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Vision the graatas4 gift of 1 fe. It is as tne ‘ncr
interfana betwear an arimal are’ ti antironmen., snd wiar t’
highest information bandw±dtr T’n’a OOcessrg is basically
a simulation of our vision syst—-, omening a rea’ window in

r the Computer to obtain real information fror tie real worTh.
Because o the high information bandwidth and tha aarge amount
of data to be stored and processes in real time, image processing

• has been a very expensive proposition. Ten years ago when
I first got involved in this sub3ect, an image Processing which
can handle images of 512 by 512 pixels of 8 bits data cost
almost 1 million dollars. Only big governme agencies, big
companies, and big universities could afford them. The reason
was very simple. Image processor depends upon fast RAM memory
chips for storage and Processing, and needs lots of them, in

the

order of mega bytes. As the cost of RAM is reduced by
50% every year, the price of image processors are driven down
at rougnly the same rate. Ten years later, now tne cost of
a simple image processor is about one thousand dollars, very

Close
to the threshold of pain for personal computer enthusiasts

As the price drops, we will see more people using then to do
innovative things unimagina to computer scientists.

These low cost image processors cone in the form of plug—in
boards which can be plugged into low cost personal commuters
and give these computers eyes to see real things. Tne users

f thus get powerful tools to manipulate .mage data, extract
maaningful

inforipation from the imags, and to create new
images to Convey new ideas and impressi3js. Man) companies

k are Producing image processons for different microcoqpu5
We have seen products based on DEt’s Q—b’g Intel’s Muitibas,
Motorola’s VME bus, tne old S-la” bus, and more recently, the
ubiguitous P bus.

It is easy to confuse gra;.i pa:esso”s with inage Drocess3ra.
Most P°”sonal cam uters nowadays ias good grapkics capabili.,,

capable
of displaying lines ard ahapes in grey aeiels or in

color. However these graphic proessors can only display
synthej images eeneated by the computer, ard tiey can not
import or export images very conveniently from or to standard
video equipment, like TV monitors, video recorders and video
cameras. To be called an image processor, it must be able
to interface to one or more of these video equipment using
P18W TV standard format. A TV frame contains about SOOxsOo
or 250,000 Pixels refreshed at a rate of 33 Hz. It translates
to 250,000 bytes of data transmitted at a rate of 10 >1Hz.
An image processor must be able to handle that amount of data
at that speed, which is not a trivial task This is the reason
why image processors have to be specialized Processing elements
surrounded by large amount of fast memory.

I had the good Iortane to gain access to many of them. The
manufacturers generally provide some software with the image
processor boards, containing utility to let you use the boards
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‘I. DCAC ‘BE V3-123 tfl7 ?E3S3

1. QV 12 IA3E PROCESS R BOARD

f QVG—123 Board is manufactured by Datacube, Inc. in Peabody, MA.
j Datacube has specialized in low cost imaging boards for mini-

and micro—computers for some time Lately, it got more ambitious
and developed quite sophisticated image rocessing systems f3r

L VMS bus computers. QV2-123 was one of its earlier products
for DEC Q—bus microcomputers like LSI-11!04 and its family members.

I QVG-123 provides a fall screen of imaga memory for conputer
generated or digitized images. Either black/white or RJB pseado
color display is available, with intensity transformation tables
for the video input and the three output channels. A character

I overlay of 24 lines of 80 characters is also i’icluded.

The image memory on the QVG-123 board itself is arranged in
the form of 768x512x4 bits. A piggy—back board AF—123 adds

L 4 bits to each pixel, so that the intensity resolution can
be increased to 8 bits or 256 grey levels. The image newor
can be accessed by the host c3mputer through a pair or X,Y

[ address registers and a data register. The address registers
can be incremnted automatically after each access, allowing
•or high speed seqaentially memory access.

One video input so.zrce is selectei tnrougi software from fou
input channels to the high speed AID converter for image

• digitization. The AID co’iverter runs at a rate of 14.3 “1Hz
• wittebitof soution Tteiout sot eoRSl7 f mat

cornon to rost vid°o .amerss ‘nd th° standa 3 de aqic s.

I
The timing of the video circuItry can be selected from an
internal crystal oscillator, or from an external video sync
source. An en aned phase-lock-loop iruit assures the stability
when us ng external syic source.

The composite video outputs are compatible to EIA standards,
either the interlaced RS—170 or non-interlaced RS—420. Separated
horizontal and vertical sync signals are TTL compatible.
QYG—123 produces three channels of 4 bit video outputs. With
AF—123, 8 bit video outputs replace the 4 bit outputs. The
character overlay signal is available as an independent output
on QVS—123.

-.4
— , I —



2 p rr ‘1 P

Tne QVG—123 board occdoies 9 16 b..t tmegis:ers In t’e ‘ space
or tteDQ—us Tic dr°si nralst)t17’JOt176020 octa1, bu4 can be changea by on coard :u1pars. 4F-123adds 5 more r gist r° in Cat 3. e’tcr th V’ 1 3 ra€j t rsTne locatior and bit or field defin:taons of the .jjj-123
registers are snown in Figur— a, and t’iase o AF-122 ire showrin Figure 9.

