 small: Not magnified, x2 roughness (Set value = -r1)
x4 small: Not magnified, x4 roughness (Set value = -r2)
x8 small: Not magnified, x8 roughness (Set value = -r3)
To use any other combination, run "jpeg2bmp.exe” from the DOS prompt.

* You cannot specify the output filename in JPEG33 Bench. Any existing file having the same name as the
output filewill be overwritten without prompting. To compare results for the same image after multiple
processing involving different parameters, modify the created output filename before executing the next
processing.

» JPEG33 Bench does not support the following functions. Useindividua tools to execute the unsupported
functions.

- Conversion to non-BMP or JPEG formats
- Creation of assembly source files
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5 JPEG33 Library Reference

This chapter describes various precautions related to JPEG33 library functions.

5.1 Outline of the JPEG33 Library

Functional outline
The JPEG33 library consists of agroup of image processing functions in srf33 library format. Before use, this
library must be linked to the target program. Calling the required functions from atarget program permitsyou
to execute the functions listed below on the EOC33 chip.

» JPEG compression/expansion (including reduced expansion)

* RGB YUV conversion

* RGB Y conversion

e CC33grayscadedata~ Y conversion

» Pixel magnification (used for pseudo-progressive display)

The JPEG33 software package also offers C source code for high-level functions based on JPEG33 library
functions, as well as assembly source code for demonstration programs. Any of thesource codemay be copied

to thetarget program and used.
The functions allow easy implementation of image processing functions into your system.

Program structure
The structure of the application programsis shown in Figure 5.1.1.

User target program
(user's original specification)

JPEGS33 library
high-level sources
(corrected by user as necessary)

Image data assembler sources
(created with the JPEG33 tool)

JPEG33 library functions
(for linking to a user project)

Hardware
(external memory for images)

Figure 5.1.1 Program Structure
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Configuration of the JPEG library
The JPEG library and its associated files are all found in the "jpeglib" folder (directory). The contents of the

"jpeglib" folder arelisted below.
jpeglib\

readme.txt

readmeja.txt

lib\
jpeg.lib
CONvV_yuv.o
jfdctin.o
imemin.o
jstripin.o

include\
jpegtop.h
srcl
jpegtop.c

libsrc\

conw\
CONvV_yuv.c
conv_yuv.h
conv_y.c
conv_y.h
conv_4g.c
conv_4g.h
conv_8g.c
conv_8g.h

resizer\
resizer.c
resizer.h
resizgry.c
resizgry.h

demol\
demo?2\

demoN\

JPEG33 library files
Supplementary explanations, etc. (in English)
Supplementary explanations, etc. (in Japanese)

JPEG33 library directory

JPEG33 library

Object file (RGB -~ YUV image format conversion)

Object file (DCT conversion)

Object file (internal buffer RAM declaration)

Object file (image sampling)

(These object files may be copied to internal RAM for faster execution.
See Section 5.6, "Techniquesfor Improving Processing Speed".)

Includefiledirectory of JPEG33 library
High-level function header file

Public source directory of high-level function
High-level function C source file of JPEG33 library

Public source directory for JPEG33 library

Image format conversion function source directory

RGB - YUV image format conversion C source file

RGB - YUV image format conversion C source file

RGB - Y image format conversion C source file

RGB - Y image format conversion C source file

Y - 4-hit grayscale image format conversion C source file
Y - 4-hit grayscale image format conversion header file

Y - 8-hit grayscale image format conversion C source file
Y - 8-hit grayscale image format conversion header file
Image resize function source directory

Color pixd resize C source file

Color pixd resize header file

Grayscale pixel resize C source file

Grayscale pixel resize header file

Demonstration program directory

Each directory (demoX) contains sample programsto help you get the
most from the JPEG33 library. For configuration and contents of the
demonstration programs, refer to "readme.txt" or "readmeja.txt” in

"jp%“b“-

OConfiguration of functionsin"jpegtop.c' and "jpeg.lib" are described later.
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5.2 High-level Functions

High-level functions are provided in a C source code file (jpegtop.c) to facilitate implementation of JPEG
compression and image expansion. They areimplemented using JPEG library functions.
"jpegtop.c" functions arelisted in Table 5.2.1.

Table 5.2.1 High-level Functions

Function Name Description
jpgDataEncode( ) JPEG compresses color images
jpgGryDataEncode() JPEG compresses grayscale images
jpgData Decode() JPEG expands color images

jpgData DecodeRough() JPEG expands color images

(with expansion roughness and magnification specified)
jpgGryDataDecode( ) JPEG expands grayscale images
jpgGryDataDecodeRough() |JPEG expands grayscale images

(with expansion roughness and magnification specified)

Required functions are copied from "jpegtop.c" and pasted into user program source code files. External variables
must be defined (see Section 5.2.1). Y ou must also include "jpegtop.h” in the user program. When using "jpegtop.c”
directly, rather than copying functions from it, external variables do not need to be defined. Make sureto include
"jpegtop.h™ in the user program.

If you want more detailed control of the JPEG 33 library, call the library functions directly instead of using
"jpegtop.c”. The C source code file "jpegtop.c" may then be used as a sample program.

5.2.1 Defining External Variables

To use high-level functions after copying them one by one into the user program, include "jpegtop.h” in the user
program and define the external variables (compression dataline buffers) listed below.

Y ou do not need to define external variables when using "jpegtop.c” directly, since they are already definedinit.
However, be sureto include "jpegtop.h” in the user program.

unsi gned int jnenory_comon_bl ockl[ JMEMORY_| MAGE WDTH * 16 / sizeof (unsigned int)];
unsi gned int jnenory_comon_bl ock2[ JIMEMORY_| MAGE_ WDTH * 16 / sizeof (unsigned int)];
unsi gned int jnenory_comon_bl ock3[ JIMEMORY_| MAGE_ WDTH * 16 / sizeof (unsigned int)];

unsigned int *jmenmory_bl ock_ptr[3] = {
j menmory_comon_bl ock1,
j menmory_comon_bl ock2,
j menory_common_bl ock3

b
For MEMORY _IMAGE_WIDTH, see the next section.

