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Software control of the parallel interface

Theline scancamera®f theseriesCCDL, aswell asvariousotherdevicesof the EURECAMesstechnilGmbH

areattachedo the parallelinterface.Generallythe EPPprotocolaccordingto the IEEE-1284standards used,
sincethis enablesa goodhardwareimplementationAlmosteachPChasaninterface which canbeconfiguredo

the EPPmode.Dependinguponthe manufcturerof thel/O chiptheseinterfacesareto betreatedfor somavhat
differently. If theusedinterfaceshouldnot supportan EPPmode thenthe protocolcanbeemulatedalsowith an
interfacein theBPP-, PS2or ECPmode.

In thefirst sectionthe physicalfunctionof the parallelinterfaceandtheir logical controlis describedAfterwards
thedifferentinterfacetypes,aswell astheinterrupthandling,arediscusse@ndin theendprogrammingxamples
are showvn, which can be implementedeasily (quick and dirty). All sampleprogramsrefer, if not differently
proven,ontheline scancameraof thetype CCDL-20LH1-8. For all otherline scancamerashe sampleprograms
canbe taken over, aswithin the declarationareathe valuesfor the pre-pixel, pixel numberand post-pixel are
adaptedWith all programexamplesin the quick anddirty styletimeoutsarenot considered!

Important:

For a programming assimple aspossiblethe interface should be configuredin the BIOS to the EPP mode!
Note: ECP+EPPrequiresalreadya increasedorogramming effort!

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

1.1 Datalines

The interfacepossesse8 datalines, by which the datacommunicatioris madeinto both directions.Thesecan
be setandreadboth by the computeraswell asby the peripheraldevice. You have to take care,thatat no point
in time boththe computerandthe peripheraldevice setthedatalines.

1.2 Control lines

The datacommunicatioron the parallelinterfaceis controledby 5 physicalcontrollines, whosemeaningare
discribedbriefly in thefollowing:

1. nWRITE

This line determinesvhetherthe operationis a writing (datafrom the computerto the peripheraldevice)
or areadingaccesgdatafrom theperipherabdevice to thecomputer)ls thisline physicalO (< 0.8V), then
it is writing accessptherwise(> 2.0V) areadingaccessThis negatedoehaior is signaledoy then before
theWRITE

2. nDSTRB Thisline signalsa dataexchangeandpossesseduringthe acces¢ime a0 value

3. nASTRB

Thisline signalsanaddres®xchangeandis in principle equivalentto the dataexchangecanhowever be
treateddifferently by the peripheraldevice (e.g.controlingseveral devicesat a parallelinterface).Only
oneof theboth STRBlinescanbe usedat onetime.

4. WAIT:

This line is active high, contraryto the others,and signalsthe end of the accessTheline is set,if the
peripheraldevice is finishedwith the taking over of the data(write accesspr the supplyingof the data
(readaccessandhelduntil the peripheraldevice is readyto processew data.

5. INTR:
Thisline releases hardwareinterruptin the computer

1.3 Userlines

Additionally to the controllinestherearestill 4 furtherlines:
1. nlnit : Thisline is active low andreleases softwareresetwith someperipheralglevices.
2. User-1 : Thisline canbeusedfreely asaninput
3. User-2 : Thisline canbeusedfreely asaninput

4. User-3 : Thisline canbeusedfreely asaninput
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1.4 Timing

Thetiming diagramshavs thetemporalbehaiour of thesignals:

1.4.1 Write access

e\ N
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FirstthenWRITEline is set.Afterwardsthe computeiputsthedataon the bus. Shorttime laterfollows the setting
of the nDSTRBIine. Now the computerwaits, until the WAIT line of the peripheraldevice is set, at the most
however 10us ThereaftethenDSTRBIline is resetedShortly afterthatthe computerswitchesthe datalinesinto
thehighimpedancetatusandresetghereaftethenWRITEline.

