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ABSTRACT
HIGH SPEED TWO FRAME VIDEQO DATA ACQUISITION SYSTEM
L. Tugan MUFTULER
M.Sc. in Electrical and Electronics Eng.
Supervisor:Assoc.Prof. Hayrettin KOYMEN

February 1980, 80 Pages.

A 19 MHz sampling rate digitizer 1is designed as an
expansion unit for IBM-AT microcomputer bus, for
acquisition of video signals generated by medical
imaging systems. Two successive frames of image data are

sampled and stored for post processing in the computer.

System 1 designed as & general purpose frame
grabber and a flexibllity is glven with user defined
options and some speclal purpose units such as

compander amplifier.

Key words : Fast A/D conversion, frame grabber,

microcomputer interfacing.

Scientiflic Code: 609.01.04
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OZET
YUKSEK HIZLI, iKi CERCEVE GORUNTU VERiSi AKTARMA SiSTEMI

L. Tugan MUFTILER
Yiksek Lisans Tezl, Elektrik ve Elektronik Mihendisligi
B&1limil
Tez Y6neticlisi: Do¢. Dr. Hayrettin KOYMEN
Subat 1980, 80 Sayfa

Medlkal sistemlerce firetilen gdriintil sinyallerini
IBM-AT kisisel bllgisayarina aktaracak 19MHz &rnekleme
hizi1 olan bir analog-sayisal dénlistlriicli, bilgisayara

genislemé tinltesl olarak tasarlanmistir.

Sistem, genel amacli bir g6riintll yakalayvici olarak
tasarlanmig ve kullanicai tarafindan tanimlanan
gsegcenekler ve sikistirici yilkselteg glibl bazi Bzel

Unitelerle daha esnek bir yapi kazandirilmaigtir.

Anahtar sézaclikler: Hizli Analog Sayisal Ddnliglim, GSriintll

Yakalayici, Mlkrobilglsayvar Arabzglasim.

Bilim Alani Kodu: 609.01.04
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CHAPTER 1
INTRODUCTION
In medical imaging systems, sometimes, complex
image processing techniques are required for accurate
characterization of tissues of the human body. Computers
and their peripherals offer the users a wide variety of
image processing techniques with higher precision and
less noise +than the analog systems. In recent years,
there had been a significant improvement in digital data
acquisition and image processing hardware and software

for more accurate medical diagnosis.

The aim of this study is to design a high speed
data acquisition system to store samples of wvideo
signals which carry two dimensional image information,

for post processing in the microcomputer.

Two years ago, another data acquisition study
“Image Data Acquisition System” had been carried out{l].
A 26.6bMHz sampling rate digitizer 1is designed +to
acquire ultrasound RF signals and video signals. One
frame of ultrasound signals or video data is acquired by
the system and transferred to the host computer by

asynchronous serial communication protocol RS-232C.

This study covers the design and implementation of

1. G URUL%
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a high speed image data acquisition add-on card for the
IBM~-AT microcomputer. The device is installed on an
expansion slot of the microcomputer which is directly
connected +to the computer’s bus. This is an efficient
way for the computer to acquire data if speed and less
hardware requirement considerations are taken into

account.

In chapter 2, information about video signals are
given. The flash analog to digital converter and the
function and the characteristic of the input companding

stage are briefly explained.

The designed hardware and software to acquire +the
data and the design constraints are explained in chapter
3. The hardware is explained in blocks with related

circuit and timing diagrams.

The results achieved and comments on further

studies are discussed in chapter 4.

Appendix A includes the software designed to
transfer and process the data acquired in the computer.
In Appendix B, the circuit diagrams, circuit’s layout,
printed circuit board layouts, parts list are given.
Data sheets of some special components wused in the
system can be found in Appendix C and information about
the IBM-AT bus is given in Appendix D.
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CHAPTER 2
ACQUISITION OF VIDEO SIGNALS AT HIGH SAMPLING RATES
2.1. VIDEO SIGNALS

In recent years, a rapid growth is observed in

medical imaging systems. Present technology use four

basic techniques for medical imaging: X-Rays,
ultrasound, nuclear science and Magnetic Resonance
Imaging.

In X-Ray imaging, a very high frequency
elctromagnetic energy is employed. This energy is
transmitted through the body to form an image. The
transmitted energy is received by a TV camera to form
the image on a monitor. The gray levels of the image
formed 1is proportional +to the absorption of energy

within the tissues.

In this study, a system for acquisition of two

successive frames of image data obtained by a TV camera

is developed.

2.1.1. Video Camera Signals

There are two major techniques of scanning used by

video cameras: interlaced scanning or non-interlaced



scanning. Interlaced scanning scans the odd number of
lines in one field and even number of lines in +the
second field forming one frame of two dimensional image
data. Non-interlaced scanning scans all lines in one
field to form one frame of image data. We can also group
video signals, according to the polarity of black and
white levels, as positive video signals or negative
video signals [2]. One line of a positive video signal
is given in figure 2.1.a and illustration of interlaced
scanning and non-interlaced scanning can be seen in

figure 2.1.b.

The system is designed to record positive and

interlaced signals to the microcomputer IBM-AT PC.
2.2 MEMORY CONSIDERATIONS

System requires a temporary storage unit since the
data acquisition speed is too high for any computer to
handle. Therefore an average size of memory to store one

frame of image data should be calculated.

A standard TV camera scans 625 lines in one frame.
Scan of one line +takes 64 microseconds. 10.24
microseconds of +this period is reserved for
synchronization pulses and data is given in 53.76

microseconds. Therefore, +the number of samples taken
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from one line is given as:
53.76microseconds/52nanoseconds=1033 samples,

Then, number of samples taken from one frame of image
data can be calculated as:

1033samples/line * 625lines/frame = 645625samples/frame
Here it is assumed that the edges of the image usually
contain no useful data. Hence, a resolution of
900samples/line and 580lines/frame would be sufficient
which requires a 512KByte of memory. This resolution is
sufficient since IBM-AT monitor has a resolution of

720 column*400 row pixels (picture elements) at best.

