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Port programming
Softwarecontrol of the parallel interface

Theline scancamerasof theseriesCCDL, aswell asvariousotherdevicesof theEURECAMesstechnikGmbH,
areattachedto theparallelinterface.GenerallytheEPPprotocolaccordingto theIEEE-1284standardis used,
sincethisenablesagoodhardwareimplementation.AlmosteachPChasaninterface,whichcanbeconfiguredto
theEPPmode.Dependinguponthemanufacturerof theI/O chip theseinterfacesareto betreatedfor somewhat
differently. If theusedinterfaceshouldnotsupportanEPPmode,thentheprotocolcanbeemulatedalsowith an
interfacein theBPP-, PS2or ECPmode.

In thefirst sectionthephysicalfunctionof theparallelinterfaceandtheir logicalcontrolis described.Afterwards
thedifferentinterfacetypes,aswell astheinterrupthandling,arediscussedandin theendprogrammingexamples
areshown, which canbe implementedeasily (quick anddirty). All sampleprogramsrefer, if not differently
proven,ontheline scancameraof thetypeCCDL-20LH1-8. For all otherline scancamerasthesampleprograms
canbe taken over, aswithin the declarationareathe valuesfor the pre-pixel, pixel numberandpost-pixel are
adapted.With all programexamplesin thequickanddirty styletimeoutsarenot considered!

Important:

For a programming assimpleaspossiblethe interface shouldbeconfiguredin the BIOS to the EPPmode!
Note: ECP+EPPrequiresalreadya increasedprogramming effort!

To usethe high transmission speedyou should usealways cablesafter IEEE-1284 standard. For cables
with Sub-D-plug the allocation looks asfollows:
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1 The physical behavior of the parallel interface:

1.1 Data lines

The interfacepossesses8 datalines,by which thedatacommunicationis madeinto bothdirections.Thesecan
besetandreadbothby thecomputer, aswell asby theperipheraldevice.You have to take care,thatat no point
in time boththecomputerandtheperipheraldevicesetthedatalines.

1.2 Control lines

The datacommunicationon the parallel interfaceis controledby 5 physicalcontrol lines,whosemeaningare
discribedbriefly in thefollowing:

1. nWRITE:

This line determineswhethertheoperationis a writing (datafrom thecomputerto theperipheraldevice)
or areadingaccess(datafrom theperipheraldeviceto thecomputer).Is this line physical0 ( � 0.8V), then
it is writing access,otherwise( � 2.0V) areadingaccess.Thisnegatedbehavior is signaledby then before
theWRITE.

2. nDSTRB: This line signalsadataexchangeandpossessesduringtheaccesstime a0 value.

3. nASTRB:

This line signalsanaddressexchangeandis in principleequivalentto thedataexchange,canhoweverbe
treateddifferently by the peripheraldevice (e.g.controlingseveral devicesat a parallel interface).Only
oneof thebothSTRB-linescanbeusedat onetime.

4. WAIT:

This line is active high, contraryto the others,andsignalsthe endof the access.The line is set, if the
peripheraldevice is finishedwith the taking over of the data(write access)or the supplyingof the data
(readaccess)andhelduntil theperipheraldevice is readyto processnew data.

5. INTR:

This line releasesahardwareinterruptin thecomputer.

1.3 User lines

Additionally to thecontrollinestherearestill 4 furtherlines:

1. nInit : This line is active low andreleasesa softwareresetwith someperipheralsdevices.

2. User-1 : This line canbeusedfreely asaninput

3. User-2 : This line canbeusedfreely asaninput

4. User-3 : This line canbeusedfreely asaninput

3
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1.4 Timing

Thetiming diagramshows thetemporalbehaviour of thesignals:

1.4.1 Write access

nWrite

nAStrb
nDStrb

Data

nWait

Intr

D,Wrt t t Wt,Stt t Wr,DtWr,St St,Wt St,Wr

t Wt,h

t St,Int

First thenWRITE line is set.Afterwardsthecomputerputsthedataonthebus.Shorttime laterfollowsthesetting
of the nDSTRB line. Now the computerwaits, until the WAIT line of the peripheraldevice is set,at the most
however10µs. ThereafterthenDSTRBline is reseted.Shortlyafterthatthecomputerswitchesthedatalinesinto
thehigh impedancestatusandresetsthereafterthenWRITE line.