1.4.2 Readaccess
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ThenWRITEline remainsunset!ThecomputersetsthenDSTRBline, onwhich the peripheradevice putsthedata
onthebus.Now thecomputemaits,until the WAIT line is setby theperipheradevice, atthemosthowever 10us
Thereaftetthe nDSTRBIine is resetecandthe peripheraldevice switchesthe datalinesinto the high impedance
status.

stue fast Eonn

Note: With theline scancamera®f the EURECAMesstechnikGmbHafterthereadout of the sensoinformati-
onnomorenWait signalis set.This meansthatwith thelast16 bytesatimeoutoccurs.Thisis to beconsidered
by the softwarewith BPPandPS2interfaces!
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1.4.3 Times

In the context of the EPPprotocolthefollowing timesmustbekept:

| Symbol | Description | Source [ min. | typ. | max. | Unit |
to wr DatabeforeWrite Computer| 0 ns
twr,a Write beforeStrobe Computer| 0 ns
tap Dataafter Strobe Camera 20 | 30 | 50 ns
ta,int Interruptresetafter Strobe Camera 50 70 | 100 | ns
ta wt Wait afterStrobeat 125Byte/s | Camera 7 8 8,5 us
250kByte/s 3,56 | 4 | 425| pus
500kByte/s 17| 2 2,1 | us
1IMBwte/s 0,9 1 1,1 us
2MByte/s 0,4 | 0,5 | 0,6 us
twi,a Strobeafter Wait Computer| 0 ns
twt,h Wait hold Camera 0 20 | 30 ns
ton Datahold Camera 0 20 30 ns
tawr Write after Strobe Computer| 0 ns
twr,D Dataafter Write Computer| 0 ns
2 Thelogical interface
2.1 Port addresses
As interfacebetweerthe programandthe physicallines 11 portaddresseareavailable:
| | Address || D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO |
Dataport PORT+0 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Status PORT+1 WAIT INTR USER1 | USER3 USER2 X X TMOUT
port
Control PORT+2 X X PCD IRQEN nASTRB nINIT nDSTRB | nWRITE
port
EPPaddr PORT+3 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
port
EPP data | PORT+4 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
port0
EPP data | PORT+5 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
portl
EPP data | PORT+6 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
port2
EPP data | PORT+7 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
port3
ECP fifo PORT+ 0x400 PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
port
ECP con- PORT+ 0x401 COMPRESS | INTR IRQ2 IRQ1 IRQO 1 1 1
fig port
ECP con- | PORT+ 0x402 Mode2 Model | ModeO Errintr dmaEn Service Full Empty
trol port
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2.1.1 Data port

The dataport is the interfacebetweenthe programandthe datalines. This port canbe readandwritten both.
During readingthe momentaryphysicalstatusof thedatalinesis indicated.

During writing the datalines areseton the bit valuescorrespondinghe physicalstatusesTherearetwo possi-
bilities, how thisis implemented:

1. Theoutputsof thedriver areopencollectorswith pull ups.Thisis the old standardsolutionandavailable
on mary computersBoth, computersand peripheraldevice, drive the lines againstground,while a high
signalis producednly over pull up resistancesThusthe dangerof short-circuitsis prevented.

Disadwantagein orderto readtheinformationof theperipheradevice, all outputsmustbe seton High by
the computeffirst, sincethey form awired AND gate.

2. Theoutputsof thedriverareTri-State.This meansthatthe outputscanpossessa highimpedancestatusor
oneof thetwo logic levels. This versionwasintroducedby the compary IBM for the Personal-Systems-2
(PS2)andformsthetoday’s standard.

Disadwantagefor readingthe peripheraldevice datathe driver mustbe switchedexplicitly into the high
impedancestatus Note: If thedriveris notin the highimpedancestatusjt cancometo short-circuitswith
theperipheraldevice!