2.3. FAST ANALOG TO DIGITAL CONVERSION

The function of the fast analog to digital
(A/D) conversion unit is to convert the analog wvideo
signals into 8 bit digital words at 19 mega samples per
second (MSPS) rate.

The flash A/D converter embodies the fastest known
technique for converting a continuous voltage into
discrete digital codes and does not require a sample and
hold circuit at the input. In an n-bit flash A/D
converter 2r comparators are packed. A single convert
signal controls the conversion operation of the analog
signal, Vin. The conversion is achieved by encoding the

comparator outputs when a ’convert’ command is received.



TRW-TDC1048, a 20MSPS flash A/D converter is used
for conversion of video signals and it is capable of
converting an analog signal with full power frequency
components up to 10 MHz into 8-bit digital words with
1/2 least significant bit accuracy. It has TL
compatible digital inputs and outputs and can be
connected +to give either true or inverted outputs in
binary or offset two’s complement coding [3]. The
TDC1048 flash ADC consists of a comparator array,
encoding logic and output latches. Punctional block
diagram is given in figure 2.2 and timing diagram is

given in figure 2.3.

2.3.1 Interface Circuit

The interface circuit at the input of the A/D
converter contains a companding amplifier, a buffer
amplifier, a limiter and a reference voltage generator

as shown in figure 2.4.

The companding amplifier provides an increase in
dynamic range comparable to 10-bit resolution with an 8-
bit system. It is basically a transistor differential
amplifier pair, implemented using a hybrid transistor

array{4]. Its transfer function is given by the formula:

Vin = (kT/q) 1In (I2/(Is-I2)) + Re (212 - Is)



nal Block Diagramﬁ

NMINY -

LNV e
= :
L j
me ‘
/
3 S
"/
3| . VL .
g NN .
» 4?
ok > LATCH
e
) >
/
R . .
é e . $ .
. . .
4’ .
3 ‘zsc/ .

>

OIFFERENTIAL
COMPARATORS
255

Figure 2.2. Block Diagram of the A/D Converter Unit.

Diagram

1

o

ANALOG IHW

A

Fg

t-‘— 1510

I |

~<— {pWH

N+1 ™

CONV SAMPLE
SAMPLE l SAMPLE

tpw —

N+2

¥

\

DIGITAL DUTPUT

XXXXXX

DATA
N+1

X

tHo —

L— [

e——— 1

N-1 N
!

Figuare 2.3. Timing Diagram of the A/D Converter



L-0 L

*44Nn49

LIND

230710

24Y

=

A2

JIONYYI43Y
A9YLT0A

|

- INIANYdWOD

43T TdWY |

dATATITdNY

d3LINWIT

4344n4

ZHWG6 L

t Block

ircui

C

A/D Converter Interface

2.4.

Figure

Diagram.



Here Vin is the input voltage, k is Boltzmann constant,T
is temperature in Kelvin, q is charge in Coulombs, Iz is
the collector current of the second (non-inverting)
transistor, Is is the quiescent bias current and re is

the emitter resistance.

During the design, it is tried +to fit this
characteristic to a logarithmic curve which is expressed

as:
I2 = (Is/2) + a In(1 + b (q Vin/(k T))

by changing the circuit parameters.

Precise logarithmic characteristic is obtained by a
further software conversion. The reason for choosing a
differential pair is its large bandwidth. With a
logarithmic amplifier it is not possible to get such a
large bandwidth. The logarithmic curve and the transfer

curve of the amplifier is given in figure 2.5.

The companding amplifier together with the buffer
amplifier match +the 1V p-p 75 Ohm video output to the
A/D converter input. The limiter circuit is used +to
protect the A/D converter input from input levels higher
than +the specified level. Voltage reference circuit

provides an adjustable voltage of about -2 volts.

10
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CHAPTER 3
ACQUISITION OF THE DATA

System is designed to interface a video camera to
the IBM-AT PC. One read cycle +takes about 750
nanoseconds for a microcomputer with 6 MHz system clock.
The fast A/D converter generates a byte of data at
every 52 nanoseconds. Therefore, additional circuit is
required to acquire data at this speed and then transfer

this data to the host computer for long-term storage and

post-processing.

The data acqQuisition unit is installed directly to
the computer’s bus through its expansion slot. Hence,
operations for acquiring data are controlled mainly by
the computer itself. A detailed block diagram of the

system is given in figure 3.1.

3.1 DECODING AND CONTROL UNIT

Two main blocks control the data acqguisition
operation: decoder unit for decoding instructions from
the microcomputer and a control unit generating signals

for memory operations.

Upon receiving the start command from the computer,

12



"¥aqy yor sSn€ 1lv-Wdl

‘ MO T
71907 B Y
9N1a023a | .
10
o. ] ¥344nd
A NOILNTOSIY 114100
40 NOIL2313S
1@
" 0YLNOD
HSIHBIIYCSYD AVY¥YY
“gyy‘ssIYaAay LHOWIN
MS
NOILD313d ¥3d4ng
LYY LS WY Y4 LOdNT

13074
aav

isition

Block Diagram of the Data Acqu

3.1.

Figure

System.

13



circuit waits for the start of a new frame of image
data. With the start of the first odd field of a frame,
clock circuit is enabled for storage of acquired data
into the temporary memory. When two frames of image data
are stored, system informs the computer that data is
available. Then, data transfer to harddisk is performed

under the control of the computer.