The data register is used in conjunction with the horizontaland vertical position registers to read or write the image
memory. Image data can be accessed either by 16 bit iords
or by 8 bit bytes. Using the data register at 176000, thedata transfer is 16 bits at a time. Using the data registerat 176001, the transfers are in bytes. Ii
Pan and scroll registers allow the iige to be &ilfted in thehorizontal or vertical directions. The character address and Icharacter data registers are used to read or write the characteroverlay memory for displaying ASCII characters on the display.

The command and status register is the most complicated register 1to deal with. The individual bits in this register controlsthe memory access mode, horizontal and vertical zoom, selectingvideo inputs, handling and monitoring interrupts, selectingoutput look-up tables, and selecting character overlay mod°s.Most of the programming efforts are concentrated in this register.

QVG—123 also allows individual image nemory planes to be protectedfror accidental writing. Two 8 bit masks in the write Erableregister can be programmed to enable or disable bit—planesin the image we’nory to recev or g ore data from th ID
converter or from the host.

The command/status register 2 on AF—125 selects the input channel,the input look-up tables and the outout look—uy tables. The elook—up tables are initialized tnrough the red, green, andblue output LUT registers, and the input ‘r reg’str. I1110 program this QVG—123/AF—123 ‘nage processor is to writ
bit patterns into one or more of these registers, ani to monLtorthe status by reading some other egisters. In a Datacube
data sheet, there is a outline of several procedures to usethis imaging system. The outline is shown in Figure 10.

3. FORTH SOURCE CODE

The host computer used to control this QVQ-123/AP—123 board
set was a LSI—11/23 clone, manufactured by Scientific MicroSystems in Mountain View, CA. This system was mucn cheaperthan the genuine DEC product. The other advantage in the cloneswas that they could format floppy disKs, whila the DEC dr yes

9--



n i3t 8.10w thi,, heretj.,1 oracti,,g, Li fasr of ‘U3portir...

ts Users with hig quality, ani thus grossLy ‘vanniced,

P”ezorlatted disks. sn steaj r buyng the e4.aj7 O?erpP,,a.,

oPe.’ating 5ystem arid :snguage t33ls frorn we :nslled

POlyForth II or t’e computer as Vie Programg env’ronment

The pragrars snowgi ir Listing 8 were all hritteq under

PO17J’orth II. The source code was only recently ove to an
3374 PC clone so t’iat shadow screens could be adde. However,

j PolyFor II is very Close to Porth..79 and Forth...83 standards

and the words used in this 5yste’ were restrictad t” the small
set common to all the recent standards

Since the shadow screens provide lots of comments on the functions

and behavior of t’e words defined in this system, I will restrict

myself only to highlight the structure of the system.

U Screen 40 contains the definition3 of all the registe5 in
QVGI23 and AF—123. They are constants leaving their register

address
on the stack for fetching or storing.

Screen 41 tests my ability to write directly into the image

memory.
It ends with a demonstration Program WEDGES wnich

paints a linearly shaded image on the display.

Since the8Pplication intended for this system wojld involve

lots
of real time graphic display, we needed a ie-y fast rojtipe

to draw straight lines. Screens 43 to 47 contai, an ilnplenentat.o,,

of Dresenhames lineadrawing algorit, which is fast because
it avoids multiplication and division in calculating the

cooridnates of points along the straight line between two

arbitrary Points on the display. Screen 49 has a routine Ihich
draws a rectangle from two diagona’ Points.

Screens 30 to 32 are programs which move data from disk or
memory to the image memory and vice versa.

WRAPPING in Screen 33 configures the color look-up tables to
display rainbow like color spectrum. The red part or green
part of the spectrum can be enhanced by the words MORERED or

TMOPEGREEN

Screen 42 has words whic’i manipulate the look—up tables for

Pseudo coloring and also for image enhancements CORREDTION
b computes an output byte from an input byte, according to an

S—shape intensity transeormation curve using the contrast

5 and brightn55 values stored in 8GAI% and •OJTSET. RAMp fills
a lookauD table with values generat5 by DORRECTQIbI DAREC
clears a look—up table to wipe out a cha’nei. The utility

b
words BW load all three channels with the same lookuo table
so that the eight bit image is displayed in black and white.
RED, GREEN, or w’tes a rarzp furition into on.y one channel

and darken the Other two channels. The result is a grey scale

I image with one color, red, green, or blue.

I

3DEMO is Screen 34 is an interesting dewonstration which draws

random boxes on the displag with random colors. The word

—93— I



?s...L—t’. fis•s q Sot iitn a color y epoei,. a ej.’. i”,tc a
tie .tpwry lJc.ati3is withan a rec’arIgle cox

Screer 5- cortrols 4he vldao AID orverte 3AWIN3 tests
the t&rti.a. blaneing bt in the ammad saatjs .egiste: ar.3
f ens a ..rae of image in the izage memory before it
z4ts. V’DEO digitizes the real ti’pe Stage ad displaj tPe’r
at the 3) Hz video rate. Whenever a e, on tne termi,a keyboan
is pressed, the d_splayng loop terminates a’id e last I rane
is retained in the image memory.