1.4.2 Readaccess

Intr

Data

nWait

nAStrb
nDStrb

nWrite

t t t

t

t St,D

St,Wt Wt,St Wt,h

D,h

St,Intt

ThenWRITE line remainsunset!ThecomputersetsthenDSTRBline, onwhich theperipheraldeviceputsthedata
onthebus.Now thecomputerwaits,until theWAIT line is setby theperipheraldevice,at themosthowever10µs.
ThereafterthenDSTRBline is resetedandtheperipheraldevice switchesthedatalines into thehigh impedance
status.

Note: With theline scancamerasof theEURECAMesstechnikGmbHafterthereadoutof thesensorinformati-
onnomorenWait signalis set.Thismeans,thatwith thelast16bytesatimeoutoccurs.This is to beconsidered
by thesoftwarewith BPPandPS2interfaces!
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1.4.3 Times

In thecontext of theEPPprotocolthefollowing timesmustbekept:

Symbol Description Source min. typ. max. Unit

tD � Wr DatabeforeWrite Computer 0 ns
tWr � St Write beforeStrobe Computer 0 ns
tSt � D DataafterStrobe Camera 20 30 50 ns
tSt � Int InterruptresetafterStrobe Camera 50 70 100 ns
tSt � Wt Wait afterStrobe,at 125kByte� s Camera 7 8 8 � 5 µs

250kByte� s 3 � 5 4 4 � 25 µs
500kByte� s 1 � 7 2 2 � 1 µs
1MByte� s 0 � 9 1 1 � 1 µs
2MByte� s 0 � 4 0 � 5 0 � 6 µs

tWt � St StrobeafterWait Computer 0 ns
tWt � h Wait hold Camera 0 20 30 ns
tD � h Datahold Camera 0 20 30 ns
tSt � Wr Write afterStrobe Computer 0 ns
tWr � D DataafterWrite Computer 0 ns

2 The logical interface

2.1 Port addresses

As interfacebetweentheprogramandthephysicallines11port addressesareavailable:

Address D7 D6 D5 D4 D3 D2 D1 D0

Dataport PORT+0 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0
Status
port

PORT+1 WAIT INTR USER1 USER3 USER2 X X TMOUT

Control
port

PORT+2 X X PCD IRQEN nASTRB nINIT nDSTRB nWRITE

EPPaddr.
port

PORT+3 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

EPP data
port0

PORT+4 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

EPP data
port1

PORT+5 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

EPP data
port2

PORT+6 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

EPP data
port3

PORT+7 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

ECP fifo
port

PORT+ 0x400 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

ECP con-
fig port

PORT+ 0x401 COMPRESS INTR IRQ2 IRQ1 IRQ0 1 1 1

ECP con-
trol port

PORT+ 0x402 Mode2 Mode1 Mode0 ErrIntr dmaEn Service Full Empty

5
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2.1.1 Data port

The dataport is the interfacebetweenthe programandthe datalines.This port canbe readandwritten both.
During readingthemomentaryphysicalstatusof thedatalinesis indicated.
During writing thedatalinesareseton thebit valuescorrespondingthephysicalstatuses.Therearetwo possi-
bilities, how this is implemented:

1. Theoutputsof thedriverareopencollectorswith pull ups.This is theold standardsolutionandavailable
on many computers.Both, computersandperipheraldevice,drive the linesagainstground,while a high
signalis producedonly overpull up resistances.Thusthedangerof short-circuitsis prevented.

Disadvantage:In orderto readtheinformationof theperipheraldevice,all outputsmustbesetonHigh by
thecomputerfirst, sincethey form awired AND gate.