3.1.1. Decoder Unit

A microcomputer performs many input and output
(I/0) operations during the execution of a program. The
computer generates related address, data and other
control signals for every 1/0 operation of its central
processing unit (CPU). Therefore, each unit must decode
instructions related to itself and must not respond +to

other instructions [b].

The system decodes instructions between the
addresses 100hex to 17Fhex where the most significant
five bits are used to enable the system and bits,bits
and bitse are used to decode six different
instructions [6]. Least significant four bits of the
address data aie not used to simplify +the decoding

logic.

The decoding block consists of a two input AND

gate, a quad +two input OR gate and a 3 to 8 decoder.

14



The circuit diagram is given in figure 3.2. This block
generates six different signals for the control
of operations performed by the system. The INIT signal
initializes +the system counters and flip-flops before
data acquisition operation starts. The START signal
enables the hardware which detects the start of a frame.
RAS signal sends the strobe signal for memory in read
cycles.The signal CHK checks whether the system is in
read mode and whether any refreshing of memory takes
place. For read operations, a read buffer (RB) signal is
generated which is sent to another decoding logic that
enables the memory output buffers sequentially to send
data to the microcomputer. The last signal generated is
the FRS signal which selects the block of memory from

which data is to be read.

3.1.2. Memory Control Unit

In interlaced scanning systems, a new frame of
image data starts with the scan of odd field. Therefore,
to acquire a complete frame of image data, start of odd
field must be detected. With the start of odd field,
memory operations are enabled to store data coming from

the A/D converter unit.

The resolution of TV cameras vary considerably from

one camera to another. The compatibility of the system

15
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with different +type of cameras is also taken into
account during the design. The size of data to be
recorded is selected by the user. Any desired window

from the image can also be chosen.

Dynamic memory devices used for temporary storage
of data need addressing, address strobe, read/write and
refreshing signals for regular operation. These signals

are generated by the memory control hardware.

3.1.2.1 Frame Start Detection

A TV camera generates equalization and horizontal
synchronization pulses for sychronous operation with the
monitor. Equalization pulses, together with the vertical
synchronization pulses synchronize the start of fields
while horizontal synchronization pulses set the start of
each scan of line [2]. These pulses are illustrated in

figure 3.3.

The designed hardware has three contreol signals
(CTRL1, CTRL2, CTRL3) +to detect the duration of each
synchronization pulse and the time interval between two
successive synchronization pulses. These signals are
generated by monostable multivibrator circuits (74L85123)
which are triggered by the synchronization pulses. CTRL1

is a 4 microseconds active low pulse and CTRLZ2 is a 6

17
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microseconds active high pulse which are +triggered by
the rising edge of the horizontal synchronization pulse.
CTRLL3 is a 30 microseconds active low pulse triggered by

the rising edge of the CTRL1 signal.

For regular operation of this system, the
synchronization pulses are seperated from the wvideo
signal. A voltage referance gemerating circuit and a
voltage comparator circuit are used +to seperate the
synchronization pulses and generate the SYNC signal

compatible with the TTL logic levels.

Three flags are affected with the control signals
CTRL1, CTRL2, CTRL3 and SYNC pulses. These flags are
named as duration detector (DD), half period (HP) and
odd field (OF). DD flag determines the duration of the
last synchronization pulse. If CTRL1 and CTRLZ are both
high during the high to low transition of a SYNC pulse,
which means that the duration of this pulse is between 4
microseconds and 6 microseconds, then the DD flag is set
to high logic level. This flag will be zero if the
duration of the SYNC pulse is not between 4 microseconds
and 6 microseconds. Therefore this flag is set only if
the pulse is a b microseconds horizontal synchronization
pulse. HP signal determines whether the time interval
between +the last two SYNC pulses is 32 microseconds
(half period) or not. I1If the SYNC pulse is high during

19



the low to high transition of the CTRL3 signal, then the

HP flag is set. Odd field starts with a 5 microseconds
synchronization pulse 32 microseconds after a 3
microseconds equalization pulse. Therefore HP flag is
still high while DD flag goes from low to high. OF flag
is set with the low to high transition of the DD flag if
HP is high during this transition, and cleared if HP is
low during this transition (start of even field).

The circuit diagram of this block is given in
figure 3.4 and related timing diagram is given in figure
3.5.

3.1.2.2. Selection Of Resolution

The problem of circuit’s compatibility with
different camera resolutions is handled by adjusting the
size of data to be stored. The number of lines to be
recorded from each frame and the number of samples to be
recorded from each line can be selected. This option
also enables the system to choose ahy window from the

image that will be acquired.

An eight-bit counter counts the number of points
sampled from each line of video data. This counting
operation is reset with each line synchronization pulse.
It starts with the falling edge of each line

synchronization pulse and ends with the rising edge of

20
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the next line synchronization pulse. For synchronization
of this sampling window with +the memory control
logic, counters are triggered by 1/8 of the system clock
frequency. Hence, +the counters count the number of
sampled points normalized with eight. To generate a
sampling window for each line of video data, the value
of +the point after which recording should start and the
value of the point after which the recording should stop
are set by two DIP switches. During the scan of each
line, the value from the sample counter is continuously

compared with the data set by the first DIP switch by a
ten-bit magnitude comparator to detect the beginning of
the sampling window. The output of the magnitude
comparator goes to high logic level when the value of
the sample counter output and the DIP switch setting are
equal. Therefore a pulse is generated by the magnitude
comparator when the sample counter output reaches the
value set by the first DIP switch. Similarly
the value of +the sample counter output is compared
with +the value set by the second DIP switch by another
ten-bit magnitude comparator to detect the end of the
sampling window. A second pulse is generated by the
second magnitude comparator. The comparator outputs are
connected by an OR gate to the clock input of a toggle
flip—-flop whose output generates the high level signal

to form the line sampling window.

