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Jeff Schier/Don McArthur Digital Image Processor
5/11/92 (F) Jeff Schier

The Schier/McArthur Digital Image Processor was
constructed in 1976-1977 at Steina and Woody Vasulka's loft
in Buffalo, N .Y . It began as a mathematic exploration by Don
McArthur of the digital raster, and was built from digital
modules locked to video time by the LSI-11 sixteen bit
micro-computer . It was built in stages starting with the
sync generator and computer interface, later adding a
digital Selector, Arithmetic-Logic Unit, lookup/pattern RAM
and a rectangular Window generator . The video outputs came
from three 4 bit digital to analog converters, and was
converted to color composite video by an external, .NTSC
encoder.-The video tape recorder was on a continuous
standby, allowing documentation of the design process by
Steina Vasulka through "pressing the record button" .

'--- The modules were "wire-wrapped" and connected to the
computer control and timing bus at the rear of the modules .
The digital video paths were patched together with multi-
conductor ribbon cables, plugged into the front of each
module . External audio could be patched in or out from the
front panel, converting the video timing signals to sound .
Emphasis was placed on internal square waveforms to form the
first pictures, made from the horizontal and vertical bar
patterns that subdivide the raster . A borrowed time base
corrector was "hot-wired" to pull out 6 bits of live
digital video from its A to D converter and color-mapped .
through the lookup/pattern RAM.--K random "power-up" pattern
was -saved from the RAM and formed a favorite-color test -------
pallette for adding colors .to the image. The real time
remapping of intensity- to--co-how--f

	

e

	

a color precision (64
levels) unseen in analog colorizers . Dual four bit A to D
converters were later constructed to digitally combine two
image sources . Operations were performed at 4 bit resolution
per red, green and blue channel, but were funneled down to 6
bits when running through the lookup/pattern RAM .

The digital combination of binary images formed unique
geometric color patterns . These were unexpected and did not
correspond to other analog processes . This became evident
when the Arithmetic/Logic Units (ALU's) were installed . The
ALU's performed arithmetic functions (addition/subtraction)
and logical functions (And, Or, Exor Negation) and wacky
mixed arithmetic and logical operations that were "thrown
in" by the semiconductor vendor, such as (A OR B plus 1), .
The bitwise combination of image combined with overflow-
wraparound conditions generated unusual patterns of color
and box-like textures, without equivalence in analog video .
The binary operations made sense, but the images were a
digital surprise . "Official" test images were needed to test
out the ALU process . This consisted of a white styrofoam
sphere or cone and Woody's hand waved in front of the
camera . These test images contain 16 discernible levels of
grey, useful to disclose the arithmetic/logical binary



combinations and overflow conditions . The explorations of
real time digital video at the Vasulkas predated later image
processing and digital video effects units . The exploration
of binary operations between images has largely been ignored
in image processing and computer graphics, in it's quest for
photo-realistic imagery .

Time locked software marching to the video frame rate
formed the real time control structure needed to operate the
digital image processor . Various test and control table
programs were written in Fortran and PDP-11 Assembly
language to operate the processing modules . Walter Wright
programmed "BARBAR" an assembly language control program
with independent timing control stacks . BarBar'S timing
stacks control processing module functions, time delays, and
the looping of the control sequence . The inclusion of random
functions exercise the hardware, contributing to long
sequences of digital permutations .

Hardware : Consists of a rack of digital processing modules,
a gen-locked sync generator, a vertical interval control
bus, and a microcomputer to orchestrate the field by field
control . The digital video paths for the processing modules
are "patched" through their front panels .
Signal Path : Input is received through camera sources, video
tape sources, or the internal pattern source (H and V timed
bar patterns) . For camera/vtr sources, these route through
the A/D converters first, are front panel patched to the
processing modules, convert back to the D/A converters to
R,G,B video and then go to an RGB to NTSC encoder for
composite color output for recording and viewing .
1) Micro-computer - A 16 bit DEC LSI-11 microprocessor
coordinates control words for the processing modules and
handles user interface functions
2) A Vertical Interval Control Buffer and Transfer Bus -
Control information is loaded into this control buffer by
the microprocessor during the current active field . The data
is shipped down to processing modules during the next
vertical blanking interval .
3) Processing Modules A) Analog to Digital Converters (A/D)
- two 4 bit converters .
B) Selectors - 3 groups of selectors - chooses between 8

