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Abstract—Fluorescence microscopy is a powerful tool for the 
rapid identification of target organisms.  However, natural 
autofluorescence often interferes with identification.  Time-
gated luminescence microscopy (TGLM) uses luminescent 
labels with long persistence in conjunction with digital imaging 
to regain discriminative power.  Following the excitation pulse, 
short-lived autofluorescence decays rapidly whereas the long-
lived emission from lanthanide doped polymer beads persists 
for hundreds of microseconds.  After a short resolving period, 
a gated high gain camera captures the persistent emission in 
the absence of short-lived fluorescence.  We report on the 
development of a TGLM software system for automated 
scanning of microscope slides, and show its use to resolve 
luminescent microspheres within a matrix of autofluorescent 
algae. 
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I. INTRODUCTION AND BACKGROUND  
Fluorescence microscopy is a powerful discriminative 

tool for the rapid identification of target organisms. With 
appropriate filters and excitation conditions, the signal to 
noise ratio provided by conventional fluorescence 
microscopy is excellent and greatly reduces the tedium of 
locating and identifying organisms of interest to the 
microscopist. Frequently however, natural autofluorescence 
(non-specific intrinsic fluorescence) can intrude to such an 
extent as to render conventional techniques useless [1-3] and 
a further selection parameter is required to regain 
discriminative ability. 

Temporal selection to gate the capture of fluorescence 
emission provides that extra parameter. When this technique 
is applied to resolve nanosecond fluorescence lifetimes, it is 
commonly known as time-resolved fluorescence microscopy 
(TRFM) and when longer lifetimes are involved (millisecond 
regime), the technique is referred to as time-gated 
luminescence microscopy (TGLM).  

The advantage of TGLM is that gating of micro to 
millisecond regimes is relatively simple and both the 
excitation and detection schemes are consequently 

inexpensive when compared to TRFM.  A TGLM 
microscope can employ a light emitting diode (LED) for 
excitation and a modern electron amplifying CCD camera for 
detection [4]. Whilst the latter is moderately expensive 
($20K), prices are rapidly decreasing and sub-$10K 
instruments are expected within 5 years.  

The concept behind TGLM is remarkably simple; the 
light from a conventional fluorescent label decays within 
nanoseconds after excitation has ceased whereas the 
luminescent labels used for TGLM glow with long 
persistence up to 20-100 thousand-fold longer than 
conventional fluorophores.  For a review, see [5]. 

To exploit TGLM the organism or biomolecule of 
interest is tagged with the luminophores, for example by a 
labelled antibody, and the sample is analysed on a TGLM 
microscope. For this work, a conventional fluorescence 
microscope can be converted to TGLM through addition of a 
pulsed excitation source (LED) and a gated camera. The 
camera captures the image a few microseconds after the LED 
has extinguished, allowing time for all prompt (nanosecond) 
fluorescence to decay beyond detection.  The persistent 
luminescence is still very strong and easily captured. 

If autofluorescence suppression was the only advantage 
to TGLM, our story would end here. The true power of this 
technique lies in its ability to vastly reduce the complexity of 
captured images. Labelled cells are starkly rendered in 
shades of white against a featureless black background, ideal 
for automated image processing. The system described here 
uses an automated stage to capture and process TGL images 
at a rate of up to 15 per second.  This is possible since the 
majority of captured images are void of content, eliminating 
what would otherwise have been a major image processing 
task. 

TGL microscopy is an enhanced form of fluorescence 
microscopy that offers two important features, it suppresses 
non specific autofluorescence and yields simplified images. 
It is an enabling technology for the application of automated 
image processing that eliminates the tedium experienced by a 
human operator. One of the driving aims behind this project 
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was to deliver a system that could automatically inspect a 
slide with 100% coverage. Minimally, the process of 
inspection would identify regions of interest (putative target) 
and save the coordinates to permit an operator to review each 
region manually. More sophisticated image-processing to 
analyse target morphology was not employed in this version 
of the software, but is planned for the next iteration. 

II. MATERIALS AND METHODS 
The basic requirements for TGL microscopy are 

relatively straightforward: a pulsed excitation source and a 
gated detector. As technologies with application to TGLM 
have appeared, they have been promptly applied: ferro-
electric liquid crystal shutters, AOM laser and gated MCP 
image intensified CCDs. The great utility of UV LED’s to 
TGL applications has similarly been recognized; these 
devices have the requisite power and pulse profile to make 
them near ideal excitation sources for lanthanide chelates.  
The electron amplifying CCDs (EA-CCDs) are 
manufactured by the ‘Impactron’ process [6] and are 
monolithic semiconductor chips, unlike the past generation 
microchannel plate (MCP) image intensifiers that were hand-
assembled from complex optical and electronic assemblies. 
Impactron CCDs represent a platform technology with 
important ramifications for TGL microscopy. EA-CCDs 
have sufficient sensitivity and gain to capture delayed 
luminescence images in real-time when used in conjunction 
with suitable excitation sources. In comparison with image 
intensifiers, the higher quantum yield (the ratio of photons 
striking the sensor versus those actually detected) offsets to a 
large extent the lower gain delivered by EA-CCDs.  

