
A 16-mm Clear-Print Sound-Film 
Transfer Machine and Associated 

Time-Code 
Editing Table 

This paper describes two 16-mm film equipments which have been developed to assist in the 
introduction of code techniques in the identification and synchronizing of 16-mm picture and 
sound film. The paper deals mainly with a new sound transfer machine designed not only to 
transfer the recorded sound-associated time code from %-in tape to 16-mm SEPMAG film, 
hut also to print the code information in clear numerals on the back of the magnetic film. 
The second machine briefly described is a picture and sound synchronizing table equipped 
nut only to facilitate the rapid assembly of films with numerals in a manual mode, hut also 
to function automatically with full recorded code control if required. 
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Development of Film Codes in Europe 
A brief summary of the development of 

film codes in Europe over the past years 
will assist i n  setting the background to the 
production of these two machines. Kefcr- 
e w e  will he made in this papcr to the or- 
ganizations TDF,  TFI ,  and IRT. For those 
not familiar with these abbreviations. TDF 
stands for Telcdiffusion de France, which, 
among other activities including the trans- 
mission of all radio and TV programs, en- 
sures research for sound and television 
hroadcasting. TFI is one of the French TV 
networks, and IKT is, of course, the In- 
stitut fur Kundfunktechnik in Munich, 
which is the ccntnil research group for Ger- 
man television. 

Concrete proposals t o  develop new 
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techniques in the identification and assem- 
hly of films for television were formulated 
in Europe around 1976 by IRT in Germany 
and TDF in France. Much credit is due to 
hoth these organizations for their work in 
this field. Both of thesc proposals (the IRT 
specification is shown in Fig. I )  made usc 
of code techniques to record on hoth the 
picture and sound films including sync 
marks, and thesc proposals have been the 
suhjcct of many papcrs and documcntation 
and have received general acceptance as 
standards by the European Broadcasting 
Union (EHU. also known as  UER). Thesc 
standard5 need no  furthcr discussion hcrc 
except perhaps to mention the basic differ- 
ences hetween the two systems. 

As shown i n  Fig. 2, the picture film car- 
ries timc code information defined in the 
ERU document 3096 and provides time of 
shooting information plus the camera num- 
her and. of course, the start mark-all in 
binary decimal form. This information is 
the same for hoth systems with respect to 
the picture, hut the recording of this identi- 
cal information on the magnetic sound rec- 
ord has some differences. 

The IKT proposal specifies the use of 
pulse polarity modulation as shown in the 
lower waveform in Fig. 3. whereas the 
French TDF proposal employes a differen- 
tial phase shift keying of the modulation as 
shown. Furthermore. i t  should be pointed 
out that thcsc two proposals recommend 
different ways of setting the codes in tape 
recorders and cameras. 

Slow Aiwptiitrce of Time C'otlcs 
iir Filirr Proilric~riori 

However, i t  has to he said that, al- 
though hoth the IRT and TDF codc systems 
are immaculate i n  conception and have 
hcen shown t o  he eriiinently practicable, 
neither is in wide use, and it is an un- 
douhted fact that the adoption of film codes 
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in Europe has been very slow, and in the 
U.K.  film codes are not used at all s o  far. 

Perhaps a factor here has been the exist- 
ence of two standards inhibiting progress 
by the manufacturers and creating some 
confusion with respect to the equipment re- 
quircd and the likely dernand. I t  is sug- 
gested. however, that a more likely cause 
is thc considerahle expense involved i n  in-  
stalling the nccessary decoding equipmcnt 
on film editing machines already in scrv- 
ice. Most TV networks have a very consid- 
erahlc numher of film cutting roonis in use, 
and this considcrahle extra expense must 
he a major difficulty, particularly when it is 
borne i n  mind that the cost effectiveness of 
film codes is as yet not  proven. 

The Priirrcil C'latrr Nuiiieriil Prcip~i.st11 

Without underrating the probahlc linal 
superiority of a full code system, hut more 
with the aim of assisting the introduction of 
codes initially i n  a cheaper and more s i n -  
ple form, proposals have hceri made in 
France and Switzerland, with considerahle 
interest in the U .K. ,  for a numeral system 
printed o n  hoth the picture and sound films 
in a form easily identifiable hy the film edi- 
tor without the necessity for any additional 
cquipnicnt. Participants in this proposal 
have been TFI as user (with a watching in-  
terest hy thc BRC) and TDF as technical 
advisor; the camera manufacturers Aaton 
and Eclair, particularly Aaton, which has 
carried out much pioneer work in this field; 
and Perfectone i n  Switzerland, which has 
worked o n  the problem of printing the nu- 
merals on thc magnetic lilni-which work 
is the main suhject of this paper. 

