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Chapter 1: Introduction

Z Time-Gated Imaging with Imagex-TGi

The Imagex-TGi system is a unique imaging package that is designed for specialist tasks in
optical metrology. Of course, Imagex-TGi can also be used as a high quality digital imaging unit
for conventional tasks. The purpose of this section is to explain a little about time-gated imaging
and to introduce some of the main features of the system. Imagex-TGi was designed primarily for
measurements of long-lived fluorescence and phosphorescence. Fluorescent labels are widely
used as highly detectable markers in a number of fields, particularly in cell biology. Often the limit
of detection for such labels is set by background signals such as scattered exciting light and
unwanted fluorescence and phosphorescence from the surroundings. One way to deal with this is
to use a label with relatively long-lived emission and excite this with a pulse of light. Most of the
background signals disappear after the light pulse, while the long-lived emission persists.

Pulsed excitation of a long-lifetime sample in the presence of high levels
of short-lifetime 'background' fluorescence

Time-gated imaging allows a camera to be triggered by the light source, but remain insensitive
during the illumination period. After a predetermined delay the camera becomes sensitive to light
and images the long-lived signal of interest for a fixed ‘gate’ period. Imagex-TGi allows the user to
set up a wide range of delay and gate periods to suit labels having a very wide range of decay
time.

Gated Detection allows the long-lifetime emission to be detected selectively
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The Imagex-TGi system integrates this time-gated signal from multiple pulses. The sample is
excited with a train of light pulses and a delayed and gated signal is stored after each, but the
signal continues to accumulate in the camera until the user decides to initiate a readout
operation. This is very useful where the light source is designed to pulse repeatedly at high
speed, but where each individual pulse may not be very intense thus necessitating signal
averaging.

Time-gated imaging is not only useful to collect long-lived signals in the presence of shorter-lived
emission, but can also be used to reject long-lived signals. For example, if a normal fluorescent
label with a short lifetime is to be detected it might be necessary to reject some ambient light or
possibly long-lived phosphorescence (often seen from optics or filters in the light path). Imagex-
TGi can take a pair of images with different delay and gate settings and process them
mathematically to separate long- and short-lived contributions to the image.

The imaging modes described so far have been used to reject a long- or short-lived signal to
emphasise a particular contribution to the image. Imagex-TGi can also be used to measure the
decay time of signals of interest, and where appropriate a decay-time map can be generated as a
‘lifetime image’. This mode is particularly useful for sensor applications, where the sensitivity of
fluorescence and phosphorescence to environmental influences is used for measurement
purposes. For example, long-lived labels such as ruthenium complexes and porphyrin derivatives
have been used in ‘paint’ formulations to measure oxygen. ‘Pressure-Sensitive Paint’ takes
advantage of the ‘quenching’ of long-lived emission by oxygen in air, and has been widely used to
coat aircraft models for wind-tunnel measurements of air pressure distribution across surfaces.
As air pressure increases, so more oxygen dissolves in the ‘paint’ and the fluorescence intensity
and decay time are both decreased. Imagex-TGi can produce images that reflect the pressure
distribution across structures coated with ‘pressure-sensitive paint’, either using normal intensity-
based detection or by calculating a ‘map’ showing fluorescence lifetime across the sample. The
lifetime-based approach is often superior to the measurement of intensity alone, because it is
insensitive to variations in paint thickness and to uneven illumination. These factors must be
corrected if intensity-based imaging is to be used and the correction process requires a reference
image, which is not always easy to obtain. Similar paint formulations have been used to measure
temperature distribution across surfaces, and the same arguments apply in this case.

Although Imagex-TGi was designed primarily for measurements of fluorescence and
phosphorescence, it is also very well suited to measurements of chemiluminescence and
bioluminescence, where long integration periods are sometimes needed for adequate sensitivity.
The Imagex-TGi system uses a thermoelectrically cooled CCD camera that has a very low
thermal noise build-up, and hence is extremely well suited to long integration periods.

In all of these applications, it is often useful to think of Imagex-TGi as a phase-sensitive imager.
Just as a phase-sensitive detector or lock-in amplifier can be used to extract periodic signals of
interest from an unwanted background, so the Imagex-TGi system can be used to image
selective components in a fluctuating system. This is a powerful facility and will find a wide range
of applications in optical metrology.
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Chapter 2: Imagex-TGi Installation

z Camera Installation
The Imagex-TGi camera system has two component parts:

The Camera Head: This is where the CCD, cooling system and A-D conversion stages are
located.

The Camera Interface: This unit contains the various power supplies required by the camera
head. It acts as a frequency source for camera and light source modulation and controls the flow
of data between the host computer and the camera head.

z Connections
NB: Connections should only be made when computer and camera interface are switched
OFF. Failure to observe this may result in damage to the computer and/or camera system.
The lens or microscope mounting of the camera head should be completed BEFORE
attaching the interface cables.

The Camera Head is attached to the Camera Interface by way of a dual cable (supplied with the
system)

The Camera Interface is attached to the computer's parallel port by way of a single parallel
interface cable (supplied with the system).

One or more Light Sources may be attached to the Camera Interface by BNC-type cables.

Up to 6 TTL lamps may be driven from any of the light source outputs using appropriate T
adapters.

z Camera Interface Installation
To install the Camera Interface, first check that both Computer and Camera Interface are
switched OFF.

Use the Single parallel cable to connect the 'D'-Connector at the back of the Camera Interface
unit to the computer's parallel interface (sometimes called the printer port or LPT1:). Secure the
cable at both ends using the locking screws provided.

Use the Dual Cable to connect the Camera Head to the front of the Camera Interface. Secure the
cable at both ends using the locking screws provided.

Use a BNC cable to connect a TTL-controlled pulsed light source to the front of the Camera
Interface. The BNC cable is a bayonet-style connector that locks into place as the connector is
rotated. Whichever type of light source is employed you should ensure that it is fitted with an
appropriate bandpass excitation filter optimized for exciting the fluorescent probe you are using.

The Camera Interface requires a 28V DC power supply capable of delivering at least 2 Amps.

z Printer Port Specification
To run the Imagex-TGi system correctly the host computer must be equipped with an EPP mode
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printer port. Most modern PC-compatible computers are equipped with this type of interface and
the Printer port mode can usually be set from the computers BIOS Setup menu's.

Please Note: The Imagex-TGi system is NOT compatible with either ECP, EPP/ECP or
unidirectional mode printer port modes.

z Computer Specification

The minimum specification for the computer that runs the Imagex-TGi software is 256MB free
memory, 600MHz Pentium or Athlon processor and 24-bit colour VGA graphics card with
Windows 95 ,98, ME. For Windows NT, 2000 and XP a more powerful system is recommended
with 1GHz processor and 500MB memory installed. Using a faster computer with more memory
will usually translate into faster image readout and display performance. Any Windows-supported
pointing devices can be used, but the system is usually controlled with a standard mouse pointer.

z Software Installation

Once camera connections have been made the computer and camera interface can be switched
on. (Running the Imagex-TGi software with no camera unit attached will result in the collection of
flat, saturated images and will not cause the software to fail).

The Imagex-TGi system is usually provided with software pre-installed. If you are reinstalling the
software then you must de-install the Imagex-TGi software that is already on the computer. This
can be done from the Control Panel's Add/Remove Programs Icon.

Once installed Imagex-TGi can be launched by double-clicking on its icon or selecting Imagex-
TGi from the START>Programs menu.

If you are installing on a Windows NT, 2000 or XP system you will also have to install a special
Imagex Device Driver. This subject is covered in the appendices to this manual.

z Warrantee Information

Photonic Research Systems offers a one year (1 year) return to manufacturer warrantee. This
warrantee includes replacement of defective components by Photonic Research Systems and the
fixing of any software defects.

Any attempt by the user to dissemble the camera head or camera interface will invalidate this
warrantee. The camera head has been assembled under clean room conditions and any attempt
to open the camera head under non-clean room conditions may result in contamination of the
sensor surface and permanent damage to the camera.

If you have any questions about the performance of your Imagex system please contact Photonic
Research Systems.
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z Optical Installation

To correctly record fluorescence images it is important to ensure that the only light source is the
fluorescence excitation source; i.e. ambient light should not be present. Whilst the background
subtraction feature can remove contributions from ambient light, this signal will reduce dynamic
range and compromise noise performance. If the ambient light is unstable with time then
background subtraction cannot correct the images and you will obtain unrepresentative values for
your sample. You should take particular care that light from indicator LEDs (which are often red in
colour) does not enter the camera optics.

z Correct Use of Filters

For any type of fluorescence imaging experiment the camera should be fitted with an appropriate
C-Mount camera lens and a bandpass filter selected to transmit the fluorescence of the target
fluorophore whilst blocking light from the excitation light source. The light source should also be
fitted with a filter to block any wavelengths emerging from the light source which overlap the
wavelengths of the fluorescence emission.