2. Theoutputsof thedriverareTri-State.Thismeans,thattheoutputscanpossessahighimpedancestatusor
oneof thetwo logic levels.This versionwasintroducedby thecompany IBM for thePersonal-Systems-2
(PS2)andformsthetoday’sstandard.

Disadvantage:For readingtheperipheraldevice datathedriver mustbeswitchedexplicitly into thehigh
impedancestatus.Note:If thedriver is not in thehigh impedancestatus,it cancometo short-circuitswith
theperipheraldevice!

2.1.2 Statusport

Thestatusport showsthephysicallevelsof thestatusinputs.In generalthisport canbeonly read.An exception
formsherethetimeoutbit. This is setwith EPPoperation,if theperipheraldevicedid notsettheWAIT line within
10µs. In orderto deletethis timeoutbit, thereareagaintwo possibilities:

1. Thecompany XIRCOM introduced,thattheTIMEOUT bit is deletedby thewriting of a 1 on bit 0 of the
statusport.Writing a0 on thebit doesnot causemodification.

2. Thecompany MircoSoft introduced,thattheTIMEOUT bit takesoverthestatusof thebit 0 duringwriting:
If onewritesa 1, thenthebit is setandresetedonly with writing a 0.

In orderto considerbothpossibilities,oneproceedsasfollows: first onewritesa 1 (deletetheTIMEOUT bits
with XIRCOM) andafterwardsa0 (deletetheTIMEOUT bitsatMicrosoftandnomodificationwith XIRCOM).
In generaltheotherbitsof thestatusworddonothaveameaning,sincethey canbeonly read.It is saferto write
thesewith thestatuseswhich onereadbefore:

buffer = inportb (port+1);
outportb (port+1, buffer | 0x01);
outportb (port+1, buffer & 0xfe);

Thesecondimportantbit of thestatusport is thebit 6 (INTR). This releases,if the interruptvectoris correctly
initialized in thecomputer, aninterrupt.Sincethis is normallyquitemuchprogrammingeffort, onecanpoll the
bit for simpleapplications:

...
while (inportb (port+1) & 0x40 == 0); ...

6
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2.1.3 Control port

Onecanin generalonly write to thecontrolport. Readingnormallygivesbackthe lastwritten byte (exception
thetwo bits with X, which arenot certain,but normally1). Thewritten bits areput invertedon theappropriate
signallines.Thisappliesto thelower4 bits of thecontrolbyte.

Thebit PCDis usedwith thePS2-PortandEPPport (without hardwaredirectionprotocol)to switchthedriver
chip into thehigh impedancestatus.A 1 in this bit means,thatthedriver is high impedance,a 0 means,thatthe
driver is on output.Thebit IRQEN is usedin orderto activatethe interrupt.A 0 means,that the interruptis not
used,the INTR line canhoweverbepolled.

2.1.4 EPP Addr essport

TheEPPaddressport is availableonly, if in theBIOS theEPPfunctionof theinterfaceis activated.By reading
or writing on this port the entireprotocol,asdescribedabove, will passthroughautomatically. As strobethe
addressstrobeline is used.

2.1.5 EPP data port

TheEPPdataport is availableonly, if in theBIOS theEPPfunctionof theinterfaceis activated.By readingor
writing on this port theentirelog, asdescribedabove,will passthroughautomatically. As strobethedatastrobe
line is used.With anwordaccess(16bits)or a32bit accesstheprotocolis passedthrough2 or 4 timesaccording
to the appropriatebytes.This startswith the LSB (leastsignificantbyte).As addressfor theport the EPPdata
port 0 is alwaysto beused!

2.1.6 ECP data port

The ECPdataport is availableonly, if in the BIOS the ECPfunction of the interfaceis activatedand is not
necessarilyfor theoperationof EPPablecomponents.

