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This is a collection of data on the construction operation and
performance of the two image dissector cameras. Some of this
data is useful in deciding whether certain shortcomings are
significant for a given application and if so how to compensate
for them,
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INTRODUCTION:

The follwoing is a collection of bits and pieces of
information about the twe image uissector cameras attached
to the computers (PLP-6 and PLP-10C) of the Artificial
Intelligence Group at Prouject waC. wost of this data
concerns the 'new' 'eye' and the videco-processor which

can be used to access both 'eyes'.

The new vidissector contains a FP4010 tube wmanufactured

by I[T0 lIpndustrial Laborstories (ITTIL). '‘his tuve has

a diameter of 4.5" (118 mw), a length of 1l4.5" (568 mm),

a S-11 (Cs=-8b) photocatnode with a 3" (76 mm) uscable
diameter. The circulsr aperture has a diameter of .0C2"
(.05 mm) and the electron-multiplier consists of 14
dynodes. The claimed resolution is 10 cycles (line-pairs)
per mm at 50 % amplitude response, and 17 cycles/mm

at 10 % amplitude response. 'he facs-plate has a thickness
of 125" (5.2 mm).

The old vidissector contains a FAOLl tube manufactured

by ITTIL. It has a diameter of 1.5" (48 mm), a length

of 8.2" (205 mm), a S=11 photocathode with a 1.1" (28 mm)
useable diameter. The circular aperture has a diameter

of .001" (.025 mm) and the electron-multiplier consists

of 10 dynodes. The claimed resolution is 20 cycles/mm

at 50 % amplitude response, and 54 cycles/mm at 10 %
amplitude response. The face-plate has a thickness of
.080" (2.0 mm).

For further information on image dissectors ses:
"oPLCIAL PURPOSE VACUUM TUBpS" ITTIL
"APPLICATIONS NOLL o, UNIgUL PROPERTIZES OF

ThiAgy DISSECTORS™ IWILIL

"TENTALIVE DATA -~ VIDISSLCIORS - IwmaGh
"DISSECTOR TYPE F4CLO (or F4O0L1)" ITTIL
"RESLARCH MIMOS 209, 3306, 337, %53, 386 ITTIL
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The video-processor was supplied by Information Inter-
national Inc. and is described in:

"OPERATION MANUAL -~ IMAGw DISSECTOR CAMERA SYSTaEM"
I1T

Further information about the use of our video

processor can te found in an appendix to:

"FOCUBSING" AT lemo 160



THE LYHE: PRINCIPLES OF OPERATION:

The main component of the eye is the image disector
camera (vidi¢sector for short). It is an evacuated

tube coated on one end with a substance tnat converts

a certain fraction of incoming ohotons into electrons.
By means of a large applied potential and an axial
magnetic field most of these electrons are imaged onto
an aperture plate (see Fig 1 ). ‘he electrons travelling
througn the aperture all come from & small area on

the photocathode of approximatedly Lthe same sivse as the
aperture, 'hese electrons now enter a electron multiplier
shere secondary emission produces a large number of

new electrons as this stream of electrons impinges
successivdy on each of 14 suitauly coated dynodes.

The current ian the anede i1s converted to a voltage
which 1s directly proportvioual to the illumination

faliing on the small area on the photocathode selected.

With only the axial focusing tfield this small areas

is 1in the centre of the photocathode. Two perpendicular
radial fields allow one to move the electron image
around on the aperture plate thus selecting different
areas of the image. Attached to this device is the
video-processor which includes the interface with

the computer.

The complexity of the video-processor is in larce
part due to two design objectives:

1. Relative error in an intensity measumment
should be inaependent of the intensity.

2. The video-processor saould not waste time
processing very dark points.
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The main source of error in an intensity measurement

is caused by quantisation - in <flect we are counting
electrons( The only reason tfor not actually counting
Them is that they may arrive at a rate of up to 55

per sec). To obtain a relative error independent of
intensity we nust'count'the same number of electrons

for each measurement. This then implies that dark points

will require an inordinate amount of time for measurement.