I t  should he emphasized at this point 
that the numerals used are hascd o n  the bi- 
nary decimal code referred to earlier, and 
also that this codc is recorded on  hoth the 
picture arid sound films in addition to the 
numerals so. that full codc control can hc 
eniploycd if required. 

Figure 4 shows the final form of the n u -  
merals on  the magnetic film-thc infornia- 
tion being similar to that provided in the 
IRT and TDF proposals giving the exact 
time of shooting. the camera reference, and 
the sync "star." With respect to the sound, 
the requirement is to print clear numerals 
on the hack of either acetate or polyester 
magnetic film produced from information 
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Fig. 1. The IRT film time code method. Binary group content (top); density modulation on edge 
of picture film (center); magnetic modulation on sound film (bottom). 
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Fig. 2. Location of the binary code groups on 
16-mm motion picture film. 

derived from the code track and to print 
these numerals plus the sync star between 
the perforations-all the information to be 
identical to that on the picture film. 

The Numerul Printing Problem 
The most difficult printing aspect of the 

development has been to devise a system 
which will be equally effective on both ac- 
etate and polyester film stocks and which 
will provide numerals sufficiently perma- 
nent to withstand the continual handling 
necessary in the film process. 

Latest Developments 
It  should be said at this point that the 

complete development has resulted from 
electronic research and development by the 
recording laboratory of the TDF in Paris 
including the provision of electronic units, 
together with mechanical research by Per- 
fectone including the investigation of the 
ink and durahility problem. 

The Sound Trcrnsfer Machine 
The complete Orcodim machine which 

is shown in Fig. 5 uses the basic O.R. type 
Perfectone recorder with the normal mag- 
netic scanning mechanism displaced to the 
left to provide space for the numeral print- 
ing system. Obviously an add-on unit to 

existing machines of the O.R. type would 
have been desirable, but this was not found 
possible due to various technical require- 
ments. However, if the overall system is 
proved to be very successful, then this may 
be considered as a later development. The 
only external equipment needed in the 
transfer process is a '/4-in tape reproducer 
with code read-off. 

The machine records to the standard 
EBU track dimensions as shown in Fig. 6, 
although of course it can be modified to op- 
erate on any standard. 

The complete machine provides the fol- 
lowing facilities: 

I .  synchronous transfer of modulation 
from I/4-in tape to 16-mm film using either 
50-Hz or 100-Hz pilot tone; 

2.  synchronous transfer of modulation 
employing the EBU/TDF code with re- 
generative transfer of that code and with or 
without printing of the code i n  numeral 
form; 

3. numeral printing on the back of the 
16-mm magnetic film derived from the 
code information previously recorded; 

4.  display of the code information re- 
corded either on '/4-in tape or on the 16-mm 
magnetic films, at any speed more or less 
than nominal. 

It can be emphasized that the complete 
equipment can be relatively easily modified 
to operate with any code system or record- 
ing standard. 

The type of track recorded on the '/4-in 
magnetic tape is of course mainly a re- 
quirement on the I/4-in tape reproducer, al- 
though the transfer machine must know the 
characteristics and frequency of the signal 
to be supplied. The machine describcd is 
arranged to receive a signal to the 
EBU /TDF specifications. 

Figure 7 is a simplified schematic show- 
ing the basic mechanical components in the 
film path. 

The film proceeds in the normal manner 
from the upper spool through the sound 

Fig. 3. Low energy modulation techniques as 
used hy IRT and EBU/TDF. Pulse phase 
modulation (top); pulse polarity modulation 
(bottom). The rate is 4 hitslframe, 100 bitsls. 

U2 SMFTE Jiiunicrl Firhruirrv 19x1 Kduitir 

Fig. 4. Clear numerals on SEPMAG film. 
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Fig. 6. SEPMAG tracks on 'k-in tape (IeR) 
and 16-mm magnetic fullcoat film (right). 
Tracks (A) and (B) carry program content, 
and track (C) carries time code information. 

sprocket and over the normal recording re- 
producing assembly, where the modulation 
and the code information are all recorded to 
the EBU/TDF standard. The film then trav- 
erses the second special reproducing head, 
which reads off the code, and then over a 
printing sprocket through the numeral 
printing head system. I t  then returns to the 
printing sprocket, passes through a drying 
cabinet, and then to the final take-up spool. 
The film is running continuously at 25 
frames/s, and it  is necessary to immobilize 
the film at the moment of printing each set 
of 13 numerals. This is achieved by a cam 
mechanism positioned after the printing 
sprocket and before the printing section. It 
is necessary to read off the code by a sepa- 
rate reproducing head positioned as shown, 
because an absolute distance must be main- 
tained between the code position on the 
film and the point of printing the numerals. 
This absolute distance would not be en- 
sured if the reproducing head in the tight 
loop scanning system was used. A delay 

built into the electronics ensures that both 
sets of information coincide on the film, 
i.e. the recorded code and the correspond- 
ing numerals. 

