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Abstract

Hardware simulating a retina was developed to
-test whether lateral inhibiticn is an adequate
processing Lkasis for the determination of Dbest
focus in a dense sensor imaging system on flat
- fields., The systenm developed shows that maximiz-
ing the sum of adjacent sensor light level differ-
ences is an adequate algorithm for focusing on a
wide range of visual stimuli.

The hardware was develcped as a prototype image
focusing and retrieval systen. A Reticon light
sensitive array (Reticon BL256G) is used as the
sensing element. An Intel 8085 based computer
vith limited memory (512 bytes RON,512 bytes RAN)
is used to process the data. The system automati-
cally focuses on stimuli in object planes. It can
also manually focus, input images and take light
level and spatial frequency measurements of
scenes.

Besides being well suited for studying ocular
contrast difference judgments and computational
problems of image interpretationm, this systenm is
appropriate for video and film applications., On a
movie or video camera, the syster could meter
liqght, focus and in many cases track specific mov-
ing objects., This would give the camera operator
increased control of a scene.
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INTRODUCTION

Ocular focus for humans and animals is in most cases an
unconscious effort. Only in the case of organic disabili-
ties do people have trouble focusing on stimuli in normal
visual experiences, With effort, people can defocus the
image falling on their retina.. This paper describes a pro-
ject which explored:
1) What does "best focus" mean?
2) What is the simplest processing required to  use informa;
tion from an image in order to optimize amn object's focus
through a lens?
3)What is the difficulty of comstructing a focusing aid

designed to save video camera operators effort?

Two autcmatic focusing systems are now commercially
available (Figure 2).. Honeywell announced their "visi-
tronic" automatic ranqgefinder style focuser in 1978. This
system uses 4 matched pairs of light sensors located behind
a special rangefinder-style mechanical and optical setup.
Comparators signal a solenoid toc move a rangefinder mirror
and 1lens to correlate 1liqht 1levels on matched semnsors.
Polaroid introduced a sonar-focusing measurement system on a
new line of caperas in the same year. Their systea reflects
a focused beam of ultrasonics off of an object and measures
its travel time to determine object distarnce. Neither of

these focusers is self-calibrating; neither relies on the
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actual image projected.,

‘An ihaqe-bésed focusing systeﬁ uses the image projected
through a lens as its database. To focus using this inform-
ation one' ﬁeeds to understand focus. Ideal focus exists
vhen the light level (which we will call luminescence) dis-
tribﬁtion function on the image plane varies from the stimu-
lus (object) plane's luminescence distribution only by coef-
ficents of enlargement and brightness. In this condition
with a magnification of 1, object planme points would map
directly onto image plane points. Defocus is characterized
by points in the object plane mapping onto a distribution
area_about the place where the focused point would map in
the image plane. This area is what we call the blur-circle
on the defocused image. The luminescence (L) on the image
plane corresponding to a light point of iight level (E) on
the obiect plane can be described as

L= E 1/(2 PI (3@))e**<-1/2(r**2)/(3a)**2> -
R is the distance awvay from the center of the area to which
an object pcint is mapped and 2 is the distance (r) at which
67% of the 1light is within r. (Blur Of ' The Retinal Image,
page 14). The larger the blur-circle ﬁs, the worse the
focus. . This blur affects different scenes in different

vays.
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1f anl object Flane is all one luminescence, it is npt'
possible to determine ideal focus. The redistribution of
'Ebject piane light points onto image plane blur-circles will
only change the source of image light, not the actual imagé
light level. Light from adjacent object plane poiants will
overlap in the image plane. Since these all have the sanme
intensity, no fluctuations in light 1level will be intro-

duced. .

The next simplest focus problem, that of 1 light level
change, can be most easily considered in the one-dimensional
image plane., Consider an image plane which is a line. If
part of it is ,1ight and part of it is dark, there will be
only 1 liqght level change in ideal focus; that of the inter-
face (Fiqure 334). This change is equal to the difference in-
brightness of the two parts of the stimulus. If the systenm
is defocused, blur-circles of all points from 1light side
within blur-circle radius of the interface will map their
light to the dark side of the interface. There will a gra-
dient of 1light level change about the interface. ‘iithin
this radius on either side of the interface, the light level
will be changed; the light side darkened as well as the dark
side 1lightened. Contrast (change in luminescence with
respéct to distance divided by luminescence) is decreased.
For points along the 1line far enouqh away from the step
light level <change, 1light 1level is unaffected. If the

blur-circles from the step light change map off the image
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plane, - the total light level cha#ge along the line will be

decreased.