A very similar system with 10 bit 1line counter,

23



magnitude comparators, a combinational logic circuit and
DIP switches is designed to select the 1lines +to be
sampled from each field. The counter is reset with the
start of each field and triggered with +the horizantal
synchronization pulses. Therefore it counts the lines
scanned within each field. The DIP switches set the
number of lines after which recording should start and
stop. A window for sampling lines from each field of
image data is generated by the same comparator and
toggle flip-flop circuit as in line sampling circuit.
The generated field window and the line window signals
are given to the input of an AND gate to form a two
dimensional window on a two dimensional image data. The
circuit diagram of this system is given in figure 3.6

and the timing signals are given in figure 3.7.

This configuration provides a resolution of maximum
2048 points from one line and 1024 lines from a field of
image data. But it 1is not possible to obtain +these
maximum values at the same time, the overall memory
capacity should also be taken into account while

choosing the resolution.

3.1.2.3 Memory Control Hardware

For +temporary storage of data, a 1MByte memory

array is used. This array is implemented with dynamic

24
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RAM devices. These chips are smaller in dimensions and

faster when compared to the standard static RAM chips.

Dynamic memories store data in a row and column
orientation. 16 address bits are required to decode one
of the 65536 cell locations within the 64K*4Bit DRAM. 8
of these address bits decode row address while the other
8 decode column address.These addresses are multiplexed
onto the 8 address inputs and latched into the on-chip
address latches by externally applying two negative
going TTL level clocks. The first clock, namely the row
address strobe (RAS), latches B row addresses into the
chip while the second clock, the column address strobe
(CAS) sequentially latches 8 column addresses into the
chip [7].

i1iMByte memory array is arranged as two b512KByte
blocks for storing two sucessive frames of image data.
each 512KByte block is arranged as 8 banks of 64 KByte
memories. Data is written to and read from the 8 banks
at the same time. This provides sufficient time for the
memory chips to access data during write cycles and

faster reading for the computer during read cycles.

This system generates +the strobe signals (RAS,
CAS), the read/write mode selection signal (W), the
memory output enable signal (OE) and the frame select
signal (FRS). In write cycles, the 2.375 MHz RAS signal

27



is obtained from the third bit of a four bit counter
which divides the 19 MHz system clock by eight and the
address counters are triggered by the 2.375 MHz clock
AND’ed with the sampling window. In read cycles, RAS is
sent by the computer and address counters are +triggered
by the rising edge of this signal. These signals are
multiplexed by 2 to 1 multiplexers and given +to +the
system according to the mode of operation. The CAS
signal is obtained by giving some delay +to +the RAS
gsignal using buffers as delay elements. The R/W signal
of +the system is inverted to generate the W signal for
the memory array. During read and write operations, a
signal is generated to select the memory block to which
data would be written or read from. This signal,namely
FRS selects the first block if the first frame is being
recorded or read and selects the second block if second
frame is being processed. A two bit counter counts the
startt of each odd field after +the START signal is
received. Second bit of this counter determines the
value of the FRS signal. The counter outputs are also
given to the input of a HAND gate to generate the R/W

signal of the system.

Dynamic memory devices must be refreshed at every 4
milliseconds otherwise they lose the data stored in
them. For refreshing an 8-bit address counter and a tri-

state octal latch is used. During write cycles
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refreshing is performed within the time interval when
there is no recording process being held, that is,
outside the sampling window. During read cycles, a
window is generated by the system. Computer sends RAS
signal and eight successive data are transferred to the
output buffers of the memory. The computer then sends a
check (CHEK) signal and refreshing starts if the line
window signal is low during the high to low transition
of CHK.If refresh takes place, the computer reads the
data in 8 buffers and waits for the end of refresh
otherwise it continues to read the data, sending signals
in the same order. This brings more efficient use of
time because the computer can read data during refresh
cycles. The circuit diagram of +the memory control

hardware is illustrated in figure 3.8.

3.2. MEMORY BUFFERS AND MEMORY ARRAY

Since data sampling rate is too fast for any
persdnal computer to handle, a temporary data storage
unit is needed for acquisition of data at 19MHz wihout
any loss of data. Later this data is transferred to the

microcomputer for long term storage and post processing.

The memory array is formed with dynamic RAM devices
of 64KX¥4Bit organization. 32 chips are used to form
1MByte of memory. These devices have a minimum access

time of 120 nanoseconds which is slower +than the

29



19
h ~
w3l
ty —fto xlﬁ !
T8 4 4 _
v @ @;
9 J@c}vﬁhu 3 ]
ty —fo ,.a ¥ ¥}
.M<II,MW 4 —||Gv d331 2L
e«l...o o7 _ _
v — et
N % Ws
oM
a
~
mhn
b It
o
n _qw ﬁu%&»l 1123
M MwIIIJ ~ v ¢—
o “ o—
o'.all~ _ P 1 $3d
24
ﬁ 2
2L
‘V@QM»
"1
s
T
4 +(dy)
a—— ———
309 L MY
vy
Ey A vy o m_HIAIAHATAIIAQ -
» i
TV T ..m|._.|J 7 "
% 33 1 - £61
—~—"A o !

30

Memory Control Hardware.

Figure 3.8.



sampling rate of the system. Hence an additional buffer
circuit must be used to decrease the speed of data
during storage without any loss in data acquisition rate

and data sampled.

3.2.1 Memory Input Buffer

A memory input buffer is designed to decrease the
speed of data sampled for storage into the memory while

achieving 19MHz data acquisition rate.

The memory input buffer packs eight consecutive
data and <transfer them to the memory at a rate eight
times less than the data input rate. Each block of
memory 1is organized as eight banks, therefore eight
consecutive data are written into the same address
location of each bank at the same time [1]. This is

illustrated in figure 3.9.

