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Summary 

Modern co111petit ive rnarkets of high-tech machines impose ever-increasing requirements 
on product qu ali ty, ease of use, safety, and performance. Ot her actors are price and t ime 
to market . One of t he greatest cha llenges in mul t idisciplinary environments. such as t he 
one in which high-tech printers are made, is proper commuuication hetween engineers 
of diverse backgrounds. Forma! models grea tly alleviate the communication harriers 
between the involved parties. 

The pa per pa th of a printer is the part of the printer that tra11sport sheets . Various 
co111ponents are used to detect, guide, and accelerate sheets in t he pa per path . Sensors 
detcct the edges of t he sheets . The pa per path 111ight hold a duplex track and a t urn 
t rack for duplex print ing. For more complex paper paths several rout ings may exist . 
The softwa re tha t coutrols the paper pa th is sheet based . By t his is meant that each 
sheet is cont rolled by a piece of softwa re called a sheet procedure. T his sheet procedure 
controls t he hard ware such t ha t t he sheet fo llows the desired trajec:tory in t ime and 
place in the paper path. 

Exception ha ndli11g is the desired behavior of sheets in the paper pa th if an error bas 
occurred. An error 1neans tha t an edge is not detected on t ime at a seusor. Besides 
errors of late edgcs also errors concerning skewness and size exist. The most important 
goal of except ion handling is to make sm e all sheets come to a safe stop in the paper 
path . Requirements specify whether or not to stop sheets at particula r locations. For 
example, stopping a sheet in the hot zone is not allowed since t his resul ts in unsafe 
behavior. T he exccpt ion handling software is added to the sheet procedures. The 
most important d raw backs of t he cnrrent exccpt ion handling and its developmcnt a re: 
t he rnanual coding of t he software, the distributcd cont rol concept which does not fit 
t he integral behavior requirements, t he lack of rc11sabi lity for other printers , and the 
hardware based incremental exception handling design . 

A new a pproach for cxcep t ion hanclling and its development are sugges ted . This ap
proach is based on so called signs. T hese signs only exist in t he softwa re. Varia ble 
instructions can be set 011 t hese signs . Sheets procedures check these sig11s a11d make 
sure the sheet behave:; as instruct io11s prescribe. T he signs are 11sed to instruct sheet 
procednres in case of an er ror . A lookup table is used to store which instruction to set 
on which sign in case of which error. Au advantage of t his approach is that the specific 
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stop cout rol for cxcept ion handling in the sheet procedure is replaced by generic stop 
control via t he sigus. 

A case is used to test t he new approach . T he CIF2 fo rm a lisrn is used to model the sheets 
in t he paper pat h, t he signs. t he errors and the exce pt iou handling via t he looku p table. 
First it was checked by simulat ion if t he sheets in the paper path behave according 
to t he signs instructions. Next , t he model was simulatcd to derive the lookup table, 
i.c. which instructions on whi ch sign for each error such that the requiremcnts fo r 
exception handling a re met. Simulat ion of t he model proves to be a useful wheu trying 
to unclcrstand the effect of a certain im,truct ion ou a sign on the behavior of sheets 
in the paper path . For a ll fourteeu errors iu the case, the signs approach is a ble to 
instruct sheets such that t he rcquirements a re noL violatecl . The modcliug a pproach 
ca n be usecl ea5ily to model ot lter paper paths. T he model can he usecl to clcrive the 
lookup table early in the design process of a prin ter. T he clerived lookup table eau be 
ea.sily implernentC'cl in t he software. 



Samenvatting 

Moderne concurrerende markten voor hoogtechnologische machines leggen steeds hogere 
eisen op ten aanzien van kwaliteit , gebruiksvriendelijkheid , veiligheid en prestaties . An
dere actoren die een rol spelen zijn de prijs en de rnarktintroductietijd. Een van de groot
ste uitdagingen in een mul t idisciplina ire omgev ing, zoals die waarin hoogtechnologische 
printers worden gemaakt , is heldere communicatie t ussen ingenieurs met verschillende 
achtergronden. 

Het papierpad van een printer is het gedeelte van de printer dat vellen transporteert. 
Verschillende componenten worden gebruikt voor de detectie, geleiding en het versnellen 
van velle11 in het pa pierpa<l. Sensoren detecteren randen van vellen. P apierpaden kun
nen een dubbelzijdig spoor en/ of een keerspoor hebben om dubbelzijdig te kunnen 
printen. Iu complexe papierpaden bestaa11 verschillende papierroutes. De software die 
het pa pier pad aanst11mt is velgebaseerd . Hiermee wordt bedoeld dat ieder vel aangestu
md wordt door software dat een velprocedme genoemd word. Deze velprocedure stuurt 
de hardware zodanig aan dat het vel de gewens te trajectorie in t ijd en plaats door het 
papierpad volgt. 

Exceptieafhandeling beschrijft het gewenste ged rag van vellen in het papierpad wan
neer er fouten opt reden. Met een fout wordt bedoelt dat een rand van een vel niet op 
tijd door een sensor gedetecteerd is. Behalve fouten die betrekking hebben op randen 
die te laat zijn . bestaan er ook fouten die betrekking hebben op de scheefstand en de 
a fmetingen vau een vel. Het belangrijkste doel wui exceptieafhandeling is ervoor te 
zorgen dat a lle vellen op een vei lige manier stoppen in het pa pierpad . Gedragseisen 
specificeren of vellen wel of niet dienen te stoppen op specifieke loka ties. Bijvoorbeeld , 
een vel mag niet stoppen in het wanne gebied omdat dit een onveilige situat ie tot gevolg 
heeft . exceptieafhandeliugssoftware wordt toegevoegd aan de velprocedure. De belan
grijkste 11adele11 vau de huidige exceptieafh andeling en de ontwikkeling hiervan, zijn: 
het handmatig coderen van de software, het ged istribueerde besturingsconcept dat niet 
afgestemd is op <le in tegrale gedragseisen , het gebrek aan herbruikbaarheid voor andere 
printers en het hardwaregebaseerde incremente le ontwerp van exceptieafhandeling. 

Een nieuwe aanpak voor except ieafh andeling en het ontwerp hiervan wordt voorgesteld. 
Deze aanpak is gebaseerd op zogenoemde signaalborden. Deze borden bestaan alleen in 
de so ftwa re. Verschillende aauwijziugen lrnm1en op deze borden worden ingesteld . De 
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velproced ures bekijken deze borden en zorgeu ervoor dat vellc11 zich gedrage11 zoals de 
aanwij zingen voorschrijven . De borden worden gebruikt om aanwij zingen aan vellen te 
geven wanneer er fouten optreden. In een opzoektabel wordt opgeslagen welke aanwijz
ing op welk bord dient te komeu staan voor iedere fout. Een voordeel van deze aanpak is 
d at de specifieke stopcommauclo's voor exceptieafhandeling in de vclprocedure worden 
vervange11 door ge11erieke stopcommando's via de borden. 

Om de nieuwe aanpak te testen , wordt een case gebruikt. Het CIF2-formalisme wordt 
gebruikt om de vellen in het papierpad , de borden. de fouteu en de opzoektabel voor 
except ieaföand eli11g te modelleren . Door gebruik te maken van simulatie is allereerst 
gecontroleerd of vellen in het papierpad de aanwij zingen op de borden opvolgen. Daarna 
is simulat ie gebruikt om de inho11d van de opzoektabel af te leide11. Oftewel, welke 
aanwij zingen op welke borden moeten komeu te staan voor welke fout zodanig dat er 
aan de eisen ten aanzien van exceptieafhandeling wordt voldaan. Simulatie blijkt een 
nuttig hulpmiddel te zijn wa11neer men het gedrag van alle vellen in het papierpacl bij 
een bepaalde aanwijzing op een bord probeert te begrijpen. Voor de veertien fouten in 
deze case is gebleken dat de borden-aanpak in staa t is voor iedere fo ut aanwijzingen op 
borden te plaatsen zodanig dat er aan de gedragseisen voldaan wordt . Het model kan 
gemakkelijk wordeu aangepast voor andere papierpaden. Door gebruik te maken van 
het model , kan de opzoektabel al vroeg in het ontwerpproces van een printer worden 
afgeleid . Deze opzoektabel kan eenvoudig in de software worden geïutegreerd . 



Contents 

Assignment iii 

Preface V 

Summary vii 

Samenvatting IX 

1 Introduction 1 

2 Printe rs 3 

2.1 Ha rdware 3 

2.2 Paper pa th 5 

2. :~ Software 8 

3 Exception handling 13 

3.1 E rrors 13 

3.2 Concept a nd goals 14 

3.3 Req11iremcnts 15 

3.4 C urrcut solu t ion 16 

3.5 Developrncnt 16 

4 Signs 19 

4. 1 Signs approach 19 

4.2 Software 20 

4.3 Suggested <levclopme11t . 23 

XI 



X II 

5 Case 

5.1 Descriptio11 

5.2 Derivation of excep t ion haudling 

5.3 Modeling . 

5.4 Si111ulat io 11 . 

5.G .Rcsults ... 

5.G Conclusiorn; 

6 Conclusions 

6.1 Reco111111cndat ions 

Bibliography 

A CIF2 code 

Conte11 ts 

25 

25 

26 

26 

29 

32 

35 

37 

:~7 

39 

41 



Chapter 1 

Introduction 

Modern competitive markets of high-tcch machines impose ever- increasing requirements 
on product quality. ease of use, safety. a nd perfonna11ce. Other actors a re price and t ime 
to market. Among else , thi s puts high pressure on the error-detection , error-handling, 
and failure- rec:overy part of the machine. In this study, high-tech Océ printers are 
considered , i11 particu lar t he exception handling of errors i11 th e paper path , i.e., the 
part of the printer respo11sible for transferring paper sheets from t he source. to the 
printing process, and , fin ally. to the fini sher. 

One of the greatest cl1allcnges in rnu ltidisciplinary e11vironmcuts , such as the one in 
which high- tcch printers are made, is proper co111n111nication between engineers of diverse 
backgrounds. The design- validat ion loop that involves prototyping high-tech machines 
requires specification and design hy domain engineers. which typically communicate 
with software and other engineers using informal specification , to be interpreted and 
implemented as hardware or software. Previous invcstigations in this area applied su
pervisory control , a t heory t hat enahles automatcd generat ion of control software based 
on the modcls of the hardware and control requirements, to ena ble proper exception 
bandling on the paper patb [Ber09b, Ber09a] . Supervisory control enables high-level 
coordination and control of the discrete-event bchavior of a system . One of the con
clusions drawn in this work , is tbat forma! models greatly alleviate the communication 
barriers bctween t he involved part ies. This holds especially for engineers that easily 
acc:ommodate their reasoning to (in )formal specifications, relying on preciscly defined 
models. 