Screen 56 contains code to generate hardcopy i.nages on a DEC
Letterwriter dot—matrix printer. GRApqx and TERMINATOR send
the control code sequences to Letterwriter to turn the graphic
print mode on and off. GCR forces a carriage return in the
graphic mode. SEOMEN read 6 bytes at (x,y) Position in the
image memory and converts them into a byte which will cause
the Letterwrjter to print 6 dots on paper. GLINE thus prints
S rows of image, and OBLOCK prints a range of rows. GDUMP
dumps the entire image memory to the printer. In converting
a pixel to a printable dot, the variable stored in #OFFSET
is used as a threshold value. If the pixel intensity is greater
than POFFSET, a dot is printed; otherwise, the dot is not printed. I
Figure 11 is my own portrait dumped to the printer. Since the
aspect ratio of the printer is not correctad, the image is
elongated vertically, maicing my face much thinner than what
it should be.

I

I
I
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DATL REOSTES byte

ASR

LOW sr
ADOqESS

NOR NTAL P S TON wo
rca 4 X 4 4 4
erie 4 4 4 x x x 9

VERTtCAL POSVrtON word
reac 4 4 5 X 4 4 08
erie 4 X 4 X X A 4

PAN REGtSTER word
wee 4 4 4 X X 4 P9 6

SCROLL REGJSTER — word
e”e X 4 4 X X SE

H 46 -‘4 H3 H2 r H
H HE —5 —4 3 —2 HO

5 4

V_ VS .4

4
.4 V3 .2 . .0
.4 .3 .2 .- VO

S 56 ec 54 53 52 S SC

wrde eaoeo 0 - wIe orotectee

memory access cort
OC omprier access cc adores ereceri
9 compi c access pest r r’ e

10-compute a cess— pcri eec o w e
1 edee Pu access sCc.re

ver ca zoom

C - re c- Ca eoas c

- 2 -er ca e’oas C’
ho- zcia zoo’—

0- ‘-c-c-cc—a extar’so

- 2X ‘-c zoria e.cas
ceo r p so..rce

C or-boa C crys a

1 phase Ocfr 0 cpu

usytao eso 8°

— ‘CC Cr15

e’-aee “e-cs *-

-eace

sas -caD

00 C 55 C A ac 8
C-c etc--c A

errs e re- o
errS r5 0 50

0.1 abe e
306 C
tx B

sari

00 sos
01 - u’-Oe SO bu
19 reverse .vdeo Serb .-

-a0hac’ ‘-cairIries

______

vA-C-, Ca 0ae0
.A- -arove.Cec

0-eDO
VF ‘-‘cc’
AC C scc-c.Deo

AC -ri ao, 0.0cc

CNARACTER ADDRESS word
w-’e 4 X A X 11 ‘0 39 05

CHARACTER DATA word or byte
read
w te

CC 0-6 05 34 03 0

C 06 5 4 0. 0’
C 06 5 C C

16
Yr

20
CO
CO

COMMAND STATUS REGISTER I — word
-caD VA dC ADO’ CC
we A X A 0002’’

12
-, 0 B° .“ Hz VZ .4 MD
CE 5-’. A .‘ -‘Cl .Z M’ M

WRt S ENABLE word
erIe ‘ C’ 0504030 C

111111!
14

v6 — Cri 0

I I I I I I I I

Control and data registers in i2



A F123 0 PU LU I (RED) wodarbyte
XX XX DLD5D4D3D2DDO

wr £ A 4A4A3A2iA n2r:2c’D

OUTPUT LUT 2 (BLUE) 24

sa 25 L.

OUTPUT LUT 3 (GREEN) 25

(S2e 2

INPUT LUT
sa a as OUTPUT U
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PROGRAMMING NOTES

iNALiZE ROU11NE
Inittauze Peg sters
I Write zero to H Address eg s e

V Aooess egs:e
Clear scree
2 Set or clear Command Status Peg ster I b 4 (VT

to se cot v dee I m ng source
3. Set Command Peg step Dts 0 and I to 0 to select

post- ncremeri or wrte
4 Write zero to Data Reg ster 393 216 1400003 OCTAL:
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FRAME ACQUIRE (if video input provided):
1 Set Corn mano Status Regster 2 bits to se cot a
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2 Set Comand Stat_s oegster b ts C and 1 ‘c I to

enacie ydeol accu e mccc
3 Se Comano Status Register bits 0 and 1 to DC to

cace acquire qeet
4 Read Corr mand S’atus Peg se B 5 ‘or do

acoL re status 8’ 5 - C we accre 5 do’-e

REMOTE TRANSMISSION
(AssuPs screen merr y conta s Va d rrace
I r’t ze regSters as ascre
2 Set Oornrnad Sta’us Regs’ C ‘50 ao I o C’

ee os inc erner o rca
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4 r,e dxc data to ces-ec remote transr ss.cn

REMOTE RECEPTION
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seect Cost-incremert or rte
3 Read CXC data from desred remote recedton

devce
4. Write pixel data byte to Data Peg ster o store

dspa5 mernor ‘two 8-bit Oxels).
5 Repeat steos 3 and 4 for the des,red numoer c con

seCuti e dispay memory locat ons
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• Video Memory, Display Generation and Output on a
Single Module — B&W or R-G-B

• AF-123 Expansion Module for Video input,

[ Expanded Memory and Enhanced Video Outputs

L • High Pixel Resolution — 768H x 512V x 4 Bits;
Expand to 8 Bits with AF-123

• Generates Black & White (16 or 256-level ilium) or
Pseudo-Color (16 or 256 Color Shades)