5.2.2 Defining Horizontal Image Size

By default, high-level functions are set up for processing of images insizesof horizontal 320 pixelsx vertical 32,767
pixels (max). Although vertical sizeisfixed at 32,767 pixels, horizontal size may be increased upto 32,767 pixelsin
increments of 16 pixels(fractions rounded up) by changing the parameters defined in "jpegtop.h".

The parameters defined in "jpegtop.h" are listed below.

JVEMORY_| MAGE_

/*
* JPEG nenory common buffer size definition
*
/
#def i ne JMEMORY_| MAGE_W DTH 320 /* Wdth 320dot */

To change the horizontal image sizeto 160 dots, for example, modify the parameter as below.

#def i ne JMEMORY_I MAGE_W DTH 160 /* Wdth 160dot */

EOC33 FAMILY EPSON 39
JPEG33 MIDDLEWARE MANUAL



5 JPEG33 LIBRARY REFERENCE

5.2.3 Description of Each Function

jpgDataEncode()

Function:  JPEG-compresses color images.

Format: i nt jpgDat aEncode(unsi gned char *pucJpgBuf, | MAGE *srcl mage,
unsi gned short uwWdth, unsigned short uwHeight, int ilnterleave,
int iQuality, unsigned |ong *pul Size);

Arguments: unsigned char *pucJpgBuf Pointer to memory areawhere JPEG datais held

Return value:

Explanation:

IMAGE *srclmage Pointer to image data (Y UV data) to be compressed

unsigned short uwWidth Number of horizontal pixelsinimage data

unsigned short uwHeight ~ Number of vertical pixelsinimage data

int ilnterleave Interleave value (0 to 3)
INTER_GRY (=0): Grayscale, Yh:Yv =1:1
INTER_COLORL1 (=1): Color, Yh:Yv:Uh:Uv:Vh:Vv =1:1:1:1:1:1
INTER_COLORZ (=2): Color, Yh:Yv:Uh:Uv:Vh:Vv =2:1:1:1:1:1
INTER_COLOR3 (=3): Color, Yh:Yv:Uh:Uv:Vh:Vv =2:2:1:1:1:1

int iQuality Picture quality index value (1 to 100)
Larger values correspond to lower picture quality degradation (and hence
better pictures), but at the cost of larger JPEG imagefiles. Smaller values
correspond to lower picture quality, with more compact JPEG files.

unsigned long *pul Size Pointer to compressed JPEG image size (in bytes)
The pointer to the variable for the JPEG-compressed image sizeis
received.

1 when terminated normally
0 when terminated improperly

This function compresses YUV format data according to the interleave and picture quality index values
specified for conversion to JPEG format.

Example:  Interleavevalue = 3, picture quality index value = 75

unsi gned char JpgBuf [ 0x40000] ;

unsi gned short uwwW dt h, uwtei ght;

unsi gned | ong ul Si ze;

| MAGEHEAD *pl mageHead;

| MAGE *srcl mage;

pl mageHead = (| MAGEHEAD *)sanpl e_yuv;

srclmage = (I MAGE *)((unsigned char *)pl nageHead + si zeof (| MAGEHEAD) ) ;

uwW dth = (unsi gned short) pl mageHead- >ul W dt h;

uwHei ght = (unsi gned short) pl nageHead- >ul Hei ght ;

j pgbat aEncode(JpgBuf, srclmage, uwWdth, uwHei ght, | NTER COLOR3, 75, &ul Size);
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jpgGryDataEncode()

Function: JPEG-compresses grayscaleimages

Format: i nt j pgG yDat aEncode( unsi gned char *pucJpgBuf, unsi nged char *pucSr cBuf,
unsi gned short uwWdth, unsigned short uwHei ght, int ilnterleave,
int iQuality, int iDepth, unsigned |ong *pul Size);

Arguments: unsigned char *pucJpgBuf Pointer to memory areawhere JPEG dataisheld

Return value:

Explanation:

unsigned char *pucSrcBuf Pointer toimage data (GRY data) to be compressed
unsigned short uwWidth Number of horizontal pixelsinimage data
unsigned short uwHeight ~ Number of vertical pixels inimage data

int il nterleave Interleave value (0)
INTER_GRY (=0): Grayscale, Yh:Yv =1:1
int iQuality Picture quality index value (1 to 100)

Larger values correspond to lower picture quality degradation (and hence
better pictures), but at the cost of larger JPEG files. Smaller values
correspond to lower picture quality, with more compact JPEG files.

int iDepth Grayscale depth (4, 8)
4: 16-level (4 bits per pixel) grayscae
8: 256-level (8 hits per pixel) grayscale

unsigned long *pul Size Pointer to compressed JPEG image size (in bytes)
The pointer to the variable for the JPEG-compressed image sizeis
received.

1 when terminated normally
0 when terminated improperly

Thisfunction compresses GRY -format grayscal e data according to the interleave and picture quality
index values specified for conversion to JPEG format data.

Example:  16-level (4 bitsper pixel) grayscale, picture quality index value =75
unsi gned char JpgBuf [ 0x40000] ;
unsi gned short uww dt h, uwHei ght;
unsi gned | ong ul Si ze;
| MAGEHEAD *pl mageHead;
unsi gned char *pucl mageBuf ;
pl mageHead = (| MAGEHEAD *)sanpl e_gry1l;
pucl mageBuf = ((unsigned char *)plmgeHead + sizeof (| MAGEHEAD));
uwW dt h = (unsigned short) pl nageHead- >ul W dt h;
uwHei ght = (unsi gned short) pl mageHead- >ul Hei ght ;
j pgG yDat aEncode(JpgBuf, pucl nageBuf, uwwWdth, uwHei ght, | NTER GRY, 75, 4,
&ul Si ze);
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jpgDataDecode( )

Function:  JPEG-expands color images.