The major contribution is the definition of a forma! framework that intends to c:apture 
the detailed , hybrid hchavior of t he paper path , and ena ble convenient, yet forma!. 
specification . manipulation , simulation. and ver ific-at ion of the notions and properties 
involved . Hyhrid modeling languages are used as the paper path carries both continuous 
and discrete behavior , where the formcr is not easily abstrac:ted from. The CIF modeling 
framework [Bee07] is c:hosen and many concepts introduc:ed in the new version of the 
language, referred to as CIF2 [Bee09] a re used . Unfortunately, for simulation had to be 
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2 Chapter 1. Introductio11 

relied on the previous release of the lang1mge, referred to as CIFl. 

In the proposed frarn ework , t he 11otion of error and cxception handling are forrnally 
defi11ed , relying on models of standard hardware concepts employed i11 the paper path 
like sensors, motors , and µinches. Also a method is proposed for exception ha11dli11g, 
referred to as signs, which in essence present models of control signals sent to the paper 
sheet controllers in order to safety resolve the occurred fa ilures. T he mai n goal is to 

minirni ze the number of necessary service calls due to er ror occurring 011 the paper. while 
ens11ri11g safe operat io11 of t he printer. For exatnple, the toner is appli ed to the paper in 
a so-called hot zoue, where high temperaturcs are nece:;:;ary, and if pa per sheets stop in 
the hot zone, a fire may break out . This m11st be preveutcd , ensured by both hardware 
devic:cs and in the exc:eption handling control software co rnponents , in order to prcvc11t 
damagc to the printer and eusure safety of t he user. Solllc locations in the printer a re 
easily ac:c:essible by the user, whereas in ccrtain cases 011ly cert ified service personnel 
can resolve the issues. To this e11d, the frarncwork provicles for c:011vc11ie11t and detailcd 
mocleliug and simulat ion of t he paper pat h, iucorporat ing coordinatio11 req11irements fo r 
exccption handli11g. The framcwork is illustrated on a st 11Cly incorporating all rek'vant 
aspects of t he paper path. 

The rest of this t hesis is organized as follows. Chaptcr 2 di scusses t he hardware a nd 
software compone11 ts of t he paper path and the sheet controllers . Cha,pter 3 overvicws 
possihlc error and defines the m i11 terms of the paper path components and their re
lations. Chapter 4 in troducC's t he notions of signs and describes the control signa ls 
a11cl t he model of coorclinat io11. C hapter 5 illustrates the framework 0 11 a sample paper 
pat h that incorporatcs a ll relevant features with au accompa11ying si1111dator and vis11-
ali zation . Concl11di11g remarks are given in C hapter 6 as well as clircctions for fu t. ure 
resea rch. 



Chapter 2 

Printers 

Printers are machines that apply material on selected parts of a surface. A common 
example is a printer t ha t applies ink to a sheet of paper. Nowadays also polymers and 
met als ca11 be printed . Polymers are used in 3D printers a ud metal print ing is used for 
t he produ c:t ion of solar cells . Iu t his report 011ly print ing on paper is discussed . T he 
material applied to the paper usua lly is ink or toner. Ink is a li quid with pigment which 
is applied directly to the pa per in sma ll droplcts . After applying the ink some t ime is 
needed for drying. Touer is a powder which is transferred to the paper via an imaging 
belt . Heat is used to 1nelt t he powder such that it attaches to t he pa per. Paper can be 
supplied toa printer i11 cut sheets or on a roll. In t his report only cut sheet priuters are 
considercd . 

2 .1 H ardware 

A printer can be d ividcd in to thrcc modules as is shown iu F igure 2.1. The first module 
is t he inpu t module (1) where sheets of paper are stored in stacks. In this mod ule single 
sheets are scparated from the stac:k. An inpu t module can consist of mult iple trays . 
Sheets are sent from t l1e inpu t modu le to t he cngine modu le (2). In t he engiue module 
the image is printed outo the sheet. A printed sheet is sent to t he finishing module 
(3). This fi11ishing modu le is ablc to perform finalizing ta!-iks such as stapling or folding 
and stores the finishccl sheets. T he modules a llow a customer to compose a printer by 
selecting modules . T he pa per path is t he part of t he printe r t hat transports t he sheets 
in and between modules. In the fi gure , several sheets indicate the paper path . Print ing 
on both s ides, in the eugine modu le can be achieved in different ways. T he first is to 
cquip t he cngine module wit h one location where the image is applied to the pa per. To 
print on both sides, t he paper pa.tb is extended with a duplex and t urn track such that 
a sheet can be turned and visit t he locatiou again to be priuted on t he other side . T he 
second is to equip t he eugine module with two locations where the image is applied to 
t he paper. T his yields a less complex paper pat h and a higher rate of print ing sheets 
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Fig ure 2.1: Pri1J tcr wi th thrc0 modules . 
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but also a more expensive printer. In the next section the transport of pa per in the 
paper pa th is explained in more detail. This paper path uses t he first concept , with a 
duplex a ud turn track for print ing on both sides. 

2.2 P aper path 

T he pa per path t ransports sheets in and between modules. An abstracted siclc view of 
the paper pa.t b of an exa.mple enginc module (2) is shown in Figure 2.2 and consists 
of several components. The paper path is presented such that the topology is easy to 
understaml. T he corresponding real paper path has t he same topology, but clistances 
and bewls rn ay vary. As from now, only the paper path of t he engine module (2) is 
considerecl. T he paper path presented here, is used to explain the basics of a paper pa th . 
Another paper path is usecl and exp la i11ed in Chapter 5 where the case is discussed. 

Sheet 
input 

Turn track 

~ ~ 

g 

Duplex track ~ 
9 

Figure 2.2: Layout of t he paper path . 

Sheet 
output 

~ Sheet direction 

...5Z.... Sensor 

-1- Border 

SJ- Pinch 

~ Zone 

~ Choice point 

Within the pa per pat h sheets are transported by pinches. These pinches are driven by 
motors (not shown). A single motor may drive multiple pinches. Not shown here is 
t he metal tracks that gui<le sheets in the pa per path. At choice points, a choice fo r 
what part of the paper pa.tb the sheet will continue to, is made. The borders indicate 
t he loc:ation wherc (sub)mo<lules s lide out of the printer. A hot zone is the part of t he 
paper path where the toner is applied to the paper. Heat is needed to a.ttach the toner 
to the paper. A frot zorw (not shown in Figure) is the pa rt of the pa.perpath where 
sheets can he sq11eezed. The frot zone is easily accessible for a user to remove sheets. 
Two types of edges of a. sheet are of special interest for the paper path . T he leading 
edge (LE), which is t he front edge of a moving sheet , and the trailing edge (TE) which 
is the back edge of moving a. sheet. If a sheet reverses its direction, the leading edge 
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becomes trailing edge and vice versa. Wi thin the pa per path sensors are used to detect 
t hese edges. These sensors detect wlwther or no t a sheet is present at t he locatio11 of 
t he sensor. T he sensors are usecl to monitor t he the position of sheets within t he paper 
pat h . A priori. a timing ta ble specifies the desired behavior fora sheet in the paper path 
which resnlts in a t rajectory (in time. position , velocity and acceleration). An example 
of a tim ing tablc is show11 in Table 2.1. For different sheet sizes, different timing ta bles 
exist. 

Table 2. 1: Example of a t iming table fora sheet 
Time Position Velocity Acceleration Comment 
[s] ['111m] [m.m/ s] [m/ s2

] 

0.0 0 500 0 Sheet enters t he paper path 
0.4 200 500 0 Detect LE at sensor a 
0.5 250 500 2 Start accelerating sheet 
0.7 :rno 900 0 Stop accelerating sheet 
0.8 480 900 0 Detect LE at sensor b 
. . . . . . . . . . . . .. . 

As can be see11 i11 Figmc 2.2 there are two choice points i11 the paper path. Choice point 
A is a "witch, whcre a sheet a rri ving frorn sensor c can go either towards sensor d or 
f. C hoice point B is a fi xed pa rt of the paper pa th. Sheets arri ve at this choice po i11 t 
from sensor d and t he direction of a ll t hese sheets is reversed in the turn track. T he 
posit ion of t he TE beforc rcversing (LE after reversing) at t he moment of the revcrse 
determines w here t he sheet is tnrnsported to. A sheet completely in the tu rn track is 
always transported to the duplex track to sensor h . A sheet of which t l10 TE before 
reversing still is in the part of t he paper pa th before choice point B when it 's direction 
is reversecl , wi ll cont i1111e to sensor e after t he reverse . How these choice points a re used , 
becomes c:lear with the explanat ion of t he 3 possible routes through this paper pat h. 
The sensors are usccl to indicatc the route of a sheet. 

Simplex 
T he sheet enters t he paper path and passes sensors a, b, and c. T he switch a t 
choice point A tra11sports the sheet towards sensor .f and the sheet output . T he 
sheet leaves an<l enters t hi s module with t he same side up (face up or face clown) 
and is pri11ted 011 one sidc . 

Simplex turn 
The sheet enters t he pa per pat h and passes sensors a , b, and c. The switch at 
choice point A tra11sports t he sheet towards sensor d and t he turn track. Before t he 
entire sheet bas passed choice point B , the sheet is reversed and starts traveli11g 
towards sensor r a ud the sheet output. The sheet leaves this module with the 
opposi te side up tha,t it cntered this module with and is printed on one side. 

Duplex 
The sheet euters t he paper path and passes sensors a , b, and c. The switch at 
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choice point A transports the sheet towards scusor d aud the turn t rack. Af"ter the 
ent ire sheet bas passed choice point B , the sheet is reversed and starts t raveliug 
towards choice point B . At choice point B the sheet is directed towards sensor 
h and i. Next it again passes sensors a , b, and c. T he switch at choice point 
A transports t he sheet towards sensor f and t he sheet out put . The sheet leaves 
and this module wit h the opposite side up t ha t it ente red this module wi t h and 
is prin ted on both sides. 

