








































































































































































































































Net Convexity Detector 

Other structures developed for the turret 
system more closely resemble their biological 
counterparts. To monitor the motion of the 
manipulator more closely, my system re­
quires a device that can track the motion of 
the arm. A matrix of net convexity detec­
tors proved more than adequate for the task. 
By monitoring a small bright spot of light 
either reflected from a retroreflector or 
emitted from a brilliant LED (light emitting 
diode) source located on the manipulator, 
the net convexity detectors can easily 
monitor the motion of the manipulator. The 
net convexity detectors built for the turret 
system utilize the concepts of receptor 
geometry, weighting (for processing), and 
output suppression for size discrimination . 

Building a small matrix of net convexity 
detectors could involve the use of possibly 
hundreds of sensors and many processing 
devices, but since I was not concerned with 
building an accurate model of the net con­
vexity detector in the frog's retina, I could 
trade off various design features. For ex­
ample, I deduced that 20 is the minimum 
number of receptors required to define 
motion on at least four axes. The geometry 
of these receptors has to be in a matrix of 
four columns by five rows with the high 
sensitivity receptor occuring in the fifth 
row, third column (see figure 6 and boxed 
text at end of article). In the frog, a net 
convexity detector may have up to 100 
receptors in its receptor field, allowing 
the frog to precisely monitor the angle of 
the insect's trajectory, but to duplicate 
this would require the use of a mono­
lithic digital sensor of photodiodes if the 
system were to be portable. Even a 4 by 5 
matrix would require a 1 inch square surface 
to contain all of the detectors. This means 
that four net convexity detectors would 
require a 2 by 2 inch imaging surface -
impractical both in terms of size and optics. 
Another serious problem was scanning and 
processing the information from the photo­
electric devices. 

Text continued on page 119 
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Sources of Parts 

A few items mentioned are available only from 
single sources: 

(0) 

National Semiconductor 650 calculator mod­
ules are avai lable from Poly Packs, POB 942, 
South Lynnfield MA 0 1940. 

The best sheet plastic and cement I have found 
for hobby use can be purchased from Plastruct 
Inc, 6 1 Monterey Pass Rd, Monterey Park CA 
91 754. 

(b) 

Photo 2: Close-up of the manipulator's hand. 

Photo 3: Elbow of the manipulator. 

EXAMPLE VECTOR FIELD RESPONSES 
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Figure 6: Shown at (a) is a sectional view of the net convexity detector, used to determine the motion vector of the man­
ipulator arm. Light entering the lens passes through one of 20 holes in a 4 by 5 array at any instant of time, and impinges 
on one of a corresponding set of ph oto transistors. 79 of these photo-darlingtons (the low sensitivity detectors) activate the 
7 key of a calculator module. The remaining photo-darlington activates the 0 I?ey,' its off-center location is used to 
uniquely determine the arm 's direction of travel. (The final version of the unit does not use fiber optics bundles, except 
inside the brass tube. See figure 9 and accompanying text box.) A t (b) are some examples of typical vectors paSSing over 
the retina, along with the corresponding calculator outputs. 
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the 
Introducing 

Monday Machine. 
For under $10,000 we give you 

Sol~ the small computer system for 
electronic typing and general 
purpose data processing, to brighten 
your Monday and speed the 
workload all the way through Friday. 

Are you looking for a way to handle 
your typing load fas te r and far more 
effic iently? Are you looking for an easy to 
use electronic typing system that you 
or your secretary can learn in a matter of 
hours? And are you looking for a general 
purpose data processing system capable of 
doing other tasks around the office such 
as mailing lists. general ledger. accounts 
payable/ receivable and payroll '! 

Then you're looking for the Sol 
"Monday Machine:' 

It's simply the best small 
computer system! 

You can store. edit and print out 
text as long as 110 pages. You get 750.000 
bytes of memory on diskette . Plus 
a lett er qual ity Sol Printer that runs at 

480 w. p.m. And a video monitor. 
For the past few months. we've been 

selling our Sol Systems to selected 
businesses prior to formal introd uction. 
One of our customers. a legal fi rm. 
uses thei r Sol System to type wills and 
cont rac ts. Precedents and standard 
paragraphs are stored on d iskettes fo r 
easy access . 

T he starr of this law firm was tra ined 
to use the Sol System on a Sat urday. By the 
next Friday. no one could figure out 
how the workload was handled wit hout it. 
The secret arial staff t old us our 
keyboard has a nicer fee l than that of 
the well-known maker of typewriters 
and computers. When they aren't using 
the Sol System for word processing, 
they do the legal accounting and update 
the work-in-progress report. 

Processor Technology knows 
computers and knows programs. 

In the past two years, more than [0.000 
Sol computers have been installed. 

