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Programming Libraries User Guide

The Imagex programming libraries allow the user to develop their own applications to control
the Imagex series of time-gated cameras. Correct use of the functions requires a basic
understanding of a programming language such as Visual Basic and how this language
interfaces with Windows Dynamic Link Libraries ('DLL'S").

A fully functional program together with its source code is provided to show how the various
library routines work together. The program was written in Microsoft Visual Basic version 6.0

but the library routines can be utilised by any programming system which can access
Windows Dynamic Link Libraries (‘DLLS")

Overview

The process of recording an image with the Imagex camera can be divided into several
distinct stages:

1) Open device driver

2) Setup control registers
3) Clear Camera

4) Expose camera

5) Readout Data

6) Close device driver

If we look at each of these stages in more detail we can start to work out how to use the
library functions to operate the camera:
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Stage 1) Open Device Driver.

In order to access the Imagex system from software you must ‘log-on' to its device driver.
This is achieved using the library routine openimagexdriverntf.

This function returns a 32-bit unsigned integer which is a handle to the Imagex device driver.
When you have this handle you may then access the other driver routines.

Once you have finished accessing the camera you should close the driver using the library
routine closeimagexdriverntf

Thus a routine to take an image would have a structure something like this:

A obal i magexporthandl e as | ong

i mgexport handl e=0

h=openi magexdri vernt f (i magexport handl e)
........... perform

........... camera operations

........... here using handl e ‘i magexport handl e’
cl osei magexdri verntf i magexporthandl e

If you do not correctly close the driver you will not be able to re-open it at a later time. Note
that it is important to set the value 'imagexporthandle' to zero before opening the driver.
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Stage 2) Reqgister Setup

The Imagex camera system has four sets of registers named AD-REG, PB-REG, INT-REG.
and GATE-REG. These registers have the following structures:

AD-REG-(Analog convertor control register)

This set of registers controls the analog convertor. The convertor is responsible for converting
analog video signals into digital data.

Number of Sub-Registers=8

Number of bits per Sub-Register=8

Interface Register Space Address=16
Associated Routine=loadimagexregisterbitsntf

There are 8 AD-REG registers. Each one can be modified individually using the library
subroutine loadimagexregisterbitsntf. Each time you attempt to reprogram an AD-REG
address you must supply both the AD-REG sub-register number and the data to program it
with. Each AD-REG address is 8 bits deep with 6 bits to specify which AD-REG sub-register
is to be loaded. Here is an example that sets the gain of the Analog convertor:

h&=i magexport handl e
n%14: r%16: gai n%255: adreg%8: c%(adreg% 256)+gai n%
| oadi nagexregi sterbitsntf h& b& c% n% r%

Most of these registers have specific values that you should always program in and should
not experiment with, but you can try changing the gain and offset values. Usually you would
write a routine that programs all of the AD-REG registers like this:

h&=i magexport handl e: b&=&H378: n%=14: r %16
v%=39: adr eg%-1: c%( adr eg¥% 256) +v%

| oadi nagexregi sterbitsntf h& b& c% n% r%
v%6: adr eg%2: c%(adr eg% 256) +v%

| oadi nagexregi sterbitsntf h& b& c% n% r%
v%=16: adr eg%=3: c%( adr eg% 256) +v%

| oadi nagexregi sterbitsntf h& b& c% n% r%
v%0: adr eg%6: c%( adr eg% 256) +v%

| oadi nagexregi sterbitsntf h& b& c% n% r%
v9%0: adr eg%8: c%( adr eg% 256) +v%

| oadi nagexregi sterbitsntf h& b& c% n% r%
v%0: adr eg%9: c%( adr eg% 256) +v%

| oadi nagexregi sterbitsntf h& b& c% n% r%

of f set %=125: adr eg%=32: c%( adr eg% 256) +of f set %
| oadi nagexregi sterbitsntf h& b& c% n% r%

gai n%=255: adr eg%=40: c%( adr eg% 256) +gai n%
| oadi nagexregi sterbitsntf h& b& c% n% r%
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PB-REG (Pixel-Binning Control Reqgister)

Number of Sub-registers=1

Number of bits per Register=8

Interface Register Space Address=32
Associated Routine=loadimagexregisterbitsntf

PB-REG controls the level of horizontal pixel binning. Once again the library routine
loadimagexregisterbitsntf is used to load the pixel register. Because there is only one register
it is only necessary to send the 8 bits of data, but note that to program the pixel binning
register you must select a different Interface Register Space Address, 32.

