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This 1a a collection of data om the construction operation and
performance of the two image dissector cameras. BSome of this
data is useful in deciding whether certain shortcomings are
glgnificant for a given application and if s0 how to compensate
for them.



INTROLVUGTION:

The follwoing is a colleclbion of vits snd pleces of
information about the two image uvissector cameras attsched
te the compubters (FUP-o snd PLUP=-10) of the Artificial
Intelligence Group st Project LaC. wosl of this date

concerns the 'mew' 'eye' snd the videov-processor which

can be used to access woth 'eyes'.

The new vidissector counteins a F40LD tube manufactured

by ITT lndustrisl Laborstories (ITTIL). This tube has

8 dismeter of 4.5%" (118 mn), s length of 1l4.5" (456 ma),

a4 8=-11 (Ca=8Hb) photocachude with a 5" (Yo mm) ussable
diameter. The circulsr sperture has & dismeter of .002"
{.0% mm) snd the electrun-multiplier cumsists of 14
dynodes. The cleimed rescoluticn is 10 eyclas (line-pairs)
par mm &t 50 % amplitude rasponse, and 17 cycles/mm

at 1O % amplitude responsa. Tne face-plate hes s thicknass
of 125" (3.2 mm)},

The old vidissector countains & FHOLl tube manufsctured

by ITTIL. 1t has a diasmeter of 1.5" (48 mm), & length

of 8.2" (20% mm), 8 8S-11 photocathode with & 1L.1" (28 mom)
ugeable diameter. 'he circular sparture has s dismeter

of 001" (.025% mm) snd the electron-multiplier consiste

of 10 dynodes. Tha claimed rescluticn is 20 cycles/mm

gt %0 % smplitude response, snd 3% cyoles/mm at 10 %
amplitude response. The face-plete has s thickness of
LOBO" (2.0 mm).

For further information on imapge dissecturs sea;
"SPRCIAL FURPFOSL VACUUN TUBes™ ITTIL
"APPLICATIONS NOTL ko, UNIgUE FROPERTILS OF

ThidGE DIBSACTORS" ITTIL

"TENTATIVE DATA = VILISSLCOTUORS - IkAGh
"LISSECTOR TYPE FPA0L0 (or F4011)" ITTIL
"RsSEARCH MIMOZ 309, 336, 337, 353, 386 ILTIL



The videog-processor was supplied by Information Inbter-
national Inc. and ie described in:

"OFERATION WANUAL - IMAGE DISSKCTOR CAMERA SYSTEM"
IIT

Further information asbout the use of our video
processor can pe found in an appendix Go:

"ROCUSING" AL kemo 1la0



I'HE WYE: PRINCIPLES OF OPERATICN:

The main component of the eye is tne imasegs dEector
camera (vidig-sector for short). It is an evascustad

tube coated on one end with 8 substsnce that converts

B certein fraction of Incuming ohotons into slectrons.
By means of a large applied potentisl asnd an axial
magnetic field most of these alectrons are imaged onto
an apearture plate (see Fig 1 ). ihe electrons travelling
througn the aperture all come from & small area on

the photocathode of approximstidly Lhe ssme size as the
aperture. lhese eslectrons now enter m electron multiplier
shere secondary emission produces 8 large number of

new electrons as this stream of slsctrons impinges
succesivey on each of 14 sultauvly costed dynodes.

The current io the anede 1s converted to a voltage
which is directly osroportional to the illumination
teliing on the emall area un the photocathode selected.

With only the axial focusing field this small araa

is in the centre of the phoutocathode. Two perpendicular
radial fields allow one ©To move the electrun image
around on the aperture plate thus selecting different
areas of the image. Attached to this device is the
video=processor «hich includes the intarfacea with

the computer.

The complexity of the video-processor is in larue
part due to two design objectives.

l. kelative arror in sn intensity measumment
should be incependent of the intensity.