2.1.2 Statusport

The statusport shonvs the physicallevelsof thestatusinputs.In generathis port canbe only read.An exception
formsherethetimeoutbit. Thisis setwith EPPoperationjf theperipherablevice did notsetthe WAIT line within
10us In orderto deletethistimeoutbit, thereareagaintwo possibilities:

1. Thecompaty XIRCOM introducedthatthe TIMEOUT bit is deletedby thewriting of a1 onbit O of the
statusport. Writing a 0 on the bit doesnot causemodification.

2. Thecompaly MircoSoftintroducedthatthe TIMEOUT bit takesoverthestatusof thebit O duringwriting:
If onewritesa 1, thenthebit is setandresetednly with writing a 0.

In orderto considerboth possibilities,one proceedsasfollows: first onewritesa 1 (deletethe TIMEOUT bits
with XIRCOM) andafterwardsaO (deletethe TIMEOUT bits at Microsoftandno modificationwith XIRCOM).
In generatheotherbits of the statusword do nothave a meaning sincethey canbeonly read.lt is saferto write
thesewith the statusesvhich onereadbefore:

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

The secondmportantbit of the statusportis the bit 6 (INTR). This releasesif the interruptvectoris correctly
initialized in the computeraninterrupt.Sincethis is normally quite muchprogrammingeffort, onecanpoll the
bit for simpleapplications:

while (inportb  (port+l) & 0x40 == 0);
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2.1.3 Control port

Onecanin generalonly write to the control port. Readingnormally givesbackthe lastwritten byte (exception
the two bits with X, which arenot certain,but normally 1). The written bits areput invertedon the appropriate
signallines. This appliesto thelower 4 bits of the controlbyte.

The bit PCDis usedwith the PS2-PorandEPPport (without hardwaredirectionprotocol)to switchthe driver
chipinto the highimpedancestatus A 1 in this bit meansthatthedriveris highimpedancea 0 meansthatthe
driveris on output. The bit IRQEN is usedin orderto activatethe interrupt. A 0 meansthattheinterruptis not
usedtheINTR line canhoweverbepolled.

2.1.4 EPP Addressport

TheEPPaddresgortis availableonly, if in the BIOS the EPPfunction of theinterfaceis activated.By reading
or writing on this port the entire protocol, as describedabove, will passthroughautomatically As strobethe
addresstrobeline is used.

2.1.5 EPPdata port

The EPPdataportis availableonly, if in the BIOS the EPPfunction of theinterfaceis activated.By readingor

writing onthis port the entirelog, asdescribedabove, will passthroughautomaticallyAs strobethe datastrobe
line is used With anword accesg16 bits) or a 32 bit accesshe protocolis passedhrough? or 4 timesaccording
to the appropriatebytes.This startswith the LSB (leastsignificantbyte). As addresdor the port the EPPdata
port 0 is alwaysto be used!

2.1.6 ECP dataport

The ECP dataport is available only, if in the BIOS the ECP function of the interfaceis activatedandis not
necessariljor the operationof EPPablecomponents.

2.1.7 ECP statusport

The ECP statusport is availableonly, if in the BIOS the ECP function of the interfaceis activatedandis not
necessariljor the operationof EPPablecomponents.

2.1.8 ECP control port

The ECPcontrolportis availableonly, if in the BIOS the ECPfunctionof theinterfaceis actvatedandneeded,
if the ECP+EPPmModeis used.Thebit 7 setstherebythe EPPmode.First however the standardnodemustbe
set:

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

In thefollowing youreceive a summaryof the singleportsandtheir meaningwith differentinterfaces:
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BPP

3 Software control
3.1 BPP (SPPbidir ectional)

Themosteasyinterface:bidirectional,not PS2.
In orderto getthelogical sequencelescribedat the start,the programwould have to look approximatelyso:

Writing a byte:

outportb  (port+2,  0x01);

outportb  (port,  data);

outportb  (port+2,  0x03);

counter = 0;

do {
wait = inportb  (port+l) & Ox80;
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,  Oxff);

outportb  (port+2,  0x02);

counter = 0;

do {
wait = inportb  (port+l) & 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 impedanceor activated.This is madeby the
PCDbit of thecontrolport (bit No. 5):