There are 3 different levels of pixel binning 1,2 or 3, The number that you must send to PB-
REG for a given pixel-binning level is shown below:

Horizontal Pixel binning level Register value
1 0
2 2
3 4

Thus a software routine to set pixel-binning to 2 pixels would look like this:

pi xel bi n%=2

n%=38

r %32

| oadi nagexregi sterbitsntf h& b& pixelbin% n% r%

Note: Vertical Pixel binning is controlled by using the vertical transfer command during
the image readout. It is not controlled by a reqgister setting
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INT-REG (Interface Control reqister)

Number of sub-registers=1

Number of bits per register=48

Interface Register Space Address=64
Associated Routine=loadimagexregisterntf

INT-REG controls a number of functions on the interface board. Including fan operation,
cooling and modulation frequency

Although the register is 48 bits deep, it is split up into 6 eight-bit bytes for ease of
programming. The structure of the register is shown below.

Byte Bit7 | bit 6 bit5 | bit4 | bit3 | bit2 | bitl | bit0
00=Internal trigger 000=unselect fifos
0 01=External trigger* 000-111 sets frequency divider O0ll=select fifo #1
101=select fifo #2
0 O=peltier ON O=Fan OFF 0 0 0 1= shutter 0
1=peltier OFF 1=Fan ON control ON*

00000000-11111111 0-127 nanosecond delay in half nanosecond steps*

00000000-11111111 0-127 nanosecond delay in half nanosecond steps*

00000000-11111111 low byte of frequency code

QB WIN| -

0 \ 0 | 0 \ 0 | 0000-1111 high nibble of frequency code

*=only available in Imagex-nanoCCD system
Structure of 48bit INT-REG register

Because the INT-REG register controls many different functions it is important to keep track
of the contents of the register in software as well as loading it into the register. This allows the
program to change one aspect of the system (e.g. turning the peltier cooling system on and
off) whilst leaving other aspects of the register unchanged. One way to do this is to define a
group of GLOBAL variables controlling each of the functions of the INT-REG register. These
can then accessed from anywhere within your program and maintain a persistent record of
the contents of INT-REG.

The library routine loadimagexregisterntf is used to load the INT-REG register. Unlike the
previous registers the data is loaded as a series of 6 bytes.

Here is an example of programming the INT-REG register:

h&=i magexport handl e

b&=&H378:

DmD(0 to 20) as byte:

n%-6

r %64

dug0) = fifoselect + freqdivide + trigsource

d%{ 1) = shuttercontrol + cam nput + fanstatus + peltierstatus
d% 2) = nanodel ayl

d% 3) = nanodel ay?2

dug4) = freql onbyte

du¢5) = freqghi ghbyte

| oadi nagexregisterntf h& b& d(0), n% r%
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The values of variables such as ‘freqdivide' and ‘fanstatus' can be determined using the table

shown above and it is advisable to create subroutines to set these routines appropriately and
ensure that they stay within their allowed limits.

Here is an example of a routine to set the ‘fanstatus' variable before loading it into INT-REG:

SUB set fanstatus(stat%
REM this routine sets the value of the fanstatus gl obal
vari abl e
REM it does not |load the interface register
REMif stat%0 then fan is off else fan is on
If stat%0 then fanstatus=0
If stat%>0 then fanstatus=32

REM note the value 32 derived fromthe | NT-REG table
END SUB
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GATE-REG(Gating Pattern Registers)

Number of registers=4096

Number of bits per register=16
Interface Register Space Address=N/A
Associated Routines=programgatentf

The GATE-REG registers are so big that it is better to consider them as an area of memory
rather than as simple registers. GATE-REG holds the information that control time-gating and
lamp operation on the Imagex-TGi system.

Because there are so many values to program into GATE-REG the program library features a
special routine which does all the hard work for you; programgatentf.