Figure 8 shows the electronic control 
network. The film path is as depicted in 
Fig. 7. When the machine is operating in 
the interlock transfer control mode, the 
system-extracts the code information re- 
corded on the '/4-in magnetic tape using a 
specially designed process, highly resistant 

to errors and ensuring a high degree of re- 
liability, even in the case where the time 
code information from the '/4-in tape is af- 
fected by dropouts or by high level 
crosstalk signals from adjacent audio 
tracks. The electronic chain also controls 
the traction speed of the 16-mm film. Code 
signals are recorded on the 16-nim film by 
the head gap in the EBU recording head. 
Erase and recording controls are linked for 
the audio and code channels. 

Fig. 7. Schematic of the Alm path in the transfer machine. 

Fig. 8. Schematic of the electronic components and print-out elements d the transfer machine. 
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Fig. 10. T h e  code reading head. 

Fig. 9. Transfer machine with its drying 
cabinet open. 

The recorded code is read off by the 
special replay head as shown, processed in 
the manner depicted in the schematic, and 
the information fed to the printing unit. 
The niachinc prints the odd seconds. To  
ensure a high degree of protection against 
error, seconds which are not preceded by 
the corresponding even second are not 
printed. 

The time code information, magnet- 
ically recorded on the 16-mm film, has no 
fixed relationship to the perforations. 
Thercfore. the printer is arranged in such a 
way that i t  will always place the sync star 
in the best approximation between the two 
most appropriate perforations. Conse- 
quently, the 13 numerals are also printed 
between the perforations. 

Figure 9 shows the complete machine 
with the drying cabinet open. The film path 
can be followed from the upper spool 
through the normal recording mechanism, 
through the printing sprocket, through the 
printing head. and via the drying cabinet to 
the take-up spool. 

Figure 10 shows the code read-off head 
positioned between the two sprockets. As 
stated previously, this head re-reads the 
code and furnishes the command informa- 
tion which actuates the printing system. 

Figure I I  provides a close-up of the 
printing head including the cam action to 
arrest the motion of the film which enables 
printing of the code section to take place. 
The picture also shows the regulating cam 
which ensurcs printing of the numerals and 
the sync star between the perforations. The 
13 numeral dies and ratchets can be seen on 
the right, and the hammer unit which 
presses the film against the printing dies 
can be seen on the left. The hammer unit is 
split into three units, operatcd simulta- 

neously to ensure close contact with the 
film. The printing ribbon runs between the 
printing heads and the film. 

Figure 12 provides a close-up of the 
printing unit and hammer mechanism. 
Each of the 13 numeral printers is posi- 
tioned independently by commands from 
the electronic elements. It should be em- 
phasized that the design of the printer can 
accept a wide range of types of code infor- 
mation. I t  will obey whatever information 
is on the code track. The advance of the 
bobbin is effected automatically with each 
printing cycle and also with respect to the 
direction at the end of the bobbin. 

The ribbon uscd at present is a special 
ribbon, manufactured for Perfectone in 
Switzerland. and the impression requires 

just over IS s drying time before the film 
can be safely wound up. Printing is possi- 
ble on both acetate and polyester stocks. 
While the present ink is satisfactory. the 
3M Company in the U.S. has developed an 
ink which cures in I s after being exposed 
to a pulse of ultraviolct light. Samples of 
this ink have been tried in the Perfectone 
printer with good results, and have the ad- 
vantage of improved visibility of the nu- 
incrals because they are white rather than 
bluelviolet. In addition, the drying process 
is eliminated. It is hoped that the 3M Com- 
pany will decide to market this ink, making 
i t  available for use in this printer. 

The rear view of the machine (Fig. 13) 
shows the normal recording elements on 
the right and the elements involved i n  the 

Fig. ll. Printing head with cam arrester. Fig. 12. Detail of printing head. 



Fig. 13. Rear interior view. 

printing of the numerals o n  the left. A spe- 
cial drive motor, powcred from the elcc- 
tronic control system and capable of being 
synchronized by the codc originating from 
the I/4-in tapc, drives both sprockets. The 
motor driving systcm and the cani action 
mechanism t o  arrest thc motion of the film. 
which enablcs the printing to take place, 
can be sccn in Fig. 14. The main driving 
motor drives the sprocket system via a gear 
box. Connectcd with the printing sprocket 
is a lever controllcd by thc immobilizing 
cam which causes the momentary stopping 
of the film at the time of printing. The elec- 
tronic elenicnts, visible at the rear of the 
printing sprockct case, cause the engagc- 
iiient of the cam at the precise moment 
chosen by the clcctronic control system. 