Writing a byte:

outportb  (port+2,  Ox21);
outportb  (port+2,  Ox01);
outportb  (port,  data);
outportb  (port+2,  0x03);
counter = 0;

do {

wait = inportb  (port+l) & Ox80;
counter += 1;

udelay (1);
} while (wait && (counter < 10));
if (counter == 10)

timeout = 1,

outportb  (port+2,  Ox01);
outportb  (port+2,  0x21);
outportb  (port+2,  0x20);

Readinga byte:

outportb  (port+2,  0x22);

counter = 0;

do {
wait = inportb  (port+l) & Ox80;
counter += 1;

udelay (1);
} while (wait && (counter < 10))
if (counter == 10)

timeout = 1,

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

10
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3.3 Combination: BPP + PS2

It hasproven as meaningfulto usea combinationof BPP and PS2,sincethis solutionfunctionsin almostall

cases:

Writing a byte:

outportb  (port+2,  Ox21);
outportb  (port+2,  Ox01);
outportb  (port,  data);
outportb  (port+2,  0x03);
counter = 0;

do {

wait = inportb  (port+1)
counter += 1;

udelay (1);
} while (wait && (counter
if (counter == 10)
timeout = 1,

outportb  (port+2,  Ox01);
outportb  (port+2,  0x21);
outportb  (port+2,  0x20);

Readinga byte:

outportb  (port,  Oxff);
outportb  (port+2,  0x22);
counter = 0;
do {
wait = inportb  (port+1)
counter += 1,

udelay (1);
} while (wait && (counter
if (counter == 10)
timeout = 1,

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

& 0x80;

< 10));

& 0x80;

< 10)

11

BPP + PS2
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EPP

3.4 EPP

With theintroductionof the EPP port muchbecamesimpler:theentirecontrolis handledhow by thehardware!
This becamepossible astwo further portaddressewereaddedport + 3 is the EPPaddresgort andport + 4 is
the EPPdataport. Theseareequivalent,the oneusethenASTRBIine, the otherthenDSTRBIine. For applications
with line scancamerecircuit boardsof the EURECA GmbHthelatteris crucial:

Writing a byte:

outportb  (port+4,  data);
Readinga byte:

data = inportb(port+4);

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

Writing a byte:

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

Readinga byte:

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

The latter possibility functionsalmostalways, sinceinterfaceswhich control the port directiondo not consider
the PCDbit. Settingthe directionmusttake placein generainotwith eachaccessbut only whenmodifying the
portdirection.

Lately increased/O chips cameon the market, with thosewith each(!)access
—the direction must be setfor readinga byte (seeabove)
—the timeout must be readand setback

buffer = inportb  (port+1);

outportb  (port+l,  buffer | 0x01);
outportb  (port+l,  buffer & Oxfe);

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 EPP port.

12
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Interrupt

4 Interrupt

Many devicessupplyaninterruptwith achieving a certainstatus.This is a signal,which interruptsthe process
onthe PC,which is runningat the moment,andcalls a routinefor the handlingof the device status After this
routineis terminatedthe PCreturnsto theinterruptedprocess.

With the parallelinterfacegenerally2 interruptrequestines (IRQs) areprovided: IRQ-5 andIRQ-7. Theseare
projetedinternally on interruptvectors.

