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#include "stdafx.h"
#include<time.h>
#include<sys/timeb.h>
#ifdef LINUX

#include <unistd.h>
#endif

#include "FlyCapture2.h"

using namespace FlyCapture2;
void PrintError( Error error ) {
error.PrintErrorTrace();
}
bool CheckSoftwareTriggerPresence( Camera* pCam ) {
const unsigned int k_triggerInq = 0x530;
Error error;
unsigned int regVal = 0;
error = pCam -> ReadRegister( k_triggerIng, &regVal );
if (error = PGRERROR_OK) {
PrintError( error );
return false;
}
if( (regVal & 0x10000 ) != 0x10000 ) {
return false;

}

return true;
}
bool PollForTriggerReady( Camera* pCam ) {
const unsigned int k_softwareTrigger = 0x62C;
Error error;
unsigned int regVal = 0;
do {
error = pCam->ReadRegister( k_softwareTrigger, &regVal );
if (error I= PGRERROR_OK) {
PrintError( error );
return false;
}
}
while ( (regVal >>31) 1=0);
return true;
}
bool FireSoftwareTrigger( Camera* pCam ) {
const unsigned int k_softwareTrigger = 0x62C;
const unsigned int k_fireVal = 0x80000000;
Error error;
error = pCam->WriteRegister( k_softwareTrigger, k_fireVal );
if (error = PGRERROR_OK) {
PrintError( error );
return false;

}
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}

int main(int argc, char** argv) {
int k_numImages = 100;

int timeex;

struct timeb startT , finishT;
unsigned int seconds, milliseconds;

// Define condiciones de las capturas de la camara
char name[256]= "multiespectral”;

char format[256]="pgm";

printf("\n");
printf("TESIS_Anthony_Camara_Multiespectral_2014\n");
#undef SOFTWARE_TRIGGER_CAMERA

Error error;

BusManager busMgr;

unsigned int numCameras;

error = busMgr.GetNumOfCameras(&numCameras);
if (error '= PGRERROR_OK) {

PrintError( error );

return-1;

}

printf( "Number of cameras detected: %u\n", numCameras );
if (numCameras < 1) {

printf( "Insufficient number of cameras... exiting\n" );
return-1;

}

PGRGuid guid;

error = busMgr.GetCameraFromIndex(0, &guid);

if (error = PGRERROR_OK) {

PrintError( error );

return-1;

}

Camera cam;

// Conectarse a la camara

error = cam.Connect(&guid);

if (error I= PGRERROR_OK) {

PrintError( error );

return-1;

}

printf("Camara conectada\n");

// Encender la camara

const unsigned int k_cameraPower = 0x610;

const unsigned int k_powerVal = 0x80000000;

error = cam.WriteRegister( k_cameraPower, k_powerVal );
if (error = PGRERROR_OK) {

PrintError( error );

return-1;

}

const unsigned int millisecondsToSleep = 100;
unsigned int regVal = 0;
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//Esperar que la camara termine de encender
do {

#if defined(WIN32) || defined(WIN64)
Sleep(millisecondsToSleep);
#else

usleep(millisecondsToSleep * 1000);
#endif

error = cam.ReadRegister(k_cameraPower, &regVal);
if (error == PGRERROR_TIMEOUT)

}

else if (error = PGRERROR_OK) {

PrintError( error );

return-1;

}

retries--;

} while ((regVal & k_powerVal) == 0 && retries > 0);
// Verificar errores de limites de tiempo

if (error == PGRERROR_TIMEOUT) {

PrintError( error );

return-1;

}

// Obtener la informacion de la camara

Cameralnfo camInfo;

error = cam.GetCameralnfo(&camlInfo);

if (error '= PGRERROR_OK) {

PrintError( error );

return-1;

}

#ifndef SOFTWARE_TRIGGER_CAMERA

// Verificar trigger externo

TriggerModelnfo triggerModelnfo;

error = cam.GetTriggerModelnfo( &triggerModelnfo );
if (error I= PGRERROR_OK) {

PrintError( error );

return-1;

}

if ( triggerModelnfo.present != true ) {

printf( "Camera does not support external trigger! Exiting...\n" );
return-1;