Now the routes of individual sheets are expla ined , also the scheduling of sheets can 
be addressed. Concerning the scheduling, the sheets enter the paper patb iu the same 
sequence as they will exit it . This means fo r example that a simplex sheet cannot 
enter the paper path later than a duplex sheet and leave it earlier. When sheets have 
different routes, sometimcs sheets have to wait bcfore entering the paper path , to ensurc 
this . The minimum distance between two succeeding sheets is fixed , for exarnplc at 50 
mm. The schcd uling of n Simplex sheets is sim ple: T he n sheets enter the paper path 
direct ly a fter each other are printed and leave the pa per path. The sched uling of n 
Simplex turn sheets is t he same. T he n sheets enter the paper path di rectly after each 
other. The sheets are scheduled such that there a sheet has left the t urn track before a 
new one comes in. T he sc:hecluling of n Duplex sheets can be done in two ways: Burst 
and Interleaved , as is explained below. 

Burst mode 
Burst mode mea11s tha t a t most m sheets enter t he paper path clirectly aJter each 
other. This is done in such a way that the first sheet c:omes out of the duplex 
track directly aftcr the m-th sheet. A burst of m sheets is repeated un t il a ll n 
sheets are printed . T he burst size m depe11ds on the length of t he paper path and 
the lengt h of sheets. For different sheet sizes , a d ifferent burst size may be chosen. 
The t iming table c:onstrncted such that no collisions occur and a high throughpu t 
of sheets is satisfi cd . 

lnterleaving 
Interleaving meaus that gaps a re created between sheets when t hey enter the 
paper path. The size of a gap is such , that an eutire sheet can fill this gap , taking 
into account the minimum distance between sheets . Af"ter sheets are printe<l for 
the first t ime, t hey fill t he gaps between the sheets that are not printed yet. In 
which gap a sheet goes, depends on the length of the paper path and the length of 
sheets. For different sheet sizes, a different gap may be chosen. The t iming table 
is constructed such that sheets fi t the ga ps. 

ext a small example of fi ve sheets to illustrate bm st and interleaving is disc ussecl . Iu 
table 2.2 and 2.3the sequcnce of the sheets is presented at the sheet input, the hot zone 
and the sheet output fo r both duplex modes. The first pass of the hot zone is indicated 
wi th a, the second pass with b. For different rout ings through the paper path , separate 
t iming tables exist . 
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Table 2.2: Scheduling of duplex sheets in burst mode, burst size m = 3 
Posit ion Sequeuce 
Entrance 1, 2, 3, gap, gap , gap , 4, 5 
Hot zone l a, 2a, 3a, lb ,2b ,3b ,4a ,5a ,gaµ , 4b, 5b 
Exit 1, 2, ~j , gap , gap , gap, 4, 5 

Table 2.3: Schcd uli ug of duplex sheets with iu terleaving 
Position Sequcnc:e 
Entrance 1, gap, 2, gap, 3, gap , 4, gap, 5 
Hot zone l a , gap, 2a, lb, 3a, 2b ,4a ,3b ,5a ,4b ,gap, 5b 
Exit 1, gap, 2, gap , 3, gap, 4, gap , 5 

2.3 Software 

User interface 
ompu er 

network 

Printer controller 

.. ------- --- --- ---- -- --- ---··········---·· ·············--- -------- --- ---.: 
Embedded software 

Manager 1 

r Fu;,-c 10~ 1 1 
1 ,.---'---.ic:; 1 
1-----.---1 
1 ,,.---'----.._ 1 

1 -----.--./ 1 

1 ,,_~----- 1 

1 -----.--- 1 

Functions 

·---- -···· ····· ·········-- -- -------- -- ------- ------- ----- - ------- -------

Hardware 

Figure 2.3: Software overvicw. 

In t his section , an overview of t he software concerning the transport of sheets in t hC' 
pa per path and the exception handling is presented. An overview of the comple te 
software is shown in F igure 2.3 . Jobs from t he users arri ve eit her via the user interface or 
vi a t he computer network. T he printer coutroller processes t hese t hese jobs and sends a 
command for each page to t he embedded softwa re . The embedded software controls t he 
hardware of the copier. Embedded software consist of mu lt iple managers and functio ns. 



2.3. Software 9 

A manager is responsible for managing a spccific task of the copier , i.e . planning, energy. 
For each page, the managers plau a sheet i11 t ime, by this is meant that a timing table 
specification is add to the page command and thi s is distributed to the fun ctions for 
execution . A functiou is respousible for a group of hardware components performing 
a parti cul ar function , i.e . t he paper path , the print ing proccss. The function executes 
commands from the managers. A fun ctiou is connccted to one or more managers. A 
function consists of the following component:-; : 

• Coutrollers. A controller haudles request for act ious, stat11scs aud sclects t he 
appropriate procedures to cxccute . 

• Procedures. A proced ure dcfines the bchavior over the devices. lt c:ontrols and 
directs devices to perforrn tasks. 

• Devices. A device controls a hardware dev ice a nd is connectf'cl to the physical 
world thro1 1gh I/ O ports. 

Print page manager 

.------ ---- ---- -- -- ····· ·········-------- ... --------- --------------------- ----------. . . 
Function: pap path handling 

Sheet controller 

Sensor devices Switch Motor devices 

0 ... @ device (D ... @ 

--- ---------------------- --- --- -------- ----------- ---- ··········-· 

Hardware 

Figure 2.4: Content:-; and sm rounclings of paper path hanclling function . 

The function of iuterest is the papf' r path hanclling fuuction and in particula r the sheet 
procedure, since the behavior is definecl in a procedure . As can be seen in Figure 2.4 
the paper path hanclling func:t ion is connectcd to the print page manager and to the 
hardware. Within this function 1111dtiple identical instantiat ious of the sheet procedure 
are present. The print page manager cornmuuicates with other functions and managers 
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(not shown here) to plan a sheet in time. Once a sheet is scheduled , t liis is con1111unicated 
to the functions . The sheet controller performs t his commuuicatiou wit h the print 
page manager in t he paper pat h haudliug func t ion. Ouce the controller is informeel 
that a sheet is sched 11led , the sheet controller starts a sheet procedure. This sheet 
procedure guides a sheet through t he pa per path commuuicating with the devices. These 
commuuicatiou consi sts of receiviug sensor informat ion a nd control of t he switches and 
motors. The devices trnnslate these commimications to the hardware via I/ O port s. 
Once a sheet has left t he pa per path. a sheet procedure can be reused for future sheets. 
Each sheet is guided trough t he paper path by its ow11 sheet procedure . The sheet 
procedure makes sure the sheet follows the predefi11ed tim iug table. 

In Figure 2.5 the contents of a sheet procedure is shown . This sheet procedure is 
according to the layout of the paper path as prese11 tcd in Figure 2.2. The sheet procedure 
waits for a commaud fro rn sheet control. This con1111and from sheet control contaius 
a ll necessary info rma tion for t he sheet procedure to have tlic sheet move according to 
the precleterminecl trajectory, 11amely the timing ta blc. Also is lrnow11 what the ro11ti11g 
for this sheet is in t he paper patlt. After receiving this con1111 ancl. the sheet prncedure 
starts pinch 1. This is clone by com municati ng wit h the dev ice for 111otor 1. Assumed is 
that each pinch bas its ow n motor. with the same id nrn11ber. Aftcr tltis. t he procedme 
waits for a LE detect io11 at sensor a. \ ,V !ten sensor a has detected the sheet. this is 
communicated via I/ O to the sensor device a nd to the sheet proccclttre. AftC'r checking 
the skewness and format of the sheet the sheet procedure controls 111otor 2. The sheet 
procedmes cont inues transport of its sheet trouglt the paper pat lt as is di splayecl in 
Figure 2.5. At t he choice point. t he sheet procedure selccts t lic a ppropriate choice 
to transport tltc sheet such that it fo llows its prcdetermincd route through the pa per 
path and operates t he switch. The three possiblc routings through the paper path as 
describecl in section 2.2 can be rccogni zecl in t!tc sheet procedure. The sheet proced ure 
consists of states. Each of the states in the figure either waits fora sc11sor or fora dclay 
and than contin11es with se11ding c:outrol a,ctions to the motors aud switch. 
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Wait lor sheet control 
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Wait lor sensor a LE 
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Wait lor sensor b LE 
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Wait lor sensor d TE 
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Wait lor sensor e TE 
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Wait lor sensor I TE 

Figure 2.5: Contents of sheet p rocedure . 
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Chapter 3 

Exception handling 

Exception handl ing is t he desired behavior of sheets in the paper path if an error has 
occurred . In t his chapter. first is ex plained what an error is. Af ter t hat the except ion 
halldl ing is discussed . 

3.1 Errors 

In t he previous cha ptcr , the desired trajectory of a sheet is specified usil1g a t iming 
table. For each sheet a piece of software, a sheet procedure, g11ides a sheet trough the 
paper path . T his sheet procedure always kllows the position of its sheet . At sellsor 
posit ions is checke<l if t he edges of t he sheet arr ivcs and leaves at the predefi ned times. 
If t he sheet is within a short t ime window aroulld the predefi ncd time. adjustments 
a re made such that the exact t rajectory will be satisfied again . If t he sheet is outside 
the ti me willdow, an error bas occ11JTed . Two d ifferent er rors cxist for t he clctcction of 
cliffcrell t eclges at a sensor : 

• LE error 
T he t ime wiudow for detectillg a leading cdge is passed . T he LE has not been 
detected. T he sheet has not arri ved at t he sensor posit ion in t ime. 

• TE error 
T he t ime window fo r detect illg a t railing cclge is passed . T he TE has not been 
detectecl. T he sheet h ru:; not lcft t he sensor posit ion in t ime. 

All error is repor tecl irnmed iately aftcr t he t ime window has eudcd . T he posit ion of t he 
sheet in t he sheet procedure might uot be equa l to the real posit ion of t he sheet. T he 
cause of the error remains unknown and is not of interest fo r excc pt ion handling. 

I3esicles errors with respect to t he cletection of eclgcs also other errors may occur. T hese 
errors are related to the d irnensions and skewness of t he sheet. Groups of sensors are 
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used to 1ueas ure the di111e11sio11s and skewuess. Up toa certain skewness, special pinches 
a re a ble to correct it . 

• Dimension error - too short 
The cletected size of t he sheet does not meet t he ex pected size. t he sheet 1s too 
short. 

