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A 64K-bit dynamic RAM. chip is the visual sensor in this digital 
zmage camera 

I f you've followed the activities 
in the Circuit Cellar for any 

period of time, you have probably 
realized that my writing a monthly 
column is just an excuse to investigate 
and experiment with whatever I find 
currently fascinating. One of my 
longtime fascinations has been the 
input of visual data to a computer. 
While I've presented interfaces that 
allow computers to determine direc
tion and measure distances, receive 
a variety of sensory inputs via touch 
or remote signal, and even speak 
their minds through voice synthesis, 
until now I have not presented a pro
ject that enables a computer to see. 

There was a time when most com
puters communicated via klunky 
teletypes at 10 characters per second. 
Improving output technology-high
speed video graphics displays, dot
matrix printers, and voice synthe
sis-has vastly improved the com
puter's ability to communicate 
results and conclusions to its user. 
Except in specialized applications, 
however, input technology has been 
discouragingly static. We still plod 
along using keyboards or mice as the 
primary input device even when the 
input data may be graphical. 

So much of our existence involves 
visual recognition that it only stands 
to reason that the potential applica
tions of computers would be en
hanced if a versatile sensory-input 
channel were available to the ma
chines . Then, instead of spending 
hours entering digital coordinates 
from a picture or map into a com
puter using a keyboard, you could 
easily use a "computerized camera" 
to make a visual snapshot of the 
material, instantly producing a 
digitized picture . Once you had such 
a picture in the computer, it could be 
interpreted, enhanced, or stored as 
the application might dictate. 

Photo 1: In this prototype, the Optic RAM 
is mounted inside a light-tight box with a C
mount lens focusing light onto one of its cell 
arrays. The ribbon cable leads straight from 
the Optic RAM to the interface card in the 
Apple. 

Computers and Vidicon Cameras 
Computerized-image cameras are 

not new, but up to now they have 
always been too expensive for wide
spread practical use and casual ex
perimentation. Most of the computer 
image-input devices currently avail
able use a conventional black-and
white television camera as the image 
sensor. The camera's video output 
must be converted to digital logic 
levels for the computer: a difficult 
task, because the output, produced 
using a Vidicon-type pickup tube, is 
a high-frequency analog signal di
vided into 30 complete frames of pic
ture information transmitted and 
scanned each second (or 25 frames 
for most TV systems outside North 
America) . 

Most high-quality TV-camera inter
faces convert the analog signal for 
computer processing through "frame 
grabbing;' in which one of the frames 
is sampled, digitized, and stored dur
ing a 1/30-second frame-scan interval. 
In these sophisticated visual sensing 
systems, a high-speed AID (analog
to-digital) converter digitizes the 
analog signal in real time at sampling 
rates exceeding 5 megahertz (MHz) 
and stores the PCM (pulse-code 
modulated) data in a high-speed buf
fer made of semiconductor memory. 
Because they operate so fast, such 
units are insensitive to camera mo
tion and fast scene changes. 

In less sophisticated TV-camera in
terfaces, the designer has assumed 
that the camera and the object in its 
view will remain still long enough for 
the picture to be processed by slower, 
cheaper circuitry. When the TV pic
ture is stationary, all frames in the 
signal are identical, so a sequential 
line-sampling technique is often em
ployed. In units of this type, a low
speed A ID converter (sampling from 
100,000 to 1,000,000 times per second) 
operates in bursts of activity shorter 
than a frame interval, with each suc
cessive period of activity, or sampling 
window, triggered at a slightly later 
time during the frame interval by line 
and pixel (picture element) position 
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counters. In between the sampling 
windows, the support circuitry has 
time to store the digitized informa-· 
tion and get ready for the next burst 
of activity. As a result, the interface 
assembles the single image from 
pieces snatched from many frames. 

High-speed frame grabbers gener
ally cost more than $10,000, while the 
slower units cost somewhat less, de
pending upon speed and resolution. 
You can expect a 256 oy 256 pixel
resolution low-speed interface, the 
kind used in the computer systems 
often seen at conventions printing 
images on T-shirts, to cost between 
$500 and $1000; half of that price is 
for the camera and lens. 

Solid-State Arrays to the Rescue? 
The problem with the Vidicon-type 

camera is that it is an analog device, 
which must be adapted to work in 
digital applications. It would be far 
better to have a computer video 
camera that is inherently digital and 
dispense with the analog-to-digital 
conversion. Why not use semicon
ductor devices, the outputs of which 
are digital signals that change as a 
function of light level? 

The barrier has been price. A va
riety of semiconductor optical sen
sors, such as photo diode and 
charged-coupled-device (CCD) ar
rays, fill the bill nicely. When I first 
started to think about building a 
solid-state image camera, I thought I 
could just order a 256 by 256 pixel 
CCD array and add a few binary
counter chips for a quick project. This 
idea evaporated quickly when I dis
covered that CCD arrays cost from 
$800 to $2000, depending upon the 
number of bad pixels you get . 

My success with photodiode arrays 
wasn't much better. It seems that for 
about $100 you can buy a 128 by 1 or 
256 by 1 array, but arrays more than 
one element wide are hard to find. 
To create a 256 by 128 or 128 by 128 
picture, I would have needed to 
devise an optical, mechanical, or 
electronic way to move the array 
across the image plane, or move the 
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Figure 1: A schematic diagram of the timing-generator circuit, which contains a CMOS oscillator circuit to generate the fundamental clock 
rate. This signal is divided down to produce the frequencies for various possible output data rates and controlling the [532 . The data-rate-clock 
signals control the sequence of operation of the interrupt generator and the transmitter circuit. 

image across the array, stopping 
periodically for the values of the pic
ture elements to be registered and 
stored. After tentatively sketching a 
screw drive and its associated control 
electronics, I gave up in disgust at the 
thought of how hard it would be to 
build. 

If Memory Serves ... 
I had almost decided to join the 

bandwagon and use a Vidicon 
camera when I remembered experi
menting with the optical sensitivity 
of dynamic RAM (random-access 
read/write memory) chips back in 
1976. I had even seen a design pub
lished for a 64 by 64 pixel resolution 
camera that used a type-1103 lK-bit 
dynamic RAM chip as an optical sen
sor. If the bit-storage cells in those 
early dynamic RAMs were light-sen
sitive, could the newer ones be also? 
If I popped the top off a 64K-bit 
dynamic RAM chip, wouldn't I find 
a 256 by 256 array? 

Well, yes and no. I took the lids off 
a few brands of 64K-bit dynamic 
RAM chips, and it does appear that 
they are light-sensitive. The problem, 
however, is that they were designed 
only as memory devices and not op-
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tical arrays. To my knowledge, none 
of the 64K-bit dynamic RAMs on the 
market are configured as an ortho
gonal array laid out 256 elements 
long by 256 wide. In fact, most have 
4 or 8 sections of 16K or 8K bits, and 
many include redundant sections 
that can be wired in to replace bad 
sections on the chip. The bit ad
dresses don't proceed linearly 
through the chip either; one bit may 
be in the upper-left corner and the 
next bit in the lower-right corner. 

Just as I was about to abandon all 
hope, I found an unconventional 
dynamic-RAM manufacturer that has 
recognized the light-sensing potential 
of its 64K-byte device. Micron Tech
nology Inc., of Boise, Idaho (certain
ly an unconventional place to make 
integrated circuits), produces a 
dynamic RAM chip that has its mem
ory cells laid out in only two sections, 
both of which are 256 by 128 cells, as 
shown in figure 7 on page 31. With 
this configuration, the chip can easi
ly be used as an optical sensor. One 
specially tested 64K-bit dynamic 
memory device, called the 1532 Op
tic RAM, comes in a package with a 
see-through quartz lid (see photo 4 
on page 30). 

Per pixel, the Micron Technology 
1532 Optic RAM costs 1000 times less 
than the earlier generation of image
sensing chips such as the CCo. The 
Optic RAM's spectral sensitivity is 
generally the same as that of other 
silicon-based light-sensing media, 
but its bit-for-bit uniformity is not as 
good as CCOs. Nevertheless, the Op
tic RAM can bring capabilities to your 
computer that were previously avail
able only to large industrial users. 

Build the Micro D-Cam 
This month, using the 1532, I'll 

show you how to build a relatively 
low-cost digital image camera I call 
the Micro O-Cam (see photo 1). Its 
resolution of 256 by 128 pixels is ade
quate for many applications in graph
ics, pattern and character recogni
tion, robotics, process control, and 
security. (Of course, the output of the 
'Micro O-Cam is a digital signal; it 
cannot be used to directly drive a 
composite-video monitor.) I've put 
together versions of the Micro O-Cam 
for use with the Apple n computer 
(II-Plus and lIe, see photo 3, page 
30) and the IBM Personal Com
puter; howevel~ the Micro O-Cam is 
serially interfaced and requires only 



five wires for connection, so I'm also 
working on an R5-232C version that 
can be attached to any computer that 
has a serial port. 