A mechanism must be provided for ignoring points darker
than a given level at an early stage. The programmer
has two parameters available to control these two
features:

1. Signal to noise ratio: a parameter which
may be O, 1, 2 or 3 indicating a relative
error of 1/8, 1/lo, 1/32 and 1/064
respectivety (nominal). See Tab L for
effective number of photo-electrons
counted at each setting.

2. Dim cut off level: a parameter which may
be 0,1, 2 oo 7 indicating a cut off
at 272 277 2 ve. 27} Off the maxinmum
permisvlble 1ntensity (nominal). See Tab L

for further dJdetails.

% higzhly sdﬁmatic ulagram of some parts of the video
processor (Figdl ) will il ustrate the operation in

more aetail. The variable pulse Iregusacy generator

at the vtottom of 4he diugram is used to allow

measurements of intensities differing by more than

the normal ©4 to 1 dynamic range of the video-processor
and also allows a reference signal to eliminate the

efifects of light-source intensity variations. The number

read by the computer is 1n eflect the ratio of the

intensity measured on the photo-cathode and some
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reference signal which may ve selected to be the total
photocathode current. In this case a change in the
illumination will case an equal change in the two
factors used in the ratio and the output of the
video-processor will be independent of such changes
(unless they are too large).

The variable pulse frequency genrator operates by
selecting as many pulses as needed from a 5 lic/s
pulse source. The average frequency can be read on
a meter which is % lic/s full scale. These pulses
are fed into a 14 bit counter when measurements are
being taken.

At the same time the output of the electrom-multiplier
is fed into an integrator whose output is atiached to
four comparators. These comparators fire when the

integrator outpul reacnes a voitage curresponding to
27, 29, ol pld

plate (nominally). Tnese four comparavors are used

puotoelectrons through the aperture

for the four difierent signal to uvise ratios, while
e 5 >
the 2

are used in the dim-cut-o0f{ decisions.

./ L“ . « L L3
s 2), eoe 27 Dpits in the time-pulse counter

Fig 2 illustrates this in more detail. Lote that bothn
scales are loga . lrace A shows lLuse voltage abt the
cubtput of the ilntegrator versus the count in bhe tiue
pudse counter for a very brignt point. tSmall crosses
indicate the times at which the comparsetors at the
output of tne invegrator fire. Smaell boxes ilndicate
the times when the fiip-flops attached to the various
bits in the time pulse counter fire. Suppose we had
selected a signal-to-nuvise ratio 2 and a dim-cut- offt
level 5. At point X (when the apuropriate bit comes
on in the time pulse counter) a test is made wether



he maN aa,N T o«N wd NN e qN sC &N T << 1 0 ot ANaa)
AL
‘SNoYLD T3 eleHd
/ P 4311V y93.Ly!
v \
z
o021 \ m 14Tt G ¥ ] S¢nd 914 ¥ 49
ﬁ\ A > <> © © \mw\: © A4 O
X
2,9), Hn. .
\ 7 e AATEED
v £
/
\\\ N °ft/ =147
- ©.4q 139A37 340 40D Wigq =134 WANAT A0enN aL WNIIS =142



the voltsge in the integrator exeeds the 1/o4 VO level.
In our case it does and the point is not dim-cut-off.
If we had used dim cut off level 7/ the test would have
been made at point 4 and the processing stopped, the
integrator and the counter reset snd a dim-cut-off
value rsturned to the PUP-o. In our case integration
woula have proceeded up to polnt Y where tne voltage
level corresponding to our selected signal to noige
ratic was reached. Yhe significant value now is the
count in tne time puise counter. huvte however that

to obtain the same ocoubtput for dilferent choices of
signal to noise ratios we need Lo divide

by 4 for every incresse in signal (o uoise ratio of 1.
S0 we divide vy 16.(If we Lad used a signal Lo noise
ratio of 1, integration would have stopped at W and we
would divide by 4)

To produce the floating point number required for
transmission to the PLP-5 the 14 bit binary number is
moved from the counter to a shift register when the
selected comparator has fired. It is then shifted

left until a one appears in the most significant

place (ie. it is normalised), the number of shifts

is subtracted from the initial exponent. The initial
exponent is preset by the sclcection of signal-fo-nocise
ratio to simulate thne division vy powers of 4 descrived
above. In this way a four bit exponent (0 to 178) and

a six bit mantissa ( 00 to 77& ) is retained. Presently
exponents larger than 135 cannot occur. when the lin/log
switch on the video-processor is in tne lin posuition
the right hand hali word contains just this floating

binary number - written together it ranges from O to 15008.