2.1.7 ECP statusport

The ECPstatusport is availableonly, if in the BIOS the ECPfunction of the interfaceis activatedandis not
necessarilyfor theoperationof EPPablecomponents.

2.1.8 ECP control port

TheECPcontrolport is availableonly, if in theBIOS theECPfunctionof theinterfaceis activatedandneeded,
if theECP+EPPmodeis used.Thebit 7 setstherebytheEPPmode.First however thestandardmodemustbe
set:

outportb (port+0x402 ,0x00);
outportb (port+0x402 ,0x80);

In thefollowing you receivea summaryof thesingleportsandtheirmeaningwith differentinterfaces:

7
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BPP
3 Softwarecontrol

3.1 BPP(SPPbidir ectional)

Themosteasyinterface:bidirectional,not PS2.
In orderto getthelogicalsequencedescribedat thestart,theprogramwouldhave to look approximatelyso:

Writing a byte:

outportb (port+2, 0x01);
outportb (port, data);
outportb (port+2, 0x03);
counter = 0;
do {

wait = inportb (port+1) & 0x80;
counter += 1;
udelay (1);

} while (wait && (counter < 10));
if (counter == 10)

timeout = 1;
outportb (port+2, 0x01);
outportb (port+2, 0x00);

Readinga byte:

outportb (port, 0xff);
outportb (port+2, 0x02);
counter = 0;
do {

wait = inportb (port+1) & 0x80;
counter += 1;
udelay (1);

} while (wait && (counter < 10))
if (counter == 10)

timeout = 1;
data = inportb(port);
outportb (port+2, 0x00);
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PS2

3.2 PS2

With the PS2port the driver chip mustbe setexplicitly for high impedance,or activated.This is madeby the
PCDbit of thecontrolport (bit No. 5):

Writing a byte:

outportb (port+2, 0x21);
outportb (port+2, 0x01);
outportb (port, data);
outportb (port+2, 0x03);
counter = 0;
do {

wait = inportb (port+1) & 0x80;
counter += 1;
udelay (1);

} while (wait && (counter < 10));
if (counter == 10)

timeout = 1;
outportb (port+2, 0x01);
outportb (port+2, 0x21);
outportb (port+2, 0x20);

Readinga byte:

outportb (port+2, 0x22);
counter = 0;
do {

wait = inportb (port+1) & 0x80;
counter += 1;
udelay (1);

} while (wait && (counter < 10))
if (counter == 10)

timeout = 1;
data = inportb(port);
outportb (port+2, 0x20);
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BPP+ PS2

3.3 Combination: BPP + PS2

It hasprovenasmeaningfulto usea combinationof BPPandPS2,sincethis solutionfunctionsin almostall
cases:

Writing a byte:

outportb (port+2, 0x21);
outportb (port+2, 0x01);
outportb (port, data);
outportb (port+2, 0x03);
counter = 0;
do {

wait = inportb (port+1) & 0x80;
counter += 1;
udelay (1);

} while (wait && (counter < 10));
if (counter == 10)

timeout = 1;
outportb (port+2, 0x01);
outportb (port+2, 0x21);
outportb (port+2, 0x20);

Readinga byte:

outportb (port, 0xff);
outportb (port+2, 0x22);
counter = 0;
do {

wait = inportb (port+1) & 0x80;
counter += 1;
udelay (1);

} while (wait && (counter < 10))
if (counter == 10)

timeout = 1;
data = inportb(port);
outportb (port+2, 0x20);
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EPP

3.4 EPP

With theintroductionof theEPPport muchbecamesimpler:theentirecontrolis handlednow by thehardware!
This becamepossible,astwo furtherport addresseswereadded:port + 3 is theEPPaddressport andport+ 4 is
theEPPdataport.Theseareequivalent,theoneusethenASTRBline, theotherthenDSTRBline. For applications
with line scancameracircuit boardsof theEURECAGmbHthelatteris crucial:

R Writing a byte:

outportb (port+4, data);

R Readinga byte:

data = inportb(port+4);

The company XIRCOM broughta modificationon the market, with which the driver chip must be set still
explicitly into its desiredstatus:

R Writing a byte:

outportb (port+2, 0x00);
outportb (port+4, data);

R Readinga byte:

outportb (port+2, 0x20);
data = inportb (port+4);

Thelatterpossibilityfunctionsalmostalways,sinceinterfaces,which control theport directiondo not consider
thePCDbit. Settingthedirectionmusttake placein generalnot with eachaccess,but only whenmodifying the
port direction.

