
A N  I N T E G R A T E D  BIIERARCHICAL C O N T R O L  SYSTEM 
F O B  FULLY-AUTOMATED D Y E I N G S  

Vineenso PmaP 

Department of Electronics, Politecnico di Milano 
piarra L. da Vinci 32, I20133 Milano, Italy 

A B S T R A C T  
Complete automation of production cycles and factoriw b one of the 

main goals of reaeorcherr and engineers in the field of automated control. 
This paper d k u m e r  the basic structure and characteristics of efficient, ef- 
fective control systems baaed upon computem and computer networks. An 
application of the design guidelines is also presented for a fully-automated 
dyeing. 

1. I N T R O D U C T I O N  
The future developments of world economics will require a massive in- 

troduction of automated production and control systems in an increasing 
number of factories 111. Nowadays, distributed control systems based on 
computer netwwks, their Bexibility, their programmability and their com- 
puting power make more and more attractive and feasible the perspective 
of fully-automated factories. 

In this paper we present and discuss some criteria for designing ad- 
vanced distributed computing syetem which are dedicated to automated 
management of plants. In particular, we consider a practical study CPM: 

automating dyeings of yarns and fabrics. 
The main characteristics of factory automation is the large spectrum of 

different problems that must be contemporaneously afforded and solved [ 11 
IS] [6) [SI: from mechanics to electrotechnica, from Buidodynamics to elec- 
tronica, from robotics to vision, from economics to personnel management. 
The control system muat be able to cope with all these aapecbr. Modular- 
ieation of the control system ia thus required to customise each subsystem 
CO a given goal. Diatribution of computation and control ia the immediate 
consequence of specialiiation. 

The great amount of data and signals that must be treated enhances 
the requirement of control distribution to satisfy the time constants of plants 
and production proceeses, to guarantee the proper response time to events 
and personnel's interrogations and interactions. For each subsysteni the 
proper hardware support based upon digital/analog controllers and com- 
pubcm must be designed. 

Management and control of plants or production processes require the 
interaction of different personnel at different abstraction levels of the view 
of the plants or production processes. Their jobs need different inform* 
tion and aupports. The control system must be thus hierarchical to collect 
information from the lower level, which b directly connected to the plant 
and the production process, to interact with the controlled system and to 
report condenscd information at  the higher levels of &he management. 

Control distribution and hierarchy can be eBectively implemented only 
if the whole control ryatem provides the proper support lor integration and 
coordination of activities and information. System integration is an other 
guideline in designing advanced control rystems for complete automation. 
Such god may be achieved by introducing communication networkr at dif- 
ferent Ieveb. 

Finally, the practical realisability and the actual possibility of intrc- 
ducing fully-automated production systems is strictly related to the cork 
of such systems. High automation coats are uiually acceptable for the 
first experimental implementation8 of fully-automated control system8 or 
for planto which controLled parts are intrinsically highly expensive. A dif- 
ferent approach must be adop~ed in small plants, or when investments for 
restructuration and automation cannot be large, or when the produelion 
costa muat be itrongly minimised to sell the product8 with reuonable prof- 
its. In such caeca hhe costs of the automated nystem mud be 01 cheap an 
goolible: an accurate choice of components, subays6ems and functionalitkm 
t thus required. 

Sections 2 and S d k u m  hierarchy, modularity, distribution and integra- 
Lion in advanced control syatems for full-automabed factories. In seetion 4 
the study c m  and the overall structure of the control system arc presented: 
details of the production p r o c w  and control problems are given. &om sec- 
tion 6 to section 8 tkp structure, the functionalities and the architectural 
solations for the different control levels are diseusaed, with particular refer- 
ence Lo the c m  study. 

2. HIERARCHICAL C O N T R O L  
The basic criterion of the design of a control rystem for factory au- 

tomation is the hierarchical derign of the iyatem at different abtraction 
levels. A typical hierarchy is composed by: - the control level 0 for engine control, 

- the control level 1 for plant and process control, - the control level 2 for factory control, 
- the control level 3 for factory management. 

At each level of the hierarchy, the most adequate views of the control and 
controlled systems are presentill to the user. In particular, the inform* 
tion and functionalitier are customiecd and tailored on the job of the user 
and on his rerponaibilities in the factory personnel. For sxample, the data 
treated by the lowest level and pmented to the worker, are strictly related 
to the functioning of the engine; while the data avnilable 6 0  6he general 
manager of the company conristr of mummariei about the marketing trends, 
the production and the personnel management. 

At the lower level (engine control) there in, for example, the control of 
engines and object movement. Such operationo should be executed 01 faat 
as p i b l e  l o  guarantee the safety of the working environment, to prevent 
possible damages to the plant itself, to improve the productivity of the 
factory by reducing the dead-time between subrequent production phares 
and by optimking the production scheduling, to increuc the qualily of &he 
products, to decreue the overall costa for production. 

Such level t at direct contact with the production system and must 
report8 to an upper level (the plant control) mme information about the 
state of each part of the plant and production rtakistics. This level murt 
coordinate the work of each component of the plant i t d  to optimbe the 
whole production activity and murt receive commands about the working 
plan of the current day to adapt and reconfigure the rubystem. The main 
task of this level is the execution of the production ochedula defined by 
the upper level to match the requirementcl defined by general management. 
This level interacts directly with the manufacturing cells and material Bow. 

All plant control syitema must then send i ta te  reports to the thud level 
(the factory control), which must provide a complete reheduling of works 
and manage factory resources. Such level ahould deliver informo(ion to the 
company control to UIM correct ruppliw, a optimbed rtore management, 
a pereonnel management. In parallel to the facbory control there are the 
administrative and psreonnel aubsyrtema which muit treat the economical 
problemr. Besidcr, other subayitemi must deal with the marketing activi- 
tiel, the order planning and the customer wrvices. 

The managen of the factory can obtain data on the activities and 
coats of the factory from the company control aystein to create a strategic 
planning of the whole producbion and identify a dynamic approach to the 
market. The rtrategic managemenl u t a  a central data baom which containr 
information about the company, including rummariw of data on produc- 
tion, quality control, machine Looh, malerial handling, mmmbly facilitiar, 
personnel management, and material costcl. Accasi to dl lower data b w  is 
performed through the hierarchy of subystcmr and control coniputera. The 
ahort- and the long- 6erm production schedules may be defined and mon- 
ilored at t h b  level. In c m  of production problems, rescheduling may be 
dynamically activated. When reheduling and rerource allocation har been 
properly o p t h i d ,  the company will UIC efficienlly and cost-effectively the 
available ruources, minimha the production coati and speed-up the fabri- 
cation of the products. Optimiaakion can be rupportcd by mathematical 
optitnuation tecbniquw. 

Hierarchical control systemi allow to o p t i m b  the operation performed 
in each control unit since the view of the factory U accurately drfined and 
specialised. Thin reduces the development and maintenance cwts of each 
component mince the go& of each of them are bounded. Design and tesb 
ing of each unit is in fact simplified, while modularbing the project allows 
to fully exploit the pouibility of parde l  Pnd independent dekailed design, 
implementation and testing by wigning each component to different h a m s .  

