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Abstract T
3 . ) S
Scoliosis is-a deformity of the spine characterized by

a 1atera1'curvature. Research has indicﬁted thet

s

topographlc technlques can be used to descrlbe the dlsorder

/
and monltor its progression. Presently, this technlque 1s_

‘not used by physicians for making theraputic decisions
- \ . : : .

because of the length of time ihyolved in generg%ingi

o

quantitative results. i

|
PR

This thesis describes a video image acquisition system :

]
p

“that can'be used to reduce the tlme requlred to quantify

topographlc detalls of the trunk and aid in the diagnosis,-

%

monltcrlng and research of sc011051s. The system 1ntegrates.

the capablllty of large, expenslve grey~scale image

acqulsltlon equlpment 1nto a small low—cost diagnostic

imaging tool u51ng current state of the-art technologles and

de51gn technLques ‘ P m‘,ﬁl

t

&
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1. Introduction
h! .

~

Scollos1s is awlateral dev1atlon of the spine in the
frontal plane accompanled by axial rotation of the \
vertebrae. Monltorlng and measnring the degree of curvature
'-3ofv;hevspine;is necessary- tc determineithe treatment)
reouired. The internal spinal uonfiguration can be e
a ourately determined using radiographs PN radlograph 1s
essential for characterlzlng the severity of the disorder;
however, for the purposes of ong01ng therapy‘where a
phy51c1an may requlre weekly or monthly data on progre551on
of the- disorder, this method is unacceptable because of .
radlatlon exposure. A technlque that employs ordlnary llght
to generate ‘a moire frlnge pattern to derive surface
topographlc 1nformatlon is used in some centres. This
technlque has a prom1s1ng future as a dlagnostlc/monltorlng‘
.tool for scoliosis but presently.ls limited because of the
tlme«requlred to produce quantltatlve results |

One of the mysterles of splnal deformlty 1s how someocne
with a mild sc011051s may exhlblt a Very severe trunk
-deformlty whlle Someone else with a- severe SCOllOSlS may
possess only a mild to moderate degree of deformlty

Generally, this cosmetic deformlty is the major concern of

e

'.r—?



fthose affected and causes;them to seek corrective meas;.:‘vres._‘>
The use of moire fringes for topographic analysis of

‘the human spine is a growing field of biomedical research.
/Moirel fringe patterns are a form 4f structured light that
;are'generated by passing light through a'grating and onto a
surface. ilevatéﬁﬁs and depressions of the surface of the
.back cause the 1ines to distdort and take on a wavy .
appearance. The moire fringe pattern can represent three
dlmen51onal topographlc information in two dlmen51ans ( Real
[2] y. For scolios1s dlagn051s, one ba51c method used to
generate a molre pattern involves projecting a line pattern
onto the back of a subject and this comblnes w1th a gratlng

© of equal spatlal frequency to create a moire pattern ‘gThen,
using a system to dlgltlze the 1mage image processing

' technlques can aid in the detectlon and dlagn051s of }:
scoliosis. Another topographic technique proposed by i
researchers ( Stokes, et al, [26] ) ‘is to project a linet
pattern onto the back, dlgltlze the image and process this
drrectly bypass1ng the generatlon of a m01re fringe pattern
~All the necessary topographlc detalls are present with the
lin-= pattern and applylng a geometrlc transformation to the
1mage w1ll prov1de a method of constructlng a contour map of

\ : ¥
the back. ‘

It is the purpose of this thesis to describe a system

v

) 1 . The word M01re originated in the French language
,and.is‘an adjectlve that means to have a wavy or watery appearance.
3
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of‘hardware and software to aid with digital acquisition of

.video images; in partlcular, the. 1mage of the deformed

" trunk of a child with scoliosis. The design and development
of the‘v1deo digitizer was motlvated by the/ﬁeed for high .
speed acqulsltlon of video 1mages to reduce ‘the time

required to quantify the topography of the back.n‘The

' current system used for scoliosis research at the Glenrose

Hospital in Edmonton, Alberta, employs a photographic. method
to obtaln a line pattern 1mage and then,- with the aid of a
dlgltlZlng tablet, dlgltlzes the pattern. Addltlonal 1magp
proce551ng techniques are used to determine the topography
6f the " truné and the relatlonshlp of the spine to the
topography ‘ \

_fInaccuracies of such a time consuming system can affect
the reSuIts substantially To minimize the time required to
obtain an image, a system has been developed whereby a 512 x
484 pixel_image is collected in real time using a video
camera and a microprocessor based digitizer. The dlgltlzed

image is then transferred to a host computer through an

instrumentation bus where it can be further processed

( Figure 1.1 ),
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3

2. System Hardware

’

2.1 oOverview.
' The hardware system described herein was de&ised to
capture a video frame and stqre it in digital memory where a
computer could extract the digital 1nformatlon and
reconstruct the orlglnal image.: The hardware»must
'synchronlze with a standard -video frame format by
condltlonlng the v1deo signal and extractlng the
synchronization 1nformatlon. The system must then‘control
an analo; sampling 1nterface that samples the v1deo
1nformatlon in real time and stores the 1nformatlon in
digital memory. Flnally, the hardware must provide an

interface to a host computer. Figqure 2.1 illustrates a

block diagram of the digitizer.

2.1;1 Composite Video Signals

The objectlve is to be able to digitize a standard NTscC
monochrome v1deo frame made up of two 262.5 llne fields. One
field of a video frame represents 262.5 lines scanned from
top to' bottom. The second fleld represents another 262.5

llnes scanned from top to bottom, however the llnes of the

/ second fleld fall between the lines of the- flrst This is
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called an interlaced video frane ( Figure 2.2 ).
Referring to Figures 2 3 and 2. 4 the video signal has
) » ’ .
three major components: the horizontal synchronization
pulse, the vertical synchronization pulse, and the video

information itself.

To scan a line, the scanning beam moves from the left

~/;>to the right of the image. When the beam reaches the right

most edge of the image, it is turned off and the beam
retraces back to the left most edge of the 1mage as a result
of the horizontal synchronization pulse G

At the end of each field, there is a vertical
synchronization seé:ehce that restores the scanning beam to
the top of the picture ( vertlcal retrace ). This sequence
is also respon51ble for synchronizing the two fields so that
the lines of the second’ lie between the lines of the first. )

To digltally represent the Video frame, only the video

information is digitized. 'This process involves

- synchronizing the sampling process with the inherent

synchronization “of the video signal. There are three levels
of synchronization: horizontal,'vertical and field
synchronization. The first two synchronization levels'have
corresponding synchronization pufses built into the'video
signal ( Figure 2.4 ). The field synchronization requires a:
detailed analysis of the difference between the two fields

of an 1n*erlaced Video frame
/

There are two noticeable differences between the two

P
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11
fields concerning synchroniz= .ion signals near or during the
vert1cal synchronization pulse. First, the. duratlon of the
vertical synchronization sequence at the end of the first
field is 18.% i (1. H=63.5 us whlch represents the perlod
of one horizontql line ) and 19 H at the end of the second
The first horlzontal synchronization pulse to occur after
the vertlcal synchronization pulse in the first fleld is 3.5
H after the vertical sync whereas 1t is 3 H after the |
vertical sync in the second field. The second dlfference is
between the last visible lines of video information with
respect to horizontal ang equaliéation synchronization
pulses of the two fields ( Figure 2.3 ). ‘ Dlstlngulshlng
fields is- accomplished by recognizing that at the end of the
first field, the last line is only 0.5 h in duration. _ The
" latter method of detectlon is used because 1t requlres less
hardware .

The ne- : step is to consider a mechanism for dlgltlZlng

the v1deo 1nformatlon

, 2.1.2 Communications RequirenentS’ Y

At the onset of this project, it was decided that the
v1deo dlgltlzer would 1nterface ‘wWwith an ex1st1ng Hewlett
Packard Model 300 computer system. The HP computer system °
provided the capablllty of communication through an Rs-232
serlal communlcatlons port or an IEEE -488 1nstrumentatlon

bus.
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Consideration was given to both standards. RsS-232,

‘although universal among personal cﬁﬁputers, wé; rejected
because of the large volume of data required to bé
transferred between thé video digitizer and the computer
system. An ﬁsiijp port could not meet the .required speed of
déta,transfer. The IEEE-488‘instrumentation.bus standard
has high speed data transfer capability and, while not

universally incorporated as a standard feature, is available

on most personal computer Systemg as an add-on peripheral.

r

These features contributed to overcoming concern regarding
increased hardware and software complexity in realizing the

IEEE-488 standard.

2.2 MicroprocgsSor | 4
The video digitizer uses the MC68B09 microprocessor to

control the hardware ( Figure 2.5 ). The MC6809 series of
microprocessor was chosen because-of familiarity.. The main
tasks ~f the microprocessor are the coordination’of data
transfer and sYstem control, so there is no requ;rement for
. @ more powerful processor. The microprbcessér does not
perférm the éctuél data transfer but programs the-hardware

( Anélog to Digital®Interface ) to accompli;h.this. This is
- because of the high dafa transfer rates required-to sample
the'video signal in real time and ééintain the'desired

resolution. It is too time consuming to have a

‘microprocessor controlling the A/D converter, reading its
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14.
~data and storing it in memory. .

The 'B' version of the 6809 ( MC68B09 ) was used
because it is faster than the other versions of the 6809 ( 2
MHz v.s. 1 MHz ). A 2764 ( 8K x 8 ) EPROM is used to store
the MC68B09's program and a 6264 ( 8K x 8 ) RAM is reserved
fof the microprocéssof. An MC68B40 Programmable Timef
Module is used to'détect and mea;;re the video
synchronization pulse and timing signals. The 74ALS245
buffers are used to buffer the outputs of the 68B09.

Tre 68B09 oscillator ( EXTAL ) input is driven by a 10
MHE-clock derived from a 40 MHz oscillator and a divide-by-
four circuit. The 68B09's internalicircuitry divides the 10
‘MHz clock by 4 to 2.5 Msz thus giving-a microproceséor

cycle time.of 400 ns.
7
2.3 A/D Acquisition Interface
The A/D acquisition interface is the heart of the
~ digitizer. Consisting of an A/D converter, reference
voltage circuitry, and an Application Specific Integrated
Circuit ( ASIC ), this interface controls the flow of data

from the A/D converter to théxvideo memory ( Figure 2.6 ).