The Micro D-Cam project is rather 
complex, so I'll present it in two 
parts. This month I'll explain how the 
1532 Optic RAM and the Micro D
Cam hardware work. Because appro
priate software is vital to the success 
of this project, next month I'll include 
a lengthy listing of a typical control 
program for use with the Apple II
Plus version of the Micro D-Cam. 
We'll also look at some of the Micro 
D-Cam's capabilities. 

1532 Optic RAM 
The 1532 from Micron Technology 

is an all-digital image-sensing device. 
Its pertinent characteristics are 
shown in table 1. 

The 1532 contains 65,536 (64K) 
light~sensitive memory cells laid out 
in two planar, rectangular arrays of 
32,768 elements, each a matrix of 128 
rows and 256 columns. The two 
arrays are separated by an optically 
nonsensitive "dead" zone about 25 
elements wide. To avoid having a gap 
in the image or using complicated op
tical systems to eliminate it, only one 
of the arrays is usually used as an 
image sensor. Each of the memory 
elements in the matrix can be ac
cessed randomly when the control 
circuitry strobes in the appropriate 
row and column address of the ele
ment being accessed. 

Theory of Operation 
An image camera built around the 

1532 focuses reflected light from the 
viewed object and passes it through 
a lens onto one of the 32,768-element 
arrays. When an individual element 
is struck by photons of light, the 
capacitor in the cell, which is initial
ly pre charged to a fixed voltage, 
begins to discharge toward zero volts. 
The capacitor discharges at a rate pro
portional to the light intensity 
throughout the duration of the 
exposure. 

After the exposure interval has 
elapsed, the circuitry reads the ele
ment by addressing it as a memory 
cell. During the cell access, sense 
amplifiers within the 1532 read the 
capacitor's voltage value and compare 
it to a fixed threshold voltage. If the 
potential is above the threshold, the 
picture element is deemed to be 
black; if the potential is too low, the 
picture element is declared white. 
The Dou. pin of the Optic RAM is set 
to a logic 1 or 0 during the corre
sponding bit interval as a result of 
this decision . The raw "gray scale" of 
the 1532, therefore, has only two 
shades, white and black. (We'll see 
how to compensate for this shortly.) 

All dynamic-memory devices re
quire refreshing for operation; the 
charge representing the data stored 
in each cell capacitor will leak away 
if left alone (exposure to light merely 
hastens the leakage) . The charge 
must be sensed and brought back to 

the nominal voltage for the logic state 
it represents. This can happen when 
the computer reads a bit value from 
the cell, but more frequently it hap
pens when circuitry external to the 
memory chip periodically activates 
the cell's address just for the purpose. 
(Many memory chips, including the 
1532 Optic RAM, can refresh their 
cells a whole row at a time.) The 1532 
can be used this way as a regular 
memory device can, but in optical 
service there is a twist in the refresh
ing. The chip is light-sensitive only 
when it is not being refreshed; the 
key to using it in a camera is to care
fully control its sensitivity by per
forming the refresh operation in a 
special way. 

In the beginning of an image-sens
ing cycle, the Micro D-Cam's circuitry 
addresses all the cells in the active ar
ray, filling them with the positive 
voltages that represent logic Is. The 
exposure begins with the receipt of 
a 50AK command, which is the 
equivalent of opening the shutter (to 
allow the array to "soak" in light). 
Then, after the appropriate exposure 
interval has elapsed, the control cir
cuitry issues the refresh command, 
which freezes the states of the mem
ory cells (or pixel cells, if you will). 
Then the control circuitry activates 
the interrupt state, during which the 
value of one cell is fetched and trans
mitted. Interrupt cycles are continued 
until all the bits in the array have 
been transmitted . . (The interrupt 

Photo 2a: The Micro O-Cam can focus on UPC bars. Both photos 
shown here used the Apple Irs high-resolution graphics routines to 
reproduce the camera's output. 

Photo 2b: The Apple II's display represents gray levels as different 
densities of white dots. Several different-length exposures are com
bined to form the gray-scale image. 
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mode is not maintained constantly 
because the 1532 cannot be refreshed 
during the interrupt.) The Micro D
Cam then causes all the cells to again 
be set to 1, and the image-sensing 
cycle starts over. 

A white pixel (logic 0) in the out
put indicates that the capacitor was 
exposed to a light intensity sufficient 
to discharge it past the threshold 
point. A black pixel (logic 1) indicates 
the light intensity was not enough to 
discharge the capacitor past the 
threshold point. 

How fast the camera can scan the 
image varies according to the light in
tensity. The faster the elements are 
scanned, or read, the greater the light 
intensity required. The Micro D-Cam 
can scan approximately 15 frames per 
second at maximum speed. 

The Optic RAM Resembles Film 
The operation of the digital image 

sensor can be compared to that of a 
black-and-white film emulsion in a 
conventional photographic camera. 
Like the film, the 1532 contains many 
light-sensitive elements lying in a 
single plane. The image is focused 
(optically) on the plane, the user can 
adjust the aperture (measured in f
stops) and the length of exposure. 
The aperture is an adjustment of the 
size of the opening through which 
the light is allowed to pass on its way 
to the light-sensitive medium 
(changed in both cases by mechani
cally opening or closing an iris). The 
length of exposure (corresponding to 
photographic shutter speed) is ad
justed in the Optic RAM by the scan
ning function of the drive electronics. 
And in the Optic RAM, the film is 
advanced, so to speak, by refreshing 
the voltage on all the memory 
elements. 

Also like film, the Optic RAM's 
elements respond to light in a binary 
fashion, indicating only black or 
white, the presence or absence of a 
certain amount of light during the ex
posure. However, in a photographic 
film, the light-sensitive elements 

1. 128- by 256-element array measuring 
5.504 by 1.088 millimeters 

2. Element size: 8 microns by 9 microns 
3. Vertical center-to-center spacing : 21.5 

microns 
4. Horizontal spacing: 8.5 microns 
5. Spacing between left and right arrays: 150 

microns 

Table 1: Specifications of the Micron Tech
nologtj 1S32 Optic RAM, a 64K-bit 
memory chip that has the extra talent of 
serving as a digital image detector. 

(grains of silver-halide compounds) 
come in different sensitivities and re
spond to different intensities of light, 
whereas the 1532's cells all respond 
at about the same intensity for any 
given condition. To circumnavigate 
this limitation with the Optic RAM, 
varying shades of gray can be re
corded by making multiple scans of 
the same optical image, averaging the 
results obtained from either changing 
the sensitivity of the cells, using a dif
ferent threshold voltage for each 
scan, or varying the scan rate. 

By changing the threshold voltage 
and keeping both the scanned image 
and light intensity constant, areas on 
the Optic RAM where intermediate
ly bright portions of the image fall 
will give differing output levels. The 
nominal threshold potential, 2.1 volts 
(V), can be adjusted though pin 1 
(Analog Threshold) on the 1532 from 
1.5 V to 3 V, but Micron Technology 
suggests that gray-scale capability be 
achieved by varying the scan rate 
rather than by adjusting the thres
hold voltage. Changes will be ex
hibited in the response of the pixels 
where the image is gray (of inter
mediate brightness) so that the 
amount of light striking the cell 
capacitors is near the threshold volt
age. Of course, a darker area of the 
image will generate more logic 1s as 
output than logic Os, and a lighter 
area will generate more logic Os. By 
averaging these outputs over a num
ber of scans, the appropriate shade 

of gray can be produced in a com
posite image representation. 

The Micro D-Cam may not contain 
a mechanical shutter, but its elec
tronic equivalent is easily controlled 
by sending the appropriate com
mands to the control circuitry. The 
Optic RAM's sensitivity to light varies 
according to the electrical voltages 
present on it, allowing for precise 
continuous control of the Micro D
Cam's exposure values. 

Ease of Use 
Hooking up the Micro D-Cam to a 

computer is easy. The unit's control 
circuitry provides all the requisite 
timing signals and circuitry to execute 
commands received from the com
puter. The Micro D-Cam automati
cally sequences the Optic RAM so 
that each image-sensing cell is ac
cessed and the appropriate video in
formation transmitted to the com
puter for display or processing. 