• DEC’-Compatible Quad 0-Bus Module: AF-123 is

__

Piggyback with no Bus Connector

• Full Computer Access to Display Memory for
Analysis. Enhancement, Remote Transmission

• Full EIA-Specification Video Input Output — RS 170
(interlaced) or RS-420 (non-interlaced)

• Video Timing Internal (crystal) or Gen-Lock —

Software-Selected

• Enhanced Phase-Locked Loop for Stability

INPUT (Conversion) SECTION (Optional AF-123)

• Real-Time Flash AID Conversion — 6 or 8 Bits —

14.3 MHz Conversion Rate

• Real-Time Computer-Controlled Frame Grab

• DC, Restoration to Correct Input Drift

• Four Programmable Lookup Tables for Video Input

Translation — Each Channel

• Four Video Inputs — Software Selected

MEMORY SECTION

• On-Board Full-Screen Digital Memory —

393216 Pixels x 4 or 8 Bits

• Interleaved Memory Access for Video Output and
Computer Read/Write

• All CSR and Data Registers in I/O Page — Screen
Memory Access Through Data Register

• X-Y (Indirect) Memory Addressing with Auto
Increment; 8 or 16-Bit Transfers

• Write Protection Software Selected for Each Bit Plane
Against Computer Access, Video Acquire

OUTPUT and BUS SECTIONS

• 3 4-Bit Outputs Grey Scale or R-G B Display
Generation .— Real-Time 0/A Converters

• Eight Selectable ROM Translation Tables for Each
Output

• Pan, Scroll and Independent Horizontal and Vertical

Zoom 2X factor

• Horizontal/Vertical and Composite Sync Outputs

• Interlaced or Non-Interlaced Output Format

• Character Overlay Generation — 24 Lines of 80
Characters, with Cursor, Reverse Video and
Underline Attributes

• Status for Vertical Blank and Odd/Even Field

• High-Speed Output — 143 MHz (4X Color Burst)

AF-123 (optional):

• 1 or 3 8-Bit 0/A Converters — for Grey-Scale or
R-G-B Generation

• Four Selectable Read-Write Memory Lookup Tables
for Each D/A Converter — for Video Translation or
Enhancement

Figure 12. Datacube QVD123 brochure
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Fatrox lectronic Systems, Led., is a Canadian comp ny speciaizad
in digital video technology, beginning in the 70’s. I remenberad
that they were the first company producing Video RAM, which
was used by microprocessars to generate text disp ay to replace
CRT terminals, very expensive at tne time.

PIP—1024 is one of Matrox’s recent product which ±s a single
board imaging sub—system for IBM PC, XT, and A computers.

It
can be though of as a memory buffer containing a digital

representation of an image. The image has about I million
pixels arranged in a 1024x1024 matrix. Any portion of a

5I2x512
pixels subimage can be displayed on a standard video

monitor. Three interfaces exist to the memory buffer: a DC—bus
interface allowing CPU or DMA access; an analog input allowing
an image to be grabbed from a camera; and an analog output

allowing
the image to be displayed on a monitor. All three

interfaces can be used at the sane time without restriction,

PC. accesses the buffer using X—Y coordinate addeasing. Both
random and sequential ac%.ess are supported, he later us g
an autoincreme t circuitry w.iich increments tPe t-Y registe a

P after each access. Using this feature, the DMA unit can be
used to transfer part or all of the iage to or fron the PD’s
memory. An optional interrupt is supplied on completion of
the DMA transfer, allowing the CPU to continae with other work
while th transfer is taKing olace.

I 1024 d gitize iragt ii rn t e 3’ 1 amec pe e w

frou

the frame grab anout p0 • It ‘. pt RS—17 if 05 t..
video sigrals from an external video cource, such as a cane a,
a video recorder, or another PIP—132.i. The digitizer runs
at 10 Mhz with 8 bit accuracy. A write-protect mask can be
used to selectively prevent overwriting of any of the S bit
memory planes. Protected planes can be used to store graptios,
characters, or cursors

The image is displayed by converting the digital intensity
value for each pixel back into analog video signal. The 8
bit pixel intensity is passed through a color look—up table
which maps the 256 possible intensity values to 256 colors
or shades of grey. The 256 displayable colors are selectable
from a 16.7 million color palette. A keying circuit allows

k the user to overlay the contents of the frame buffer with the
t incoming signal.
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r
“ 4’ 1sr

Iks t ftc host :noag’ a groa f . Ports
n ‘ie” U e or i I iS 1 s “ as 0 t

at s ia ze 1 F ar I .e b l a t di a r
be changec by a umper on tne ttF—1D2 ooard.

igrel “— 2 e sarAdessesard un 1

Register
Offset ead Registe Write register

0260 Status cntrol 0
O66C Sna?shot Cntrol I
3A6” Clee ter uPt oat”ol 2
ozsc Control mask data
1260 CRC status CRD address
1660 CRTC data CRTC data
IA6C Video gain
IE6C Video set up
2260 Input ..‘JT data
2660 Output blue LUT data
2A6C Output green LUT data
2E6C Output red LUT data
3260 X pixel address
366 Y pIxel address
3A6 Pixe’ data pixel data

C2F4 abso.ute interrupt enable

It 5 iot app a afre t dx u t a it an f cl i alt
these registers in great details nere. One wouc have to refer
to the PIP manual for detailed inforation. To control the
inrge orocess r boar , t’e on ro registers “ aid a e used
to select functio s ‘ike etabl g he 00K-u taoa€o S
enable DMA read or write, selecting input channe., :nterna
or external sync, input Keying, enabling continaous frame grabbing
or snapshot, etc

The PIP board uses a Synertek SY6945E CR1 controler chip o
generate all the video timing signals and to control the image
buffer memory. This CRTC chip is a very complicated device,
having 22 internal registers for its configuration and operatioa
It is accessible by the PC host through two PC I/O ports at
126C and 166C. This is the same video chip used In IBM PC
for color and monochrome displays. Normally the PIP user does
not have to touch this chip, as it is automatically configured
by PIP board.