Thc control panel (Fig. IS) permits se- 
lection of the various modcs of opcration, 
including sclcction of the frequency of the 
pilot tone being used. A '/4-in/l6-mm 
switch is fitted t o  pcrmit the decoding sys- 
tem to be connccted either to the '/4-in tape 
replay or to the 16-mm film replay when 
thc machine is not in intcrlock transfer 
n1odc. 

As can be seen from the picturc of the 
coriiplctc machine, a display of the dc- 
coded signals plus a speed error indicator 
for the ' k - i n  tapc machine is included. 

A coinpletc picturc and sound numeral 
coding system is shown in the March 1980 
issue of The HKSTS Jourirtrl. 

Sutirtnirry triiil O u t l o o k  
The Orcodirn machine thus provides a 

full transfer facility hctween tapc and 
Ih-mni film, plus thc ability to print the 
code nunicrals so that, at least initially, thc 
expense of code introduction is restricted to 
thc singlc triinsfcr proccss rathcr than in-  
volving each editing niachinc. 

The niachinc has undergonc much test- 

Fig. 14. Motor drive. 

ing i n  the TDF laboratories and has bccn 
usctl extcnsively i n  experimental produc- 
tion sessions earlier this year. I t  is now in 
operational scrvice with TFI, and i t  is 
hoped that later an account of the scrvice 
experience and results will he publishcd, 
cspecially from thc point of view of pro- 
ductivity and production flexibility. 

I t  can be said, of course. that the systcm 
of arrcsting thc motion of the film and 
printing the 13 numeral sets sequentially is 
perhaps a inechanic;illy cotnplicatcd solu- 
tion and that thc recently developcd contin- 
uous jet printing process may be a better 
way, as i t  eliminates the necessity for stop- 
ping the film. I t  must bc remembered, 
howevcr. that the method described was a 
devclopmcnt started two to three years ago 

when the system seemed to he the only way 
of providing a practical solution within a 
measurable time span, and the fact remains 
that the devclopment has providcd an 
equipment already i n  service and is provid- 
ing valuable data with respect to thc valid- 
i ty  of clear numcral marking. A study of 
the jct printing nicthod shows that i t  could 
have some problems i n  this field of usc 
which might take somc effort to solve, and 
in addition thc printing unit itself s e e m  t o  
be very expensivc without counting the 
adaptation work necessary to incorporate it 
i n  a machine. 
Soutrd i i i i d  Picrurc Asstvnhl~ 
utid Svni.hroiiiziirR 'I'irhlc 

I t  was felt that i n  parallel with thc 
printcr development thcre was also a need 
for a spccially designed film assembly 
table, not only to facilitate the editing of 
picture and sound film with clear numerals, 
but also to provide fully automatic sync-up 
using thc full codc system if and whcn it is 
desired to proceed t o  this method of opera- 
tion. This developnicnt was primarily t o  
explore possiblc increases of productivity 
i n  this stagc of the film proccss. 

Following transfer of the I k - i n  tape to 
16-nim film using the previously described 
machine with code re-recording, with or 
without numcral printing, the next stage i n  
production is thc rapid assembly in sync o f  
the picturc and sound takes. The machine 
dcsignatcd as Synchrocodc (Fig. 16) has 
been designed specifically for this purposc 
i n  an  attcmpt t o  give film all the bcnefits of 
modern technology to provide maximum 
productivity . 

As can bc seen, a sloping profile has 
been adopted to provide maximum ease of 
handling of the film, and thc shelf in front 
with the control panel binges down to 
allow easy passage through doors. etc. 

Figure 17 providcs a picture of thc film 
paths with polygon scanning of tbc picturc 



Fig. 16. The Synchrocade editing and synchronizing table. Fig. 17. Detail of Alm paths on the editing table. 

in the upper path and sound scanning in the 
lower path. Very rapid and easy lacing is a 
feature of the design. and care has been 
taken to ensure a level cutting sync rela- 
tionship between the picture and sound 
films in a vertical direction (editorial sync). 

The machine is equipped for full auto- 
matic code control either with the picture 
film being the master to which the sound is 
synchronized or with the sound as the mas- 
ter. The machine is also arranged s o  that 
both the picture and sound numerals are 
visible if manual handling is being used. In 
addition, a visual digital display of either 
the picture or sound code in decoded form 
is provided. 

A full range of controls is provided. 
with high and low speed running together 
with very slow speed inching. 

The mechanical layout resulting from 
the sloping front design offers excellent ac- 
cessibility to all mechanical and electronic 
components, and the construction specifi- 

cations are up to the highest broadcast 
standards for continuous service. As with 
the transfer machine. this table is a 
TDF/Perfectone development with overall 
design and electronics by TDF and me- 
chanics by Perfectone. 
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