Banke Banki Bankz Banks Banks Banks Banke Bank?

Do,n Do,n+1 Do,n+2 Do,n+3 Do,n+4 Do,n+5 Do,n+8 Do,n+7
5 T . Y Di,n+e
D2,m et i it et eeates e a e D2,n+s
- Z S Da,n+s
S Da,n+s
) - Ds,n+8
2 De,n+8
Di,n D7,n+1 D7,n+2 D7,n+3 D7 ,n+4 D7,n+5 D7,0+¢ D7,n+7

Do,n : Least significant bit of nth data
Dr,n+7 : Most significant bit of (n+7)th data

Figure 3.9. Memory Input Data Configuration
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The memory input buffer consists of eight 8-bit
serial +to parallel shift registers and eight tri-state
octal D flip-flops. Each one of the 8-bit data output of
the A/D conversion unit is connected to the input of an
8-bit serial to parallel shift register and shifted by
the clock of the A/D converter. When eight successive
data bytes are stored in the shift registers, they are
transferred +to the memory through eight octal D flip-
flops. Circuit diagram and the timing diagram of the
memory buffer are given in figure 3.10 and 3.11

respectively.

3.2.2. Memory Array

The memory array serves to store the samples of two
successive frames of video signals. It is organized as
2 blocks of b12KByte (B84K%8bit and 2%Bbanks) capacity.
The block diagram of the memory array is given in figure
3.12.

The memory buffer outputs are writtem, at the same
time, into +the eight memory banks of a 512Kbyte block
which is selected by the FRS signal. This operation is
performed at a rate of 2.375MHz. When a frame of image
data is stored in the first block, second block is

selected for storage of the second frame.
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Figure 3.11.
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In one of the memory banks, BANKn, the address
location m contains the (m¥8+n)th byte of +the data

sequence which are generated by the flash A/D converter.

The RAS signal and the address bits are sent to the
two blocks at the same time. Only CAS is disabled by the
FRS signal. This provides an opportunity to refresh the
other block while writing to or reading from or

refreshing one of the blocks.

In read cycles, data is transferred to eight output
buffers from eight banks of a block in the same manner
as 1in write cycles. Then data is read by the computer

sequentially from these buffers.

3.2.3 Memory Output Buffers

The computer performs read operation by sending a
single address. Memory addressing is performed by the
address counters of the system which are triggered by
the RAS signal sent by the computer. Output buffers are
loaded with eight successive data from eight banks of a
block at the same time with the rising edge of the RAS
signal. Then a decoding logic, whose circuit diagram is
given in figure 3.13, sequentially enables the eight

output buffers with the RB signal sent by the computer.
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The decoding logic employs a four bit counter, a 3
to 8 decoder and eight two input OR gates. The counter
is triggered by the BB signal and the counter outputs
are connected to the decoder. Each output of the decoder
is connected to an OR gate together with the RB signal.
Each OR gate output enables the output buffers
sequentially to release the data to the computer’s data

bus during that read cycle.

3.3. DATA ACQUISITION AND FRAME DISPLAY SOFTWARE

A software is needed for the acquisition of the
data from the designed hardware and for processing this

data in the computer.

Two programs are written for +this purpose. The
first program acquires the data from the temporary
memory of the system and the second one display +this

data on the IBM-AT monitor.

3.3.1. Data Acquisition Software

This program generates necessary codes for system
injitialization and to start data acquisition. Then the
computer waits for the system to finish the acquisition
of data. When the circuit goes into the read mode the

computer starts reading the data. During reading, the
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refresh cycles of the system memory is also checked. The
data read is arranged as a screen matrix according to
the selected dimensions of the image data acquired. This

matrix is saved onto the hard disk for post processing.

The program is written in Pascal programming

language [8]1 and listing is given in Appendix A.

3.3.2. Frame Display Software

In this work, as a demonstration of the operation
of this system, a software is developed to display the

image acquired by the designed hardware.

The resolution of the monitor of IBM-AT is at most
720 columns by 348 rows with the Hercules graphics card
and 640 columns by 200 rows with the CGA graphics card.
The screen matrix formed by +the data acquired is
generally larger than the resolution of the monitor of
IBM-AT. Therefore, an averaging technique must be used
to decrease the size of the screen matrix for plotting
on the computer’s monitor. The second point is that IBM-
AT wmonitor has no gray level with the Hercules or CGA
graphics cards. The software must define gray levels to
form the image if the monitor of the microcomputer used
has no gray level. There are, however, a wide variety of
graphics cards for IBM-AT microcomputer, which have

higher resolution and have gray levels. With these
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graphics cards, it is possible to obtain an image

without loss of resolution.

Averaging is done by assigning the average value of
points in a region to the point in the center of +that
region. To obtain gray levels, a 3%3 pixel (picture
element) is defined and according to the intensity of
light, points are plotted in that pixel. Nine points
define white level while no points define the black

level. This gives ten gray levels on the monitor.
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CHAPTER 4
RESULTS AND CONCLUSIONS
A microcomputer based high speed image data
acquisition device is designed and implemented to store
two successive frames of image data for use in medical

imaging systems.

Major problems faced during the design were the
limited size for the printed circuit board, limited
power supply capacity and the rate of data acquisition
which can not be handled by any memory device in the
market except for some special cache memory devices. But
these devices have low capacity and therefore it would
not be practical +to use these devices for a 1MByte

memory array.

The problem of the size of the printed circuit
board is solved by mounting the circuit on two seperate
printed cirenit boards. The first board contains the
control hardware while the second board contains the
memory buffers and the memory array. The memory board is

mounted on the control board by connectors.

