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1. 1 NTRODUCTI ON

The object of a facsinle system is to reproduce
faithfully a document or inage fromone piece of paper
ont o another piece of paper sited renotely from the
first one. Up to now, the nmain nethod of facsinle
communi cati on has been via the tel ephone network. Most
facsimle nachines pernit neither the storage of inage
page nor their nodification before transmssion. Wth

such machines, it is alnost inpossible to conmunicate
bet ween di fferent nmakes of facsimle machines. In this
respect, facsimle machi nes fall behi nd ot her

el ectroni ¢ communi cati on servi ces.

Integration of a facsinmle service wth conputer
communi cati on techniques can bring great inprovenents
in service. Not only is the reliability and efficiency
i mpr oved but, nore inportant, the system can be
integrated with other forms of data comunication
Mor eover, the conputer enables the facsinmle nmachine to
fit into a conplete nmessage and information processing
envi ronnent . The storage facilities provided by the
conmput er system nmake it possible to store |arge amounts
of facsimle data and retrieve them rapidly. Data
conversion allows facsimle nmachines of different types
to comunicate with each other. Furthernore, the
facsimle imuge is edited and/or conbined wth other
fornms of data, such as text, voice and graphics, to
construct a nulti-media message, which can be wdely
di stributed over conputer networKks.

In the Departnent of Conputer Science at UCL, a
computerised facsimle system has been developed in
order to fully apply conputer technology, especially
communi cation, to the facsimle field. Some work has
been done to inprove the facsimle service in severa
ar eas.

(1) Adaptation of the facsimle machine for use wth
conmput er networks. This pernmits nore reliable and
accurate docunent transm ssion, as wel | as
i mproving the normal point-to-point transfers.

(2) Storage of facsimile pages. This pernmts the
gueuei ng of pages, so saving operator tine. Also,
standard docunents can be kept permanently and
transmtted at any tine.

(3) Interworking with other facsimle nachines. This
permits different nakes of facsimile nachines to
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exchange i nages.

(4) Conpression of the facsimle inmages. This allows
nor e efficient transmi ssion to be achieved.
Di fferent conpression schenes are investi gated.

(5) Display of inmages on other devices. A col our
display is used so that the result of inmage
processing can be shown very vividly.

(6) Inprovenent of the inmages. The ability to ’'clean
the facsimle imges not only allows for even
hi gher conpression ratio, but also provide a
better result at the destination.

(7) Editing of facsimle pages. This includes the
ability to change pictures, alter the size of
imges and nerge two or nor e i mages, al
el ectronically.

(8) Integration of the facsimle service wth other
data types. For the tine being, coded character
text can be converted into facsimle format and
m xed pages containing pictures and text can be
mani pul at ed.

This note first considers the functions of the
facsimle system the related experinmental work being
reported. Then the discipline for the systemdesign is
di scussed. Finally, the inplenmentation of the UCL
facsimle systemis described. As appendices, detailed
description of the systemare given, nanely

l. Devi ces
Il1. Task controller and task processes
1. Uility routines and Data format

2. SYSTEM FUNCTI ONS

The conputerised facsinmle systemwe have devel oped
is conposed of an LSI-11 micro-conputer running the MOS
operating system[14] with two AED62 floppy di sk drives
[17], a Ginnell colour display [18], a DACOM facsinmle
machine [16], and a VDU as the system console. This
LSI-11 is also attached to several networks, including
t he ARPANET/ SATNET [21], [22] and the UCL Canbridge
Ring. A schematic of the systemis showmn in Fig. 1
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Network Interface
Fig. 1 Schematic of UCL facsinile system

In this system a page is read on the facsinmle
machine and the inage data produced is stored on the
floppy disk. This data can be processed locally in the
m cro-conmputer and then sent to a file store of a
renote conputer across the conputer network. At the
renote site, the imge data my be processed and
printed on a facsinile nachine.

On the other hand, we can receive inage data which is
sent by a renote host on the network. This data can be
mani pul ated in the same way, including being printed on
the | ocal rmachi ne.

Section 2.1 dicusses the problens concerned wth
transmission of facsimle inmage data over a network,
while the followi ng sections deal with those of |[|oca
mani pul ati on of inmage dat a.