The Micro D-Cam uses a C-mount 
lens (the type commonly used in 
16-millimeter movie cameras and 
small television cameras) with vari
able focus. The lens I chose was de
signed for viewing objects from a dis
tance of at least 18 inches (45 cm); 
from this distance, the Micro D-Cam 
can distinguish characters of the size 
you are now reading. For viewing ob
jects under greater magnification, 
you can insert a close-up adapter be
tween the lens and its mount to ex
tend the focal length of the lens. (5ee 
photo 2.) 

The link between the computer 
and the Micro D-Cam is a TTL
(transistor-transistor logic) level serial 
interface. The external data-rate clock 
signal allows the computer to be syn
chronized to the Micro D-Cam, so 
the camera can operate at a speed of 
its own choosing. 

Five lines run between the camera 
and the computer, carrying the trans
mit, receive, ground, and external 
clock signals and +5-V power. A gen
eral-purpose type-6850 ACIA (asyn
chronous communication interface 

Editor's Note: Steve often refers to previous Circuit Cellar articles as reference material for each month's current article. Most of these past articles are available 
in reprint books from BYTE Books, McGraw-Hill Book Company, POB 400, Hightstown, NJ 08250. 

Ciarcia's Circuit Cellar, Volume I covers articles that appeared in BYTE from September 1977 through November 1978. Ciarcia's Circuit Cellar, Volume 
II contains articles from December 1978 through June 1980. Ciarcia's Circuit Cellar, Volume III contains articles from July 1980 through December 1981. 
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adapter) buffered chip performs 
serial-to-parallel and parallel-to-serial 
data conversion, mating the Micro D
Cam's nonspecific circuitry to the 
host computer, as illustrated by the 
Apple II Plus in this article. 

Hardware Details: Timing, 
Refreshing, and Interrupts 

The timing-generator circuit (see 
figure 1), which generates the timing 
signals for the operation of the Micro 
D-Cam, contains a CMOS (comple
mentary metal-oxide semiconductor) 
oscillator circuit that generates the 
fundamental clock rate. This signal is 
divided down to produce the fre
quencies for various possible output 
data rates and controlling the IS32. 
The data-rate-clock signals control 
the sequence of operation of the 
interrupt generator and the transmit
ter circuit. 

The oscillator circuit emits a fun
damentaI4.9152-MHz signal, which 
is buffered by a type-74C04 inverter 
section (IC20a) . This clock signal is 
divided again by a type-D flip-flop 
and brought out to a set of data
rate-selection jumper connections. 
IC26 divides the frequency by in
creasing powers of 2; these various 
subharmonic outputs lead to other 
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data-rate-selection jumpers. Jumper 
connections 5 through 8 select the 
data rate used in the transmitter and 
interrupt-generator circuit (figure 5 
on page 28), while connections 1 
through 4 are 16 x clock signals used 
in the receiver circuit. The output of 
IC26's pin 7 drives the Optic RAM's 
timing circuitry, which generates the 
familiar RAS (row-address strobe), 
CAS (column-address strobe) and 

R/W (read/write) signals as used by 
most dynamic RAM chips. 

When the camera is transmitting 
data from the Optic RAM, it is in the 
interrupt mode, and the CAS and 
R/W signals are provided to the 
Optic RAM. When the camera is not 
transmitti~he intern~£t mode is 
off, and CAS and R/W are dis
abled; the active-high interrupt sig
nal INT is low and its complement 
INT is high, so the output of the 
AND gate driving CAS remains 
high and the OR gate driving R/W 
remains low. 

During an interrupt cycle, INT 
goes high and INT goes low, enabl
ing CAS and R/W . The high state 
of RAS' (RAS-bar-prime) passes 
through a delay line consisting of two 
inverter sections (IC20d and f) and an 
R/C (resistance/capacitance) network, 
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and thEm, combined with INT 
through an AND gate (IC9c), causes 
CAS to go high. When this hap

pens, the column address is latched 
into the Optic RAM. At this time the 
R/W signal is still high, so the value 
stored in the accessed pixel is read 
ou~ After another delay period, 
R/W goes low, writing a 1 bit into the 
accessed cell to restore its charge and 
make it again able to react to light. 
When RAS' returns low, the inter
rupt cycle is terminated and CAS 
and R/W are disabled . 

Command-Receiver Circuit 
The serial command line carries 

commands from the computer to the 
camera. This data enters the com
mand-receiver section (figure 2) a 
single bit at a time and is assembled 
according to the following protocol. 
The first bit to arrive is the start bit, 
followed by 8 data bits and then the 
stop bit. The start bit enables opera
tion of the input shift register and 
starts the shift-register clock, which 
is initially low. When the clock goes 
high, the start bit, always a high level, 
is latched into the first of eight data 
positions in the shift register. When 
the clock goes low, the first data bit 
arrives at the shift register'S input. 
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Figure 2: The serial command line carries commands from the computer to the camera . The data enters the command-receiver section serially 
and is assembled by the shift register into a decodable word stored in the latch. 
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When the rising edge of the clock 
pulse is detected, the shift register 
moves the high start bit from position 
1 to position 2 and shifts the first data 
bit from the shift register's input in
to position 1. As successive bits ar
rive, each one is shifted into the shift 
register when the rising edge of the 
clock pulse is detected. 

When the start bit finally reaches 
position 8, the camera has received 
the entire command byte, so the first 
6 data bits are transferred from the 
shift register into a latch (a I-byte 
memory) called the command register. 
The clock is then disabled and the 
shift register cleared, leaving the 6 
camera-command bits in the com
mand register. The receiver is now 
ready to accept another command. 

Address Registers 
The address registers of the circuit 

(see figure 3) latch the row-address, 
column-address, and refresh pointers 
for the Optic RAM addressing. Ad
dress registers IC22 and IC16 hold the 
row and column addresses, respec
tively, while the third register, ICIO, 
is the refresh register. 

The first two registers are activated 
only when the camera is to fetch and 
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transmit a single bit of information 
from the Optic RAM. (This fetch 
operation is the interrupt cycle, 
which, as we saw before, is initiated 
by the INT signal going high.) The 
cycle starts on the occurrence of the 
falling edge of the RA5 signal and 
ends on the next falling edge of RA5. 
When the camera is not fetching in 
an interrupt cycle, the refresh register 
is active. This third address register 
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Except during interrupts and expo
sures, this value passes through to 
the address lines of the 1532, per
forming a refresh operation. All three 
address registers have three-state out
puts (that is, their outputs can 
assume a high-impedance condition, 
not driving the bus either high or 
low), and only one register is active 
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at anyone time. 
The selected register drives its data 

onto a common bus called the present
address bus. The present address 
passes through the descramble-and
soak circuitry (which will be dis
cussed shortly) to the Optic RAM, 
where it is used to select a row or col
umn. The present-address bus also 
connects to the address circuit, where 
a value of 0, I, or 2 (depending upon 
software-selected options) is added to 
the present-address value. The re
sulting sum is driven out of the adder 
onto the next-address bus, which con
nects to the inputs of each of the ad
dress registers. The value on the next
address bus is latched into the 
selected address register, and then 
that register is disabled. 

The array-selection circuit simply 
selects whether one or both of the 
1532's cell arrays are to be used. If 
2ARRAY is high, the output of the 
OR gate"(IC21, pin 11) is always high, 
and the row-register value (IC22) will 
never be less than 128, so only the 
second array (rows 128 to 255) will 
be addressed and transmitted. If 
2ARRAY is low, however, the OR 
gate will appear transparent and the 
value on the next-ad dress-bus line D7 
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Figure 3: This section of the circuit latches the row-address, column-address, and refresh pointers for the Optic RAM addressing. Address 
registers lC22 and lC16 hold the row and column addresses, respectively, while the third register, lClO, is the refresh register. 
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will be driven onto IC22. This means 
all addresses from 0 to 255 will be 
selected and the values in both arrays 
will be transmitted. 

Address Descramble 
and Array Soak 

The internal circuitry in the Optic 
RAM scrambles the row and column
address values when accessing a cell. 
(After all, the 1532 chip was designed 
for use only as a memory device, not 
as an optical sensor.) But because ele
ment location is a critical issue in op
tical work, the address-de scramble 
circuit (see figure 4, below) un
scrambles the values into a new ad-

dress, which the Optic RAM de
codes to access the desired pixel. 