Lately increasedI/O chips cameon the market, with thosewith each(!)access
– the dir ectionmust be setfor readinga byte (seeabove)
– the timeout must be readand setback

buffer = inportb (port+1);
outportb (port+1, buffer | 0x01);
outportb (port+1, buffer & 0xfe);

As last possibility there is still the ECP+EPPport. This is after initialization:

outportb (port+0x402 ,0x00);
outportb (port+0x402 ,0x80);

to usedlik e the EPPport.
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Interrupt

4 Interrupt

Many devicessupplyan interruptwith achieving a certainstatus.This is a signal,which interruptstheprocess
on thePC,which is runningat themoment,andcallsa routinefor thehandlingof thedevice status.After this
routineis terminated,thePCreturnsto theinterruptedprocess.

With theparallelinterfacegenerally2 interruptrequestlines(IRQs)areprovided:IRQ-5 andIRQ-7.Theseare
projetedinternallyon interruptvectors.

4.1 Allocation IRQ S Vector

Theseinterruptvectorsarememoryaddresses,in which thephysicaladdressof theinterrupthandlingroutineis
situated.The15 availableIRQsareprojetedasfollowson vectors.

IRQ Vector Normalallocation Controler Registeraddr. Bit No. Bit value

0 0x08 Timer18� 2Hz 1 0x21 0 0x01
1 0x09 Key pad 1 0x21 1 0x02
2 0x0A = IRQ-9 1 0x21 2 0x04
3 0x0B COM-2,/dev/ttyS1 1 0x21 3 0x08
4 0x0C COM-1,/dev/ttyS0 1 0x21 4 0x10
5 0x0D LPT-2, /dev/lp2 1 0x21 5 0x20
6 0x0E Floppy, /dev/fd0, /dev/fd1 1 0x21 6 0x40
7 0x0F LPT-1, /dev/lp0, /dev/lp1 1 0x21 7 0x80
8 0x70 realtimer1024Hz 2 0xA1 0 0x01
9 0x71 free 2 0xA1 1 0x02
10 0x72 free 2 0xA1 2 0x04
11 0x73 free 2 0xA1 3 0x08
12 0x74 free 2 0xA1 4 0x10
13 0x75 free 2 0xA1 5 0x20
14 0x76 IDE, /dev/hda,/dev/hdb 2 0xA1 6 0x40
15 0x77 2. EIDE, /dev/hdc,/dev/hdd 2 0xA1 7 0x80

4.2 Interrupt controler

TheIRQsarecollectedin interruptcontrolers.Thereeachindividual IRQ canbeactivatedor deactivated(mas-
ked).This is donevia the settingor deletionof a bit in the control registerof the controler(seetable).A set
bit correspondsto anactive IRQ. It is to bemadesure,thatalreadyactive IRQsof systemcomponentsarenot
particularlydeactivated,with exceptionof thatone,thatyouwantto use.DeactivatingtheIDE-IRQ leadse.g.to
datalossesandin extremecasesto thedestructionof thecompleteharddiskcontents!