Format: i nt jpgDat aDecode(unsi gned char *pucJpgBuf, | MAGE *dest| nmage, unsigned
short *puwW dth, unsigned short *puwHeight);

Arguments: unsigned char *pucJpgBuf Pointer to JPEG data
IMAGE *destlmage Pointer to memory areawhere expanded image data (YUV data) isheld
unsigned short *puwWidth Pointer to number of horizontal pixelsinimage data
unsigned short *puwHeight Pointer to number of vertical pixels inimage data

Return value: 1 when terminated normally
0 when terminated improperly

Explanation: Thisfunction expands color JPEG datainto YUV files.

Example: struct t | MAGEDATA

{

| MAGEHEAD st Header ; /* I mage header */
I MAGE st | mage[ | MAGE_SI ZE] ; /* YW raw data */
} st 1 mageDat a;

unsi gned char *pucJpgBuf ;

unsi gned short uww dt h, uwHei ght;

I MAGE *dest | nage;

pucJpgBuf = sanple_j pg3;

ulld = 1D YUy

dest | mage = stlmageDat a. st | mage;

j pgbDat aDecode( pucJpgBuf, destlnage, &uwW dth, &uwHei ght);

st I mageDat a. st Header. ul | d = ul | d;
st I mageDat a. st Header. ul Wdth = (unsi gned | ong) uwW dt h;
st | mageDat a. st Header . ul Hei ght = (unsi gned | ong) uwHei ght;
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jpgDataDecodeRough()

Function:  JPEG-expands color images (with expansion roughness and magnification specified)

Format: i nt j pgDat aDecodeRough(unsi gned char *pucJpgBuf, |MAGE *dest| nmage,
unsi gned | ong *pul Wdt h, unsi gned | ong *pul Hei ght, int i Rough, int i Mag);

Arguments: unsigned char *pucJpgBuf Pointer to JPEG data
IMAGE *destImage Pointer to memory areawhere expanded image data (Y UV data) isheld
unsigned long *pulWidth  Pointer to number of horizontal pixels inimage data
unsigned long *pulHeight  Pointer to number of vertical pixels in image data
int iRough Roughness of expansion value (0 to 3)
ROUGH_NONE (=0): No roughness of expansion
ROUGH_MIN (=1): Expanded with x2 roughness
ROUGH_MID (=2): Expanded with x4 roughness
ROUGH_MAX (=3): Expanded with x8 roughness
intiMag Magnification value (0 to 3)
MAG_NONE (=0):  Not magnified
MAG_MIN (=1): Magnified 2-fold
MAG_MID (=2): Magnified 4-fold
MAG_MAX (=3): Magnified 8-fold
Returnvalue: 1 when terminated normally

0 when terminated improperly

Explanation: This function expands JPEG color filesinto YUV files. Roughness of expansion and the magnification
value may be specified. If 1 to 3 are specified for roughness of expansion and magnification value,
images are rough-expanded, allowing for pseudo-progressive expansion.

Example:  Roughness of expansion = 1, magnification value =1
struct t | MAGEDATA

{

| MAGEHEAD st Header ; /* | mage header */
I MAGE st | mage[ | MAGE_SI ZE] ; /* YUV raw data */
} st 1 mageDat a;

unsi gned char *pucJpgBuf;

unsi gned | ong ul Wdt h, ul Hei ght;

I MAGE *dest | mage;

pucJpgBuf = sanpl e_j pg3;

ulld = ID_YUWV;

dest | mage = stlmageDat a. st nage;

j pgbDat aDecodeRough( pucJpgBuf, destlmage, &ul Wdth, &ul Hei ght, ROUGH M N,
MAG_ M N) ;

st | mageDat a. st Header. ul | d = ul | d;
st | mageDat a. st Header. ul Wdth = ul Wdth;
st | mageDat a. st Header . ul Hei ght = ul Hei ght;
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jpgGryDataDecode()

Function: JPEG-expands grayscale images.

Format: i nt j pgG yDat aDecode( unsi gned char *pucJpgBuf, unsi gnedchar *pucDest Buf,
unsi gned short *puwWdth, unsigned short *puwHei ght, int iDepth);

Arguments: unsigned char *pucJpgBuf Pointer to JPEG data

Return value:

unsigned char *pucDestBuf Pointer to memory areawhere expanded image data (GRY data) is held

unsigned short *puwWidth Pointer to number of horizontal pixels inimage data
unsigned short *puwHeight Pointer to number of vertical pixels inimage data
int iDepth Grayscale depth (4, 8)

4: 16-level (4 bits per pixel) grayscale

8: 256-level (8 hits per pixel) grayscale

1 when terminated normally
0 when terminated improperly

Explanation: Thisfunction expands grayscale JPEG files into GRY -format files.
Example:  16-level (4 bits per pixel) grayscale
struct t | MAGEDATA
{
| MAGEHEAD st Header ; /* I mage header */
I MAGE st | mage[ | MAGE_SI ZE] ; /* YW raw data */
} st 1 mageDat a;
unsi gned char *pucJpgBuf ;
unsi gned char *pucl mageBuf ;
unsi gned short uww dt h, uwHei ght;
pucJpgBuf = sanple_j pg2;
ulld = ID_GRY;
pucl mageBuf = (unsigned char *)stlmageData. st| nmage;
j pgG yDat aDecode( pucJpgBuf, pucl mageBuf, &uWW dth, &uwHei ght, 4);
st I mageDat a. st Header . ul Id = ul |l d;
st | mageDat a. st Header. ul Wdth = (unsi gned | ong) uwW dt h;
st | mageDat a. st Header . ul Hei ght = (unsi gned | ong) uwHei ght;
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jpgGryDataDecodeRough()

Function:

Format:

Arguments:

Return value:

Explanation:

JPEG-expands grayscal e images (with expansion roughness and magnification specified).