2. The video-processor soculd not waste time
processing very dark points.



The main source of arror in an intensity messurement

is caused by quantisation - in <flect wa are counting
gleactrons{ Tha only resson for oot sctually counting
them is thst they may arrive st & rete of up to EH

par 82c). To obtain a relative srror independent of
intensity we must'coubt'the ssme oumber of electrons

for esch measurement. This then implies that derk points
will require an inordioate amount of %ime for measuremsrs.
A mechanism must bte provided for ignoring points darker
than a given level st ano @srly stage. The programmer
has two parameters available to countrol thase two
features;

l. Bignal to noiss retio: a parameter which
may be 0, 1, 2 or 5 indicating a relative
error of 178, l/la, l/32 and l/64
respectivly (nominal). See Teb i for
effective pumber of photo-alectrons
counted at sach setting.

2 Dim cut off level: a8 parsmeter which may
be 0,1, ves ¢ ipdicatiog a cut off
at d-ﬂ,a_?,édb, ver 271 off the msximum
perepiscible intensity (nominel). See Teb 1
for further Jdetails.

% nighly sdematic uis<ram of sume parts of the video
procesgsor (Figl ) will il ustrale the operation in

more deteil. The variable pulse Ireguancy gensrator

at the hottom of the diasgram is used to allow
messursmants of intensities dirfering by more than

the normal o4 to 1 dynsmic range of the video-procsssor
and also allows a refsrence signal to eliminaste thos
efrects of light-source intensity variastions. The pumber
read by the computer is in eflec¢t the ratio of tha
intensity measursed oo toe photo-cathode and some
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raference signel which may ve selectad to bae the total
photocsthode current. In this case a change in the
illumination will caBe sn aguel change in the two
factors used in the ratico and the output of the
videg=processor will be independent of such changes
(unless they are too large).

The wariable pulss Irequency gsenrstor operates by
gelecting a5 many pulses a8 npeaeded from a % Le/ss
pulse sgurce. The sverage frequency can bLe read on
a meter which is % e/s full scale. These pulses
are fed into a 14 bit counter when meagturements are
being Taken.

At the same time the oubput of the electrom-multiplier

is fed into an integrator whose oubput i8 stieched Lo

Iour comparators. These comparators fire «nem the

intesrator ocutput r2uches a veltage corrsspunding to

27 29 il pld
1 ¥ ¥

plate (nomlnally). These four cowpsrators are ussed

paotoglecirons through the aperture

for the fuur diirergun giganal to noelse retios, while
the Ed, dj, . dH pits in the time-pulse counter

are used in the dig-cut-off decisions.

Fig ¥ illustrates this in mure detsil. Lote that buth
scales are lagﬁ « Irace A shows Lue volGage abt che
output of the integrator versws the count io Ghe Lime
pulse counter for & very wrignu point. Small crossas
indicate the Limes at which the comparators At toe
output of The integrastor fire. omall boxes 1ndicale
the times when the flip-rflops sttachea Lo thse various
bits in the time pulse counter fire. Suppose we had
selected a signal-to-nolse ratio £ and & dim-cut- ofr
level 5. At point X (when toe spurvpriste bit cumes
on in the time pulse counter) s test is made Wether
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the voltage in the integrator exesds the 1704 ?ﬂ laval.,
In ovur case 1t do=s @gnd Che pulnt is not dim-cut-off.
If we hed used dim cut off level V¥ the test would hava
been made &t polnt 4 Bna the processing stopped, the
integrator and the counter reset snd a dim-cut-off
value returned to the FPLP=G. Ino our case lotegration
woula have proceaded up tv point ¥ where tne voltage
level corresponding to our selscted signal o nolze
ratic was reached. The significant valus now 1s the
count in toe time pulse counter. biute bhuwever thatv

to obtaln the same ogutput for dirfersnt cholces of
Bignal Co ooise ratios we need Lo divide

by & for avery incresse in signal o auise ratio of L.
S0 we divide by lh.{Lf we Lad used a sipgnsl Lo noisa
ratic of 1, inGegratiocn would have stopped at W and we
would divide by 4)