Great attention must be given to design and implemen6a;ion of each 
level of the hierarchical control system. In particular, the functionalities, 
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the structure and the architecture of each control rubaystem at each level 
murt be accurately designed to fully rupport the job of the urer. To r i m p l i  
the daily activitier the iubryrtemr murt he drigned and implemented by 
enhancing the capabilitiu of being uaer friendly. For example, achematics 
and graphic interfacar are greatly appreciated to pruent information at 
higher levels, with a rimple, pomrful, customlable interaction based upon 
itructured pull-down menu), windawing and pointing devicu. At .lower 
levels, a compact, standard pruentation of data and artructured interaction 
are often appreciated by the perronnel without rpecific knowledge about 
informatic ryrterm. 

8. DISTRIBUTED CONTROL 
Hierarchy is effective only if a dirtributed iystem ir adopted u hard- 

ware rupport to guarantee high response performances 101. Thin architecture 
present0 high pouibility of rpecialioation of the ringle componentr: this im- 
plier that better performanw CM be achieved at  each level by introducing 
rpecial-purpora devicer and rukyrtemi. Characteristier of ouch devicar are 
rtrictfy related to the goah of the conridered rubyatem: e.g. fort senror and 
actuator interfacer may be used in engine controlkn, while high-throughput 
and high-capacity m u r  storage devices rhould be connected to the factory 
and company levels. 

The UM of special-pnrpose devices ahould not induce (PI much u pas- 
rible) the complete fragmentation of the ryrtem into completely different 
rukyrtemr. Modularity U in fact a key point to reduce the duign and 
development time and to puum high availability to the whole ryrtem. 

A i  derign and development are concerned, it L pwible  to exploit p r a  
viou) experiencer on the rune hardware componentr and reduce the coat 
of automation by reuring hardware and eoftware componentr derigned and 
Luted for rimifar applicationr. Software reurability become nowadayr more 
important in the field of software engineering rince the total cortr of a 
computer-bad ryystem is errentially due to the roftware component, namely 
to the costr of their development and tenting. 

In particular, for example, the UM of homogeneour controllem, b u e d  on 
miuoprocarorr for the engine control, allar to puure a high Bexibiliy of 
the ryrtem to hardware developmenta both of control ryrtemr and controlled 
engines. bides ,  t h u  approach b r  to d u c e  the coatr of automating 
because of the number of rimilar controllers that must be used. 

AJ availability is concerned, the we of highly modular iyrtemo h u  
been proved effective rince a little stock of s p w  parts CM be maintained 
at rewnable  cortr to cover the most of the pouible faultr in the control 
ryrtem. As soon Y a fault U detected and l o c a l i ,  the faulty unit CM be 
often rubrtitutsd euily and rapidly, by repairing and rertarting the control 
ryrtem in a &or( time. 

The choice of the most ruited hardww rupport for each component of 
the distributed, hierarchical control ryrtem U rtrictly related to the func- 
tionalities of the ryrtem itself, the production procue, the plant rtructure, 
the economic atate of the company and the future trendr. 

At  the engine level, the control may be performed by uring rpecial- 
purpora b o u d r  b a d  upon mimprocaasore, A/D and D/A converterr and 
communication interfacer. They are often directly produced and dutributed 
by the customer of the enginu. At the plant level, coordination and con- 
trol M provided by programmable logic controllem (PLC). They contain 
procaring unita, 1/0 interfacer for different kind of electric rignal and com- 
munication interfacer. To impmve the capabilitiu of the human interface, 
rometimu industrial perronal computerr are added to the P L C b d  con- 
trol system. 

AJ factay control U concerned, the higher rcquirementr of computa- 
tbna l  power and information rtorage impore the 1w of minicomputer or 
powerful porronal comput”. T h a a  computen murt be in fact concentrate 
and rtore the information produced by the lower leveb to give a compre- 
hewive view of the whole factory and production proceu. 

For the management of the factory and the other corporate service., it 
U necerry  to adopt a wide rpectrum of wlutionr which matchw the variety 
of activities. Pemonal computm, minicomputeri, ruperminicomputm and 
mainfr- are wed to support the general management of derign, produc- 
tion and dutribution: from the production planning to the production con- 
trol, from the perronal management to the administrative activitiu, from 
&he management of materiala and productr to the managementi of clienti, 
h m  derign to ruearch and development. 

Dutributed computing and control require communicstions among com- 
puting unitr by mean8 of computer networkr IS]: the UM of a ruited network 
for the factory U a key point for automating to puure high performaneer 
and acceptable rerponse time. Different interconnection achemsr can be 

adopted according to the rpecilic characterintiu and hierarchical level of 
the functioualiier and of the hardware that m i d  be supportad. In particu- 
lar, rpecific rolutionr murt be adopted to conntKt control rubryrtemr which 
are at the rame hierarchical lavel or between diflerent levels. 

At engine level, the intueonnectionr and the data exchange between 
each controller and the controUed engine are numamu) and rtrktly relaked 
to the kind of rignab that mu)t be treated. Direct electrical interconnection 
between the controller, the s e n ”  and the tutuaton U the mort mited 
aolution. Batween controlkm at engine level ir not u r u d y  required any 
direct connection rince each component U dadicated to a rpecific engine 
or part of the plant, without or with a itronply limited vier  d the other 
engincs. 

At  the level of plant control, the control qyrtenu need to communicate 
with the environmeutal semora, the actuaton and the engine controlkin to 
r u p ~ i r s  and coordinata the utivitisr of the whole plant. lo thu c a ~  intar- 
connectionr of each controller with Icw-level componeau may k achieved 
by uring point-to-point links or common-bur rtructurer, according to the 
characteristics of the hardware componentr, the PGI~O~IIIUS- required and 
the characterutiu of the environment. Pouible rolutionr are b a d  upon 
rtandards RS292, RS422 or RS486. Also connectionr between controllem, 
which coordinate the activitiu in a single p l ~ ~ t ,  can be impkmented by 
uning rimilar rupportr. 

Interconnections d computen of the fachory level with computem of 
the lower level or between themeelves may be accomplihed by adopting 
different topologiw and hardware rupportr. IIB particular, it  U pouible to 
adopt a rtar or a common-bur rtructure or a mixed eolution according to 
the topology of the factory, and the performance and the functionalitier of 
the control ryrtem. A i  hardware rupport, the Elhernet cabler or the fiber 
opt iu  may be uaed to cover large areu, whrn the orher connectionr are 
not capable of guarantee an acceptable rignd level a t  long dutancu or a 
sufficient protection againrt electric n o k .  