A 'moré cémplicated situation comsists of two opposing
light level chanqés along the 6ne—dimensidnal image plane.
A good example of this is a bar of.light (Figure 3B). In
this caée, if ;he blur-circle caused by defocus is larger
than 1/2 the width of the light bar, the maximum light level
of the bar in the focus condition will not be attained. In
this case all points on the light section spill light onto
the dafk secticns. If the image projection of the bar is
within blur-circle radius of either edge of the image field,
the maxihum darkness of the fccused condition will = not be
attained either. In ali of these defocus cases, the sum of
the absolute values of 1light level'changes along the image
plane is decreased. Even in the cases vwhere defocus does
not cause a decrease in absolute light level changes, it

does decrease contrast.

We call the sum of the absolute value of light 1level
changes along the image line the Luminescence Difference Sum
(LDS) . The sum of squares of the differences of light
level change across a scene will te decreased with defocus
even for simple decrease in contrast. We call this the
Luminscence Difference Square Sum (LDSS). The more compli-
cated an object stimulus is, the higher its spatial fre-

quency and the easier it is toc see change in the LDS with
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defocus. For most real life focus problems it appears that

that maximizing this LDS gives best focus.

For an array of discrete detectors such as a retina, an.
adequate algorithm for focus simply takes the LDS over the
array and maximize it by changing fccus., A system was built

to test this hypothesis and to explore uses of it.
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METEBOD '

A focusing systém vas conceived to simulate hﬁman
met hods of focnsing in an ariificial retina. Investigative
purposes included: testing a model we had proposed concern-
ing a possible way in which apimal ocular systems focus
thenselves, creating a general-purpose versatile focusing
and imaging system capable of tracking focusing, and anal ys-
ing scenes.  Several configurations for the "retina®™ were
. proposed:

1) A tightly packed arrangement of 1light sensing diodes
wvould allow parallel outputs which could be processed like
that of a retina. In_this system the outputs of adjacent
light sensors would be physically connected to layers of
parallel circuitry. This circuitry would £first introduce
lateral inhibition (the tendency for stimuli presented next
to a sense field to decrease its sensitivity) between sen-
sors. This sensing‘circuit vonid then have a contrast sen-
sitive output.

2) Improved sensor density could be realized by feeding the
sensors with a fiber-optics bundle. with a fiber-optics
bundle to increase the resolution of the image. Closely
packed fiber ends would map to widely spaced light sensitive
diodes.

3) Another sensor was also considered which utilized a
serially addressable diode array as a high density central

vision area and discrete devices for peripheral area These



PAGE 8
areas correspond to areas in the human eye. .
4) A simpler system with one densely packed horizontal line

of 256 sensors using a Reticon R1256G was a compromise.

While more physiological, parallel-processing models can
only be tested with discrete elements, they can be simulated
with a serial device, The computational probleas for a
two-dimensional input would be impossible to handle with the
ccmputers readily available; hardware realizations would be
equally impractical. The Reticon serially addressable array
was chosen. It has light-sensitive diodes mounted every 15
microns for 0.25 inches. Other horizontal hardware configu-

rations could be simulated using it.
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HARDWARE

To become familiar with the BReticon array, more than one
method of data acquisition was tested. Beasuring.tﬁe volt-
age level on the sensors is the most stable, versatile out-
put (but the hardest to arrange). HMeasuring the current dis-
charge of each sensor is easier tut less useful. Pirst a
circuit to display current discharge of each element on an

oscilloscope was set up.

The Reticon chip consists of a shift register whose 256
outputs are connected to Metal Oxide Semiconductor (MOS)
switch transistors. Light sensitive diodes deposit charge
on capacitors. When the MOS transistors are off, the sensors
are isolated frcm the rest of the circuit. When an MOS
switch transistor is turnmed on, charge deposited on the
associated junction capacitor is connected to the outputs of
the chip. At the same time, these are connected to ideanti-
cal outputs for reference purposeé. The chip addresses one
of these sensots at a time. This allows them to charge for
255 cycles before being read. Another identical set of sen-
sors not exposed to light is selected in parallel with the
light sensitive array. The outputs from this array are sub-
tracted from the signal to eliminate timing noise. The out-
put data line of the chip goes through 2 MOS transistors.
The data line is connected to the gate of a buffer transis-