horizontal, and 8 vertical frame locked patterns, and an
External digital source . The selectors allow bit-wise
selection of horizontal, vertical timing components and
external video inputs .
C) Arithmetic Logic Units (ALU's) - Combines two digital

input streams into a single output through combinations of
arithmetic and Boolean logic functions (Output = function
(A in, B_in) . The Boolean functions of 'AND', 'OR', 'EXOR',
'EXNOR', Ones Complement are present . The arithmetic 'A
PLUS B PLUS CARRY', 'A MINUS B PLUS CARRY', 2's Complement
are also available . Certain combination arithmetic with
logical operations are possible, with a 'Constant' available
on the 'B' input, useful for bit masking .



D) Lookup - an R,G,B lookup table with common digital
'Address input' is present, to perform intensity/pseudo
color transformations . The memory could be loaded then
scanned out as a small raster .
E) Window generator - three Window generators, form an
adjustable frame for gating/routing the digital sources .
The frames are independently programmable on a pixel/line
basis . Wipe patterns and title boundaries are formed by
these .
F) Digital to Analog Converters - one apiece for red, green

and blue components at 4 bits per gun .
4) A Gen-Lockable Sync Generator - forms sync timing, and is
subdivides the active screen into 512 H by 486 V
coordinates . Both video sync and H and V timing information
is available on the control bus, for pickoff by modules . A
Phase Locked Loop locks the clock timing to an external sync
source .
5) RGB to NTSC Color Encoder - the funnel for output,
converts the RGB signals from the D/A converters to an NTSC
color composite video signal for display and recording onto
video tape .
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a

li,WiGE EMULSIFIER OVERVIEW
by jEFFY SCHIEP,

TKIS IS A SHORT OVERVIEW ON THE
(EARACTER OF THE ELECTRONIC 'li,"Gh LiuULSIFIER*'
0E EMULSIFIER WILL CAPTURE INAGES AND ENCASE ThElii
IlThIN FINE MESHES OF STORED LIGHT (WAGE bUFFERS)-
1HESE MESHES ARE TREAThD AS ELASTIC AEAbRANES OF COLOR
XD TENTUREn UNDER TI-ii ; SCRUTINY OF A DIGITAL DEMON
(THE VIDEO PROCESSOR)-- ONCE AN liiAGE - IS STCRED~ IT IS CODED MATTER .,
&ECTRICAL FUEL FOR FURTHER ORGANIC AND MECHANICAL
%STRACTION- TO FULFILL ThISx THE DELON IS INSTRUCTED
(NICROPROGRAnMED)n TO CREATE VISUAL PhENOAENA INCLUDING :

MELTING PICTURES INTO FROSTY PUDDLES OF DRIPPING COLOR
COAGULATING AND GRAFTING GREY-SCALES =ETIJEEN li .,j.AGE

PLANES
GROW IRIDESCENT CHYSTALINE SPIRES, FRQi

EATRACTED EDGES
KNEAD, UAnP, PULVERIZE AND SHATTER 1MAK by

SPATIAL AND SPECTRAL DECAY
GIVE bIRTh ON SCREEN, TO NON OPTICAL IMAGES

FOR SOUND EXTRACTION liOISZ) ,

THIS PROJECT INVOLVES MERGING Th
E
DIVERSE METHODS

(Y VIDEOS DIGITAL ELECTRONICSo AND COLPUTER TECHNOLOGIES ; TO
WOLVE A

NEW
GENERATION OF IMAGING TOOLS-
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0 .0 Sy"70PSTS

This ;;aide describes t}le functional <;nd prok;r-m-ninU aspectsof th_ ~chicr/FacAr+r : :ar Trna9in Pus (henceforth the Shf'. bus) ,T}?,_s dwice is <;n int,?rf<:ce from di~;it<:~1 computer (LSI-11) tovideo, They syst<.,rn is physic .,lly modul~4r in nature, and thereforefa~cili.t :ates