int j pgG yDat aDecodeRough(unsi gned char *pucJpgBuf,
unsi gned char *pucDestBuf, unsigned |ong *pul Wdth,
unsi gned | ong *pul Hei ght, int iRough, int iMag, int iDepth);

unsigned char *pucJpgBuf Pointer to JPEG data
unsigned char *pucDestBuf Pointer to memory areawhere expanded image data (GRY data) is held
unsigned long *pulWidth  Pointer to number of horizontal pixels inimage data
unsigned long *pulHeight  Pointer to number of vertical pixels inimage data
int iRough Roughness of expansion value (0 to 3)
ROUGH_NONE (=0): No roughness of expansion
ROUGH_MIN (=1): Expanded with x2 roughness
ROUGH_MID (=2): Expanded with x4 roughness
ROUGH_MAX (=3): Expanded with x8 roughness
intiMag Magnification value (0 to 3)
MAG_NONE (=0):  Not magnified
MAG_MIN (=1): Magnified 2-fold
MAG_MID (=2): Magnified 4-fold
MAG_MAX (=3): Magnified 8-fold
int iDepth Grayscale depth (4, 8)
4: 16-level (4 bits per pixel) grayscae
8: 256-level (8 hits per pixel) grayscale
1 when terminated normally
0 when terminated improperly

This function expands grayscale JPEG files into GRY format. The roughness of expansion and the
magnification value may be specified. If 1 to 3 are specified for roughness of expansionand
magnification value, images are rough-expanded, allowing for pseudo-progressive expansion.

Example:  Roughness of expansion = 1, magnification value = 1, 16-level (4 bits per pixel) grayscale
struct t | MAGEDATA
{
| MAGEHEAD st Header ; /* I mage header */
I MAGE st | mage[ | MAGE_SI ZE] ; /* YUV raw data */
} st 1 mageDat a;
unsi gned char *pucJpgBuf;
unsi gned char *pucl mageBuf ;
unsi gned | ong ul Wdt h, ul Hei ght;
pucJpgBuf = sanpl e_j pg2;
ulld = ID_GRY;
pucl mageBuf = (unsigned char *)stlmageData. st| mage;
j pgG yDat aDecodeRough( pucJpgBuf, pucl mageBuf, &ul Wdth, &ul Height, ROUGH M N,
MAG M N, 4);
st | mageDat a. st Header. ul | d = ul | d;
st | mageDat a. st Header. ul Wdth = ul Wdth;
st | mageDat a. st Header . ul Hei ght = ul Hei ght;
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5.3 JPEG33 Library Functions

Object files containing all the necessary functions for expanding, compressing, and converting imagesontheE0C33
chip areregistered in the "jpeg.lib" JPEG33 library file. Link these functions to the user program to implement
various image processing functions.

JPEG33 library functions arelisted in Table 5.3.1.

Table 5.3.1 JPEG33 Library Functions

Type Function Name Description Header File| Source File
Image format convRgbToYuv() Converts RGB to YUV conv_yuv.h | conv_yuv.c
conversion convYuvToRgh() Converts YUV to RGB
functions convRgbToY() Converts RGB to Y conv_y.h conv_y.c

convYToRgb() Converts Y to RGB
conv4bGryToY() Converts 16-level (4 bits per pixel) grayscale to Y conv_4g.h | conv_4g.c
convYTo4bGry() Converts Y to 16-level (4 bits per pixel) grayscale
conv8bGryToY() Converts 256-level (8 bits per pixel) grayscale to Y conv_8g.h | conv_8g.c
convYTo8bGry() Converts Y to 256-level (8 bits per pixel) grayscale
Pixel resizerOneLine2() Magnifies pixels in one color line 2-fold resizer.h resizer.c
magnification resizerOneLine4() Magnifies pixels in one color line 4-fold
functions for resizerOnelLine8( ) Magnifies pixels in one color line 8-fold
pseudo- resizerOneGryLine2() Magnifies pixels in one grayscale line 2-fold resizgry.h | resizgry.c
progressive resizerOneGryLine4() Magnifies pixels in one grayscale line 4-fold
expansion resizerOneGryLine8( ) Magnifies pixels in one grayscale line 8-fold
resizerLineCopy16( ) Copies color lines (in size of 16 x n bytes) resizer.h resizer.c
resizerLineCopy1( ) Copies color lines (in size of 1 x n bytes)
resizerGryLineCopy16( ) |Copies grayscale lines (in size of 16 x n bytes) resizgry.h | resizgry.c
resizerGryLineCopyl1() |Copies grayscale lines (in size of 1 x n bytes)
JPEG jpgEncodelnit( ) Initializes JPEG compression jpegtop.h -
compression jpgPutData( ) Compresses JPEG data
and expansion jpgEecodeClose( ) Terminates JPEG compression
functions jpgDecodelnit() Initializes JPEG data expansion
jpgGetData( ) Expands JPEG data
jpgDecodeClose( ) Terminates JPEG data expansion
jpgMemoryinit() Initializes JPEG library memory

Note: Avoid repeatedly alternating RGB - YUV and YUV - RGB conversions, since such processing will
eventually degrade picture quality, owing to calculation errors that occur during conversion.

Specification of each function is explained in the following pages. For sampleapplicationsof thesefunctions, seethe
"jpegtop.c” source file.
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5.31 Image Data Format Converting Functions

convRgbToYuv()

Function: Converts RGB to YUV.

Format: voi d convRgbToYuv(Il MAGE *srcl mage, | MAGE *dest | mage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of RGB data
IMAGE *destlmage Pointer to buffer for oneline of YUV data
unsigned long ulWidth  Length of oneline (in pixels)

Return value: None
Explanation: Thisfunction converts one line of RGB data (srclmage) into YUV data (destimage). The samebuffer

may be used for srclmage and destimage.

convYuvToRgb()

Function: Converts YUV to RGB.

Format: voi d convYuvToRgb(I MAGE *srcl mage, | MAGE *dest | mage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of YUV data
IMAGE *destl mage Pointer to buffer for oneline of RGB data
unsigned long ulWidth  Length of oneline (in pixels)

Returnvalue: None
Explanation: Thisfunction converts oneline of YUV data (srclmage) into RGB data (destlmage). The same buffer
may be used for srclmage and destimage.

convRgbToY()

Function: ConvertsRGBtoY.

