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LUCIOLE .

H. ANDERS, T. LINGJAERDE, J.A., WILSON and D. WISKOTT

»<cQERN,lGeneva

1, Introduction

Iuciole is an on-line flying spot scanning device designed
for the analysis of spark chamber photographs. The first on-line tests
u31ng the IBM 7090 are due to take place in October 1963, The device
uses a high resolution CRT to produce a continuously running ‘TV-like
scan with a spot size on the fllm not exceedlng 30/um diameter over

36 x 36 mme,
2. Approach
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Luciole is, according to Kbﬁarskifs terminology, an example
of the "tricky software solution" to the automatic processing of spark
chamber pictures. It has evolved from the HPD and is thought to be
better adapted to the particular problem of spark chamber plctures.
While less precise than the HPD, the time to scan a picture is less ‘and
the cost is relatively low. Particular attention !as been devoted to
the stablllty and rellablllty of" the dev1ce 1),

3. The flying spot generator

* A Ferranti type 5/71 AM'CRT is used together w1th CELCO focus~
ing and deflection coils (fig.l). The raster is produced over. a
60 x 60 mm2 area within which the spot sike is always less than SO}ﬂn
diameter ¥, This is Gemagnified by 1 : 0.6 onto the film by means
of a pair of lenses face to face (Schneider Xenar and Componon). °

The time for the complete scan is 1.14 sec and thls is
followed by a flyback time of 0.38 sec. " A scan contalns a total of
768 lines approximately 50/um apart The least count along. the scan
time is 22, 5Jum.

- A much finer spot can be obtained at the center of the screen; even
over the whole scanning area, a more stringent requirement could be
met, We have preferred to chose a value that can be maintained-over
several hours without re-adjustment,
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The pin cushicn distortion has been roughly corrceted for
by an array of pernonent magnets. The residual distortion will then
be corrected for by the computer on the basis of a calibration made
every few hours by scanning a suitable tust pattern.

4 reproducibility has been obtaincd in the "fast" direction
(F) along the scan lines of better than = 104 rns aond in the "slow"
direction (X) perpendicular to the scan lincs of better than + 3.10-'4
rms. Slow general shifts of the raster in either the F or X dircction
do not affect the neasurement process.

4, The digitising process

A method of digitising ("Sampled Analog Digitising") has
been chosen which does not necessitate a large buffer memory., At
regular intervals (corresponding to the least event in F) the photo-
multiplicr signal corresponding to the scan across the film is sampled
A sequence of zeros and ones is generated where the oncs correspond to
opaque rogions on the film. This sequence is fed into a shift regis-
ter of 17 bits, )

After every 17 clock pulses, its contents are transferred
into the lower half of a one word buffer provided that the register
does not contain only zeros (figure 2). Subscquent half words go
alternately into the upper and the lower halves of the word. Such a
sequence of half words cnds when an upper helf containing only zeros
occurs. Then this is replaced by the true F-coordinatc of the last
sempled point expressed as the total number of clock pulscs counted
from the beginning of that scan=-line. The‘Xecoordin&te(humber of the
scan line ) is read out at the end of each scan-line (except when this
has been conpletely blank).

The timing of the load-unload procedure of the buffer is
such thot each completed word can be read into the 7090 before the
next load operation is duc. T

H5e oSpeed

The spesd of the device is limited essentially by the maxi-
mun rate of the DDC (estimated to be one transfer cvery 17.6t4sec. for
our operating conditions and by the film transport (about 0,12 sec.
actual advance time plus settling time), Because the rastor runs
continuously, the maximum speed will not be reached unless the computer
can complete its processing before the scan of the next picture starts.
If it should fail to do this, no data is read in and that picture will
be scannad again by the following scan. In a later version of the
device, this loss can be eliminatced.
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6. Prégrammigg
Programming for Luciole falls basically into two categories :

a) programs designed to test hardware,
b) prograuns to process experimental photographs

The present programming effbrt is concentrated on the
category a),_for which programs are already well advanced.

It is the acim of the programs in the latter catcgory to read
in Imciole information from one frame, write out processed data from
a frame two previous and process the previous frame simultancously, the
complete cycle taking a maximum of 1.5 sec. It is proposed to process
each frame in two passes of the input data. Pass (1) to locate the
fiducial marks (and hence the chambers), and pass (2) to locate sparks
and associate them into tracks, possibly in spacc ccordinates. Data
from each frame will be written on tape with a record to identify ift,
and it is hoped to apply some simple criteria to eliminate frames which
are of no interest,

For this work the experience gained on the HPD is useful,
although the existing programs are not directly applicable due to the
format of the data. In the computer the data appears as a string of
binary digits representing dark and light areas on the frare; in other
words a bit pattern is assecmbled in the machine, and it is proposed to
utilise this information directly by means of pattern recognition pro-
grans., The object of such programs is to "mask~-out" the binary digits
corresponding to a cross for example, and then to test on the remainder
of the search area for zero., In figure 3 an area of memory has been
depicted as an array on which the progranm will operate, a perfaoct
fiducial cross nay appear as indicated. If a mask is found which will
zero the outlined word, then this mask will predict the masks necessary
for the two words immediately below and to the right of this word. The
complete area will then be scanned and a check on the number of zero
words made., Background noise may be dealt with by accepting a number
of non-zero words. For example, consider a cross that has been detec-
ted by twelve consecutive scan lines, if twelve lines were found to
be initially non-zero, and after masking,threc or four lines still
remained non-zero, then it nmay be accepted as a cross. Such criteria
can only be established by cxperimentation - a stage that the present
prograns have not yet attained. It is intended to convert information
to coordinates only when the nccessary pattern has been recognised, thus
conscrving computing time.,

Considerable effort is being concentrnted on the problems
associated with crosses; it is essential that this work precedes work
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on spark recognition since the sparks are located from data derived
from the fiducial marks. Clearly the method of pattern recognition -
described above may be extended for use with sparks, but it is pro-
‘bable that simpler methods will be devised in this caseé.

7. Further development

. A new version of Iuciole will be developed when the first
one, described above, is successfully put into operation. It will
incorporate one or scveral of the following improvements

' a) ‘triggering of the beginning of the frame scan by the computer,
b) preset switching to select one or several scan line den31t1»s,
v corresponding to the information density on the picture,
e) positioning of the scan line, under computer control,
d) conputer controlled sulectlon of "actlve elements" on the
~scan line,
' e) scannlng in two perpendlcular dlrectlons.-

With these modifications the conputer, the scanner and the
experiment to be evaluated can be matfhed together most efficiently.

Reference ¢

bl.ﬁ H. Anders, D, Maeder and D. Wlskott Nucl. Instr, and Methods
(1963) 414 .
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Figure captions

Fig. 1
Fig, 2

Pig. 3
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Schenatic block diagram of the Luciole systonm.
Fornat of data transferred to the IBM 7090.

Schenatic information array in the core store of the
conputer, derived from a perfect fiducial cross and

prepared for application of the pattern recognition
prograr,
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Figure 3