PIP is booted into tre monochrome node, in w!’ich the look-up
tables for the red, green, and blue channels are initialized
to a unity function. To display pseado colors, one will nave
to rewrite the look—up tables to specify the desIred color
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transfoanation This a dope y iriting into tne pr3pe: Ui

t’rough the ccneasooiaiflg atm da’a egistr, .rc c’e adoress

in t”e WIT Is selected by wra’ .g ..o tha tpxt tegise•

o read or Write ‘zectay fro’t ake :lage b.ffer, tee X and
Y coordinate of the iesjeed ?aXCl n:st be written into the
X— and Yep2yel address regis3 and tnen tn— Pixel data car

be read or wrItten tnrough the pixel aata register. Part of
the Control 2 register must be Jsed because it takes 20 bits
of address to locai a pixel in al324x1024 Pixel array.

Consecutive bytes in Vie image buffer can be accessed when

f the Counter_Enable bit in Control 3 register is set. This
is convenient to upload an image from PC to PlO or download
an image from PIP to PC. Two other bIts in Control 0 regis

r Control the direction and transferring of data to. from the

S PC in the DMA ‘node.

3. PROGRjtgq0 PIPio,4

Matrox Supplies very extensive software for PI?io24. It includes
an interactive control Program PIPINT, and several libraries
to be linked with F’)RTRj or C progra!j!s. When PIPINT is loaded

into c, the user can type in many image Processing commands
to do many things like acquiring images, enhancing tne i’nages,

upload/down load images, etc. These interactively executable

I’ functions are also in the libraries, readily callable from
L FOR2RAfJ or C progra ‘oflce Users and soohisticated users

can all make this boari to do useful work in a relatively short

R time. Matrox did a very good 3ob in suPportIng te hardware.

In spite of the good software tools SJDDliea ‘y ‘latrox, I still

feel
being put in a straignt..jg in using PIPppr. If what

you wanted to do is what was progra,4 in it does a
good job. But you always wart to do something lore Sophisticated,

or just Plainly different. iortn gives you the 1reed, of

tailoring
the syste to Your Own needs. The program in Listing

is my way of using PIP1.a24 through Forth, Which is more elega’,

I think, than P10117, because it can be customized to any

apolication

When I started to use PIPaio24, I tried to exercise several

bits in the control regist5 which produced Visible results
on the CRT monitor, to make sure tnat I had the full control over
the syste Several of these functions are shown in Screen “ of
Listing 9. SN takes a snap shot and shows an image grabbed from
a Video camera on the monitor. After I got an image in the
image buffer memory, i could then enhance the image by changing
the bright55 and contrast of the display using the commands

GAIN and OFFSET. MASK disabled some bits in the frame grabbing

process and produced Very interesting effect when two images p

were superposed in different memory planes.

TRLo, CTRLI, and CRL2 are commands to deoosit byte patterns

into the control registe5• They form the basis to build othen
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iore p’w°rf : tnaga 3t0 essig olfl 3° 2icy a se to aj
te functions in Sarea 2.

YREAD and flR TE in Sr°en 3 are basic words to co€ inge deti
betveen the PIP im go baffer an PC e ory. T’e i vote •
Ommafl’j R&Y o set up 11’ for autoic’ement mnory access, se
that every sire PIP am ry i. a .ss d tke X Y dd en registars
are incremented, making the next byte in image baffer accessible
in the next memory cycle.

In one of our applications, we wanted to transfer subimages
of 128x128 pixels between PIP and the disk on PC. It required
that a subimage anywhere in the image buffer could be accessed.
(LINE) in Screen Screen 4 initializes the address registers
to access one line of image data at the x,y coordinates. R3R
reads 128 bytes from image buffer to PC and ROW writes 129
bytes from PC to image buffer. STORE-IMAGE picks a subimage
at (x,y) and stores it in the currently opened file. FETCr!—fl1A33
gets the data from the current file to a subimage in PIP.

Pseudo color is always fun. Any grey scale image can be made
more interesting by coloring different parts with different
colors. The commands RED, GREEN, and BLUE write LUT look—up
tables to the corresponding channels, assuming that the address
of a 256 byte table is on the st’ck. COLOR-MAP creates a triangle
function in the buffer SCRATCH. By fetching different regionsin the SCRATCH buffer into the red, green, and nlue LUT’s,
we can create interesting pseudo color schemes. One of such
scheme is realized in the commard PSEUDO-COLOR in Screen ‘,
which produces a color sequence of black-red-green-blue-blackwith incre..sirg pixel values. NORM?L d±splays a normal blac
white image. REVERSE turns black to white and white to blac.t.