	

wide variety of operational modes,
T},F, functions of these, modules and the effects they,n~,nifest � r e- sirnil ;: r to that of an P;11.-an,~1og processingenvironment ; where some modules act as generators of video, likec.'n :-i~or~ oscill<:~tors, while others act «S fi.lt,ers or pi ^ oCeSSnr" ofan input, video sig nal . The difference lies in th<,t the S&trmodules de.~ ;]. exclusively with video as a digitized stream ofbits, whi(,,h c~tn the J,enera'-,ed internally provided from a:nexternal

	

Souree

	

such as

	

digitized

	

TIT

	

cam°r?

	

la,a~e,

	

(,r

	

r,mixture of t}i'Se?, Tn either ('as=~ the bit streams are convert :?dto an~aog volta es to produce ,=, conventional

	

video signal ,
Althot ; h tr;e modular nature of the S?<p." bus do<~sn't offermuch in t? ; .- way of friendliness to the us~cr un~;ecustnmed to theways

	

of

	

di it .-l ,

	

the

	

modularity

	

provides

	

a

	

roost

	

fertilestructure for tho. exploration, of a
~., Pst variety of controlstru tures . Approximately 100 device

	

registers

	

facilitateT

	

r pro~Trz;m control over real-time processing and synthesisof video, Any or all of these control registers may be modifiedFps often as field rE,te (1/00th of a second),
0 .1 Ei.VI~ :)M4EPT HTSTnRY

The 5~ 1, bus was designed for the Vasulkas by Don Mac Arthurin 197r. . `since then, 5 modules have been designed andimplemer;ted on the bus, most by Jeffy Scheir . The host processoris

	

;{

	

T)iUi - ,,l

	

Equip!r,ent

	

Corporation

	

LSI-11

	

1,rith

	

t4^

	

kilobytes ofmemory and dual floppy-disk drive .

	

Control of the S& M bus by theprocessor is implemented vi :~ ^pproximF;tely 100 device registers
1,710010 to e 17r Ppped

	

into

	

LST-11

	

address

	

space in t};e range oflI

	

oct~J ,



0 .2 PHYSTCAL LAYOUT

The AN bus is a card rack containing R modules ; the syncgenerator, ? for the processor interf,"ce, and 5 programmablemodules . T:4e sync generator provides timing for the bus and isgen-lockAbic to am external video source . The processorinterface modules ;rc connected by ribbon cable to an interfacecard residing in the LST-11 backplane .

The inputs and/or outputs of each module are present on 16pin DTP connectors on the front panel . Pinout conventions aresuch that any single output can safely drive any reasonablenumber of inputs . Two outputs may not be tied together . The DTPconnectors are conected to one another by ribbon cable patchcords . The particular pinins and pinouts will he discussed withe&ch module .



1,n PROC1:SSOP TPTERFACE

The "^-P1 bus shares 25C words of buffer memory with the LSIThese locations behave to t1je LST-11 just Like read-writememory loci;dons . At regular interval, usu�lly video field rate,the cont('nts of this buffer memory is transferred to deviceregisters on the '& 1 bus . This event can be enabled/disablej

	

inso ft war F via

	

the :&P1 bus status and

	

control

	

register .

1 .1

	

FUS

	

CC: 'TROL REGISTER

	

-

	

1','1776

Dit 0 of this register is currently the only oneimplernent :ed . On LST-11 bus reset and power-up, this bit isclc~;red to 0 . Any modifications made to the buffer memory bysoftwar(-, will have no effect on the device registers since thetransfer is not er«bled . 'Ih=n this bit is set by software, thebuffer memory to device registe=r transfer is enabled . During; theactual transfer, buffer memory cannot be 8ecesed by the LSI-11,and a bus timeout tr~.p will occur if an <znttempt is made to doso . Sotting this bit also has other implications ; at the end ofbuffer transfer, the interface issues an interrupt too theLST-11, cauaing the processor to fetch a new PC and PS fromr~-_idress 170 octal . Software must deal with this ; an example ofhow to set lap and service the S&I'device is depicted thusly

START : ;'OV "SP"SERV, ;!170

	

;PUT ADDRESS OF SERVICE ROUTINE11,01! P0,0#172

	

; APJD PROC .