-~

2.3.1 A/D Converter
The analog to digital conversion circuitry must be able
to digitize a 512 x 484 pixel video image in real timeﬂ‘ The

video information portion of a video line is about 52 us.
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To acquire &5 ° pixels for one video line in 52 us requires a
cdnvérsion rate of 10 MHz. A flash A/D converter must be
used to ovércomé this speed constraint. An 'n' bit flash:‘
converter uses an interngl chain of 2N vo#tage‘comparators,
each with its own reference‘voltaée, to quéhtize the sigﬁal.

The resulting quantized signal is then encoded into an 'n'

bit binary number. This requires only one clock cycle to

perform a conversion while other types, such as successive

approximation, require several cycles.

To accéhnt fof such aspects as varying‘lighting
conditions, luw contrast images and sbafially §ariant
contrast images due to.skin'feflectivify,‘256 quéntization
levels ( 8 bits )'are required to sufficiently represent the

video signal. -

213.2 Peripheral Analog to Digital Interface Mogule

The Peg?pheral AkD.interface’module (" PADIM ) controls
the flow of daﬁa from the high speed A/D converter to video
memory ( Figures 2.7 and 2.8 Y. 1In essehcé,‘it is a high-

speed, 10 megabyte per second, direct memory access ( DMA )

‘»controller; The module is programmed with the base address

of the memory transfer and the number of bytes to be
trancsferred. 'In this applicafion>‘the device is programmed
wiﬁh the above‘informatioh-for every video line ( Figure
2.9 ). Therefore, the sémpling process can be synchronized

to the Start of video information and proceed for a fixed
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timé. This eliminates the sampling of the synchronization
pulses. | ’

The interface module also provides an interface between
the microprocéssor and the.video memory. This interface is
pro;;ded through a 32K memory block in the microprocessor
address space. The‘mlcroprocessor programs the interface
module with the appropriafe‘page to access-all video memory.
The video memory address spacefbf the PADIM was designed to
accommodate up to 1 megabyte of RAM for expandability
purposes. In this«application, only 256K of this addréss
space is occupied by RAM. .

Another feature of the interfacévmodule is the ability
to program a delay register that accommodates the pipelining
éffectlof the A/D converter. When the first sample is
taken, the encoded binary number.may not appear immediatel?,
but at some fixed number of samples later, at the output of

the A/D converter. The interface module can accommodate a

delay of 1 to 8 sample periods.

4
2.3.2.1 Discrete MSI vs ASIC Gate Array
Three methods of implementing the PADIM were
considered: (1) implementation using discrete off—the—shelf

4
medium scale 1ntegratlon ( MST ) components, (2) a full

-~ a

Custom CMOS integrated circuit, or (3) an-appllcatlon

specific integrated circuit ( ASIC ) gate array.
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2.3.2.1.1 Design Considerations

Implementation of the three methods were evaluated.
»A). MSI:

A prellmlnary design was Prepared using MSI components
to evaluate its feasibility. The PADIM consisted of an
estlmated 40 MSI components, 652!pins and a board area of
about 130 cm?2. Thls ylelded a total chlp count of about 80
chips to 1mplement the entire digitizer. A
B). ASIC:

An ASIC gate array, while increasing design time, does
provide several’advantages The total chip count can be
halved to a more reasonable 39. Powervconsumgtion is
reduced by an appreciable amount and, due to the reducef pin
count; reilablllty increased and boaro area was
51gn1f1cantry reduced to 10.9 cm2. The gate array is,
however, not without its dlsadvantages, some of these are.
increased de51gn time, 1ncreased cost and no design changes
are possible once the circuit is fabrlcated in 5111con
é). Custom CMOS:

.W? Equll custom 1mplementatlon has advantages with:
respect to 1ncreased security, but has a very long and
complex design time, a very large cost for iow volume

production and no further de51gn changes can be made once

the circuit has been fabrlcated in silicon.

After careful consideration of the avallable resources

it was dec1ded that the gate array approach best suited the
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needs for the project.

2.3.2.1.2 Design Procedures

&/‘ LSI Logic's design procedures and macrocell manuals

were studied. These manuals outline the design-procedure

from paper»to reticle and provide a description of their
software programs ( ie: LSED, LCMP, LVER, LSIM, LTOG, LCHK,

and LTEST; Figure 2.10 ).

The first stage in development of a gate array is the

initial design layout. Using a schematic editor ( such as

LSI Logics 'LSED' ) A design and a list of the network
interconnections, called a netlist, is;generated. lThis
netlist infofmation is used later to electronically
breadboard or simulate the circuit behaviour.<§§
After design layout, the netlist must be compiled into

the necessary format for the network simulator. This
compilation process analyzes the network parameters such as
fanout and fanin. Information on these network parameters
is used to generate delay 1nformatlon necessary for
51mulatlon. If there is an error in the design, such as
very long rise times, it is reported at thlS stage in
deShgn If such an error occurs, the affected area of the
circuit must be redesigned. |

| After network compilation, the design 1s)subject to an
electrlcal verification process ( 'LVER' program ). - This

program checks the eleoyglcal feasibility_of
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1nterconnectlons between cells and also Verlfles that the
gates and pads used in the de51gn are avallable for the
‘hrray type belng used. Again, if an error occurs, 1t must
-be corrected and the netllst regenerated and complled

The de51gn is now ready to undergo 51mulatlon The
' 51mulator uses the complled network and a 51mulatlon control
language ( scL ) program. The SCL program verifies network
'performance. If durlng simulation, an error occurs due to
. SCL program syntax, the ScCL pProgram must be corrected and
"5the network re- 51mulated If the error indicates a de51gn
problem then the design procedure contlnues w1th necessary
modlflcatlons to the des1gn layout
i When the” 51mulatlon is complete the results are
analyzed for toggle 1nformatlon ( LTOG ) This program
checks that every node in the network has been toggled to
ensure that 100% testablllty has been achieved. However,
‘testablllty nmust have been de51gned into the network
1n1t1ally - If toggle analy51s is less than 100%, the
designer must supply addltlonal test vectors to the scr,
.program and re-simulate; |
The next step is to check for deslgn rule v1olatlons

( LCHK program ).

- 2 Testablllty refers to the ablllty of the tester, a
device that tests post” fabrication circuit perfermance, to
verify every electrlcal 1nt§{connectlon of the gate array.

¢ . i _
-
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are reported, and the’deSign must be modified.

~When the circuit has been successfully simplated,
checked for design rule violations, and a set of test
vvectors produced that achieve 106% node toggle coverage, the
bonding diagram and bonding command file are generated.
This includes the necessary information to make the
interconnections between the die and package.

| The LTEST program is the next phase in development.
Thls program extracts test vectors from the 51mulatlon
control programs and generates a. test program for the
automatlc tester ;f an error occurs it may be‘necessary
to modify the 51mulatlon control programs or the design
itself.

The de51gn is laid out after the test program is
complete ThlS generates the actual cell 1nterconnectlon
1nformatlon for the reticles. After layout, the actual wire
1engths are computed and used in a post- layout 51nulatlon
This 1nvolves executlng the simulation, design rule check
and test program generatlon programs and verifying the
proper operatlon of the design.

' When the dev1ce de51gn procedure is complete the array
is fabricated and the chip is subjected to design testlng
This involves the automatic tester and the test program

generated by the LTEST program.

e
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2.3.2.2 GatepArray‘Design
A block diagram of the gate array is shown in Figures
2.7 and 2;8. The gate array consists of four major blocks:
" the CLOCK CONTROL, MUX, COUNTER and CONTROLLER

The purpose of the gate array is to transfer data from

'R the A/D converter to the video memory system. Operation of

the device is as follows Before a transfer occurs, the
device must be programmed w1th the ‘appropriate memory

t
address of where the memory transfer is to occur ( Base

Address ') and the amount of data to transfer ( Count ). The
dev1ce can be triggered asynchronously ‘by an external source
-or synchronously by the microprocessor. Once the PADIM has
been triggered, the A/D-converter is enabled and memory
addresses are generated by the device in synchronization
with conversions of the A/D converter. Ouring thiS'process,
the PADIM generates the necessary RAM control signals to ‘
write the result of a conversion into memory}

| The COUNTER module was designed to generate the memor
addresses. This module -is Gontrolled by the CONTROLLER and
was designed to operate at-thg reqdired speed of.lo MHz.

. The heart of the PADIM is the CONTROLLER module

( Flgure 2.8 ). This module coordinates the activity'of the
MUX and COUNTER modules. It contains the Base Address
Register; the Count Register and the logic requlred to

monltor and control the COUNT module. It also controls

logic to synchronize .an external asynchronous event to the

i

<
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CONTROLLER. Upon receiving a signalvto start the memory
transfer, the CONTROLLER initializes the COUNTER module,
selects the COUNTER m;dule for output via the MUX module,
and enables the A/D and RAM control'signalsl As the
transfer progresses, the CONTROLLER module monitors the
output of the COUNTER module. When the CONTROLLER detects
that the required number of bytes have been transferred, the
COUNTER is stopped and the A/D and RAM control signalg anF,
disabled. ’ \

. The MUX module controlsvthe addréss appearing on ta;
videovmemory address lines. The MUX selects between the
address produced by the microproc;ésor address line and the
page register or‘the output of the-COﬁNTER module.

. The CLOCK module was designed to generate the necessary
timing for the controller and RAM control signals; A 10 MHz
clock sdurce is required beEause the data transf - rate is
10 MHz. The RAMmaccéss time is 10( s and the write strobe
.timé is 70ns, therefore a writefstrobe with a duty cyéle of

25% would satisfy the RAM access requirements. To

1
- accomplish thisi a 40 MHz external source was used and the

~

internal circuitry of the clock module geﬁerates a 50% duty
cyele 10 MHz élbck and a 25%=duty cyclé 10 MHz signal using
.shift registers. |

Schematic diagrams of the gate afray are shown in

appenaix E.
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2.3.2.3 Gate Array Implementation )

When the gate aftay had been successfully designed ahd
simulated, the device was fabricated. This process involved
sending the layout information to.LSI Logic to have the
reticles made following which the actual fabrlcatlon and
packaging process took place. o

Subsequently, the perlpheral A/D interface module was
implemented into the video digitizer system board. The

necessary connections were made to the address, data, and

control buses of the system.
¢

i

2.4 Video memory‘ v 2
The video memory subsystem is comprlsed of 256K of
leOns CMOS static ram and an address decoder ( 74F138 ). To
accommodate the high speed data transfer ( 10 MHz ), it was
necessary to use high speed ram. Static RAM was chosen for
its ease of use and cost which is'eomparable to high gpeed
dynamic RAM. . | |
The memory decoder\cireuitry cohsists of a 74F138.
This is used to decode the 256K memory address space into
32K blocks. Each static RAM module has a 32K by 8 B

configuration.