In order to interwork with other facsimle rmachine,
we have to convert t he imge data from one
representation format to another. Interworking wth
other output devices requires that the i mage be scal ed
to fit the dinmension of the destination device. These
are described in section 2.2.

Bei ng able to process the image by conputer opens the
door to nmany possibilities. First, as considered in
section 2.3, an inmage can be enhanced, so that the
quality of the imge rmay be inmproved and nore efficient
storage and transni ssion can be achieved. Secondly, a
facsimle editing system can be supported whereby a
picture can be changed and/or conbined wth other
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pictures. This is described in section 2.4.

In our system coded character text can be converted
into its bit-map representation format so that it can
be handled as a facsimle inmge and nmerged wth
pictures. This provides an environment where nmulti-type
information can be dealt with. This is discussed in
section 2.5.

2.1 Communi cati on

The first goal of our conputerised facsinmle system
is to wuse a conputer network to transnit data between
facsi m | e machi nes which are geographically separated.

Normal |y, facsimle machines are used in association
with telephone equipnment, the data being sent along
tel ephone lines. Placing the facsimle nachines on a
conmputer network presents a problemas the facsinmle
machi ne does not have the ability to wuse a conputer
network directly. To perform the network tasks a
conmputer is required, and so the first phase was to
attach the facsimle nmachine to a conputer.

The facsinile nachine is not |ike a standard pi ece of
conmputer equipnment. W required a special hardware
interface to enabl e comunicati on between the facsinile
machine and a small conputer. This interface was nade
to appear exactly like the telephone system to the
facsimle machi ne. Furthernmore, the conputer was
programmed to act exactly as if it were another
facsimle machine on the end of a tel ephone line. Thus
the local facsimle machine could transnmit data to the
conmputer quite happily, believing that it was actually
talking to a renote facsim|e machine on the other end
of a telephone wre. Because of the property of the
DACOM 6450 used in the experinent [16], the interface
could be identical to one devel oped for connecting to
an X25 network. The binary synchronous node of the chip
used (SMC COW025) was appropriate to drive the DACOM
machi ne.

At the other side of the conputer network there was a
simlar conputer wth an identical facsimle nmachine.
The problemof transmitting a facsimle picture now
appeared sinple: data was taken fromthe facsimle
machi ne into the conputer, transmtted over the network
as if it was nornmal conputer data, and then sent from
the conputer to the facsimle nmachine at the renote
end. The data being sent over the network appears
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exactly as any other conputer data; there is nothing
special about it to signify that it came froma
facsimle machine. The schematic of such facsinile
transfer systemis shown in Fig. 2.

facsinmle
nmachi ne
+---+ interface
! | +- -+ Fomm o - +
! b==1 1 == | conput er
+-- -+ +- -+ R +
|
S conput er
/ \' network
\ / facsimle
R machi ne
| interface +---+
+----- + +--+ ! I
comput er ! I == 1 == I
+-- - - - + +- -+ +---+

Fig. 2 Facsimle transfer system

The experinmental systemwas used to perform a joint
experinment between UCL and two groups in the United
States. Pictures were exchanged via the ARPANET/ SATNET
[21], [22] between UCL in London, ISl in Los Angeles,
and COVBAT in Washington D. C (Fig. 3). Thi s
envi ronnent was chosen because no equival ent group was
avai l able in the UK

One problem concerned W th such i mage dat a
transmission is the quantity of data. Even with data
conpression, a single page of facsimle data can
produce as much conputer data as would normally be
suf ficient for sendi ng over 20, 000 al phabetic
characters - or over a dozen typed pages. Thus for a
gi ven nunber of pages put into the system an inmmense
anount of conputer data is produced. This neans that
the transm ssion will be slower than for sending text,
and that far nore storage will be required to hold the
dat a.

Anot her probl em was encount ered whi ch becane only too
apparent when we inplenented this system The network
we were using was often unable to keep up wth the
speed of the facsinmle machine. Wen this happened the
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Fig. 3. The three participants of the facsimle experinments

conputer tried to slow down the facsinile nmachine. The
facsimle nmachine would detect this 'slowness as a
communi cati on problem (as a tel ephone line would never

act

in

this nanner),

and woul d abandon the transfer

m d-way t hrough the page.