4.1 Allocation IRQ Vector

Thesenterruptvectorsarememoryaddressesn which the physicaladdres®f theinterrupthandlingroutineis
situated The 15 availableIRQsareprojetedasfollows on 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/ttySO 1 0x21 4 0x10
5 0x0D | LPT-2,/dev/Ip2 1 0x21 5 0x20
6 OxOE | Floppy, /dev/fd0, /dev/fd1 1 0x21 6 0x40
7 OxOF | LPT-1,/dev/Ip0, /dev/ipl 1 0x21 7 0x80
8 0x70 | realtimer 10244z 2 O0xAl 0 0x01
9 0x71 | free 2 OxAl 1 0x02
10 0x72 | free 2 OxAl 2 0x04
11 0x73 | free 2 OxAl 3 0x08
12 0x74 | free 2 OxAl 4 0x10
13 0x75 | free 2 OxAl 5 0x20
14 | 0x76 | IDE,/dev/hda,/dev/hdb 2 OxAl 6 0x40
15 | O0x77 | 2.EIDE,/dev/hdc,/dev/hdd 2 OxAl 7 0x80

4.2 Interrupt controler

TheIRQsarecollectedin interruptcontrolers Thereeachindividual IRQ canbe activatedor deactvated(mas-
ked). This is donevia the settingor deletionof a bit in the control registerof the controler(seetable).A set
bit correspondso anactive IRQ. It is to be madesure,thatalreadyactive IRQs of systemcomponentsrenot
particularlydeactvated,with exceptionof thatone,thatyou wantto use.Deactvatingthe IDE-IRQ leadse.g.to
datalossesandin extremecasedo the destructiorof the completeharddisk contents!

After thehandlingof aIRQ by theinterruptcontroler this staysin aninactive statusj.e. it cannotrecevefurther
IRQs. This ensuredor the factthat a further interruptis not releasedwhile thefirst is still processedin the
handlingroutinethereforetheinterruptcontrolermustbereleaseagain(whenpossibeight afterthebeginning,
whenthe processoregistersare sazed). For the first controlerthis takes placevia writing a 0x20 on the port
0x20,for thesecondcontrolerby writing a 0x20 on the port OXAOQ.

13
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4.3 Settingthe interrupt vectors

In orderto setthe interruptvector mosthigh-level language®ffer appropriateinstruction.Iln Borland-C these
read:

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

Theinstructiongetvect readsthe vectorindicatedfor the interrupt. This is neededijn orderto activatethe old
vectoragain,afterterminationof the program.
Theinstructionsetwect setsthe vectorto the new routine.

Theroutine,to which thevectorpoints,shouldbe explicitly definedasaninterruptroutine.Thisis necessaryso
thatthe processoregistershecomesecurectorrectly

4.4 1RQ of the parallel interface

The parallelinterfaceusesgenerallythe IRQ-5 or IRQ-7. In orderto usetheinterrupt,this mustbereleasedy
settingtheBit-4 (IRQEN) in the controlport:

outportb  (port+0x02, 0x10);

4.5 Program example

/ *

I* *|
I* Declaration *
I* */

/ *|

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

#define  PORT 0x378 /I Address of the EPP port
#define IRQ 7 II' IRQ of the EPP port
int  counter,
nvorlauf = 50 /I 50 port accesses up to the first  pixel
npixel = 2048 Il 2048 pixel
nnachlauf = 16 /I 16 port accesses for the camera reset
int  modus = 96, Il Port transfer  rate 1000 kB/s
integration = 15, Il Integration time 150ms
io_out =0, Il Outputs
io_in; /I Inputs
char text[128]; II' Array for storing the ASCIl data
unsigned char resultf2048]; /I Array for storing the sensor information
void interrupt routine  (void); Il Declaration  of the interrupt routine
void interrupt (* oldhandler)(void); /I Pointer to the old vector
int  oldmask; /I Old mask

14
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/ *|

I* *
I* -~ Program start */
I* *

void main (void)