For microscopy, filters and dichroic mirrors are often sold as sets suitable for a particular range of

fluorescent probes. These filter sets usually guarantee efficient rejection of the excitation source
output and efficient detection of the target fluorophore.
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Chapter 3: Imagex-TGi: Getting Started

z Setting up the Light Source

To perform time-gated imaging you will require a pulsed or modulated light source. This can be
either a laser, arc source or diode source. The only limitation for use with the Imagex-TGi system
is that the light source must be controlled by a TTL signal. TTL stands for 'Transistor Transistor
Logic' and is a standardised way of exchanging signals between devices. TTL has two
recognised logic levels: '0' and '1'. Pulsed light sources are usually triggered by a transition from
one TTL level to the other whilst TTL-modulated sources will follow the state of the TTL signal:
'"1'=Light ON, '0'=Light OFF. To use Imagex-TGi it is very important that you have characterised
the operating limits of your light source. You need to consult the documentation supplied with the
light source and be able to answer the following questions before attempting to use the system.

1) What is the maximum repetition frequency of the light source?

2) Is the light source a'pulsed’ source or a TTL modulated source?

3) If the source is of the pulsed type, is it triggered on a positive-going (logic '0' to
logic '1") or a negative-going (logic '1' to logic '0") transition.

4) Does the light source have a fixed frequency or can it be run at a range of
frequencies?

Some light sources such as pulsed laser systems and flashlamps have an optimal repetition
frequency. Running them at other frequencies may lead to instability or even damage. Other light
sources (such as pulsed LED sources) can be run at a larger range of frequencies and may be
programmed to have varying pulse lengths. For these sources it is useful to have a range of
frequencies available. Imagex-TGi provides a number of nhamed 'Frequency Tables' to fulfil the
drive requirements of a wide range of light sources. These tables restrict the system to the
frequencies that are appropriate for the named light source. If a frequency table is not available
for your light source it is relatively easy to design your own. You will find more information about
this topic in the Chapter 4 "The Frequency Manager"

z Running Imagex-TGi for the first time
To begin using Imagex-TGi for the first time we suggest following these simple steps:
1) Double click on the Imagex-TGi or select Imagex-TGi from the Start>Programs menu.

The Imagex-TGi Icon on the Windows desktop
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2) When the Imagex-TGi software has loaded find the Setup Menu and select 'Frequency
Manager'...

Selecting the Frequency Manager from the Setup Menu...

3) The frequencies used to drive the light source and camera are organized into frequency tables.
In Imagex-TGi a frequency table is a list of frequencies and associated software codes.
Frequency tables allow the user to control the range of frequencies which appear in the exposure
manager and help ensure that the frequencies available to the user are safe for the selected light
source.

Some light sources should only be driven at a single frequency. As it is easy to create single
frequency tables these can be used to ensure that these types of light source are always driven
at their optimal (and safest) frequency.

The Frequency Manager is used to control the rate at which pulses are sent to the light source.
This dialog box allow you to load a set of frequencies or 'Table' for your light source. If your light
source is not already supported you can design a new one. This feature is covered in Chapter 9,
‘The Frequency Manager'.

Loading a frequency table from the Frequency Manager Dialog...
Click on the Load Frequency Table Button
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Clicking on the 'Load Frequency Table button' will display a 'File Open' dialog box from which you
can select your new frequency table. Frequency tables usually have descriptive names which
include the name of the light source and the frequency or range of frequencies that the frequency
table covers. For example a pulsed Xenon flashlamp set to run optimally at 300Hz would use the
frequency table shown below.

Loading a frequency table from the Frequency Manager Dialog...
Select the frequency table that corresponds to your light source and click on 'Open'.

If you intend to use the selected light source again in future sessions you can click on the "Save
Frequency Table as Default" button. This will make your new frequency table the default
frequency table and it will be loaded automatically every time you run Imagex-TGi.

Once the camera and light source have been installed and the correct frequency table has been
loaded and set as the default you are ready to begin imaging with Imagex-TGi.

z Taking a Time-Gated image: First Steps

This may be the first time that you have used Time-Gated Imaging, so it is useful to discuss the
approaches you might take to start using the technique and consider some of the problems you
might encounter.

Because the information in a time-gated image is often recorded AFTER the light source has
gone out, it can look very different to the scene as viewed by the human eye or by a normal
camera system. Sometimes, if your sample contains only short lifetime fluorophores then you see
nothing at all!

As you learn more about the system you will become more familiar with the effects of time-gating

on your imaging. To begin with we suggest the following approach to familiarize yourself with the
main Imagex-TGi controls.
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1) Select the correct light source!

If you haven't already installed a frequency table that is suitable for your light source please refer
back to the preceding chapter for instructions on how to load a frequency table for the most
common light sources. If there is no suitable frequency table for your light source please refer to
Chapter 9 to find out how to create your own. You should also consider whether the light source
you are using is actually suitable for time-gated imaging with your samples. It is important that the
light source has the correct range of output wavelengths and the appropriate pulse characteristics

2) Use the test sample:

If you use a sample which contains only short lifetime material, using time-gated imaging will
simply make the sample appear dark. It is best to start off with the Imagex-TGi test sample which
contains long and short lifetime fluorophores. This gives reproducible results and helps you to see
some relatively obvious effects of time-gating. The test sample contains a millisecond lifetime
red-emitting lanthanide chelate against a short-lifetime fluorescent background. To use the
sample you will need a UV pulsed light source.

3) Start with Ungated Imaging in Low Res Mode:

When you are attempting to adjust the focus and exposure time, it is usually best to use ungated
imaging mode. This is the mode where you will always see the biggest signal from your sample
because it collects ALL the light. Because you are collecting more signal you can reduce the
exposure time and thus increase the frame update rate. This makes it much easier to adjust the
focus and position of the sample. Selecting Low Res mode speeds up imaging even further by
pooling signal from several camera pixels into one readout event. This means that there are less
pixels to read out and each pixel contains more signal for a given exposure time. Using the Low
Res readout mode is the closest you will get to a video rate readout.

To use Ungated/Chemiluminescence imaging click on the tickbox
This makes it easier to set focus and sample position.

Once you are happy with your focus and field of view you can switch to time-gated imaging by
unchecking the Ungated/Chemi Image check box.

4) Set the Gate Width to approximately one third of the interpulse period:

If you are going to change the gate delay setting it is important that the gate period does not
overlap the light pulses, otherwise you will collect unwanted short lifetime emission. A useful rule
of thumb when experimenting with the gate delay is to set the gate period to approximately one
third of the interpulse period. The example below shows a system with pulse repetition frequency
of 300Hz and an interpulse period of 3333microseconds. Here, the gate width has been set to
1000 microseconds. This allows the user to set the gate delay anywhere between 0 and 2000
microseconds without having to worry about the gate period wrapping round to the next light
pulse.
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Setting the gate width to a third of the interpulse period allows
you more freedom to experiment with the gate delay.

5) Experiment with the gate delay!

You can get very different results depending on the gate delay setting. If you are trying to detect a
long lifetime probe against a short lifetime background, experimenting with the gate delay setting
can help you achieve the best results. You will usually see the biggest difference when you move
from a negative delay to a positive delay. A negative delay simply means that the sensitive period
or gate period starts before the light is extinguished. In this case you will be detecting prompt
fluorescence which in many cases is the dominant source of fluorescence. It is normal for the
integration time to increase with delay time, simply because more of the signal is being rejected.

Click on the delay control to adjust the time between the end of the light pulse and the
beginning of the gate period...

Imagex-TGi User Guide Page 12



z Imagex-TGi imaging: The basics

Imagex-TGi can image either continuously like a video camera or can behave as a one-off ‘click
and shoot' system like a 'stills' camera. To switch between these two modes simply press the
ESC key (usually at the top left-hand corner of the keyboard).

The Video mode is useful because it provides a continuously updated image of the sample and
allows the user to adjust the focus and experiment with the time gating settings. This mode is
most useful when looking at a new sample where the correct time-gating settings are unknown.
The main disadvantage of using the video mode is that the computer spends a lot of time
collecting data and the setting of the various controls may be a little slow.