Format: voi d convRgbToY(| MAGE *srcl mage, | MACE *dest | mage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of RGB data
IMAGE *destlmage Pointer to buffer for oneline of Y data
unsigned long ulWidth  Length of oneline (in pixels)

Return value: None
Explanation: Thisfunction converts oneline of RGB data (srclmage) into Y data (destimage). The same buffer may

be used for srclmage and destimage.

convYToRgh()

Function: Converts Y to RGB.

Format: voi d convYToRgb(!| MAGE *srcl mage, | MACE *dest | mage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of Y data
IMAGE *destl mage ointer to buffer for oneline of RGB data
unsigned long ulWidth  Length of oneline (in pixels)

Returnvalue: None

Explanation: Thisfunction converts oneline of Y data (srclmage) into RGB data (destimage). The same buffer may
be used for srclmage and destimage.
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conv4bGryToY()

Function:  Converts 16-level (4 bitsper pixel) grayscaleto Y.

Format: voi d conv4dbG yToY(unsi gned char *pucSrcBuf, | MAGE *dest| mage,
unsi gned | ong ul Wdth);

Arguments: unsigned char *pucSrcBuf Pointer to buffer for oneline of 16-level (4 bits per pixel) grayscale data
IMAGE *destImage Pointer to buffer for oneline of Y data
unsigned long ulWidth Length of oneline (in pixels)

Returnvalue: None
Explanation: Thisfunction converts oneline of 16-level (4 bits per pixel) grayscale data (pucSrcBuf) into Y data
(destimage).

convYTo4bGry()

Function: ConvertsY to 16-level (4 bitsper pixel) grayscale.

Format: voi d convYTo4bG y (| MAGE *srcl mage, unsigned char *pucDest Buf,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of Y daa
unsigned char *pucDestBuf Pointer to buffer for oneline of 16-level (4 bits per pixel) grayscale data
unsigned long ulWidth Length of oneline (in pixels)

Returnvalue: None
Explanation: Thisfunction converts oneline of Y data (srclmage) into 16-level (4 bits per pixel) grayscale data
(pucDestBuf).

conv8bGryToY()

Function:  Converts 256-level (8 bits per pixel) grayscaleto Y.

Format: voi d conv8bG yToY(unsi gned char *pucSrcBuf, |MAGE *destl| mage,
unsi gned | ong ul Wdth);

Arguments: unsigned char *pucSrcBuf  Pointer to buffer for oneline of 256-level (8 bits per pixel) grayscale data
IMAGE *destl mage Pointer to buffer for oneline of Y data
unsigned long ulWidth Length of oneline (in pixels)

Return value: None
Explanation: Thisfunction converts one line of 256-level (8 bits per pixel) grayscale data (pucSrcBuf) into Y data
(destimage).

convYTo8bGry()

Function: Converts 'Y to 256-level (8 hits per pixel) grayscale.

Format: voi d convYTo8bG y(Il MAGE *srcl mage, unsigned char *pucDest Buf,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of Y data
unsigned char *pucDestBuf Pointer to buffer for oneline of 256-level (8 bits per pixel) grayscale data
unsigned long ulWidth Length of oneline (in pixels)

Return value: None

Explanation: Thisfunction converts oneline of Y data (srclmage) into 256-level (8 bits per pixel) grayscale data
(pucDestBuf).
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5.32 Pixel Magnifying Functions for Pseudo-progressive Expansion

resizerOneLine2()

Function: Magnifies pixelsin one line of color image 2-fold.

Format: voi d resizerOneLi ne2(| MAGE *srcl nmage, | MAGE *dest | nage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of YUV data before magnification
IMAGE *destlmage Pointer to buffer for oneline of YUV data after magnification
unsigned long ulWidth  Length of oneline (in pixels) before magnification

Returnvalue: None

Explanation: This function magnifies one line of color image (YUV data) 2-fold.

resizerOnelLine4()

Function: Magnifies pixelsin oneline of color image 4-fold.

Format: voi d resizerOneLi ne4(lI MAGE *srcl nage, | MAGE *dest | nage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of YUV data before magnification
IMAGE *destl mage Pointer to buffer for oneline of YUV data after magnification
unsigned long ulWidth  Length of oneline (in pixels) before magnification

Returnvalue: None

Explanation: This function magnifies one line of color image (YUV data) 4-fold.

resizerOneLine8()

Function: Magnifies pixelsin oneline of color image 8-fold.

Format: voi d resizerOneLi ne8(I MAGE *srcl mage, | MAGE *dest | nage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of YUV data before magnification
IMAGE *destlmage Pointer to buffer for oneline of YUV data after magnification
unsigned long ulWidth  Length of oneline (in pixels) before magnification

Returnvalue: None

Explanation: This function magnifies one line of color image (YUV data) 8-fold.

resizerOneGryLine2()

Function: Magnifies pixelsin oneline of grayscaleimage 2-fold.

Format: voi d resizerOneLi ne2(| MAGE *srcl nage, | MAGE *dest | nage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of Y data before magnification
IMAGE *destl mage Pointer to buffer for oneline of Y data after magnification
unsigned long ulWidth  Length of oneline (in pixels) before magnification

Returnvalue: None

Explanation: Thisfunction magnifies oneline of grayscaleimage (Y data) 2-fold.
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resizerOneGryLine4()

Function: Magnifies pixelsin oneline of grayscaleimage 4-fold.

Format: voi d resizer OneLi ne4(I MAGE *srcl nage, | MAGE *dest | nage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of Y data before magnification
IMAGE *destl mage Pointer to buffer for oneline of Y dataafter magnification
unsigned long ulWidth  Length of oneline (in pixels) before magnification

Return value: None

Explanation: This function magnifies oneline of grayscaleimage (Y data) 4-fold.

resizerOneGryLine8()

Function: Magnifies pixelsin oneline of grayscaleimage 8-fold.

Format: voi d resizer OneLi ne8(I MAGE *srcl nage, | MAGE *dest | mage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer for oneline of Y data before magnification
IMAGE *destl mage Pointer to buffer for oneline of Y dataafter magnification
unsigned long ulWidth  Length of oneline (in pixels) before magnification

Returnvalue: None

Explanation: Thisfunction magnifies oneline of grayscaleimage (Y data) 8-fold.

resizerLineCopy16()

Function:  Copiescolor lines (in 16 x n byte segments).