To produce the floating point npumber reguired for
transmission to the PLP-0 the 14 Lit blpnsry number 1s
moved from the counter to 8 shift register when the
gelected comparstor has fired. IL is then shifted

left until & opne &ppesrs in the most eignificant

plece (ie. it is normslised), the number of shifts

is subtracted from the initiasl exponent. loe initial
axpunent is preset by the zeletion of signal-Gto-noige
ratio to simulate tne divisiun vy powars of 4 descrived
above. In this way a four vit exponent (O to l?a} and

8 Bix bit mantiasa { OO0 to F?d ) is retained. Fresently
exponents larger then 1% cannot cvccur. When the lin/log
Bwitch on the video-processor is in the lin pos.ition
the right hend half word contalns just this floating
binary number = 4 ritten together it ranges from O to 1§Gﬂﬂ.



To fecilitete using this number io the PDP=& it is
reproduced in stendsrd format (le. praceded by a 2
and with the lesding bit in the mesntisss) in the
left half,

211 57 % OO0 11 37

[ W — huﬁna ——
SToend D By, O P e THSE A EXPomgn T psArMTISLA
Fullpe Lefens  (ShiFTeo 1 RiGWT)

This floating point number can touws range L[rom
Cu9 to 1024%.0 (0-1200 in vhe right half).

Four meny purposes 16 is more meaningful tTo work
with the logarithm of the incident inbensity. &hen
the lin/log switch is in the log position the
Last six bits are woediified such Lhat the rignt half
i a8 10 bit velue of Lﬂﬂﬂ‘luﬂdl (8ince the came
flip-flops are used to supply the left half word bits,
these too are modified and the lert halfl 1s now
meaningless = actually oaly the last 3 bits are effected
g0 for some purposes it could still ove consldaraed
a useful value). The method used to change the value
to log base £ is to leave the exponent unchanged
and to femd the msnvissa into a table=loock up network
which fipnds s three bit correctiocn to be added. This
corraction is always lesas than or equal to 5. The
reletion betwesn the velue cutsined this way, J,and
the valus obtsined in the left-half with ths switch
in the lin positionlis:

3 .-"'Fn-ﬂ', -4

I= 2

Thus ?ﬁﬂa corresponds to 4.0 .



nen processing is HLuﬁJUHEHuﬂﬂ uf & dim cut off, the DCF
I':.J;‘ bit in the lelt halfl ..l.-._lr.'ﬂ} i1s zet and the values returned
to the computer is that produced frowm the osreloaded
exponent {ie. it veries with signal to noise ratio

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

Che vidi-gector will just dim-cut-off an intensity

on the uﬁgﬁﬁhund varies ilo Jjust tne oppusite way and

the system, does in fact sutstitute the appropriate

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

past this point because of the stetistical pature of

the signal = ie. ab the time the dim-cut-off decision
was made it sppeared that the point was brizat anough
(remember that it has only ULeen measured with & signal
to noise ratic 0 at this stage) snd was on more scocurate
messurament {(ie. this cannct happen when one 1s using
signal to noise retioc Q) found to n&+i§rker. Guch a

value is also replaced by the system,with the exact

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

Fig 3 for s summary of some ol Lhese facts.