The Stills mode is more appropriate when you have correctly focused the camera and simply
want to record and save your data. In this case you do not see the image until you have clicked
the Expose button in the Exposure Manager. As well as being able to expose a single image the
Stills mode also allows you to record a series of images and save them automatically (particularly
useful for multi-lifetime imaging).

The main purpose of Imagex-TGi is to collect 'Time-Gated' images. However, Imagex-TGi can
also be used to collect normal or 'Ungated' images. These images have no timing information and
represent all the light emitted during the exposure period. As these images are closest to what is
seen by eye it is the best way to introduce you to using Imagex-TGi.

z Ungated mode: Imaging without time gating

Ungated imaging mode allows the user to position the camera, adjust the focus and experiment
with exposure time. It is, quite naturally, the first thing to do when trying to collect an image. Often
it will also reveal if other aspects of your experimental setup such as filters and ambient light
levels are appropriate for the experiment. If you have set up the camera system correctly and
loaded Imagex-TGi you can enter Video mode with Ungated imaging by pressing the ESC key
and clicking on the Ungated/Chemi Image tick box in the exposure manager.

The Exposure Manager in Ungated/Chemiluminescence
Imaging mode. (The Ungated/Chemi Image tickbox is ticked)

Ungated imaging mode is a good place to learn about some of the other aspects of the Imagex-
TGi Interface. As you use the program you will find that tasks can often be done in more than
one way. Some tasks have 'mouse' controls and keyboard equivalents. To start with we will look
at how exposure time is controlled.
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z Controlling Exposure Time

In Ungated Mode the only things that you can really control are the integration time and the image
capture resolution. The camera is not gated, so there is no gate width or gate delay to set. The
Exposure Time, sometimes called integration time is a measure of how long the camera collects
light, before reading the data out into the computer; the longer the integration time, the greater
the signal. Using ungated mode is a good way to get acquainted with some of the basic features
of Imagex-TGi. You can try experimenting with look-up tables, palettes and zoom levels. By
increasing the exposure time you will find out about the overexposure monitor and you can also
see the effect of changing pixel-binning levels. For more information on controlling the exposure
time see Chapter 6: The Exposure Manager

z Controlling the Pixel Binning level

In Video mode you can change the Pixel Binning level to speed up data acquisition rate. This is
done by clicking on the Image Resolution Buttons in the Exposure Manager. Changing the pixel
binning level only affects the video capture mode. 'Stills' mode always uses the Default Capture
Resolution (This is selected in the Hardware Manager)

Zz Chemiluminescence Mode

When you are have selected ‘Ungated mode' with an exposure time of greater than 10 seconds
the Imagex system enters a special ultra-low noise mode called ‘Chemiluminescence Mode'. In
this mode you can integrate for several hours with very little accumulated noise. You can do this
in conjunction with the ‘Dark Image' control to collect Chemi- or Bio-luminescence or with the
light pulsing to collect very weak DC fluorescence. Once again, all you have to do to select this
ultra-low noise mode is ensure that you have selected ‘Ungated/Chemi Image' and that your
exposure time is greater than 10seconds. If you wish to stop a Chemiluminescence Exposure
before it is complete, you should click on the 'STOP' button in the Status Monitor.

Generally you need to ensure that sources of light other than from your sample are removed by
siting the Imagex camera in a darkroom or dark cabinet. If you install the Imagex camera in a
dark cabinet please ensure that you do not obstruct the supply of air to the camera cooling
system to prevent heat build-up in the camera head.

z Using Time Gating

Once you have mastered imaging in Ungated mode and arranged camera and light source to
give a good image you can start exploring the more interesting aspects of Imagex-TGi! If you
have been following this tutorial section and are currently using Ungated/Chemiluminescence
mode then you need to switch back to @ated@mode by clicking on the @&ngated Imaging€check
box to clear the tick.

To start using Time-Gated Imaging, uncheck the ‘Ungated/Chemi Image' tickbox
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As you will already know Imagex-TGi is a Time-Gated Imaging System. This means that the
sensitivity of the camera changes periodically at a predetermined frequency. The term 'Gate'
originates from electronics but if we imagine the 'Gate' as being a shutter in front of the camera
then when the 'Gate' is open, photons reach the camera; when the 'Gate' is closed, photons are
prevented from reaching the camera. If we then imagine this 'Gate' opening and closing in time
with a flashing light source then we have the essence of the Time-Gated Imaging system. The
Imagex-TGi camera does not use a mechanical shutter but the analogy of a 'Gate' is still useful
for descriptive purposes.

If you examine the Exposure Manager you will see the Time-Gating Key. This small graphic
shows the relationship between the Lamp Pulses and the 'Gate Open' Period. The lamp pulses
are shown in blue whilst the 'Gate Open' period is shown in red. As you may have noticed, during
Ungated operation the red region covers the whole of the period between lamp flashes to denote
that the 'Gate' is open all the time. When you switch to Ungated mode the red region changes in
size to match the whole length of the interpulse period.

If you use the supplied test sample and change from Ungated imaging to Gated Imaging with a
delay of around 250microseconds and a gate width of around 1000microseconds you should see
a marked change in the image. The short lifetime background fluorescence from the paper will
disappear leaving only the fluorescence from the lanthanide compound. This is time-gated
imaging! You can find out more about the Exposure Manager in Chapter 6.

Imagex-TGi User Guide Page 15



Chapter 4: Storing and Retrieving Images

Loading and Saving of images is accomplished from the File... menu as shown below:

The File... Menu

Files can be saved either as single frames or as a group file containing image data from several
or all of the banks in the framestore.

Z Saving the Current Image Bank
To save the image in the currently selected image bank:

1) Click on the File... menu.
2) From the File.. menu select "SAVE 16-Bit FILE"

3)The Save Dialog Box will appear. This allows the user to select a disk drive, scan through
available directories on that drive and enter a filename, before finally saving the image file, in
Imagex-TGi format (with an .imw suffix). The Save dialog is a standard part of the Windows
interface. It also allows you to delete, rename, cut and paste files as well as creating new
directories. When an image is saved its time-gating settings, frequency and exposure time are
saved with it. It is useful to use filenames which are suitably descriptive so that the file can easily

be retrieved at a later date.

The Save Dialog Box
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Z Loading an Image into the Current Image Bank
Images that have been stored on disk can be retrieved into the current data bank using the file
Open Dialog Box

To load an image from disk into the current image bank:
1) Click on the FILES... menu.
2) From the FILES... menu select "LOAD 16-Bit FILE"

3) The File Load Dialog Box will appear. The file Open Dialog allows the user to select an .IMW
file from any of the active disk drives.

The File Open Dialog Box

4) Imagex-TGi allows different image sizes to be produced depending on the value of the Default
Capture Resolution. However, Imagex-TGi only supports one image size at a time, within a given
framestore. Therefore if you load an image whose size does not match the current framestore
frame size, then that image will be stretched or shrunk to fit into the framestore. If that image is
subsequently saved again from that framestore then it will be saved with its new frame size.

Z Saving the Entire Framestore

Sometimes it is useful to save the whole of the framestore within a single file. This process keeps
closely associated files together and saves time when loading.

To save all the images in the framestore:
1) Click on the FILES... menu.
2) From the FILES... menu select "SAVE ALL 16-Bit FILES".

3) The Dialog Box for saving all files is very similar to that for saving a single image. The user can
select the directory and disk drive onto which the file will be saved. The group file is saved as a
single file with an .IMS suffix.
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Z Loading a Set of Images
To load a saved set of images:

1) Click on the Files.. menu.

2) From the Files... menu select "Load all 16-bit Files".

3) The Dialog Box for loading a group file is very similar to that for loading a single image. The
user can select the directory and disk drive from which the images will be loaded.

NB The process of loading the files will begin by loading the first file in the image set into
the current bank. The program will not load past the last bank. Therefore if you are loading
a complete file set, your current bank should be set to BANK 1.

Z Saving Selected Images

Sometimes it is useful to save some, but not all of the images in the framestore within a single
file. This process allows you to save important images together whilst preserving disk space.

To save all the images in the framestore:

1) Click on the FILES... menu.

2) From the FILES... menu select "SAVE SELECTED IMAGES".

3) A dialog box is displayed which allows you to select specific images to save to a multi-image
file. Tick on the check boxes corresponding to the images that you wish to save (TIP: try
using the multi view to review which images you want to save)

4) The Dialog Box for saving the selected images is very similar to that for saving a single
image. The user can select the directory and disk drive onto which the file will be saved. The
group file is saved as a single file with an .IMS suffix.