This is because the the facsinmle machine we were
using was never intended for use on a conputer; it was
designed and built for use on tel ephone lines. |Indeed,

being unaware that it was connected to a conputer, the
facsimle machine transmitted data at a constant rate,
whi ch exceeded the Iinit that the network coul d accept.
In other words, the conputer network we were using was
not designed for the transfer rate that we were trying
to use over it.

Both these problens are surnountable. Facsimle
machi nes are coning on the market that are designed for
di rect communication with a conputer. These nmachi nes do
not nind the delays on the conputer interface and are
tolerant of the stops and re-starts. On the other hand,
if there were a serious use of facsimle machines on a
comput er network, the network could be designed for the
high data rate required. Qur probl emwas aggravated by
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using a network that was never designed for the data
rates required in our node of usage.

Despite the problens we encountered being a result of
the experinental equipnent we were working with, we
still had to inprove the situation to permt nore
ext ensi ve conmuni cations to take place. The easi est way
to do this was to introduce a | ocal storage area in our
conput er where the data could be held prior to
transmi ssion. The transfer of a page is now done in
three stages. First, the facsinle data is read from
the facsim | e machine and stored on a local disk. This
takes place at high speed as this is just a loca
operation. Wen this is conplete, the data is sent
over the network to a disk on the renpote conputer.
Finally, the data from that disk is output to the
renote facsimle rmachine. This inproved systemis
shown in Fig. 4.

conput er network

f ax conput er - - - - conput er f ax
+---+ - + |/ | U S + +-- -+
| I =1 | = ==> =1 I =1 |
+---+ S e + \ / S e + +---+
- - -+ - - - - | +- - >

| | +- - -=---=---+]/

|| | | ||

AR V|

+---+ +---+

! ! ! !

! ! ! !

+---+ +---+

di sk di sk

The idea behind this nethod is to decouple the
facsimle nachine fromthe network conmuni cations. The
data is read fromthe facsimle machine at full speed,
without the delays caused by the conputer network.
This also has the effect of being nore acceptable to
t he hunan operators: each page is nowread in | ess than
a mnute. The transm ssion over the network then takes
pl ace at whatever speed the network can sustain. This
does not affect the facsinmle nmachines at all; they are
not involved in the sending or receiving. Only when all
the data has been received at the renote disk is the
renote facsimle nmachine told that the data is ready.

| NDRA Note 1185
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The facsimle nmachine is then given the data as fast as
it wll accept it.

The di sadvantage of such a systemis that the person
sending the pages does not know howlong it will be
before they are actually printed at the other side. If
several pages are input in quick succession by the
operator, they will be stored on disk; it may then be
sonme tinme before the last page is actually delivered to
the destination. This is not always a disadvantage;
where many operators are sending data to the same
destination, it is a definite advantage to be able to
input the pages and have the system deliver them when
the destination beconmes free. Such a system is
preferable to use of the current tel ephone system where
the operator has to keep re-dialing t he renote
facsimle machine until the call is answered.

2.2 Interworking with G her Equi pnent
2.2.1 Facsimle machines

As was nentioned earlier, facsimle machines produce
a |l arge anpbunt of data per page due to the way in which
the pages are encoded. To reduce the data that has to
be transmitted, wvarious conpression techniques are
enpl oyed. The manufacturers of facsinmle machines have
devel oped proprietary ways in which the data is
conpressed and encoded. Unfortunately this has neant
that interworking of different facsinile nmachines has
been inpossible. 1In the systemdescribed in the |ast
section, exchange of pictures was only possible between
sites that had identical facsinmle machines. The new
set of CCITT recomrendations will reduce the extent to
whi ch di fferences in equi pnent persist.

Having the data on a conputer gi ves us t he
opportunity to manipulate data in any way we wish. In
particular we could convert the data fromthe form used
in one facsimle machine to that required by another.
This means that interworking between different types of
facsim |l e machi nes can be achieved.