{
oldhandler = getvect (INTR | 0x08); II' save the old vector
oldmask = inportb  (0x21); /I save the old mask
setvect (INTR | Ox08, routine); Il setting the new vector
outportb  (0x21, oldmask & (Oxff(0x01 << INTR))); Il setting the new mask
outportb  (PORT+2, 0x10); /I Initialisation of the interface
Il (activating the interrupt)
routine  (); /I “starting" the camera
I because of the interrupts
I the system keeps on running
Il with the adjusted integration time
I automatically
}
void interrupt routine  (void) /I Declaration of the interrupt routine
{
outportb  (0x20,  0x20); II' Resetting  the interrupt controler
outportb  (PORT+4, modus); /I Setting the transfer  and camera mode
outportb  (PORT+4, integration); /I Setting  the integration time
outportb  (PORT+4, io_out); /I Transmitting the 1/0 signals OUTOto OUT7
io_in = inportb(PORT+4); /I Reading the I/O signals INO 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) /I Reading the sensor information
result[counter] = inportb  (port+4);
for (counter = 0; counter < nnachlauf;  ++counter) /I Reset of the line scan camera
inportb  (port+4);
}

5 Operating systems

The programmingunderDOS, Windows 95 andWindows 98 is normally no problem,sincethe accesseto the
portaddressearenot protected.

WhenusingWindows NT theaccessesustrun mandatorythroughtheKernel!For thistherearesomesharevare
programmswhich canbeloadedasSYSandDLL drivers.

With UNIX systemghe port addressewhich canbe usedmustbe releasedUp to the port addres9x3FFthis
is madee.g.by the ioperm instruction.Whenusing ECP/EPPable interfacesthey mustbe accessedver the
instructioniocntl in theaddres®ORT+0x402 . After this acces®neshouldreleasehe portareaoverioperm.

15
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Quick and Dirty: Hardware dir ection protocol E P P 1 . 9

6 Quick and Dirty
6.1 EPP 1.9hardware direction protocol

The control of an EPPable interface,which supportsEPP 1,9 in the hardware direction protocolreduceghe
programmingexpenditureto afew instruction:

/ *

I* *|
I* Declaration *
I* *

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

#define  PORT 0x378 /I Port adress of the EPP port
int  counter, Il Variable
nvorlauf = 50 /I 50 port accesses up to the first  pixel
npixel = 2048 /I 2048 pixel
nnachlauf = 16 /I 16 port accesses for the camera reset
int  modus = 96, /I Transfer rate 1000 KkB/s
integration = 15, Il Integration time 150ms
ioout =0, Il Outputs
io_in; I Inputs
char text[128]; /I Array for storing the ASCIl data
unsigned char resultf2048]; /I Array for storing the sensor information
outportb  (PORT+2, 0x04); Il Initialisation of the interface
/ *|
I* *
I* -~ Program start - *|
I* *
/ *|
outportb  (PORT+4, modus); /I Transmitting the transfer  and camera mode
outportb  (PORT+4, integration); /I Transmitting the integration time
outportb  (PORT+4, io_out); /I Setting the I/O signals OUTOto OUT7
io_in = inportb(PORT+4); /I Reading the I/O signals INO 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) /I Reading the sensor information
result[counter] = inportb  (port+4);
for (counter = 0; counter < nnachlauf,  ++counter) /I Reset of the line scan camera

inportb  (port+4);

Latelyincreased/O chipscameon the market, with thosewith each(!)access
—thedirectionmustbe setagainfor readinga byte
—thetimeoutmustbereadandreseted
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6.2 EPP 1.9software dir ection protocol

to control an EPPableinterface,which providesEPP1.9 with Softwaredirection protocol,someinstructions
haveto beadded:

I* *
I* - Declaration *
I* *

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

#define  PORT 0x378 /I Port address of the EPP interface
int counter, Il Variable
nvorlauf = 50 /I 50 port accesses up to the first pixel
npixel = 2048 /I 2048 pixel
nnachlauf = 16 /I 16 port accesses for the camera reset
int  modus = 96, Il Transfer rate 1000 kB/s
integration = 15, I Integration time 150ms
ioout =0, Il Outputs
io_in; I Inputs
char text[128]; /I Array for storing the ASCIl data
unsigned char resultf2048]; /I Array for storing the sensor information
/ *
I* *
I* - Program start *
I* *
/ *
outportb  (PORT+2, 0x04); /I Setting the interface  to output
outportb  (PORT+4, modus); /I Setting the transfer  and camera mode
outportb  (PORT+4, integration); /I Setting  the integration time
outportb  (PORT+4, io_out); /I Setting the I/O signals OUTOto OUT7
outportb  (PORT+2, 0x24); /I Setting the interface  to input
io_in = inportb(PORT+4); II' Reading the I/O signals INO 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) /I Reading the sensor information
result[counter] = inportb  (port+4);
for (counter = 0; counter < nnachlauf,  ++counter) /I Reset of the line scan camera

inportb  (port+4);