We're easily one of the most successful 
pioneers in the small computer fi eld 
because our systems are sophisticated yet 
easy to use. 

More information or 
a demonstration 

Arrange for a demonstration now. Dial 
the toll free number below to find 
your local dealer. Or send in the coupon. 

ProcessorTechnology 
r-----------------, 

Processor Technology Corporation I 
7100 Johnson Drive, Pleasanton. CA 94566 I 
o Please send more info rmation on your 
e lectronic typi ng and general purpose data 
processing system. 
o Please arrange a demonstra tion too. 

Name T illc _________ _ 

Firl11 _ __________ _ 

Tc lcphOIll!' _ _ _ ______ _ _ 

AJdress _ _ _ ____ _ _ _ _ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C it y/ S",te / Zip I L _________________ ~ 

TOLL-FREE DEALER LOCATOR HOTLINE (800) 227-1241. In CA (800) 972-5951. 
Dealerships available in selected areas. 
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4 (a) 

(0) 

OPTIC S 

Figure 7: Details of the 
sustained contrast detec­
tor. A t (a) is a cross 
section of the unit, which 
resembles a television cam­
era; (b) is a simplified 
block diagram of the sys­
tem. The sustained con­
trast detector is used to 
obtain a rough image of 
the object to be grasped 
by the manipulator. 
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IMAGE 
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ADDRESS 
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PROM 
IMAGE 
PROCESSOR 

PRO CESSED 
IMAGE 

The figure numbering se­
quence for this article has 
been continued from part 
1 (February 1979 BYTE, 
page 12). 

OJ ACTUAL 
IMAGE 

PROCESSED 
IMAGE 

Photo 4: Interior of the sustained contrast detec tor. Shown at (a) is the lens (at left), the array of phototransistors (at right), 
and the associated electronics. 4b shows the 4 by 5 prototype array (compare with final version in figure 7). 
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Text continued from page 115 

I solved both problems by using a simple 
6 digit, 4 function calcu lator integrated 
curcuit, the National Semiconductor MM 
50736. Before I began work on the neura l 
logic cyberanimate, I had experimented with 
this device and found it to be compatible 
with photo-darl ington transistors 2N5777 
thru 2N5780. With the photo-darlington 
transistors as input devices, the calculator 
circuit cou ld register pulsations of light from 
a diffused LED source more than two feet 
away. Clearly this device was capable of de­
tecting bright objects at short distances . 
Additionall y, it was poss ible to use the data 
processing nature of the calculator circuit 
to assign different values to the receptors 
and, based on these values, produce two 
distinct output signals. The weighted inputs 
were made simply by attaching one photo­
darlington amplifier to the calculator circuit 
where the 1 switch of the keyboard would 
normally be connected, and a second photo­
darlington to what wou ld normally be the 
o position. 

The two types of output signals are the 
results of the data which the photo­
darlingtons receive. Note that there are only 
two photo-darl ingtons connected to the cal­
culator circuit in figure 6, yet I had previously 
stated that the minimum configuration for 
the net convexity detector was a matrix of 
20. This is because I used fiber optic pipe 
for "receptors" and the photo-darlington 
devices as detectors. Figure 6b shows the 
arrangement of the optical fibers. 19 fibers 
have a value of 1 (they are equivalent to 
the low sensitivity receptors) . All 19 of 
these fibers are fused to the photo-darling­
ton that has a numerical value of 1. The re­
maining fiber is fused to the 0 value photo­
darlington (to simulate the high sensitivity 
receptor) . The completed device can detect 
and record the trajectory of a small moving 
penlight flashlight at a distance of 4 feet 
(well beyond the extended length of the 
man ipu lator); obviously, if the object's 
path does not cross the high sensitivity 
detector, the data is invalid. 

Sustained Contrast Detector 

Another structu re derived from my anal­
ysis is a sustained contract detector (figure 
7) . This device is a spinoff of a previous 
electro-optic project. But withou t the anal­
ys is of the frog's eye I would never have 
considered this app lication. The sensor 
consists of a matrix of five rows by five 
columns of photo-darlington transistors 
(see photo 4). The colum ns of the sensor 

are scanned by TTL (transistor-transistor 
logic) devices controll ed by the computer. 
The 5 row output is fed into a program­
mable read only memory that serves two 
functions. First, the logic voltage leve l on 
the address lines of the programmable read 
on ly memory sets the on/off contrast 
levels for the sensors, thus eliminating the 
gray scale conversion problem_ Second, the 
programmable read on ly memory is encoded 
with a truth table that can vertically reduce 
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OU T PUT STATUS 

SEPARATE 
DATA 

DIRECTIVE SENSORY 
DATA DATA 

PROCESS COMBINE 

INSTRUCTION SENSORY 
DATA 

FURTH ER 
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OTHER OPT IC 
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PROCESS AND PROCESS 
COORDINATE OPTIC 
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} '""""' 