• Dimension error - too long 
The detected size of the sheet does not meet the ex pected size, the sheet is too 
long. 

• Dimension error - illegal paper size 
The dct ectecl size of t he sheet is so short, that it is smaller t han the la rgest distance 
hetween two s11cc:eeding µinches. S11ch a sheet might ge t lost in the paper pat h. 

• Skewness error - too skew 
ThC' skcwness of a sheet is such , tha t it cannot be correcte<l a uyrnorc. The slil'd 
is likely to jam wheu it is transportccl furth er iuto t lw paper path . 

For the last four errors the position of the sheet in the pa per path is st ill accuratcly 
known iu the software . For all errors hokls t hat the error sheet is ma rkcd as error sheet. 
This is used for t he exccption handling. 

3. 2 Concept and goals 

In the previous section is explaiued what an error is and ltow these errors are detectecl . 
This is t he first step of the concept. Aft er t he error is detected . t he second step is the 
exceptiou handling: A stopping procedure tha t stops all sheets and leaves the printer 
in a safe state. The third step is t he recovery of t he error where t he user is helpecl by 
t he user interface removes stopped sheets from the paper path . For some severe errors , 
this ca11not be clone by the user , so a service mechani c: is caJled to fix the problem. Iu 
this report , t he focus is on the second step of the concept: The exceptiou handling. The 
t hird step. t he error recovery is not adclrcssed in t his report. 

If an error bas occ:urrcd , the exception ha udling desc ri bes the behavior of t he sheets 
in the paper path. The hehavior is suc:h , that the paper path is stopped , where t he 
followin g goals are purs11ecl . In order of priority these goals are: 

• Goal 1: Safety of customer and machine. 
Stop the paper path in such a way that no sheets a re stopped in the hot area or 
cause damage to the paper path. 

• Goal 2: A void service calls. 
Stop t he paper path in such a way that a user can recover the error and interven
tion by customer services is not needed. 
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• Goal 3: Conve nie nce use in recovery. 
Stop the pa per path in such a way that a uscr can recover from the error easi ly. 

• Goal 4: A void discarding of sheets. 
Stop the pa per path in such a way that correct sheets are transported to t he next 
mod ule if possible. 

3.3 Requirements 

Because of t he unpredictabili ty of errors and a ll t he possible positions of several sheets 
in the paper path , lots of situations for except ion hanclling exist. To deal with all t hese 
sit uatious a generalized concept is usecl : Protec:t ion of part icular areas in the paper 
path , stopping of sheets on positiorn; where they eau easily be removed by an operator, 
and uot stopping of sheets on borders or in the hot zone. These concepts combined 
wit h the goals preseutcd above res t1lt into specific behavior requirements for exception 
haudling. presented bclow. 

• Requirement 1: Prevent sheets from s topping the hot zone 

• Requirement 2: Stop sheets to preve nt further damage in the area of 
the e rror unless they are in the hot zone 

• Requirement 3: Prevent sh eets to s top on borde rs unless this would 
result in stopping sheets in the hot zone or unless s topping is prescribed 
by requirement 2 

• Requirement 4: Stop sheet s with incoming skewness above a certain 
threshold unless they are in the hot zone 

• Requirement 5: Stop sheets with incorrect dimensions sheet unless they 
are in the hot zone 

T hese requ irements can not be conflicting. Some of the requirements are weakened to 
sat isfy t his . It is uot st raightforward to determine if and where conflicts are. T his 
means that an ideal solu t ion might not be possible. For example a large sheet carn10t 
be s toppecl while not in the hot a rea a ucl preferably uot on a sliding border. The solution 
lies in choosing the most important requirement , based on the priorities of the goals 
presentecl a bove. T hough the requi rcments seem simple, due to mauy sheet formats , 
ro t1 tes aud schecluli ug possibil ities t he rcsulting beltavior contra] is complex. 

To surnmarize, exception haudling concerns the stopping of the pa per path af"ter an 
error has been cletected . After stopping the paper path , t he exception handling concept 
is completed by gat hering and prcsent ing information on all remaining sheets in the 
paper path to the uscr together with instructious how to remove them. Preferab ly 
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these sheets are on locations that can be easily accessed by the user. This thesis ouly 
concerns the detec:tion of errors and the stopping of the pa per path , the tll anual error 
recovery is not taken into accom1t . 

3.4 Current solution 

In this section the current soln t ion for exception handling in discussed i11 111ore detail. 
The solu t ion can be different for each error. The genera! concept of exception handli11g 
for one error of the current so lu tion is discussed next. 

• After the error has occurred the pinches near the error location are stopped , if 
th is doesu 't lead to stopping sheets in the hot zone. 

• The error sheet id and which error are communicatecl to other sheet procedures. 

• These other sheets decide for t hemsclves basecl on position and in formation . if 
aud what except ion handling is necessarily. for exai nple , stopping or rerouting. 

Beca11se of stopped pinchcs also other sheets stop aud a lso errors on these errors a re 
detected. These sheets also stop pinchcs 11ear their error location and communicaJe 
their iel to the other sheets . Th is leads to a cascade of errors and stopping of sheets. If 
possiblc . non-error sheets are Hushed towa rcls locat ions where they can easily removed 
by an operator. 

In Figurc :u the conte11ts of the sheet procedure is expanded with the cxccption hau
dling. In cach state where an error is dctectecl a lso the stopping of the appropriate 
pinches is cont rollecl. In t he Figure t his is inclicatecl by 1. The cornmunicat ion of the 
error shel'ts is clepicted with green arrows. The iucorni11g commu11icatio11 from other 
sheets is showu with red arrows. Based on which error , whi ch error shect(s) and its 
current position, more exceptiou hanclliug is specified in a ll states, which is iuclicated by 
2. This specified exception handling is conditional, whid1 means tha t based on availablc 
informat ion a choice for pa rticula r except ion handling is made. The specihcd except ion 
handling a t each numbcr in the figure might be different. s i11cc other exceptio11 handling 
and co11clitio11s may apply. 

3. 5 Development 

In th is section the devclopment of a prin te r with respect to the software of t he pa per 
path and t he' cxceptio11 li andling is di scussed. The devclopment of the paper path 
software is a cyclic process. The first step of this process is t he derivatio11 of timing 
tables, basecl 011 the desig11 of t he paper path. Happy F low [Bec:07] is a modeling tool 
used for th is step . Using this tool, engi11eers manually derive the timing tables, which 
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Figure 3.1: Co11te11ts of sheet procedure wit h except iou handling. 

17 



18 Chapter 3. Exception handling 

is time consuming. The secoud step is t he translation of the timing tables iuto software 
code (the sheet procedures) . This is donc by hand and is a lso a ti me consuming task. 
Only aJtc r the sheet procedures have been tested on a prototype of the printer, the 
third step , the exception hancl ling eau be derived added aud tcstcd . The third step 
a t itsclf is agaiu a cyclic proccss. Each of t he steps defincd a bovc clcpeud heavily on 
previoits steps. The timing tables dcpend on the design of t he paper path , the sheet 
procedme depeuds on t he t iming table a nd the exception handling clepends on the sheet 
procedure. 

T he t hird step, the derivation of t he cxception handling cousists of determining the 
desired behavior with respect to the reqnirement for t he sheets iu the paper path when 
errors occur . By hand is detcrmined which component instructions yield the correct 
bchav ior of sheets in the pa per path . These instructions are addcd to the sheet pro
cedm c aud next is testecl if t hese iustructions yield the expcctcd hchavior and if the 
req11irements are violated or not. 11 elations between these instrnctious and bchavior of 
sheets are not trivia! and are discovcrcd by tcsting. For each error ot li cr exccpt ion han
dling is defined . This exception ha ndling is conditional. This means that the exception 
haudling may depend on the total state of the paper path. for exampk t he position and 
sizc of sheets and the position of switches . These condi tiona l instruct ions tllake it even 
harder to understand the relation bctwcen t he instructions and thcir resulting behavior. 

Eeuw se of t he high number of cycles of the sheet procedure derivati on and the exception 
haudling clerivat ion , the dependcnc:ies of the sub-processes, and the manual execution 
of steps, printer development is time consuming. Besides t hat. the devclopment in
volves several engineers from different disciplines and infornrnl docu1ncnts , which makes 
co111m1wication difficult. T he exception handling instructious are aclcled to the sheet 
proceclmc, whereas the desired cxceptiou handling behavior tnwscencls t he sheets . Un
fortunatcly, the derived instructions a nd bchavior are printer sµccific , so thcy cannot 
be rei tsecl for other printers . 

Problem statement 

T he problem statement for whicb t his st udy addresses solu t ions: 

1. T he informal behavior rcquirements lead to misconception and 111ore communica-
tion loops. 

2. The distributed co11trol concept uoeu not fit the in tegral bcbavior rcquirements. 

3. T he software is coded by baud. 

4. T he incrcmental except io11 handling design is hardware basccl. 

5. The softwa re is not rcusablc for other printers . 



Chapter 4 

Signs 

A new approach for except ion handliug is discussed in t his chapter. First , the new 
a pproach is cxplained. Second , the software archi tect ure for this approach is discussed . 
Finally, t he clevelopmeut of this approach and its relation to t he total printer clevelop
lllent is aclclressed. 

4.1 Signs approach 

The new approach for tlie exception handling concept is based on signs that provide 
iustruct ious to sheets. These signs ouly exist in the software a ud are positioneel along 
the paper pat!t . Signs are a lways in exact ly one mode and severa l different modes exist. 
Depending 0 11 t he modC' of the sign and t he posit ion of the edges of the sheet with 
respect to the position of the sign , instrnctions for stopping apply to the sheet. Sheets 
a re expected to behave as t he instructions prescribe. The goal of t his cxcept ion ha!ldling 
a pproach is to stop sheets i11 the paper path using t !te signs in case of an error. Several 
modes of sigus are discussed below. 

• Mode free . 
This mode means that there are 110 stopping iustruction for sheets. 

• Mode stop. 
This mode means that there are stopping inst ruct ions for sheets . Sheets t hat cover 
the location of this sigu ( the LE has passecl the sign location and the TE bas not) , 
are expected to stop as soon as possible. Sheets that approach this sign (the LE 
has not passed the sign location) are expected to stop, such that the LE stops at 
the position of the sigu. Sheets that do not meet the locat io11 requirernents, are 
expectecl uot to stop. 