ENHANCE is an interesting way to enhance a black/white ±mage.
It takes two pa ametrs oi the stac : e ontrast value ard
a brigntness value. It produces a look-up table with an 3-
shaped intcn°it) ra.s’or a.o tr es Re c rter of t e 1 weportion of t.e curve is specified by brightness value ad the
slope of tIis portior by the c ntra t alue. Figu e 4 s’ow
the intensity transformation curves produced by the con’nands

1 123 ENHANCE and 3 75 ENHANCE r
The latter command enhances the pixel values between 75—42
and 75+42, the pixels with values from 0 to 42 are displayed
in black, and those between 117 and 255 are displayed in white.
ENHANCE is very effective in sharpening a poor image in which
pixel values are compressed into a narrow band, such as an
image taken by a camera with insufficient lighting
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P1P512

REALTIME IMAGE DIGITIZER FOR THE IBM PC

• 512 x 512 display resolution

• 8 bit/pixel

• Optional 1023 x 1024 image butter

• 16J million color lookup4able

• Video keyer & Write mask

• Continuous or one-shot frame grab

• IBM PC, AT and XT compatible

• CMOS design requires only 15 watts

Occupies a single expansion slot

• 8—bit flash frame grabber

• Internal or gen-lock sync

• Low cost

The MATROX PIP 512 is a full-feature image dig t zahon and display module for your IBM PC AT, XI or p ug

compabble computer This card has all the high-performance features characteristic of lop of-the-line rnae

processing systems such as real-time 8-bt dgtizaton, a 512 x 512 video buffer multiple input and output ocup

tables. a write-protect mask. and color d sp ay

Equaii mportant. the PIP-512 ntegrates easly into a PC ss’e’ It occupes onk one expansnn sin a’-’

sumes a mere 15 Wat s of power Dgnostc support bu I ino the hardware As res It t e d agnc sto prc

gram, PIP-TEST, s capab e of detecting ove 95 of al possi Ic p oblsms

PIP EZ a software package conceived to help the programmer o devei p an app’ cat on, s suçpi ed tree c

cF a ge PIP EZ cons s s of an r sta ab e dev cc dr ver und F C D S and a p ica. ns bra es o I r a o

DOS language (BASIC, PASCAL, FORTRAN, and C).

-

( III - I I .j /DiJirbJdO

Figure i5 Matrox PiP5i2 brochure



Hig eed
Cone rte r

Sync Control

Display Reso ut a i

Bits/pixel

Refresh Rate

Image Buffer Capacity

Input Lookup Tables

Color Output

Transparent Memory
Access

Write Protect Mask

Pan & Scroll

0MM àdDU

I/O Interface

Power Consumption

Applications Software

Diagnostics

• PIP 312 FEAT URES•
A flu U co dg Rb-i 7 s g 3d

o 255 sc’ste ners t

Bota ar internal crystal generated sync and PLO aeirok to an externai

nal are supported

512 51 ixe s

8

50Hz or 60Hz interlaced

PlP-5i 512 x 512

PIP-1024 one 1024 x 1024 f aie or
four 512 x 512 frares

Egnt independently-selectable ookup tab e maps

Three looku tabies and three D. A converters ailoa for tOe dspia of 256 coo’s

or shades of gre from a palette of 16.7 milfion cola’s

The Video RAM ca be accossed at a r es wI ou causing r e ferer cc

on the screen

Individual olanes ca be protec a from overwot ng P oecfed planes can b’

usea for graph cs and text

Tne PiP 512 movides program maDe roam capaoites a resolutor of Op xes

horzo a ly and 16 nes vert c

iy a ar e a e o a o ar r

interrup 0 com e 0 allov CPU I co rue icr w fr d rrg

transfer

Sxteen 1/0 registers are used :c control each PIP-512 Only one ocaton s

taken up in the 10-bc /0 map used by olcer controllers to ease ntegrat on.

Extens ye use of CMOS techr o ogy keeps he power consumpt or dowr o

a mere 15 Watts

PIP-EZ, a dover package compatbie with PC-DOS ive’srons 2.0 and above

and all major languages (BASIC C. PASCAL and FORTRAN) ads the user

to brtng up an application quickly and painlessly

A sophisticated diagnostic prog am aded b hardware support detects mar

than 953o of all possib e faults without the use of either a came a or a monitor

Figure 1 Matrox PIP512 brochure (cootd



I INTRODUCTION

CAT 45-” :YA;r’3 SysT’..

It Seemed to be a long time ago that I joint th±s project Which
had required a imaging and displaying system to snow wave front
images from a Optical systems The image was rather simple,

h Consisting of 1024 bytes arranged in an array of 32 by 32 Pixels.
The data were color Coded and displayed on a Coor CRT monitor
in a checkerboard form. At that time, MassConp in Massachusetts

had
rolled out their ‘1C500 series workstations, and one of them

was designates to be the displaying device for this experiment.
This Masscomp computer was run by three 6Sooo CPU’s, and a

few
other Proprietary processors and was Considered the most

SOphisticated laboratory computer money could buy. ts
oPerating system was an undiluted Unix, supporting both C and
FORTRAN. It also had a Sit based front end to interface to

t real world through AID, D/A, parallel and serial cards.
C A quite extensive Pacacage of software was also developed to

perform data acquis’i0 displaying and analysis tasks.