	

STATUS 4ORD
;IN VECTOR LOCATTO%I

BI~;

	

If 1 , :.a'E 1717`76

	

; ENF.LLF

	

TRANSFER-I (JTEPRUPTLOOP : JAR L(-,OP

	

;TVIATT FOR THTERRUPT OR GO OP'
;AEOIJT BUSINESS .

FOLL0;;'ING ROUTINE IS CALLED BY S&P1 HARDWARE IN'_"ERRUPTAT TFE END OF A BUFFER TRANNSFEP

F"""RV : BIC #1 19#171776,

	

;DISABLE ITITERRUPT-TRANSFERJSR PC,BUFSERV

	

;CALL .^OPIF ROUTTNIE THAT UPDATE"-ACCESSES
;S&P" BUFFER MEMORYB IS #1,+?#171776

	

;REENABLE INTERRUPTRTT

	

;AVD RETURN



2.C X Y COUNTER MODULE

This module is based around two independent 8 bit upcounters . The X counter uses pixel rate clock as input . The ycounter uses a horizontal line rate clock . Both these clocks maybe divided by a value from 1 to 15 before being input to thecounters .

2 .1 LJOM RECI^TER - 17102

the
The lower nybble of each

divisor
byte of the

by
zoom

which
register control

by
the

1, 15
respective clock is divided ; 0 = divide

of
= divide by 16 . It is termed

the
the

visual
zoom register becauseeffect it produces .



2.2 SHIFT REGISTER - 171040

At the start of _7n active field, both the X and Y countersare reset to the values contained in this register . The counterswill then proceed to count up from that value, wrapping aroundto ;0 when reaching 255 .

2.3 X Y COUNTER PIE ASSIGNMENTS

PIN SIGNAL PIN SIGNAL1 x1 9 YO

A2
10 Y1

X '~
1 1 Y ?_

5
X

~:
12 Y3

v ~ 1 Y5

X6
14 Y5

.. X7
19 y6
16 Y7



.0 DATA "3FLECTOR MDULE

This

	

rjodul =

	

consists of twelve 16 to 1 data selectors . Ttpermits the channelirc; of any one of 16 inputs to any of twelveoutputs . Also, any of these outputs may be sel 'ctively inverted .7r--- rata -,=lector is houses: in the same module and above the X Ycounter module . A conceptual block diagram of the data selectorfollows

? .1 SELECTION REGTSTERS - 171040 RFD
17104? GREEN
171046 DLUE

There is One selection register for every 4 bits of output .These ~ groups of 4 bits are arbitrarily referred to as red,green, and blue . This convention is purely a mental one . Any or, eOf the 1(', inputs may 1)e directed !-C, a particular output byplacin ;; the input channel nurnber in the appropriate output bitfield of a selection register . For example ; placing the pattern101 0101(~101^1010 (125?52 octal) in the red selection registerwould c-ianne.1 input number 10 to all 4 bits of the red outputgroup .



.2 T'!VERSTOV REGISTER - 1710116

The twelve: outputs from the data selector section can each
be complemented by placin- a 1 in the appropriate bit of the
inversion register . A O will pass the respective channel
Unchan~; eC11 .