Format: voi d resizerLi neCopyl6(1 MAGE *srcl nage, | MAGE *dest | mage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer from which to copy oneline of YUV data
IMAGE *destl mage Pointer to buffer to which to copy oneline of YUV data
unsigned long ulWidth  Length of oneline (in pixels)

Return value: None

Explanation: Thisfunction copiesoneline of YUV datain 16 x n byte segments from srclmage to destimage.

resizerLineCopy1()

Function:  Copiescolor lines(in 1 x n byte segments).

Format: voi d resizerLineCopyl(l MAGE *srcl nage, | MAGE *dest | mage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer from which to copy oneline of YUV data
IMAGE *destl mage Pointer to buffer to which to copy oneline of YUV data
unsigned long ulWidth  Length of oneline (in pixels)

Returnvalue: None

Explanation: Thisfunction copiesoneline of YUV datain 1 x n byte segments from srclmage to destlmage.
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resizerGryLineCopy16()

Function: Copiesgrayscalelines (in 16 x n byte segments).

Format: voi d resizer GyLi neCopyl6(I MAGE *srcl mage, | MAGE *dest | mage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer from which to copy oneline of Y data
IMAGE *destl mage Pointer to buffer to which to copy oneline of Y data
unsigned long ulWidth  Length of oneline (in pixels)

Return value: None

Explanation: Thisfunction copiesoneline of Y datain 16 x n byte segments from srclmage to destl mage.

resizerGryLineCopy1()

Function: Copiesgrayscaelines(in1 x n byte segments).

Format: voi d resizerGyLi neCopyl(l MAGE *srcl nage, | MAGE *dest | mage,
unsi gned | ong ul Wdth);

Arguments: IMAGE *srclmage Pointer to buffer from which to copy oneline of Y data
IMAGE *destl mage Pointer to buffer to which to copy oneline of Y data
unsigned long ulWidth  Length of oneline (in pixels)

Returnvalue: None

Explanation: Thisfunction copiesoneline of Y datain 1 x n byte segmentsfrom srclmage to destlmage.
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5.33 JPEG33 Compression/Expansion Functions

jpgEncodelnit()

Function: Initializes internal settings to prepare for JPEG compression.

Format: voi d *j pgEncodel ni t (unsi gned char *pucJpgBuf, unsigned short uwwW dth,
unsi gned short uwHeight, int ilnterleave, int iQuality, int iDepth);

Arguments: unsigned char *pucJpgBuf Pointer to memory areawhere JPEG dataisheld
unsigned short uwWidth Number of horizontal pixelsinimage data
unsigned short uwHeight ~ Number of vertical pixelsinimage data
intilnterleave Interleave value (0 to 3)
INTER_GRY (=0): Grayscale, Yh:Yv =1:1
INTER_COLORL (=1): Color, Yh:Yv:Uh:Uv:Vh:Vv =1:1:1:1:1:1
INTER_COLOR2 (=2): Color, Yh:Yv:Uh:Uv:Vh:Vv =2:1:1:1:1:1
INTER_COLORS (=3): Color, Yh:Yv:Uh:Uv:Vh:Vv =2:2:1:1:1:1
int iQuality Picture quality index value (1 to 100)
Larger values correspond to lower picture quality degradation (and hence
better pictures), but at the cost of larger JPEG files. Smaller values
correspond to lower picture quality, with more compact JPEG files.
int iDepth Grayscale depth (4, 8)
4: 16-level (4 bits per pixel) grayscale
8: 256-level (8 bits per pixel) grayscale
Return value: Pointer to JPEG information structure
Explanation: Thisfunction initializesinternal settings to prepare for JPEG compression.
Specifying avalue below 0 for interleave value sets that value to 0. Specifying avalue over 3 sets the
value to 3. Specifying avalue smaller than 1 for the picture quality index value sets it to 1. Specifying a

value over 100 sets the value to 100. Specifying avalue other than 4 or 8 for grayscal e depth sets the
value to 8. Specifying grayscale depth is enabled only when the interleave value is set to O.

jpgPutData()

Function: ~Compresses JPEG data.
Format: voi d j pgPut Dat a(voi d *pJpeg, | MAGE *srcl nage);

Arguments: vVoid *pJpeg Pointer to JPEG information structure
IMAGE *srclmage Pointer to buffer for oneline of YUV datato be compressed
Return value: None

Explanation: This function compresses one line of YUV datainto JPEG format and outputs JPEG data specified by
pJpeg to the memory areawhereit isto be held.

jpgEncodeClose()

Function:  Terminates JPEG compression.

Format: unsi gend | ong j pgEncoded ose(voi d *pJpeg);
Arguments: void *pJpeg Pointer to JPEG information structure
Return value: JPEG datasize

Explanation: Thisfunction performs termination processing to close JPEG dataand free memory after compression.
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jpgDecodelnit()

Function:  Initializes internal settings to prepare for JPEG data expansion.
Format: voi d *j pgDecodel ni t (unsi gned char *pucJpgBuf, unsi gned short *puwWw dt h,
unsi gned short *puwHei ght, int *piColor, int iRough, int iDepth);

Arguments: unsigned char * pucJpgBuf Pointer to memory areawhere JPEG dataisheld
unsigned short * puwWidth Number of horizontal pixelsinimage data
unsigned short *puwHeight Number of vertical pixels inimage data

int *piColor Pointer to specified grayscale depth or color (1, 3)
1: Grayscadle
3: Color

int iRough Roughness of expansion value (0 to 3)

ROUGH_NONE (=0): No roughness of expansion (1:1)

ROUGH_MIN (=1): Expanded with x2 roughness (1:2)

ROUGH_MID (=2): Expanded with x4 roughness (1:4)

ROUGH_MAX (=3): Expanded with x8 roughness (1:8)
int iDepth Grayscale depth (4, 8)