• Mode block. 
This mode means that there a re stopping instructions for sheets. Sheets that 
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a pproach this sign (the LE has not passed the sign location) are expected to stop, 
such that the LE stops at the posit ion of t he sign . Sheets that do not meet t he 
location req11irements, are expected uot to stop. 

• Mode frot. 
This mode 111eans that are iustructions for sheets. Th is mode can on ly be set on a 
sign at the end of a frot zollc. When the sigu is in ruode frot , the part of the sheet 
iu the frot zone is squeez-;ed . This is clone by stopping the pinch at tlw end of the 
frot zone and forcing the the pinch in the beginning of the frot zone to cont inue 
transporting the sheet. 

It is possible t hat a sheet gets irn;tructions frorn rnultiple signs and that t hese instru c:
tions are conflict ing because t he distance of two succeed ing signs is small er than the 
length of the sheet. For examplc, a sign instrncts the sheet to continue and anothcr 
sign instrncts t he sheet to stop. This is dealt with in the following way: Any stop 
instruction overrules a l I continue (free) instructions and also au iustrnction to stop as 
soon as possible overru les an instruction to stop on a particular location. 

In a.ddition to t he signs two addi t ional rules are defined. The firs t mie is that a sheet 
a lways satisfies a minimum distance with respect to the sheet directly Îll front of it . If 
the distance betweeu two sheets is below the prcdefinecl minimum intershcct distance 
the baclrn1ost sheet is instructcd to stop. The second rulc is that a sheet always stops 
immecli a tely if the sheet direct ly in front of t he sheet is an e rror sheet. \Vhich sheets 
are error sheets is detected in t lw first step of the exceptiou handling coll cept and this 
information is assumecl to be shared between all sheets . 

In order to solve the stopping of sheets at locatio11s they a re not supposecl to stop ( for 
exam pl<' a hot zone), all stop inst ructions are neglected whe11 any edgc of a sheet is 
with i11 such a w 11 e. T his behavior is incluclecl in the sheet proced ure and does 11 ot 
influe11ce the genericity of this approach. If t hi s exception is made, is based on the 
priority of goals and requirements (Chapter 3). In this approach instructio11s are based 
on sheets. The sheets are assu 1ncd to control piuches such that these instrnctions are 
satisfied . The rules presented above form the base for the new a pproach for exception 
handliug. This base is suitablc for extensions, for examplc adclitiona l modes for signs, 
or couditional instructions based 011 sheet leugth. 

4.2 Software 

In this scction is disc 11ssed how the approach preseuted above can be transformed in to 
software. First the c:om111unicat ion between sheet procedures and the signs is discussed . 
In Figure 4.1 the paper path lmndling func t ion is shown . Previously t lw proced ures 
consisted on ly o f sheet procedures . Now also the signs a re present. Sheet procedures 
comnrnuicate which error has occurred to the signs. The signs a re put in the appropriate 
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mode for ead1 error based on a lookup table . A lookup table holds information on what 
mode to pu t on which sign for which error. A sma ll example of a lookup table is 
presentecl in Table 4.2. The mode of the signs is comnwnicated to the sheet procedures. 

Sheet 
procedure 

Sheet controller 

Procedures 

Devices 

Sheet 
procedure 

Figure 4. 1: Contcnts of paper path handling functiou . 

Ta ble 4. 1: Exam ple of a pa r t of a lookup table 

~ b 1 2 3 4 5 .. . 

1 black stop ... 

2 black black stop ... 

3 black block stop stop .. . 

4 block block black stop ... 

. . . . . . . . . . .. . . . . . . . .. 

In the exarnple lookup Ta ble . 4 errors and 6 signs are considered. vVhc11 error 1 occurs , 
t he lookup ta ble sets sign 1 in mode black and sign 2 in mode stop. T he other signs are 
not changccl . Whcn looking in columns can be sceu which modes occm for each sign . 
When multiple errors occur, a conflict betwee11 what mode to set a sigu may appear. 
This is solvcd by defining mode stop as the comrn and with priority over mode black. 
For exarnplc if first error 3 and next error 4 occ: urs , sign 4 first will be set to mode stop 
and next it wil! stay in mode stop. If first error 4 and next error 3 occ urs , sign 4 first 
will be set to mode block and next to mode stop. 

In Figure 4.2 the sheet procedure adapted to the signs approach 1s presented. Most 
states of t he sheet procedure hold error detection. Whic:h error and which error sheet is 
directly com111u11icated to the other sheet procedures and the lookup table . As discussed 
above, the lookup table sets the a ppropriate modes on signs. The mode of signs is 
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--...::::::;,.~ . I other sheet 

procedures and 
lookup table 

F igure 4.2: Contcnts of sheet procedure with except iou li andling using signs approach. 
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conununicated to t he sheet procedures. Each sheet procedure now contains a stop 
function . T his function determines based 011 availa ble information if t he sheet should 
stop or not. The specific condi t ions for stopping based on this informat ion is discussed 
in t he previous section. If a sheet shoul<l stop or not is based on: 

• The position of the edges of the sheet 

• The length of the sheet 

• The posit ion of the signs 

• T he mode of t he signs 

• Which sheet is di rectly in front of this sheet 

• The posit ion of t he TE of t he sheet clircc:t ly in front of t his sheet 

T he stop func:t ion decides if a sheet sho 11l<l stop as soon as possible or at a part icula r lo
cation , and communic:ates this to all states in the sheet procedure. T hese states are a ble 
t.o deal with stop requests and co11trol pi11c:hes ::; uc:h that the sheet stops a ppropriately. 

4.3 Suggested development 

Using the new approach and t he soft ware implementation as suggcsted a bove the de
vclopme11t of the except ion ha udling rnnccpt is, to determine t he posit ion of t he signs 
and in whi c:h mode to pu t signs when which error oc:c:urs . A part icular sol11 t ion can be 
tcsted on a prototype version of a printe r wi th t he sheet procedure ada pted as desc:ribed 
in t he previous section. If t he behavior of t he sheets in the pa per path i::; not as de::;ired , 
t he positions of the signs and the look11p tablc have to be changed such t hat the desirecl 
behavior is met. Ad vantages of t his new a pproach are that the signs approach is easy 
to unclerstancl . Furt hermore the developrncnt cyc:le is short. It i::; easy to make cha nges 
to t he lookup table and/or the positions of sign in order to satisfy the desircd behavior. 

T he signs approach is les::; sensi t ive for changes in timing of sheets or in the design of 
t he printer. T his is bec:ause of t he ::;ign::; a pproach is generic, flexible and simple . Once 
the sheet procedure has been ada pted fo r t he signs approach , q ui c:k developmcnt cyc:les 
are used to derive the appropriate except ion handling behavior. Also this a pproach is 
sui table for reuse in other printers. T he sheet procedures now long have specifi c but 
generic cant.rol fo r stopping sheets. 
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Chapter 5 

Case 

In t his chapter t he signs approach is testccl on a case. To do so, a pa per pat h and t he 
new approach for exception hancll ing have heen moclelecl in CIF . In the first section t he 
case is expla ined . Next , t he moclels are cli sc:usscd . T hese models a re uscd for simulation . 
T he results of t he simulations are showu iu section 5.5. F inally so11 1e concl usions are 
presentecl. 

5 .1 D escription 

__v_ Sensor 

<--~ 
Border 

<--~ 
Hot zone 

Border 1 Hotzone Frotzone Border 2 <--~ 
Frot zone 

<~ 
~ 

'SZ 'SZ 'SZ 'SZ 'SZ 'SZ 'SZ 
0 2 3 4 5 6 

F igure 5. 1: La.yout of t he paper path . 

Iu Figure 5. 1 the paper path used iu this case is shown. This paper path has seven 
sensors, two borders, a hot zone, and a frot z011e. There are no branches iu t his pa per 
pat h , so only one route t hrough the pa per pat h is possible. Pinches are uot shown in 
t he F igure. Assumed is t hat sheet proced ures a lways can control t he posit iou aud speed 
of sheets. In this case fourtee n er rors are co11sidered. Two errors fo r t he two eclges fo r 
a ll seven sensors. T he odd error munbcrs corrcspond with the LE errors, t he cveu error 
munbers correspond with TE errors. E rrors c:oncerni ng wrong dimensions and skewness 
a re not taken into account. T he goal of t his case is to determine wherc signs should be 
located and in which mode these signs should be set in case of which error , suc:h t hat 
t he requi rements fo r except ion handling (see scc:tiou 3.3) are satisfied. 
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5.2 Derivation of exception handling 

In t his section is expla ined how the excep t io11 han<lli11g is derived. For each of t l1C' 
fo ur teeu errors the location of signs and in what mode to set thern if that error occ urs 
is sdectcd. Next this exceptio11 handli11g is iu1plemeuted iu the model (discussed iu t he 
next section) a nd tested is if the behavior o f the sheets does not violate the requiremcuts. 
Most likely not a ll errors result in t he desired behavior , so cha nging the sig11s and 11si11g 
the lllodd to test t he behavior is repeated until the behavior is satisfactory. 

A total of ten sigus is used , six at the locations of tl1e sensors (excep t sensor 3) , three 
at the en t rances of t he borders a nd the hot zone. and one sign at the end of the fro t 
zone. T he paper path with t he sig11s is show11 in Figm e 5.2. 

___:sz_ Sensor 

<--~ 
Border 

<--~ 
Hot zone 

<--~ 
Frot zone 

Border 1 Hot zone Frot zone 

<~ <- -- -- ----- ---- ➔<- -~ 
Border 2 - ,- Sign 

<~ 
~ 

0 2 3 4 5 6 
~ 

î ,î :sz 
1 

V 
1 1 î tÎ î 

23 4 5 6 7 89 10 

Figure 5.2: Layout of the paper pat!t with signs. 

The sett ing of modes on signs in case of errors is presentcd in the lookup table. In thi s 
ta blc t he fourtecn errors and ten signs a re shown. This table is t he result of severa l 
iteratio11s. For signs 2, 5, and 8 at t he beginning of the zoues ho ld t hat these sig11s a re 
set in lllode block when the location o f t he c1-ror is afte r the location of these sigus . 
T his a lso holds for sign 6 at t he end of t he frot zoue. Signs 1, 3, 4, 7, 9, 10 a re placcd 
at sensor locatious. The sign at the sensor t hat cletectccl t he error is pu t in mode stop. 
Bcsiclcs t he s igns aJso the stopping of sheets in case its preceding sheet is stopped or is 
:=ui error sheets co ntribute to the correct stopping behavior. 

