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APPENDIX A

PCX IMAGE FILE FORMAT

PCX File Structure

The PCX file data, and a 256-color palette
(for 256-color PCX only).

The header of PCX | art, is 128 bvtes in length. It stores
version number, resolution of image s | pension (in pixels on X and Y axes),
number of bytes per w#':_‘—-:— : ---w----n--;‘ﬂ--‘-l._:— or planes, and so on, For
mPCXﬁle,itnﬁghta]‘ de specifving whether it is a
color or a gray scale image.

e LA 1S T B v vt

encoding. The p:xemalues are ordmanlvpdm toa m rin a palette.

waﬁ»&ﬂwwwqw i g

theem:lof file. Each color in the palette is composed of three bytes, each of which
represents red, green, and blue intensities respectively.

1. Header
The structure of 128-byte header of the PCX file is described by Table A.1.
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Table A1 Structure of PCX file header!

Start byte | Size (bvie) Contents Interpretation
0 1 PCX flag Always 0AR
1 1 Version number | 0 = PC Paintbrush 2.5
2 = PC Paintbrush 2.8 with header
palette
PC Paintbrush 2.8 without header

/ I
aintbrush for Windows

RLC Paintbrush 3.0 or up,
L IV or IV Plus,

sh Plus for Windows,
b\ & Paintbrush
2 W Ty E M‘?‘l\‘ cncoding
: L Lbd b’ o W Runberorh
7 3 o8 dimeusion “\ ‘". . Xmax, and Ymax
JMJ':‘ A -»:m',," in pixels
12 + per ©f dots per inch in X and Y
i define the resolution of the device
16 [V L or paletts _

65

od | nrauﬂ use; always 0
Number of color planes

709 4 Video screen size [numheruf pixels in X)-1and
{number of pixels in Y) - 1
T4 54 Filler Not used

! David C. Kayv and John R. Levine, Graphics File Formats (Pennsylvania:
Windcrest/McGraw-Hill, 1992), pp. 27-28.
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There are several ways which data can be recorded in a PCX file as if there
are many formats in one. To determine how data should be interpreted. two values: pixel size
(header byte 3) and number of color planes (header byte 63) are the most reliable guides.

Table A.2 shows the interpretation of these guides.

Table A 2 [IIIEI'FIE ,- & o ] CK &

Pixel size

7%)11‘*«’&
,.;///45 NN

B2 |8E 4= b2 (B (= = = |

2. Bitmap Dat
Lv7 \d
In the case .l i r' b p data are pixel values
1 :

i
directly; otherwise. the bttmap data are color mdmes to RGB triplexes in the palette.

TR LA L W

by scan line, and by 8dlor plane respectively. Asan examplc. for 3-color i lrmge the data will
¢

et QRTANTIEU NN a d

(Scan line 0:) RRRRRR .. GGGGGG ... BBBBBB ..
(Scan line 1:) RRRRRR ...GGGGGG ... BBBBBB ...
(Scan line 2:)
For the PCX file in which bitmap data are color indices, there is only one color

plane. Suppose that T represents each index, the data will be recorded in the following format:

2 David C. Kay and John R. Levine,Graphics File Formats pp. 29.
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(scanline 0:) TTITII..
(scan line 1:) TIIIII..
The size of index depends on the number of colors in each plane. For instance. in 16-color
image with header palette, the size of index is 4 bits, as 2 is equal to 16.
Since each scan line cannot be encoded across line boundary, there are coding

breaks between scan lines without any. syl ating the end of a scan line. The procedure

for unpacking one line of a PCX F istrated

UIL Tt w\\\

Y

umber of pixels (N)
mby:emn]f

Gelmxtbyte

— i "
Display 1 pi i; e tMsglay N pixels of

Fig. A.1 The procedure for unpacking one line of a PCX file

It should be noted that there are some limitations of this encoding scheme. The
size of color in each plane cannot exceed eight bits. The maximum number of pixels encoded
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in a packet cannot exceed 63 (3Fh). Moreover, as the number of byvtes per scan line must be

even, there are alwavs extra pixels at the end of scan line when the width of image is an odd

number.
3. Color Palette
There is a 16-color p; er of both 16-color PCX with header
palette and 16-bit gray scale P i AL the & S6-color or 256-level gray scale PCX
file, there is a 236-color paletic s proceeded-by.a code of 12 (0Ch). Both types of

palettes are of the same forps with each byte represents

red, green, and blue respecia
(Color 0:) RGB,

256-Color PCX

256-color PCX and 256ev are of the same format with 256-

color palette attached to § ,_,m-'- e As the size of indexio 8 Jalor in 256~color palette is 8

| (o-encode and decode the bitmap
|

data. As an example, the foll %}\mg mmebﬁmufPCXdatam be decoded.