The Selective Save Dialog Box

Imagex-TGi User Guide Page 18



Z Exporting Image Data to a 16-bit TIFF file

To allow the user to process Imagex-TGi data in other software packages Imagex-TGi can export
its 16-bit data to a TIFF format file. This is one of the more common 16-bit image formats and is
supported by a wide range of image processing packages.

To save the current framestore bank as a 16-bit TIFF image:

1) Click on the FILES... menu.

2) From the FILES... menu select "Export 16-bit TIFF File"

3) Use the File Save dialog to save your image in monochrome 16-bit TIFF format.

Z Exporting Image Data to a 24-Bit True Colour Bitmap

If you wish to save an image as it appears within the Imagex-Tgi interface with zoom, Look-up
Tables and Area definitions displayed, you can opt to save the viewport as a Windows Bitmap
(.bmp) file. This format can be easily loaded into a variety of graphics and presentation
applications. You should note that this format does NOT preserve 16-bit image values it is only
suitable for creating graphics.

To save the current framestore bank as a 16-bit TIFF image:

1) Click on the FILES... menu.
2) From the FILES... menu select "Export to True Colour Windows Bitmap File"
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Chapter 5: The Viewport-Displaying your
data

The Viewport is the part of the Imagex-TGi Screen where the image data is displayed. Various
controls such as the zoom control and the display look-up tables control how the Viewport
behaves, and ultimately how your image appears on screen.

Z Using Display Look-Up Tables- LUTs

Beneath the main image or Viewport you will find the Look-Up table control block. This area
consists of a pair of controls, a colour bar and a pair of buttons. These controls are used to adjust
the way in which 16-bit image data is displayed by controlling the display look-up tables. If a
series of images have very different intensity values the display look-up tables can be adjusted
for each image to change the way the images are displayed without affecting the nature of the
data stored in the framestore.

Imagex-TGi has a sophisticated set of 16-bit display functions that can be used to control the
contrast levels of the displayed images. The program uses a data structure called a 'look-up table'
or LUT to define how an image will be displayed on the screen. The LUTs provided by Imagex-
TGi can be either monochrome (shades of grey) or pseudo-colour (bright colours with similar
brightness values across the range). Each image is passed through its own individual LUT before
it is displayed on the screen. The LUT is constructed by setting all values below the black level to
the first colour in the LUT palette (the underflow colour) and all the values above the white level to
the last colour in the LUT palette (the overflow colour). The intermediate pixel values are spread
linearly across the colours contained within the palette.

The Imagex-TGi LUT control panel

Z Mouse Control of LUT Levels
Mouse control of look-up tables is achieved using the Black and White level controllers:

An Imagex-TGi Level controller

The Imagex-TGi level controller offers complete control over the black or white level of the look-
up table by using a set of 4 clickable buttons. These buttons can be clicked with the left or right
mouse button to obtain even greater levels of control:
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Button Left Mouse Click Right Mouse Click

<< Decrease Level by 1000 Decrease Level by 100
< Decrease Level by 10 Decrease Level by 1

> Increase Level by 10 Increase Level by 1

>> Increase Level by 1000 Increase Level by 100

Thus for coarse level control use the outer buttons of the control and for fine control use the inner
buttons. If you already know the black or white level you would like to use you can simply click on
the black or white value itself and an input box will be displayed which allows you to type in a new
value for the level.

Click on the Black or White value to display an input box...

z Keyboard Control of LUT levels

Look-Up tables can be changed interactively during any of the Setup modes using either the level
controllers described previously or the Function keys F5 to F8.

Function Key Action
F5 Decrease Black level for current image by 500
F6 Increase Black level for current image by 500
F7 Decrease White level for current image by 500
F8 Increase White level for current image by 500

As contrast controls are adjusted the new black and white levels are updated underneath the
Look-Up table colour bar (displayed beneath the main image). The LUT level controls define the
black and white levels for a given image. By setting the black level to a high value any pixels in
the image with a value lower than that level will appear black (or whatever the underflow colour
is). By setting the white level to a low value a very dim image can be made to appear bright.
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It is possible to set different black and white levels for each image. This makes parallel viewing of
widely differing images easier. Of course, this can also cause confusion by removing the
apparent differences in brightness between different images. To overcome this problem there is a
'Sync’ checkbox next to the look-up table controls

When ‘sync' is checked all changes to the LUT of the current bank will also occur in parallel for
the rest of the images in the framestore. When this menu item is unchecked, LUT changes will be
confined to the current image (i.e. each image can have its display settings changed
independently)

If you wish to quickly return to the default display setting use the View... menu option, "Reset
Look-Up Tables" This command sets white levels for all images to 16000 and black levels for all
images to 0.

z Swapping Palettes

Images can be displayed in monochrome (greyscale), pseudocolour (false colour), or in an
alternate (User Defined) palette. Monochrome images tend to look more photorealistic, whilst
pseudocolour images can enhance contrast between areas of similar pixel value. To select a
palette click on one of the palette selector buttons adjacent to the colour bar.

If you wish to load a new palette you can use the “Alt' (alternate) palette button. Right click on this
to show a selection of User Palettes to load.

As with other changes to the display look-up tables, if the @ync' checkbox is checked in the
View... menu then any changes to the palette will affect all images.

z Setting the Look-Up Table Underflow and Overflow Colours
When the black level of a look-up table is set to a non-zero value it is possible for image pixels to
hold a value that is below the black level value. It is normal practice to set this colour to black but
any colour can be selected if the user wishes to particularly highlight these pixels. To set the
underflow colour either click on the left-hand end of the colour bar or select "Set Underflow
Colour" from the View Menu.

Setting the Viewport underflow colour

A colour selector will be displayed and you will be able to select a new colour to represent pixels
whose intensity values fall below the Black level.
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The Colour Selector used to set the Underflow and Overflow colours

Similarly by clicking on the right-hand end of the colour bar or selecting "Select Overflow Colour"
from the View menu you can change the overflow colour. This colour is used to display pixels
whose intensity values are greater than the LUT white level. This colour is commonly used to
detect camera saturation or near saturation. The maximum possible value from the camera A-D
converter is 16383. If the LUT white level is set to 16000 and the LUT overflow colour is set to red
then you know that any red pixels image are either saturated or close to saturation.

z Using the Zoom and Scroll Control

The Zoom and Scroll control is located at the bottom left hand of the main image. It is a relatively
simple control, but at the same time it is quite powerful. The control consists of a set of buttons
and a small area called the Console that displays a miniature version of the main image.

It is important to note that the Console always shows the whole image, whereas the
Viewport often shows only a section of the image (for example, when we are looking at a
zoomed-up portion of the main image in the viewport).

As well as a representation of the whole image the Console also features a blue rectangle called
the Locator. This shows the part of the main image currently being displayed in the viewport.

The Zoom Control at Zoom level 1. The Viewport Locator is showing that the
Viewport is displaying the whole image
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As we click on the Zoom-in button the Locator shrinks in size because the viewport is displaying a
smaller section of the main image.

The Zoom Control at Zoom level 3. The Locator is showing that the
Viewport is displaying a small section of the whole image...

As we zoom back out again the Locator increases in size again. Although, we might expect that
when we return to Zoom level 1 the locator would match the size of the whole image, this is not
always the case. Sometimes, particularly when working with large, high-resolution images on a
relatively small screen the whole image cannot be displayed at once and we must use the
Locator to move the Viewport around the image even at Zoom level 1.

It is important to note that the Console always shows the whole image, whereas the

Viewport often shows only a section of the image (for example, when we are looking at a
zoomed-up portion of the main image in the viewport).
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z Using the Multi View

If you wish to see all your images at once you can click the multi-view checkbox in the console.
This viewing mode displays all the available images in the image area, with their appropriate look-
up table and palette settings. You will find that in multi-view mode you cannot use area-averaging
commands, zoom commands or obtain pixel values. To return to normal single image view simply
uncheck the multi checkbox in the console.

The Multi Image View

Imagex-TGi User Guide Page 25



Chapter 6: Area Measurements

Imagex-TGi has a comprehensive set of controls for area averaging and intensity monitoring
within images. Up to 500 separate areas (sometimes referred to as 'Regions of Interest’) can be
defined. Areas can be square, rectangular, circular or elliptical. The controls for area averaging
can be found directly above the Viewport in the 'Cursor & Area Information' panel. Areas defined
for one bank are used automatically with the other banks and this allows easy comparison of
intensity values between different images.