5.3 Modeling 

The CIF2 laug11agc is used to model t he case described above. The complete syntax 
of t he CIF2 modeling language is specifiecl in rai lroad diagrams [Henlü]. T he> 111ost 
importa nt ele111e11ts a re discussecl a utomata, locations aud edges. A CIF model consists 
of parallel automata. Each automaton cousists of at least one location. Edges co1111ect 
locations within a n a utomaton. A CIF model in genera! a lso holds actions a nd variables . 
W hicl1 a utomata control variables is modclecl explici t ly i11 CIF. 



5.3. Moc/Pling 27 

Table 5. 1: Look up table 

~ 2 3 4 5 6 7 8 9 10 . 1 

1 stop 
2 stop 
3 b lock stop 
4 block stop 
5 block stop 
6 block stop 
7 block b lock frot 
8 block block frot 
9 block b lock frot stop 
10 block bloc:k frot stop 
11 bloc:k bloc-k frot b lock stop 
12 bloc-k b lock frot block stop 
13 b loc:k b lock frot b lock stop 
14 bloc:k block frot block stop 

r " r 'I r " 
linearize compile 

CIF2 ASCII - CIF1 ASCII - CIF1 care - -
cifascii2_cifascii1 cifc 

"'" 
~ \.. ~ 

"'" 
~ 

\.. 
example.cif 

~ 
example_lin .cif \..example_lin.core.cifx~ 

\.. ~ 

Figure 5.3: Toolchain. 
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In Figure 5.3 t he toolchain used in this thesis is shown. Models of the paper path 
are written i11 CIF2 ASCII . CIF2 ASCII has a user friendly and easy to uuderstand 
syutax. T hough a simulator for CIF2 is under construction , it is not ready yet at 
t he t ime this thesis was written , so the CIFl simulator is used . In order to use t hi s 
simulator, first the CIF2 ASCII model is transfonnecl to a CIFl ASCII model. T hi s 
model transformation is onc of the t ranslat ions bctween two languages, in this case 
CIF2 and CIFl. T he cifascii2_cifascii1 c:om mancl perforrns this translation and 
also liuearizes the model. In this context li nearizing 111eans that the model is reduced 
to a single automaton with a single locat ion. How t his is done is described in a.o. t he 
t heses of Engels [Englü] and Fonteijn [Fonll ]. T he next step of the toolchain is to 
compile the CIFl ASCII model to a CIFl core model using the cifc command. A 
CIFl core model can be used for simulat ion . 

In Appendix A the full CIF model for this case inclucling the der ived exception handling 
is shown. In t his scction t his model is explained step by step. Values for lcngt h or size 
a re i11 c:entimetcrs. 

Model: Pape r path 

T he model cousists of sevc 11 parallel a utomata. Four automata PaperX cach represent 
011e sheet in the paper path. T he a utornaton Setsigns holcls t he lookup table a11d sets 
t he signs in the appropri atc mode whcn an error bas occurre<l. Automato11 Sequence 
makes sure the sheets start in the rigl,t sequence and a lso obey the intersheet starting 
distance. Automaton Usecase is usecl to changc the sett ings at the begi11ni11g of a 
sin111lation and determines based on these settings when errors oc:c:ur and are detectcd . 
T hese seven a 11 tomata share scveral actions and var ia bles. Iu the Appendix t he model 
dec:laration is at li11es 14 to 39. 

Automaton: PaperX 

T he PaperX a utomaton models one shect in the paper path. Within the a 11 tornaton is 
chccked if t he slicet should be frotted , stoppecl or startecl and also if it is in t he hot 
zone. Within these checks also the modes of the signs are incorporated. Based on t he 
checks the a utomaton sets t he speed of the sheet . As t ime progrcsses, t he posit ion of 
the sheet increases, if it has a positive speed. T he derivative of the posit ion of the LE 
of the sheet is t he speed. The position of the trailing edge of a sheet is equal to the 
positio11 of the LE minus t he length of t he sheet. The sheets a re assmne<l to be ablc to 
start and stop immediately. In the Appendix the PaperX a uto111aton is a,t lines 41 to 
99. 
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Automaton: Setsigns 

T he Setsigns a ntomaton sets t he signs when a11 error has occurred. Based on which 
error has occurred the a utomaton sets t he signs according to the lookup table. T he 
lookup table is incorporated in this a utorn aton . T he variables represent ing the signs 
a re controlled by t his automaton. In the Appe11dix t he Setsigns a utomaton is at lines 
101 to 130 . 

Automaton: Sequence 

T he Sequence a utomaton determi nes t he sequcnce in which the four sheets are started. 
Fm t hcrn1ore this a utoma ton makes sure t hat t he in tersheet start ing d istance betwecn 
sheets is rcalized. T he intersheet sta rt ing d ista11cc is t he d istance between the TE of 
t he preced ing sheet and t he LE of t he cu rrent sheet . In t lw Appendix the Sequence 
a utomaton is at lines 132 to 144. 

Automaton: U secase 

T he Usecase a utomaton is used to set a ll ki11ds of parameters for simulat ion co11 ve
nic11ce . These parameters are: T he size of t he sheets, T he intersheet starting distancc , 
T he sensor at wh ich an error is going to occur, T he edge at which the error is going to 
occ ur, a nd T he jamming distance. T he jamming distance is t he d istance between the 
ja 111ming posit ion of t he edge t hat is s11pposed to jam and the posit ion of t he sensor 
t hat is going to <letect the error. T hree predefi 11ed sets of simulat ion parameters can 
be selccted using the UC actions. T he Usecase a 11 tonrnton abo controls t he occurrence 
a ucl dctection of t he error. In t he Appendix the Usecase automaton is at lines 146 to 
204. 

\,Vit hiu t he model, the posit ion of t he sheet accord ing to the software is modeled. After 
an error bas occurred it takes some t ime bcfore t he error will be detected. At t he 
moment the error occurs the posit ion of the sheet is remembered in the model. Sincc 
t he error is not detected the software and the model assnme t he sheet is sti ll moving. 
T he moment of detect ion of t he error is when t he edge of t he error sheet should have 
bce11 dctccted at t he sensor. Assumed is t hat sheets can star t and stop instantaneously. 

5.4 Simulation 

T he 1uodel as ex plained in the previous section is now ready for simulat ion. T he CIFl 
simulator is called using the simcif command. T his simulator has an automatic aud 
ma nua l mode. In manua l mode the si mulator wri tes to t he screen which transit io11s 
i11 t he model are allowed . T he user can chose one of t hese transitions by selecting the 
corresponding nu mber on t he keyboard . T his t ra11sit ion is executed by the simulator. 
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T he process of di splaying all possible transit ious is repeated. T he user can the manual 
mode to step trough the model. In a utomatic mode choice::; a re a utomatically made 
by t he simulator. T he simulator has buil t-in funct ionali ty fo r plotting graphs aud 
visuali zi11 g a uto1nata. T his simulator is extended wi th a bu tton panel and a visualizat ion 
as is shown in Figm e 5.4. 

r ..... h T c osen trans1 10n r " r ..... -

Button panel text Simulator locations, variables Visualization --
l'I.. ~ possible transitions ~ pipe with text "" 

buttons.py - simcif visualization.py 

"" ~ text '- ~ '" ~ 

F igure 5.4: Simulation. 

In t he 111iddle the CIF l simulator is shown . Via a pipe, t he simulator sends the states 
of t he a utoma ta and the name and va luc of a ll va ria bles to t he visualizat ion . T he 
visuali zat ion is generatad by a python script t lrnt parses t he textual inpu t . Based on 
t he iuforn1at io11 from the pipe a figure is drawn. For diffcreut values of parameters, 
items in t he figure are d rawn on other posit ions or in othcr colors. T he visualization 
helps to 11uderstaud the current state of t he system, espccia lly if t he user doesn 't have 
to k11ow t he mc1:ming of a ll states and varia bles. Another addi t ion to the simulator is 
t he bu ttou paucl , generated by auother py thon script. T his pythou script receives t he 
output from t he simulator which usually is wri ttcn to t he screen, see Figure 5.5. For 
each tnmsit ion in the model a bu tton is preseut 0 11 t he bu tton pa uel. The buttons of 
a ll t ra usit ions that a re allowed a re eua blcd , t he otlter bu ttons are disabled. T he bu tton 
panel wit h ena bled and d isabled button is preseuted on screen to the user. The user 
can select one of t he cna bled bu ttons. T he a ppropriate trnnsition is selected and this 
is comlllunicatcd from the bu tton panel to the simulator. T he button pauel provides a 
clea r overvicw of a ll trausit ions and whi ch of t hese are euahlcd . T he button panel a lso 
has fum:t ionali ty for t he a utomatic selectiou of transit ions. The automatic mode eau 
be switched on and off wit h a checkbox. A set of t ra usit ions is selected for which t he 
a utomatic mode a,pplies. T hese selected tra nsit ions a re executecl a utomatically by t he 
buttou panel when the a utomatic mode is turncd on. T he bu tton panel provides t he 
user a couvenient way of steppi ng t hro11gh the model. 

T he first colun111 holds all transit ions to configure the simu lat ion. The first two are 
used to increase a 11d decrease the size of all four sheets. T he third and fourth button 
are used to increa.se and decrease t he intersheet start ing clistancc. The fift h and sixth 
huttou are used to select at which sensor t he error occurs . T he seve nth button is used to 
select at which edge of the second sheet the error occurs. T he eight h and ninth button 
a re used to incrcase and decrease the distance beween the occurrcnce of the error and 
the detection of the er ror. The three usc case bu t tons are used to select preconfigured 
sets of ini t ial sett ings. The 'Star t' bu tton confirms all ini t ial settings. The 'Again ' 
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lnitial settings 

Size plus 

Size min 

lssd plus 

lssd min 

1 Error sensor plus j 

1 Error sensor min ] 

j Error edge switch j 
j Jam distance plus j 

1 Jam distance min ] 

Usecases 

Usecase 1 

usecase 2 

Usecase 3 

Simulation D Auto 

Start Actions 

Again 

Errors 

Figure 5. 5: Scrcenshot of button panel for the case. 
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button resets the simulation. The 'J am ' button is used to simulate the occurrencc of 
t he error. The 'Detect' bu tton means the detect ion of t he error and the 'Set signs' 
button sets t he a ppropriate modes on the signs after an erro r bas bee11 detected . T he 
third column holds all transitions that occur automatically when the a uto checkbox is 
checked . A 'ta u ' transition is a transition with no sµecific meaning. T his is the res,tl t 
of t ransforming from CIF2 to CIFl. T he 'start sheet' buttons are 11secl to start t he 
corresponding sheets. T he 'Time step ' button makes the simulation do a t ime ste p. 