After thehandlingof aIRQ by theinterruptcontroler, thisstaysin aninactivestatus,i.e. it cannotreceivefurther
IRQs. This ensuresfor the fact that a further interrupt is not released,while the first is still processed.In the
handlingroutinethereforetheinterruptcontrolermustbereleasedagain(whenpossiberight afterthebeginning,
whenthe processorregistersaresaved).For the first controlerthis takesplacevia writing a 0x20 on the port
0x20,for thesecondcontrolerby writing a0x20on theport0xA0.
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4.3 Setting the interrupt vectors

In orderto setthe interruptvector, mosthigh-level languagesoffer appropriateinstruction.In Borland-C these
read:

oldhandler = getvect (INTR);
setvect (INTR, newhandler );

The instructiongetvect readsthe vectorindicatedfor the interrupt.This is needed,in orderto activatethe old
vectoragain,afterterminationof theprogram.
Theinstructionsetvectsetsthevectorto thenew routine.

Theroutine,to which thevectorpoints,shouldbeexplicitly definedasaninterruptroutine.This is necessary, so
thattheprocessorregistersbecomesecuredcorrectly.

4.4 IRQ of the parallel interface

TheparallelinterfaceusesgenerallytheIRQ-5 or IRQ-7. In orderto usetheinterrupt,this mustbereleasedby
settingtheBit-4 (IRQEN) in thecontrolport:

outportb (port+0x02, 0x10);

4.5 Program example
/*************************************************** */
/* */
/* --- Declaration --- */
/* */
/*************************************************** */

#include <stdio.h>
#include <stdlib.h>
#include <graphics.h>

#define PORT 0x378 // Address of the EPP port
#define IRQ 7 // IRQ of the EPP port

int counter,
nvorlauf = 50 // 50 port accesses up to the first pixel
npixel = 2048 // 2048 pixel
nnachlauf = 16 // 16 port accesses for the camera reset

int modus = 96, // Port transfer rate 1000 kB/s
integration = 15, // Integration time 150ms
io_out = 0, // Outputs
io_in; // Inputs

char text[128]; // Array for storing the ASCII data
unsigned char result[2048]; // Array for storing the sensor information

void interrupt routine (void); // Declaration of the interrupt routine
void interrupt (* oldhandler)(void); // Pointer to the old vector
int oldmask; // Old mask

14



R

EURECA
Messtechnik GmbH Port programming

/*************************************************** */
/* */
/* --- Program start --- */
/* */
/*************************************************** */

void main (void)
{

oldhandler = getvect (INTR | 0x08); // save the old vector
oldmask = inportb (0x21); // save the old mask
setvect (INTR | 0x08, routine); // setting the new vector
outportb (0x21, oldmask & (0xffˆ(0x01 << INTR))); // setting the new mask

outportb (PORT+2, 0x10); // Initialisation of the interface
// (activating the interrupt)

routine (); // "starting" the camera
... // because of the interrupts
... // the system keeps on running
... // with the adjusted integration time
... // automatically

}

void interrupt routine (void) // Declaration of the interrupt routine
{

outportb (0x20, 0x20); // Resetting the interrupt controler

outportb (PORT+4, modus); // Setting the transfer and camera mode
outportb (PORT+4, integration); // Setting the integration time
outportb (PORT+4, io_out); // Transmitting the I/O signals OUT0 to OUT7
io_in = inportb(PORT+4); // Reading the I/O signals IN0 to IN7
for (counter = 0; counter < nvorlauf - 4; ++counter) // Reading the camera designation and version number

text[counter] = inportb (port+4);
for (counter = 0; counter < npixel; ++counter) // Reading the sensor information

result[counter] = inportb (port+4);
for (counter = 0; counter < nnachlauf; ++counter) // Reset of the line scan camera

inportb (port+4);
}

5 Operating systems

TheprogrammingunderDOS, Windows 95 andWindows 98 is normallyno problem,sincetheaccessesto the
port addressesarenotprotected.

WhenusingWindows NT theaccessesmustrunmandatorythroughtheKernel!For thistherearesomeshareware
programmswhich canbeloadedasSYSandDLL drivers.