The Cursor & Area frame shows the value of the pixel under the cursor and statistics
about the 'Active' areas which have been defined on the image

z Monitoring the Mouse Cursor

As the mouse cursor is moved across the Viewport the X-Y coordinate of the cursor and the
Intensity value of the corresponding pixel are displayed in the Cursor & Area Information panel.
The intensity value displayed corresponds to the pixel immediately below the tip of the mouse
cursor. It is independent of the current LUT levels.

z Defining an Area

Imagex-TGi uses the concept of an 'Active Area' to help the user define areas on the image. The
'‘Active’ area is indicated by the number in the Area Selector pull-down menu. When the user
drags the mouse across an area of the image this 'Active' area is redefined and the average
value within that area is displayed next to the corresponding area button. Other areas on the
image are unaffected. To change the current Active Area select an area number from the Area
pulldown list. Further Area redefinitions will now be applied to the newly selected area.
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Select Area no. 3 from the Area Selector....

Left Click and Drag on the Viewport to redefine Area 3....

Release the Mouse key and the new Position of Area 3 is displayed.
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z Changing the Area Type

There are four basic area shapes available in Imagex-TGi: Rectangle, Ellipse, Square and Circle.
All are defined in the way described above. The shape associated with the current active area
can be changed by selecting from the Area Shape Selector. After the shape of an area has been
changed it will be redisplayed and its area statistics updated.

Changing the shape associated with area 3

z Showing or Hiding Area Components

Each area has 3 components associated with it: The Area Tag, the Area Value and the Area
Shape.

The components of an Imagex-TGi Area

You can choose to Hide or Show any or all of these components on the Viewport depending on
how cluttered you want the display to be. The Cursor & Area Information panel has tickbox
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controls for each of the Area components. Clicking on these will only affect the Active Area. If you
wish to Show or Hide a particular component on all the areas then this can be done quickly from
the Area Tools Menu. This feature is particularly useful if you have a large number of areas.

The 'Show all' Submenu...

The 'Hide All' Submenu...

To completely clear the Viewport of areas, tags and values simply select Area Tools>Hide
All>Areas. You will find that when an area is hidden its Tag and Value are also hidden
automatically. However, the statistics for the current Active Area are still shown in the Cursor &
Area Information panel.

z Changing the Area colour

It is often useful to use colour coding to help identify the areas that you are working with. The
Area Colour is used for displaying the area itself and its associated Tag and Value. The Area
Colour is also used to display the Area Statistics in the Cursor & Area Information panel. To
change the colour associated with the Active Area click on the Area Colour Selector

The Area Colour Selector allows the display colour
of the Active Area to be changed

Although Imagex-TGi does not place any restrictions on the use of area colours it is a good idea

to avoid using the colours Black, White and Grey as these can sometimes be difficult to see on
the image and on the Cursor & Area Information panel.
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z Fine Control of Area parameters

Areas are usually defined by dragging the mouse on the Viewport. This allows the user to place
the area on a particular feature of the image. Sometimes it is difficult to position the mouse
pointer accurately. For higher precision control Imagex-TGi provides 4 controllers for area
positioning and sizing.

The Area Fine Controls allow positioning and sizing of the Active Area
with single pixel precision

These controls allow the user to apply a fine adjustment to the position and size of the active
area. There are 4 controls with the following functions.

X Changes the X co-ordinate of the Left-Hand side of the of Active Area
Y Changes the Y co-ordinate of the Top of the Active Area

W Changes the Width of the Active Area

H Changes the Height of the Active Area

Where the Active Area is a square or circle the Height and Width always remain the same as

each other. Thus, attempting to change either one of these parameters with the fine control will
result in both being changed.
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Chapter 7: The Exposure Manager

The Exposure Manager is the main imaging control in Imagex-TGi. It allows the user to control
exposure time, capture resolution, light source frequency and time-gating parameters. The
Exposure Manager also allows you to save and load settings in a Setup file. By default Imagex-
TGi has 16 framestore banks. Each has its own time-gating parameters which can be adjusted by
the user. This allows the user to perform a wide range of time-resolved measurements on a
single sample. With the MultiExpose function the whole process of recording a series of time
gated images can be automated.

z Exposure Time Control

The exposure time control determines for how long the camera collects signal before the image is
read out. For a given sample the signal level is proportional to the exposure time, so extending
the exposure time will increase sensitivity. You should take care that you do not set the exposure
time to be too long as this will result in saturation of the camera with unpredictable results for your
image.

When using the Time Gating controls shown below it is important to remember that a small
change in gate delay can lead to a significant change in signal level and that this must often be
compensated for by adjusting the exposure time. An example where this situation might be
encountered is in a sample with high levels of short lifetime fluorescence and very low levels of
long lifetime fluorescence. With a gate delay time of zero the bright short lifetime fluorescence
signal will be dominant and a short exposure time will be adequate. When the gate delay is
increased the short lifetime signal is gated out, but the short exposure time in insufficient to detect
the long lifetime component efficiently. Therefore, it may be necessary to increase the exposure
time by several orders of magnitude to successfully image the long lifetime component.

Imagex-TGi uses standard 'up-down' controls to change the exposure time. To increase the

exposure time, simply click on the top-half of the control situated to the right of the exposure
time...

Click on the top half of the control to increase the exposure time...

Click on the bottom half of the control to decrease the exposure time...

Click on the Exposure Time value to enter a new exposure time using the keyboard...

Alternatively, if you already have a good idea of what exposure time you would like to use you
can simply click on the exposure time value itself and enter the new time into the input box. You
will have to delete the old time and the new time only becomes active when you press the
RETURN key.

Imagex-TGi User Guide Page 31



z Using Keystrokes to change Exposure Time

In some circumstances it is easier to use keystrokes to change the exposure time. Imagex-TGi
uses the F1 to F4 function keys (at the top left of a standard keyboard) to implement a handy
control for the exposure time. In Imagex-TGi the F1 to F4 keys can be thought of in the same way
as set of controls on a tape machine, Fast Reverse, Reverse, Forward, and Fast-Forward.

Imagex-TGi Exposure Time Control Keys

Examples of using Exposure Time Function keys

Pressing F1 repeatedly when the initial exposure time is set to 500msec will have the
following effect:
500msec (F1) ->400msec->(F1)-> 300 msec (F1)->200msec (F1)->100msec (F1)->90msec-
>(F1) 80msec etc....

Pressing F4 repeatedly when the initial exposure time is 500msec will have the following
effect:
500msec (F4) ->600msec->(F4)-> 700 msec (F4)->800msec (F4)->900msec (F4)-
>1000msec->(F4) 2000msec etc....

Pressing F2 repeatedly when the initial exposure time is 500msec will have the following
effect.
500msec (F2) ->490msec->(F2)-> 480 msec (F2)->470msec (F2)->460msec (F2)-
>450msec->(F2) 440msec etc....

Pressing F3 repeatedly when the initial exposure time is 500msec will have the following
effect.
500msec (F3) ->510msec->(F3)-> 520 msec (F3)->530msec (F3)->540msec (F3)-
>550msec->(F3) 560msec etc...

z Resolution Control

In Video mode you can change the Image Resolution to speed up data acquisition rate. This is
done by clicking on the Image Resolution Buttons in the Exposure Manager.

Low-Res Medium-Resolution High-Resolution Full-Resolution
Click on any of the video resolution buttons to change the speed and resolution of video
capture. Note: Changing the pixel binning level only affects the video capture (aka
‘viewfinder’) mode. @tills@mode always uses the Default Capture Resolution (selected in
the Hardware Manager)
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z Time Gating Controls
The Exposure Manager has Five m

Frequency Selector

Gate Width Control

Gate Delay Control

Lamp Pulse Width

ain controls associated with Time-Gated Imaging:

This pull down list allows the user to select any of the
frequencies from the current frequency table. This control is
sometimes 'Locked' as a safety feature to protect the light
source. To Lock/Unlock the Frequency Selector click on the
More... button (see later in this Chapter)

The Gate Width Control affects the length of time within a
single interpulse period during which the camera is sensitive
to light. The longer the Gate Width the higher the sensitivity.

The Gate Delay is the time between the end of the light pulse
and the start of the Gate 'Open' Period. As you increase this
value you will collect less short lifetime fluorescence.