A. Andor EA-CCD Camera 
For this work we used an Andor iXON electron amplified 

CCD camera, model 885. The 885 offers single photon 
sensitivity, excellent quantum yield performance and a 
megapixel sensor format with 8 × 8 µm pixel size. When the 
camera is used in low-light conditions, the EMCCD gain can 
be applied to render it single photon sensitive, while 
maintaining a full resolution frame rate of 31 frames/sec. The 
sensor can be cooled to -80°C to minimize thermal noise 
when used in high gain mode. 

B. LED Illumination 
The luminophore employed for this work was readily 

excited by a pulse of ultra-violet light from a NCCU033 
LED (Nichia Corporation, Tokyo, Japan).  A pulse of 816 µs 
is sufficient to excite luminescence from the europium 
polymer microspheres that persists for several hundred 
microseconds.  A gate delay of 3.2 µS is imposed after the 
LED has extinguished and before the camera is triggered. 
The timing of the excitation pulse, the delay before imaging 
commences and the duration of exposure of the EA-CCD 
array is controlled by the TGL controller. 

C. The TGL Controller 
A key component of the time-gated luminescence 

imaging system is the TGL controller.  The controller is 
implemented using an ATMega168 microcontroller (Atmel 
Corp. San Jose, Cal. USA), which can be programmed in C.  
The TGL controller is equipped with a switch panel that 
provides a means to switch the camera from real-time 
(epifluorescence) mode to time-gated operation.  The timing 
relationship between excitation and trigger pulses for each 
mode is shown in Fig. 1. The key difference between these 
modes is the timing of the camera trigger which is delayed 
3.2 µS after the LED has extinguished for TGL mode. 

The interval between the TGL cycles is sufficient to 
ensure no residual phosphorescence persists between cycles 
– each cycle is essentially independent.  When the purpose is 
to capture images of a slide, as opposed to providing a live 
TGL video stream, it is possible to trigger the TGL cycle as 
isolated events, once for each image.  This mode of operation 
is achieved by modifying the TGL controller so that it can 
receive a cycle trigger command and respond by performing 
one TGL cycle for each command received.  The computer 
communicates with the TGL controller through a high-speed 
serial interface. 

D. Microscope Stage Control 
The microscope is an Olympus BX51 fluorescence 

equipped with a Prior H101A motorised stage (Prior 
Scientific Instruments P/L, Cambridge, UK).  The target area 
on each slide is 20 × 20 mm.  For example, using a 
magnification 40× objective lens, each 1002 × 1002 pixel 
image corresponds to approximately 200 × 200 microns of 
the slide.  The application software scans the slide in a 
zigzag pattern. The software drives the stage across the width 
of the target area, then down one step, back across the width 
of the target area, and down another step.  To ensure that no 
feature of interest is missed, the step size is set to 96% of the 
image dimension.  For example, when a 40× objective is 
used, the step size is 192 microns and the complete scan 
involves capturing 10,816 images.  

The stage controller provided by Prior includes a COM 
library for software control. The PC uses RS-232 serial port 
for communication with the stage. 

E. Interleaved Stage Control 
An important aspect of efficient TGLM image capture is 

overlapping the time delays for stage control and image 
capture operations by interleaving the two control sequences.  
First, the stage movement command is sent to the stage 
controller.  While the stage is moving, the camera is made 
ready to capture an image upon the next trigger signal that it 
receives.  The software system then waits for completion of 
the stage movement, and once the movement is complete, it 
activates the TGL controller to pulse the LED and trigger the 
camera.  After receiving the image, the software system 
moves the stage again and repeats the process. This strategy 
results in a frame capture and processing rate of 
approximately 5 frames per second – the total time to scan a 
slide is about 35 minutes. 
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F. Application Software Overview 
An application program has been developed to 

automatically scan microscope slides using TGLM imaging.  
The application provides the user with control of the camera 
settings and the scan position on the slide.  Once the user has 
selected the appropriate parameters, the software 
autonomously scans the slide, capturing images of the entire 
target area.  The large amount of image data prohibits storing 
the images, so the application instead analyses the images 
and stores only frames of interest.  Because of the selective 
power of the TGLM method, a simple intensity threshold is 
sufficient to identify features of interest in the initial scan of 
a slide. 

After the scan is complete, the application program 
provides the user with a scrollable list of slide locations that 
contain features of interest.  The user may then select a 
location of interest and the application software will drive the 
stage to the X-Y coordinates for that location.  This allows 
the user to manually review locations that may display the 
target organism. 

An important issue is the ability to adjust the threshold 
for features of interest. The threshold adjustment is related to 
the fluorophore intensity – for weak luminescence the 
threshold needs to be lowered to ensure that all labelled 
organisms are detected.  If the threshold is too high then 
features of interest will be missed, while if the threshold is 
too low then there will be detections of spurious features.  In 
order to prevent such spurious detections, a dynamic 
threshold method can be employed. 