Charged with the task of trans
forming the data from the address 
registers into a new address, which 
the Optic RAM decodes to access the 
desired pixel, the descrambling cir
cuit consists of two inverters, three 
exclusive-OR gates, and a multiplex
er (ICll) . The inverters and exclu
sive-ORs do the actual descrambling 
on the row and column addresses; 
the multiplexer selects between the 
descrambled row and column ad
dresses at the appropriate times and 
transmits the address to the Optic 
RAM. 
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The multiplexer uses RAS to 
determine which address is selected. 
If RAS is low at the multiplexer's 
SELECT input (ICll, pin 1), the de
scrambled row addresses (on the B 
inputs) are selected. When RAS is 
low, the A inputs, or descrambled 
column-address inputs, are selected. 

The purpose of the SOAK circuit 
is to prevent the refresh addresses 
from reaching the Optic RAM during 
the exposure cycles. (Remember, the 
Optic RAM is light-sensitive only 
when it is not being refreshed.) Dur
ing periods when INT is inactive-low 
(with the refresh register therefore ac
tive) and SOAK is active-low, the 
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Figure 4: Consisting of two inverter sections, three exclusive-OR gates, and a multiplexer, the address-descrambling circuitry undoes the 
internal address scrambling done by the Optic RAM. The soak circuit makes the Optic RAM light-sensitive by depriving it of refresh cycles. 
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output of NOR gate IC15d is high. 
This sets the multiplexer's enable in
put high and drives the multiplexer's 
outputs low. The high NOR-gate 
(IC15d) output also forces a low state 
at the inverter output IC18d, which 
forces the outputs of the four AND 
gates IC23a, b, c, and d low. These 
AND gates stand between the pre
sent-address bus and the 1532's four 
low-order address inputs. Thus, the 
Optic RAM's address inputs remain 
low, and the refresh function is per
formed on only address O. When 
50AK goes inactive-high, the 

multiplexer and AND-gate outputs 
are enabled and the refresh ad
dresses reach the Optic RAM so that 
the entire chip is refreshed, making 
it insensitive to light. 

Transmitter and 
Interrupt-Generator Circuit 

This circuit, shown in figure 5, 
transmits the pixel data serially to the 

ALT BIT 
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INT 

INT 

IC5 
74C86 

1 

+ SV 

4 

PR 
2 D 

IC 6 
74C74 

3 CLOCK 

a S 

Q 6 

IC 7 
74C04 

host computer, inserting start and 
stop bits where appropriate, and 
generates the INT and INT signals 
for fetching the pixel information 
from the 1532. 

At the heart of this circuit is the rip
ple counter, IC4, enabled when the 

The output of the 
Micro O-Cam is a 

digital signal; it cannot 
be used to directly 

drive a composite-video 
monitor. 

Micro D-Cam has been commanded 
to transmit data. It inhibits the inter
rupt generator when start and stop 
bits are being transmitted (preventing 
accessing of the Optic RAM) and 
enables the interrupt circuIt when it 
is transmitting data. The transmitter's 
frequency is determined by the data
rate clock. During each clock cycle 

ao a 1 a2 a3 

DO Dl D2 D3 

+5V 

PR 

11 2 D a 
IC 24 
74C74 

3 CLOCK Q 6 

ICIS 
74C02 

only one start, stop, or data bit is 
transmitted. 

The interrupt generator is enabled 
by both the ripple counter (IC4) and 
the data-rate clock, but the interrupt 
cycle itself is clocked by RA5. Be
cause the purpose of the interrupt 
cycle is to fetch a single pixel for 
transmission, only one pixel can be 
transmitted on each clock cycle. The 
rising edge of the data-rate clock 
enables the interrupt circuit. The next 
falling edge of the RA5 waveform 
initiates the interrupt cycle, causing 
a pixel to be read from the Optic 
RAM. The INT signal feeds back 
into the interrupt circuit, resetting the 
interrupt enable. 

When RA5 goes lew again, the 
interrupt cycle is terminated. The 
next falling edge of the data-rate clock 
enables the interrupt circuit again 
(unless a start or stop bit is to be 
transmitted). Thus, only one pixel is 
transmitted during each data-rate-

a4 as a6 a7 

D4 D5 D6 D7 

EOF 

NEXT-ADDRESS CLOCK 

LI NE 

Figure 6: The adder circuit allows the Micro D-Cam to keep track of the proper values for the row, column, and refresh registers. 
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Photo 3: The control circuitry for the Micro D-Cam image camera is shawn here in pro
tOhjpe form mounted in an input/output slot in an Apple II Plus computer. 

Photo 4: The 1532 Optic RAM, a 64K-bit dynamic memory device specially packaged with 
a quartz lid for optical use in image-sensing applications, is made by Micron Technology 
Inc., 2805 East Columbia Rd., Boise, ID 83706, (208) 383-4000. 

Number Type +5V GND Number Type +5V GND 

IC1 74COO 14 7 IC17 IS32 16 8 
IC2 74C08 14 7 IC18 4069 14 7 
IC3 74C83 5 12 IC19 74C174 16 8 
IC4 4017 16 8 IC20 4069 14 7 
IC5 74C86 14 7 IC21 74C32 14 7 
IC6 74C74 14 7 IC22 74C374 20 10 
IC7 74C04 14 7 IC23 74C08 14 7 
IC8 74C74 14 7 IC24 74C74 14 7 
IC9 74C08 14 7 IC25 74LS161 16 8 
IC10 74C374 20 10 IC26 4040 16 8 
IC11 74C157 16 8 IC27 74C83 5 12 
IC12 74C86 14 7 IC28 74COO 14 7 
IC13 74C164 14 7 IC29 74C74 14 7 
IC14 74LS74 14 7 IC30 MC6850 12 1 
IC15 74C02 14 7 IC31 74LS245 20 10 
IC16 74C374 20 10 

Table 2: Pawer wiring for integrated circuits in the Micro D-Cam. 
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clock cycle. 
The WIDEPIX circuit is used to 

help compensate for the mismatch in 
aspect ratios of the Optic RAM and 
most computer graphics screens. The 
Optic RAM has a ratio of 2.5:1, com
pared with the 4:3 aspect ratio of 
most cathode-ray-tube (CRT) dis
plays, and the pixels are not square. 
If the image data is displayed on a 
screen with an aspect ratio that close 
to 1:1, the image will appear to have 
been squeezed horizontally. The 
WIDEPIX circuit helps compensate 
for this by causing each pixel to be 
transmitted twice, doubling the 
width of the image. The circuit is 
enabled when the Micro D-Cam is 
transmitting and the WIDEPIX com
mand line is high. This causes the 
flip-flop IC8a's output to toggle on 
every data-rate-clock cycle. This flip
flop inhibits the interrupt cycle on 
alternate data-rate clock cycles. Dur
ing data-rate-clock cycles in which 
the interrupt is inhibited, the pixel 
from the previous interrupt cycle is 
transmitted again_. __ 

The LINE and LINE signals indi
cate that the column-address register 
has reached terminal count, meaning 
that the last column has been 
scanned. These signals, when active, 
inhibit the occurrence of further in
terrupts during the transmission of 
the current byte so that the value of 
the last accessed data bit is repeated 
to fill out the bits in the byte. This 
guarantees that the next byte trans
mitted will start off with information 
from the next row, i.e., that no single 
byte will contain picture information 
from two rows. When the stop bit is 
to be transmitted, assertion of the 
LINE signal at one input of exclusive
OR gate IC5b causes an interrupt re
quest, and assertion of LINE at the 
input of the NAND gate IClb ensures 
that the interrupt flip-flop is enabled. 
This "dummy" interrupt is used to in
crement the row-address register. The 
pixel that is accessed during this cycle 
is blanked by the transmission of the 
stop bit. 

Adder and End-of-Frame Circuit 
The adder and end-of-frame sec

tion, shown in figure 6, adds the 



proper increments to the row, col
umn, and refresh registers and gen
erates signals indicating end-of-frame 
(EOF) in the Optic RAM. 

When anyone of the address reg
isters drives a value onto the present
address bus, the adder circuit re
ceives this value, adds a 0, 1, or 2 to 
it (depending on the control inputs 
RAS, LINE, ALTBIT and INT), and 

places the sum onto the next-address 
bus. When the refresh register is ac
tive, the INT line causes a 1 to be 
added each cycle. During interrupt 
cycles, the row and column registers 
are active. The adder sequences these 
registers through the Optic RAM in 
a "column-fast" mode, i.e., the adder 
adds 0 to the row address and 1 to 
the column address until the end of 
the column (or end of the line) is 
reached. The adder then adds a 1 to 
both the row and column, thus in
crementing the row register and 
resetting the column register to O. 

The ALTBIT input simply adds an 
extra 1 to the value on the present
address bus during interrupt cycles; 
thus the row and column registers 
are incremented by a total of 2 rather 
than 1. 