tor for high impedance voltage measurements. The data line
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is also connected to the source of a recharge gate to remove
the light-deposited charge from the sensor junction capaci-
tors each time they are read. Since the array only
addresses a specific sensor once every 256 cycles, the sen-
sitivity is inversely proportional to the speed of the clock
and directly proportional to the time the sensors have to
charge between readings, If this array scan time is over
1/30th of a second, however, noise rises‘above 1/10 of sig-
nal level and the light level data will have significant
offset error. Each of the 2 methods of extracting data from

the array uses its circuitry differently.

For the current sensing method of data acquisition, chip
drive requirements include: a start scan pulse, a clock
pulse, and a differencé applifier for output (Figure 4A). A
Tektronix signal generator was used for the clock pulse gen-
erator. Two 4 bit up-down counters (74192's) were used to
divide the generator's output by 256 to serve as a start
pulse. An LF256 instrumentation amplifier was used as a
buffer and difference amplifier between the dummy diode and
the data diode output current. These currents were sensed
across load resistors. The buffer transistor supplies were
vired off and the recharge gates vere biased on. The load
resistor was connected directly to the drains of the rec-
harge buffers. Using this system the sensitivity of the
array was shown to be within acceptable tolerance of the

manu facturert's specificatioas. It is difficult to obtain
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stable samples using the current sensing technique of read-
ing the array, it was hoped that using the voltage sensitive

systen would improve performance.

A circuit was desiqned to put a voltage level on a data
line to correspond to illuminaticn of sensing elements of
the RL256G (Figure 4B and Figure 5). The charge potential
across sensing diodes can be measured without discharging
them. The high input impedence dataline buffers onboard the
LP256 are ideal for this. For this purpose, these MOS buff-
ers are simply biased to quiescence and read across a load
resistor. The recharge transistors are pulsed neqgative at
the end of the read cycle for each of the 256 sensing
diodes. This pulse pmakes the data—-line negative and rec-
harges the 2 picofarads capacitor on the sensor diode being
addressed. The afray is read serially. When an element is
addressed, it is first read through the buffers. By pulsing
the 2 recharge gates with -8 volts, the junctions can be
reinitialized before going on to the next element. The
clock pulse in this system was one output of a 4 bit shift
register (7495) circulating a bit. The bits purposes (in
order) are:

1) to clock Reticon array,

2) to start Analog to Digital Converter,

3) to indicate that data is ready to be read,
4) to recharge the Reticon €lements.

An NPN transistor inverts the 5 volt recharge pulse from the
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shift register to make a

-8 volt pulse to activate the recharge transistor.

The signal is sensed through the buffer transistor by
applying 5 volts to the buffer's source and sensing across a
grounded resistor. optimal signal was obtained when this
resistor was 4700 ohms. Even when paximum swing was assured
by correctly biasing the Pield Effect Transistors, the maxi-
mum voltage signal output was only .15 volts. The litera-
ture had élaimes that one could expect up to 3 volts to
accumulate on the diodes. The current sensing setup had
indicated that the sensor followed the literature specifica-
tions. The possiblities of a damaged array, damaged buffers

or damaged array elements were all tested.

The array elements! sensitivity was determined empiri-
cally, using a laser source and tlen pore completely using a
tungsten light (2870 degree Kelvin) (Figure 6). Sensitivity
and linearity vere both confirmed to be well within accepta-
ble tolerarce of the manufacturers specifications. A mova-
ble slit was arranged to demonstrate that the shift register
vas working. The buffer transistors were characterized by
connéctinq a variable voltaqe to the activated recharge
transistors and sensing the output voltage. In this way it
was determined that these transistors both worked; they had
acceptable leakage and gain characteristics. The recharge

transistors vere determined +to work by measuring current
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versus reset voltage duriéq a conpletely saturated 1light
level situation. Eventually it vas realized that the junc-
tion capacitance of the diode capacitor was about 1/20 the
capacitance value of ihe circuit reading its cﬁ;rgg., The
redistributed charge's poteﬁtial decreased the signal by a
factor of 20. The 0.15 volt Reticon signal needs condition-
ing to be used. It is necessary to subtract the dummy sig-
nal in order to cancel characteristic timing noise. The
signal also has to be‘amplified to match the 0-10 volt iaput
range of the Analog to Digital Converter. This converter

produces a digital signal suitable for input to a computer.