'2.5 Video signal processor

.. The video signal processor‘conditions,the ihcoming
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video signal and generates synchronization and timing
éignals ( Figure 2.11 ). The signal conditioning provides a

lo@ pass filtered video signal to the A/D converter to

. .
\“\\

educe aliasing éffects. The signal also drives'circuitry
that extFacts syﬁchronization pulses. These pulses are
routed to a timer module that pérforms pulse width

measurements to determine the typ? of synchronization pulse.

2.5.1 Video signal conditioning <f‘

The video signal ié initially level shifted using a
diode clamping circuit to reduce and provide a constant dc
offsét. The signal is low pass filtered ( 3dB frequency =
1.59 MHz < Nyquist Fr?quency of 5 MHz ) to reduce aliasing
and then buffered th;;ugh a LF357 op-amp. After buffering,
the synchronizatién pulses are sepafated using a IM339

voltage'comparator to generate a composite synchrénizatién
E 2N i
signal. From this signal, the horizontal synchronization
A3
pulses are separated by a differentiator and voltage

comparator circuit.

2.5.2 'Timing

Special circuitry was required to generate a pulse to
indicate the start of a video line ( F&gure 2.ii ). The
circgitry accommodaﬁes for the blanking delay of the‘video
signal. The blanking delay circuit,.consisting of‘a 7418221

multivibrator plus discrete capacitors and resistors and a
[ A

: f“/j - R
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74ALSS74 regisﬁer, synchronizes with the horizohtal
synchronization pulse to geﬁerate the start signal.

The compositevand horizontal syhbhronization signals
are connected to the gate inputs of a MC68B4O programmable
tlmlng module ( PTM ). The PTM measures pulse widths and
thus discerns between verticai, horizontal and edqualization
synchronization pulses. Figure 2.13 ( PTM connectidn and
programming details ) details the programming model for the

PTM. s

2.6v Communicatiors Subsystem ( IEEE-488Q)

The IEEE-488 1nterface is built around the Motorola
MC68B488 General Purpose Interface Adapter ( GPIA )
controller chip ( Figure 2.14 ) Thls Chlp performs
handshaking and protocol admlnlstratlon required by the
standard ?he bus is connected to the GPIA through two
MC3447 bus transceivers. These transceivers have built in
GPIB bus terminations and interface 1og1c to 1nterface with
the GPrIA.

A DIP switch. connected to the GPIA through a 74ALS574

latch, is used to ze+ the GPIB address of the video

-vdigitizer.
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HSYNC P Timer 1 Gate

CSYNC ——————— Timer 2 Gate

CSYNC ———————® Timer 3 Gate

MCe68B40
Programmable
4 Timer
Module

‘Timer 1: G1 <-- HSYNG
- This timer is used as a horizontal sync pulse detector.

The timer must be initialized for pulse width ( PW ) measurement:
PW > Time Out = 3.5 us, interrupt enabled,

Timer 2. G2 <-- CSYNC

- This timer is used to detect vertical sync and equalization pulses.
For vertical sync pulse detection, the timer must be set up for
pulse width measurement: PW > Time Out = 20 us, interrupt enabled.
For equalization pulse detection, the timer must be set up for pulse
width measurement: PW < Time Out = 3.5 us, interrupt enabled..

Timer 3: G3 <-- CSYNC

- Field detection is the purpose of this timer. The timer must be set
up for pulse width measurement: PW < Time Out = 45 us, .interrupt.
disabled. A field is detected by reading the interrupt flag associated
with this timer when an equalization pulse is recorded. If the
interrupt flag is set, the current video field is #1.

Notes: CSYNC = Composite SYNChronization signal’
HSYNC = Horizontal SYNChronization signal

Figure 2.13

Pfogramm'ble Timer Module Programming Details

s 1 A\

A
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Bléﬁk Diagram of IEEE-488 System.
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3. System Software

3.1 Overview
The system software executes on the local MC68BO09
microprocessor. It controls and synchrohizes the functional
/’blocks of the video digitizer system and is written/in the
microprocessor's‘native assembler'cqse.

&N

After a hardware reset, microprocessor program
execution is vectored to the sta:t of the Video digitizer
code ( Figure 3. 1 ) The program initializes the
microprocessor system, the GPIA, and the video system. The
video system initialization ( Figure 3.2 ) resets the video
signal processor ( PTM ), the analog to digital interface,

( PADIM ), and initializes the default sampling parameters

After the Video digitizer has been initialized the
.software enters the main loop. The Main Loop module
é figure 3.3 monitors the IEEE-488 instrumentation bus for
a message. The received message is anaiyzed when tne bus
completes a transaction with the video digitizer configured
as a listener. The microprocessor will determine the
validity of the command and process it if valid, otherwise

it will send a message to the controller, via the ~end

response module, indicating an error ( Figure 3.4 ).

36
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3.2 Digitize Module |
This routine is executed when the main loop receives a
command te digitize a video frame. The digitization
software ( Figure 3.5 ) sets up, the start address for the
video frame, dlgltlzes the v1deo frame and sends a response
to the host computer 1nd1cat1ng the completion of the frame
acqulsltlon, o o
_ The Dlgltlze Frame module ( Figure 3. 6 ) 1s the root
module for video frame acquisition. Control is first passed
to an 1n1+1a112at10n module bldeo Slgnal Processor

Inltlallzatlon ( Flgure 3. 7 ), which configures the PTM to

detect equallzatlon horlzontal, and vertical

Asynchronlzatlon pulses. When the PTM detects these pulses,

the microprocessor is alerted with the assertion of an

interrupt line. After.the initialization, the Digitize

,Frame module calls the Frame Synchronization module. The

deteetlon of synchronlzatlon pulses and subsequent
b
1nterrupts provide v1deo frame synchronlzatlon 1nformatlon

- to the Frame Synchronlzatlon module. Once frame

-

synchronlzatlon has been establlshed the module digitizes

-both v1deo flelds using the Digitize Field module.

?

’ f:m

i

3.2.1 FIRQ Interrupt Service Module
The MC68B09 microprocessor has three interrupt levels:
(1) a non-maskable interrupt, (2) a standard interrupt and

rv..

(3}?a-fast 1nterrupt.,_The fast interrupt Sequence is



o
; 4
S A
Digitize
Initialize : o Send
Line Address Digitize Response
<0 - | © - Frame *DIGITIZE"
o

Figure 3.5 ).

Digitize Module
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initiated by a device attached to the FIRQ llne of the
microprocessor and has priority over the: standard 1nterrupt

-

( IRQ ). An FIRQ is fast in the sense that when the
microprocessor recognleeSwthe interrupt, the microprocessor
stacks only the program counter and condition code register.
ThlS reduction in stacking operatlons compared to the NMI
and IRQ increases’ interrupt response time by a factor of 2.
The FIRQ is used by the video digitizer to link the
video signai processor to the microprocessor. Thls link
allows the PTM to qulckly alert the microprocessor when it
detectsia synchronlzatlon pulse. Since synchronlzatlon

pulses may occur as little as 32 us ( 0.5 H) apart, the‘

mlcroprocessor must respond and proces& the 1nterrupt in

- less than 32 us. A structure diagram of the FIRQ service

routine is shown in Figure 3.8. In addition to fast
execution, the 1nterrupt service routlne must prov1de a way
of informing other software modules that a synchronization
pulse has occurred. This is accompllshed by using a flag
that the other modules can poll; however, the longest

period of time between sSuccessive polls of the flag by a

module must not exceed the»peri"; setween synchronlzatlon f?
Pulses specific to that module. That,ls, durlng the proce§§#
of digitizing video lines, the software is synchronized to‘
the horizontal‘synchronization.pulses; thus, the longest
tlme allowed between succe551ve polls is 63.5 us (1 H).

To achleve minimal 1nterrupt service tlme the service
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‘#routine acknowledges the interrupt and increments a flag

associated with the timer that caused the interrupt.
‘ P

s

outlined in the flewchart shown in Fiégge 3.9 ( also see
Flgure 2.4 for vert1cal synchronlzatlon Sequence details ).
First, the program waﬂ%é for a vertical synchronlzatlon i
pulse followed by a horizontal synchronization pulse. ‘After
thlsl_the program wa;ts for an éﬁualization pulée. When an
equalization pulse isldetected, the module measures the
pulse width of the preEeding video line ( the last visible
video line ). 1If the width of this line is 1 H, then the
current video field is the second field of the current video
frame. If the width of the line is 0.5 H, then the current
field is the first field of the video frame.

When the end of the second field of a video frame is |
detected, the software is. synchronlzed to the frame ( Figure
3.10 ). Notice that the frame synchronlzatlon structure ~

_dlagram shows the software waiting for six horizontal
synchronlzatlon Pulses after the vertlcal synehronization'
pulse is detected. This is because five herizontal
synchronization pugses occur and are detected durlng the

vertical synchronization. Therefore, to détect the flrst

horlzontal synchronlzatlon pulse after the vertlcal
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synchronization pulse, six horizontal synchronization pulses

must be detected.

3.2.3 Digitize Field Module

When the software has established synchronization with
the video frame, both video fields of the frame are
digitized by the Digitize Field module. The'Digitize Field
module is designed tolbe field independent ; that is,. it may
digitize the first or second field based on a register
parameter ( called the field parameter ) passed to the
module. The parameter ( in this case, the A accumulator )
must contain thegy number of horizontal synchronlzatlon pulses

that occur between the vertical synchronlzatlon pulse and

the first v151ble v1deo line which is unique to each video

fleld,
1. Once control is given to the. Dlgltlze Field module
( Flgure 3.11 ), the software sets up. the - base address of

:tst video line ( passed as a varlable parameter from

o the Dlgltlze Frame module ) and monltors the number of

"r~' )

horizontal synchronlzatlon pulses that occur. . When the
number of herizontal synchronlzatlon pulses that have
occurred matches the fleld parameter the software enables
the blanklng delay circuit which in turn provides the
necessary start signals to the PADIM. v

The software now monitors the horizontal

synchronization pulses, which correspond to the PADIM start
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signals plus some fixed defay, and reprograms the PADIM with
a new base address for egéh videoiline. This continues
until the.prodram detects'thét the required number éf video
lines ( 24é by default ) have been sampled. When all the
video linés of the current field have beeﬁ digitizg%thhe
module disables the blanking delay éircuit. The time
between horizontal‘synchroni;ation pulse detection ( start
of a video line ) and the next horizontal synchronization
pulse is small ( 63.5 us ). Care must be exercised to
ensure that the PADIM.is updated'with the base address of
the next wvideo linevbefore the occurrenzf

e of the next

synchronization pulse.