With such horse Power packed in a nice looking box, toDped by
a high resolution CoLor monitor, ‘Douse, and keyboa, it was
thought that displaying sad- a simple image was a easy piece
of cake. Howeven, after months of work enlisting the best
C Progrape we could find, the best results obtainci was
that the display could be refres,ed at the rate of about

1.3
Hz and no more. The easor was that this cocpuq was

designed Principally or graph5, not for imaging After tha
1024 byte data block was one of the 63000 had to be
dedicated to color fill the checicerboard, and the.r here a
sots of pixals to fil_.

About that time, a colleague showed me a fattened flicroc.opp
he Used for some Optics experiments. it was again a 68000
based computer, built by Ergonomic Research Group in Oregon.
It was again a Unix machine. However, the interesting thing
about this computer was that when it was cold booted, it displayed
the strange message “ok”. There ought to be something fishy
there. Some more Probing convinced me that there was a genuine
Forth underneath whose sole function was to bring the Unix
in from the hard disk. A few pages of scattered documentation
showed that the Forth was derived from figForth model with
5ignifi extensions, like 32 bit stacks and 32 bit addressing
capability. The CPU and I Megaby5 of memory were housed
in a sioo card cage, with an extra card set, CAT 6oo from
Digita’ Graphic Systems, Inc. in Palo Alto, CA. The CAT 1600
was a full color, real time imaging system which COdad dagit
and display images from a video camera.

all?...



Dp3;540rat I ooulw VPo’vp the bDeed of Ja,,a
I was given Ownersh±ø f th4s COmDu4er to prove it. prove
it Jid. I t.rew away the trix ard studied t14e stnr.ge .ort’.c’n— in a pal” f R°’”5 wtpoat much In a’tt
a montc, we had enoafl code developed to hook it to the “fl2P
t7periment. W.tn L 1600 the data r3fresh.ig ra has :aisec
t’i 40 LIz, w’ was tao fast for tie host mlnioonouaefl to Peep
up with it. When people tried t increase the transfer rate
at the host side, the host comDuter crashed at about 20 ½z.
So we rar at about 15 Hz and everybody was very ha?py. The
CAT 1600 could be pushed to about ioo Hz, but nobody cared andeven if I did, nobody would notice any difference. So I stoppea.

I never bothered to tell people why CAT 1600 outoerformed the
much more sophisticated, and more expensive, MassComp workstation.
It was kind of cheating. As a system designed sPecifically
for imaging purposes, CAT 1600 was capable of zooming at a
wide range of Zoom ratios. I expanded each pixel by a factorof about a, making the checkerboard large enough to be seen at
a distance. At this Zoom ratio, I only had to write each
square once, unlike MassComp which had to fill every pixelin the checkerboard.

I
Unfortunately, i learnt lately that this system becane sick.
Apparently the 69000 CPU quit. The worst tning was that !R3
was no longer in business, and nobody knew how to fix it.
It was eventually junked. People in that Project were t”yirig
use the Masscoqtp again. Losing a computer is like losing achild, after you put 50 mach of yourself into it. It is
very sad. I feel like writing an ocituary now.

Here I will show you some of the Forth code used to control
the CAT 160a imaging system. I cannot find tne origina_ list..rs.The copy, though still legible, is not very clea” My apolog’e,.
I cannot even write shadow scraens with the source screens to flea
them more understandable, but I will try 1.0 ex?lain what isnot abviou

2 CAT 0o IMAGLIG ...YSTE. I
Digital Graphic Systens pioneered low cost imaging systems
as early as 1977. CAT 1600 was developed as board sets toplug into the mothenboard of a standard 3100 host computer.
It contains a large image memory and all the circuatry necessary
to digitize Bib’ or color video signals in real time, to storeand process the digital image data, to make the data accessibleto the host processor, and to display the digital image on
a video screen in gray levels or in full resolution RGB color.
A dedicated 8086 image processor is supported on board withup to 48K of fast static RAM and 64K or PROM.

Tne dual port image memory provides for up to three512x512x8
bit images or one 512x512x24 bit real color image. Tne imaga
memory can be accessed at any time, either by the dIsplay processoror by the host processor, for software image generati or

—118—
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I
I 3fl4,s:s of tne dig1ta lasges.

S
Otner imoortant features include. STC stanaj video input
and Outpht, gen:ocft on externa video or sy’ic, flexible Color

I look U tables, Pixel oy Pixel scroll ana Dan, smoot, ZOora

from 1:1 to 1t31.op, etc., etc.

f The most interesting feature is the image Processing firntvane

Coming in onaboard PROM’8. About one hundred firmware routines

in this library can be Called by the ‘iost processor Using sireple

COIfl5nds This library relieves the host Processor fror, lover
level imaging tass, Which 5ig’uficay

Speeds development

work and increases the overall system Performance.

L Communication between the host and CAT 1600 is done via two
channels: the host /0 Port address space and the host memory

address space. In the I/o space three consecutive word addresses

are
Used. They are the Command Register, the Data Regis,

and the Status/Reset Regis The command regis is Used
by the host to select one of the firmware functions If the
firmware function needs Parameters, they are passed through

the
data regis If a function returns results, they are

read also by the host through the data regist The host
monitors the activity in CAT 1600 by reading the status regist

reset.
r When the status regis is written by the host, CAT 1600 will

In the host memory space, an addressing segme, called a Aa+a

‘windowt is assignee by DAT 1603 for direct data exchange.