Wa nave now arrived at a stage ashere we can consider
some of thea more latricate interactions. Firstly note
that it is possible for the time pulse counter to
overflow. This will happen when &8 4Te UsSing a vaery
low dim-cut-off setting (0 tor example), a high signal-
to-noise ratio ( 35 for example) and are measuring a
point dark enough Lo be near din-cub-off (a value near
lﬁﬂﬂa. From Figd it can ve seen that it is for bthis
reason that CFL=3 and DCL=0 has much the same elffect as
CFL=% and DCL=1. This implies that very dark pointe
cannot be messured wilkh the best signal-lu-noeise ratio.
an overflow will cause both the 2 and the 1 pit in the
left half word to be on (actually the system obtains



these bits in another I/0 itostruction snd patches

them in). Procecding with tLha case CFL=3% snd DCL=0

we find that values between 1200 and 1300 (approx.i(@® F.-.,l'}
will cause both the dim-cut-oft and the overflow bits

to be on, while points even darker thasm 1500 will Ce

caught by the dim-cut-off mechsnism snd heve only the
dim-cut-off bit on. 5S¢ one cen messure to some extend

in this range normelly inaccepiole to the user of CFLa3 |

I'he other condition under which ovarflow is likely

to happen is for Cil=Z2 and DCL=( whare as descritced
above it is possible for a intensity Jjust velow the
dig=cut=off level to avoid peing causht by it now and
then because of the nolse in this signal yet oun

more accurate measurement causa the counter Lo overflow.
For most pufposes an uverflow should ve breasted just
lice s dim=cut-off.

The other extreme condition is tow smallescount in

the counter. This implies Lhat we nave not measured

the time accuratlly enovugh tand since it is one of the
factors in the ratlo,it will conuribute Lo the ouisa).
This can ooly oagpen when the pulse generstor hss s
very low frequency and we pre Luoking st s vary cright
point { one almost Lright enough to ceause an ARODE
WARN condition). Also it is extremely unlikdy =x@kpt

for the CFL=U anda CFL=1 cases. Lo desl with this croblem
the count is tested against & lor CFL=0 ana lo for
CFL=1 and if less,the integration is not stopped, the
measurement being taken at & higner signal to noise
raetio {sctuslly the tests are also applied in the

GFL=g snd 3 cases, but they Ehuuldnd.#hx pay off there,
if an attempt i8 mada to incrament thea CFL past 3 an
overflow will rasult).
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L1k CUT OFF TIWE FHOTUELEC/ SAKE FOR FRACTICKN OF

LEVEL COUNT mSsC(NOMW.}  F=4 Me/s  CUTOFF(F=4 kc/s)
0 27 22+ 2Y -8
1 28 2= tep 2t 2=
> L7 20up 22 =6
5 2 alsp 27 2=
4 22 2% o 2~
5 ot 2947 27 2=3
& 2? 2% 2" 2~
? 22 27+F 27 a-1
Tab 1
SIGNAL/NOISE SEpEQL . PHOTO- HS % HARGE %% RANGE
LEVEL ELECTRONS (NOM.)  (NOMINAL) (WORIAL)
0 27 + 1/8 + L/4
1 29 + 1/16 + 1/8
2 211 + 1732 + 1/16
3 2l? 3 1/64 + 1/52

Tab L



It is well Enown thst photocathodes suffer temporary
'fatigue' whem large currentl densities flow on them,

ia. with the high voltege agplied snd high inciaent

light. At & somewhat higher current density the

damage is permanent. Damage is probsbly elso possible

when no voltages are spplied and a higher
intansity is applied to the phuotocsthode (7). The

effact is thought to oe thermal snd occurs betwsen 1

and lﬂfaﬂf cma. For our vidisectors the maximum safest
current is considered Lo Uaueﬁﬁnfcmg ( about BOma for

the whole shotocathode when evenly illuminated). A

further source of problems excists in the electrommultipl.
whare too high a gein may demage the last few dynodes,
when many @lectrons travel through the spertura. To
protatt against both of these misadventures the output

of the electronmultiplier (ie. the signal fed into

the integrstor) is monitored and the high voltsze supply
is tripped cut (ANODE WAEN light coumes on) when a current
flows which nominsally corresponds to Eﬁﬂfcma. Naturally
this will only protect tae wnole photocathode if one scans
gll points on it.{ﬂruaeutly thare sxcist some misadjustments
in the srgtem indicating that eirther the ANODE WAEN
circuit trips out too eariy or Lhe gain of the chein
photomultipliear - integrator is too low. This may indicate
that the e{fective number of electrons counted at

g given signal-to=nuise ratiov is wrong, thus effecting
the measured signal to noise ratio somewhat (the ailscrepancy
ie not large herel).