To facilitate using this number in the PUDP-6 it is
reproduced in standard format (lie. preeaded by a 2
and with the leading bit in the wmantissa) in the
left half.

2 11 57 % OO 11 37

STAN D AR.D MAMTUSA EXPONENT  p ANTISEA
FoRM xfoy  (SHIFTR0 4 RIGWT)

This floating point number can tous range from
0.5 to 1024.0 (0-1300 in the right half).

For many purposes 1t is wore mganingful o work
with the logarithm of the 1ncident intensity. when
the lin/log switch is in the log position the
last six bits are modified such that the rignt half
is a 10 bit value of 1008*1og21 ¢(since the same
flip-flops are used to supply the left half woerd bits,
these too are modified and the lert half is now
meaningless - actually only tne last 5 bits are effected
so for some purposes it could still ve considered
a useful value). The method used to change the value
to log base 2 is to leave the exponent unchanged
and to feed the mantissa into a table-look up network
which finds a three bit correction to be added. This
correction is always less than or equal to 5. The
relation between the value ovtained this way, J,and
the value obtained in the left-half with ths switch
in the lin positionlis:
‘:)Aoo, —'1.
T= 2

Thus 7008 corresponds to o4.0 .



When processing is stuwdbecause of a dim cut off, the DCF
(2 bit in the left half worﬁ)is set and the value returned
to the computer is that produced from the preloaded
exponent (ie. it vsaries with signal to noise ratio

and not with dim=cut-off level). The value at which

the vidi-sector will Jjust dim-cut-off an intensity

on the o??gﬁhand varies in just thne opposite way and

the systemAdoes in fact sutstitute the appropriate

number dependend on the selected dim-cut-off. Further-
more it is possible to obtain occasionally a value

past this point becwuse of the statistical nature of

the gignal - iz2. alb the time the dim-cut-off decision

was made it appeared that the point was brignt enough
(remember that it has only bLeen measured witn a signal
to noise ratio O at this stage) and was on more accurate
neasurement (ie. this cannot happen when one is using
signal to noise ratio O) found to be Qarker. such a

value is also repluaced by the systegf;ith the exact

value where dim-cut-off should have vccured. See

Fig 3 for a summary of some o0l (hese facts.

e have now arrived at a stage where we can consider
some of bthe more intricate interactions. Firstly ncte
that 1t is possible for the time pulse counter to
overflow. This will happen when we azare using a very
low dim-cut-off setting (O tor example), a high signal-
to-noise ratio ( 3 for example) and are measuring a
point dark enough to be near din-cut-off (a4 value near
15005. From Tig3d it can ve seen that it is for this
reason that CFL=3% and DCL=0 has much the same eifect as
CFL=5% and DCL=1. This implies that very dark points
cannot be measured with tne best signai-~-to-noise ratio.
An overflow will cause both the 2 and the 1 bit in the
left half word to be vn (actually the system obvains
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these Lits in another I/0 instruction aund patches

them in). Proceeding with the case CFL=5 and DCL=0

we find that values vetween 1200 and 1300 (approx.)(® Fie
will cause both the dim~-cut-off and the overflow bits

to ve on, while points even darker tnan 1500 will be
caught by the dim-cut-off mechanism and have only the
dim-cut-off bit on. 80 one can measure to some extend

in this range normally inaccesivle to the user of CFL=3%

I'he other condition under which overrlow 1s likely

to happen is for CIl=2 and DCL=0 where as described
above 1t is possible for a intensity gjust below the
dim-cut-off level to avold being caught by it now and
tnen because of the noise in this signal yet on

more accurate measurement cause the counter to overflow.
For most pufrposes an vverflow ghould re treated just

lige a dim=-cut-off.