The devel opnent of this system took place in two
stages: the deconpression of the facsinmle data from
the coded formused in our nmachine into an interna
data form and the reconpression of the data in the
internal forminto the encoded form required for the
destination nachine. Two prograns were devel oped to
performthese two operations.
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At the sane tine we were devel oping conpression and
deconpression prograns for nachines that use other
techniques. |In particular, we developed prograns to
handle the recently approved CCI TT reconmendation for
facsimle conpression [15]. The CCITT cane up with two
varieties of conpression, depending upon the resolution
bei ng used.

Unfortunately there were no facsimle machines on the
network that wuse the CCITT conpression technique.
However, the programming of the new nethods achieved
two goals: it proved that the data could be converted
inside a snall conputer, so that machines of different
types could be supported on the network, and it enabl ed
us to conpare the conpression results. These are
described in nore detail in [13]. Essentially, these
show t hat the DACOM technique wused by our facsimle
machine is conparatively poor, and that considerably
| ess data need be transnmitted if sone other nmethod is
used. This brings up another possibility: we could
change the conpression of the data to reduce the vol une
for transm ssion and then change the data back again at

t he destinati on. Thi s may save consi der abl e
transmssion tine, especially if fast conputers or
speci al hardware was easily avail abl e. This has not

been tried yet in our system as none of the other
users on the network have the capability of changing
the data format back into that required by their
machi nes.

There are nany other nore efficient conpression
schenes, e.g. bl ock conpression [7] and predictive
conpression [8], but we have not yet incorporated them
into our system

2.2.2 Qutput Devices

One area that we have explored is the use of devices
other than facsinile nachines for outputting the data.
Facsimle machines are both expensive to buy and
relatively slow to operate. W have investigated the
use of a TV-like screen to display the data, just as
character VDUs are commonly used to display text. This
activity requires bit-nmap displays, with an address in
menory for each postion on the screen. Full col our and
mul ti pl e shades can be used wth appropriately Ilarge
bit-map storage. Al though sinmple in principle, the
i npl ementation of t he r el evant t echni ques t ook
considerable effort.
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The problens arise in the way that the facsinle
imge is encoded. Raw facsimle i nages consist of rows
of small dots, each dot recorded as a black or white
space. Wen these dots are arranged together they build
up a picture in a simlar manner to the way in which a
newspaper picture is made up. Unfortunately the nunber
of dots used in a facsimle page is not the sane as the
number used on nost screens. For instance, the DACOM
facsimle machi ne uses 1726 dots across each page, but
across a screen there are usually just 512 dots. Thus
to show the picture on the screen the 1726 dots nust be
"squeezed’ into just 512 dots; stated another way, 1214
dots nust be thrown away wi thout |osing the picture!

It is in reducing the nunber of picture elenments that
the problem arises. W could just every third dot or
so fromthe facsinile page and just display those.
Alternatively, we could take three or nore at a tine
and try to convert the group of them into a single

black or white dot. Unfortunately, in both these
cases, data can get lost that 1is necessary to the
pi cture. For instance, a facsinmle encoding of an

architect drawing could easily end up with a conplete
line rempoved, radically changing the presentation of
t he i mage.

After much experinentation, we devel oped a nmethod of
reducing the nunber of dots w thout destroying the
picture. This is a thinning technique, whereby key
el ements of the picture are thinned, but not renpved.
Cccasionally, when the detail gets too fine, sone
el ements are nerged, but under these circunstances the
eye woul d not have been able to see the detail anyway.
The details of this technique are described in [3] and

[4].

It may also be required that a picture be enlarged.
This enl argenment can be done by sinply duplicating each
pixel in the picture. For a non-integral ratio, the
picture can be expanded up to the nearest integer and
then shrunk to the correct size. However, this nmethod
may degrade the image quality, e.g. the oblique contour
may becone stepped, especially when the picture is
enlarged too nuch. This problemcan be solved by using
an iterative enlargenent algorithm Each tine a pixel
is replaced with a 2x2 array of pixels, whose pattern
depends on the original pi xel and t he pi xel s
surrounding it. This procedure is repeated until the
requested ratio is reached. If the ration is not a
power of 2's, the same nethod as that for non-integra
ratios is used.
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As a side effect of developing this technique, we
could freely change the size and shape of an inmage.
The picture can be expanded or shrunk, or it can be
di storted. Distortion, whereby the horizontal and
vertical dinensions of the imge nmay be changed by
different amounts, is often useful in image editing.