%5
B

3.3 IRQ Service Module

The IRQ Service module controls device transactions

with the host computer via the IEEE-488 instrumentation bus.

This‘moqule consists of interrupt driven input, output and
GPIB command modules ( Figure 3.12 ). The MC68488 GPIA uses-
the standard interrupt (VIRQ } of the miqroprocessor systém.
A transaction between the vig?q digigizér and the host
computer must be initiated by the hpst:computer.- When the
host initiates the bus transaction by sehding a command to
the video‘digitizef, a BI ( Byte In ) intef;upt is generated
by the GPIA. An interrupt sequence is initiated if the GPIA

was enabled as a 'LISTENER' as occurs in the Main Loop ]

module ( Figure 3.3 ). When the BI interrupt
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is recognlzed the IRQ service module dlrects program N

execution to the input module ( FlguréfB 13 ) : ?

The 1nput module polls the GPIA to see 1f a byte is

St
Lk

ready. ~When the GPIA 1nd1cates so, the softwdre reads the
GPIA data-in register and places the data 1nto the anut
buffer ghd updates the &ength attribute. | This cOntinues
until- the module detects that the EOI ¢ End~0r'Identify ) ﬂﬁ
line of the GPIB has been asserted Wﬁen the EOI 1line is
asserted, ‘1t indicates that the. next byte of information

will be the last for the current bus transactlon When the
assertion of the EOI line {s detetted, the program reads the
last byte from the GPIA, stores th& data in the buffer,
updates the length, and clears the Listen Flag to indicate
that the‘listen operation has completed.

After the input has been processed, the digitizer

responds with a ﬁessage unique to the command received

( Figure 3.4 ). When'the;send resﬁonse module is eXecuted,
the response message is stored in a buffer and the GPIA is
enahled to make the video digitizer a 'TALKER'. The module
polls the status of a flag ( called the Talk Flag ) to
determlne 1f the GPIB transaction has taken place. When the
) GPIB is ready to accept the video dlgltlzer as a 'TALKER' a
BO ( Byte oOut ) 1nterrupt is generated by the GPIA. When
this interrupt is generated, the IRQ service module -directs
program execution to thégoutput'moddle‘( Figure 3.14 ).’

i

The output module computes the end of the :tring‘and
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polls the GPIA for output status. When the GPIA 1s ready to
receive a byte for output, the module extracts the necessary
byt? from the buffer and writes this to the GPIA data-out -
‘register. This procedure continues until the program
detects the last byte of‘the message and then the EOT ( End
Or Identify ) line is asserted and the last byte is written

to the.3P{3 Flnally, the Talk Flag is cleared to 1nd1cate

¢ ﬁp&etlon of the output.
hhother feature built into the IEEE-488 software is a
module to handle the Device Clear ( DCL ) GPIB command.
When the GPIA generates an 1nterrupt theigﬁatus reglster 1s
also examined to determine if a GPIB command has occurred.
If so, the mlcroprocessor.executes the GPIB command module
( Figure 3.15 ). This module checks to see if a DCL command
was the cause of the interrupt If so, the software resets’
the system stack and initializes the video system.
LI Uploadiaodule
The upload module transfers the digitized video

©

information to ‘the host computer system. Thisg software °
module is part of the video dlgltlzer command set. The host
sends' an upload command byte followed by a 'sixteen bit word
1nd1cat1ng the video llne number. ; The host computer-
yrequests v1deo 1nformatlon on a 11ne by llne basis. When )
.control il transferred to thlS module, the computer

retrleves the line number from the 1nput buffer. This ¢



pares
AN

: ,

GPIB
Command
DCL
i Device.
Clear
Initialize = ‘ : _
System : : Video' System
Stack “Initialization
Y
s
4 .

Figure 3.15

- GPIB Command Module




1 . 59
information is used to compute a video page. and memory
address for video RAM. The PAbIM‘is programmed with the
video, page and the data is read from v1deo RAM and stored in
an output buffer. 2 response message 1s constructed when
the v1q$o samples have been loaded 1nto the output buffer

The video 1nformatlon is returned w1th the response (¢ Flgure

3.16 ). ' NN

3.5 Self Test Hodule _ o | R o
Three seyf test operatlons are 1ncorporated 1n the
: v1deo digitizer. These tests were 1mplémented to ald in the.
hardware debugging of the video digitizervand-areaawai;able

M

wto assist in dlagnostlc testing of the video dlgltlzer 1n

8 -

case of hardware problems ( Figure 3 17 ).
The first mode tests the video s1gnal processor and

PADIM hardware ( Figure 3.18 ). This test synchronlzes the

1

frames. The vidéo digitizer will retfirn a'completion byte
to the host computer through the IEEE -488 1nstrumentatlon
bus in approx1mately 8.5 seconds During ‘this tgme; an
oscilloscope can be used to monitor the signal paths in the
video digitizer hardware. o \
The second mode is a video RAM test ( Figure 3.19 ).
This software module performs a memory test on the'video RAM‘

-

by 'walking' a 1 through each byte. The test result is sent
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to the host computer. A return code of 1 indicates é RAMV
test failure and a return code of 0 indicates the video RAM |
passed the test.

(i);The third test mode is a system test ( Figure 3.20 ).
The system test mode fills the video memory with a

pattern. A sixteen bit w0rd is stored in successive memory
locatlons in video RAM The MSB of this word corresponds to
the video page and the LSB represents the location of a byte
within an 8 bit page. ' Once completed. ( as 1nd1cated by a
response via the IEEE -488 bus ) the video memory can be
examined by uploading the vidéo memory to detect if an’

addressing failure has occurred.

3.6 »Setnp Module

The setup module is part of the command structure of
the program ( Figure 3.21 ). When the Main Loop module
detects a setup command, the microprocessor is directed to
execute this module. The setup module was designed to aid
in debugging the hardware and provides a way to modify the
default parameters ( number of samples per line and the
number of lines per field ).

Once program control is»given to the setup procedure,
the software extracts the line count‘andssan)le count from
the input buffer ( these two 16—bitivalues are supplied with
the setup command hy the host computer ) . pPrograms these

values'into the PADIM and responds'to the host.
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4. Prototype Verification and Evaluation

4.1 Initial Prototype Verification
The circuit was prototyped on a‘vectorAboard using 3-M

vprgﬁbtype components" Flrst the video s1gnal processlng

c1rcu1t zgs prototyped and tested by adjusting the corner'
frequency of the buffer's,RC feedback network and the D.c.

offset voltage of the clamplng circuit ( see schematic

4

' dlagrams in Appendix F ). The LM357 op amp is a high
_pErformance high gain FET input op amp. To avoid
osc1llat10n a filter is. used in the feedback path of the -

ampllfger The corner frequency was adjusted to max1mlze

\ .
the 3dB frequency of the fllter so that the output d1d not
Y A :
osc1llate aﬁ&,the addltlon of thls pole dld not

©

s1gn1f1cantly affect the 3dB frequencY>of the low pass-.
“’fllter , The clamping circuit prov1ded a constant 0.2v D'

offset voltage and ellmlnates the D.C. offset fluctuatlon
3 & o

some - poor quality v1deo cameras exhibit. Once the v1deo
51gnal process1ng 1nterface was succéssfully tested "the /-

/
computer and GPIB were,assembled Spe01allzed softwarefwas&i
\ L
writtten to Verlfy correct operation of. .the computer NG

N\,

hardware. Critical s1gnal waveforms were analyzed ( ie: 40 I

o™

MHzi oscillator and E ) and d logic analyzer was used to

67

Il ‘ 1Y
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verify the proper execution of the testr software.

4.2 IEEE—4§8 Instrumentation Bus

Software was written to test the HPIB interface
subsequent to testing the basic computer hardware. The
transmit and receive functions of the communications
'software were wrltten and tested u51ng an IBM PC computer
equlpped w1th an IEEE-488 1nterface card. This involved
sending a message from the PC to the video digitizer. when
the video digitizer feceived the.message, it transmitted the
same message to the PC Where verification was performed to
ensure the integrity of the instrumentation bus.
4.3 Self Test

A series of test programs were incorporatéh into the
video digitizer software to verify that the video memory

subsystem and the analog to digital 1nterface fun tloned -

correctly. Results of the video processing.se est are

R

shown. in Fioure 4.1; ThlS indicates that the A/D converter
is being’ enabled at the proper tlme and that the software is
correctl§\Synchron ed with the v1deo frame ' The video
\memOrngest was conducted and returned a valuelof 0 -
1nd1cat1ng a successful memogi check A small program was
wrlgten to repet;tlvely perform this test and was left to

/ A -
run overnlghtAh The test did not fali once durlng the 1900

tests performed. ' The system test verlfled that the PADIM

-,



pPage register was operating properily.

4

4.4 Frame Digitization .

Hrellmlnary tests were done to show that the dlgltlzer
performed as expected. These tests %nvolved placing objects
in front of the vided camera, digitizing‘them and then
agalyzing the.dhta. This was done to verify that the video
memory was retaining the sample information.

First; a strong light was placed in front of the video
camera and the bottom horizontal half of the camera lens was
covered ( Figure 4.2 ). The 1mage was digitized and the
resultlng data was analyzed. Tables 4.1 and 4.2 show the
v1deo memory contents for selected video lines. The - '
precedlng process was repeated w1th the obstruction of the
left vertical half of the camera lens ( Flgure 4.3 ). By
ana1y21ng the resultlng memory data shown in Tables 4.3 and
4. the obst£uct1ng ob]ect can be observed by know1ng that
a low hexadecimal number represents black and-a high number
‘is white. .