Control and Use 
The software routines that control 

the Micro D-Cam are menu-driven. 
While the camera is running, several 
real-time commands are available to 
alter the operation of the camera from 
frame to frame. The real-time options 
are displayed on the screen. 

When the camera is first turned on, 
you start the image-gathering process 
by selecting one of the options from 
the menu offered by the software, 
which I'll discuss in detail next 
month . If everything is working 
properly, an image of what the Micro 
D-Cam is seeing is shown on the 
computer's video-display screen. If 
the display screen remains dark, the 
exposure interval may be insufficient; 
this situation may be remedied by in
creasing the exposure time. If the ex
posure time is excessive, the screen 
will be white. This situation may be 
remedied by decreasing the exposure 
time or changing the aperture on the 
lens. Eventually, a clear picture will 
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Figure 7: A diagram of the topology and pinout configuration of the IS32 Optic RAM (not 
to scale). Each of the two cell regions, visible through the quartz package lid, contains a 128-
by 256-cell array. 

appear on the computer's screen as 
you reach the proper adjustments. 

Next Month: 
In part 2, we'll look at the software 

you'll need to read the Micro D-Cam's 
images, including a complete listing for 
the Apple II Plus, and I'll explain the 
computer interface and how the Micro D
Cam communicates with its user._ 

Steve Garcia (POB 582, Glastonbury, cr 06033) 
is an electronics engineer and computer consultant 
with experience in process control, digital design , 
nuclear instrumentation, product development, and 
marketing. In addition to writing for BYTE, he has 
published several books. 

Special thanks to Carl Baker and Jim Herrud of 
Micron Technology fo r their contributions to this 
project. 

To receive a complete list of Ciarcia's Clr· 
cuit Cellar project kits. circle 100 on the reader 
service inquiry card at the back of the 
magazine. 

The following items are available from : 
The Micromint Inc. 
561 Willow Ave. 
Cedarhurst, NY 11596 
(800) 645-3479 (for orders) 
(516) 374-6793 (for information) 

1. Complete Micro D-Cam unit including 
interface card, extension cable, IS32 
Optic RAM, lens, remote housing, 
operators manual, and utility software. 
Specify Apple II (Plus or E), or IBM 
Personal Computer. 
Assembled and tested .. . ... $295 

2. Same as Item 1 except in kit form . 
Specify Apple II or IBM Personal Com
puter version. 
Complete kit .. . . . . . . . . . . .. $260 

3. IS32 Optic RAM sold separately 
IS32 each ... . ......... .... $42 

4. RS-232C-interfaced Micro D-Cam for 
general use. Call for price and delivery. 

Please add $4 shipping and insurance in 
continental United States, $20 overseas. 
New York residents please include 7 per
cent sales tax. 
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Build the Micro D-Cam 
Solid-State Video Camera 

Part 2: Computer Interfaces 
and Control Software 

Serial interfaces for the Apple II and the IBM Personal 
Computer and versatile software for the Apple II 

Last month I introduced you to the 
Micro D-Cam, a relatively low-cost 
direct-output digital camera that you 
can build, either from scratch or from 
a kit distributed by The Micromint. 
Using a 64K-bit dynamic memory 
chip as its optical sensor, it has a 
resolution of 256 by 128 pixels (pic
ture elements), which is adequate for 
many applications, including input of 
graphic images, pattern and character 
recognition, robotics, process control, 
and security. 

In part 1 I explained the principles 
of operation of the 1532 Optic RAM 
(random-access read/write memory) 
and the rest of the Micro D-Cam's 
hardware. (Table 1 may help you re
call some of the 1532's characteristics.) 
This month I'd like to finish the proj
ect by discussing how the camera 
can be attached to the expansion 
buses of the Apple II Plus and the 
IBM Personal Computer and how the 
camera is programmed to work. 

The amount of software included 
with this article is somewhat more 
than you've come to expect from a 
hardware-type fellow like me, but I 
feel it is necessary to properly show 

Copy right © J 983 Steven A. Ciarcia. All rights 
reseNed. 

by Steve Ciarcia 
how software can be used to enhance 
the final picture. In particular, some 
of you may be interested in the 
method used to present a gray scale 
on an Apple II computer. 

A Quick Review 
The 1532 Optic RAM from Micron 

Technology Inc. is a memory chip 
specially packaged to function as a 
digital image-sensing device. (Be
cause its output is a pure digital 
signal, it cannot be used to directly 
drive a composite-video monitor.) 
The 1532 contains 32,768 usable light
sensitive elements arranged in a 
matrix of 128 rows and 256 columns. 
Each of the elements in the matrix is 
a light-sensitive capacitor, a memory 
cell that can be accessed randomly by 
simply reading in the appropriate 

1. two 128- by 256-element arrays each 
measuring 5.504 by 1.088 millimeters 

2. element size: 8 microns by 9 microns 
3. vertical center-to-center spacing: 

21.5 microns 
4. horizontal spacing: 8.5 microns 
5. spacing between left and right arrays: 

150 microns 

Table 1: Specifications of the Micron Tech
nology [S32 Optic RAM, a 64K-bit mem
ory chip that has the extra talent of senJ
ing as a digital image detecto r. 

row and column address. Light strik
ing a particular element causes the 
capacitor, which is initially pre
charged to a fixed voltage, to dis
charge toward 0 volts (V). The capac
itor discharges at a rate proportional 
to the light intensity throughout the 
duration of the exposure. When the 
cell's content is read, a logic 0 remain
ing in the cell indicates a bright 
pixel-the capacitor was exposed to 
a light intensity sufficient to dis
charge the capacitor past the thresh
old point. A dark pixel is indicated 
by a logic 1 remaining in the cell, 
which happens when the light inten
sity is not sufficient to discharge the 
capacitor past the threshold point. 

The operation of the image sensor 
can be compared to the function of 
film in a camera . The user can 
regulate the exposure by two adjust
ments: aperture (f-stop) and shutter 
speed. The aperture adjustment con
trols the amount of light that is 
allowed to expose the light-sensitive 
medium (either the 1532 or the film 
emulsion) by mechanically widening 
or narrowing the hole through which 
the light passes. The shutter speed 
(or scanning speed in the case of the 
1532) dictates the amount of time the 
sensitive medium is exposed. 
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SERIAL IN TERFACE 

DRIVE ELECTRONICS 

16 

Figure 1: A block diagram of the Micro O-Cam system. 

The Micro D-Cam's equivalent of 
an electronic shutter is controlled by 
commands transmitted to the inter
face. Sending a SOAK command to 
the Micro D-Cam has the effect of 
opening the shutter. After the ap
propriate period of exposure has 
elapsed, two commands, REFRESH 
and SEND, stop the exposure (close 

. the shutter) and transmit the image 
to the host computer. 

Interfacing the Micro D-Cam 
Last month, when we looked at the 

control and driver electronics of the 
basic Micro D-Cam, we found that it 
communicates with its host computer 
serially, one bit at a time. In its 
minimal configuration, it requires 
four wires to be connected to the host 
computer: two supplying + 5 V and 
ground potential and one each for 
serial .data in and out. In a non
specific configuration, it can operate 

APPLE n BUS +5V 

+5V~ 
GND~ 

IC31 

asynchronously over an RS-232C link 
(at a data rate of up to 19,200 bps or 
bits per second), but I have devised 
serial interfaces for the camera that 
can be attached directly to the IBM 
PC and Apple II computers' buses 
(although still communicating serial
ly) . Using a fifth Signal, an additional 
external clock signal provided to the 
bus interfaces by the drive elec
tronics, the Micro D-Cam can then 
function at data rates up to 153,600 
bps. The complexity of interface cir
cuits of this type depends upon the 
host computer's bus structure and 
address range. The general scheme of 
connection is shown in figure 1. 

Figure 2 is a schematic diagram of 
the circuit that forms the interface 
from the Micro D-Cam circuitry 
(shown in part 1) to the expansion 
bus of the Apple II Plus computer. It 
owes its simplicity to the predecoding 
of the I/O (input!output) slot ad-
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dress already provided on the 
Apple's main circuit board. The ad
dress decoders usually required in a 
peripheral interface are eliminated, 
and the complete serial interface can 
be built with only two integrated cir
cuits. The 74LS245 octal bus trans
ceiver buffers the TTL- (transistor! 
transistor logic) level serial data into 
and out of the MC6850 ACIA (asyn
chronous communication interface 
adapter). The serial bit rate is con
trolled by the external clock output 
from the Micro D-Cam drive elec
tronics. For maximum speed, the 
clock frequency should be set for 
153,600 Hz. 