The video and dummy signals of the Reticon array are
combined in a high slew rate differential amplifier (LF356),
which amplifies the combined signal to match the range of

the next stage, the Analog to Digital Converter.

An Analogq Devices AD7570J Analog to Digital Converter
is used to convert the elements' relative output level to an
8 bit namber. The chip was chosen for its speed and was run

off its own clock with a cycle time of twenty microseconds.

The optics and focusing motor from a 750H Kodak carousel
projector was chosen to project an image onto the array
(Figure 7 shows the system confiqtration). The array wvas
mounted on a piece of fiberglass in the shape of a 35am

slide holder. In this way 1light projecting into the front
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of the projector dould be accﬁ;ﬁlated'from the pdéition of a
normal slide, The projector has a 102 ma lens on it.  The
4.02 inch foéal length determines the angle of visual field
which will project onto the‘0.25 inch photosensitive array
wvhen the lemns is focused at infinity. This gives a field
with an B
arc =arctangent 0.25/4.02 =3,56 degrees. .
To use a 35 mm slide as the object plane it had to be posi-
tioned a distance
= sin(3.56)35mm =1.5 feet avay from lens.

The focus motor requires +12 and -12 volts to move it for-
wvard and backward (see Fiqure 6). A 2 bit Transistor Tran-
sistor Logic (TTL) compatible driver was needed to use the
8085 TTL compatible output ports +to drive the focus motor

either direction or keep it still,

Using both inputs of a 741 in a difference amplifier con-
fiquration with an amplification of 3, both inputs low or
both inputs high drove the motor with 0 volts. With the
positive input of the amplifier  high and the negative input
low, the motor was driven with 12 volts. With the negative
input of the amplifier high and the positive low, the motor
wvas driven with -12 volts. Since thé 741 cannot handle the
full 120 nilliamperes load of the motor, a monoli thic driver
amplifier was used to drive the motor (Figﬁre 8A) « This
expensive device was replaced with VFET transistors (Figure

8B)e These were found to be temperamental. The application
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of a pair of power transistors; an NPN and a PNP was the

cheapest and most reliable solution (Figure 8 C).

A problem arised when the Reticeon array®s circuit and the
motor circuit were run simultaneously. The motor gemerated
pulses on the power line which affected the timing circuits.
A capacitor was put in parallel with the motor to bypass
noise, Only when such a capacitor was placed directly on
the motor was it effective. 1In other cases the lead wire in
series with the capacitor acts as a resistor which gives the
filter a time constant IBC). High frequency noise is unat-
tenuated. A 0.2 microfarads (UF) bypass capacitor directly
across the motor and an inductor in series with it together
were effective in eliminating motor noise on the power sup-

plies.

If a suitable computer is used, a program can run fast
enouqgh to leave tke sensing system described above free run-
ning. The LDS could be calculated for the serial outputs of
the elements of a light sensitive array with no backtrack-
ing,. The National SCHMP and the INTEL 8085 were 2 available
computers. The speed of the 8085 was needed. 5204 Program-
mable Read Only Memory (PRCM) chips were used as program
space., The 5204 FROM is not designed to rum fast enough to
be used with an 8085. It was found, hovwever, that 5204s
could be hand picked which would run fast enough to be

acceptable. The computer which was used, an MCs 8085
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_:7.déveiopﬁenﬁ;Sjéﬁéﬁ;7;§aa.512‘by£es of Riﬁ; 6 pdr@s and 512 |
Sbytes dﬁf'pr@gg?h'ﬁémofy in»tﬁéi_szou'whiéh was uiredvvin‘as‘

'A‘program15pace*(Fi§uféf7);
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SOFTHARE -

Our eyes contain "horizontal"® and‘"amacrine" cells which
exhibit lateral inhibition. These cells interact with rod
and cone outpufs to give an increased ouiput on retinal gan-
glion cells when  adjacent sensors have different light
intensities illuminating them. The highest contrast image,
the most focused in these cases, gives edge sensitive neu-
rons the gqreatest output. When signals of this kind are
most active in the fovea, the object focused on is in focus. .
In the periphery, areas with high activity of contrast sen-
sitive "cells" indicate visual areas with a high amount of
light level change or changes. }A pnrpose' in developing a
serial focusing system was to simulate the lateral inhib-
ition with successive difference measurements., Summing the
absolute values of these differences gives the LDS.. A pro-
gram was written to maximize the sum of the absolute value
of light level changes over the image plane (LDS) by focus-

ing a lens in and out.