"The IBM PC was then programmed to load the data from a

dlgltlzed 1mage and dlsplay it on a graphlcs screen "
Several 1mages of the lab were dlgltlzed and dlsplayed 1n\‘“
‘"thls manner - However due to the lack of grey scale

capablllty with of IBM PC/XT computer system these results

s Aare not approprlately shown here. ' T
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Figure 4.2
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Figure 4.3
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Sample
2 2 2 2 2 2 5 5 5
0 1 3 4 6 7 0 1 1

o 1 2 0 5 0 5 0 5 9 0 1

O| E8 EA F4 FF FF FE FF FF FF  F2 F4 EF

1{ F5 DF E1l FF FF FF FF FF FF E7 F1 FO

2| FO F2 EF FF FF FF FF FF FF F9 F2 F4

.:) - '
100| FO E8 EA FE F8.FO F6 F2 F9 E8 DO F2.
115} C3 C9 Co C8 D5 C2 CA C8 C4 C3 C4 C5
130] 80 88 83 90 87 89 82 7F 83 80 88 81

o : :

N
24%] 10 11 ‘10 13 14 10 13 12 11- 11 14 OF
241| OA OC 09 OA 10 10 oA 1o 09
o iy

able 4.1

orientation #1, field 1 .
-+ 5 5 5

. , o 1 1

t ot 2 . 9 0 1

0| 00 00 DO ., F2 F5 F4

1| FO FO F4 FO EF EF
2| FO F1 F3 F8 F4 F5

. :

o o .
100| EF EF EC - FB-FC FA F9 F7 F8 FO .ED EF' .
~11517~€3 BF C2. C4 C9 C6 CO C2 C4 C2 CO BE

- 130] 7R _7E 82 85 87 83 84 81 81 82 90 84
240| OF OE 1D  OF 14 05 13 10 18 . 11 10 1F
241 11 1202 10 1C 21 09 X3 12 0A 10 OB
B - .
) ’ m‘
Table 4.2

__f:

Raw video data -,orientation“§l/ field 2

‘

—_—N
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2 2 2 2 2 2 5 5 5
0 1 3 4 6 7 ,0 1 1
Jo 1.2..0 5 0 5 0 5..9 o 1
O] EE DC CE F8 D5 BO 94 57 3F 1B 20 12
1| EA D4 D6 FF E5 B8 A2 61 44 15 1A oF
2| :
- |
.| .
100 | . .
115] “ .
Line, 130] : ' .

240| FF FE FA ' FF FE F1 BO 42 33 10 10 19
241| FF FF'F9 FF FF FO A2 47 2D 0C 18 OE

Table 4.3
Raw video data - orientation #2, field 1

- 4

Sample
2 2 2 2 2 2 5 5 5
.0 1 3 4 6 7 0 1 -1
10 1 2 .. 0 5 0 5 0.5..9 ¢ 1-
'<’0| 00 00 00 0000 00 74 4D 2D 10 16 10
1] EC D6 D4 - FF EE BD 84 45 38 0C 23 1cC.
- 2] N
o -
. -
100] .
115 T
Line' 130} _ I -
< ' &
240 |

-

: .. Table 4.4 . i
Raw vided data - orientation #2, field 2

ot
3

241| FF FF FA FF FF CE 6B 45 2%\‘ 14 12 14"
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4.5.2 Line Pattern
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4.5 Clinical Installation

4.5.1 Initial Tests
Upon confirmation that the video digitizer was B

‘ . . [
operating correctly in conjunction with an IBM PC, it was “

- taken to the Glenrose Reﬂabilitation Hospital and connected

to the HP computer system. Software was wrltten in HP BASIC
to interface the computer to the video digitizer. Initial
tests were performed to ensure proper connections and
operation of the videovdigitizer. This involved exeCutlon
of the self- test prpcedures and examlnatlon of the results.
Inltlally, the video digitizer did not operate. It was
determlned that the EOI line of the IEEE-488. bus ‘-was not
belng asserted prppeq&y This problem was rectlfled w1th a
modlflcatlon to tﬁe BASIC program and then the self tests
were executed. First, the video digitizer's v1deo memory
was tested; thlS test passed, then the system test was used
to_ver;fyvthe address and page rezlster systen, .agakn, this

ignal processor test was

\

test'passed Flnally, the video
performed and an Csc1lloscope was used to- verlfy proper A/D

enable operat;on which was’ satlsfactory

oo
%

o

‘ After establiShing that the digitizer was operating 7
¥
properly, the BASIC program was modlfled to upload and

dlsplay the v1deo iata of a d1g1 iz®ed image. Standard line
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patterns projected onto a white background were digitized
Thls was done to ensure that the BASIC program was reading
the 1nformat1QQ properly from the video dlgltlzer and
dlsplaylng the line information in the correct order with
respect to the two fields of the v1deo frame ( Figure 2.3 ).
Photograph's of the or1g1na1 and digitized images are shown
'1n Flgures 4.4 and 4.5 gpspectlvely The dlgitized image
has good contrast howevﬁ& near the four corners of the
frame, the 1mage appears B fade in brightness and contrast.

This is caused by the v1deo camera ditself and not the v1deo

dlgltlzer hardware.

4.5.3 Noise Reduction.
A mannequin ( Flgure 4.6 ) was Used as a test subject.

The mannequln 1mage was dlgltlzed ( Figure 4.7 ) and the

flltered 1mage The prlnclple of the filtering is that
n01se is random and the averaglng function will reduce the
magnltude of the nofse In this case four suCcessive
frames were dlgltlzed and averaged ( Flgure 4.8 ). 'The -
photograph 111ustrates that the fllter reduces the magnlt\de
of, mhe(nolse pParticularly aroung the shoulders ahd"

produces a slightly . contoured image. - The secocnd téchnzque

1nuolved applzcation'of.avmedian filter to
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, Mannequin-.

Figure 4.7

tized Image of Mannequin
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tbe,image. The median filfer is a point operaﬁion that
places the median value of anr area of bixels around a point
in the inpupiimage into the output image ( Figure 4.9 ).
Results of applying a third’prder median filter'( ie: 3 x

3 ) to the mannequin image above are illustrated in Figure
4.}0; Note the large reduction’in noise, however, the
contouring effect of this filter is eignificantly more
profound than the frame averaging filter.

Noise reduction is important for two main reasons.™
Flrst because, the Prototype video digitizer is pPrese =
'being used, a certain amount of noise from the digi=:1

portion of the circuit is present in the analdg secti-

While the prototype has been deeigned to minimize noise,
better reliability and a significant reduction in noise will
occur if a printed circuit board is used. Second, the video
camera itself 1s susceptible to a Certain amount of noise.

The frame a&eraginé filter\algorithm maintains all of
the original 1nformation and edge definition of the image
‘However several frames of the same 1mage .differing only in
noise present, must be available for averaging, or else the
edges ‘will become smeared or blurred in the final output.
This could present a problem for this clinical applicatipn
because the images to be digltized are not liPely to remain
stationary over the time required to dlgltize and upload

four Or more 1mages. The median filter has several

advantages. It maintains edge definition, reduces noise
~-/ .
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significantly, is fast ( with respect tc,using’a window

4

function that would require the use of a Fourier Transform )

o

but slower than frame averaging, and'reqﬁires only one input
image.
4.5.4 Maqneguin with Line Pattern -

A line pattern was projected onto the back of the
mannequin to simdfate a real clinical application and. this
image was diqitized. The original and median filtered
ima;es are shown in Figures 4.11 and 4.12. These .
photographs illustrate the‘distortion of the horizontal
lines in relation to the curvature of the back. ?inally,

x
the procedure was used on a scoliosis patient to illgstrate
a clinical application and how the horizontal line

- distortion is related to the cosmetic deférm;ty of

'scoliosis. The results are shown in Figures 4.13 and 4.14.
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dian Filtered Image of Mannequin




Figure 4.11

Horizontal Line Pattern on Mannequin

Figure 4.12
Median Filtered Image of Figure 4.-1
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S. Limitations and Recommendations

TheJdescribed video digitizer has several important
limitations that must be expressed. These limitations are:
(1) it is a grey scale digitizer,with 8-bit resolution:
(2) real time image proce551ng is not—pos51ble since:the
~digitizer can 'grab' only one frame at a time and then must
upload this information to a host computer system, and (3)
resolution %apablllty is limited to 512 x 484 pixels.

. Enhancement to the capabllltles of. the present v1deo
dlgltlzer can be realized by 1mprovements to hardware,
~software or a combination of the two.

Some hardware enhancements include.the elimination of
the microprocessor address and data buffers. Initially, it
. was expected that these buses would be overloaded but the
use of a gate array has ellmlnated the need for these:
buffers The de51gn of a prlnted C1rcu1t board is also
recommended. The use of a prlnted 01rcu1t board would
v:Slgnlflcantly\lncrease reliability and decrease n01se from
the dlgltlzer c1rcu1try

Software capabllltles of the video dlglther can be
expanded to prOVlde on—board noise reductlon Addltlonally,

,1.v

', an- edge enhancement algorlthm would contrlbute s1gn1f1cant1y

T
(R
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to the v1deo dlgltlzer for: appllcatlon to sc011051s studles.

Operat;cnal performance could be enhanced “with the

expansion of v1deo RAM and software. The video RAM module

presently \contains enough memorg_to hold_one video fraﬁef
ExpanSionMcculd provide up to four frames of video inggeSi
With software modificaticns, the video digitizer could be
used to dlgltlze four successive v1deo frames These can
'used for frame averaglng and could eliminate the need for'

uploading the video memory between each frame acqu1s1t;on.

be



¢ 6. Conclusion . , ,

.The intent of this research was to develop an imaging-
system to be used in the dlagn051s and mon}tprlng of
chlldren with scollos1s The solutlon requlred on line data
acquisition of v1deo 1mages which can be analyzed to provide
details of trunk deformity. This thesis desCribed.a system .
. of hardware'ang;software'which provide a digitized‘video
image to a host computer for such an ana1y51s |

The system is compact, more rellable and cost effectlve
due primarily to the use of readily available .0ff-the-shelf
| microcomputer components and a VILSI gate array that is
software controllable

It is also belleved that the descrlbed system is not

11m1ted to use in scoliosis but may be used for a varlety of

other imaging requlrements. However, these uses must not
exceed the 1nherent llmltatlons of the video dlgltlzer

‘ | ? . ' 3 \:H '
,~;1t:-§el‘fc vt”j’.. Lo t " ‘;( . i .
fbr use in the measﬁrement of back surface topography The
v1deo dlgltlzer will make a’ 51gn1f1cant contrlbutlon to the
growing field of d1g1ta1 1mag1ng technlques 1n dlagnostlc

"and therapeutic sc011051s medicine.