Figure 3 on page 70 shows the 
serial interface circuit for the Micro D
Cam configured for the IBM PC's 
bus. Due to the greater complexity of 
the Intel 8088 processor as compared 
with the Apple's 6502 and the PC's 
larger memory-address space, the in-

MICRO D-CAM 
CONNECTION S 

TRANSMITTED 
DATA 

r------, DATA-RATE 
I IC32 CLOCK I 
I 74LS04 I 
11 41 SERIAL 

COMMAND 
I INPUT 
I I L ______ --1 

Number Type +5 V GND 

IC30 MC6850 12 
IC31 74LS245 20 10 
IC32 74LS04 14 7 

Figure 2: A schematic diagram of an Apple II Plus or Apple lIe interface for the Micro O-Cam. The serial data stream from the Optic RAM 
is converted to parallel bytes and placed on the Apple's data bus by the ACIA and bus transceiver. Although operating asynchronously, high 
data rates (up to 153,600 bps) are possible because of the external data-rate clock input from the camera-control circuitry. 
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(2a) Status Bit Meaning When Set to 1 

0 data has been received from the camera 
1 a command may be sent to the camera 
2 unused 
3 unused 
4 received data was improperly framed 
5 data received before previous byte read 

(2b) Command Bit Meaning When Cleared to 0 

7 none (always 1) 
6 none (always 1) 
5 alternating-bit mode (ALTBIT) 
4 wide-pixel mode (WIDEPIX) 
3 7-bit data bytes (7BIT) 
2 transmit one frame instead of two (1ARRAY) 

refresh instead of soak (REFRESH) 
0 send the requested image (SEND) 

Table 2: Meanings of bits in the status register (2a) and command word (2b) for the Apple 
II1Micro D-Cam interface_ 

terface requires three times as many 
integrated circuits. In the IBM, the 
Micro D-Cam's two port addresses 
are decoded by three chips: IC5, IC6, 
and IC7. These are 74L5136 open
collector exclusive-OR gates con
nected together in a "wired-OR" con
figuration. The voltages wired to the 
11 inputs of the address decoder 
determine the interface board's ad
dresses. As shown in figure 3, the ad
dresses I used were xD26 and xD27 
(where x can take on any hexadeci
mal value from 0 to F). The 6850 
ACIA (IC8) functions as previously 
described except that IC2 and IC4 are 
configured as a wait-state generator 
to facilitate timely access to the bus. 

Data and Command Format 
The 6850 ACIA comprises a data 

register and a status register. You can 
configure operating parameters (such 
as parity, stop bits, start bits, clock
ing, etc.) by writing values into the 
status register. Before the host com
puter can access the Micro D-Cam, 
the ACIA has to be initialized to the 
proper configuration. The control 
software does this by writing two 
bytes, a hexadecimal 03 followed by 
a hexadecimal 14, into the status 
register. The first byte performs a 
master reset on the ACIA, while the 
second byte specifies that the serial 
transmission protocol is 1 start bit, 
followed by 8 data bits, followed by 
1 stop bit. 
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Reading the status register allows 
the control program to determine 
when new data has been received 
and when the ACIA is ready to send 
data. The meanings of the status bits, 
when set, are as shown in table 2a. 

In normal use, only bit 0 is checked 
when seeing if data is available from 
the camera. Bits 4 and 5 are used only 
in debugging, as these situations 
should not normally arise. When de
signing the program that receives the 
image from the camera, it is a good 
idea to incorporate a time-out mech
anism in case the camera stops send
ing bytes before the program expects; 
otherwise, the program can hang up 
if the software misses even a single 
byte. 

In the Apple II Plus and lIe, the 
hexadecimal addresses of the type 
COnE access the status register of the 
ACIA on an interface card plugged 
into the corresponding slot, while 
COnF addresses access the ACIA's 
data register. The n is the hexadeci
mal value of the slot number plus 8. 
For example, suppose the interface 
card were plugged into slot 3; 3 plus 
8 equals B, and so address COBE will 
access the status register and COBF 
the data register. 

Command Functions 
While the camera is running, the 

host computer directs the Micro D
Cam's operating modes by sending it 
command words. Each command 

word is composed of 8 bits, with 
functions as summarized in table 2b. 
Let's look at each of these in detail: 

ALTBIT Mode: When bit 5 is clear 
(equal to 0), the Micro D-Cam trans
mits only the pixels from the even
numbered rows and columns in the 
Optic RAM. This mode usually pro
duces a clearer image than the 
NOALTBIT mode at the expense of 
losing resolution. 
WIDEPIX Mode: When bit 4 is clear, 
the Micro D-Cam transmits each 
pixel in the array twice. Each image
sensing element is rectangular in 
shape, so by "double-transmitting" 
the pixels, the proper width-to-height 
(aspect) ratio is maintained when the 
image is displayed on the computer's 
video monitor. 
7BIT Mode: The Apple II's imple
mentation of high-resolution graph
ics is somewhat peculiar. The most 
significant bit of each byte on the hi
res graphics page is reserved as the 
color bit for a group of pixels, while 
each of the other 7 bits stores a 1 or 
o as a bright or dark value for a pixel. 
In 7BIT mode, the Micro D-Cam 
transmits data in a format compati
ble with the Apple's high-resolution 
format, with 7 bits of pixel values per 
byte. The 7BIT mode is selected by 
clearing bit 3 of the command byte to 
O. The alternative to 7BIT mode is 
8BIT mode, which is achieved by set
ting bit 3 to 1. The 8BIT mode causes 
the camera to transmit in normal bit
mapped format, with all 8 bits in the 
byte containing image data, and is 
preferred for use with all computers 
other than the Apple. 
lARRAY Mode: The lARRAY mode 
is selected by clearing bit 2 of the 
command byte. Using this mode, 
only data from the image focused on 
the lower light-sensitive array is 
transmitted from the Micro D-Cam. 
By setting bit 2 of the command byte, 
2ARRAY mode is selected, which 
causes data from both arrays to be 
transmitted from the camera. The 
2ARRAY mode causes a, split-screen 
effect because of the space between 
the two arrays in the image-sensor 
chip. 
REFRESH Mode: In some ways, the 
Micro D-Cam is like any other 



Command 
Character 

> 
< 

Control 
Effect 

increase exposure time 
decrease exposure time 

F 
L 

fix exposure time to current setting 
load previously stored image from disk 

N print negative of screen image onto Epson printer 
p 

Q 
print screen output onto Epson (Graftrax option required) 
quit and return to main menu 

R 
S 

toggle display of exposure time and light level 
save current image to disk 

T use current light level and autotrack the exposure 

Table 3: Options for control of the Micro D-Cam that may be selected in real time through 
the distributed menu-driven software. See table 4 for the options provided in the GREY16 
program . 

camera. It must receive the proper 
amount of light to make the image 
develop properly. Too much light will 
overexpose the image, while too lit
tle light will underexpose the image. 
Exposure time is determined by how 
long the control program in the host 
computer allows the Optic RAM to 
be exposed to light without its cells 
being refreshed. Refreshing the 
image sensor is the same process 
used in any dynamic memory: the 
existing charge in each cell is sensed, 
the voltage compared with a thresh
old potential, and a fresh potential 
of 0 V (for a logic O) or + 5 V (for I) 
is rewritten into the cell. (The only 
difference in the Optic RAM is that 
all cells must contain + 5 V at the 
beginning of an image-sensing cycle 
when refreshing stops.) If the image 
sensor is not continually refreshed, 
the light focused on each cell causes 
the voltage in each cell to leak away 
at a rate proportional to the intensity 
of the light. When the image sensor 
is not being refreshed, we say it is 
"soaking" (in light). Allowing the 
image sensor to soak for longer 
periods of time enables the Micro D
Cam to see better in dimmer light. 

When the REFRESH mode is 
selected (by clearing bit 1 of the com
mand byte) the Micro D-Cam keeps 
the image sensor's cells refreshed 
while it is sending an image. When 
bit 1 is set, SOAK mode is invoked. 
This causes the camera to soak (and 
therefore remain sensitive to light) 
while it is transmitting an image. 
SEND Mode: When a command is 
sent to the camera with SEND mode 
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selected (bit 0 cleared), the camera 
begins transmitting an image. 

Control Software 
The software for controlling and 

displaying pictures is vital to the 
operation of the Micro D-Cam. 
Menu-driven versions of the Micro 
D-Cam control software for both the 
Apple II and IBM PC are available 
from The Micromint. 