DATA OFLECTCR PI"` ASSIGN"1F',TT:-

INPUT C,~r1'!ECTCR ASSTGPtiT ;1FAaTS

PT"d S Il7?,I I . PT ri SIGr1P.L
1 CHANO Ir'PUT c CHAMP INPUT
2 C i ,"a. N 1 " 10 C PATM

C`Ic:r 2 " 11 CHAN1C "
1I Cf'4r`~ � 12 (7 1,T 11 n

CHAN12 "
CHAN5 ~' 1 tI C11,^,r~1 �

7 CHANE> ~~ 1c, CHAN 111 ~~
CH, Ap 1 7 " 15 CHAA115 "

OUTPUT CONNECTOR ASSIGN"ENTS

PIr1 STGiaAL PIN SIGT,'AL
1 REDO OUTPUT RLUEC OUTPUT
2 RF"D1 " 10 SLUE 1
3 RFD2 " 11 I LUE2
U RED? " 12 BLUE n
5 GREENO OUTPUT
6 GREE!:'1 n

7 GRF'Er 2 ,

SREEN �



4 .0- MODULE

The window 1rnodule gener ;Aes ? so-called windows : a set of 4edges, two vertic~=l (X), two horizont~.,l (Y) (with resp,~et to tileframe) . T! -ie position of each edge and hot.; the inside and outsideare defined re under software control .

(here ;ire 3 dup]-icate Window generating channels, Red,Green, <7nd F'1ue, F'ach channel has 4 position control registersdesignated X1 Y1 X? Y2 . F~sch X and Y pair generate a pulse whosestrrting and ending times correspond
generate

the value in therespective registers . Thus



4 .1 EDGE. POSITIOP REGISTERS

The lower 9 hits of each edge position register control thepostion of "ch edge: of the window in the field . The X1 and Y1registers control the leading edge, the Y2 and Y2 registerscontrol the trailing edge . The way these values map into thefield is -7ePicted as follows
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NOT) Xt-
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11

2
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The x rnd y pulses of each of the three channels are input~s operan;ls ?;o three FLUB . These sections control the way theinside aoutsi(Ie rare derived from the X Y pulse pair . Theoutput of the ALUs are used as a key which switches between twoinputs, or one input rind black .



.? 'JT~ DM PODULE PTTJ ASSTGNt1E?JTF

"i AND F INPUT CONNJECTOR PTT1 PaSSIGNHTEP:TS

OUTPUT CONNECTOR PIN ASSTGNIIENTS

L
OUTPUT

n
it

it

PIN c TGNAL PT 1,1 SIGNAL
1 REI`0 IJIFl1T

RLUEO TNPUTE?:1 "
10 BLUE 1 rr

RED2 " 11 BLUE2 rr
RED? " 12 RLUEZ rr
GREENO TPJPUT
GREEM1 n

7 GREEN2 it

S ~',REEPI? n

PTTJ
1
;?

SIGPJAL
REDO OUTPUT
REDI "

PTt,l

9
10

SIGN
BLUEO
BLUE 1

4
RED2 i'

11 BLUE2

S
PET) -, rT

12 BLUE?GREE110 OUTPUT
E' GREEN I IT

7 GREET-.2 i'
R. !' P F''' IN n



5 .0 ALU MULE

This module is based around three 4-bit wide ALUs . They arearran ;ed as independent channels and are designated Red,Green, and Flue . The Arithmetic Logic Unit performs performsmathematical operations on ? operands : A and B . Software canselect any one of Cu operations for each ALU, as well asselectin one of two sources as the A operand, and one of foursources =?s the b operand .

5 .1 ALU CONTROL REGISTEW - 171000 RED
171004 GREEN
171010 BLUE



the source of the A operand . Bits g

	

,ndof tile P operand, while bits 0 throughperformed on the F, and B operands by the

5.2 ALU tSIU'-?PPIC
RFGISTFRS - 171102 RED

171106 GREFN
171112 BLUE

The A operand comes form 1 of 2 sources ; the color groupinput comes from the A input connector . Fuch color is associatedwith the AL!1 of that color . The other possible source for the A.operand is from the Numeric Date, Reaister

	

There is oneregister for each of the 3 ALUs . This :gay software provides thevalue for the A operand to the ALIT .

The P operand can cor,le from one of 4 sources . ' E,re any onecolor 7roup from the A input connector . The fourth possibleinput is from the external connector .

Bit 10 selects
select ti2e source
control the function
ALU .