4: 16-level (4 bits per pixel) grayscae

8: 256-level (8 hits per pixel) grayscale

Return value: Pointer to JPEG information structure (0 isreturned for illegal JPEG formats)

Explanation: Thisfunction initializesinternal settings to prepare for JPEG data expansion.
Specifying avalue below O for roughness of expansion sets the value to 0. Specifying anumber over 3
sets the value to 3. For ordinary expansion, set roughness of expansion to0. Specifyingavalue other than
4 or 8 for grayscale depth sets it to 8. Grayscal e depth may be specified only when piColor = 1.

jpgGetData()

Function: Expands JPEG data.
Format: voi d j pgGet Dat a(voi d *pJpeg, | MAGE *dest | nage);

Arguments: void *pJpeg Pointer to JPEG information structure
IMAGE *destimage  Pointer to buffer in which oneline of expanded YUV datais held

Return value: None
Explanation: Thisfunction expands oneline of JPEG data specified by pJpeg and outputs the expanded YUV datato
the memory area specified by destlmage.

jpgDecodeClose()

Function: Terminates JPEG data expansion.

Format: unsi gend | ong j pgDecoded ose(voi d *pJpeg);
Arguments: void *pJpeg Pointer to JPEG information structure
Return value: None

Explanation: Thisfunction performs termination processing to close JPEG dataand free memory after expansion.
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jpgMemoryInit()

Function:  Initializes the memory used for the JPEG33 library.
Format: void jpgMenorylnit(void);

Arguments: None

Return value: None

Explanation: Thisfunction initializes to 0 the memory locations in the static memory area used by the JPEG33
library.
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5.4 Image Data Structure

Thefollowing describes the structure of various image datafiles for each format handled by the JPEG33 tools and
library. Each format begins with a 12-byte header, followed by image data. The header consists of a4-byte D that
indicates the image format, 4-byte information indicating the number of horizontal pixels (1 to 65,535), and 4-byte
information indicating the number of vertical pixels (1 to 65,535).

RGB file

ID (=0)
Number of horizontal pixels
Number of vertical pixels

R(1,1) G(1,1) B(1,1) R(2,1) G(2,1) B(2,1) .. R(w,1) G(w,1) B(w,1)
R(1,2) G(1,2) B(1,2) R(2,2) G(2,2) B(2,2) . R(w,2) G(w,2) B(w,2)
| r@h | e@h [ B@wh | R@n | cem | BRhH | ... | Rwh | 6wh | Bwh) |

The RGB format ID isO. Thisvalue isdefined in "jpegtop.h” as ID_RGB. RGB dataconsists of R, G, and B values,
each assigned one byte, together comprising 3 bytes per pixel. Image data begins with the upper left-most pixel and

iscomprised of arepeated sequence of R, G, and B values, until the end of theline. This sequenceisthen repesated
for each line until thelast line.

YUV file

ID (=1)
Number of horizontal pixels
Number of vertical pixels

Y(1,1) U(1,1) V(1,1) Y(2,1) u(2,1) V(2,1) .. Y(w,1) | Uw,1) V(w,1)
Y(1,2) U(1,2) V(1,2) Y(2,2) U(2,2) V(2,2) .. YW,2) | Uw,2) V(w,2)
L yawh | uah [ vah | yeh | ueh | veh |0 [ ywh) | uwh) [ vwh) |

TheYUV format ID is1. Thisvalue isdefined in "jpegtop.h” as ID_YUV. YUV dataconsists of Y, U, and V, each
assigned one byte, together comprising 3 bytes per pixel. Image data begins with the upper left-most pixel and is
comprised of arepeated sequenceof Y, U, and V values, until the end of theline. This sequence isthen repeated for
each line until thelast line.

256-grayscale level GRY file

ID (=2)
Number of horizontal pixels
Number of vertical pixels

GRY(1,1) |GRY(2,))| ... [GRYW1)
GRY(1,2) |GRY(2,2)| ... | GRYW.2)
| GRY(Lh) [ GRY(2,h) |

The|D for the 256-grayscale level GRY format is2. Thisvalue isdefined in "jpegtop.h" as ID_GRY 8. 256-level
grayscale data has one byte assigned per pixel. Image data begins with the upper left-most pixel, proceeding to the
end of thefirst line, then resuming with the following line, until thelast line isreached.
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16-grayscale level GRY file

ID (=3)
Number of horizontal pixels
Number of vertical pixels

GRY(1L,1) GRY21)| GRY(31) GRY(4,1)| ... |GRYW-1,1) GRY(w,1)
GRY(1,2) GRY(2,2)| GRY(3,2) GRY(42)| ... |GRY(W-1,2) GRY(W,2)
[GRY(Lh) GRY(2,h)| GRY(3,h) GRY(4h)| ... [ GRYW-1,h) GRY(wh)]

TheID for the 16-grayscalelevel GRY format is 3. Thisvalue isdefined in "jpegtop.h” as ID_GRY 4. 16-level
grayscale data has four bits per pixel; each byte carries datafor two pixels. Within this byte, the 4 high-order bits
constitute the left side and the 4 low-order bits constitute the right side of two consecutive pixels. Only whenthelast
byte for each line codes for asingle pixel, the 4 low-order bits are 0b0000.

File header structure
The structure for handling file headers is declared in "jpegtop.h,” as follows:

t ypedef struct tI MAGEHEAD

{
unsi gned | ong ul I d;
unsi gned | ong ul W dt h;
unsi gned | ong ul Hei ght ;
} | MAGEHEAD;

RGB/YUV data union
The union processing for handling RGB and YUV format data structuresis declared in "jpegtop.h" as follows:

typedef union tIMACE

{
struct {
unsi gned char by, bU, bV,
} st YUV,
struct {
unsi gned char bR, bG bB;
} st RGB;
11 MAGE;
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5.5 Processing Speed

The processing speed of the JPEG33 library varies according to theimages, parameters, and hardware environment
involved. Thefollowing shows how to calculate an approximate processing speed. The calculated speed must
eventually beverified by actual measurement on your system.