The i medi ate consequence of this ability to change
the i mage size neant that we could display the inage on
a screen as well as output the inage on a facsimle
machine. To a user of a conputerised facsinile system
this could be a very wuseful feature: imges can be
di splayed on screen nuch faster than on a facsimle
machi ne, and di splays are significantly cheaper than
the facsinmle machines as well. It is possible that an
installation could have many screen di splays where the
i mage could be viewed, but perhaps only one facsinmle
machi ne woul d be avail able for hard copy. This would be
simlar to many conputer configurations today where the
nunber of printers is linted due to their cost, and
di spl ay screens are far nore nunerous.

2.3 I mage Enhancenent

One aspect of conputer processing that we wanted to
investigate was that of inage enhancenent. Enhancing
the inage is a very tricky operation; as the nane
inplies it means that the image is inproved in sone
sense. Under program control this is difficult to
achi eve: what the programthinks is an inprovenent, the
hunman might judge to be distinctly worse.

Qur enhancenent attenpts were ained particularly at
printed docunments and other forms of typed text. The
experiment was doubl e pronged: we hoped to nmke the
imge easier to read by humans while al so naking the
i mage easier for the conputer to handle.

In our earlier experiments we had noticed that the
encoding of printed matter was often very poor. This
was especially noticeable when we enlarged an inage.
Rat her than each character having snooth edges as on
the original docunent, the edges were very rough
unexpect ed not ches and excrescences being caused by the
facsimle scanner. They not only degrade the inmage
quality but also decrease the conpression efficiency. A
typi cal enlargenment of several characters is shown in
Fig. 5.
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Fig 5. An enlargenent of an typed text

The enhancenent nethod we adopted was first enployed
at Loughborough University [5]. This nethod has the
ef fect of smoothing the edges of the dark areas on the
i mage. The technique consists of considering each dot
inthe image in turn. The dot is either left as it s
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or changed to the opposite colour (white to black or
black to white) depending upon the eight dots that
surround it. The particular pattern of surrounding dots
that are required to change the inner dot’s colour is
used to control the harshness of the algorithm [B6]

[8].

In our first set of experinents the result was
definitely worse than the original. Al though square-
like characters such as H, L, and T cane out very well,
anything with slope (M V, W or S) becane so bad that
the oblique contours were stepped. The nethod was
subsequently nodified to produce a result that was far
nore acceptable; the imge |ooked a lot cleaner than
the original. Fig. 6 shows the sane text as that in
Fig. 5 but after it has been cl eaned.
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Fig. 6 A cleaned text

The effect of these can be difficult to see clearly.
W have used the colour on our Ginnell display to show
the original picture and the outcome of various picture
processing operations superposed in different colours.
This brings out the effect of the operations very
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vividly.

It was mentioned above that the enhancenent was done
not only to inprove the image for reading but also for
easier processing by the conputer. As descri bed
earlier, the imge from the facsinile machine is
conpressed in order to reduce the anpbunt of data. The
cleaning allows a higher conpression rate so that nore
efficient transm ssion and/or storage can be achieved.

W | earned sone i mport ant | essons from the
enhancenent exerci se. Oiginally we thought that the
mai n attraction in enhancenent would be to inprove the
readability. In the end, we found that inproving the
readability was very difficult, especially because the
facsimle image was so poor. Instead we found that the
effect of reducing the conpressed output was nore
important. By reducing the data to be transnmitted by a
quarter, significant savings could be nade. But before
such a technique could be used in a live system the
time it takes to produce the enhancenent nust be
wei ghed against the tinme that would be saved in
transm ssi on.

2.4 I mage Editing

By editing we nmean that the facsinmile picture can be
changed, or conbined with other pictures, while it is
stored inside the conputer. |In previous sections it
was nentioned that we could change the size and shape
of a facsinile imge. This technique was | ater conbined
with an overlaying nethod that enabled one picture to
be conbined with another [12].