However, some of you may already 
have the Micron Technology Optic 
RAM or a similar 64K-bit dynamic 
RAM device with suitable chip lay
out, and you may want to build the 
Micro D-Cam from scratch. Conse
quently, I have included with this ar
ticle complete listings of two control 
programs written for the Apple II. 
One provides experimenters with a 
means for testing the Micro D-Cam; 
the second is a more sophisticated 
software routine that enhances the 
image and performs gray-scale 
ordered dithering (I'll explain this 
term later). While the Micro D-Cam 
software includes some additional 
menu-driven utility programs (some 
options of which are shown in table 
3), all the Micro D-Cam photos 
printed here and last month can be 
reproduced using only the two pro
grams in the magazine. 

A Sample Control Program 
The Micro D-Cam demonstration 

program (listing 1 on pages 512 
through 518) illustrates the simplest 
possible software needed to receive 
an image from the camera and dis
play it on the Apple's hi-res screen. 

It is not really as long and compli
cated as it looks; the accompanying 
flowchart (figure 4 on page 76) should 
reveal the general scheme of opera
tion. The software consists of two 
parts: a short BASIC main program 
(listing la) and a set of machine-lan
guage subroutines (shown in assem
bled format in listing Ib). The BASIC 
program loads the machine-language 
code from disk, interactively sets the 
correct 1I0-s10t number and exposure 
time, and calls the machine-language 
code to display the image; upon re
turning to BASIC, the calling pro
gram checks to see if you want to ter
minate the process. 

The hard part of the work is done 
in the machine-language routines, 
which were necessary to allow the 
Micro D-Cam to operate at 153,600 
bps. When called, the machine code 
begins by making sure that the hi-res 
screen is being displayed. It then in
itializes the ACIA and sends a com
mand to tell the camera to soak with
out sending an image. (This effective
ly clears the Optic RAM and tells the 
camera to begin the exposure.) The 
program then waits for the duration 
of the exposure. 

The next step is to read the image 
from the camera and display it on the 
screen. To save time and memory, the 
software sends the picture straight to 
the hi-res screen memory (rather 
than reading it into a separate buffer 
area and then moving it) to minimize 
the processing of the final image. The 
mode used is alternate-pixel, wide
pixel, with 7-bit data words. Before 
any part of the picture is received, a 
number of memory pointers are set 
up to facilitate proper placement on 
the screen. A command is sent to the 
camera to begin transmitting the im
age, and the program loops to read 
in each byte of the image and put it 
on the screen. 

The control software knows how 
many bytes of image data it should 
receive from the camera, but a prob
lem can arise from relying on byte
counting to determine when to stop 
reading data : if the computer misses 
one, it could hang the system up. To 
be on the safe side, a time-out loop 
has been provided in the image-read
ing routine. If the computer times out 



INITIALIZE 
MEMORY POINTERS 
AND TIME OUT 
COUNTER 

GET THE STARTING 
ADDRESS OF THE 
NEXT ROW ON 
THE HI-RES SCREEN 

YES 

INITIALIZE 
ACIA (SEND 
HEXADECIMAL 03 
THEN 14 TO 
STATUS REG) 

READ BYTE AND 
STORE IN MEMORY 
IN IT TIMEOUT 
COUNTER 

TRANSFER BYTE 
TO SCREEN 
INCREMENT 
POINTERS 

SEND COMMAND 
TO SOAK 
WITHOUT SEND 
(HEXADECIMAL 03) 

COUNTER = 0 >-'N.!-'O'--_-' 
? 

NO 

Figure 4: A flowchart of the Micro D-Cam demonstration program for the Apple II. The program consists of a BASIC main routine, shown 
in listing la, and some 6502 machine-lm1guage subroutines, shown in assembly-language form in listing lb. 

while waiting for the camera, it clicks 
the speaker, checks for a keypress, 
and tries the entire command se
quence again. In this manner, you are 
alerted to any possible problems. 

Because the Apple's hi-res screen 
display is mapped nonlinearly into 
memory space, a lengthy table at the 
end of the machine-language code 
provides the starting address for each 
consecutive row of the hi-res screen. 
The program gets the address of the 
beginning of each row and then 
reads 40 bytes from the camera, plac
ing them consecutively on the 

Command 
Character 

Control 
Effect 

screen. The next row, and each row 
after it, is 'done in a similar manner. 

Once the image is on the screen, a 
command is sent to the camera to 
refresh without sending. This gets it 
ready for the next exposure. Finally, 
the machine code checks the key
board and processes any command 
inputs before . returning to BASIC. 

Obtaining Gray Scale 
A more user-friendly demonstra

tion of the Micro D-Cam that also 
provides a level of gray-scale capabili
ty is the GREY16 program of listing 

N 
F 

display the image in normal size (256 by 64) 
display the image in full size (256 by 128) 

G 

E 

S 

Q 

create a picture (256 by 128) with 15 levels of gray (this process takes 
about 30 seconds and displays a countdown of the number of ex· 
posures from F to 0) 

change the exposure time of the current displayed image, the upper 
limit of the gray·scale image, or the lower limit of the gray·scale 
image 

save to disk the picture currently being displayed (this may be done in 
any of the three display modes: normal , full , or gray) 

quit the program and return to BASIC 

Table 4: A summanJ of Llser commands implemented in the GREY16 program of listing 2. 
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2 (pages 518 through 538). It has one 
mode that allows you to do quick 
aiming and focusing of the camera, 
another to let you get an idea of what 
the final picture will look like, and a 
third to create a 15-intensity-Ievel 
gray-scale picture on the Apple II . 
(The processes involved are outlined 
in the flowchart of figure 5. Unfor
tunately, space constraints prevent 
me from showing you a similar pro
gram for the IBM PC.) 

Using GREY16, you can change the 
length of exposure for the image be
ing displayed, or you can change the 
upper and lower exposure limits of 
the gray-scale image. Once you've ob
tained a satisfactory picture, you can 
save it on disk for late:r: use or print 
it on an Epson MX-80 printer 
(equipped with Graftrax) using the 
screen-dump program. A summary 
of available commands in the 
GREY16 program is shown in table 4. 

When it is first powered up, you 
start the camera running by selecting 
one of the options from the GREY16 
menu. If the exposure time is insuf
ficient, the screen will be black. If the 
exposure time is excessive, the screen 

Text continued on page 82 



(5a) 

YES 

CALL 
SUBROUTINE 

NORM 
DISPLAY 

KEYPRESS 
? 

NO 

CALL 
SUBROUTINE 

FULL 
DISPLAY 

YES 

liEU 
;> 

CALL 
SUBROUTINE 

SET 
EXPOSURE 

110 II >--'-'YE::.;S=---_---, 
? 

NO 

IIN tI 

? 

NO 

!IF!! 
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NO 

II Gil 

? 

NO 

YES 

YES 

CALL 
SUBROUTINE 

GREY 
DISPLAY 

.. S II rY_E_S __ ---. 
;> 

NO 

(5c) 

FULL 
DISPLAY 

I 
CALL 
SU BROUTINE 

TAKE 
PICTURE 

1 
CALL 
SUBROUT INE 

DISPLAY 
PICTURE 

I 
( RETURN 

Figure 5: Flowcharts of the GREY16 program for the Apple II (the figure continues on pages 80 and 82). The BASIC portion appears qs 
listing 2a, the machine-language portion as listing 2b. The main routine (5a) calls various subroutines: NORM DISPLAY (5b), FULL DISPLAY 
(5c), SET EXPOSURE (5d), GREY DISPLAY (5e), TAKE PICTURE (5f), DISPLAY PIC (5g), and ENHANCE (5h). 

The subroutine GREY DISPLAY takes sensor pixels from 15 exposures and translates them into arrays of the smaller display pixels to 
represent intermediate brightnesses. 

Figure continued on page 80 

78 October 1983 © BYTE Publications Inc. 



Figure 5 continued: 

(5d) 

HIGH 

(5e) 

NO 

CALL 
SUBROUTINE 

TAKE 
PICTURE 

YES 

ADD 
INCREMENT 
TO 
SOAKTIME 

DONE 
WITH 15 

PICTURES 
? 