G. Target Beads 
For evaluation of the TGL autonomous scanning system 

we used 1 µm europium polymer beads (Fluorospheres 
F2088-2; Molecular Probes, Invitrogen Australia, P/L, Mt. 
Waverly, VIC, Australia). These beads are strongly 
luminescent at the wavelength generated by the UV LED and 
have a characteristic lifetime of around 650 µs. For our work, 
the Fluorospheres represent targets and to properly test the 
system, we required a strongly fluorescent second 
component to discriminate against. For this purpose we 
utilized prompt fluorescing UV excitable microspheres 
(Fluoresbrite® PolyFluor® 394 Microspheres; Polysciences, 
Inc. 400 Valley Road, Warrington, Pennsylvania USA). 
These beads are of the same diameter and are excited at the 
same wavelength as the luminescent beads. In 
epifluorescence mode, luminescence from both bead types is 
intense, whereas in TGL mode, only luminescence from the 
europium beads should be visible.  

H. Environmental Water Sample 
For an environmental evaluation of the TGL autonomous 

scanning system, water rich in autofluorescent algae was 
mixed with a dilute suspension of europium polymer beads. 
Approximately 100 ml of lake water was filtered through a 
0.8 µm filter followed by a few micro litres of the bead 
suspension. The algae contain phycoerythrin which 
fluoresces an intense red colour that is not easily spectrally 
resolved from the europium bead emission. 

III. RESULTS AND DISCUSSION 
Using TGLM, our software is able to recognise and 

record the locations of portions of the microscope slide that 
contain the target microspheres. 

As a demonstration of the power of the TGLM 
methodology, consider figures 2 and 3.  Fig. 2 shows a 
conventional fluorescent microscopy image.  The target 
microspheres cannot be identified apart from the non-targets.  
In contrast, the TGL image (Fig. 3) clearly identifies the 
target microspheres.  In TGL mode, the targets are clearly 
resolved whilst prompt fluorescence from the non-target 
bead is suppressed.   

Fig. 4 shows an intensity profile through two of the 
targets.  The targets are easily separated from the background 
using a simple threshold.  Our software determines the 
threshold automatically from a setup image that contains no 
targets.  Fig. 5 shows the results of such a simple threshold.  
The three targets are clearly identified. 

Results for the environmental water sample are similarly 
clear.  Fig. 6 shows the conventional fluorescence 
microscopy image. In this monochrome image, the target 
beads cannot be distinguished from the algae present in the 
sample. Because the fluorescence emission of both the target 
beads and the algae is red, a microscopist would have 
difficulty distinguishing them visually.  However, the TGL 
image (Fig. 7) clearly identifies the targets. 

The TGL system that we developed uses a threshold to 
automatically identify portions of the slide that contain 
targets during an automated scan.  After the scan is complete, 
the software gives the operator a list of slide coordinates that 
contain targets, as shown in Fig. 8.  If the operator clicks on 
a location, then software will drive the microscope stage to 
the recorded coordinates, allowing the operator to further 
examine the targets that have been found.  

IV. CONCLUSION 
We have presented a system that automatically scans 

microscope slides to find targets using TGLM.  Due to the 
unique discriminative power of the TGL methodology, 
labelled targets can be resolved from prompt fluorescing 
background through the application of simple image 
processing algorithms. The automated system scans the slide, 
processing images on-the-fly to record frame positions 
containing putative targets. Subsequently, an operator can 
easily return to stored positions to perform more detailed 
investigations.  This approach demonstrates the feasibility of 
rapid, automated detection of labelled targets on microscope 
slides.  Our ongoing efforts are directed towards in-situ 
(slide) labelling of pathology samples for the automated 
detection of methicillin resistant Staphylococcus aureus 
(MRSA) using the TGLM system described here. 
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Figure 1.  The timing relationship between application of the excitation 
pulse (UV LED) and the camera trigger is the key to switching from 
prompt (epifluorescence) fluorescence microscopy and time-gated 
luminescence mode.  (Drawing is not to scale) 

 
 
 
 
 
 
 
 

 
Figure 2.  Prompt fluorescent image of a section of a slide containing both 
europium and prompt fluorescing beads.  The prompt fluorescent beads 
cannot be distinguished from the europium beads. 

 
 
 

 
Figure 3.  Contrast-enhanced TGL image.  The europium beads are easily 
distinguished because the prompt fluorescence has been extinguished by 
the TGL method.  
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Figure 4.  TGL image profile through the top two europium beads.  A 
threshold between 50 and 150 is sufficient to separate the beads from the 
background noise. 

 
 
 

 
Figure 5.  Thresholded TGL image.  The target europium beads are 
identified by a simple intensity threshold applied to the TGL image. 

 
 
 

 
Figure 6.  Prompt fluorescence image containing europium beads and 
algae. 

 
 
 

 
Figure 7.  The TGL image identifies four europium beads. 
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Figure 8.  Recorded slide coordinates allow the operator to automatically 
position the slide to examine targets. 
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