With UNIX systemsthe port addresseswhich canbe usedmustbe released.Up to the port address0x3FFthis
is madee.g.by the ioperm instruction.WhenusingECP/EPPable interfacesthey mustbe accessedover the
instructioniocntl in theaddressPORT+0x402 . After this accessoneshouldreleasetheportareaover ioperm.
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Quick and Dirty: Hardwaredir ection protocolEPP1.9
6 Quick and Dirty

6.1 EPP1.9hardwaredir ection protocol

The control of an EPPable interface,which supportsEPP1,9 in the hardwaredirectionprotocol reducesthe
programmingexpenditureto a few instruction:

/*************************************************** */
/* */
/* --- Declaration --- */
/* */
/*************************************************** */

#include <stdio.h>
#include <stdlib.h>
#include <graphics.h>

#define PORT 0x378 // Port adress of the EPP port

int counter, // Variable
nvorlauf = 50 // 50 port accesses up to the first pixel
npixel = 2048 // 2048 pixel
nnachlauf = 16 // 16 port accesses for the camera reset

int modus = 96, // Transfer rate 1000 kB/s
integration = 15, // Integration time 150ms
io_out = 0, // Outputs
io_in; // Inputs

char text[128]; // Array for storing the ASCII data
unsigned char result[2048]; // Array for storing the sensor information

outportb (PORT+2, 0x04); // Initialisation of the interface

/*************************************************** */
/* */
/* --- Program start --- */
/* */
/*************************************************** */

outportb (PORT+4, modus); // Transmitting the transfer and camera mode
outportb (PORT+4, integration); // Transmitting the integration time
outportb (PORT+4, io_out); // Setting the I/O signals OUT0 to OUT7
io_in = inportb(PORT+4); // Reading the I/O signals IN0 to IN7
for (counter = 0; counter < nvorlauf - 4; ++counter) // Reading the camera designation and version number

text[counter] = inportb (port+4);
for (counter = 0; counter < npixel; ++counter) // Reading the sensor information

result[counter] = inportb (port+4);
for (counter = 0; counter < nnachlauf; ++counter) // Reset of the line scan camera

inportb (port+4);

Lately increasedI/O chipscameon themarket,with thosewith each(!)access
– thedirectionmustbesetagainfor readinga byte
– thetimeoutmustbereadandreseted
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Quick and Dirty: Softwaredir ection protocolEPP1.9
6.2 EPP1.9softwaredir ection protocol

to control an EPPableinterface,which providesEPP1.9 with Softwaredirectionprotocol,someinstructions
have to beadded:

/*************************************************** */
/* */
/* --- Declaration --- */
/* */
/*************************************************** */

#include <stdio.h>
#include <stdlib.h>
#include <graphics.h>

#define PORT 0x378 // Port address of the EPP interface

int counter, // Variable
nvorlauf = 50 // 50 port accesses up to the first pixel
npixel = 2048 // 2048 pixel
nnachlauf = 16 // 16 port accesses for the camera reset

int modus = 96, // Transfer rate 1000 kB/s
integration = 15, // Integration time 150ms
io_out = 0, // Outputs
io_in; // Inputs

char text[128]; // Array for storing the ASCII data
unsigned char result[2048]; // Array for storing the sensor information

/*************************************************** */
/* */
/* --- Program start --- */
/* */
/*************************************************** */

outportb (PORT+2, 0x04); // Setting the interface to output

outportb (PORT+4, modus); // Setting the transfer and camera mode
outportb (PORT+4, integration); // Setting the integration time
outportb (PORT+4, io_out); // Setting the I/O signals OUT0 to OUT7

outportb (PORT+2, 0x24); // Setting the interface to input

io_in = inportb(PORT+4); // Reading the I/O signals IN0 to IN7
for (counter = 0; counter < nvorlauf - 4; ++counter) // Reading the camera designation and version number

text[counter] = inportb (port+4);
for (counter = 0; counter < npixel; ++counter) // Reading the sensor information

result[counter] = inportb (port+4);
for (counter = 0; counter < nnachlauf; ++counter) // Reset of the line scan camera

inportb (port+4);