The upper level of factory management has connectivity characterttics 
which are different from the other levek: data exchange between computen 
at the rame level ir, very intenrive. To rupport the activitiar of manage- 
ment, production planning and control, perslDnnel management, material 
and production Bow, adminiatration and marketing, the rpecirlwd com- 
puten muat be connected by a network whora topology may be highly com- 
plex and structured in eubnetworke. Typical ibpologiw are rtar, common- 
b d ,  ring# and hierarchical interconnection of them. As hardware rupport 
of ouch itructurw the r tandvd.  of the other llsveb may be d: the most 
effective rolutionr with reapact to the amout of data trander are bued 
upon Ethernet cables and optical fiben. Pouibly, rukyrtenu may be con- 
nected by uring modemr, optical fiben and utellita to implement wide 
area networke and geographic networkr which cover area larger than the 
local area netwcxkr in a building or in a groulp of adjacenb buildingi. 

As roftware clupport. 161 of communicatbn netmrkr at different levels 
are concerned, the ruearchen have developed eome rtandvd. which CM 

be effectively ueed to guarantee compatibiliyr of intcrconnectionr betwwn 
different computen. For example, MAP/TOIP rtandardr am available a t  
the first levels of the control ryskm. For the loigher levels, communication, 
rhould conform to the seven-layen standard a t  IS0 Open Syrtem Intanon- 
nection: exunplu of rome l a y w  pco given by Digital Eguipment’r k n e t ,  
1BM’r SNA, Unix’r TCP/IP. 

The choice of the topology and the interconnection support L a complex 
tmk which invoker a detailed knowledge of the environment, the plantr, 
the production proc-, the functionalitiar and the area dbtribution of 
faciliier and w i c e r .  Such t u k  requiru not ainly technical choiem, bnt .Lo 
an economic, perronnel, rtrategic, politic planning of the rtructwa of the 
company and an evaluation d the future tmnb of marketa urd prodaction 
technologisr. 

When complete automation U concsrndl, the fault-tokrance capabili 
tier of the hierarchical dutributed ryrtem hicome important n &he other 
nominal featursr, rince the factory rhould cointinre itr activitir u long u 
pouible, even if with degraded performancsr is bounded t h e  inten&, and 
must guarantee complete rafety of the workimig environment. &me compo- 
nentr or rubryrtemr may be in fact U) critical that the avulabiity d the 
whole iyrtem or, at leut, the pouibility of operation withou8 r u p w ~ L a d  
control of higher lev& U M importan& featuir d the adoptod uchi tu tun .  

To iuch p u r p o ~  different kchaiguar U. a v d a b b  in LiW.tur 121 141 .t 
hardware or .oftware level for error detection, amr uuwction. fault muk- 
ing, fault localuation, hardware rseonbguratiion in computing iyatenu. The 
UM of one of t h w  approacher murt ba miarately conaidered and evalu- 
ated with regards to the implementation coati, the critical operdionr of 
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the computing unit and &he infiuences on the other componentn and the 
whole production aystem. In parlicular, design and implementation both of 
hatdware and software must accurately consider self-testing and diagnosis 
supports to simplify fault deteclion and localieation, i.e., ultimately, to re- 
duce the repair time and to increase 6he overall availability of the complete 
functionalities of Lhe control aystem. 

4. T H E  C A S E  STUDY: T H E  DYEING FACTORY 
All previous features and goals are discussed and evaluated in the fol- 

lowing sectione by presenting a practrcal imphmentation of a fully-auto- 
mated dyeing factory. In particular our attention will be focueed on the 
different aspects of this futuristic factory: from the hardware architecture 
of the distributed control system to the atructured modular software conipo- 
nents, from the communications to the interactive software interfaces, from 
the system features to the overall performances. 

In a dyeing factory &here are different typical activities, which corm- 
apond to specialised computing aubaystema: a whemalic view is given in 
fig. 1. 

I ~ A C I l I K Y  WANAGI Mt NT (. Ill. Il l lH K I I C.1 IC N IJLI IVL KINI I  \ t  HV1l.L 

Dyeing of yarns and fabrics is executed in the dyeing department. The 
boilers and the pressure cookcm are filled of water, colours and other chem- 
ical additives: yarns and fabrics are put into such containers and treated by 
imposing suited thermic cyclee. Controllers must provide the corrupond- 
ing control signala for example to enginea for water mixing up, bo valves 
for cooling and warming supplies, to valve0 for water lording and unload- 
ing. h i d e s ,  &hey mu& guaranlee an accurate execution of the thermic 
cycle to achieve a correct dyeing of the material. After dyeing, the yarns or 
the fabrics am dried in air or in special ovcno. Finally, they are prepared 
for forwarding by creating skeins, spools and rolls. Polsibly, carding and 
trimming may be performed on fabrics before rolling. 

The wcond basic department in the colour htclicn, i.e. the place where 
the coloum and additives am prepared by mixing baaic chemical subtancee. 
The recipes for new colours are created by opecialised personnel by exper- 
imenting new myxtures of basic components. When a recipe hrs been suc- 
cessfully tested, il is stored for subeequent use during dyeing. In the colour 
kitchen the recipes are reproduced for each production. To such purpose, it 
is necessary to take from storage and weight accurately each h i d  or powder 
to respect the amounta of the selected recipe. Two kinds of storage iystems 
are actually supported: the rotating aloiage and the pipelined storage. In 
the first case, the containers are fixed in rows onto supports, which can 
be rotated to present a t  each step a new row in front of the worker. In 
the second case, the containen do not move: colours are delivered to the 
weighting and mixiig system through pipes. Then, the mixtures must be 
obtained and maintained until they are required by the dyeing department. 
Automatic introduction of them substances ia achieved by using a pipelined 
distribution controlled by computer: it provides correct routing by opening 
and closing valves and suited pipes maintenance through periodic washing. 

The previoua bank subsystems allow to introduce the first step of au- 
tomation in the factory by simplifying the most dangerour and critical o p  
erations. To achieve a full automation, other subsystem should be added. 
The most important subsystem is the automatic movement of yarns and fab- 
ricr from the inibial etorage to the dyeing department, back to final atorage 
and possibly onto dirtribution van@. For this subsyetem robots ~ ~ l l  necee 
sary:  arm# must load the materiala from storage to automatic carriage, put 
them into the dyeing machines from the carriage, remove and store the dyed 
materials. 

Global coordination among the dyeing, Colour preparation and move- 
ment requires the introduction of a centralised control syatem of the whole 
factory. On such computer the personnel choose and activate the daily work- 
ing plan by defining the works of each machine, the recipes and the dyeing 
programs that must be used. Statietics are collected from all control units 
of lower hierarchical level to create an updated image of the system and 
to evaluate some performance paramehers. Optimisation of the production 

~ 
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will take advantage of the low level information collected periodically: by 
running classical algorithms for remurce and working planning, it is possible 
to improve the productivity, the profitability and the product quality. 