In order to performany editing it is necessary to
have the picture displayed for the user to see. In our
case we displayed the picture on the bit-nap screen
The inmage took up the left-hand side of the screen, the
right side being reserved for the picture that was

being built. The wuser could select an area of the
| eft-hand screen and nmove it to a position on the
right-hand screen. Several inmages could be displayed

in succession on the left, and areas sel ected and noved
to the right. Finally, the right-hand screen could be
printed on the facsinile machine.

The selection of an area of the picture was done by
t he use of a coloured rectangular subsection
controlled by a programin the conputer, that could be
moved around on the screen. The rectangul ar subsection
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was noved with instructions typed in by the operator
it could be noved up or down, and increased or
decreased in size. When the appropriate area of the
screen had been selected, the programrenenbered the
coordi nates and nmoved t he col oured rect angul ar
subsection to the right-hand side of the screen. The
user then selected an area again, in a simlar nanner
When the user finished the editing, the programrenoved
the part of the picture selected from the |Ieft-hand
screen and converted it to fit the shape of the
rectangul ar subsection on the right-hand screen. The
result was then displayed for the user to see.

When an i mage was being edited, the editor had to
keep another scaled copy for display. This is due to
the fact that the screen had a different dinmension to
that of the facsimle machine. The editing operations,
e.g. chopping and nerging, were perforned on the
original imge data files wth the full resolution
avai l abl e on the facsinmle nmachine.

2.5 Integration with ther Data Types

The facsinmle nmachine can be viewed in a wider
context than nerely a facsimle input/output device. It
can work as a printer for other data representation
types, such as coded character text and geonetric
graphics. At present, text can be converted into
facsimle format and printed on the facsim | e nmachine.
Mor eover, mi xed pages containing pictures and text can
be nmanipulated by our system The integration of
facsimle inages with geonetric graphics is a topic of
future research.

In order to convert a character string into its
facsimle format, the systemnmaintains a translation
tabl e whereby the patterns of the characters available
in the system can be retrieved. The input character
string is translated into a set of scan lines, each of
which is created by concatenating the correspondi ng
patterns of the characters in the string.

The translation table is in fact a software font,
whi ch can be edited and nodified. Even though only one
font is available in our systemfor the tine being, it
is quite easy to introduce other character fonts
Furthernmore, it is also possible for a font to be
renotely |oaded from a database via the conmunication
net wor k.
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This allows for nore interesting applications of the
facsimle nachine. For exanple, it could serve as a
Teletex printer, provided that the Teletex character
font is included in our system In this case, the text
i mages may be distorted to fit the presentation format
requested by the Teletex service. Simlarly, Preste
vi ewdat a pages could be displayed on the Ginnell
screen.

Moreover, pictures can be mixed with text by
conbi ni ng this text conversion wth the editing
described in the previous section. This should be
r egar ded as a not abl e step towards nulti-type
processi ng.

Not only does this support a |ocal multi-type
envi r onnent but multi-type i nformation can be
transmitted over a network. So far as this facsinmle
system is concerned, a nixed page containing text and
pi ctures can be sent only when it has been represented
in a bit-map format. However, nuch nore efficient
transm ssion would be achieved if one could transmt
the text and pictures separately and reproduce the page
at the destination site. This requires that a nulti-
type data structure be designed which is understood by
the two conmuni cation sites.

3. SYSTEM ARCHI TECTURE

Now | et us discuss the general disciplines for design
and inplenmentation of a conputerised facsinile system
which carries out the functions described in the
previ ous sections. Havi ng di scussed the requirenments
of the system a hierarchical nodel is introduced in
which the nodules of different |layers are inplenented
as separate processes. The Cean and Sinple interface,
which is adopted for inter-process conmunication, is

then descri bed. The task controller, whi ch is
responsible for organising the tasks involved in a
requested job, is discussed in detail. Some efforts

have been nmade in our experinental work to provide a
nore conveni ent user programing environment and a nore
ef ficient data transfer nethod. This is finally
descri bed.

3.1 System Requi rements

In a conputerised facsimle system the inmmges are
represented in a digital form To carry out this
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conversion, a page is scanned by the optical scanner of
the facsinle nmachine, a digital nunber being produced
to represent the darkness of each pixel. As high
resolution has to be adopted to keep the detail of the
imge, the facsinmle data files are wusually rather
large. In order to achieve efficient storage and
transm ssion, the facsimle data nust be conpressed as
much as possi bl e.