5 . ALU PTN AFGTGII''ENTS

A OPERAND TPIPUT MIn'ECTOR

EXTERNAL OPERv;n INPUT CONNECTOR

7 GEXT2 ' "
GEXT? n

P Ii*
1

SIGNP, 1,
REXTC TO RED ALU
REXT1 "

PIN
0
10

SIGNAL
^EXTO TO BLUE ALU
EX7 1' REXT2 2 11 REXT2 +~REXT3 n 12 BEXT~ n

5 GEXTC TC GREEN ALU
6 GEXT 1 ,r

PT"; Si7rlItL PTN IS IG7,!AL
1 REDO INPUT o BLIIEC INPUTRED1 11

10 13 LUE1 "
RFD2 " 11 RLUE2 'r

12 PLUE?
SREENO INPUT

6 GREEN1 i+
7 GREEl12 "

GREE!,'~ to



!7 . C

	

,`?Ei~ ORY 'lODULE

This module

	

is based

	

around

	

a

	

511

	

by

	

16

	

bit

	

array

	

ofhigh-speed

	

RA"1

	

(read-write

	

memory) ,

	

Software can control thesource of data and address for the RAM, including loading thedata from memory d< :ta registers which are accessable to theLSI-11 , In addition, a 'Write then display' mode can beselected whereby the contents of the high-speed RAII are updatedautor-r:tically during vertical interval, and then switched todisplay Burin; the active field,

6 .1 'ITEl"ORY CONTROL REGISTER - 171170

One of 2 sources may be selected as the data ; source for thehis;h-speed RA1t . If bit 3 in the iiemory Control Pegister iscleared

	

to P,

	

the

	

Rte! ; will

	

receive

	

data

	

from

	

the

	

;'&VLLSI-1 1buffer

	

memory,

	

that

	

is

	

the

	

Memory

	

Data

	

Resisters .

	

Theseregisters ~{ppear to tire LSI-11 as Write only ; tile contents ofthe RAM cannot be read back by software, If bit ? of the T"emoryControl Register is set to 1, the RAM will receive data from theexternal data connector .



If bits 1 and 2 of the Memory Control Resister are set to 0(00 binary), the address information comes from the S&~'/LSI-11buffer memory, tatiic!- i is active during vertical interval .Therefore, if this source is selected, (and thewrite-then-display bit is 0), the output of the RAM during theactive field will be the contents of the highest address of RAP". .This is because when the S&processor interface performstransfer durinT the vertical interval, it sweeps up throu 1i 911the addresses from lowest to highest . And the last addresspresented to the high-speed RAH is the highest one ; that whichcorresponds to the memory data register addressed at 171_;76 .
When the address source select bits are set to 2 (10binary), tf:e address source is from extennl connector 0, aridwhen the address source select bits are set to ? (11 binary),from external connector 1 .

6 .2 P1EP10RY SHIFT REGISTER - 171172

Tf the address source select bits are set to 1 (01 binary),the address source will be an X Y counter, similar to the one inth.e X y counter module, When its source is selected, the memorywill be scanned out sequentially during the active field as anarray of horizontal by F vertical elements, each 16 bits deep .The starting address of the memory X Y counter may be set bysoftware via the Memory Shift Register . The memory will be readout starting at the address specified in this register, virappinaround to address 0 when reaching address 63,
6 .3 WRITE THEN DISPLAY

Bit 4 of the memory control register, when set to 1,selects the write-then-display feature . Conceptually, this bitORs vertical blanking with the lower bit of the address sourceselect (bit 1) . This then causes the memory to switch itsaddress from one source during vertical blanking (write), toanother source during the active field (then display), So whenthis feature is enabled, the memory will switch between eitherS$N bus and X Y, or between, external 1 and external 2 . If theformer pair -ire selected (address bits = 00, W .D . Bit = 1) thenthe RAr9 will be updated from the r'emory Data Registers duringvertical blanking, and then displayed in the 3 x 9 format duringthe active field .
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9ORY'9ODIILF PT N' ASSIGNMENTS

EXTERI;AL (~ ft 1 CONNECTORS

PTN

	

SIG^! AL
1

	

ADDR0 LSD
2

	