} "'''"''' 
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OPT IC LOBE 

} .m",, ' 

TO I /O ) 
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ARM/C AMERA 
SYSTEM 

I L ___________ -1 

Figure 8: Simplified system flowchart, showing parallel functions in the brain. 
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Photo 5: The net con­
vexity detector, shown 
with the National Semi­
conductor NS 650 calcu­
lator module (connecting 
wires not fully visible). 
The calculator module 
used in the final version 
is an MM 50736, which 
has no readout. The NS 
650 is useful for readers 
who will not be interfacing 
the unit to a computer im­
mediately, since it does 
have a readout. 

120 March 1979 © BYTE Publications Inc 

a high contrast image line by line with the 
computer's assistance. The image reduction 
process will horizontally outline an image 
and vertically dimension it (see figure 7 and 
photos 4a and 4b) , enabling the computer 
to gauge the dimensions of objects within 
reach of the manipulator. 

Finally, there was the design of the pro­
cessing system . By designing all of the most 
external appliances first, I hoped to further 
define some of the required characteristics 
of the neural logic cyberanimate. The pur­
pose of my processing system (including the 
computer program, preprocessing, and post­
processing elements) as stated before, is to 
locate, classify, and manipul ate objects 
specified by control instructions. To 
accomplish this, the system first has to be 
able to recognize the command instructions 
that specify the location of the object to be 
manipulated and what is to be done with it. 
Next, the system has to use measurements 
of pressure and reflected I ight from the en­
vironment made by the sensory instruments. 
Once in the processing system, this informa­
ti on has to be recogni zed and labeled. Incor­
rect or unnecessary measurements will th en 
be eliminated. The filtered measurements 
will then be combined according to their 
information content (ie : optical and mechan­
ical data relating to the position of the 
manipulator would be combined, etc). The 
combined data, whether optical, optical­
mechanical, or mechanical, is then pro­
cessed according to its type. Optical data 
is reduced to information pertaining to ob­
ject size and location. Optical and mechanical 
information processing describes the loca­
tion and position of the manipulator. Pro­
cessed mechanical information relates 
manipulator position and contact with an 
object. Based on the results of this pro­
cessing, the system then has to grasp and 
move the object as specified by the com-

mand instructions. Following this, the sys­
tem notifies the command system. 

The processing system uses an 8008 pro­
cessor (not the best choice, but one which 
was chosen for expediency since 1 already 
owned one) interfaced to a series of 8223 
programmable read only memories used to 
decode gray scale images, fire the LEOs in 
the optocouplers, and perform the various 
other tasks in the system. 

The algorithm for the NELOC system is 
diagramed in figure 8. Notice in the algo­
rithm that sections of the program perform 
functions similar to those discussed in the 
cyberanimetric analysis of the brain. For 
example, monitoring, filtration, and sup­
pression of sensory data, which are reticular 
functions, are performed in the program. 
Also in the algorithm are routines that 
com bine sensory data, process and coordi­
nate it, and control the input and output of 
data-functions that simulate those of the 
frog's brain. Another routine placed in the 
algorithm accepts instructions from the 
I/O and converts them into a form that 
can be used by the rest ofthe program. This 
routine makes it possible to control the sys­
tem by external command. 

During its trial operation, the neural logic 
cyberanimate performed quite well. With 
electric motors driving the manipulator arm, 
it took the system about 60 seconds to find 
and manipulate a test object. The most 
impressive feature of the system's opera­
tion is its ability to resolve the position of 
the manipulator and the test object. 

Conclusion 

During the design and construction of the 
NELOC system I encountered no major de­
sign problems because, from the start, it was 
possible to determine what portions of the 
system would be difficult to design or con­
struct, and, therefore, I could budget my 
time and money accordingly. The benefits of 
clearly defining the organization of the sys­
tem before designing the hardware are 
obvious. I put about 120 hours into the 
research, design, and construction of the 
prototype neural logic cyberanimate. If I 
had tried to develop these structures without 
the cyberanimetric philosophy, it would 
probably have taken much longer to design 
a net convexity detector or a reticular system. 

Of course the NELOC system itself 
represents the equivalent of only a very 
thin neurological slice through a simple 
organism. By no measure is the neural 
logic cyberanimate intelligent, but I believe 
this design philosophy could be useful for 
designing systems beyond the simple servo 
system. 



Remember our name 
if your memory goes blank 

Sooner or later, you might have to replace 
a defective memory board in your system. 

And if your present boards are built to "hobby" 
specifications, it'll probably be sooner. 

That's w hen to remember our name­
INDUSTRIAL MICRO SYSTEMS,INC. Every board w e 
produce is built to industrial specs throughout ; 
w e don't stop at gold-plated contacts . 