A package of programs was designed to develop, test and
run the systen. The routines of this prcgram library were
designed modularly to interdepend (see Appendix A for copies
of the documented assembler lanquage code). The copy used
to run the programs resides as machine code in 5204 (a 512
byte PROM). The following is a list of the routines in this

package, their purrose, design, and altermnatives,
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PROGERAMS.

UTIILITIES

'This‘is a group. of support programs. . It is used exten-
sively by the other ptograms in the systen.

INIT-
This routine is used £o initialize the computer to be
compatible with the hardware. It mnust be run before any
other'program in the package. To use any other rouatine in
the librarvf
1) Set the 8085 sfackpointer fo 20C8.
2) Call IRIT..

3) Call the routine to preform the desired function.

This routine initializes the motor direction coanstant to

zero (stopped).. It initializes the interrupt masks to off,

It initializes ports:

21 is an input port. Its first bit is used to sense end of

focus range.

22 is used as an output for transfering data to another

device.

23 is an input port for the dataready input pulse.

29 is an output port.. Its first 2 bits are used to runm the

motor.

2a is an input used to get the digitalized light level data.

2b is an input port whose low order bit is used to get the
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start of array line reading pulse.
Design alternatives included the redundant practice of
including this routine at the top of each high level routine
{(not enough space existed) or simply initializing the systen

in a user inputed routine.
GTSTRT -

This routine is used by all routines which interface with
t he Reticon. It loops until the hardware gives a start of

line pulse.

Alternate design would include interrupt driven software
or replacinq all of the timing circuitry in Pigure 5 with
sof tware., It was uncleér vhat computer was going to be made
available for this project. To make the system most versa-

tile; wve made the interface machine independent.

GTRDY
This routine is used by all routines which use the Reti-
con array. It loops until an element is available for read-

ing.

REGINIT
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This routine zeros registers a, b, ¢, d and e,

.

This }routine'exclusive-ors, the contents of the motor
direction constant with 03. If the comnstant is 1 indicating
forward focus, it changes it to 2 indicating reverse focus.
If the constant is 2, it changes it to 1. When direction is
changed the last Latgtal Difference Sum (the focus constant)
is set to zero. The motor control lines are found on bits 0

and 1 of port 29..

MINMAX-
This routine is used to find the minimum and maxinunm

light level elements in an arravye.

E D-

This routine is used to reverse the lenses direction at
the end of its travel. When called, it pclls the first bit
of port 21. If iﬁis bit is high, the routine reverses the

direction of the motor.
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 DEMONSTRATIGN PBOGRANS

DELAY:

This routine waits for an amount of time.controllable by
registers D and E., It waits a time proportional to (FF-reg-
ister E) (FF-register D) before returning. It also displays
register E to the user. The routine is used to introduce
hysteresis in focus programs. Register pair DE is the focus
value, this routine will wait for a significant focus change
to return, when focus is bad and will cause new focus state
evaluation often when focus is close to being the best
focus.

BEADEN-

This foutine reads light-level values from a user defined
Reticon element with addresses between 0 and F. It writes
out the elements' value and waits until the user either
pushés ‘the execute button or another address number to
reread light level. |

M0 TDEN

This routine can be used tc manually focus the lens or to
test out the motor system. It simply reads a number from
the users' input keyboard and outputs this value to the
motor port continuously. It also writes the value to the

Light Emiting Diode readout.
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This routine stores a table of light levels from the Ret-
icon array in locations 2800 to 28FF. It vwaits for the
start of line pulse, then begins to read data points. K It

reads the whole array.

This routine puts out the numbers 00 to FF on port 21 the
addresses of the data from locations 2800 to 28FF which it
sends to port 22, The routine does this in an infinite loop
so that if displayed as X and y cn a scope the result is a

histoqran.
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FOCUSERS
SIMPLE FOCOS

This progran chuses On a scene using MOTOR to change the
direction of the focus motor when the program senses
decreasing fdcns. It uses INIT to set up its constants and
initialize harduarg. Using preset conétants for beginning
of window and end of window the program gets a start of line
pulse, counts ready pulses until the beginning of the win-
dow, and reads the rest of the 1line up to line 1length as
data. The proqram uses the simple LDS algorithm to focus.
It takes the absolute value of the difference in light level
between successive elements and adds this to a 2 byte sum in
registers D and E.,. This sum for each line read from the
Reticon is ccmrared to its predecessor unless the program

has just changed focus directicn.