To complete the factory automation, computer supports should be pro- 
vided also for the adminiatrative and perwnnel departmenla. Kntegration 
of production control and administrative activitieo L uwful to incream the 
synergies for optimisation of atore management, contacts with clients and 
tradesmen, salary generation. In other words, a correct planning obtained 
from real on-line production data allows to decreue the production colta 
and the capital immobilisation and to improve the image of the factory 
towards the external world, in particular toward the clients. Finally, the 
researchkdevelopment department ahould be included in the computer rev- 
olution: in dyeing fwtory, the aid of computer is inporkan6 in creating and 
preview the recipe for a new colour or a new matching of colours, r tut ing 
from the chromatic characterutics of each chemical component, y . n u  and 
fabrics. 

Each of the previour rubyatemm U rtructnred in hierarchical levah 
to guarantee the meximum flexibility of the whole aystem and the propmr 
distribution of information. Berider, the pmvioua subyi temi khemdvea 
are inlerconnected in a hierarchical way. A mcbematic view of the rtructure 
of the whole control and information ryrtem for the fully-automated dysing 
factory k given in fig. 2. 

- --, 

Each worker or clerk has the visibility and the control of the part of the 
whole system that etrictly related to his job. These structured specialised 
views allow to simplify the interaction between the computer rystem and 
the employees by presenting the information and the user interface of the 
control system in the way which is the molt suited for the considered em- 
ployee, for his skills and for his job. For each subaystem and each level, 
characteristice and the features of the computing system must be accu- 
rately chosen and defined to fully support the activities of the factory and 
to minimise the interactions with the employees, a t  least for the jobs in the 
worst environments. Next eections will discum the design and implemen- 
tation choices for the dyeing factory and the application of Lhe 6heoretical 
guidelinea presented in section 2 and 3. 

6. C O N T R O L  LEVEL 0: ENGENE CONTROL 
The lowest level in each subsystem ia dedicated to control the basic 

activities of the engines. In particular, it acqukea eignala from sensors and 
provides input data for actuators. 

In the dyeing department, the engine control haa been introduced to 
automatiae the definition and &he execution of thermic cycles in the dye- 
ing boilers. The upper level sets the basic cycle parameters (e.g. the final 
temperature, the gradient and the maintenance time). The engine control, 
based upon a microprocessor board, guarantees the realisation of such cy- 
cle by generating the aequence of electric signals which open and close the 
valves of rleam and cooling water. The input of this controller is the ac- 
tual temperature received by the thermal mnsor. The water in the boiler 
is in fact warmed by the iteam through thermal tranefer, while cold w% 
ter reduces the temperature by cooling the external iurface of the boiler. 
The control signala are produced by using a PID (proportional integrative 
derivative) control algorithm. 

The same low-level controlhr U used a h  to measure the amount of w e  
ter introduced in the prepustion pool, which may be attached Lo the boikr 
for special preliminary phaaea of dyeing. In thia CLM the PID dgorirhm re- 
ceives information about the level of the water in the pool and generrtea the 
signals for the input vdvea. The same c o n t r o k  t u d  dm to PU up some 
large preparation poob in the colour kitchen: controlled, optimkmd filling b 
in fact very ueeful to minimbe &he time required Lo prepam some colouring 
solutions. This is a practicd example of the sffestive uae of modulutation 
and reum of standard psrts: the we of the same controller reduced both 
the development and the maintenance corto. 

In the colour kitchen, &he engine control ia used to coordinate and 
move the rotating storage. In thin caw, curtom b o d ,  baaed npon mi- 



croproccsson, were derigned to activate the electric engine of the rotating 
storage when a row of containen hrs been selected. Movementr are veri- 
fied and controlled by acquiring data from proximity switches, stroke ends 
and encoden. A m o n d  board controb the valve of the sclected container 
to extract the proper weight of colouring material. A third board guider 
the movements of the mechanic arm which sustains the container to mix 
coloura. 

The moat important application of engine control U in the subsystem 
for automatic movement of yarns and fabrics from the initid storage to the 
dyeing department, back to final storage and possibly onto distribution vans. 
In this subayetem, intermediate and final productr must be moved in the 
factory to provide the input material to production cycles and to extract 
and store the output products. Thew operations are implemented by a 
robotised rystem b w d  upon mechanic carriages (turtler) and arms, guided 
by a complex navigation control iyrtem. 'hrtlen run in the factory, along 
predeLned patha, by carrying the matariala for and from production cyclu. 
Mechanic arms murt load the materiab from rtorage to automatic turtler, 
put thdm into the dyeing machine* from the turtler, remove and rtore the 
dyed materials. The low-level control of turtles and armr is very h i l a r  
rince i6 consists of activating the electric engines U long U it is required 
to reach the final p i t i o n .  Such data may be defined by the abwlute 
porition of the tree in the rpace or by the relative rotation. Control ir 
guaranteed by a custom microprocawor-baaed board which generates the 
electric rignab for the enginsr starting from the movement i m p 0 4  by the 
upper control level and from the information acquired from encoden and 
rtroke en&. Each board U able to control three electrical enginer, pouibly 
with different movement lawr. To simplify the definition of mavementr, a 
command language h u  been introduced: it allowr to d w r i b e  rimple bi- 
and tri-dimeiuional trajectorien by uring one ringle rtatement or multiple 
statements executed in parallel. Therefore, the lame b o d  may be uscd 
both for turtles and u m s :  this is a second example of the importance of 
flexibility and reurability due to modularination. 

Laut application of rimple engine controllerr U in the machines for 
preparation for 6nal delivering (e.g. rolling of fabrics) and for rpecial treat- 
manb d fabriu (e.g. carding and trimming may be performed on fabriu 
before rolling). In all these CWI, embedded controllen, rupplied by the 
pmducer of the machin- themwlver, were U&. Such devicer receive the 
activation commandr from the upper level of the factory control and provide 
automatic #eneration of rignal for mschanic mmementr. 

e. CONTEOL LEVEL 1: PLANT CONTROL 
The engine control s i m p l i  the management of rpecific engine: coolc 

dmation of operationr between different engines and actuaton in the rame 
production line requirar higher b e l  of control. It muat in fact haw a 
compmhewiw view of the whole p m  of the factory to v d y  the rtate of 
production and to impors the proper commandr of executors (engin- and 
actuator#). To much plupo# the factory U divided in production nnib in 
which utivitier M directed towards a ringle god (e.g. the preparation 
of colour mixttuw in the colour kitchen, and the dyeing cycle in the d y b  
ing department). In each unit the control and management t gnuanteed 
by a programmable logic controller (PLC) with ruited 1/0 channeb and 
communication liner with other compntan. 

In the dyeing factory the following production unib were identified: - the dyeing machine, compored by the boiler, the p i p  and the valves 
for watar, *amI CO~OUN and seww, the tamperahn  controk, and 
the level MIUON; - the colour machine, composed by the rtorager of colouring powden 
and Buidr, the p i p  and the valva for coloun, additivea and water, 
the mKmg tanka, and the level wnlorr; - the moving platform, c o m p d  by the turtle, the umr, and the orien- 
tation system. 