86

fThe descrlbed grey scale video dlgltlzer is a safe tool
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Appendix A I

. S
Operating Instructions

(1) . First corfhect a camera to the video digitizer's video
input ( Figure A.1 ).

i

(2) . Connect the video output to a video monitor.

t.

'yl

‘(3). Remove the 75 ohm te¥mination jumper ( only if the
_,Vvideo monitor, step 2, has been connected ).
(4).’Set:the GPIB DIP switches to a pre—selected GPIB
address.
Y
N
C , i ‘
(5) . Next, connect the power supply fc - the video digitizer,

the camera and monitor.

(6)." Turn on the video monitor and camera.

(7). Turn on the video digitizer.

(8) . Adjust the camera focus, zoom and aperture settings t»

'S

91
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obtain a well 11%, focused image.

Before proceeding, ensure that all the proper

connectlons have been made. To digitize the video frame,

r ”

send the VIDEO DIGITIZE command to the video digitizer via

'the GPIﬁ ( Table A.1 Y. .This command causes the video

digitizer to synchronize to and digitize the video frame. | \
The video digitizer will reply with a completion message

when the frame has bken digitized. R . o

W

Command = | SYhtax JvResponse l‘,f Notes .
L L
Vldeo TEST | <0><0> [ <3><0> | T
I | | ,
Video RaM TEST | <0><1> I <3><x> | x = 0: .0k
| | ' | X =1: fail
. I - " l ’ :I ) e
System TEST | <0><2> |~ .<3><0> |
o R
, DIGITIZE | <1> | <1>. N Ly
Sy “ l S I : S
©© UPLOAD : - ]<2><xh><x1>| <2><data>| xh:. line #imsh
iy : | | 1 %1: line #%sb
, | ) | data 512 byites
| Lo l : L
- SETUP |<3><xh><x1>| - <3» ]'xh #.1lines msb. _ Ry
A | <yh><yl> | | x1: % lines 1sb
- ] | Yh: # samples msb
n | | | ¥1: # samples 1sb
A e l B
Table A.1 )

-Command Summary
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" Video '}Di;giti.zer "Pfototype. ‘
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After the frame has been digitized, the Upload command
uploads the video memory to the host computer. Thls command
instructs the video digitizer to send 512 bytes of data
starting with the left end point of the line specified in
- the command. For instance, to upload the firet line of
v&deo data, the UPLOAD command is sent with the line address
0. The host computer must now receive the data Note that
“the total amount of data sent by the video dlgltlzer in
response to thls command is 513 bytes. The first byte
’1nd1cates that the 1nformat10n to follow is v1deo data and
the remaining 512 bytes are the video 1nformat10n itself.
This command is repeated with new llne numbers until all
required data’hasrbeen uploaded.

- The white ahd black reference levels may be adjusted co
improve cOntraet or brightness. Use a small jewelers
screwdriver to rotate the potentiometer counter clockwise t-
increase the reference level. Increasing the whlte level
has the effect of maklng the whlte of the image appear

darker. Increa51ng the black level makes the darker parts

of the image appeaffdarker.



Appendix B
Service Instructions

The video.digitizer has a number of diagnostic test
" services built into it. These‘test services are shown in
Table A.1. Should any of these test services fail, tﬂé
following procedures should be taken.

First, repeat the test service to verify the problem.
If‘fhe test service fails again, ensure the power and camera
connections are correct and secure. Verify the installation
or removal of the 75 ohm termination jumper as outlined in
thé operating instructions.

» If the problem is intermittent, make note of it with
any peftinent environmental details. ' Examine the history of

these plobléms and consult a technician.
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Appendix C

»

Software Listing

*

X
..............................................................................

2, PR AARARKERKKCKKK Rﬂﬁhﬁﬂhﬁ“ﬂﬁﬂﬂﬂlﬂﬁh‘“ﬂﬂﬁhﬂlxhﬂﬁhﬁﬂﬂﬁAﬁAKNA““ARBRKRRBARKKAKKXW

N .
N
J . A R dmdodred el Eot 2t
***********H****h.annnnnn nnnnnnnn eRkkekokdokokekokekdedokcedok hokdedokehciokedok: Tohkkkekdokekdkkedoickok
. .

—



- (JIBF KU Sue

EIJ

; lagth of QUIRUT string - 1(2byues) 5
; QUIFUT buffier poinber ( 2 bybes ) .
Iggth of INAUT string - 1 ( 2 btes )

:Mhzfﬁa“;mrtn'(zwms

.maFB;zJ (SAL06
$AF00
$8000

; User Stack ‘
QITHF EIJ ,ﬁsbymmntﬂdﬂﬁﬁa“
- FEsBF B 3 mmmnﬁﬁa’c
' the fdllowing eqeEbes are relative to the IER
SYSBYTE BU System byte

; # of lires to be digitized in a field
; 8 bit Greral Rupoee Register
; Device Clear Flag {

g
CELLELEEREREEELEEEEE]
BeeyLERREEEEEEEEEEEY

e
.

g
- BEEECEEERERAH
REEEEEEE



ekt odeodrhedrdrdededodededodeded-ddd £ . L 5 8 2 2 &4 IR K Ik ek dedededededededededeododod dedededd & dedchddededehek dededededededededk ek
’

.
4 v 5
; PIM Byetes
. \>
r ‘ 4
SededdededcedeedehdedetedeRdotedededod fedbododbadod b & bt d et st ks & s /e .\.\: .............. dedcicdedede ook
[t

HOIM Bymtes
\hdsoChtzanEglstn'l ( Write )
Stahslh;lsta-(.Rai) .

Video Qxtrol Register 2 ( Write )

S
:
§

~

JodedededeAdelodedeiehodcdedeedededotedkeke dededodededrdefmdoddededobod &bt L 2ot s s

KRT Byates vy

e W we we 0w

-
kel deiciclecleiol ol doledclcdol ettt ettt bttt ettt bttt et o
KKK Ll KEKKXKK BaZaZaZaT R 2 T 2 7 2 7 2 7 o nnnnaunnnnnnnnnnnnnnnnnxnnnnnuunnnnunxxt

KRR EU  $s "} Hlarkirg Cirouit

FedededAdekekohekeedodedefmdededodedodad L4 L 5 2 4 ddedcde eI odeReAokedeAededeeededddodobabkob ot b bt ittt te et
,nﬂl\l ﬂunnnlnnnﬂnnauﬁ N AEAXKEKRK nnunnnnn«unnnannnnaxnannnnnnunnnnnnm
.

[4

; RESET Vectored Here
o’

.

r

i T
"\hﬂﬁﬂ EaXaXaTel KH-KHﬂﬂhﬂﬂl\ﬁﬂ“ﬁﬂKﬂl\hhl\ﬁl\ﬂl\ﬂﬂﬂnﬂﬂl\ﬁﬂﬂﬂﬂﬂlnl\ﬂ'\ﬂﬁﬂl\ﬂl\ﬂﬁﬁﬂﬁﬂh“ﬂKhl\ﬂﬂm(

.............................................................................

FEalazes KARKEKXKK KKKKX nunnnnnnnnnnnunxunnunnnnannnanAnnnannannnnnnnnnnnnnxx
.

’

; MU RAM Test

’

.

’
Fockckeicioileicickdelclolicholeicictoledckdiioltcdotdeddol oho ettt ottt bttt ot b o s <
,unnnnnnxnnunnnnnnunnunnnnnnaannaxnanunnnnnnnnnuun»nannn BARXRKKRRKKKRER RN kokkk



TSIRVIE IIA.  * #0

SR MERMX
‘QEA MR, X 7 Test byte fx O
" BE = ; If ot 22r0, e
’ i3\ # . ‘
TR S MURMX ; “walk' a ae ttmach bte
R MM X .
BE ™=
ISIA .
B THL
IEX ,X ; check rext byte
arX #0
BL TSIRYIE
BA 3
= I 150 20 B 7 rpxt e
;m*mmmmmmmﬁ**wm
;MHMMMMMW
- 8IA GHR 71%55:&2@17\
65 GERAIR - 7 Read OIP switches
. AR #31F ; Mask off yper 3 bits o
: SIA GFPRR ,Sa:pmallelpulereg]sta:tozero -
o \ » :
; Main Program Iop
Il IX  #0EF rm.auaéalenpztdars
SIX INFLEN .
IX  #MEF ,thnpltstrlrglnm'&mdhlffar
SIX  INEHF ,
IDA  #210000101 ;7 Breble IR), OD ad H intemypts
A #1 ; Start listening
SR ISFG



Ia ISNFIG
BE 2 ,
I QIEF ; oot aomeErd
QB #ROD ; is comerd valid?
Bl  INALD
ASIA
IR AX] 7' epate amerd _
INVALID IR #80 7 Tlegal Coward Resparee byte
(3111 RESH2F '
{ Ix #0 ;lagth=1
JR ELIES 7 Sad Respase
Ba -
MO EU 3 ; Junp Tadle
e, W TESIMIE, DI, UPOAD, SEIUP
“:':-'- dedlichc ik de ook YokdokA 'A.‘.-‘.i&;‘.ik;;.‘.&-'u'\.';i.'u'u'u'u";k.'u'w'u'""Aii;i;&ki;k&kkii&k&i&kikkka‘w‘w’:
; “INITTALIZE [EVICE M
INT EU $
$%rk Tnit PIM :
I #$00000001 ; Select A1
S PIMR2
S Fﬁﬁu ; Rit PIM in RESET mode
;% Tnit ing cirasit
}\‘\/
7ok Tnit BAOIM -
I #0 ; Release FANIM reset
S 30,5034}
I #£10000000 ¢ Program SIART MASK
S e
I DY 7 Program Delay Regisher
21).Y HER :
Ix #5812 BN i Init lire legth -
5104 IH ,
‘ A 117, i Write Iagth of lire to BAOM
{, S HMRL h
R 1IIH

et



~o wo ~&

L

....................................................

“Ne me e Ne we we we we e
<
. 9

; Reed Test data
7 Which Dest ?