Although it is POssible to love all ir’iage data throg. the
I/o regist5 througp and speed are greatly improved
if the data is flowed tnrough tite data Wi’ldcw.

3. F0R SOURDE CODs

Controlling CAT 1630 with Forth is rathsr 5traigrtso
3

lige controlling any other electronic equipe One has to
first establish communication with CAT in monitoring its status
regis, sending commands to the command regis and Passing

data to and from the data regis Since the image memory
is mapped in the addressing space of the 68000 5ystem, one

should also establish Proper protocol to access the image

memory directly.

Listing io has the CAT 1630 source code. Screen 101 has the

elementary code which allows the 68000 to control the CAT 1600.

The three I/O regis5 are mapped to the memory locations
hex FFFFCo.

, FFFFC , and Frpp04. The regist5 are named

aPPropriately DATA for data regis CMD for command regis

and STAT for status regist They are all defined as 32 bit

constants to return addresses in the 6sooo addressing space. /
44’-I Ia

I



q 1)? is u.ed o wa’t urn tr 1 o 6t as 3’4
rasets ha busy bia ij the statts regista’, It W11 abortiZ made nitint too long. fliIp resets cu loD,, by writang
t tn st ti.s registe, lFwR) reaos wo a f’ r te data ,e’ at°r,
0UTt writes a data word t0 tne data register, and or2zc’
V ites a oom’and to the c’rmard “egister, StJu$ rett1rns Pieconterts n t e stat:,. ra&istcr, All othar Fortn comga’ide
to CA 160o are 3onstructed from tnese simple interface words.

COLOR was my first attempt to converse with CAT 1600 Connand
10 is to fill the entire screen with a byte to produce a flatcolored screen, OA Ct sends the command followed by OJTWRD
to specify the color DEMO2 puts COLOR in a loop to test all
the colors available

Screen 102 shows code to write directly nto the image memory. IThe image memory is mapped to the 6sooo address space startingat hex 600000., which is defined as IMAGE. To access imagememory directly, one has to first enable DIA (Direct Image
memory Access) by giving command 74. After the memory accassingis completed, it is necessary to disable DIA (command 0) beforeissuing other image Processing command; otherwise, CAT wouldabort.

ENBDIA enables DIA and DISDIA disables it. The rest of the
screen shows some test routines to demonstrate Pie effectsof direct memory accessing,

The commands in Screen 103 set the serial port dedicated tothe Printer to comirunicate at 480D Baud, so that we can 3rn.,,the listing or a slow DEC p”.Lnter, FDAOJC is tne control
register of that serial Dort

Screen 104 to ir are t’i€ co1rnans to call firmware functions,
Thej are defined by the defining worc CA:, which expects twoparameters: the Command number and the numtr or parametarsthe command requires If more than one parameter is requira,
they have to be given on the data stac,c in tne reversed orderas specified by the document from Digital Graphic Systems,
because DAT would simple remove nu’nbers off tne stack and send
therr to the data register in CAtm 160o. The na,es of commanas
are exactly those define by DOS for compatibility and ease
of my documentation effort, which is Please refer to originalDOS manual,’

Two test routines are shown in Screen 109 with some examples,
They call the CAT functions MOVABS and DRAWABS to draw rectanglesand triangles, MOVABS moves the drawing point to the x,y
coordinate on the CRT display, and DRAWABS draws a line from
the current drawing point to the point you specified on thestack, which is then taken as the current drawing point for
subsequent drawing.

Screen 113 shows the code to build color look up tables. Theword LUTCt commands CAT to take the next 768 data words to
fill the red, green, and blue color look up tables for the
page 0 os the color image memory. By the words IRAp, FLAT,

-1 2—



aria we car 2Onstruct quita comolicated ‘seudc c’ao
f schenes for Coloring 4mage data. Qne of suc’i scneme is
• it COMPOSITE, whia displays data in the rainocg Style.

&mal data values a.e ir1 red and high data %Ll.zea are b*e.

r Data around iae are snow in green

DIGITIZE in Screezi 116 tur”s on the video A’D corerter, and
a digitiye signal from a video cfleea is shows- on t1ie ‘RT in

real time, 30 frames per second. To freeze a frame, one ‘las
to type in the Command STOP.

To Display data stored on disk, it is faster if we grab the
data in a disk buffer and stuff it directly into the image
memory. The code is shown in Block 126. DIA and XDIA tzrns
the direct image access mechanism on and off. IROW Copies

k 32 16 bit words from the disk buffer to the displayee
image. IBLOCK moves 1025 bytes from tne d±sk buffer to the
image memory, displayed as a 32 by 32 pixel block.

READSBLOCKS
display a number of blocks, nicely arranged on

the CRT display by calling IWR::E to decide where to put the
blocks.

Lastly, Screen 130 shows the commands to put text on the CR?
display. CAT 1600 does not have text overlay memory like
other more expensive image processors. The characters are
actually drawn in the image memory and become part of the image.
Therefore, one has to be careful and avoid Putting text at where
he has important image data.

The code shown here is a small Dart of the applicatxon displaying
syste Howejep, is enougr to giie jou a flavor on how

P
DAm 1600 worts, and to start programj It if you happen to
have one. Otherwise, it’, 5t a piece of handy reference
to yet an3ther image pracessor.

I
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