Dynamic RAM chips have smaller size than the
standard static RAM chips. They also have lower power

consumpition. Hence using dynamic memory devices brought
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a solution to size problem and the power supply problem.
But dynamic RAM chips have low access time when compared
to the data acquisition rate. This is compensated using
a special buffer configuration that is explained in

chapter 3.

The computer can supply limited amount of power to
its expansion slots{6]. Therefore minimum amount of
power consumption constraint must be considered during
the design. For this purpose, low power shottky (LS)

chips are used for the whole design.

Another problem arouse Iin the design of the input
companding amplifier. Conventionally, a logarithmic
amplifier should be used since it has a simpler and more
definite transfer characteristic. In addition to that X-
Ray sources generate signals in which the information
carried is exponentially related to the medium
properties through which the energy is passed. But it is
a very difficult task +to implement a logarithmic
amplifier with a bandwidth about 10MHz. To solve +this
problem, a transistor differential amplifier is designed
whose +transfer characteristic is kept close to a
logarithmic curve by adjusting the circuit parameters.
Further corrections are made with the software to get

ideal logarithmic response.
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APPENDIX A
SYSTEM SOFTWARE

In this part, the program listing of the data
acquisition software and the display software are given.
These programs are written for demonstration purposes
and they can handle 120 KByte of data (400 * 300

samples).
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A.1. DATA ACQUISITION SOFTWARE

{ THIS PROGRAM GENERATES NECESSARY CODES }
{ TO COMMUNICATE WITH THE DESIGNED SYSTEM }

program datatake;

type imgp ="img;
img = record
imagearr:array[1l. .400,1..150] of byte;

end;
var impl, imp2,imp3 timgp;
image :file of img;
frs,a,b,c,d,p,maxx,maxy :integer;
ch, check, ok :byte;
start, init :char;
BEGIN
new(impl);
new(imp2);

new{imp3);
port[$120}:=0; { }
port[$100]1:=0; { FOR ADDRESS COUNTER 1}

port[$1007:=0; { INITIALIZATION }
repeat

writeln(’PRESS I FOR INITIALIZATION’);

readln(init);
until{({(init=’i’) or (init=’1’));
port{$150]1:=0; {INITIALIZE THE SYSTEM}
repeat

writeln(’PRESS § FOR START’);

readln(start);
until ((start=’s’) or (start=’8’));
port{$120]:=0; {SEND THE START COMMAND}
writeln(’ WAITING FOR END OF RECORDING’);
repeat

check: =port[$1601;

until (1 and check)=0; {CHECK FOR END OF RECORDING}
frs:=1;
writeln(’ INPUT THE NUMBER OF COLUMNS’);
readln(maxx);
writeln(’ INPUT THE NUMBER OF ROWS’);
readln(maxy);

for frs:=1 to 2 do
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begin
CLRSCR;
writeln(’RECORDING STARTED’);
port{$100]:=0;
b:=1;
repeat. check:=port{$160] until (2 and check)=2;
while b<=maxy do
begin
a:=1;
while a<=maxx do
begin
for p:=1 to 100 do frs:=1;
port[$110]}:=0; {send ras}
impl~.imagearr{a,b]:=port[$140];
impl~.imagearr{a+l,bl:=port[$140];
impl”. imagearr[a+2,b]:=port{$140];
{SEND BUFFER} impl”.imagearr[a+3,bl:=port[$140];
{READ SIGNAL} impl”~.imagearr[at+4,b]:=port[$140]};
{TO READ ODD} impl”.imagearr[a+5,b]:=port[$140];
{FIELD } impl®.imagearr[a+6,b]:=port[$140];
impl”.imagearr[a+7,b]l:=port{$140];
a:=a+8;
end;
b:=b+1;
end;
port{$100]:=0; {send frs}
end;

while b<=maxy do
begin
ar=1;
while a<{=maxx do
begin
for p:=1 to 100 do frs:=1;
port[$110]:=0; {send ras}
imp2~. imagearr[a,b]:=port{$140};
imp2~.imagearria+l,b]:=port[$140];
{READ EVEN} imp2”.imagearr{a+2,bl:=port{$1401;
{FIELD } imp2”.imagearr[a+3,b]l:=port[{$140];
imp2”.imagearr[a+4,b]:=port[$140];
imp2”.imagearr[a+5,b]:=port[$140];
imp2~.imagearrfat6,bl:=port{$140];
imp2”.imagearr{a+7,b]:=port{$140];
a:=at8;
end;
b:=b+1;
end;
for b:=1 to maxy do
for a:= 1 to maxx do
begin
imp3”.imagearr{a,b]:=(impl~. imagearr{a,b}+imp2~. imagearr[a,bl) div 2;
end;
assign(image, 'image.dat’);
rewrite(image);
write(image, imp3~});
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END.

close(image);

Writeln(’DATA TRANSGFER 1S COMPLETED’);
dispose(imp3);
dispose(imp2);
dispose(impl);
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A.2. FRAME DISPLAY SOFTWARE