In F igure 5.6 a screenshot of the visualization is shown. In the figure, t he ten signs, seven 
sensor, borders , hot zone, and frot zone a re shown. T he color of t he signs corresponds to 
t he 1110de it is in. G reen = free, Red = stop, Orange = block, and Blue = frot . Moving 
sheets are displayed in blue, stopped sheets are displayed in µurpl e. The locatiou at 
whi c:h sheet 2 jammed is d isplayed iu red , just a bove the paper path . In the text below 
the paper path the sett ings are d isplayed. From t hese sett ing can be c:oncluded t hat 
for t he case showcd in figurc t he LE of sheet 2 jarnmed 10 cm before seusor 2 (shown 
i11 red ). T he clctect ion of t he error oceurred whcu the LE of sheet 2 reached sensor 2. 
At that moment in time the signs are set. Sheet 2 stopped because sigu 4 tells it to do 
so. Sheet 3 is stopped beca use error 2 is the error sheet . Sheet 4 is stopped bccausc 
it rn a i11tai ns a 111inimum i11 tcrsheet dis tance of 5 cm to sheet 3. Sheet 1 receivecl no 
iustructions from signs or other sheets so transport is cont inueel. 

5.5 Results 

In this sectiou , the res11l ts of one 11se case are discussed. T he screensliot of the vis11 al
izat ion in t he prC'vious section is taken at t ime 231.9. The visualizat ion is a mov ic in 
whicl1 papers run trough the paper pat h. This movie gives a good insight in how t he 
sheets behave. In th is report t his is representecl by a graph where t he position of t he 
LE of t he sheets is plotted aga inst simulated t ime. 

In F igure 5.7 t he position of the LE of four sheets is shown as t ime progresses iu t lw 
model. At time O sheet 1 is started. At t ime 35 sheet 2 is started. T his is because the 
length of the sheets is 30 cm and the iutersheet startiug dista nc:e is 5 cm. Sheet 3 and 
4 a re started on t imes 70 and 105 respectively. The LE of sheet 2 jams 10 cm bcfore 
sensor 2. T he posit ion of sensor 2 is at 80 cm and sheet 2 is started a t time 35 so t his 
is at time 35 + 80 - 10 = 105. The jam is detected by sensor 2 at t ime 115. Also at this 
time the signs and error sheet are set. Sheet 2 is stoppecl by sign 4 which was set to 
mode stop. Sheet 3 is stopped because sheet 2 is the error sheet. Sheet 4 stops because 
it nrnintains t he minimum intersheet clistance. In t his use case the intersheet star t ing 
dista11ce is equa l to the iutersheet distance so the succeeding sheet stops immediatcly if 
its preclecessor stops. Sheet 1 is uot stopped by any signs or pre<lecessors so it conti nucs 
and lcaves the pa per path at t ime 330. T here are no sheets stopped in the hot zone. but 
sheets are stopped on border 1. T his is because stopping error sheets is more important 
t he11 clearing t he border. 
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Figure 5.7: Positions of t he LE edgcs of 4 sheets. 
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Sinrnlations were performed for all errors with differeut sett ings of the parameters. If the 
behavior of the sheets violated the requirements, the exception handling was adapted. 
For the current excep t ion handling settings no violat ion of requirements was observed 
for lots of different parameter settings. There is no µroof that there does not exist a set 
of parameter settings for which the requirements are violated. 

5.6 Conclusions 

The model of the paper path is sui table for determiniug exception handling and to 
check using the visualization if the requirements are violated . The visualizat ion is a 
very useful way of cornmunicating the behavior of sheets. Tlw modeling approach is 
suitable for modeling different paper paths. The model eau be expanded for paper paths 
with branches and/or loops, also the starting aud stopping of the sheets can be added 
in more detail. 

The most important advautage of thC' mo<lel is that now a tool is availablc for exception 
handling. T his decouples the dependence of the devclopment of the exception handling 
from a ll otlwr developlllent proc:ess of the printer. The exceptio11 haudling derived using 
this model can easily be implemented in the software. 

The model and simulation presc11tecl above whcre used to determine the lookup table 
presented iu Section 5.2. 
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Chapter 6 

Conclusions 

A forma! framework is proposed for modeling of errors and exception handling iu high
tech machines. The framework is based 011 the hybricl modeling language CIF and the 
accompanying toolset . The approach is illustrated by modeling error haudling of a 
paper path that incorporates a ll relevant aspects of a high-tech printer. A sirnulat ion 
and vis11alizat iou environment bas been clevelopecl on wbich several possible scenarios 
are tes ted. Aclvantages of t he new a pproach are proper commuuication, the possibi lity to 
clerive exception handling earl ier in t he clevelopment process of a printer , the rensabi lity 
for other printers , and that t he implementation of the approach is generic: i11stead of 
the current specific approach . 

6 .1 R ecom m endations 

The framework proved vcrsatile a ud up to the c:hallenge. St ill , t here are features that 
require further attention: 

• The model of the pa per path cornprises a fixed number of pa per sheets. A more 
genera! approach is ueeded. The approach was partly clictated by the olcler version 
of the simulator tha t bas been ern ployed . 

• Tlie paper path that is considered is linear. To be able to convenient ly model 
branching and looping paper path, sorne advanced modeling features a re necessary. 
Oue optio11 is to employ supervisory control to coordination the normal flow of 
paper sheets. 

• More detailed modcling of tlie motors and piuc:hes can be employee! that consider 
also acceleration / deceleratiou of sheets. 

• The model can be translated to othcr languages 111 order to perform automatic 
ver ification . 
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• T he dyuamics of the paper sheets can be clirectly cleclucecl from the timing tables, 
insteacl of having to model it explicit ly using cl ifferent ia l equat ions. 

• Errors are currently iut rocl 11cecl by noncletenninistic la beled t ransitions. One eau 
also model uncertainty in the timing and detect t he errors on t he fl y. 

• In the current model is abstracted from the behavior of frottiu g of sheets. 

• The tookha in can be upgradecl to work wit h the CIF2 simulator . 
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Appendix A 

CIF2 code 

con s t array (7 , r ea l ) sensorpos = array ( 25 . 0, 55 .0 , 80 . 0, 120 .0 

rea 1 sign0lpos 
sign02pos 
s ign03pos 
sign04pos 
sign05pos 
sign06pos 
s i g n07pos 
sign08pos 
sign09pos 
sign l0po s 

25 .0 
50 .0 
55 .0 
80.0 

100 .0 
150 0 
175 .0 
200 .0 
205 .0 
250 .0 

, 175 .0 , 205 0 , 250 .0 ) 
borderlpos 50 .0 pppsize 
b o r d e r 1 s i z e 1 0 . 0 md 
h zpos 100 0 misd 
hzsize 
frot po s 
frotsi ze 
border2pos 
border2size 

40 .0 
150 . 0 

10 .0 
200 .0 

10 . 0 

300 .0 
0 . 1 
5 . 0 

14 model Paperpath () = 
15 I [ act Pl , P2 , P3 , P4 , S i zePlus , SizeM i n , l ssdP\us , l ssdMin, EsP\us 
16 EsMin, EeSw i tc h , JamdP \us, Jamd Mi n, UCl, UC2, UC3, Start, Again 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
;{4 

35 
:36 

11 

11 

11 

11 

11 

11 

disc real 
disc nat 
var real 
disc str i ng 

PaperX 

PaperX 

PaperX 

PaperX 

S e tsigns 

Sequen ce 
Usecase 

Jam , Det ec t , Se tSign 
L = 3 0 .0 , issd = 5 . 0 
error = 0 , fv = 5 
T El , TE2 , T E3 , T E4 
sign0l " free ", sign02 
s i g n04 " free ", sign05 
sig n 07 " free " , sign08 
s i gnl0 " free " 

" fr ee", sig n 03 
" fr ee ", s ign06 
" fr ee", s i gn09 

" free " 
" free " 
" free " 

Pl , Ag a in , L , issd , TEl , TE4 , 1 , fv , sign0l , s i g n0 2 , s i gn03 
sign04, sign05 , sign06 , s ign07 , s ign08, sig n 09 , sig n 10 ) 
P2 , Ag a in , L , i ssd , TE2 , TEl , 2 , fv , sign0l , s i gn02 , s i gn03 
sign04, sign05 , sign06 , sign07 , sign08, sig n09 , sign 10 ) 
P3 , Again , L , i ssd , TE3 , TE2 , 3 , fv , s ign0l , s i gn02 , sign03 
sign04 , sign05 , sign06, sign07 , sign08 , si g n0 9 , signl0 ) 
P4, Again , L, i ssd , TE4 , T E3, 4 , fv , sign0l , sign02 , sign03 
s i g n04 , sign05 , s i g n 06 , sign07 , sign08 , sign09, signl0 ) 
SetSign , Again , e rror , sign0l , s ign02 , sign03 , sign04 , sign05 
sign06 , s i g n07 , sign08 , sign09 , s i gn 10 ) 
Pl , P2 , P3 , P4 , Again , issd , TEl , TE2 , TE3 , TE4) 
L , issd , error, fv, T E2, SizeP l us , SizeMi n , l ss d P\us, l ssdM i n 

41 
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37 
38 

Es Plus , Es Min , EeSwi tc h , JamdPlus , J a mdMin , UCl , UC2 , UC3, Start 
Pl , Aga in , J a m , Det ec t ) 

39 11 
40 
4 1 automaton PaperX 
'1 2 
,13 

44 
45 
46 
47 
48 

inout act sync 
inout disc real 
inout var real 
va l nat 
inout disc nat 

Px , Ag a in 
L , is sd 
TE , TEx 
id 
fv 

inout disc s trin g sign0l 
sig n06 

s ig n02 
s ig n07 

49 1 ( cont con trol real LE = - 100 .0 
50 
51 
52 
53 

disc control 
disc control 
var bool 
mode X = 

54 initia 1 
55 V 

real v 0 . 0 
bool a = tru e , b = true , c 

frot , stop , inh z 

LE - L 

true , d 

s ig n0 3 
sign08 

t r u e 

sign04 
sign09 

s ig n05 
s ig nl0 

inv LE ' 
TE 
frot Il Fr ot if LE is at or in fr ot pin c h the s ig n is in mode fr ot 