Far thi control level, different d u t i o o r  may be adopted: in particular, the 
choice of the PLC may consider a large number of pouible alternatives and 
manufwrurerr. Standard PLCs (e.g. by Siemenr, General Electric, Alle-  
Bradley, Fater-Wheeler, Omron, Fento) are a traditional approach. Tech- 
nological advancm and inwarsing requLementr of the application move to- 
wudr  high performance iystemr and simple u w  interfacer. To ratisfy these 
raquiramenk, an inwauing computation power w u  introduced in PLCr: to 
add flexibility and programmability, a recent maearth trend developed the 
PM of induetrid pamarl computelr (PCa) inatend of PLCa. 

In the rtudy case presented here, a new, compact, low-cost industrial 
Pc hrr been designed and experimented. The main goalof this ruearch WM 

the impbmsntation of a competitive control system U cheapst .(I pouible, 

but with the higheat, the most Bexible programing capabililier and the 
rimplent, the mort interactive human interface. 

The buic  structure of this PC U shown in l6g. 9. It U composed by 
rtandard Eurocard boardr contained in a 19' reck. The available boards 

- the CPU, which is actually bued upon Intel iAPX 80186, but which 

- the RAM memory, up to 612 Kbytes, - the display controller, for an alphanumeric display with a ncreen of 18 

- the merial communication lines, with RS422 Iprotocol, - the PID controller ured for engine control, - the power rupply. 
The monochrome display and, powibly, a 40-col1umnr thermic printer are 
inwrted in the rame reck. 

Data acquisition froin the Gld and seneration d control signal UI 
performed by 1/0 boards. Them boards have IL their own power supply 
and are connected to the PC by meanr of wrlial RS422 communication 
linea. Them characteristier give a great advantage: the boardr may be 
placed directly in the field near the enginea, whila PCI may be installed in a 
place which U more comfortable or rcceisible for workerr without requiring 
complex cabling for sensors' and actuaton' rigndr. 

The communication liner may be u d  a b  to connect the PC to the IC- 
col printer, to other indudrial PCr and to the connputen of the higher level. 
Communication with other PCr U ursd to coordinate activitiu controlled 
by computer of the eame level. For example, a modular dyeing ryrtam may 
be implemented by using large production unit,. obtained by connecting 
up to low identical buic  production unitr through suited piping and PCs 
communication. Tharo rtruc6ure allam to dye properly Iarge quantitia of 
materials in a ringle cycle, but it may be monligured in rmaller production 
units when #mall quantitier are required. When the bmic prodoction unit. 
work together, one indurtrial PC U the mutar of the whole syrtam, while 
the 0th- repeat locally the rune u q u e n w  d operation d e l i d  by the 
muter. 

are: 

will be rubatituted by a the Intel iAPX 80280, 

rowr x 40 columna or a ncreen of 18 row8 x 80 columno, 

Fig. J - TA6 rtructurs of tAc PCr contwller 
Hardware and loftwue of thu  PC w u  desiped to be U much U pm- 

eible compatible with rtandard PCs, even if it hnr rome enhanced featurar 
which guarantee efficiency in rystem control. For uample, the serial com- 
munication linen, ths  higher fraquency of the clock interrupt, wd the a ~ &  
ability of timen automatically updated. The opnrating aystem we adopted 
is the MS-DOS, with curtom device driven, to guarantae a Bexible, power- 
ful development environment. High-level languagm (e.g. Pwal or C) may 
thur be uwd to implement advanced contra1 plrogranu with w-fr iendly 
interfacer, even if, at the moment, no graphic capability t rupported. 

The use of ruch PC controller and the contrid progranu M different in 
the vuiow applications in the dyeing factory. Neverthelcss, the modularity 
of the ryrtem both in hardwue and in applicatioai roftware allowed to reduce 
the development and implementation cork for the differenb applicatiorrr. In 
particular, the m m  of roftware waa greatly exploitad to deaign a hihly-  
programmable controller whoee buic  structure UI common to a11 controbN, 
but which can be essily progrmmed. T h  application of d t w a r e  reusing 
were idantilied: the ncmen library, the controller programming language# 
and the run-time support for control execution. 

To nupport the management and the denigia of friendly interfacer and 
interactive menu#, even on a rmall indwtrial PC, we introduced a rhple ,  
efficient wean library. It providea a r tandud frame to define the layout 
of the ween, with the position of data fieldr, their visualiuation chuac- 
terirtiu and their ucemsibility conrtrrink. Ftnictiotu are .ko available for 
input/oatput of data through screen f ieb  and data checking. Facilitk 
are also wailable to ruppMt definition of mwrgw in different human Ian- 
guager. 

A low-level programming language for indortrial control (Indwtrial 
Control Language) WM deaigned and implemcinted to aUuw definition of 
complex oparatiolu by -tine input sign&. internal countan, time- m d  
Bags. Such language U eimilar to the urumb~ler of a microproceuor: it 
allavs, for example, to read or mt a signal on an I/O line, a countar, a 
Bag, a timer or the temperatum, and to contnd the execution Bow of the 
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control program. Additional features we provided to start and control the 
execution of parallel banks on the same PC controllers. This language allows 
to  define a maintenance acquence and a group of functions. The mainbe- 
name sequence is a basic sequence of operations that must be continuously 
repeated when the dyeing machine is running in automatic mode to control 
the state of the machine itself and dangerous events. The functions are 
aequences of basic operations, which are provided to the uner to simplify 
dyeing programming by avoiding a detailed knowledge of the characterin- 
tics of each dyeing machine. nom the point of view of the user, in faet, the 
control activities are constituted of a sequence of functions (e.g. the boibr 
loading, the colour rampling, the thermic cycle, the downloading). 

The user of the PC controller do never program the controlhr by means 
of the low-level language ICL, but only the predefined functions: ICL L nscd 
only by the producer of the automated subeystema of the dyeing factory lo 
generate the complex control functiona by starting from well-tested basic 
operations. A compiler waa implemented to translate the textual form of 
these complex functions into fixed-format inatructions, which can be faatly 
interpreted and executed by the run-time support of the PC controller. 

The third application of software reusability is the run-time support of 
the ICL language. When the PC controller is set in automatic mode, the PC 
executes the user program to control the activities of its production units. 
In particular, the PC s t a r k  and controb the execution of the maintenance 
sequence, the control program and, poesibly, the parallel control tanks. This 
run-time support consists of an efficient ICL interpreter, which fetches and 
executes the instructions defined by the producer of the dyeing inbsystems 
for each function, for the maintenance sequence and the parallel taaki. 

Since the MS-DOS operating system is monotasking, the control pro- 
gram of PCs was designed, structured and implemented by simulating the 
execution of parallel basks. To such purpose, a c o r o u t i n e - b d  ncheme wan 
adopted by introducing a rcheduler and suited functions for control trans- 
fer. The maintenance sequence, the user functions and the parallel tasks 
are thus concurrently executed on the PC controller. 