DISTORTIONS

Tne ¥ apnd ¥ deflection vsluss [ U-#UGDUH ) supplied

by the PLP-6 are fed into two 14 bit DAC converters
which drive voltage to current convertors. Thess in

turn drive a current which may be several amperas
through the horizontal asnd vertical deflection coils.
I'nis current is messured by small series resitors

and fed back to sllow an accurate relstion ceatween

the voltage and the current. Eecause of coupling between
the coils and & magn=tic shield surrounding them

Their response is rather alow.

Presently the settling
time of the colles is considered Lu bLe less than POmusecs
and this time is allowed to elaps= before the intagrator
and the timea puls=s counter ares started.

The static focus celil carries an sjustable current

#ud allows the formastion of a
sharp image on the aperturs plate. Bacsusea of what
ons might call curvature of field,accurate fécus does
not obtain when X snd Y deflection currents are applied.
BEeasonably accurate focus can ve restored ﬁf a small F“Hﬁ
additional focus current proporticnal to ld + Id is
applied. This is termed dynamic focusing. The intersction
of all of these field and geumetric inaccuracies producas
distortions in the image which are ccnsiderably larger

than those found in a typleal optical imaging system.

Firatly ons would expect scme radial distortion
proporticnal to 12 + Id ,(pin-cushiﬂn or drum diaturtinﬂ.

Further a8 twist increasing with xd -+ IE (with no



optical system squivalent) will o= found. Some arrors
will depend on X and ¥ only.

A program nes besn written to messure the positiun
in address-spsce of a 10. by 10. grid of points
projected on the photocathode. The above errors
are present and account for perhaps half of the
distortion - the rest is highly unsymmeatricsl and
cannot be so easily explsined and parameterised.
For this reason a 10, by 10. metrix of X and ¥
values in address space of theze points is stored
on LEK; and can bes ussd in interpolation. See Fig ¥
for a graphic demonstpation of these distortions.
Also Figs'ia 8 program using these tables.

The photocathoede has a non-unitorm sensitivity,
aside from very local phepumens such as Eeeler's
craters (about 2% areas of acout D5 mm diametar
with less than half tne normel seansitivity). Aside
from very small wariations over tne urder of a few
mm's this non-uniforaity veries smoothly and can
thus easlly b0e incorporated in the spove 10. by 10.
interpolation subroutine. See Fig., 7 for a

contour map of the seansitivity of the photocathode
slone (measured by clusing the iris vo 20 mm
diameter, removing the lens, placing a plece of
tracing paper in froot of the iris and producing a
nore or less uniform illumination of tals tracing
paper by placing & lerge white sheet in I'ront of the
LYE). This map corrslates well with measuraments
made in other ways with the lens on and the iris closed
down. With the iris fully cpen, 8 large oumber of
overlapplng constrictions cause serious vignetting
and a repid drop of in system seoslitivity téwards
the edge of the field of view (see Fig 8 )
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Fig L ARROWS EXAGCERATED 3 TIMES



IBTLEFOLATION FROM Thnd SUOEm. GHIL:

Fig 5 contains the interpolation formula found

when fitting a function a, 44, %+ 4,4 +d,xy

to the values at the four corners of & litcle
elemental sguare in the grid. The photocathode

gpace 18 measurad in mm's from the spproximate centre
of the photocathode. Y is messursed down to allow

8 right banded systeéem with ¥ pointing towards Ghe
scane from the EYdL. The orientstion s shown is

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

larger support {(rathser then the 4% polints chosen hera)
could be used, but litile extra accurascy can be expactad.