( fr ot po s - md < LE a nd TE < frot p os a nd sign06 = " frot" ) 

in h z Il Check i f s h ee t is in hz 
( hz pos < LE a nd TE < h z pos + hzsi ze ) 

stop Il Stop a t the s i g n positi o n if th e si g n IS ,n mode b lock 

56 
57 
58 
59 
60 
6 1 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 

( s ig n0 2 p os md < LE a nd LE < s ig n0 2 pos a nd sign02 " bl ock" 
o r s ig n05p os md < LE a nd LE < sign05pos a nd sign05 " block" 
or s ig n0 8 p os md < LE a nd LE < s ig n0 8 pos and sign08 "block" 

Il Stop i f th e s h ee t covers the si g n a nd the s i g n is in mode 
or TE < s ig n0lpos + md a nd sign0lpos md < LE and sign0l 
o r TE < s ig n0 3 pos + md and sign03pos md < LE a nd sign0 3 
o r TE < sign04pos + md a nd sign04pos md < LE and si g n04 
o r TE < sign07pos + md a nd sign07pos md < LE a nd sign07 
o r TE < sign09pos + md a nd sign09pos md < LE a nd si g n09 
o r TE < s ig nl0p os + md a nd signl0pos md < LE a nd signl0 

76 
77 
78 

Il Stop if th e sheet comes to c lo se to the pr ecee ding s he e t 
o r TEx - mi s d < LE a nd LE < TEx 

79 
80 
81 

Il Stop if th e pre cee din g sheet is a n er ror s h ee t 
or fv = id - 1 

82 Il Starting a nd stopping o f sh ee t 
83 ( when LE < 0 . 0 and v = 0 . 0 act Px do LE , v := 0 0 , 1.0 
84 ( when v > 0 . 0 a nd s t op a nd not inh z now do v 0 . 0 ) 
85 ( when v = 0 .0 a nd LE >= 0 .0 a nd not stop now do v := 1.0 
86 ( when TE >= pppsiz e now do LE , v - 100 .0 , 00) 
87 ( act Aga in do LE , v = - 100 .0 , 0 . 0 
88 ( when frot now do LE , v := - 100 .0 , 0 0 ) 
89 
90 II R u I es fo r p r o p e r b e h a v i o r i n s i m u I a to r 

stop 
" stop 
" stop 
" st o p 
" st o p 
" stop 
" stop 

" 

" 

" 

" 

" 

" 



!.ll 
92 
93 
94 
95 
96 
97 
08 
99 

100 
101 
102 
103 
10,1 
IOG 
1 Ofi 
107 

when 
when 
when 
when 
when 
when 
when 
when 

) 1 

automaton 

a a nd 
not a and 

b a nd 
not b a nd 

C a nd 
not C and 

d a nd 
not d a nd 

S e t s ig n s 

i s sd < TE 
i s sd > TE 
si g n02po s md < LE 
s ig n02p os md > LE 
si g n05p os md < LE 
s ig n05po s md > LE 
s ig n08p os md < LE 
si g n08p os md > LE 

in out act sync 
in o ut disc nat 
i n o ut disc con trol 

43 

now do a not a 
now do a not a 
now do b not b 
now do b not b 
now do C not C 

now do C not C 

now do d not d 
now do d not d goto X 

SetSi g n , Aga in 
err o r 

s trin g si g n0l s ig n0 2 , sign0 3 si g n04 
si g n05 s ig n06 , si g n07 si g n08 
si g n09 s ig nl0 

108 1 ( disc control bool done f a lse 
109 mode X = 
110 
111 

12 
1 :3 
J;J 

IG 
16 
17 
18 
19 
20 
2 1 
22 
2:3 
24 
2G 
26 

127 

128 
129 
130 
1;3 1 

) 1 

initia 1 

( act Aga in do do ne , sign0l , s ig n0 2 , s ig n0 3 , sig n04 , s ig n05 , s ig n06 , s ign07 
si g n0 8, si g n09 , signl0 := f a lse, " fr ee", " f r ee " , " free " 
" fr ee " , " f ree ", " fr ee ", " fr e e ", " fr ee ", " fr ee " , " fre e" ) 

when not d o ne a nd ( err o r 1 o r e rror 2 ) now act Se tS ig n do don e 
s ig n0l := tru e , "s top" ) 
when not d o ne a nd ( err o r 3 o r e rr or 
si g n0 2 , s ig n0 3 true , " bl oc k " , " s t o p " 
when not do ne a nd ( err o r = 5 or e rro r 
s ig n0 2 , sig n04 tru e , " bl ock ", " s t o p " 

4 

6 

now act S e tS ig n do d o ne 

now act S e tSi g n do don e 

when not do ne and ( err o r 7 or e r ro r 8 now act S e tS ig n do done 
s ig n0 2 , s ig n05 , s ig n0 6 := tru e , " bl oc k ", " bl oc k ", " fr o t " ) 
when not d o ne a nd ( err o r = 9 or e rr o r = 10) now act Se tSi g n do do ne 
s ig n0 2 , s ign05 , s ig n06 , s ig n07 := tru e, " blo c k " , " b lo c k ", " frot ", " stop " 
when not don e a nd ( error = 11 o r e rr o r 12 ) now act S e tSi g n do do ne 
s ig n0 2 , s ig n0 5, s ig n06 , s ig n0 8, s ig n09 tru e, " b lo ck " , " b loc k " , " fro t" 
" block " , "s t o p " ) 
when not d o ne a nd ( e r r o r = 13 o r e r ro r 
s ig n02 , s ig n0 5 , s ig n0 6 , s ig n0 8, s ig nl0 
" block " , "s t o p " ) goto X 

14) now act Se tS ig n do don e 
tru e , " bl oc k " , " b lo c k ", " fr o t " 

132 automaton S e q u e n ce 
133 

in o ut act sync Pl , P2 , P3 , P4 , Aga in 
in o ut disc real i ss d 

134 
13G 
136 
1 ;37 
138 
139 
140 
1--1 1 
142 
143 
14,1 

1 ( 

) 1 

disc control nat 
mode X = 

initia 1 
when sta rt 
when s t a rt 
when s t a rt 
when sta rt 
act Aga in do 

inout var real T El , TE2 , T E3 , T E4 

s t a rt = 1 

1 a nd ( i ss d < TE4 or TE4 <= - 100 .0 act P l do s ta r t 2 
2 a nd ( i ss d < TEl o r TEl <= - 100 .0 act P2 do s tart 3 
3 a nd ( i ss d < T E2 o r T E2 <= - 100 .0 act P3 do s tart 4 
4 a nd ( i ss d < TE3 o r TE3 <= - 100 .0 act P4 do s t a rt 1 
s t a r t - 1 ) goto X 
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145 
146 automaton Usecase 
147 

inout disc control real L , issd 
in out disc control nat er ror , fv 

148 
149 
150 
15 1 
152 
153 
1 :'i4 
155 
156 
157 
158 
159 
IG0 
16 1 
IG2 
IG3 
164 
IG5 
IGö 
IG7 
168 
IG9 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
18 1 
182 
183 
184 
185 
186 
187 
188 
189 
190 
19 1 
192 
193 
194 
195 
196 
197 
198 

1 ( 

in o ut var real TE2 
in out act sync SizePlus , SizeMin , lss dPlu s , ls s dMin 

Es Plus , EsMin , Ee Switch , J am dPlu s 
J a mdMin , UCl , UC2 , UC 3 , Start , Pl 
Again , J a m , Det ec t 

) = 
d i se control nat es 3 
disc control str in g ee " LE " 
d i se control boot start fa Is e 
d i se control rea 1 ja mpos LE - 100 .0 , jamd 10 . 0 
mode X = 

initia 1 

Il Set s I ze of s h eets 
( when not start now act SizePlus do L L + 5 . 0 
( when not s t ar t now act SizeMin do L L 5 . 0 

Il Set inter s h ee t s tarting di st anc e 
( when not start now act lssdP lus do i ss d i s s d + 1 
( when not start now act lssdMin do i ssd i ss d 1 

Il Select E rror se n sor 
( when not start a nd es < 6 now act EsP lu s do es es + 1 
( when not start a nd es > 0 now act EsM in do es e s 1 

Il S e lect Err or edg e 
( when not st a rt a nd ee " LE " now act Ee Switch do ee " TE" 
( when not start a nd ee " TE" now act Ee Switch do ee " LE " 

Il Select jam min g distan ce 
( when not st a rt now act Jamd Plus do j am d jamd + 3 . 0 
( when not start now act J a mdMin do j amd j a md + 3 . 0 

Il Select pr e d e fin e d case 
( when not start now act UCl do L , i ss d es , ee , j a md 3 0 . 0 , 5 0 , 2 

" LE ", 10 0 ) 
when not sta rt now act UC2 do L , iss d es , ee , jamd 30 . 0 , 5 0 , 5 
" TE", 10 .0 ) 
when not start now act UC3 do L , i ss d es , ee, j a md 40 . 0 , 2 0 . 0 , 4 
" LE " 20 . 0 ) 

Il Confirm a bo ve sett in gs a nd s tart s imul a ti o n 
( when not start now act St a rt do start true 
( when start act Pl ) 
( act Again do s t a rt , jam posLE , e rr or , fv := false - 100 .0 , 0 , 5 ) 

Il Occurence of th e e rror 
( when ee = " LE " a nd TE2 + L > se n so rpo s [ es ] j a md a nd jamposLE < 0 . 0 
now act Jam do ja mpos LE TE2 + L ) 
( when ee = " TE" a nd TE2 > sensorpos [ es ] j a md a nd j am pos LE < 0 .0 

now act Jam do jamposLE - TE2 + L ) 



45 

! !}!:) Il D e tec t ion of e rror 
200 ( when f v = 5 a nd ee = " LE " a nd TE2 + L > se ns o rpo s [ es ) now act De tect 
20 1 do error , fv - 2 * es + l , 2 ) 
202 ( when f v = 5 a nd ee = " TE" a nd TE2 > se ns o rp os ( es ) now act De tect 
203 do e rr o r , f v - 2 * es + 2 , 2 ) goto X 
20LI ) 1 