{THIS PROGRAM READS THE DATA ACQUIRED BY THE
{DIGITIZER HARDWARE AND PLOTS IT ON THE COMPUTER’S
{MONITOR

g o g

{$i typedef.sys}
{$i graphix.sys}
{$i kernel.sys}

type dtp = “dataarr;
dataarr = record
data:array[1..400,1..150] of byte;
end;
var
dd, dav : dtyp;
m,n,xc,yc,i,j,k,1l,mm,nn,sum,ml,nl : integer;
datafile : file of dataarr;
inten : real;
maxi,mini : byte;
BEGIN
assign(datafile,’image.dat’);
reset(datafile);
new(dd);
new(dav);
read(datafile,dd”);
maxi:=0;
mini:=255;
mm:=2;
nn:=2;
for j:=1 to 400 do {FIND MAXIMUM AND MINIMUM }
for i:=1 to 140 do {VALUES OF THE ACQUIRED DATA 1}
begin
if dd”.datalj,il>maxi then maxi:=dd".datalj,il;
if dd~.datal[j,il<mini then mini:=dd".datalj,i];
end;
writeln(’MAXIMUM= ' ,maxi);
writeln(’MINIMOM= > .mini);
for m:=1 to 199 do

for n:=1 to 74 do

begin
sum: =0;

for k:=2%m-1 to 2%m+l1 do
for 1:=

{TAKE THE AVERAGE }
2¥n-1 to 2%n+1 do {TO DECREASE THE SIZE}
sum: =sum+dd” .datalk,1}; {OF DATA }
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dav”.data[m,n]:=sum div 9;

end;
INITGRAPHIC;
for j:=1 to 199 do {DEFINE GRAY LEVELS AND}
for i:=1 to 74 do {PLOT ON THE MONITOR }
begin
if (dav*.data{j,i1<>0) then
begin
inten:=((dav”.datafj,il-mini)/(maxi-mini))*10;
xc:=3%j;
yo:=3%i;
if inten>1 then
begin

dp (xc,yc);
if inten>2 then
begin
dp (xc-1,yc-1);
if inten>3 then
begin
dp (xc+l,yctl);
if inten>4 then
begin
dp (xc-1,yc+l);
if inten>b then
begin
dp (xc+l,yc-1);
if inten>6 then
begin
dp (xc-1,yc);
if inten>7 then
begin
dp (xctl,yc);
if inten>8 then
begin
dp (xc,yc-1);
if inten>9 then
dp (xc,yc+l);

end;
end;
end;
end;
end;
end;
end;
end;
end;
end;

repeat until keypressed;
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LEAVEGRAPHIC;
dispose(dav);
dispose(dd);
close (datafile);
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APPENDIX B
CIRCUIT DIAGRAMS AND LAYOUTS

In this section, circuit diagrams which are not
given in the other sections are included together with
the circuit layouts and parts list. In these diagrams,

DC coupling capacitors are not shown.

52



Rea

-5V

Input Compander Amplifier

53

R




—
l

[:L
10n)] w» 320
Vo — A=:}—§To
. — | H2V 47K % iz ﬁz §Z ADC
{On
vp Tl O
810 3.2K [ 4 AA 113

Video 'O 21K
in +

+1.V

ADC Block Analog Input Buffer Amplifier

(OQn 18432MH1

U

5K 5K
SISIR.
System
f0p c?ock

System Clock Generator

54






—’ i o
u:- ‘::'Dll U"IHB n: * L“""""‘]

l'] 'I:lmlﬁ
IIHHIIIUU Al »
-
a5 ol GC:D”FT
R » vt
" w2 m
o ot M
| — % 'H 5] DU s b L,.,'
o
:—:O ll’l 0 et
l'l
- Yg . mﬂ:ﬁu (q ]
»'r, B T -
(W} u: R -y
5t - .
-—; ’* --: o ;Tl m
] . oo [}
Frg BN u: @ SE
o )
D - i . 1. ——
mU mEd - iiE
N -
0] iy g
o Fas DU o
v T i

i BE [ i BT |: [ 1 E6E I;
i BE
-y
[
4 at
DY = P
0] {; . "
" =,
" o i FFE. ... RT®
)
2 &2 00000000
L i r
T -] zZ i
g e - L o
s " - 7
u
¥ <
]
|
R
- 0
20 |z
wi ) |

Y

- -
b ] £
o N

fe
"
£
]

J7
"
o
8
3
—_
JA5
"
0
Lo

D ] ims iEag

i {_isz |

5 iEH R

0 — gy
E-% ER- S

95YouT G8°'y Ad Q€T :92T8 ojvurxoadde

uesIOsyTTs L8ZT :80T0Y 0 P Ia
ANoART
gvI0T:6T 88 98Q 82 FoTdyaegs X1

56

Cantrol Board Layout

B.4.1.



B.4.2. Control Board Parts List

Symbol
I1

I2

I3

I4
I5-7
I8

19

I10
I11
I12
I13
114
I15
118
I17
I18
119
120
121
122-23
124
125-29
I130-31
132

Type
CA 3127
LM 359
7415374
TDC1048
LM337T
T4LS08
7415125
T4LS138
74LS32
74ALS04
741.5107
LF353
7415123
74LS125
74L574
74L.S508
7415123
7T4LS08
74LS00
T4LST4
74LS5107
74L5161
DM7130
7415161

Description

High frequency NPN transistor array

High frequency Norton current amplifier

Octal D flip flops with tri-state output

8-Bit flash A/D converter

Negative voltage regulator

Quad
Quad
3 to
Quad

two input AND gate
tri-state latch
8 decoder

two input OR gate

Hex inverter

Dual
Dual
Dual
Quad
Dual
Quad
Dual
Quad
Quad
Dual
Dual

Four

negative edge triggered J-K flip flop

FET input op-amp

retriggerable monostable multivibrator
tri-state latch

edge triggered D flip flop

two input AND gate

retriggerable monostable multivibrator
two input AND gate

two input NAND gate

edge triggered D flip flop

negative edge triggered J-K flip flop

bit bimary counter

Ten bit magnitude comparator

Four

bit binary counter
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Symbol Type Description
I33-34 DM7130 Ten bit magnitude comparator

135 T4LST4 Dual edge triggered D flip flop

138 7T4L5109 Dual positive edge triggered J-K flip flop
137 741532 Quad two input OR gate