Currently, the facsinile machines nade by different
manuf act urers h different properties, such as
di fferent conpression nethods and different resolution
There are also sonme international standards for
facsimle data conpression, which are enployed for the
facsimle data to be transferred over the public data
network. These require that the facsinle data be
converted from one representation formto another, so
that users who are separated geographically and use
different nmachines can conmunicate wth each other
More sophisticated applications, e.g. imge editing,
request processing facilities of the systemas well.

When bei ng processed, the facsimle inmage should be
repr esent ed in a comobn format or internal data
structure, which is wused to pass the information
between different processing routines. For the sake of
conveni ence and efficiency, the internal data structure
should be fairly well conpressed and its format shoul d
be easy for the conmputer to manipulate. In our
experinmental work, the line vector is chosen as a
standard unit, a sinple run-length conpression being
enployed [3]. Sone processing routines nmay use other
data formats, e.g. bi t - map, but it is t he
responsibility of such routines to perform the
conversi on between those formats and the standard one.

The system should contain sever al processi ng
routines, each of which perforns one primtive task
such as chopping, nerging, and scale-changing. An
i mense variety of processing operations can be carried
out as long as those task nodules can be organised
flexibly. The capability for flexible task organisation
shoul d be thought of as one of the nost inportant
requi renents of the system

One possibility is for the processing routines
involved to be executed separately, tenmporary files
bei ng used as comuni cati on nedia. Though very sinple,
this method is far too inefficient.
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As described above, the information wunit for the
communi cati on between the processing routines is the
line vector, so that the routines can be organised as
enbedded | oops, where a processing routine takes the
input line fromits source routine located in the inner
| oop, and passes the output line to the destination
routine located in the outer loop [3]. bviously this
method is quite efficient. But it is not realistic for
our system because it is very difficult to build up
different processing loops at run-tinme and flexible
task organi sation is inpossible.

Ina real-tine operating system environnent, the
primtive t asks can be inplenmented as separate

processes. This nmethod, which is discussed in detail in
t he foll owi ng secti ons, provi des t he required
flexibility.

3.2 Hierarchical Mdel

As shown in Fig. 7, the npdules in a single conputer

fall into three |ayers.
Fommemana +
! I task controller
I +
t asks

T T I SR RS

R L L. T ST S UpUpEE S SIS

Fome -t +-- -+
! [ ! device drivers ! !
R s +---+
+---+ +-!-+ +-!-+
! Pl ! physi cal | !
! ! ! ! devi ces ! !
-+ H---+ +---+

Fig. 7 The hierarchical node

These are:

(1) Device Drivers, which constitute the |owest |ayer
in the nodel. The nodules in this layer deal with
I/O activities of the physical devices, such as



UCL FACSI M LE SYSTEM | NDRA Note 1185

facsimle machine, display and floppy disk. This
| ayer frees the task nodul es of upper |ayer from
t he burden of 1/0O programmi ng.

(2) Tasks, which performall processing primtives and
handl e different data structures. Above the driver
of each physical device, there are one or nore
such devi ce-i ndependent nodules, which work as
i nformati on source or sink in the task chain (see
below). A file systemnodule allows other nodul es
to store and retrieve informati on on the secondary
storage device such as floppy di sk. Deconpression
and reconpression routines convert data structures
of facsimle imge information so that the
facsim |l e machi nes can communicate with the rest
of the system Processing primtives, e.g.
choppi ng, merging, scaling, are inplenented as
task modules in this layer. They are designed such
that they can be concatenated to carry out nore
complex jobs. So far as the systemis concerned,
the protocols for data transm ssion over conputer
networks are al so regarded as task nodules in this
| ayer.

(3) Task Controller, which or gani ses t he t ask
processes to perform the specified job. It
provi des the users of the application |ayer with a
procedure-oriented |anguage whereby the requested
job can be defined as a chain of task nodules.
Literally, the chain is represented by a character
string:

<source_t ask>| {<processi ng_t ask>| } <si nk_t ask>

According to such a command, the task controller
sel ects the rel evant task nodul es and concat enat es
themin proper order by neans of |[logica