The other extreme condition is tou smallacount in

tne counter. This ilmplies lLhat we nasve not measured

the tvime accuratldly enough (and since it 1s one ol the
factors in the rvatio,it will contribute tvo the woise).
This can only naoven whnen the pulse generator hss a
very low frequency and we are looking at a very vright
point ( one almost bright enough to cause an ANODE
WARN condition). Also it is extremely unlikfly exept

for the CFL=0 and CFL=1 cases. o deal with tiais problem
the count is tested against & ftor CFL=0 and lo for
CFL=1 and if less,the integration is not stopped, the
measurement being vaken at a nigner signal to noise
ratio (actually the tests are also applied in the

CFL=2 and 5 cases, but they snouidn#o%ﬁx pay off there,
if an attempt is made to increment the CFL past 3 an
overflow will result).

)

1
.



WYdWYd cal & < nﬁw L) SNELME 9 SAYOIOH >
089l o4g5n o UK 090k 0'8hat oawey 0TS 98T o-311 049 o-le oM o3 a-h 0-X o1 S0
Q00T oolt 0091 00§73 oont oo,rﬂ\ 001y 00%1 pool Ooe 009 oog 00+ oog oaz aaT o
N 1
0=74> 5|
o BN B\
5/>
\M\NJ ms\ou.r
ma\gh [+] .
) \
T =147
stz 3
]
S - > #.v -> L ,
IW 1L ,
9NI| Sy Y| M / N
N
\
N R ] I \
N
T=714D
%
Fv f £ N \
MOo{Iddano / /
\ N
: ; N
b W N Ly 1N ~ \ 5
aAnN0o) |3 D> Al " ol ) 3 . / 9
| \
, h h
o ="Td I=712A  7aha =1@ A=A S=1d 9 =124 L=D¢
/ : . ——> ¥/>vH=d 14
$)ow h=d Ly Pf \2: e opnd X 1 Z 2t 3 R P 5C L gr OIMM 2g0ny
st St | T/ vl 2
{ { {




LIy CUT OFF 71TIME PHOTOELEC/ SAME IPOR FRACTICN OF

LEVEL COUNT mBsC(NOW.)  F=h Mc/s  CUTOFF(F=4 iic/s)
0 27 272 29 2-8
1 28 o lep 2l 2=
2 27 20+g 22 2=0
3 2° 2l+p 27 22
4 22 2+ 2 2~
5 ot 20+ 22 2=?
6 23 2 2° 2=
7 2° 25+3 27 o-1
Tab 1
SIGNAL/NOLSE EFFECL. PHOTO- 85 % RANGE 99% RANGE
LEVEL ELECTRONS (NOM.)  (NOMINAL) (NOMIAL)
0 27 + 1/8 + 1/4
1 2% + 1/16 +1/8
2 o1t ¥ 1/52 + 1/16
3 o2 4 1/64 + 1/32

Tab %
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It is well known that photocathodes suffer temporary
'fatigue' whem large current densities flow on them,

ie. with the high voltage applied and high inciaent

light. At a somewhat higher current density the

damage is permanent. Dsmage is probably also possible

when no voltages are applied and a higher
intensity is applied to the photocathode (7). The

effect is thought Lo ve thermal and occurs between 1

and lO/AA/ cma. For our vidigsectors the maximum safest
current is considered to be~2/4A/cm2 ( about 80/AA for

the whole photocathode when evenly illuminated). A

further source of provlems excists in the electronmultipl.
where too high a gain may damage the last few dynodes,
when many electrons travel through the aperture. To
proteft against both of these misadventures the output

of the electronmultiplier (ie. the signal fed into

the integrator) is monitored and tne high voltaze supply
is tripped out (ANODE WARN light comes on) when a current
flows which nominally corresponds to EﬂA/cma. Naturally
this will only protect the whole photocathode if one scans
all points on it.(?resently there excist some misadjustments
in the system indicating that either the ANODE WARN
circult trips out too eariy or the gain of the chain
photomulviplier - integratvtor is too low. This may indicate
that the effective number of electrons counted at

a given signal-to-noise ratiov is wrong, thus effecting

the measured signal to noise ratio somewhat (the discrepency

is not large here)).