ﬂuﬂw&ﬂﬁqﬂi
ARAINTUUNIINYIAY

As the two high bits of the first byte (4Fh) are not '11, the byte represents a pixel of the color

bits (28 = 256), which are e

number 4Fh in the palette. For the second byte, the two high bits are '11', thus, the byte after
its two high bits have been stripped out, 5, is the number of pixels for the next byte. The next
byte (C5h), thus, represents the color number C5h in the palette.
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16-Color PCX with Header Palette
There are two variations of 16-color PCX files, with and without header palette.

Only the l6-color PCX with 16-color palette in the header will be described here as the
BW2COLOR software supports only 16-level and 256-level gray scale, and 256-color PCX
files. As grav scale PCX files are actually implemented as color PCX with palette of equal red.

green, and blue intensities. actually two tvp les, 16-color PCX with header palette
and 256-color PCX. are 'ﬂ-»f‘
Unlike 256-color PC Aasethic ndex.to a color in 16-color palette is four

bits (24 = 16), which are ha ‘/ Q\ | di n af bitmap data are done for two

0 AN
colors in one byte packet. Jilfis cal€ /‘3\\\%

half a byte. For example. thefollé\vingt \\ aavill be decoded.

AN

rg .5" " - ‘5‘1\%\

stacking,? as nvbble means

f"“r "-J'

As the two high bits of the first byvte (FE vte after stripping out its two high bits,

3Fh, is the number of pixgls A ext byte (CUh), thus, represents the color

. v T \" IR L
number COh in the pa A “Bits” are not '11°, thus, the byvie
I , Tl
‘numbemnthepalem -

represents a pixel of the col@

ﬂ‘UEI’J‘VIEJ'VI?W?J']ﬂ?
QW’WNﬂ‘ifMﬂMTAV]Eﬂ&B

3 Steve Rimmer. Bit-Mapped Graphics, 2nd ed. (Pennsylvania: Windcrest/
McGraw-Hill, 1993), pp.127-128.



APPENDIX B

256-COLOR DISPLAY ON VGA/SVGA MONITORS

To solve the problghs dbaVe! Superl \ (S VA Jadapter was developed. By the
technique of assigning multiple Jfnk : "==-"'1' ythe same tange of memory addresses, each
bank of memory can be accessed ¥ fissi ';'5-:’-.- hie bank nuimber to the bank selection register.
An}wa}r,asthercwasmsmndard ipterface at first, many manufacturers

have designed their own. mber for accessing the bank

\Y T )
selection register, the me: t 1€ ﬂ‘:%;--- coordinates, and the mode

: i
numberfurthﬂsanmrﬁu[unamdlﬁ'emnt Tl'.lusthc tandard for displays has been set up

by Video Elccr.m:ﬁ quw HBTTT? 1989 to solve this

incompatibility probRin, and it is called PESA SVGA srandam” To nmct the standard, each
=g RN TN FINHIN Y
adapter. An$way, software with VESA capability can run on a PC with non-VESA adapter
only after a VESA driver has been installed.

! Julio Sanchez and Maria P. Canton, Graphics Programming Solutions  (New
York: McGraw-Hill. 1993), pp. 286.
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For the case of use and portability. the SVGA BGI Drivers Version 2.4 2 was
exploited in development of the BW2COLOR software, allowing users to use the software both
with and without-loading a VESA driver on most VGA/SVGA adapters.

DAC Registers

In 256-color display on a VGAJ monitor, each byte in display memory

nted by Digital-to-Analog Converter
(DAC) registers. The data T DAC iepresin evels of the primary colors: red,
green. and blue. | N

DAC is com three byte size. Each register in
DAC stores the intensitics g or in each byte, respectively. As
the size of a byte in these rom, 256-color palette at the end of a
PCX file must be scaled from 256 5 (6 bits) by right shifting for 2 bits
before stored into DAC.

As alreadv mmumcd, VGA/SVGA adapter is analog. The

digital data stored in D ¢ sent to a monitor.

ae

M&M@M - @
number 19 (13h) @Hggm Wﬁ'ﬂ E‘]{"T tors, the standard mode

pixel rcso[uum Thls mode is mmmnn for both VGA and
oo R TR TR T VY e
addresses from A000:0000 to AOOO:F9FF.* Each byte in the display memory represents the
index to a color in DAC, the 256-color palctte of VGA/SVGA adapter. The digital data are

? Jordan Powell Hargrave. "SVGA BGI Drivers version 2.4." Computer program

librarv produced by Jordan Hargraphix Software, North Carolina, 1993

* George Sutty and Steve Blair. Programmer's Guide to the EGA/VGA  (New
York: Bradv. 1988). pp. 57.
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converted to be analog by DAC before sent to a monitor, as illustrated in Fig. B.1. The offset
address in display memory of the pixel at the coordinates (x, y) on screen, where x is a
horizontal coordinate in the range 0-319. and y is a vertical coordinate in the range 0-199, can
be calculated by the following function:

Color palette
G B

I{o|n XEXXXXX|XXXXXX
ADTRY:000H0
-013F V
DAC DAC
."‘ /
AD:FRCO
- F9FF

O O

Display chonr

ﬂ‘LJEl’J“ﬂH‘m
QW’W&NﬂiﬂJ HNR7

Fig. B.1 256-color display in mode 19 (13h)

| ’m‘i

Ih
-

!...,

256-Color Display on SVGA Monitors
Apart from mode 19 (13h). SVGA adapters provide 256-color display modes of
higher resolutions depending on the size of display RAM on each SVGA adapter. For
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example, the highest resolution supported by a SVGA adapter with 256 KB display RAM is
640480 pixels. If the size of displav RAM is 512 KB, the highest resolution is 800x600
pixels. For 1 MB displav RAM., the highest resolution is 1024768 pixels.

However. as each brand of SVGA adapter has its own specification of interfaces,

only the overview of SVGA adapter interface is described here.

As mentioned ecarlier. 256-colar at the resolution of higher than 320x200

pixels requires display memory ef mare than I ige). To display a pixel in 256-color
’ i 1 d_
mode at higher resolutions, the bagk iumbe: wlﬂl that pixel resides must be

calculated first. The bank nuab€Las Tl ftared int ‘ lection register via an interface

ik sclected can be accessed. as
be used is vary for cach brand of

Display memory
bank 0

- VA Sclection (o D £ bank2

g | ks _‘
% fWpns
WTASTS N TN A

Fig B.2 Reading/writing a bytc from/to display memory of a SVGA monitor

SeldEtitn Regisicr

Each byvte in the display memory of SVGA monitor represents the index to a color
in DAC. The digital data are converted to be analog by DAC before sent to the monitor, like
256-color display on VGA monitor as illustrated in Fig. B.3. [t is noted that the display
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memory of VGA monitor is the bank 0 of display memory of SVGA monitor. This bank 0
resides on  RAM of PC while other banks reside on SVGA adapter.

AULINENINYINT
AR TN TN



APPENDIX C

A PAPER PUBLISHED IN

NATIONAL COMPUTER SYMPOSIUM 1994 PROCEEDINGS !

mmunm]nmmmwm*:i’nmmunm nnhqﬂn‘mmmwmglm Fahldifianu-

anfles ﬂﬂqﬂmﬂ"uﬁﬂﬁﬂ%m Wﬂlﬁﬂﬁ'ﬂﬂuuuﬂummummm

manmunusaaa® 3§ auldun fues arwm wasEiiu ﬂg‘!.ﬂUFr'n:.rﬂ"l'Hﬂ’H -] muld vialdiifa
s QRO TR HVERHAG e oo
manImaza e ursIEw Rud R F NN ER Ry E Tuumaruigisulsiume
sunawilumiutoyaqmwd uasiBnaaunwd uwugn 2 tiems fe aalndifvenesi

waza T wnsznan i ldwmawinll  sasnmasoduiiwelalursdunits wasilils

! Pradit Pinvopasakul and Nongluk Covavisaruch, "Getting color images using a
black-and-white image input device," Paper presented at the lst National Computer
Syvmposium, Bangkok, 1 April 1994,



114

" - [ P LT o o . -
ssuunisiudoyazl nmwilaol FUnTETuN NI SR L LA T CCLLL] pantugUn Wi
" o i - am - e - - s - el ol -
auany uddinlianuiounosfod ﬁnuwﬁiu'lii’nmumﬂiuuammmnmﬂmuun‘lﬂmﬂh

1!- - e l'J1 - e - e . 3
ANTHERBEWTN nﬂlﬂﬂﬂn“!ﬂm“““uﬂumnjm“

Abstract

As black-and-white image inputd l / / cheaper than color ones, it lighted up our

idea of Color Image Input Using a Black-: fput Device. On the basis of the fact that

the colors that human sees are aclually thresulis of @mm additive colors: red. green.

and blue, we designed to use a 0d 4naf mre to assist the black-and-white
image input device to get the inssi®of gich_a } \\‘ ‘-. source color picture. In this

paper. we propose our design o information from source color

0 \ ion on, the ground of 2 things:
fof this research is quite satisfactory

pictures and also the color imag
similarity of colors and acceptable
and we created a tool of acqui ack-and-white image input device.
Presently, the rescarch of this topic is béim; the aim to get higher degree of similarity

between the result color i .._.L al
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* The flower images were from a calendar, The girl images were from a magazine
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