
A schematic diagram illustrating the procedure 
in the HPD Minimum Guidance detection and 
track following. 

Track fo l lowing means ext rapolat ing the 
t rack over a few mm in the f i lm plane, 
p ick ing up the dig i t iz ings in an e longated 
area cover ing the ext rapolated track, f ind­
ing the appropr iate e lement in this new 
area to l ink to the track, and so on. Each 
t rack element is retained s imply as one 
'average point ' , equivalent to a coord inate 
pair f rom a manual measur ing device, 
together wi th bubble densi ty in format ion. 
The elongated area used in t rack fo l lowing 
is analogous to the hardware slit of other 
measur ing devices such as the Spiral 

.Reader. It is w ide enough to a l low s imul ­
taneous detect ion of ad jacent t racks 
wh ich are l ikely to cause confus ion. 

With in an area, two dist inct local pattern 
recogni t ion techniques are used to f ind 
t rack elements, namely (1) s t r ing ing or 
associat ing together c lusters of d ig i t iz ings 
such as occur mainly on b lack t racks 
(or f i lm scratches) (2) h is togramming of 
distances of d ig i t iz ings to a l ine having 
the same angle as the expected track, 
usually repeated over several angles. 
There is an elaborate logic for compos ing 
t rack elements f rom the results of these 

two techniques, as there is also for the 
l inking of elements to t racks. 

Leaving aside here some other comp l i ­
cat ions such as that caused by the HPD 
or thogonal scan, the sets of average points 
from t rack images on all three views are 
then sent to another program cal led 
MGTHRESH, for matching and reconstruc­
t ion in three dimensions. Track-match ing 
for Min imum Guidance has to take into 
account the fact that, in addi t ion to the 
t racks of the interact ion, an unwanted 
t rack or t rack image may be p icked up 
because it satisf ies the cr i ter ion of pass­
ing near the vertex, and also that a t rack 
image may occasional ly not be found on 
one view. These problems are not unique 
to Min imum Guidance, and the faci l i t ies 
developed in MGTHRESH are also used 
for the Spiral Reader. 

The Min imum Guidance System is in 
use at the Zeeman Laboratory (Amster­
dam), and at Brookhaven, and is under 
act ive study at DESY, a t t the Rutherford 
Laboratory, and at Saclay. At CERN, it 
is envisaged that it wi l l be used more 
and more ; in addi t ion, work is cont inu ing 

in an at tempt to dispense with pre-digit iz-
ings al together, init ial ly on a small angle 
scat ter ing exper iment. 

PERT at CERN 
Project p lanning becomes more neces 
sary, as the number of operat ions evolv­
ing one f rom the other increases and ai 
t ime l imits^are reduced. Methods of plann­
ing have progressed a great deal since 
the t ime-honoured Gantt graph. The neec 
to deal w i th extensive problems of logis­
t ics was the start ing point for a develop­
ment wh ich , wi th the paral lel improve­
ments in computers, reached the poin 
about 1960 when methods (often knowr 
under the gener ic name of PERT — 
Project Evaluation and Review Technique 
— or the 'cr i t ical path ' method) were 
devised for deal ing wi th large industr ia 
pro jects. 

PERT is used for both the evaluatior 
of t ime-schedules and, part icular ly, foi 
the revision of programmes. If, for ex 
ample, a pro ject must be completed by c 
certain date, and it appears in the course 

18" 



Planning a project by PERT begins with a 
'network' (figure 1) in which each operation 
is shown in the form of an arc which runs in 
the direction of time. The arcs connect up 
series of 'nodes' which represent the various 
stages of advancement. Each operation is 
assessed to determine its completion time 
and the 'critical path' (i.e. the longest chain) 
is then found, since this dictates the time 
required to complete the programme. These 
operations are 'critical' because the lengthening 
of any one of them will delay in the programme. 
Once the starting date has been fixed, 
the dates at which the various events should 
occur are determined and the programme 
completion date assessed. If, however, 
it is the completion date which is fixed, 
the calculations are made by working 
backwards, and the latest commencement 
date obtained. If these two dates are fixed 
and the completion time between them is 
exceeded, this leads either to a conclusion 
of impossibility (if the available resources 
cannot be increased) or to a revision of 
the programme ; the merit of PERT is that it 
provides great flexibility in this respect. The 
dates can be met either by re-arranging the 
available resources among the various 
operations or by providing additional resources. 
An example of PERT applied to plant installation 
(MBLE graphs) is shown. 

of the programme that some part is behind 
t ime, it is possible by careful ly s tudying 
all the operat ions, ' to save t ime on 
some of them — possibly by employ ing 
extra- labour, by using a sub-contractor , or 
even by omit t ing an operat ion if it is not 
absolutely essential . PERT can show 
where the pressure needs to be app l ied . 

PERT is based on a par t icu lar type of 
graph wh ich forces the planner to spel l 
out aspects of his programme in detai l 
by i l lustrat ing each of the operat ions, the 
t ime each requires and, above a l l , the 
way in wh ich the operat ions are inter­
related. In the case of s imple programmes, 
consis t ing of a hundred or so operat ions, 
these graphs can be dealt w i th manual ly. 
As the complex i ty of the p rogramme 
increases, however, the computer comes 
into its own. It can extend the method to 
pro jects involving thousands of operat ions. 

When the PS improvement p rogramme 
and the ISR construct ion pro ject were 
about to be tack led, CERN cons idered 
apply ing PERT. In 1966, J . Pol lock, an 
Amer ican PERT expert work ing at the t ime 
at Argonne and now engaged in p lanning 

at Batavia, adapted his exist ing computer 
programs for CERN. Since then, PERT has 
been used for most large CERN projects 
(Booster, European bubble chamber, ISR, 
exper imental areas and large bui ldings) 
for both the civi l engineer ing work and the 
instal lat ion of equipment. One example of 
a typical appl icat ion of this 'CERN PERT' 
was the instal lat ion in December 1969, of 
the fast e ject ion 16 (see CERN COURIER 
vol . 10, page 148). This was a programme 
involving about 150 operat ions to be car­
ried out dur ing the short per iod of the 
PS shutdown and worked very wel l . 

Since 1966 CERN has t ra ined its own 
PERT special is ts who, in 1968 and 1969, 
rewrote the programs wi th the aim of 
produc ing a s impler program adaptable 
to a w ide variety of cases. It is, to-day, 
the only one in use at CERN, and can 
encompass a maximum of 2000 operat ions. 

PERT is an ' ind iv idual ' too l . Whi le 
there are competent PERT special ists in 
several Divisions who can provide advice, 
it is only except ional ly that they can do 
the preparatory work for others. However, 
the method is qu ick ly learned (within a 

few days) but its eff ic ient appl icat ion 
does require some exper ience and a 
great deal of judgement . It is often 
di f f icul t to assess t imescales, especial ly 
when other people 's work is concerned, 
to ensure that they are kept, etc. But 
such problems are common to all large 
pro jects. 

A ye l low report (70-15) on PERT and a 
'PERT Manual ' are avai lable for those 
interested f rom the CERN Scient i f ic 
Informat ion Service. 
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