DISTCORTIONS

The X and Y deflection values ( 0—400008 ) supplied

by the PDP-o are fed into two 14 bit DAC converters
which drive voltage to current convertors. These in

turn drive a current which may be several amperes
through the horizontal and vertical deflection coils.
This current is measured by small series resitors

and fed back to allow an accurate relation vetween

the voltage and the current. Becasuse of coupling between
the coils and a magnetic shisld surrounding them

their response is rather slow.

Presently the settling
time of the coils 1s considered to be less than 7Qﬂsecs
and this time is allowed to elapse before the integrator
and the time pulse counter are started.

The static focus ceil carries an ajustable current

8nd allows the formation of a
sharp image on the apertures plate. Because of what
one might call curvature of field,accurate focus does
not obtain when X and Y deflection currents are applied.
Reasonably accurate focus can ve restored @f a small C’Wﬁ
additional focus current proportional to Xd + Ya is
applied. This is termed dynamic focusing. ‘'he interaction
of all of these field and geuvmetric inaccuracies produces
distortions in the image which are considerably larger

than those found in a typical optical imaging system.

Firstly ons would expect some radial distortion

e

proportional to X~ ¢+ Yd ,(pin—cus@ion or drum distortio@.

o : . . . Z 2 ..
Further a twist increasing with X <+ Y (with no



optical system equivalesnt) wil. ove found. Some errors
will depend on X and Y only.

A program has peen written to measure the positioun
in address-space of a 10. by 10. grid of points
projected on the photocathode. [he above errors
are present and account for perhaps half of the
distortion - the rest is highly uns mmetrical and
cannot be so easily explained and parameterised.
For this reason a 10. by 10. matrix of X and Y
values in address space of these points is stored
on DBK: and can be ussd in 1nterpolation. See Figl
for a graphic demonstrpation of these distortions.
Also Figs-is a program using tnese tables.

The photocathode has a non-uniiform sensitivity,
aside from very local phenowena such as Reeler's
craters (about 25 areas of avout 0.5 mm diameter
with less than nalf the normal sensitivity). Aside
from very small variations over tne order of a few
mm's this non-unitormity varies smoothly and can
thus easily be incorporated in the asvove 10. by 10.
interpoiation subroutine. See¢ Fig. 7 for a

contour map of the sensitivity of the photocathode
alone (measured by closing the iris to 20 mm
diameter, removing the liens, .lacing a piece of
tracing paper in froat of the iris and producing a
nore or less uniform illumination of this tracing
paper by plecing a large white sheet in front of the
#YK). This map correlates well with measurements
made in other ways with tne lens on and the iris closed
down. With the iris fully open, a large number of
overlapping constrictions cause serious vigneltving
and a rapid drop of in system sensitivity towards
the edge of the field or view (see Fig )
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INTLRPOLATION FROM Tns STORLL GRID:

Fig 5 contains the interpolation formula found

when fitting a function &, &, X+ A4y ¥4, Xy

to the values at the four corners of a lituvle
glemental squsre in the grid. The photocathode

space 1s measured in mm's from the approximate centre
of the photocathode. Y is measured down to allow

a right banded system with 4 polinting towards the
scene from the EY®. The orientation 4s shown is

that which would appear on the monitor (hence
inverted in both X and Y as far as the back of the
photogathode is concenred). Comvolutions with

larger support (rather then the 4 points chosen here)
could be used, but little extra accuracy can be expected.

Also available is a Yeast squares linear approximation
X = Aax XD —+ Ay D + Yo
XY = agy KD+ %y vDd  tTs

Qy ~ 200, Axy ~ Ay, =0 Ry, ~ ~Lio.
Xe o 8200. Yo =~ R200,
In faft Fig % showing the distortion is wrt coordinates

found in tThis way.
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J CMPCRD
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NUDIFCS CAMG R1,016383.C1
© J NUDIFA
Ce~ 3F XSUM=16383.0
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DMNY?=wf LOAT<JINJ?=F IX<SIZiP = (YY P =YNT) JUELY>>+JZ]P
R