To simplify design and implementation of the whole control program 
for PCs, also the other fnnctionalities and activitiea were based upon the 
use of concurrent tanh. For example, concurrent task were introduced a b  
to manage data acquisition from 1/0 devices, output signal for 1/0 boards 
and PIDe, communication among computers, printing facilities, mcreen u p  
dating, interaction with the user, statistic generation. The partitioning of 
the typical control program into concurrent tasks is shown in fig. 4. 

-=z=Ze=> 

Fiq. 4 - Parallel tasks in the coniroller program 
In the dyeing department, this controller is customised to manage the 

dyeing activities. On &he baaic structure, the following functionalitier were 
added: - the editor for the uacr programs, i.e. to define the acquence of prede- 

fined functions which constitute a user program for dyeing; - the listing facilitiu to visualise or print the list of predefined functions 
and their parameten, the list of uscr programs rtored in the controller, 
a specific uecr program; 

- the loading/downbading facilities to load new user programs from the 
higher control level of the factory, or to store a program of the PC 

- the loading/downbading facilities to store or rebrieve a new program 

- the execubion facilitiss to start, stop or abort a umr program on the 

controlkr inso the higher level; 

into or from the battery-powered rtorsge on the PC controller; 

PC controller; 
- the reset function to completely rewt and, poiwibly, reconfigure the 

con troller; - the configuration functions, which albw to chose aome configuration 
parameters of the controller (e.g. the date, the time, the connection 
with other controllers for maater/slave configurations, the parameters 
for each PID controller, the uae of the local printer); - the automatic loading of orders, which loads and activates the proper 
u w  program aa defined in the list of production orders 

~ 
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When a uier program hu, b e n  loaded and started, the PC control pcquires 
input data from the field and generates the suiled control sign& for the 
actnaton. In parallel, the controller s toru  IOW-level etatistice about the 
production (e.g. the alarms, the functioning time, the operation performed); 
these data are periodically transferred to the factory control for storage and 
further elaborations. The controller guarantee also the management of the 
interactions with the wer, which can modify the execution of the program 
or the program itself. 

In the colour kitchen, the PC controller is used to control and co- 
ordinate preparation and delivering of colour mixtures and additins. In 
this department, the controller waa customiscd by introducing the folbwing 
functions: 

- the editor for the recipes, which allown to define the list of chemical 
components and the delivering time for the recipe of a specific dyeing 
cycle; - the listing facilities to visualhe or print the list of user recipes rtored 
in the controller or a specific user recipe; - the loading/downbading facilities to load new User recipes from the 
higher control level of the Cactory, or to store a recipe of the PC con- 
troller into the higher level; - the loading/downbading facilities to store or retrieve a new recipe into 
or from the battery-powered storage on the PC controller; - the execution facilities to start, stop or abort a user recipe and the 
visualisation of aingle dosing on the PC controller; 
the reset function to completely reset and, possibly, reconfigure the 
controller; - the configuration functions, which albw to chose some configuration 
parameters of the controlhr (e.g. the date, the time, the connection 
with other controlhn for maater/slave configurations, the parameters 
for each PID controller, the use of the local printer); 

- the automatic loading of orders, which loads and activatu the proper 
uaer recipe M defined in the list of production Order8 in the higher 
control level. 

Even if mme functions of this kind of controllen appear similar Lo those of 
the dyeing department, their meaning and their implementation are differ- 
ent. In colour kitchen, in fact, the PC controller must identify the position 
of the desired colouring materials or additives in the storage, receive the 
proper quantity of matenab, scnd these malarid# to the mixing containen, 
preparing the mixtures and nand the mixtures 60 the corresponding dyeing 
machine in which the production order will be executed. 

The last application of the PC controller U the coordination and conkrol 
of material and product moving in the dyeing factory. Motion of t&la 
and mechanic arms n d s  in fact a higher control, which is able bo acquirm 
information about the position of turtlw and ullu and to import the proper 
motion parameten to obtain the cormct trajcctorim. 

The on-board controllen for turtlw and the controllers for fixed arms 
were customisad by introducing the following functions: 

- the editor for the trajectories, which allows to define the parameters of 
a motion and ita execution time; 

- the listing facilities to visualis8 or print the list of motions stored in 
the controller or the parameters of a specific user motion; 

- the loading/downloading lac ea to load new motions from the higher 
control level of the factory, or to store a motion of the PC controller 
into the higher level; 

- the loading/downbading facilitk to atore or retrieve a new motion 
into or from the battery-powered storage on the PC controller; 

- the execution facilitiei to atart, stop or abort a motion; - the reset function to completely reect and, pwsibly, reconfigure the 
controller; 

parameters of the controlhr; 

uaer motions as defined in the lint of production orders. 

- the configurntiom functions. which a l b w  to ch- -me sonfiguration 

- the automatic loading of orders, which loads and activatu the proper 

The controllen of fixed u m s  use information from encoders and lmer  level 
controllen to define the position of the arms in the space and, thus, to 
compute the parameten of the motion that murt be applied to reach the 
final positions in the space, posnibly with a given motion law. 

Turtle control U more complex since the porition of the turtle in the 
factory muat be accurately evaluated to avoid collisions with other burtles, 
machinu or personnel. To simplify installation and conkrol of automated 
transfer of materiala and producte, the uac of mnar and radio-beacons. 
Sonar identify the preaence of unexpected obtaclu on the path of the tur- 
tle and impom the immediate stop of the motion. Radidm,cons allow the 



PC controller of the turtle to computcs the absolute position of the turtle 
itself in the factory by uring trianguluisation techniquu. Control of the 
motion of a r m  on a turtle must consider also the possibilities of interfer- 
ences or collisions during the motion itself. When the user or the factory 
control defined the final position that must be reached by the turtle, the PC 
controller on the turtle itself is able to automatically determine the path 
towards the final position and to control navigation by interacting with the 
factory control. 

7. CONTROL LEVEL 2: FACTORY CONTROL 
Global coordination among the dyeing, colour preparation and move- 

ment r q u i n r  the introduction of a centralised control ryrtem of the whole 
factory. On ruch computem the personnel choosa and activate the daily 
working plan by defining the worka of each machine, the recipu and the 
dyeing programs that mlut be wed. Statistics are collected from dl control 
units of lower hierarchical level to m a t e  an updated imsge of the ryrtem 
and to evaluate some performance parametera. 

In the dyeing factory of this study cane, the factory control may be 
implemented by using minicomputer or a distributed ryrtem, in which each 
computer iupervLer a p u t  of the whole factory. The high modularity and 
the realisation of an open, expandable ryrtem iugguted the second d n -  
tion: to auch p u r p o ~  we designed an efticient, low-coat architecture b w d  
upon high-performance p e r r o d  "putem.  In put icuhr ,  we adopted a 
standard PC AT bued  upon Intel iAPX 80288 or iAPX 80388 according 
with the requiremenk and the workbad of the rpecific facbory. Them PCr 
are quipped wi th  - a standard 80 x 25 alphanumeric display, - at least 640 M b y h  RAM, - a considerable amount of rtorage (at least 700 Mbytea for each) to 

guarantee the capability of recording large quantity of rtatbticn for a 
reasonable time, - a communication board, - aprinter. 