L

ar

A

SIA

$28 245N
#255
G

; Reset. BORE A

:; Imtcmt

; Now, SIERT DIGITIZING
7 Select Time=- 1

; Select Tirer 3

~t



e

I #M 7 Set Frame Debect Moe

SA PIMI3

IIX #1010 7 Set Frare Detect Time Ot

1) ¢ PIMI3 ‘

IR FREYWNC 7 Syrdhranize to frae

IR AEM ; Set Vertical Syrc Detect M

SIA PIM¥2 ‘

X #I0 7 Set Vertical Syrc Debect Tie Ot

SIX  PMR ' g
VIOIST1 R IAH ;%ttpac‘dr@offirstljna(=0)
) T adr A .

ar IAL,

Im #EF1 7 Gt nber of BS befare Field 1

JR [IGFID ; Digitize Field 1

IIA #EE2 7 Gt nnbex of HS befixe fisld 2

IR OFID ; Digitize Field 2

BE VIIDIST

ma #1 ,

Sn  PMR

[S15.% PIMT1 ; Reset PIM

1A #0

IR =B ; Serd System Byte

‘ RIS

JR =SB ; Serd System Byte
L'RB .
SYWSIST 1B #0 ‘ ; Write Byte Rattern into VITED R
SYSISTL SIB~ FIMKRL - 7 Select video perp
> I #0 A
. IIX #o )
SYSIST? SID 0,X ' ; stae valie in video RRM
- IERX 2,X '
aFX #8000 ';ra\eyed:ea]lmoﬁ&ﬁspaya?
QB 8 i heve ve doe all 8 pages ?
IR #0. Y



edciciciciodek i dckdek dcieieicicieiede ik dodohedeietehdedetedodededededrdikedrmbodededededodododododrdedrdodod 42 &2 L4 2 8 X 2 2 3 & L 28 &4 s

QUHUT: e
AIT¥RS: A, B (D), X, C

.............................................................................

we “s we wp “a we wo we wg
g.
.

z
8
2
§
%
H
L

..............................

................................................................................

IX  OIHEH ; Get lire nnber

TFR X,D . .
S1B R ¢ select video pxpe
X QIHIF+ ;7 Get lire nrter
s 1B #9 ; aprte lire xiress
¢ JR 18116
- TR X,D ‘ .
AR #301111111 ; Mask off video pae
X #0
Ul I¥ DX " Get Video Mamxy |
SIY RESEIFHL, X - i Stare Video My in Respree Ruffer
IEAX  2,X ; Tl x by 2
X #5512 '
BE urt R .
IX - #512 ; lagth =513
ﬁ‘ SRS 7 -Serd Resporee ( ad lire of data )



!
:M ---------------------------------------------- ‘-‘ ----- ;--0:‘;‘---;‘_*_*** -
1
7 SEIP
; INUT: mxe
H &, QUIET: e '
; “AIFRS: AT A, B, X, Y, @©
; ' e
7 Felctclcleicdelclicicedeieic ot ededcictololok ootttk kbt L Sk ok

)

i
E

QAT nae '\
MRSt A, B(D), X, @
' <

.............................................................................

N %o wma wp 0N



Im e 1 Get nuder of KS befire field 2
JR DD ; Digitize Field 2

n #1 ; Select Timer 1

15101 PIMY2.

sm PIMRL ; Reset PIM *
RIS -

Frare Symdronize Sdxrotine B / '
Desoription: Syrc's the capuber to the begiming of a video frawe

- ™e W W NP Wy Ny wg »

FRVEYNC IR M 7 Set Vertial Syrc Detect Moe

HFRG ; Wait fir 12 Horizotal Syrc pulses
0y 5. ]

BE :

HX #OIO - i Cleer Timer 3 intermypt flag

aIx

S

daRr

i\ B¥FIG ; Wait for lyalization Rilse

B .

IA " PIMR -7 Frare Datact ?

X PIMD3 ¢ Reset Tnbemupet: hit
BA FR"‘SYI\C_ -7 At ed of first field, oo back.

; Dexription: The rautire Digitizes a caplete field
o INFUT: Acc A = Naber of HS Befare Field

H ‘ IA ad IL met ke initialized

; QUIHUT: e '

; ALTFRS: A, B (D) , X, '@



IAL ; Write Address of Lire 1 to EATM
HMEPRL \ N

- VHFIG 7 Wait R Vertical Sy
| HERG ; Vait for x Hodzmtal Syre palses -

8 30 §2))

#$00000001 ; Eeble Blarking Ciraiit

§28 20).%

IENT i Get Ninber of Lines per field
HFG ; Wait for HD

" IMH ; Update Lire Address
#S002 ; IL * 512

ATD

S :

o S1B MR 7 Update BROIM ,

S .
IX o, s decx

i T
KEXKEXKKK SRRRRIRTRXRK Ik dekdodoiokek ARKIKKK nxﬁnununnnnnnnunnnnnnnunnnnnnnnnaxxx

VRAMIST IIB #VERCGE. i Bt tp video pap _ g
IIX  #S7FFF ; 32K of R
VRI2 I #0 o e
‘ SIA . VRMX , -
OB VR X ; test for 0
BE Ry X
Im # : -




, ° - s R . ’. -
; INRUT: - Acc A = SYSIEM BYTE : :

AITERS: A, X, @C

. v
................................... dodmdmdndededoded

.............. Fehddrdrmdedmdodeded 3ol 12 2 1
L4203 RRRRARKRRARTIRKRKRIKIIKI A Ik dokedededek-dedckdck: RRERRRRXRRERERIRKRITRICRIIKkKokdokedeiekodedokdohoiok

SB S RHFH . o
I #
SIn RSHF

<

g

2 -
p

.............................................................................
TRKXKX AZARATAR T 2.9 2.2, 7 7.2 7 7 4 nnnanxnnnnunnnunnnnnnKnnnnnnnnnnAunnnnnnnxnnnnaaxnnxx

RS SIK QUIIEN - ; Stxe Iaxgth
IX™ #¥FHF i et atiress of resporee
m # : ; Start talking -
I #%uoomoofraolemz,mardoonmmpts
1 IR TIKAG 7 wait fir System byte to be st to st
BRE =1
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;7 Desxxription: Shift Right 16 kit : '

; : INHDT: X = 16 hit vahe to shift, Ac B= # of shifts
; QUIRUT: X = shifted result

; AITFRS: AT B, X, CC

:
:

At ot inXadnminD -

.
r
.
I

g
;

ImX ,X ;dcX

RIS ‘
..............................................................................
AARAARARARKKK BAAATRKKEKKEKKEKEKEKKKXKEKKX BARARK ﬂ“ﬂl\K'\ﬂ““Nﬂﬁl\“l\l\ﬂ“ﬂﬁ“ﬂ“ﬁ“ﬂl\AI\KKI\I\KKW

Description:  shift Ieft 16 hit

INUT: X = 16 bit valie to shift, A B= # of chifts
QUIFUT: X = shifted nnber

AITFRS: AT B, X, @C

® e we wa 0~

' JeAe A A Aokt deskdeddedonded bk 3l 3 gt . .
RIK KK XK x KRXRKK TERARRKRARRRRRIRRKKR I KAk Ik bk dekcdokohoiokkodokek:

Sxve A

we we Ne wa 0~

:
;]

Mot inXadnminD
Shift nm

;
z

IEX X ; X

TR D, X ; Rit result in X
Hoy A ; resbore A

......................................................................

%
E

.............................................
. ***********k**k*ﬂ**mmmmmmmmm.m,mnnmmmmnaunummaaanmmmmmmxx
. . - e
IKRR 1M GPISR ; id GPIA grerate Inbermyt?
&
. - 3 i 13
IREX - RIT _ / lgxre cher intermgpots i



BE B
HTA  #00000001 ; HL intermupt
BE BT
EMMR  #00000100 ; QD intemypt
IBE @D
BA IREX
;mw*mmwkmmmmmm
;B ( Byte it ) Inbermyt Service Ratire
;. Description: Write a string to the &PIA
H INRUT: QUIHF = poirter to an atpit baffer
H QUOEN = lagth of the atpat strimg
; AT mre
;*kikk:‘.ki:‘u'“ dkkkhackkokkdckiccicicioekicicickkekoicicdeicichicicicioieicicick dekekchokekokick ik dokciokedokedo ke kedekok
B0 I #3$10000100 ; Mask art firther BO inbemuypts
(5151 GPIMR
1o QUmBF . ;Ompma*dofstrjrgpoirm'
ATD QUIOIEN - '
f2110) T™MP16 ; Store valie |
HIPl IR GIR .-~ ) ; Is GPIA rexdy fix rext byte ?
BE) EIR . .
asx 1P ; Last byte ?
IR 0,X ; Yes, ot byte
‘SIA GIR 7 Oupat byte
X 1,X 7 Uodlte minter
‘ BA BIF1L
IASTRYIE ITA #3%00100010 7 Set feal ad dad hits
SIA TR
IR 0,X ; G last byte
SIA - GIOR ; aiput byte
BEIMm IR AR ; Mmitar AIN bit
EIMA | #300010000
B) BYP3 .
IR #3%00010000 ; Reset dacd, st G
SIA  GHR ' ~ -
ar TIKFIG 7 Update Talk Flag ( O = rot talking )

; BI(B_{beIn) Intemyt Service Radtire
; - Desriotion: Receive a string from the GPIA



¢

; INFUT: IMBF=p:1rte:mlrpth1ﬁa:
H INFLEN = Mxx. allowehle irpt lagth
H mm=mm'guucfmcei\m1rpt_ -
‘Br I #10000100 ;I‘hﬁ(atﬁlrﬁa'miﬂmup:s

IV * #FFFF iSetlagth=o0

x INNEF
BOFl I GPISR i Is there a byte to Reed ?

HTA  #%00000001

B BITP1 _

“EITA 300000010 i Is this the last byte ?

BE BOST :

I GHIR ; Reed data

S1).Y 0,X '

IX 1,X 7 Irc X, Uodate pointer

IEAY 1,Y ; Icy, increment 2

QY NN ; Is legth too lag ? )

BS BICF '

- BRA EORP
BIIST 1M  GQOR ; Reed last byte

SA 0,X

IFAY 1Y

514'¢ INFTEN

BA BIFND - <
EIF I IR 7 wait ti11 ;D

HITA  #%00000010

B BXF

I GHIR ; Reed data

- 8IY INPLEN ,
BEEND QR INFIG

RIT _

Redendmddadadoded-b 2.1

;IhiateListhag(o=rd:listmirg),

.............................................
KEXKKXK RRRKRKKKXKRKK RERARKEKKEXKKKKK KKK nnnnnnnnnnnAnnnnnannunnnnnnnnnannnnxx

; Get QD stahis
7 Is GPIA in DBS ?