At the end of each iteration, DELAY is called, a user
defined program which delays change in focus direction
inverse proportionally to the size of the focus metric LDS's

magnitude.
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FOCUS SQUARES-

This program is nsed as an alternative to SIMPLE FOCUS.
It is different in that it takes the square. of the differ-
ences of light level to improve signal to noise ratio of the
system: the LDSS. It uses a lookup table to take the
squares. This lookup table isvstored in user alterable mem-
ory (2800-28FF) {Figure 9). In this way other non-linear

transformations can be tested easily.

UTO FOCUS

" This program varies from the other focusers in that it
can average data over several elements and can change its
focus windov width to improve a scene's focusability. It
will select a window including the minimum and maximum light
intensities along the array. The program selects a resolu-
tion and window to focus through, wusing informaticn from
MINMAX about the minimum and maximum light levels seen in
the scene, It makes this window overlap the minimum and
maximum light 1level locations in a scene and 1/2 the dis-

tance between them on each end if possible.
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RESULTS

After the sjétem was complete, tests for its abilities
were run to evaluate and improve it. LDS numbers vere taken
for stimuli of different spatial frequencies, including one
single edge, 2 opposing edges, pecple, text and simple spa-
tial frequencies up to 12 line5/cm. The focuser's step
responée (response for focusing stimuli presented initially
out of focus) and tracking response (maximum speed for keep-

ing moving stimuli in focus) were also evaluated. -~

The mount of the lens projectingvthe image onto the Reti-
con array was a problen. When the lens focus direction is
changed; the track on which the lens moves alows the lens
alignment to change. The lemns hés a gear rack on one side
of ite When the motor pinion differentially loads the rack
on the side of the lens, the play in the track is noticed as
a rotation of the 1lens about a line perpendicular to its
center line. The magnitude rotation is 1/8 degree
(=0.125 degrees/3.56 degrees in field=1/12 of visual field).
The alignment of the lens is held relatively coastant if the
motor direction is not changed. The motor reversing routine
was altered to inhibit motor reversal immediately following
a motor direction change. This insures that both LDS'S or
LDSS'S beinqg compared have been taken since the last motor
change. This impioved the stability of the focus considera-

bly.
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The speed of léns mofement in focusing was measured to be
abont.1.5 pm/second. Its total range has been measured to
be aboat 3 dm.} This causes a limitation on the speed with
vhich the systen could focus and track a moving stimulus..
The focus:hotor also has an onset iatencv. - This is due to
it being a direct current . motor working against the inertia
of the lenms. It vas found that focus change measurements
had to be delayed'just to get valid readings from 2 differ-
ent focus positions. .~ Using a delay proportional to (FF-low
order byte) (FF-high order focus byte) sped focus. It-
allowed the system‘ to focus large distances without inter-
ruption, Hhen'far away from best focus.  As best focus vas
approached, the distance betueen focus reevaluation was

decr eased, .

Three simple focus proqgrams for the system were compared:
OLD, NEW.and SQUARE. OLD focuses making an Luminescence
Differences Sum {LDS) which is composed of the sum of the
difference of adjacent sensors. Its field of differences
are non-overlarpinge. NEW, dn the other hand computes the
difference éf all adjacent sensors by overlapping the dif-
ferences, SQUARE allows the user to apply a lookup func-
tion located in the table starting at memory address 2800 to
the differences in the LDSS. . Because of time and memory
constraints computation was confined to a 7 bit word. A
function was placed in the SQUARE 1lookup-table which

increases the increment between numbers mapped onto pseudo



PAGE 27
quadratically (¥Figure S9). A 3.5 bit lookup table of squares
was also tried. The lack of resolution more than outweighed

the utility of the algorithm.