The Lamp Pulse width control changes the width of the TTL
signal supplied to the Pulsed or Modulated light source. It is
important to note that if you are using a source with a
fixed pulse width, changing the width of the signal
applied to the light source will change the delay between
the end of the real light pulse and the start of the gate
period. Ideally for fixed pulse width light sources vyou
should always set the light pulse signal to be the same as
the real pulse width.
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The Time gating key is only a guide to what is happening. If you are using Gate Widths and/or
Gate delays which are much shorter than the interpulse period you will have to rely on the Gating
controls to follow what is happening.

The Exposure Manager also has a series of tickbox options providing additional control over

image collection

Sync Controls

Ungated Image

Dark Image

The integration time control and each of the controls
associated with time gating has a SYNC tick box. When this
tick box is checked the corresponding control value for each of
the image banks is made to be the same as the current bank.
Subsequent changes to the control will then affect all other
banks until the sync control is unchecked.

This control determines whether images are collected in Time
Gated mode using the controls described above or in
Ungated/Chemiluminescence mode. In ungated mode the
camera is sensitive ('ON") all the time while the lamp flashes
at the selected repetition frequency.

When this control is selected Imaging takes place in either
gated or ungated mode (depending on the setting of the
ungated image control) but the light source is not triggered.
This option is useful for measuring thermal noise on the CCD
and any sources of ambient light (i.e. light not emanating from
the sample or the light source)

Imagex-TGi User Guide Page 34



Include in MultiExpose

Subtract Background

This control includes the current image bank in the
MultiExpose Cycle.

When this control is checked each time an image is recorded
a Background image is automatically recorded and subtracted
from the main image. A background image has ecactly the
same imaging parameters as the normal image except that
the light source is not triggered. This option is useful for
removing unwanted signal components such as ambient light,
A-D offset and fixed pattern CCD noise, but doubles the time
taken for image acquisition.

z More... Settings for the Exposure Manager

More

The 'More Settings' Button

As well as the various settings accessed from the main Exposure Manager there are also other
settings relating to the Exposure Manager which can be accessed by clicking on the 'More' button

with the Exposure Manager.

The Exposure Manager 'More' Settings Control

The Exposure Manager More dialog has the following controls:

Frequency is Locked

When this option is selected you cannot change the pulse repetition
frequency from the Exposure Manager main window. This option
protects the lamp from accidentally being driven at an inappropriate
frequency.
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Light Source Control
Signal Inverted

Use Maths Script After
MultiExpose

Lamp Output

Use same lamp
combination for all images

This control informs the software that the light source requires an
inverted control signal. (for variable pulse width lamps which are OFF
when the TTL signal is high and for short pulsed lamps which are
triggered by a falling edge) Note: PRS does not recommend this
option for general use. There is arisk if your computer crashes that
the lamp control signal will fall from high to low, thus triggering the
lightsource unexpectedly. This has safety implications if you are
working with the lightsource at the time. A more reliable technique
for light sources which require an inverted control signal is to use
the non-inverted output with an external hardware inverter.

When this control is selected the current Maths Script will be executed
after the collection of the MultiExpose images. If this option is NOT
selected the Maths Script can still be executed by selecting 'Run Maths
Script' from the Maths menu.

This option allows you to select the combination of lamps to be used for
the current image. All selected lamps are run synchronously.

This option forces the lamp combination to be the same for all images.

Other Exposure Manager Controls

e

The Snapshot Button

The MultiExpose Button

=i

The Save Setup Button

=]

The Load Setup Button

This button triggers an ‘Still Image' exposure into the
current image bank. The image will be collected at the
default capture resolution with time-gating parameters
set up for that bank.

This button triggers a series of “Still Image' exposures.
Images in each bank included in the MultiExpose cycle
will be collected at the default capture resolution with its
associated time gating parameters. After the
MultiExpose cycle is complete. The current Maths Script
will be executed (if this option is selected from the
More.. dialog) To interrupt the MultiExpose cycle click
on the STOP button.

The Exposure Manager settings for all the image banks
in the framestore can be saved to a single file (a @etup©
file) for later use by clicking on the Save button in the
Exposure Manager.

Setup files can be loaded by clicking on the @oad®©
button in the Exposure Manager. The Exposure
Manager will then use these loaded settings for time
gated exposures.
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Chapter 8: The Hardware Manager

The Hardware Manager allows the user to control how the computer communicates with the
camera. To load the Hardware Manager select 'Hardware Manager' from the Setup... Menu.

The Hardware Manager

z The Default Capture Resolution: A very important setting
Perhaps the most important part of the Hardware Manager for most users will be the Default
Capture Resolution Panel. Each Imagex-TGi Camera is capable of imaging in three different
resolution modes: High, Medium and Low-Resolution modes. The Default Capture Resolution
is selected from one of these modes and is important for two reasons:

1) The Default Capture Resolution is the resolution used by the Exposure Manager to collect its
Still images. Irrespective of the resolution that you have been using in the Video mode the
Exposure Manager will always return to the Default to collect the Still Image data.

2) When the framestore is created (usually when the program is first loaded) it is sized to fit the
Default Capture Resolution Image. When you use other capture resolutions in the Setup modes
the captured images are a different size to the framestore and are therefore automatically
stretched to fit.

If you change the Default Capture Resolution, the framestore will be resized to match the

new Default Resolution. This means that any data that is currently in the framestore will be
lost.
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z The Interface Port

This is a very simple control that allows you to choose between which printer port the Imagex-TGi
system is attached to. You should always use Printer port 1 where possible and this port should
be in EPP or Bidirectional mode. This setting is usually available from the computer BIOS setup
program

z A-D Converter

These controls allow you to adjust the offset and gain controls of your camera system. You
should bear in mind that whilst you may obtain data with shorter exposures by increasing the gain
value you may decrease noise performance in your ratiometric images.

z Viewport Size

You can adjust the size of the Viewport with this control. It is usually automatically resized when
you change the Default Capture Resolution (see above) but you can resize it to suit your
preferences. To match the Viewport to the current Default Capture Resolution click on the 'Match
Frame Size' button.

z Master Frequency

This allows you to setup the Imagex software for your interface unit. The unit can have a clock
speed of either 16MHz or 20MHz. Use this control to match the software to the specified clock
speed of your system

z Sync Delay

The sync delay is a programmable delay between the Imagex master clock start pulse and the
beginning of the lamp/gate pattern. It is usually set to a value of zero, but future applications may
require this to be varied.

z Saving your Hardware Settings

If you have changed your hardware settings and now want to use them as your default then you
should click on the 'Save Config' button. You will then be prompted for a filename for your new
hardware settings file. If you want to leave your hardware settings unchanged then click on the
'‘Cancel' button.
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Chapter 9: The Frequency Manager

The Frequency Manager is used to manage Imagex-TGi frequency tables. A frequency tables is a
list of frequencies with corresponding software codes used by the software to generate those
frequencies. Imagex-TGi provides a series of named frequency tables for the most popular types
of pulsed and modulated light sources. Alternatively, if a suitable frequency table is not available
you can create your own. The Frequency Manager can be displayed by selecting 'Frequency
Manager' from the Setup.. menu.

The Imagex camera interface generates frequencies over a wide range by combining a
continuously programmable frequency generator with a programmable frequency divider. This
combination allows the system to accurately generate frequency from tens of Hertz to hundreds
of Kilohertz.

Loading the Frequency Manager

The Frequency Manager
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Z Frequency Manager File Commands

The frequency manager has a range of controls associated with loading and saving frequency
tables:

Load frequency Table This button allows you to select and load a
frequency table from the frequency table directory.
This is where you can load any of the Imagex-TGi
frequency tables. Please check the documentation
supplied with your light source to ensure that the
frequencies to be used are compatible.

Save Named Frequency Table This button allows you to save a frequency table
with a filename of your choice. It is a good idea to
include information about the range of frequencies
within the filename.

Restore Default Frequency Table This button restores the frequency table that was in
use before you opened the Frequency Manager. It is
particularly useful if you have been experimenting
with setting up new frequencies and now want to
return to your original settings

Save Frequency Table as Default This button makes your current frequency table, the
DEFAULT frequency table (default.tab). This is the
frequency table that is loaded automatically when
you start Imagex-TGi.

z Creating a new frequency table

If you cannot find a suitable frequency table for your light source then you can create a new one
using the Frequency Manager. To create a frequency table you should first decide how many
frequencies you require and what they should be. Once you know how many frequencies you
require you should click on the 'Select Frequency' pull down menu to see how many frequencies
are in the current frequency table. Then you should use the buttons 'Insert Frequency' or 'Delete
Frequency' to add or subtract frequencies from the list until you have the desired number of
entries.