Intuconnection between computers of plant and factory controh conristr 
of a law-coot rtrncture baaed upon a fsat RS422 communication ryrtem 
to minimbe the implementation cook, while acceptable performancar are 

The operating @em of PCr is MS-DOS with the extenrionr embedded 
in the control program to rimulate parallel execution of concurrent taskr, 
u in the plant control programs. 

Onto ruch platfmn, the apeciabed control programs for dyeing de- 
partment, colour kitchen and material movement. were duigned and im- 
plemented. A. at  the lower level, all t h e e  programr have common features 
and put r .  Some examplcs are the communications between computem, the 
rpooling facilitw, and the acreen library, mUkitMking rimulation. There 
faciliiiu w rimilu to thoae of the plant control, even if they may take 
advantage of the higher capabilitka of the computer of factory control. In 
particular, the u m  interface U mom appealing and accurate than in plant 
controllen. h i d e s ,  the UM of a graphic diplay (EGA or VGA rtandardo) 
and printer may be exploited to preoent some rtatbtici in a graphic form, 
i u t e d  of orin0 mars traditional tablu and reportr. 

An intvsrting feature of our implementation is the porsibility of remote 
control of a plant controller through the communication netwark. In t h b  
c.w the perronnel may connect to the remote controller in the factory from 
the central r u p e r v h r  system at factory level. The distributed architecture 
l tnu lakr  the interaction of the user through the supervisor computer U if 
he wan in front of the remote controller. In particular, the u m  can give the 
rame commandr u he uscd the keyboard of the remote controller and he 
can MO a copy of the display of ruch controller continuously updated onto 
the ween of the superviaor. 

A b  the structure of the application software of the factory control for 
each department U similar to that of the lower level. The control program is 
rtructared in a e t  of parallel tukr executed concurrently. Specialbed tukr 
M dedicated to manage the user interface, the computer communications 
between hierarchical levels and betwacn computer of the rame factory level, 
d a b  acqulition, r ta t t t i c  rbrage, and production ordering and planning. 

of the implementation of each feature, in particular the uaer 
W a c e  and rho avdable commandr, change from a supuvlor  b another, 
accordiig (0 the put d the factory which U controlled by the rupervlor 
i t d .  

the dyeing activitiw. It providu the following functionalitisl: 

gPUMkaed. 

The SmporrLor of bhc dyeins dcprrtmenk s o o r d i m - b a  m d  . rspcrrL 

- the bcd editor, which allawr the uaer to write programs to control the 
dyeing machinar d w t l y  onto the rupervLOT, without interacting with 

~ 
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the plant controller, 

liut of functions, and rpecific progranu; 

the network from/to the plant controllers; 

controller of dyeing machines; 

machinea or production orders; 

- the listing facilith to visualise or print the list of ULKW progrunr, the 

- the loading/downbading commando to mmre user progrunr through 

- the automatic acquisition of statbticr about the activities of the plant 

- the generation of detailed reportr of statistic information for group of 

- the editor of the daily ordem for production activitiuj - the automatic downbading of programr through the computer network 
to the plant controllem to perform the list of daily orden; - the panoramic overseeing of all plant controllus through a schematic 
view of the moot important information about the state of each con- 
troller; - the acquisition and generation of statistics irbout the functioning, the 
usage and the rtate of the different partr of the plants; - the automatic remote tracing of temperaturci cyclu to verify the activ- 
itiea of the dyeing machinu and the quality of producb. 

Through this factory controller, the uwr can rupcrvk  all plant controlkm 
of dyeing machinea, define the order planning and acquire rtatici. In large 
factories, more than one ruperviror could be introduced to improve the ea-  
ciency of the whole ryitem by applying the modiuluity growth of the buic  
control ryitem. In this c w  an additional interacition between controllem at 
the name level is required. 

The superviaor of the colour kitchen guarantees coordination between 
plant controlkm of the kitchen itself. It provider the following rpecific 
featurer: 

- the local editor, to write recipem directly onto the supervisor without 
interacting with the plant controller; - the listing facilitim to visualke or print the liit of user mipu and 
rpecific mipen; - the loadb~g/downloading featww to branafar the wer m i p o  through 
the network h m / t o  the plant controllem; - the automatic acquisition of rtatisticn about the activitica of the plant 
controlhr of colour kitchen; - the generation of detailed reporto of statbtic information for group of 
controllus or production orders; 

- the editor of the daily ordem for production activitiu in the colour 
kitchen; . - the automatic downbading of programs through the computer network 
to the plant controllers of the colour kitchen to perform the list of daily 
orders; - the panoramic ovenceing of all plant controlkm through a achematic 
view of the moot important informUion about the rtrtr of each con- 
troller; - the acquisition and generation of itatisticn about the functioning, the 
urage and the a t a h  of the diUcusnt pu t s  td the plank in the colour 
kitchen; - the automatic remote tracing of colouring ~materiah and additivw for 
storage management. 

The umr can interact through this rupervbor with the complete colour 
kitchen to define the daily ac t iv i tk  and nweiva shtubiw about the 
rtate of this rubeyrtem. 

The rupervbor of the truuport rubyi tem managm and coonliatsr 
the movemenu of materiala and produck in tllm factmy, to mintaiw the 
personnel prsrence in d a n g m w  or critical acticvitia. It provMca the fol- 
lowing functionalitisr: - the local editor for the definition of tho movemenk directly onto the 

- the luting facilitk to v u u a l i i  or print the list the mowmentl and the 

- the loading/dmnloading of movemmtr &bivugh the network from/to 

- the automatic acquisition of rtatutiw abouk the activitiw of turtler 

- the generation of detailed reportr of rtatbtic inform.tion for p u p a  of 

r u p e n b r ,  without interacting with the pliat c a n t r o b ,  

parametem of a rpecific movsment; 

the plant controllem; 

and arm; 

machinca or production ordsn; 
- the editor of the drilr ode" fes produstiom + r t i r i b i a i  

- the automatic downbading of program through the computer metwork 

- the panoramic ovcu#sing of dl controllam through a achematic view of 
to the movement c o n t r o h  to perform &he daily dsn; 



the most important information about the skate of each controller; 
- the acquisition and generation of statistics about the functioning, the 

usage and the rtate of the different parts of the movement subsystem. 
To simplify the interaction with the factory control, the system can be 
configured so that the definition of the l i t  of orden contains all information 
required to manage the complete production cycle. Data fpr each subsystem 
(dyeing, colour kitchen and movement) will be split and extracted from the 
global information about orden and, then, delivered to the supervisor of 
the corresponding subayatem. The complete definition of the orders may 
be performed on any computer of the factory control. A better solution 
dedicates a small PC to such activity, to guarantee a oimpler coordination 
between the personnel. 