#300010000 ; Releace harktake that was held of f

ap I GR
BITA  #%00000010
BE) oImRD
I #SYSSINK
JR INOT
B8 :Y
SA GxR
2P IF

‘;b{lILdmraﬂ(Ifﬁmevescre)
;Gotostartofnainlcrp :

(34
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; .

;

; AITFRS: B, Y
’

Reset Trtempt hit

~s ~e

Resst ITntermyt hit

~e o

............................................

e deddbdbbd b Ak b bbb b o ddeddddbdded b b bbbttt ddb b A bt S ddis ot At bk ok d &bt
'HKKHI\ RKO\RQ ARARARKEKRKX unnnnnannunnunnuunnananuaaannnxnunnnnnuxxuanuannnnnl\nnn‘x
.

’ -
——
; Vectors
’
. -
!
‘.---n---nn ------------- $odedeteddaladadad ol X 0 2. 2.0 % 2 Lol ol L 1 S o oot VU JE T U T DY JC TRG TG SN THY SN TR VY TR ST TP ST T SAY NC O O BT
,,nﬁnnnan REEK KannnnAnnunnKnuKhAnunnnnnnKﬂRKKXAthﬂnRKNNKNRK“KR“R““KXKKAKKXW

irc Vertical Syrc / Bgel. Rilse Detect Flag.
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Appendix D

Peripheral A/D Interface Module ( PADIM ) 1
Specification Sheet
Purpose: This module provides a interface between a high-
speed ( FLASH ) A/D converter and a slow

microprocessor.

Description: The PADIM controls the A/D converter and up
to 1 Megabyte of RAM memory. Programming the
device is similar to programming a DMA

device; a start address, the BASE ADDRESS

s

e ( 20 bits ), and the number of bytes to be
transferred; the COUNT ( 16 bits ), ére
loadéd into internal registers. The transfer
can be . started eiﬁher synchrénously by the
microprocessor or by a low to high transition
on the ASQNCSTART input of the device. The
memory transfer starts and continues uéti;

the transfer is complete or a low to high

transition occurs on the ASYNCSTOP input.

113
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Interface to the microprocessor is
through a Interrupt Request Strobe and status
register. The device may be configured to
generate an interrupt on the completion of a

memory transfer.’

s ]
T S SR [ ,
1 e [T 178
3 wg -
FETT
gg J = o

WAVC:

Figure D.1

Block Diagram of PADIM
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©

Figure D.2

Reset Timing

VCLK
ASYNCSTART,
ASYNCSTOP ,

-

Figure D.3 j

Memory Transfer Control Timing
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ZHOIH

| @

V1ivVQo3a

B

N30Qv

- MT0A

Figure D.4

- Memory Transfer Cycle Timing
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MPUADDR,
CS, RS, MW ' .

@ —» - O

\x X
;/IDEOngiRr HIGHZ / ' |<-—HIGH Z
., VIDEODATA . . >
| | “ ® |+
—

Cp—»

e
oo

Figure D.5

Microprocessor Write Cycle Timing



MPUADDR,
CS, RS, Rw

. VIDEOADDR

‘MPUDATA

VIDEODATA

118

HIGHZ

_,i@ —»
\ | _,|4_ | . ®—
Figure D.6

Microprocessor Read Cycle Timing
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# Characteristics | min | max | unit
1 | CLK-cycle time | 25 | | ns
2 | VCLK cycle time | 100 | | ns
3 | Delay, CLK to VCLK | RO | | ns-
4 | Reset setup time | 57 | ns
5 | Pulse width, ASYNCSTART | | |
| or ASYNCSTOP high | 100 | | ns
6 | ASYNCSTART or ASYNCSTOP ] 100 | | ns
| setup time | 10 | | ns
7 | Delay, VCLK to ADCEN | 25 | | ns
8 | Delay, VCLK to WE | 35 | ns
9 | Pulse width, WE low ] 70 | 80 | ns
10 | Pulse width, WE high [« 20 | 30 | ns
11 | Delay, VCLK to VIDEOADDR| | 40 | ns
12 | VIDEOADDR setup time | 10 | : | ns
13 | VIDEOADDR hold time | 10 | | ns
14 | VCLK to VMA | 40 | | ns
15 | E cycle time | 250 | | ns
16 | MPUADDR setup time , i o | ! ns
17 | VMSEL delay time ' | o | | ns
18 | MPUADDR hold time | 10 | | ns
19 | Pulse width, VMSEL low | 100 | S ns
20 | VIDEOADDR delay time | 10 | | ns
21 7| VIDEOADDR hold time | 10 | | ns
22 | Write MPUDATA setup time| 0 | | ns
23 | Write MPUDATA hold time | 10 | [ ns
24 | Delay, VMSEL to WE | 10 | | ns
25 | Delay, E to WE | 10 | | ns
26 | Read MPUDATA High Z | | |
| setup time . | o | | ns
27 | Read MPUDATA High 2 | | |
| hold time | 10 | ] ns
28 | Read VIDEODATA High Z | [ |
| to OE setup time [ 10 | | ns
29 | Read VIDEODATA High 2 | | |
| hold time | 10 | | ns
30 | Delay, VMSEL to OE | 10 | | ns
31 | Delay, E to OE | 10 | i ns
I P | |
Notes: Specifications for 25°C ambient temperature

and statistical wire lengths for 6000 gates.

AN

Table D.1
PADIM Timing
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Register Description: , , ’(ﬁ\-_—7

R/W | _ RS2 | RS1 | RSO | Name
0O | o | o | o | Video Control Register 1
O | 0 | o0 | 1 | video Control Register 2
O | 0 | 1 | ‘0o | Base Address Register Low
O | 0o | 1 | 1 | Base Address Register Mid
‘0| 1) o0 | o0 | Base Address Register High
O | 1 | o | 1 | Count Register TLow
O | 1 | 1 | o | Count Register High
o | 1 | 1 } 1 | Peripheral Delay Register
1 |1 o | o 0 Status Register
1 7 0o | o] 1 | Undefined
11 o | 1 | o | Undefined
1 4 0o |1 1 | 1 | Undefined
1 ] 1 |1 o | o [ Undefined
1L | 1 7 o | 1 | Undefined
1] 1 1 1 | o | Underfined
1 ] 1 | 1 | 1 |

Undefined

Table D.2
Internal Registers

3
YN

Video Control Register 1 ( VCR1l, Write only ):

5
&
Bits | Description
0-4 | Select 32K . geo Memory Page
5 ] Reset
6 | Clear Counter
7 | Start
Table D.3

Video ControI’ Register. 1 -

\
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Video Control Register 2 ( VCR2, Write only ):’
t!
Bits | : Description
7 | : Start Mask , AN

Table D.4
Video Control Register 2

4

Base Address Regisgar ( BAR ):
This write only register must be prdgrammed with the
start address~for the memory transfer. This register

is 20 bits. A wr#fe to the MSB of the BAR ( 'BARH )

latches the Base Address Register.
S

Count Regisfer ( CR ): A

o The gpuﬁt register is a write only registér.v This
.register conﬁéins thé number of bytes to be transferred
during a memory transfer. This register is 16 bits

wide and a write to the MSB ( CRH ) latches, the Count

Reéister.

. . ~
Programmable Delay Register ( PDR ):
. . .‘/ ’

" The pfbgrammable delay register speéifieS'( in the

number of video clock cycles ) the delay Between A/D

enable and memory enable. This is a write only

L

register.
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Status Register ( SR, Read only ).:"

»
Bits | Description
7 | IRQ Pendlng
0 ] Memory Transfer In Progress ( MTIP )
l
4
Table D.S5

Status Register

’
( |
-
. . . . ‘ °

Pin Description: .

. POWER ( VDD and VSS )
~  These pins suppiy power to the device.
- MICROPROCESSOR ADDRESS BUS ( MPUADDRO - MPUADDR14 ):
These input pins are -connected to the mlcroprocessor

H -+

address bus.
MICROPROCESSQﬁ DATA BUS ( MPUDATAO - MPUDATA7 ):

The eight bldlrectlonal p1ns are connected to the -
mlcroprocessor data bus. _These provide communication

between the device- and the niéfbprocessor.

"VIDEO ADDRESS ‘BUS ( VLEEQADDRO - VIDEOADDR19 )
These twenty trl—state address pins supply the memory.

address 1nformatlon for the video memcry system. When the
\g:‘_») . .

“—\
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device is idle, these pins—are placed in' the high impedance

i}
state. k

VIDEO DATA BUS ( VIDEODATAO - VIDEODATA7 )
The elght signal pins are used fo interface the
microprocessor,bus to the video memory bus. These signal

S

pins are bidirectional.

RESET: -
The reset line is active low. A low level on this
1nput causes the device to enter a reset state and clear all

internal reglsters

Video Memory Select ( VMSEL ):

A low level inbﬁt on this pin oauses the peripheral_to
1nterpret the mlcroprocessor address as a video memory
address. These address lines, along with the page register

address lines combine to make a video memory address.

' Chip Select ( CSO - €S2 ):
A low level on all three select lines énables the

k3

peripheral.

Register Select ( RSO - RS2.):
The reglster select along with the R/W control llne

combine to generate internal enable 51gnals for the internal
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registers. ' o

ASYNCSTART: | - n
- This 'signal input causes the deglce to start a memory
transfer based on the status of the internal start mask.

This signal is 1nterna11y synchronized to VCLK.

ASYNCSTOP:
This input stops a memory transfer. This signal is

P
internally synchronized to VCLK.

Valid Memory Address ( vMA ):

A low level on this output 51gna1 indicates that the
address appearing on the v1deo address lines is valid.
Write Enable { WE 3 o

This active low output indicates a write cycle.

4 v .
Output Enable ( OE )EZ
This output‘pin indicates a reagd cycle. This signal is

~active low.

Interrupt Request ( IRQ ):
This is an open drain output. This pin goes low to

indicate 4 memory transfer has been completed.
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CLK:
Thls input is the base per1phera1 clock input. This

must be four times the desired video clock cycle time.

VCLK:

L]
K

This output is internally derived by dividing the base

clock ( CLK ) by four.

This input is connected to the microprocessor enable

clock signal.
) L.
Analog to Digital Converter Enable ( ADCEN ):
Active high, this signal enables and disables the A/D

converter during a memory transfer operation.

Test Enable ( TESTEN ):
This input must be tied low. It is used during post-

fabrication testing and serves no other purpose.

!



Appendix E -

Gate Array Schematic Diagrams
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