}

#endif

// Obtener configuracion actual del trigger
TriggerMode triggerMode;

error = cam.GetTriggerMode( &triggerMode );

if (error I= PGRERROR_OK) {

PrintError( error );

return-1;

}

// Configurar la camara al trigger modo 0
triggerMode.onOff = true;

triggerMode.mode = 0;
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#ifdef SOFTWARE_TRIGGER_CAMERA

// Source 7 es un trigger por software
triggerMode.source = 7;

#else

// Disparar la camara de forma externa por el pin 2.
triggerMode.source = 2;

triggerMode.polarity = 0;

#endif

error = cam.SetTriggerMode( &triggerMode );
if (error I= PGRERROR_OK) {

PrintError( error );

return-1;

}

bool retVal = PollForTriggerReady( &cam );
if( !retVal ) {

printf("\nError polling for trigger ready!\n");
return-1;

}

// Obtener configuracion de la camara
FC2Config config;

error = cam.GetConfiguration( &config );

if (error = PGRERROR_OK) {

PrintError( error );

return-1;

}

// Configurar tiempo de grabacion
config.grabTimeout = 50000;

// Set the camera configuration

error = cam.SetConfiguration( &config );

if (error = PGRERROR_OK) {

PrintError( error );

return-1;

}

// Camara esta lista para capturar imagenes
error = cam.StartCapture();

if (error = PGRERROR_OK) {

PrintError( error );

return-1;

}

#ifdef SOFTWARE_TRIGGER_CAMERA

if (ICheckSoftwareTriggerPresence( &cam )) {
printf( "SOFT_ASYNC_TRIGGER not implemented on this camera! Stopping application\n");
return-1;

}

#else

printf( "Waiting for Pulse at %d.\n", triggerMode.source);
#endif

Image image;

for (int imageCount=0; imageCount < k_numImages; imageCount++ ) {
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ftime(&startT);
PollForTriggerReady( &cam);

// Graba imagen

error = cam.RetrieveBuffer( &image );

if (error = PGRERROR_OK) {

PrintError( error );

break;

}

printf(".\n");

// Crea una imagen convertida

Image convertedImage;

// Convierte la imagen en bruto

error = image.Convert( PIXEL_FORMAT_MONO8, &convertedImage );
if (error I= PGRERROR_OK) {

PrintError( error );

return-1;

}

// Crea un nombre unico para las imagenes

char filename[512];

sprintf( filename, "%s%d.%s", name, imageCount+1,format);

if (imageCount >= 0) {

error = convertedlmage.Save( filename );

if (error '= PGRERROR_OK) {

PrintError( error );

return-1;

}

printf( "Picture #%d saved!!\n",imageCount+1);
ftime(&finishT);

seconds = finishT.time - startT.time - 1;
milliseconds = (1000 - startT.millitm) + finishT.millitm;
timeex = milliseconds + seconds * 1000;
printf("Esta foto demoro %d \n",timeex);

}
}

// Deja de capturar imagenes
error = cam.StopCapture();

if (error I= PGRERROR_OK) {
PrintError( error );

return-1;

}

// Apaga el trigger
triggerMode.onOff = false;
error = cam.SetTriggerMode( &triggerMode );
if (error = PGRERROR_OK) {
PrintError( error );

return-1;

}
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error = cam.Disconnect();
if (error = PGRERROR_OK) {
PrintError( error );

return-1;

}

return 0;

}
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7.1.1StandardExternalTrigger(ModeO)

TriggerModeOisbestdescribedasthestandardexternaltriggermode. WhenthecameraisputintoTriggerMode
thecamerastartsintegrationoftheincominglightfrorrexgenrgbutfalling/risingEdeg&huttervalue
describesintegrationtime.Noparameterisrequired.ThecameracanbetriggeredinthismodebyusingtheGPIC
asexternaltriggerorbyusingasoftwaretrigger.

ItisnotpossibletotriggénecameraatfuframerateusingTrigdéodeO; howevethisispossibleusing
OverlappedExposureReadoutTrigger(Model4).