138 T4LS00 Quad two input NAND gate

I39-40 7415157 Quad 2 to 1 multiplexer

141 74L5123 Dual retriggerable monostable multivibrator
142-44 7415244 Octal buffers tri-state

I45-46 74LS257 Quad 2 to 1 multiplexer with tri-state oufput
I47 741532 Quad two input OR gate

I148-49 T4LS161 Four bit binary counter

150 74LS532 Quad two input OR gate

I51-52 T74LS161 Four bit binary counter

153 741532 Quad two input OR gate
I54 7415161 Four bit binary counter
I55 74L508 Quad two input AND gate
156 741832 Quad two input OR gate
Ib7 7415161 Four bit binary counter
I58 74LS00 Quad two input NAND gate
159 7415138 3 to 8 decoder

160 74L5157 Quad 2 to 1 multiplexer
I61 7415161 Four bit binary counter
SW1-2 Ten bit DIP switch
SW3-4 Eight bit DIP switch
Ji-11 Pin connectors

R1,R4 27 Ohm resistor
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5 KOhm potentiometer
820 Ohm resistor

22 KOhm resistor

5 KOhm potentiometer
22 KOhm resistor

820 Ohm resistor

820 Ohm resistor

820 Ohm resistor

2.2 KOhm resistor

100 KOhm potentiometer
4.7 KObm resistor

2.7 KOhm resistor

1.5 KOhm resistor

1.2 KOhm resistor

1.2 KOhm potentiometer
120 Ohm resistor

10 EOhm potentiometer
10 KOhm potentiometer
1 KEOhm potentiometer
1.2 KOhm resistor

27 Ohm resistor

820 Ohm resistor

1.2 KOhm resistor

820 Ohm resistor

820 Ohm resistor

4.7 KOhm resistor

5.1 KOhm resistor
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R42
R43-44
R45-79
R80-81
C1

c2
C3-4
Ch5

cé

c7

Cc8

c9

C10
C11
Ci2
C13
Ci4
C15
C16
C17
cis
C19
C20
ca21
c22
c23
C24
D1-4 AA119

50 KOhm potentiometer
3.9 KOhm resistor

47 KObm resistor

8.2 KOhm resistor

10nF capacitor

10 microfarad capacitor
10 microfarad capacitor
1 microfarad capacitor
0.1 microfarad capacitor
0.1 microfarad capacitor
1 microfarad capacitor
0.1 microfarad capacitor
1 microfarad capacitor

1 microfarad capacitor

1 microfarad capacitor
0.1 microfarad capacitor
2.2 microfarad capacitor
2.2 microfarad capacitor
2.2 microfarad capacitor
10 picofarad capacitor
0.1 microfarad capacitor
0.1 microfarad capacitor
4.7 microfarad capacitor
4.7 nanofarad capacitor
2 nanofarad capacitor
1.2 nanofarad capacitor
1 nanofarad capacitor

Germanium diodes
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Db IN4148 Silicon diode
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B.5.2. Memory Board Parts List

Symbol Type

I1-8 74L5164
19-16 T4LS374
I17-48 HM50464
I49-56 T4L5374

Description

8-bit serial to parallel shift register
Octal D flip flops with tri-state output
64K*4 bit DRAM

Octal D flip flops with tri-state output
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APPENDIX C
DATA SHEETS

In the following pages, data sheets of the flash
A/ converter TRW-TDC 1048 and the dynamic memory
components HM50464 are given. The information about
other components used in the design can be found in
their related manuals mentioned in the references

section.
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TDC1048

y . ] MmN

g FINEVW

Monolithic Video A/D Converter
8-bit, 20MSPS

The TRW TDC104B is & 20 MegaSample Per Second (MSPS}
full-parallel (flashl analog-to~digital converter, capable of
converting an analog signal with full - power frequency
tomponents up to 7MHz into B-bit digital words. A
sample-and-hold circuit is not necessary. Low power
tonsumption eases thermal cansiderations, and board space is
minimized with a 28 lead package. All digital inputs and
sutputs are TTL compatible.

The TOC1048 consists of 255 clacked latching cemparators,

combining Jogic, and an output buffer register. A single convert

signal controls the conversion operation. The unit tan be
connected to give either true or inverted outputs in binary or
offset two's complement cading.

Features

¢ §-Bit Resofution
¢ J0MSPS Conversion Rate

¢ Low Power Consumption, 1.6W (Worst Casel

® Sample-And-Hold Circuit Not Reguired

o Ditferential Phase 1 Degree

o Differential Gain 2%

® 1/2 LSB Linearity

¢ TTL Compatible

e Selectable Gutput Format

® Available In 28 Lead DIP, CERDIP, Or Contact Chip Carrier
¢ Evaluation Board - TDC1048E1C .

Applications

e low-Cost Video Digitizing
¢ Radar Data Conversion

o Data Acquisition

¢ Medical Imaging

Functional Block Diagram oy >—
CONV - }
. —— 1T ]
Ry /7~ 1
4}
Mg -i?/( A
"3 j\(
9 H
< /
':: . .
SRRk
"L M I\ .
|24
9 w
v
1’ | L
b s [Yuwe 77D m
D
ms ._J;<
] '
L34 ‘e .
& : ‘& . .
L e L ] L]
"3 ~ N
/
RS —P(l
< m o
3 V7
N .23 DIFFERENTIAL
g )~ COMPARATDRS
ss)
LS! Products Division Phone: 1519} 457-1000 . ©OTRW Inc. 1985
TAW Electronic Components Group Telex: 697-857 40G01218 Rev. E- 1185
&0;]31” ‘2::732038 TWX: 910-335- 1571 Primed in the USA.
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APFENDIX D
IBM-AT BUS INFORMATION

This section gives the connector configuration, memory

and I/0 address mapping of the IBM-AT bus together with

the signal descriptions.
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