Remember our name when you're ready to 
expand your memory capacity, too. Our 16K and 
32K boards feature Memory Management and 
Memory Mapping, respectively, which let you grow 
beyond the 64K limit. 

We make six different static RAM memory 
boards for the S-100 bus, including 250 nanosecond 

and 450 nanosecond versions of 8K, 16K and 
32K sizes. 

Although w e've sold thousands, our name 
is unknown. That's because other quality-minded 
manufacturers and systems houses bury us in 
their products. 

Now, however, you can select Industrial 
Micro Systems brand memory boards at retail 
computer stores everywhere. And get memorable 
quality at unforgettable prices. 

For full details call your nearest dealer today. 
Industrial Micro Systems, 628 N. Eckhoff, 

Orange , CA 92668. (714) 633-0355 . 
Dealer inquiries answered promptly. 

INDUSTRIAL MICRO SYSTEMS,INC 
The great unknow n . 
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Figure 9: Construction details of the net convexity detector. 

Building the Net Convexity Detector 

The net convexity detector used in my 
system is a good example of how a calcu· 
lator circuit can be used for noncalcu lator 
application. As illustrated in figure 9 , the net 
convexity detector is a very simple device. 
The whole idea behind the circuit's opera· 
tion is that the sensory head can, in effect, 
push the right keys on the calculator in 
response to the motion of an image that is 
a certain size and brightness. As explained 
previously, the purpose of the net convexity 
detector is primarily to define angle and 
direction of a small bright object In this 
design, a mask is used as a template to gauge 
the diameter of an im age. If a bright, moving 
image is small enough to illuminate only one 
hole of the template at a time, the calculator 
will register its movement as a series of 
numbers . If the im age is too large, and 
illuminates more than one hole at a time, the 
calculator will display on ly one number that, 
in terms of a trajectory, would mean 
nothing. 
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FRONT VIEW 
OF MASK 

To build the net convexity detector it is 
first necessary to build the sensor head. 
Figu re 9b is an exploded view of the sensor. 
In the construction of the sensor it is neces· 
sary to use a lens that forms a focal point at 
a distance no shorter than 25 mm. Next a 
case is constructed from sheet plastic. Th is 
case should be at least twice as lon g as the 
foca l point of the lens and must be able 
to hold a mask containing a 4 by 5 matri x 
of holes. The simplest way to make the 
mask is to use a piece of unclad perforated 
circuit board with holes 2.5 mm on center. 
Just cut a corner of the board off so the 
piece will have four by five hol es. The 
mask must then be secured in the case so it 
will be at the lens's focal point The inside of 
the forward end of the case must now be 
painted flat black. Two end pieces are cut, 
one is drilled to accommodate the lens and is 
glued to the front of the case. Next, a 4 lead 
cable is brought through a hole drilled in the 
end of the case. A short piece of plastic tube 
is glued over this hole and filled with epoxy 
to block light Two photo·darlingtons are 



attached to this cable. Notice in figure 9 
how a length of brass tube is aligned with 
one of the photo-darl ingtons. Th is tube must 
be located in the second column of the first 
row for the sensor to work pro perl y. This 
tube carries the im age to the 0 value dar­
lington only. The tube must be carefully 
glu ed to the mask and the darlington by a 
very small amount of epoxy glu e. Th e 
ph oto-darlington and epoxy joint are then 
painted black. Before attachin g the back of 
the case, make sure that the 1 value photo­
darlington is in th e center of the case. 

After the sensor has been completed, it is 
a simpl e matter to complete the circuit. A 
National Semicondu ctor calcul ator modul e, 
th e NS 650, has all of the solid state elec­
tronics for a calculator, including a 6 digit 
di sp lay. By add in g a batte ry, switch, and the 
sensor head (see figure 10) , the circuit is 
finished. 

To test th e circuit, use a small penlite 
ty pe flashli ght, moving it in board circles at 
a distance of 3 feet away f rom the sensor. 
Many 1 s and a few Os shoul d fill the display 
until the calcul ator indicates an overflow. 
If you move th e light source on a stra ight 
vector that crosses the hole to the iso lated 
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darlington you will get a certain readout. 
Figure 6b shows all of the possible fields 
of vectors, the direction that the object 
must be traveling, and the output that 
shou ld be displayed by the calculator. All 
other combinations are illegal. 

Although the net convexity detector is a 
very si mpl e device, it mus t be bui lt very 
precisely. All su rfaces shou ld be flu sh, 
parall el, or perpend icu lar. Optics shoul d be 
carefull y ali gned and all seams should be 
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Figure J 0: Circuit for 
the net convexity 
detector (pins num­
bered left to right as 
in the orientation in 
photo 5). 
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