S¢ EDGFLG sCOMPLUITE INTERPILATED COORDINATE
O CALCOX SCALCULAIE DMNXeIZiP

G CALCUOY sCALCULAIE DMNY,JZIlP

SKIPL R1ealZP sU0ID WE nmIT EDGZ ON LEFT

J NONIOK

XXEXNT
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M R1sWN{

A R1L

CAMGE RiaNNy SUID WE mlT EDGE ON THE RIGHT
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SKIPN BADJ
J NOBADJ
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MOVES XsSuM 3PUT IN WEFT HALF
MOVSS YSUM 3PUT IN LEFT HALF
SKIPN EDGFLS
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FOCAL LENGTH: 254 mm

MAXIMUM ¥ STOP: 5.1 Fig 10
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FOCAL LENGTH: 164 mm
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80 mm Hasselblad

L P2

g

~ / ;
— | x/f Mount

_ E

s = W\ Wz,

k—\é-ﬁeASskf——zo———a

F\m;'
L“B /ﬂ 11'0 wm: ’

o

15 min
" @l max

F(fj (R

FOCAL LENGTH: &80 mm
MAXIMUM P STOP: 2.8

Note: Open Iris in Lens mount to avoid vignétting.
A slide adaptor is available for this lens.
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LIST OF BEELER'S CRATERS ON NEW VIDISSECTOR PHOTOCATHODE

X Y Size (mm) 'Volume' (arbitrary scale)
1 6370 13420 .33 .16
2 8700 12830 .25 .09
3 9000 12280 .25 .10
4 11080 12200 .25 by .40 .08
5 10460 11900 .25 by .33 .10
6 12270 11700 .28 .13
7 10570 11520 .17 .09
8 10080 11110 .18 .10
9 8770 9850 .35 14
10 6700 9280 .12 by .33 .11
11 11720 8940 .12 .09
12 5620 8800 .17 .10
13 13580 7980 .50 .70
14 5280 7730 .12 by .40 .10
15 6560 7350 .08 by .20 .07
16 9900 6870 .33 .08
17 12460 6570 .33 .09
18 9060 6460 .25 .08
19 9030 5760 .08 by .25 .10
20 4040 5680 .16 by .40 .08
21 5620 4920 .16 by .40 .08
22 4930 4820 .16 by .85 .16




LHE OLD VIDISSECTOR:

The old vidissector can be accessed through the videco-
processor much the same way as the new one. liayor
differencégs excist in noise levels:

CFL Noise (varsance)/signal(average)

NEW OLD
0 .11 25
1 054 «15
2 . 028 068
3 .0Olo .036

There also excist gnumber of interactions in the wiring
causing both measured intensity and nocise to vary with
the state of other electrical equipment near by.

The lens is a Canon Fl1.3 Zoom lens ( |5 mm - 140 mn)
(which seems to have too small a field of view for the
photocathode, .The zoom and fucus servo data can be

found in the following table:

Function Input Output Limits
Zoom 25 03 201%. - 4000.
Focus 26 o4 850. = 4000.

Because of the noisyness of the WMonitor-display it
was not possible to set up experiments to measure
the parameters found for the new vidissector.

The lens is connected to a 1.6 times ex, pander which
changes is field of view to the required 26 mm, its
f-number to 2.08 (nominally) and its focal length to

2% mm - [9) mm.



QMO o Zoom rens vexs

“* BRIGHTEST 1:1.3 - 8 TIMES MANUAL ZOOM LENS

g VBX15 15-120mm

“» The image is superbly sharp even at maximum aperture opening and espe-
cially so when the aperture is closed down. Because aberration correction
has been made for vidicon and 16 mm film camera use.

Brightest 16 mm zoom lens with f 1.3 speed for entire 15-120 mm zoom
range.
- Constant focus through entire zoom range.

“ Finest color correction by patented ‘‘spectra’’ coating with amber and
magenta colors.

: Anti-reflection multicoating: Prevent loss of lightflares and ghosts to the
lens surfaces.

» Most satisfactory performance assured by 30 years of proven lens research
and manufacture.

USA, INC. AUTHORIZED SALES

550 FIFTH AVENUE
NEW YORK, N.Y. 10036
212/581-2970
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