This routine has the following calling convention:

SUB programgatentf (ByVal h&, ByVal b&, ByVal Iw&, ByVal gd&, ByVal gwé&, ByVal dp&,
ByVal sp&, ByVal lamppat As Byte, ByVal clockres&, ByRef d As Byte, ByVal dcflag As
Byte, ByVal darkflag As Byte, ByRef uni As Byte, ByRef d1 As Byte, ByRef d2 As Byte)

The definitions of the various parameters are as follows:

h& The handle to the Imagex driver

b& The base address of the printer port (HEX 378 for LPT1)

Iw& The width of the lamppulse in hanoseconds

gd& The gate delay period in nanoseconds. This is the time between the end of
the lamp pulse and the start of the gate 'ON' period

gw& The gate width in nanoseconds. This is the time period during which the
camera is sensitive to light

dp& The drain pulse width in nanoseconds. This can vary from camera to camera

and the correct value is supplied with the camera documentation. (A typical
value is 750 nsec)

sSp& The gate pulse width in nanoseconds. This can vary from camera to camera
and the correct value is supplied with the camera documentation. (A typical
value is 750nsec)

lamppat This is a bitwise operator which determines which combination of light
sources is used during the exposure and whether the camera is gated or not.
If you set lamppat to zero then no lamp pulses will be generated and you will
record a ‘dark' image.

clockres& This is the clock resolution of the gating interface unit in nanoseconds. All
other timing values should be integer multiples of this value. This value can
vary from unit to unit and the correct value is supplied with the camera
documentation. (A typical value is 250nsec)

d(0) To program GATE-REG correctly the system must also access INT-REG.
This array contains the software's record of the current set of bytes contained
in INT-REG. It should set according to the protocols shown in the INT-REG
section.

dcflag This is a byte value. If it is set to zero (0) then camera exposures will be
gated If it is set to one (1) then camera exposures will be ungated. Other
values for this argument are currently unused and will result in gated
exposure. (For more information refer to Stage 4-Expose Camera)

darkflag This is a byte value. If it is set to zero (0) then the lamps defined in lamppat
will be triggered. If it is set to one (1) then no lamps will be triggered.
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d1(), d2() and uni() are areas of working memory that are set aside for the library to store
intermediate data. They must be defined as shown in the following example:

Dimd(0 To 20) As Byte
Dimdl(0 To 4100) As Byte
Dim d2(0 To 4100) As Byte
Dimuni (0 To 522240) As Byte

Di m | amppat As Byte, dcflag as byte

h& = i magexporthandl e

b& = &H378: REM for LPT1:
 w& = 10000

gd& = 1000

gw& = 20000

dp&=750

sp&=750

cl ockres&=250
dcfl ag=0: REM exposure will be gated

d(0) = fifoselect + freqdivide + trigsource

d(1) = nmasterdivide + camnput + fanstatus + peltierstatus
d(2) = nanodel ayl

d(3) = nanodel ay2

d(4) = freql owbyte

d(5) = freqghighbyte

progranmgatentf h&, b&, | w&, gd&, gw&, dp&, sp&, | amppat, cl ockres&, d(0), dcfl ag,
dar kfl ag, uni (0), di1(0), d2(0)

When programming GATE-REG it is important to ensure that the combined length of the lamp
pulse, the gate delay and the gatewidth is shorter than the modulation cycle (The reciprocal of
the lamp repetition frequency). If it is not then you will obtain unpredictable results. The
system does not check for this so you must do so in any software that you write.

In the demonstration program the software shows the current length of the selected gating
pattern and the available time provided by the current repetition period. When the length of
the selected gating pattern exceeds the available cycle time the values are shown in red.
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Stage 3) Clear Camera

Once you have correctly programmed the various registers on the imagex Interface and
camera head you may then proceed to wipe charge from the CCD prior to the actual
exposure.

There are two areas to clear: The exposure region and the storage region
To clear the storage area use the library routine clearstorentf thus:

h&=i magexport handl e

b&=&H378

| &=582

Cl earstorentf h& b&, | & w& wh&

Note that for the variables 1& and w& we must use the vertical (I&) and horizontal (w&)
resolutions of the CCD detector. This information is supplied with the camera documentation.
The variable wb& instructs the camera to clear the horizontal readout register wb& times after
performing the vertical transfers.