{
u /7

Trigger
Sensor exposure T %

Exposure dl;i\ation is “SHUTTER? register value

Sensor readout N ‘

U
data 7

Figure7.1:TriggerModeO(“StandardExternalTriggerMode”)

[“Registers— - LAY

Presence | [0] i 8

ON [6] 1

Polarity [[7] Low/High
Source [8-10] | GPIO Pin

Value [11] Low/High

Mode [12-15] Trigger_Mode_0

Parametef [20-31] None

S ...... POINTGREY 2

[nnovation in Imaging

Tesis publicada con autorizacién del autor

No olvide citar esta tesis




> PONTIFICIA
TESIS PUCP gm\g‘_f}gg‘no

DEL PERU

PointGreyChameleonTechnicalReference 7ImageAcquisition

7.1.2 BulbShutterTrigger(Model)

AlsoknownasBulbShutttevde,hecamerastartsintegrationoftheincominglightfronigggariaput.
Integrationtimeisequaltolowstatetimeoftheexternaltriggerinput.

{
Trigger /7

Sensor exposure N §§

\\
Exposure duration is trigger width

Sensor readout \ ‘ (U

data /!

Figure7.2:TriggerModel(“BulbShutterMode”)

[ Registers— = LAY

Presence | [0] d

ON [6] i

Polarity |[7] Low/High
Source [8-10] [ GPIO Pin

Value [11] Low/High

Mode [12-15] Trigger_Mode_1
Parametef[20-31] None
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7.1.3 SkipFramesTrigger(Mode3)

TriggerMode3allowstheusertoputthecameraintoamodewherethecameraonlytransmitsoneoutofNspecifie
imagedhisisaninternaltriggermodethatrequiresnogrteraatioihereNistheparametersetinthe
TriggerMode,thecamerawillissueatriggerinternallyatacycletimethatisNtimesgreaterthanthecurrentfram«
rate. AswithTriggerMode0,theShuttervaluedescribesintegrationtime.

N frames at current frame rate

< > § §
Trigger J
A
Sensor exposure %

E;‘Qosure duration is “SHUTTER” register va..h{

Sensor readout ‘

data data

Figure7.3:TriggerMode3(“SkipFramesMode”)

[ Registers= - 2l

Presence | [0] 1

ON [6] 1

Polarity |[7] Low/High
Source [8-10] | GPIO Pin

Value [11] Low/High

Mode [12-15] Trigger_Mode_3

NloutofNimagesistransmittgd.
Parametef [20-31] CycletimeNtimesgreaterthan
currentframerate
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7.1.40verlappedExposureReadoutTrigger(Model4)

TriggerModel4isavendor-uniquetriggermodethatisverysimilartoTriggerMode0,butallowsfortriggeringatfi
framerates.Thismodeworkswellforuserswhowanttodriveexposurestartwithanexternalevent.However,ust
whoneedapreciseexposurestartshoulduseTriggerMode0.

Inthefigurebelow,thetriggermaybeoverlappedwiththereadoutofimiitaapzontinuousshot(free-
running)mode.|fthetriggerarrivesafterreadoutiscomplete,itwillstartasquicklyastheimagingareacanbecle
Ifthetriggerarrivesbeforetheendofshutterintegratidnétbetthetriggerisarmiéidroppedfthe
triggerarriveswhiletheimageisstillbeingreadoutofthesensor,thestartofexposurewillbedelayeduntilthene:
opportunitytocleartheimagingareawithoutinjectingnoiseintotheoutputimage.Theendofexposurecannotc
beforetheendofthepreviousimagereadout.Therefore,exposurestartmaybedelayedtoensurethis,whichme
priorityisgiventomaintainingtheproperexposuretimeinsteadoftothetriggerstart.

{
/]
Trigger
Sensor exposure C 52{
Exposure dl;i‘ation is “SHUTTER” value
3 A A
N V| w v
Sensor readout Ny // IIl N 4 | /
data transfer overlapped with next exposure /]

Figure7.4:TriggerModel4(“OverlappedExposure/ReadoutMode”)

[“Registers= - LEELY

Presence | [0] 1
ON [6] 1
Polarity [ [7] Low/High
Source [8-10] | GPIO Pin
Value [11] Low/High

Mode [12-15] Trigger_Mode_14
Parametef[20-31] None
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7.2 ExternalTriggerTiming

Thetimefromtheextemaltriggerfiringtothestartofshutterisshownbelow:

1 ° |
—
External tnggex _1 " 1. TriggerPulse
i 2. PropagationDelay
Exposure time ; .Io, 3. ExposureTime
K:H: 4, SensorReadout
Dt tiiiisfec i ' 'l 5, DataTransfer
| | '
II ° |"—.‘

Figure7.5:Externaltriggertimingcharacteristics

Itispossibleforuserstomeasurethisthemselvesbyconfiguringoneofthecamera’sGPIOpinstooutputastrob ey
{seeProgrammablesStrobeOutput)andconnectinganoscilliscopeuptotheinputtriggerpinandtheoutputstrol
Thecamerawillstrobeeachtimeanimageacaquisitionistriggered;thestartofthestrobepulserepresentsthests
exposure.

7.3 CameraBehaviorBetweenTriggers

Whenoperatinginextemaltriggermode thecameraclearschargesfrormthesensoratthehorizontalpixelclock
determinedbythecurrentframerate.Forexample,ifthecameraissetto 10FPS, chargesareclearedoffthesensc
ahorizontpilxeklockrateofl SkHZhisactiontakesplacefoll owingshutterintegtidtienexttriggeris
receivedtthatpointthehorizontalearingop eratioatzortedndafinalclearingofheentiresensas
performedpriortoshutterintegrationandtransmission,
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7.4 ChangingVideoModesWhileTriggering

Youcanchangethevideofonmatandmodeofthecamerawhileoperatingintriggenmode. whetherthenewrmode
thatisrequestedtakeseffectinthenexttriggeredimagedependsonthetimingoftherequ estandthetriggermot
effect. Thediagrambelowillu stratestherel ationshipb etweentriggeringandchangingvideomodes.

{
_ U 7
Trigger

Sensor exposure ¥ %

Exposure duﬁlinn IS “SHUTTER™ register value

Sensor readout /[
data ]
Trigger ls :
Pt Begin data readout
Previous image End of integration
readout Tomplals T

Video mode change Is
configured within this period

Figure?7.6:RelationshipBetweenExternalTriggeringandvideoModeChangeRequest

WhenoperatinginstandardexternalTrigger{Mode0jorinBulb shutterTrigger{iModel),videormodechangerec
madeb eforepointAonthedi agramarehonoredinthenexttriggeredimage. Thetesrartietibnora

requ estmadeafterpointainthenexttri ggerebimEdgeattemptmayormaynotsucceed,inwhichcasethe

requ estishonoredonetriggeredimag e &eerl appedExposureReadoutTrigger(Mpdigt8occurs

beforepointA. Theresultisthat,inmostcases thereisadelayofonetriggeredimageforavideormoderequest, me
beforetheconfigurationperiod totakeeffect,
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7.5 AsynchronousSoftwareTriggering

Shutterintegrationcanbeiniti atedbyasoftwaretriggerviaSOFTWARE_TRIGGER:62Ch.

Thetimefromasoftwaretri ggerinitiationtothestartofshutterisshownbelow:

Software trigger —] 1 l

1. SoftwareTrigger
3 2, TriggerLatency

Exposure time 1 i
:4«»;4—»: 3. ExposureTime
2 i 4. SensorReadout
i ‘ 5, DataTransfer
Data transfer 4
¢ 3 ¢ 5 »

Figure7.7:Softwaretriggertiming

Thetimefromwhenthesoftwaretri ggeriswrittenonthec armeratowhenthestartofintegrationoccurscanonlyb
approximated Wethenaddthetriggerlatencyl(timefromthetriggerpulsetothestartofintegration)tothis.

topredictimingfromtheuseperspectiveduetolaten mébe

@ Thistimingissolelyfromthecameraperspective ftisvirtu alfyimp ossible
processingofcommandsonthehostPC,

7.6 IsochronousDataTransfer

Isochronou stransmissionisthetransferofimagedatafromthecarmeratothePCinacontinualstrearmthatisre gu
byaninternalclock |sochronou stransfersonthebu sguaranteetimelydeliveryofdata butnotnecessarilyinteg
data,

Formoreinfonmationaboutisochronoustranemieslmgp acketformatsandb andwidthrequsmenents,
|sochronousPack etFormat.
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