A P?)R 1
ADDR2

4 ADDR=
5 ADDRII

A DD R 5

	

'.^SD

LXTERl,4I. DATA INPUT CON"`EC'I'OR

DATA OUTPUT CONNECTOR

'"'St3

Pi N SIGNAL PIN SIGNAL1 DOUTO LSB 9 DOUT8
2 DO UT1 10 DOUT9

DO UT2 11 DOIJT104 DOCJT3 12 ROUT 11
DOUt4 13 DO UT12
DOUTS 14 DOUT137
DGUT6 15 DOUT 14

8 DOUT7 16, DOUT 15

P? ;'I SIGNAL PIP STG,, A L
1 DTNO LSB 9 DINF
2 DI"d1 10 DIN9
3 DIN2 11 DTN10
4 DI

'
t= 12 DIN 11

5 DIN4 13 DIN12
DIN5 14 DIN13DItJF 15 DTN 14
DTN7 16 DIN15 h1SB



7.0 EXPORT/IMPORT MODULE

This module facilitates transfer of parallel data to andfrom external devices and/or other modules . The module supports4 16-bit output ports and 2 16-bit input ports .

7 .1 EXPORT IMPORT DATA REGISTERS - 171070 EXPORTO
171072 EXPORT1
171074 EXPORT2
171076 EXPORT3

Each port is associated with a data register . As with allthe modules, the inputs and outputs are Low Power Schottky TTL,and all rules for this type of signal apply . The outputs willdrive any reasonable number of L S TTL inputs ; but no twooutputs should 'r.,1 be tied together .

7 .2 EXPORT/IMPORT PIN ASSIGNMENTS

171600 TMPORTO
171602 IMPORT1

EXPORT CONNECTORS 0 - 3

PIN SIGNAL PIN SIGNAL
1 OUTO LSB 9 OUTS
2 OUT1 10 OUTS
' OUT2 11 OUT10

OUT3 12 OUT11
5 OUT4 13 OUT12
6 OUT5 14 OUT13
7 OUT6 15 OUT14

OUT7 16> OUT15 MSB

IMPORT CONNECTORS

PIN SIGNAL PIN SIGNAL
1 WO LSE? 9 IN8
2 IN 1 10 IN9
3 IN2_ 11 IN10
4 1E3 12 IN11
5 IN4 13 IN1_
6 TN5 14 IN 13
7 IN6 15 IN14rl,j7 1 6 IN 15 MSB



8 .2 DATA SELECTOR MODULE -
171040

	

REDSEL

	

DATA SELECTOR SOURCE SELECT
171042

	

GTR NSFL
171044 BLUSEL
171046

	

SELIDJV

	

INVERSION REGISTER

8 .3 X Y COUNTER -
1710 0

	

SHIFT

	

X Y COUNTER INITIAL VALUE17102

	

Z00M

	

"

	

COUNT RATE DIVIDE

8 .4 ALU MODULE -
171100

	

ALURED

	

ALIJ FUNCTIOr'-ItJPUT SELECT
171102

	

MUHRED

	

ALU B-INPUT OPERAND
171104 ALUGRN,
171106 NU11GRN
171110 ALUBLU
171102 NUN1BLU

3 .5, NIGH SPEED MEMORY i1ODULE -

8 .6

8 .0 '" ;rtl PUS REGISTERS AND MNE"ONICS

8 .1 UIiNDOUv' MODULE -
171000

	

7EDX1

	

WI14DOW EDGE POSITIONING
171002 REDY1
171004 RE?)Y2
171n0~, REDY2
171010 GRENX1
171012 GRENY1
171014 GRENX2
17101 E GREJS,Ty2
171020 BLUEX1
171022 BLUEY1
171024 BLUF7 X2
171026 BLUEY2
171030 'r'ALUR

	