Lately increasedI/O chipscameon themarket,with thosewith each(!)access
– thedirectionmustbesetagainfor readinga byte
– thetimeoutmustbereadandreseted
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Quick and Dirty: EPP1.7
6.3 EPP1.7

With thecontrolof anEPPableinterface,whichsupportsEPP1.7, thequickanddirty programmingis identical
to theEPP1.9 with thesoftwaredirectionprotocol(difference:EPP1.9supportsthetimeoutflag in eachcase.
This is notguaranteedwith EPP1,7!):

/*************************************************** */
/* */
/* --- Declaration --- */
/* */
/*************************************************** */

#include <stdio.h>
#include <stdlib.h>
#include <graphics.h>

#define PORT 0x378 // Port address of the EPP port

int counter, // Variable
nvorlauf = 50 // 50 port accesses up to the first pixel
npixel = 2048 // 2048 pixel
nnachlauf = 16 // 16 port accesses for the camera reset

int modus = 96, // Transfer rate 1000 kB/s
integration = 15, // Integrations time 150ms
io_out = 0, // Outputs
io_in; // Inputs

char text[128]; // Array for storing the ASCII data
unsigned char result[2048]; // Array for storing the sensor data

/*************************************************** */
/* */
/* --- Program start --- */
/* */
/*************************************************** */

outportb (PORT+2, 0x04); // Setting the interface to output

outportb (PORT+4, modus); // Setting the transfer and camera more
outportb (PORT+4, integration); // Setting the integration time
outportb (PORT+4, io_out); // Setting the I/O signals OUT0 to OUT7

outportb (PORT+2, 0x24); // Switching the interface to input

io_in = inportb(PORT+4); // Reading the I/O signals IN0 to IN7
for (counter = 0; counter < nvorlauf - 4; ++counter) // Reading the camera designation and version number

text[counter] = inportb (port+4);
for (counter = 0; counter < npixel; ++counter) // Reading the sensor information

result[counter] = inportb (port+4);
for (counter = 0; counter < nnachlauf; ++counter) // Reset of the line scan camera

inportb (port+4);

Lately increasedI/O chipscameon themarket,with thosewith each(!)access
– thedirectionmustbesetagainfor readinga byte
– thetimeoutmustbereadandreseted
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Quick and Dirty: INTR-Leitung

6.4 Polling the INTR line

TheINTR line canbeusedon two differentways:

R Interruptoperation

R Pollingoperation

In thecontext of quickanddirty programmingthepolling operationis used,becauseof thesubstantiallysmaller
programmingexpenditure.Also thedangerof systemcrashescausedby wronginterruptvectorsis avoided.

With thepolling operationtheINTR line is queriedby readingthestatusregister. If theintegrationtime is over,
thenthebit-6 is setandthecameracanbereadout:

if (inportb (port+1) & 0x40) // INTR line active:
{ // Integration completed

outportb (PORT+2, 0x04); // Setting the interface to output
outportb (PORT+4, modus); // Setting the transfer and camera mode
outportb (PORT+4, integration); // Setting the integration time
outportb (PORT+4, io_out); // Setting the I/O signals OUT0 to OUT7
outportb (PORT+2, 0x24); // Switching the interface to input
io_in = inportb(PORT+4); // Reading the I/O signals IN0 to IN7
for (counter = 0; counter < nvorlauf - 4; ++counter) // Reading the camera designation and version number

text[counter] = inportb (port+4);
for (counter = 0; counter < npixel; ++counter) // Reading the sensor information

result[counter] = inportb (port+4);
for (counter = 0; counter < nnachlauf; ++counter) // Reset of the line scan camera

inportb (port+4);
}

With the Polling operationit is to take care,that the queryof the statusbit is maderegularandis repeatedin
veryshortintervals,in orderpreventa toostrongvariationof theintegrationtime(settingtheINTR line doesnot
interrupttheintegration.This is only terminatedwith thereadout of thecamera!).
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