YES 
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r;-S -;;O-;;-N-:;:- - i 
I GREATER THAN I- _ 
I VALUE IN 
~ITHE~ MAT.J 

NO DONE 
WITH 

IMAGE 

" 
YES 

CALL 
SUBROUTINE 

DISPLAY 
PICTURE 

(5f) 

(5g) 

NO 

PUT BYTE 
IN BUFFER 
AND I NCR. 
POINTERS 

YES 

CALL 
SUBROUTINE 

ENHANCE 

Figure continued on page 82 



Figure 5 continued: 
,-----------------------------------------------------------------------, 

(Sh) 

BIT 6 GOES TO 
BIT 1 OF BYTE + 1 
ONE ROW AWAY 
I NCR . POINTERS 

BIT 4 GOES TO 
BIT 7 OF BYTE 
ON E ROW AWAY 
INCR. POINTERS 

BiT 3 COMES 
FROM BiT 0 OF 
BYTE ONE 
ROW PREViOUS 

BIT 7 COMES 
FROM BIT 4 OF 
BYTE ONE 

BIT 5 COMES 
FROM BiT 2 OF 
BYTE ONE 
ROW PREViOUS 

DONE 
ENHANCING rY_E_S _____ -' 

" 
ROW PREViOUS 

BIT 1 COMES 
FROM BiT 6 OF 
BYTE -lONE 
ROW PREViOUS 

Text continued from page 76: 

will be completely white. These 
situations may be remedied by in
creasing or decreasing the exposure 
time or changing the lens aperture. 
You may need to focus, also. Even
tually, a clear picture will appear on 
the video screen when the lens is 
properly adjusted. 

The gray-scale portion of the pro
gram demonstrates what can be done 
with just a little bit of software en
hancement, permitting you to create 
images with 14 intermediate levels of 
brightness (plus extreme dark and 
bright) and display them on the 
Apple's hi-res screen. The image of 
an automobile shown in photo 1 is an 
example. 

The technique used to display the 
gray-scale pictures on the Apple II 
Plus and lIe computers is known as 
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ordered dithering, in which half-tone 
values are constructed from multiple 
binary black or white images. The 
process requires the Micro O-Cam 

Photo 1: The Micro D-Cam was aimed 
at a car parked outside. The dithered 
digital gray-scale image shown here is 
displayed by an Apple II Plus. 

system to take 15 exposures of the 
same subject, each lasting a little 
longer than the previous one. (This 
normally takes only several seconds.) 
After each exposure is taken, every 
pixel in it is checked. If the pixel is 
on (showing a 1 value corresponding 
to brightness above that exposure's 
threshold), a counter location corre
sponding to that pixel is incre
mented. At the end of 15 passes, this 
process yields a table of values, each 
value describing the relative intensi
ty of its corresponding pixel. For ex
ample, if a pixel's final value is 15, 
that pixel should be displayed max
imally bright; if a pixel's value is 8, the 
pixel deserves a shade of gray half
way between the black and white 
extremes. 

Once the pixel-intensity table has 
been constructed, a 4 by 4 dither 
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(2a) 

(2b) 

Photo 2: A corner of the author's business 
card (2a) was easily reproduced btj the 
Micro D-Cam (2b) because the printing 
represents only two levels of brightness. 
One potential use of the image camera is 
in optical character recognition. 

matrix is used to assign a display 
value (an array of binary pixels) to 
each screen position. In this software, 
the matrix is as follows: 

o 8 2 10 
6 
9 
5 

12 4 14 
3 11 1 

15 7 13 

Then, one pixel at a time, the 
values in the table of final image 
magnitudes are compared to the 
array-element values in the matrix. If 
the image value for the pixel is 

(3a) 

SteveR A. 

greater than the element's value, that 
array element is turned on. If the in
tensity value is 0, none of the matrix 
elements are displayed bright; if the 
value is 8, elements 0 through 8 are 
displayed bright; and if the value is 
15, all the elements become bright. In 
this manner, 15 levels of luminance 
may be represented but at a certain 
loss of spatial definition. The process 
is repeated across the entire screen 
until each screen position has a value 
assigned to it. 

It would definitely be possible to 
use different-size dithering matrices, 

(3b) 

with certain trade-offs. For example, 
a 2 by 2 matrix would yield only 5 
levels of gray but would have much 
finer spatial definition, while an 8 by 
8 matrix would yield 64 levels of gray 
but with much loss of spacial defini
tion. 

The GREY16 program overcomes 
many of the limitations associated 
with binary optical sensors. While 
black print on white paper (like my 
business card, shown in photo 2) is 
easily viewed by the Micro O-Cam 
with no enhancement, we don't live 
in a pure-black-and-white world, and 
three-dimensional objects need 
shading to be recognized on a two
dimensional video display. 

This is most easily demonstrated 
with a series of photos of a pair of 
dice. Photo 3a shows the color and 
lighting conditions of our sample ob
ject. If we use the Micro O-Cam with
out gray scale, we obtain the binary 
picture in photo 3b. (This slightly 
vague yet quite representative picture 
of the dice would probably be usable 
in robotics or some recognition 
applications. ) 

For a more representative picture, 
we can invoke the G command in the 
GREY16 program to produce photo 
3c. There is now no question of what 
the subject is or what value is shown 
on the dice. If the image were repro
duced on a computer capable of dis
playing half-tones, it would look 
much more like photo 3a than this 
dithered Apple II Plus display. 

(3c) 

Photo 3: A pair of dice (3a) was scanned by the Micro D-Cam. When only two levels of luminance are recorded and sent to the com
puter's display, the result is the output shown in photo 3b. When multiple gray-scale exposures and ordered dithering are invoked, 
the more easily recognizable output of photo 3c appears. 
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Closing Observations 
Two articles have not been enough 

to describe all the capabilities of the 
Micro D-Cam. If I had more time, I'd 
try some experiments using different 
lenses and filters. Theoretically, if 
three exposures were taken through 
red, green, and blue filters, we 
should be able to create a color 
image. 

One interesting fact I did observe 
is that the 1532, like · most silicon
based image sensors, is infrared-sen
sitive. My test was somewhat un
scientific, and I have no precise data 
on the Optic RAM's spectral sen
sitivity. I merely lighted the subject 
with some infrared light-emitting 
diodes, but it was clearly seen by the 
Micro D-Cam even in visible-light 
darkness. 

This mild success leads me to con
sider related experiments. Don't 
count on it, but in a few months you 
just might be reading about some 
sort of character-recognition wand 
I've built using an Optic RAM. In the 
meantime, if you find any other 
dynamic RAM chips that are suitable 
in this application or wish to show 
me a character-recognition program 
of your own, please write and let me 
know. 

Next Month: 
Communicating with their fellow 

humans can be a problem for people who 
cannot speak. We'll look at a way digital 
electronics can be harnessed to remedy 
this difficulty .• 

Editor's Note: For a review of a similar assem
bled product, see page 316. 
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The following items are available from 

The Micromint Inc. 
561 Willow Ave. 
Cedarhurst, NY'l1596 

(800) 645-3479 for orders 
(516) 374-6793 for infonnation 

1. Complete Micro D-Cam unit including in
terface card, extension cable, [532 Optic 
RAM, lens, remote housing, operator's 
manual, and utility software. Speciftj Ap
ple II ([[ Plus or lIe) or IBM Personal 
Computer. 
Assembled and tested . . . . ..... . .. $295 

2. Same as item 1 except in kit fom. Specify 
Apple II or IBM Pc. 
Complete kit . .. .. ... ... ......... $260 

3. IC32 Optic RAM sold separately. 
Each . ... . ...... , ........ .... ... $42 

4. Serial-interface (RS-232C) Micro D-Cam for 
general use. Software listings for several dif
ferent computers to be available soon. 
Call for price and de/ivenj. 

Please add $4 shipping and insurance in COI1-

tinental United States, $20 overseas. New York 
residents, please include 7 percent sales tax. 

Editor's Note.: Steve often refers to previous Cir
cuit Cellar artiCles as reference material for each 
month'? current article. Many of these past articles 
are available in reprint books from BYTE Books, 
McGraw-Hill Book Company, POB 400, Hights
t07m, NJ 08250. 

Ciarcia's Circuit Cellar, Volume I covers articles 
that appeared in BYTE from September 1977 through 
November 1978. Ciarcia's Circuit Cellar, Volume 
II contains articles from December 1978 th rough 
June 1980. Ciarcia's Circuit Cellar, Volume III 
contains articles from July 1980 through December 
1981. 

Special thanks to Carl Baker and Jim Herrud of 
Micron Technology Inc. for their contributions to 
this project. 

To receive a complete list of Ciarcia 's 
Circuit Cellar project kits available, 
circle 100 on the reader service inquiry 
card at the back of the magazine. 

Steve Ciarcia (POB 582, Glastonbury, cr 06033 ) 
is an electronics engineer and computer consultant 
with experience in process control, digital design, 
nuclear instrumentation, product development, and 
marketing. In addition to writing for BYTE, he has 
published several books. 