Analysis of the outputs of the imaging array on an oscil-
loscope was useful in obtaining information about imaging
systems' limitations. Stimuli were first observed which had
only high spatial frequency 1light level changes. Although
when in focus they have large light level changes, when out
of focus they may have no sigpificant luminescence changes.
From Figure 10; ©pictures 1, 2, 3, 5 and 8 are all examples
of stimulus in this category. Picture 2 is the best exan-
ple; when if is defocused 10 centimeters in the object
plane, the image picked up by the imaging array appears to
have imperceptible luminescence change (the change +which
makes focus possible). The other stimuli mentioned have the
same problem, High spatial frequency stimuli have easily
distinquishable luminescence change peaks when close to
focus. It is not difficult to tell when they are in focus.
It tends to be difficult to cbtain best focus information
for stimuli with low frequency luminescence changes. Their
light level peaks are small and LDS comparisons are hard to
make. Stimuli with mixed freguemcy light level changes have
the sharp in-focus peaks and do not totally lose their con-
trast as quickly with defocus. From Fiqure 10 pictures 4,
6, 7 and 9 are all exanmples of stimuli in the mizxed spatial

frequency cateqory. Picture 7, the best example of distrib-
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ution of spatial frequency, can be focused by the image
based focusing system reliably from up to 30 centimeters

defocused when presented at a 60 cm standard distance from

the léns._'
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SYSTEM PEEFORMANCE

All focus progranms vére shown to be able to find best
focus on a;l.bf the stimulus material in Figure iO., Several
systenm liQitations were noted, and each of the programsup;t‘
- formed bettef under different situations, High frequency
stimulus was focused fastest using the NEW overlapping
algorithm. The SQUARE algorithm only worked well with the
function in Figure 9 as its “squared table" when the light
level was high; This is because the function differentiates
data best only for LDS focus numbers bigger than 3F. K The
non-overlapping algorithm (in OLD) works well for mixed
stimuli. With " this algorithm more space is 1left between
numbers which are subtracted to make the LDS focus gquality

number, .

Step response for stimulus (the amount of time required
to focus a stimulus when initially presented in a defocused
state) varied., #®hen the DELAY program was used, fewer wrong
decisions were made. If the stirulus was shown to the SYS‘
tem within stable focus range (30 cm range at a standard 60
ch object distance for picture 6, 10 cm range at standard
distance for picture 2) the focus time would be no more than
double the time it took the motor to move to that position
at full speed (6 seconds for picture 6). #§&rong motor change
decisions may be made by the focus algorithm before the

system drives itself to within stable focus range. With
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enough time, focss iiil be achieved (provided a good range

of spatial frequencies is represented in the stimulus)..

Tracking response is best for high frequency visual stim-
uli., This 'is because the change in LDS is greatest over
focus changer close‘to focus for visual stimulus with high
spatiél frequency., The focuser cam track picture 2, for
exaﬁple, ‘at faster than half the speed of the motor's lens
posiiion-changing ability (1.5 mnm/second). All stimuli in
Figure 10 can be tracked close to 1/2 the speed of the

motor's lens position changing ability.
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DISCUSSICH

The results bf this autofccus. project . are exfremely
encouraging., The entire cost of this prototype Image Based
Focusing system is well under $500, includingall optics and
the sénsor (Which are needed for a camera anyway). The sys-
tem can focus on a wide range of contrived and realistic
stimuli. It can gauge light 1level, spatial frequency and
find extremes of light intensity in its field. The systenm
also has user-oriented software to manually focus, display
individual image array elements in real time and to read in
whole images, Additional software could utilize pattern
recognition knowledge to find edges, which could rotate the

camera for automatic tracking of moving objects.

The performance characteristics of the prototype
described here are inadequate fcr commercial use. With the
use of a faster focusing lens moving motor, the system would
react proportionally faster (up to one focus change each
thirtiéth of one second (the time it takes to read the
array)). With a better suited ccmputer system and the
algorithm could be more easily improved in resolution, could
implement an LDSS square of differences algorithm and input

tvo dimensional iBmages.
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With theée simple improvements, the focuser could focus

at speeds competitive with £he Visitronic‘and Polaroid sys-
tem. Since the focusers®’ harduate is also a video camera,
this system(is a natural automatic focusing aid choice for

video cameras.

ThenLuminescence Differehce Sum bears close resemblance
to known prodessing within animal's visual systems, Within
the eye itself aré photorecéptors and 3 layers of visual
processing(Figqure 11). | The receptors (rods and cones)-
synapse {(connect) with horizontal cells and bipolar cells. .
The horizontal,cellé synapse with more than one receptor and
cause the receptive fields of bilateral cells to exhibit the
fifst exanple of center~-surrouad inhiﬁition (the tendency
for sti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>