To clear the exposure area use the library routine clearexposentf thus:

h&=i magexport handl e
b&=&H378
Cl ear exposentf hg&, b&

It is common practice to repeat the whole clearing process several times before starting an
image exposure to ensure complete clearance of unwanted accumulated charge.

N.B. It is important to ensure that the last clearing operation before
performing an exposure is the clear expose function. Always clear the
storage region before clearing the expose region.
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Stage 4) Expose Camera

Immediately after clearing charge from the CCD you should perform the image exposure. For
this you will require some sort of timing routine. The Imagex library does not contain a specific
timing routine but an example of a windows timing routine is given in the example program
included with this software.

Camera exposure
..... Clear camera (as in Stage 3)
Switch ON gating circuitry
Pause for the appropriate exposure time
Switch OFF gating circuitry
Transfer Charge to storage region
..... Read transferred charge (see Stage 5)

The exposure can have four types:

1) CCD gating with lamp pulsing

2) CCD gating without lamp pulsing

3) No CCD gating with lamp pulsing

4) No CCD gating without lamp pulsing

Whichever type of exposure you use you still need to switch the gating circuitry ON for the
duration of the exposure. The type of exposure is set up in the programming of GATE-REG
as discussed in Stage 3 using the lamppat and dcflag variables.

To switch on the gating circuitry we need to use the setoperationmodentf routine. After waiting
for the appropriate exposure time we must then use the same routine to switch the gating
circuitry OFF before storing the accumulated image.

h&=i magexport handl e

b&=&H378:

f &=0:

Dim dcflag as byte

..... Programregisters

..... Cl ear canera

set oper ati onnodentf h&, b&, 4:
pause 1000&:

set oper ati onnodentf h&, b&, 3:
storefieldntf h&, b&, f&, dcflag

setoperationmodentf has three arguments: h&, the Imagex driver handle, b&, the port
address and m%, the mode to use. To switch gating ON you should use mode 4. To switch it
off you should use mode 3. The normal standby mode for the camera is mode 3 (gating
OFF).

The storefieldntf routine stores the image in the masked storage region at the end of the
exposure period and determines which of the interlaced fields to read out. If f{&=0 then the
even field is read out. If f&=1 then the odd field is read out. For low and medium resolution
imaging you can just read out the odd field. For maximum resolution you must perform two
equal exposures, and read out the odd field after the first exposure and the even field after
the second exposure. These two fields must then be interlaced in software to provide the
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high-resolution image. Note that you must set the dcflag variable appropriately for the type of
exposure used-dcflag=0 for modulated exposure dcflag=1 for DC (unmodulated) exposure.

Stage 5) Read out data

Once the charge pattern has been transferred to the storage area it can be read out into the
computer. The readout process works in the following way:

1) A vertical transfer command shifts the whole charge pattern down by one
line

2) This causes the bottom line of data to be stored in the horizontal readout
register.

3) An instruction from the computer triggers the A-D circuitry to convert the
whole line to digital data and store it in memory on-board the interface
unit

4) The software then downloads this data to computer memory

5) This process is repeated until the whole image is stored in computer
memory

There are two library routines which are associated with the readout stage: vertntf and
readlinentf. Note that to perform high sensitivity/low resolution readouts you can use more
than one vertntf command per line readout. Each vertntf command transfers a line of charge
into the horizontal readout register but DOES NOT clear it. Therefore if you use two vertntf
command before a line readout you will add the contents of two lines into the horizontal
readout register.

Here is an example of how to read out an image in medium resolution:

h&=i magexport handl e
b&=&H378:
Dimdrivertype as byte
i mhei ght &=290
i MM dt h&=360
sp%1
of f x&=0
DI M i ndat a% 200000) :
pi xcount &=1
..... programregi sters (use pixel bin value 1)
..... cl ear canera
..... expose canera
..... store i mage
for imMine&=1 to inheight&
vertntf h&, b&
readl i nentf h&, b& i mM dt h&, i ndat a% pi xcount &) , dri vertype
pi xcount &=pi xcount &+i mri dt h&
next

This will read out the image data into the integer array imdata%(). It is then up to the
application developer to format that data for display within an application or to save it as a file.
You should always ensure that you set aside enough memory for your image. If you do not
you may get unpredicable results and software crashes.
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Stage 6) Close Device Driver.