GJMDOv., FUNCTION ALU'S
1710,32 6dALUG
1710?4 IIALUB

EXPORT/IMPORT MODULE -
171070 EXPORO PARALLEL
171072 EXPOR1
171074
171076
171600
171 602
171606

EXPOR2
EXPRT?
IHPRTO
1P''PRT1
IJJJDEX

, .7 S&1J BUS CONTROL -
171176 STATUS

OUTPUT PORT

PARALLEL INPUT PORT

FIELD ODD-EVEJJ INDEX

S&M, BUS STATUS AND CONTROL

171170 MFMSTA MEMORY STATUS
171 172 1 1, EMS HF MEMORY D?SPLAY SHIFT
171200 MEMORY ME1,'ORY DATA REGISTERS
171376 MEMORY n it n
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Jeffrey Schier
3928 Shatter

Oakland, Ca. 94609
(415)-653-5825

Education :	BSEE1978, State University of N.Y. Buffalo

Work Experience
1987-1989 : Pinnacle Systems

Project Manager - developed PriZm digital video effects system (DVE). Defined architecturle
and coordinated implementation from prototype through production . The DVE performs real-ti
rotation, perspective transformations, and curved/warping of the image; with the aid of a color men
interface. The DVE was integrated within a Video Workstation line merging still-storage, digital videb
effects, and paint/3D animation. System processing was based upon an 80286 user interface, with an
80386/80387 coordinate processor. The (4:2:2:4) pixel pipeline includes adjustable FIR filters, rando
access transformation memory, and table driven address generation. Designed and implemented t
transformation memory. Logic design and PCB layout centered around 80386 computers using PC.
ORCAD, CUPL, ABEL, Microsoft C and Assembler under MS-DOS. ASIC development using Xili*
and Actel chips. Application is in industrial/broadcast video.

1985-1987 : Aurora kystems
Senior R+D Engineer - Development of multi-port image memory, with bit-slice controller for a 32 bit, full color "AU

Paint System". The frame buffers operate at video rates, for real-time image processing on multiple data streams. The im
subsystem lives on a VME bus, driven by a SUN 3/68020 computer . Hardware development was centered around a Valid S
workstation, with PAL/PROM logic programming/simulation using ABEL.
Application is in broadcast television and commercial computer graphics .

'983 "1985 : .Cubicomp Corp.
Senior Research Engineer - Hardware/software development of 3-D Solid Modeling system running on IBM PC/PC-

,4ew productdefinition, hardware/diagnostics, Gen-Lock/Video Compatibility, Color Encoder/Keyer, Matrix OCRSupport, Ink,
Printer software drivers.

1980-1983 Grinnell Systems
Senior Research Engineer : Lead design of GMR2800 Computer Graphics Image Processing system . System is hit-s

(AMD2900) based, with memory feedback pipeline for image processing . Microcode compiler/assembler developed in-ho
Implementation of sync timing, gen-lock, Flash A/D Converter, D/A Converter, EIA Sync Drivers, Mufti-mode computer
interfaces (DEC Unibus and Q-bus) .

1979-1980 Nicolet-Cad Corporation

	

i
Project Leader for Color graphics CAD Workstation applied to PC board design. Design of overlay card, sync/timing

generation, Image memory, Bit-slice graphics processor enhancements .

1976-1979 Vasulka Corporation
Design Engineer . Software/Hardware interface of unique Video processing machines to DEC LSI-11 microcomput r

George Brown Mufti-level Keyer, Seigel Colorizer, Rutt/Etra Scan processor. Co-Design of McArthur/Schier real-time Image
processor . Full design and implementation of Image Articulator : a bit-slice based frame buffer with real time image
manipulation abilities . Production in 3/4" Umatic, 1/2" EIAJ tape formats.

Programming Languages : C, Fortran, Assembler, Microcode
Operating Systems :

	

UNIX, MS-DOS, DEC RT11/RSX11M

Video Workshops : S.U.N.Y. Buffalo, Media Study Buffalo
Papers : "Merging of 2D and 3D effects", SMPTE 1988 conference N.Y.

"Video Architectures - Approaching Real Time", Wescon/Northcon 1985
IEEE C.G+A, Feb. 1986 - "Cherries in Needlepoint Texture"

Member of SMPTE and ACM/SIGGRAPH

]References furnished upon request.