<System condition example>  Operating speed of the EOC33 chip: 20 MHz

* Working RAM area: Externa RAM (16 bitswide, 1 wait cycle)
* Program area: External ROM (16 bitswide, 1 wait cycle)
* Stack area: Internal RAM

JPEG compression and expansion
(1) The JPEG compression and expansion speeds are approximately the same.

(2) When measured under the above system conditions and using JPEG33 library default conditions
(horizontal/vertical interleave = 1/2, picture quality index = 75), the time required for compressing and
expanding a320 x 240-dot color image is approximately 2.0 seconds each.

(3) The processing speed is proportional to the number of pixels. For example, a640 x 480-dot image requires
approximately four times the above time.

(4) The processing speed varies with the parameters. If theimageisthinned out by 1/2 in only the horizontal
direction when compressed, the processing speed is about 1.3 times faster than that when the image is not
thinned out. Furthermore, if theimageisthinned out in also the vertical direction, the processing speed is
about 1.5 times faster than that when theimageis not thinned out. Similarly, if the picture quality index is set
to 100, the processing speed isabout 1.6 times slower than when theindex is set to 75. When theindexissetto
25, the processing speed isabout 1.1 times faster than when the index is set to 75.

When theimageis expanded after setting the roughness and scaling of expansion to the same multiplying
factor, the processing speed isabout 2.1 times as fast with the x2 multiplying factor, about 3.3 times as fast
with the x4 multiplying factor, and about 4.1 times as fast with the x8 multiplying factor. Furthermore, if the
imageis not enlarged, the processing speed is about 10% as fast.

(5) Gray-scale images are processed faster than color images by about 1.5 times when compressed, and by about
1.3 times when expanded.

(6) When the number of wait cyclesin external RAM isincreased by 1 under the above system conditions, the
processing speed increases by 0.15 seconds.

(7) When the number of wait cyclesin external ROM isincreased by 1 under the above system conditions, the
processing speed increases by 0.75 seconds.

(8) When "conv_yuv.0", "jfdictin.o", and "jstripin.o" are executed in theinternal RAM, theprocessingtimein(2),
i.e., 2.0 seconds, isreduced to about 1.5 seconds. When all libraries are placed into the internal ROM, thetime
isfurther reduced to about 1.1 seconds. Moreover, when the BSS section of "jmemin.o" is mapped into the
internal RAM, the processing timeisreduced to about 1.0 second. (Refer to Section 5.6, " Techniques for
Improving Processing Speed".)

(9) When the operating clock frequency israised without changing the number of wait cycles, theprocessing speed
increases in proportion to the clock frequency.

YUV-RGB conversion
(1) TheYUV - RGB and RGB - YUV conversion times in the JPEG33 library under the above systemconditions
are about 0.6 seconds each.

(2) When the number of wait cycles in external RAM isincreased by 1 under the above system conditions, the
conversion time increases by 0.02 seconds.

(3) When the number of wait cyclesin external ROM isincreased by 1 under the above system conditions, the
conversion time increases by 0.28 seconds.

(4) When al programs are placed into the internal ROM, the conversion timein (1) is reduced to about 0.3
seconds.
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5.6 Techniques for Improving Processing Speed

By executing library functions after mapping several object files from"jpeg.lib" intointernal RAM, you canincrease
library processing speed by up to 30%. Use the linker's U-section function to map to internal RAM. The processing
required is described below.

1. Extract the necessary objects from thelibrary.
They can be restored to the object files using the librarian 1ib33 -x option.
Example: 11 b33 -x jpeg.lib conv_yuv.o

* The"lib" directory contains several selected sample objects. These objects may be used directly.

2. Write thefollowing in the linker command file.

-objsym ; Create object symbol
-section <name> ; Create section symbol
-ucode <name> { <object file> [<objectfile>...]} ; MaptoU section
Example:

- obj sym

-section CACHE3
-ucode CACHE3 {..\lib\conv_yuv. o}

Look at the linked map file. Y ou will find that the execution addresses for "conv_yuv.0" have been mapped to
internal RAM.

Example: Map file

Addr ess Vaddr ess Si ze File

00c19c14 00000f 8¢ 000005b0 ..\lib\conv_yuv.o

3. Madify the source statements so that the necessary object codeistransferred to internal RAM at system boot or
before calls are made to library functions.
Example:
xld.w % 12, __ START_CACHE3
xld.w 9% 13, __ START_conv_yuv_code
xld.w % 14, __ S| ZEOF_conv_yuv_code
cal | HCOPY_LOOP

Compact objects that can improve processing speed are listed in Table 5.6.1. Choose the objects youwant tomapto
RAM, according to the amount of available internal RAM.

Table 5.6.1 Objects Used to Improve Processing Speed

Object Size Description
conv_yuv.o Approx. 1.5 KB | Converts RGB - YUV image formats
jfdctin.o Approx. 1.2 KB | Converts DCT
jstripin.o Approx. 1.1 KB | Samples image data

These object files are found in the "jpeglib\lib\" directory.

In addition to thefiles above, "jpeglib\jmemin.o" in which theinternal buffer RAM is declaredisprovided.Mapping
thisobject intheinternal RAM dlightly improves processing speed.
Example: Write the following in the linker command file. (demo4.cm)

-bss 0x0000730 {..\lib\jnem n. o}

The RAM size used for this mapping is approximately 2800 bytes.
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5.7 Library Memory Requirements

The JPEG33 library uses memory for JPEG compression/expansion and conversion in the following way:
CODE section: Approx. 24.5K bytes
BSS section: Approx. 10K bytes™ + number of horizontal pixels? x 3 x (16 + 1)®
*1:Used inside jpeg.lib
*2: Defined in jpegtop.h (IMEMORY _IMAGE_WIDTH)
*3: Required when working with grayscale images
Thisisapproximately 25K bytes when working with an image 320 pixels wide, and
approximately 40K bytesfor an image 640 pixels wide.

Stack: Approx. 400 bytes

5.8 Precautions

Avoid repeatedly alternating RGB - YUV and YUV - RGB conversions, since such processing will eventually
degrade picture quality, owing to calculation errorsthat occur during conversion.
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