To set up a frequency, select an entry from the 'Select Frequency' dropdown menu and then click
on the "Get Code" button. This will calculate the correct set of codes for generating the required
frequency. If you click on the 'Test' button and record the actual frequency that is outputted from
the Main light source socket using your frequency measuring device you will be able to confirm
that the correct frequency settings have been found. If the frequency is incorrect adjust the values
in the 'Code (0-4095)' and 'Divider' selector until the real frequency matches the value shown in
the 'Frequency (Hz)' box. The real frequency is proportional to the Code and the divider control
will accurately divide down the frequency according to the divide ratio selected.

The drain and transfer pulse widths are usually factory set and should be set to the same value
for each frequency. If in doubt you should enter the same values as in the original default
frequency table.

Once you have setup up the first frequency you can select another frequency from the 'Select
Frequency' list and proceed in the same way until your frequency table is complete. After you
have completed the new frequency list you should save the table with an appropriate nhame and
optionally make it the default frequency table.
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Chapter 10: Mathematical Image Functions

The images collected by Imagex-TGi can be considered as very large arrays of numbers
arranged into lines and columns. Corresponding pixels on separate images can be subjected to
the normal range of mathematical operations to create new images that may have new forms of
contrast. This is demonstrated with the calculation of FLIM or Fluorescence Lifetime Images.
Several inter-image mathematical operations are used in fluorescence imaging for ratio imaging,
flat fielding and background subtraction. Imagex-TGi provides an intuitive and easy-to-use
interface for performing simple arithmetical operations on images in any of the framestore banks.
To perform inter-image arithmetic select any of the maths options from the Maths... menu. Once
you have selected one of the maths operations from the Maths menu you can switch to any of the
other maths operations by selecting within the 'Image Maths' dialog box.

z Image Addition

Image addition is achieved by selecting the Maths.... menu then selecting the "Add Images..."
option. The Add Images dialog box allows the user to select two images to add together and a
target bank in which the resultant image should be stored. As an example, to add Image 1 to
Image 2 and put the result into Image 3 then you would set up the Add Images Dialog as shown
below:

The 'Add Images' dialog
Image 3=(Image 1 + Image 2) * 1

Notice that as well as selecting the images to add you can also specify a multiplication factor.
This can be any number, but it should be remembered that the result of the calculation will
consists of 16-bit integers and that the maximum value that can be stored in the framebanks is
32,000.

Images to be used in a maths operation are selected using buttons arranged in groups of eight on
either side of the 'equals' sign. The images selected to be used in the maths operation are
highlighted in red. There are no specific restrictions on which image banks are used a given
mathematical operation. For example, the user may set all three image banks for the addition
process to be the same. In this case the image under question will be added to itself and stored
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back into the same bank. The source image will have effectively been multiplied by two. A more
usual application for image addition is where the user wishes to perform image integration to
improve signal to noise by adding together sequential images of the same scene.

After each operation the 'result’ image (on the left-hand side of the 'equals' sign) becomes the
currently selected image effectively showing the result of the maths operation.

Pressing the 'Close' button closes the Image Addition Control. The Image Addition settings when
the window is closed are stored and will be the new starting values when the Image Addition
Control is next opened. It should be noted that once a mathematical operation has been
performed it cannot be undone. Therefore, if your source data are important you should back
them up before using the Maths Dialog.

z Image Subtraction

Images can be subtracted to form a new (difference) image. Image subtraction is particularly
useful for removing fixed pattern noise and is used to great effect to reduce thermal noise from
the CCD chip.

The Subtract Images dialog box is displayed by opening the Maths menu then selecting the
"Subtract Images..." option. The Image Subtraction Control allows the user to select the two
images to be subtracted and a target bank in which the resultant image should be stored. As in
'‘Add Images' the choice of images to be processed is totally under the control of the user.

The 'Subtract Images' dialog
Image 2=(Image 2 - Image 6) * 1

z Image Division

Images can be divided to form a ratio image. The Divide Images dialog box is displayed by
selecting "Divide Images..." from the Maths menu. The 'Divide Images' dialog allows the user to
select the two images to be ratioed and a target bank in which the resultant ratio image should be
stored.
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As the ratioing of two images with similar intensity values will tend to produce small floating point
numbers it is important to multiply the resultant ratio by a large number to yield an integer value
suitable for storage in the 16-bit integer framestore. The Divide Images dialog allows the user to
set a multiplication factor that will be used to multiply the ratio before storage in the target image
bank. For ease of use it is recommended that the gain factor should be set to 100 or 1000 so that
the original ratio can easily be calculated from the ratio image pixel values.

The 'Divide Images' dialog
Image 4=(Image 3/ Image 2) *1000

z Add Constant to Image
To add a constant value to a selected image choose "Add Constant to Image" from the Maths

menu. This dialog is simpler than those previously described because there is only one source
image involved.

The 'Add Constant to Image' dialog
Image 2=Image 1 + 100
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z Subtract Constant from Image

If there is a constant level of background illumination across a sample or other source of positive
signal offset then this can be simply corrected for by using "Subtract Constant from Image" from
the Maths... menu. This is not as rigorous a correction procedure as the background image
subtraction but can have a signal-to-noise advantage in that the subtraction does not contribute
noise to the resulting image. It is most appropriate where there is a fixed offset in the
measurement system, as is often found in video digitization.

The 'Subtract Constant from Image' dialog (Image 2=Image 1- 200)

To perform background subtraction with a constant the user should first monitor the background
illumination level in the absence of light using one of the areas averaging commands. This
averaged value may then be used as the constant to subtract from the image.

z Multiply By Constant

It is often useful to scale the intensity of an image prior to another maths operation. One example
is where you wish to add several images together and there is a risk of the resultant image
overflowing the frame store bank. The 'Multiply Image by Constant' dialog box allows you to scale
an image by any value to achieve this scaling effect. Once again the dialog box is relatively
simple because there is only one source image.
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The 'Multiply Image by Constant' dialog (Image 2=Image 1 * 1.35)

z Clear Bank

The simplest of the Maths controls is the 'Clear Image' dialog box. This control has no source
images, but simply a Result image and a number to put into that image. It is one way to clear an
image, but the choice is yours as to whether you fill the image with zeros. A faster way of clearing
image banks is to use the 'Clear Bank ' command from the Tools Menu.

The 'Clear Image' dialog (Fill Image 7 with pixel value 1000)
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Chapter 11: The Maths Script Editor

If you have read the previous chapter you will understand how you can perform simple arithmetic
operations on images loaded into the Imagex-TGi framestore. If you frequently perform the same
series of image collection operations and arithmetical functions it can sometimes save time to
develop 'Scripts' using the Maths Script Editor. The Maths Script editor allows you to create a
list of mathematical operations and imaging commands which can then be performed
automatically either with a single mouse click or at the end of a MultiExpose event. To use the

Maths Script Editor select 'Edit Maths Script' from the Maths menu:

Opening the Maths Script Editor...

The Maths Script Editor looks very much like the normal Maths dialog box...

The Maths Script Editor

The script editor has additional controls to allow you to select Mathematical Operations and
Imaging commands and build them up into a 'Script'. If you look on the right hand side of the
dialog box you will see the new Script controls. The Script itself is shown in a box as a series of
simple mathematical expressions and imaging commands. Values entered by the user are shown
in brackets. The Script is always terminated with an 'End' command which cannot be deleted.
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z Maths Script Editor controls

Add Maths Operation

before current Entry

Delete Current

Clear Script

Test Script

Load Script

Save Script

To build a Script, first set up the desired mathematical operation
by selecting the appropriate source and target bank and the
desired mathematical operator, then click on this button. This
will insert the maths operation before the current selection in
the script list.

If you wish to remove one of the maths operation that you have
added, first select that operation then click on this button.

To remove all entries from the Script click on this button.
Clicking on this button will test the effect of your script on the
current set of images. Please note that if your script overwrites
raw data you will not be able to do this more than once!

This button allows you to load a previously saved script.

This button allows you to save your script for later use.