The researchdcdevelopment department may be included in the com- 
puter system by connecting its PC to the factory control system. In this 
department, the aid of computer ia important in creating and preview the 
recipe for a new colour or a new matching of colours, starting from the chro- 
matic characteristics of each chemical component, yarns and fabrics. When 
completed a recipe may be delivered to the factory for production directly 
through the computer network. 

8. CONTROL LEVEL 3: FACTORY M A N A G E M E N T  
The highest level of the control and management system is basically 

dedicated to collect informaion about the state of production, the activities 
of the personnel and the ordem of clients. Such data are emential to a cor- 
rect strategic planning of the activities of the factory. Besides, together with 
data on new Lrends of markeb, curtomen and technological research, this 
level should provide guidelines to identify porsible future developmenbr and 
diversifications of the production to increaue the global profita of the com- 
pany. Thua, the unan of ruch information system rhould be the managem 
of the company, which have the wponsibility of chooaing the alrategiea and 
the tactics on the market. and in nrearch. 

The basic functionalitiea of factory management are connected with the 
capability of acquiring, storing and retrieving large amount of information 
in a data b w .  Thew characteriabici require the implementstion of a high- 
performance data-bane system. The dimensionn of the data that munt be 
stored suggest the use of an hardware architecture b u s d  on an efficient 
minicomputer or, better, a superminicomputer with a multi-umr operating 
aystem. 

The choice of the proper hardware solution is strictly related to the 
8tN6tUTeI the dimensions and the activities of the company. Usually, a 
centralised information system ia enough to satisfy all requirementa of man- 
agement: to such purpone, it is possible to adopt a Digital Equipment's 
MicroVAX, an Hewlett Packard'r HP830 or a Sun's WSL Sun 4, with the 
proprietary version of the Unix operating system (or VMS on MicroVAX). 
Uaer interrogations are executed through traditional terminals. In preaent 
implementation a Microvax 3200 with Ultrix operating myelem hsu been 
U d .  

When the company is very large, the uaer are many or the elaborations 
on data are mossiva, the computing power of the central server may be not 
satMactory to provide IM acceptable response time for tranractious. In thU 
CBBB, it U porsible to connect some workstations at the central server to 
implemen6 a distributed computing system. The data bam is maintained 
in the server, while user interface and computationi are performed locally 
in the workstation. An alternative wlution may be desigucd by adopting a 
completely distributed data-besc system. Data are not stored in the unique 
server, but are disdribhted on a group of nerven connected in a cluster 
by an high-performance network. Each of these servem ia spwialiied on 
different aspectr of the factory activities and, thus, on different r u b e t s  of 
data. Interrogations am impkmented by exploring all aerven in which are 
stored information related to the interrogation patterns. 

A8 mftwore platform, we have chosen the DBMS Oracle of the Oracle's 
Corporation, li well-known relational data basc. This solution, an similar 
ones b d  upan olher standard DBMS, avoids the implementation of a 
C M S ~ O ~  daba-base system and guarantees the portability of data on different 
hardware platforms, without any external modification. A h  application 
programs for data introduction or retrieval do not need maintenance except 
possibly for the graphic interface and the calls to the operating system. An 
accurale programming style and the use of a standard graphic library avoid 
also thew drawbacks. To such p u r p w  we have adopted the X-Windows 
graphic presentahion interface to implement a flexible, powerful, portable 
interaction with the uaer. 

Qn the previous architectures, the control and management syatem of 
the whole factory hol been implemented and developed. Data about the 
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production are received from the factory control level to dore a continuous 
trace of the final information of factory activities. Such control level p l .~-  
vides duo data about $he overall state of the engines, their productivity and 
their efficiency. In parde l ,  the quolity control deliver summary information 
about the characterintics of the input materials, the intermediate and the 
find products to guarautee a continuow check on the quality of products 
and on the efficiency of workem. Data of ordem and client. we introdaced 
to allow planning of production at high level. A b o  summuies of data about 
administration and panonnel M received by the higher control level from 
the computen of the adminblirative and p w n n e l  departments to complete 
&he view of the company. Activitiw of thsra department M executed on 
other comput.cn with ruibed programr. Integrakion of d t h w  iubeyitems 
guarantees on-line data for detded ,  optimLed planning of &or&, medium- 
and long- term strategia, which minim& d production and financial conk 
and maximiae efficiency and profik. 

Interrogation of the company's d a h  b w  for managen hol b a n  h p k -  
mented by direct questioning through the standard command language ef 
the DBMS. To s impli i  interaction, a se& of prafeEned, structured intarro- 
gationa has been implemented which present the main informalion in tables 
or different graphic forms. The-bmic interaction requirea the knowledge of 
rome implementation details. The Mcond approach ia completely separated 
by implementation since search and reportr are generated itarting from a 
guided data selection through interactive menur. To support planning the 
system han been mtructured to include optimisation algorithms and direct 
interaction, 

0. CONCLUDING R E M A R K S  
The full automation of facto& har been d u c u d .  Ab the moment, it 

is one of the main goah of the rerearch acrivitier in ryitem control mince in 
many applications, in particular in critical or dangerour ayitemr, the pres- 
ence of permunel may be not convenient and i d e ,  both for the controlled 
plant or proceu and for the penonnel itrelf. The quality of the work en- 
vironment, the quality of the job, &he matidaction for the psnonnel in its 
own job, the adcnsu of the pemuuel murt be in fact greatly enhanced Lo 
w u r e  the iucrew of the quality of the bamaa life. 

The we of automatic control and computen L an effective aid towards 
this goal, In this paper we discussed some guideliuen that dlow Lo introduce 
a high degrae of automation and to denign integrated control rynbems. In 
particular we conrider the concepti of hierarchy, modularisation and d i c  
tributed control PI the key featum to achkve an efficient mystem. 

The research prerented here h u  bean iuggeatcd and experimented in 
a real cam: a fully-automated dyeing factory. Such cam rtudy ham been 
completely dwigned. Implementabion of i t s  r u b y s t e m  L at different de- 
velopment stages. The conbrol system of dyeing machines WM completed, 
teshd and it haw been already dutributed. The control ryatem of &be colour 
kitchen WM implemenbed and tarlied. The implementstion of the robotis4 
ayatem for mowment of materials md products is at the final skage. The 
integrstion of thua  aubryatems through the cent ra l id  conbrol eya6em U 

under implementation: the iubsystetn for automated planning of produc- 
tion, the interfacecl to the administrative and management departmentr, 
the production and management controlr are a& Che fint impkmeu&ation 
stages, while the rasearch6cdevelopment subsystem U planned for &he future. 
Further remarch will be developed to improve integration and information 
exchange: moreover, the integration of fabric printing will be studied and 
implemented bo complete the spectrum of the automation propoa.ls in the 
production of yams and fabrics. 
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