Latelyincreased/O chipscameon the market, with thosewith each(!)access
—thedirectionmustbe setagainfor readinga byte
—thetimeoutmustbereadandreseted
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6.3 EPP1.7

With thecontrolof anEPPableinterface which support€EPP1.7, thequick anddirty programmings identical
to theEPP1.9 with the softwaredirectionprotocol(difference EPP1.9 supportghetimeoutflag in eachcase.
Thisis notguaranteeavith EPP1,7!):

/ *

I* *|
I* Declaration *
I* *|

/ *

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

#define  PORT 0x378 /I Port address of the EPP port
int  counter, Il Variable
nvorlauf = 50 II' 50 port accesses up to the first  pixel
npixel = 2048 /I 2048 pixel
nnachlauf = 16 /I 16 port accesses for the camera reset
int  modus = 96, /I Transfer ~rate 1000 KkB/s
integration = 15, Il Integrations time 150ms
io_out =0, /I Outputs
io_in; /I Inputs
char text[128]; /I Array for storing the ASCIl data
unsigned char result[2048]; II' Array for storing the sensor data
/ *|
I* *
I* -~ Program start *|
I* *
/ *
outportb  (PORT+2, 0x04); /I Setting the interface  to output
outportb  (PORT+4, modus); /I Setting the transfer and camera more
outporthb  (PORT+4, integration); /I Setting the integration time
outportb  (PORT+4, io_out); /I Setting the I/O signals OUTOto OUT7
outportb  (PORT+2, 0x24); /I Switching  the interface  to input
io_in = inportb(PORT+4); /I Reading the I/O signals INO 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) /I Reading the sensor information
result[counter] = inportb  (port+4);
for (counter = 0; counter < nnachlauf,  ++counter) /I Reset of the line scan camera

inportb  (port+4);

Latelyincreased/O chipscameon the market, with thosewith each(!)access
—thedirectionmustbe setagainfor readinga byte
—thetimeoutmustbereadandreseted
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6.4 Polling the INTR line

TheINTR line canbe usedon two differentways:
Interruptoperation
Polling operation

In the context of quick anddirty programminghe polling operationis used becaus®f the substantiallysmaller
programmingexpenditure Also the dangerf systemcrashesausedy wronginterruptvectorsis avoided.

With the polling operationthe INTR line is queriedby readingthe statusregister If theintegrationtime is over,
thenthebit-6 is setandthe cameracanbereadout:

if (inportb  (port+l) & 0x40) /I INTR line active:
{ Il Integration completed
outportb  (PORT+2, 0x04); /I Setting the interface  to output
outportb  (PORT+4, modus); /I Setting the transfer and camera mode
outportb  (PORT+4, integration); /I Setting the integration time
outportb  (PORT+4, io_out); II' Setting the I/O signals OUTOto OUT7
outportb  (PORT+2, 0x24); /I Switching  the interface  to input
io_in = inportb(PORT+4); /I Reading the I/O signals INO 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) /I Reading the sensor information
resultfcounter] = inportb  (port+4);
for (counter = 0; counter < nnachlauf,  ++counter) /I Reset of the line scan camera

inportb  (port+4);

With the Polling operationit is to take care,thatthe query of the statusbit is maderegular andis repeatedn
very shortintervals,in orderpreventatoo strongvariationof theintegrationtime (settingthe INTR line doesnot
interrupttheintegration.This is only terminatedwith thereadout of thecamera!).
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