Although the Exposure Manager allows a Maths Script to be executed automatically after a
MultiExpose event this may not always be desirable. If for example you wish to save the raw data
and then run a Maths Script you may wish to switch off the automatic triggering of the maths
script from the More.. dialog in the Exposure Manager and instead use 'Execute Maths Script'
from the Maths menu. This will allow you to save both raw data and processed data.
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Chapter 12: The Tools Menu

The Tools... menu contain miscellaneous commands for clearing image memory, palette design
and dual image visualisation.

z Clear Current Bank

This option simply deletes the currently selected bank, setting all its pixels and properties to their
default value.

z Clear All Banks

This option simply all the banks in the framestore and should therefore be used with caution!

z Show Matrix

This option opens the matrix visualisation tool. For many types of ratiometric imaging there are at
least two type of image produced: One is a normal intensity map of the scene i.e. a typical image.
The other image is the result of a ratiometric operation between two or more images and contains
no intensity information. The matrix tool allows the user to map the ratio image onto the intensity
image thus creating a hybrid ‘matrix' image.

The Matrix Visualisation Tool
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When the matrix tool opens you will see three image areas. On the top left is an image in
monochrome labelled ‘Intensity whilst on the top right another image will be displayed using the
alternate palette and labelled "Chroma'. The matrix tool allows you to assign any of the images in
the current framestore to either of these source images. As you select them the resultant ‘matrix’
image is updated in the larger image at the bottom of the dialog box. The matrix image uses the
‘intensity’ image to code brightness and the ‘chroma' to code for colour. Both images are then
represented within a single ‘matrix' image.

One of the advantages of the matrix image is that it suppresses the parts of the ratio image which
represent areas with low signal. In these areas the ratio calculation is usually most noisy and will
often dominate the image.

You may also notice that it is also possible to change the contrast levels for each of the source
images. Once again the matrix image is updated interactively.

Once you are happy with your matrix image, you can save it as a 24-bit bitmap using the full
resolution of the original images by clicking on the "Save Matrix Bitmap' button.

z Palette Designer

The palette designer allows you to produce new palettes for the alternate palette. It works by
allowing the user to specify up to 16 “set points' each of which can be assigned a 24-bit colour.
The palette designer then generates a palette using one of two modes; spread' or Till'.

The spread mode shown below creates a smooth transition between each of the set points to fill
the palette with 254 unique colours.

The Palette Designer in ‘spread’ mode

The Till' mode shown below partitions the palette into discrete blocks of colours to give a palette
with a small number of individual blocks of colour.

Imagex-TGi User Guide Page 49



The Palette Designer in ‘fill' mode

Once you have chosen the nhumber and colour of your setpoints you can save the palette by
clicking on the "Save Palette' button. If you click on either the "Save Palette' or 'Use Palette’
button then the new palette will become the alternate palette, selected when you click on the "Alt'
palette selector button.

If you wish to use your new palette as the default alternate palette every time you load Imagex-
TGi then open the View... menu and select ‘Save Current Alternate Palette as Default'. It is a
good idea to save it under another name first (from the Palette Designer) so that you have an
easily identifiable copy.
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APPENDIX I: Installing Imagex-TGi

To Install Imagex-TGi insert the installation CD into the drive then:

For Windows 95/98 and ME users:

1) Use Windows Explorer to navigate to the folder 'setup98'

2) Double-Click on the 'Setup' Icon

3) Follow Instructions in the Setup program

For Windows NT/2000 and XP users:

1) Use Windows Explorer to navigate to the folder 'setupNTXP'

2) Double-Click on the 'Setup' Icon

3) Follow Instructions in the Setup program

4) Use Windows Explorer to navigate back to the root directory of the CD
5) Use Windows Explorer to navigate to the folder 'Drivers'

3) Right Click on the 'Setup_NT" icon and select 'Install' from the pop-up menu

If you are using Windows NT, 2000 or XP then
right click on the 'Setup_nt' icon and select
'Install' from the Drop down menu. Please note
that to install Imagex on an NT system you
must be logged on as ‘Administrator’

The computer on which Imagex-TGi is installed should have the following minimum
specifications:

1) The computer must have at least one EPP parallel printer port for attachment of the CCD
camera interface unit. A further printer port may be useful if the user wishes to attach a printer.

2) The computer must have at least 128MB of memory installed. This memory space is used for
the Imagex-TGi framestore, which stores eight high-resolution 16-bit images together with other
temporary system data.

3) The computer should be at least a Pentium Il or Athlon-based PC or higher

4) The computer should be fitted with a serial or PS/2 bus mouse.

5) For Time Gated Imaging a TTL switchable or pulsed light source must be attached to one of
the system's lamp output sockets. The light source should have a time-response appropriate to
the fluorescence lifetime resolution required.
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APPENDIX II: Troubleshooting

Hopefully, you will find the Imagex-Tgi system easy to use. If you have problems try this quick
troubleshooting guide. It solves some of the most common problems that you might encounter. If
this doesn't work contact PRS at support@photonic-research.freeserve.co.uk.

Problem: The Image is saturated very bright....

Possible solutions

Maybe there is simply too much light! This is not always as obvious as it sounds. If
you are conducting a fluorescence measurement, check that your filter set is appropriately
blocked otherwise emission from your light source might be getting straight into the camera. Also
remember that ultraviolet and infrared light will also be seen by the camera, so just because the
scene looks dark doesn't mean that there is no light there....

Is everything Plugged in? This might be a time to check your connections from
computer to interface box and from interface to camera head. Remember that your computer and
camera system should be switched OFF before plugging or unplugging any connectors

Are you using an EPP parallel port? The place to find out is usually in the BIOS of your
computer. This can usually be viewed by pressing DEL after booting. The system will not work
correctly if your system is set to SPP or ECP parallel port modes.

Problem: The Image is black/very dark....

Possible solutions

Maybe there is simply too little light! If you are using narrow band filters or low
transmission filters on your camera you may have to open the aperture of your lens or increase
your exposure time. Remember also that lenses vary widely in their efficiency of light collection

Is everything Plugged in? This might be a time to check your connections from
computer to interface box and from interface to camera head. Remember that your computer and
camera system should be switched OFF before plugging or unplugging any connectors

Are you using an EPP parallel port? The place to find out is usually in the BIOS of your
computer. This can usually be viewed by pressing DEL after booting. The system will not work
correctly if your system is set to SPP or ECP parallel port modes.

Are you using a low duty cycle? If you combine a low frequency with a short gate
frequency (e.g. 300Hz with a 1 microsecond gate) Then the time when the camera is actually
sensitive to light will be much shorter than the exposure time. This may not matter if you are using
a pulsed light source such as a flashlamp with a relatively high peak power.
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APPENDIX Ill: Lens and Microscope mounting

The Imagex camera is provided as a standard C-Mount camera for use with a wide variety of
lenses and microscope camera ports.

NB: If you are installing the camera onto a microscope port you should screw the camera
onto the port BEFORE attaching the interface cables to the camera.

Although the camera has a Standard C-Mount fitting, there are situations where the distance
between the lens or microscope mounting and the CCD sensor needs to be adjusted. The
Imagex camera head is fitted with a detachable C-Mount ring. By removing this ring the user can
install one or more separate spacer rings to change the distance between the CCD sensor and
lens system to one where the lens is closer to the CCD.

Similarly the user can add extra C-mount extenders or install spacer rings between the supplied
C-Mount ring and the camera front plate to extend the distance between CCD and lens. This
approach is often used when trying to reduce working distance and field of view for standard C-
Mount lenses.(Spacer rings and C-mount extenders are widely available from video lens
suppliers. See Edmund Scientific Inc for examples)

Below are some examples of standard and non-standard lens/microscope installations:

Standard C-Mount Lens coupling-Imagex C-Mount ring installed
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Non-Standard C-Mount Lens coupling-Imagex C-Mount ring removed, brass spacer ring inserted

Non-Standard C-Mount Lens coupling-Imagex C-Mount ring installed, brass spacer
and extra C-Mount ring inserted
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APPENDIX IV: Interface Box connections:

To help you set up your Imagex-TGi system the identification of the various connections to the
Imagex interface unit is shown below:

Remember: Do not turn the power on to the computer or interface box until
ALL connections have been made!
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APPENDIX V: Software Issues with Windows XP/2000

Some users have reported problems with the Imagex software under Windows XP/2000.

After extensive testing we have found that the conflict is usually due to the presence of an active
printer (or other peripheral device) driver sharing the same port as the Imagex software. We
recommend therefore that you do not use a printer on the same port as the Imagex software but
instead use a USB type printer.

If your system already has a printer installed on the port used by the Imagex system we suggest
de-installing or disabling the printer from the Hardware device manager.

If this does not work we recommend a clean re-install of Windows XP followed by re-installation
of the Imagex software and driver.

You should also ensure that you have installed the Imagex driver as described in this appendix.
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