Once you have finished accessing the Imagex hardware you must log-off'
from its device driver. This is achieved using the library routine closeimagexdriverntf.

h&=i magexport handl e
cl osei magexdriverntf hé&

This function uses the 32-bit handle to the Imagex device driver which you obtained in Stage
1. You will not be able to log-on' to the imagex hardware again (i.e. to collect another image)
until you have successfully logged off.

You should be careful to close the device driver correctly as if you try to open the driver again

without closing it the "open driver' function will fail and you will lose control of the hardware
port.
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APPENDIX I: Imagex Programmers Library Routines (grouped by class)

These library routines are also defined within a basic include file ‘ITGILIB.BAS’ which
is supplied with the Imagex programmers library package. To be able to use all of the
library functions within your application simply add this file to your programming
project, add the ITGILIB.DLL file to your windows\system directory and ensure that the
Imagex device driver is correctly installed.

Driver Access functions
FUNCTION openimagexdriverntf (ByRef e%) As Long
SUB closeimagexdriverntf (ByVal h&)

Interface control functions
SUB setoperationmodentf (ByVal h&, ByVal b&, ByVal m%)

Camera Control Functions

SUB vertntf (ByVal h&, ByVal b&)

SUB storefieldntf (ByVal h&, ByVal b&, ByVal f&)

SUB clearstorerntf (ByVal h&, ByVal b&,ByVal 1& ByVal w&, ByVal wb&)
SUB clearexposentf (ByVal h&, ByVal b&)

Data Readout functions
SUB readlinentf (ByVal h&, ByVal b&, ByVal pixtoread&, ByRef pdat%, ByVal Drivertype as

byte)

Time-Gating Setup Functions

SUB programgatentf (ByVal h&, ByVal b&, ByVal Iw&, ByVal gd&, ByVal gw&, ByVal dp&,
ByVal sp&, ByVal lamppat As Byte, ByVal clockres&, ByRef d As Byte, ByVal dcflag As
Byte, ByVal darkflag As Byte, ByRef uni As Byte, ByRef d1 As Byte, ByRef d2 As Byte)

Register Control Functions
SUB loadimagexregisterntf (ByVal h&, ByVal b&, ByRef d as byte, ByVal n%, ByVal r%)
SUB loadimagexregisterbitsntf (ByVal h&, ByVal b&, ByVal c%, ByVal n%, ByVal r%)

Low Level Hardware Access functions

FUNCTION getportbytentf (ByVal h& , ByVal b&) As Byte

SUB Setportbytentf (ByVal h&, ByVal b&, ByVal d As Byte)

SUB camsequencentf (ByVal h as long, ByVal PortAddr As Long, BYREF d(0) as byte, ByVal
mask as byte, ByVal bytecount as Byte)

Miscellaneous functions
Function shift7long(x&) as long
(this routine is used by the timer function in the demonstration program)
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The Imagex Library demonstration program

The Imagex library demonstration program is a simply visual basic application which is
supplied as the source code to show how to write an Imagex application.It is a relatively
simple application but contains enough to get you started with time-gated imaging.

Before you can use the demonstration program or any program of your own using the Imagex
library system you must have the imagex drivers installed (see main Imagex manual) and you
must have the imxulib.dll file installed in the windows\system directory (Win 95/98/ME) or the
windows\system32 directory (Win NT/2000/XP). (please note: on some systems the windows
directory has an alternative name e.g. windows1). You can also install the library in another
directory as long as you explicitly reference this directory in the Imagex library declare file.
This is a less versatile approach as it relies on future installations of your occurring within an
identically-named directory

The demonstration program is supplied both as a compiled program and as the complete
source code. When you run the setup program for the demonstration program the source files
will be copied to the same directory as the compiled program.

The demonstration program was written in Microsoft Visual Basic 6 and has been tested on
Windows 98 and Windows XP

As an exercise you may wish to add an option which performs a background image
subtraction. The background image has exactly the same parameters as the normal image
but its darkimage variable is set to the value of 1.

If you require more information about developing applications with the Imagex programming
library please contact Photonic Research Systems Ltd at info@photonic-research.com
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