Alec availsble is & Yeast squares linear approximation

‘K: ﬂ'-h }‘:b_‘? ":"-:m.-l.:I TD 'l_‘ﬂh
Y 5 ayx KD+ Ay yd  *Te

S -
By = 200. N L Ay = ~ilo.
e 22 Bioao, l'ﬁ'rd. ~ REibta,

In fagt Fig Y showing the distortion is wrt coordinates
found in this way.
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KCURDE - BLUCK 1de=10. 5% CUURTINATES IF GeiD Ffe}ﬁf b
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AnTs ~da.7b/dod PCLAMNER A LpoRulIwnale pF GRIL
Yuls =fdaf B/ d0d FUORNER ¥ COOALIMATE OF GRID
MMKE 10U, FMUMSER " OF POINTS HOMIZINTALLY [N GRIUD
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OFTEETE 1L i lerx LINCAT TRAWSFORMATION, F=@* [NTERPOLATION
dAlJ3 ] Fn0y=ZERD TO PEnwELT ADJUST OF SENSITIVE
PHIDATS SLOCK 20.+20. FREFLECTIVITY DaTa ' \L:ipal
NPH3E 20 i517E OF THIS Mp miX IR, E
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REODLIME 0.5 sREQUSTION LIMIT
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YHOHTHE O
EWESTE O
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KS0JTHS 0§
YSOUTHE [
KEAST: @
YEAST: @
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S50 mm Hasselblad

i P2 ——
= =
f{f Lens
g
fﬂ’ Mount
‘ l’h
i3 T o

L4
= — | i
—16 15 10—
< 43 > v—lﬂ, e M-
L to ::-

T5 ik

|H-——- EY max 1 F"j L

FOCAL LENGTH: &0 mm
MAXTMUM F STOP: 2.8

Note: Open Iris in Lens mount to aveid vignetting.
A 8lide sdaptor is avallable for this lens.
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LIST OF BEELER'S CRATERS ON NEW VIDISSECTOR PHOTOCATHODE

X

6370
8700
4000
11080
10460
12270
10570
10080
8770
6700
11720
5620
13580
5280
6560
Qa00
12460
QoaD
Q030
4040
5620
4930

T

13420
12830
12280
12200
11900
11700
11520
11110
9850
Q280
3940
8800
7980
7730
7350
GETO
b570
460
5760
5680
4920
4820

Size {(mm)

33

«25
.08
.16
.16
.16

by 40
by .33

by .33

by .40
by .20

by .25
by 40
by .40
by .85

'"Volume' {(arbitrary scale)

16
. 09
10
.08
10
.13
« 09
. L
14



THE OLD VIDISSECTOR:

The old vidissector can be sccessed through the video-
processor much the same way as the new one. Layor
differencéds excist in noise levels:

CFL [HNoise (varsance)/signal{averase)

HEW OLD
0 .11 .25
1 « D54 « 13
2 028 068
3 016 .03%6

There alac excist qéumbar of interactions in the wiring
causing both messured intensity and noise to vary with
the state of other slectrical equipment near by.

The lens is & Canon F1.3 Zoom lens { |5 oo - 140 mm)
(which seems to have too small a field of view for tha
photocathode)«The zoom and fucus servo data can be
found in the following taebla:

Function Input Cutput Limits
Zoom 25 &3 2015%. = 4000,
Focus 20 ol 850. = 4000.

Bacause of the nolsyness of the Menitor-display it
wage not possible €to s8et up experiments to measure
the parametars found for the new vidissecior.

The laps is connected to & l.o times ex_ pander which
changes is field of view to the regquired 26 mm, its
f-numbar to 2.08 (nominally) and its focel length to
A% mm - [fL om.
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Sed dow Berause Aberragiog. Correction
" ¥idicon g d mim film AMerg yg
Erlg,hmst 18 mm 00m Jgng with 1 3 ibeed fyp Entire |5 120 MM zoom
Fange
Constant focusg through Entire zogm Fange,
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