
200307736-9  1 METHOD AND APPARATUS FOR IMAGING  LATENT FINGERPRINTS Field
of the Invention [0001] The present invention relates to methods and an
apparatus for  visualising images of a sample on a substrate making use of
fluorescence.  [0002] In particular, the present invention relates to
methods and an  apparatus for visualising images of latent fingerprints for
forensic purposes. Background of the Invention [0003] Photoluminescence is
often referred to as fluorescence, and  fluorescence is the emission of
light from fluorescent materials. Fluorescent  materials contain
luminescent atoms or molecules, which can go into an excited  state by
absorbing electromagnetic energy from an external source, which can  come
in the form of light. This electromagnetic energy, after being absorbed, is
then released by the luminescent atoms or molecules, in the form of light.
The  emission of light from a fluorescent material is thus known as
fluorescence. The  imaging of latent fingerprints through fluorescence is
one use of this  phenomenon. [0004] Whenever a finger touches a surface or
substrate, it leaves a residue  behind. This residue is mainly composed of
water, which dries up eventually,  leaving behind both inorganic salts and
organic constituents. The pattern of  deposition of this residue forms
distinctive fingerprints that are unique to each  individual. As some of
these compounds are fluorescent, forensic scientists can  use
photoluminescent techniques to visualise fingerprints. Laser Induced
Fluorescence (LIF) detection of fingerprints was demonstrated by Dalrymple
et al 



2  in 1976 (Dalrymple et al "Inherent fingerprint luminescence - detection
by laser,"  Journal of Forensic Sciences, Vol. 21, 1976, pp: 106-115). In
that technique,  optical filters were used to differentiate the fingerprint
fluorescence from the  substrate fluorescence, on the differences in
intensity and colour of the  fingerprint and substrate fluorescence.
However, LIF detection of fingerprints  using optical filters is fraught
with problems when the substrate material fluoresce  at a colour similar to
that of the fingerprint fluorescence. [0005] To overcome this problem, a
new method uses the lifetime property of  fluorescence to differentiate
between the fingerprint and substrate fluorescence  (Menzel, 2001). This
method, the time resolved method, differentiates between  the fingerprint
fluorescence and the substrate fluorescence based on the  lifetimes of each
fluorescence source as opposed to simply differentiating  between the
colour and intensity. [0006] As such, the time resolved method is able to
image fingerprints that  were once difficult to visualise. However, the
time resolved method has two main  limitations. This technique requires a
large difference in fluorescence lifetimes  between the different
fluorescences in order to filter one fluorescence from the  other.
Furthermore, in order for time resolved method to work, the fingerprint
fluorescence lifetime has to be longer than that of the substrate.
Consequently,  the time resolved method is only able to image fingerprints
from a restricted  range of substrates. [0007] A technique that is able to
discern fingerprints from a larger range of  substrates is the phase
resolved method, which makes use of the phase  difference between the
fluorescence of the fingerprint and the substrate when  excited by a
modulated illumination source. The advantage of using phase  



resolved method for fingerprint detection is that the fluorescence lifetime
is no  longer a consideration. Although phase resolved method is now being
used in 3  applications such as fluorescence microscopy and imaging of
thick tissue, it has  not been used in latent fingerprint detection due to
the  difficulties encountered. (0008] The phase resolved method requires
the fingerprint and the substrate  to be excited to fluoresce by an
illumination source that is modulated at a high  frequency. This high
frequency modulation, which can be of the order of several  ten megahertz
(MHz), is required in order to obtain a measurable phase  difference to
successfully suppress substrate fluorescence. However, it is  difficult to
carry out signal processing at such high frequencies since the image
capturing devices are unable to respond to such high frequencies. [0009]
Another difficulty encountered in the use of the phase-resolved method  for
imaging fingerprints is that fingerprint fluorescence is too weak to be
effectively detected by common detectors. As the substrate fluorescence may
be  strong compared to the fingerprint fluorescence, it can be difficult to
suppress  unwanted fluorescence components when imaging fingerprint
samples.  Therefore, although phase resolved method has proven useful in
other  applications, this method is not used in fingerprint fluorescence
imaging as this  method is currently unable to consistently obtain clear
images of fingerprints from  fingerprint samples. Summary of the Invention
(00010] In one aspect, the present invention relates to a method for
imaging a  sample on a substrate; the method comprising the steps of.,
illuminating, using a high intensity light source modulated at a first  



frequency, the sample and the substrate, thereby causing the sample and
the substrate to fluoresce; 4  capturing, using an image capturing device
whose gain is modulated at a  second frequency, both the sample
fluorescence and the substrate  fluorescence; converting, using a frequency
mixing process selected from a choice of  two frequency mixing processes,
both sample fluorescence and substrate  fluorescence into low frequency
signals, followed by processing, using a  phase-resolving method dependent
on the frequency mixing process, the  low frequency signals to suppress the
substrate fluorescence; and visualising, using a display, a representation
of the sample. [00011] In another aspect, the present invention relates to
an apparatus for a  imaging a sample on a substrate, the apparatus
comprising: at least one modulated high intensity light source; at least
one modulator to modulate the intensity of the at least one light  source;
at least one image capturing device; at least one controller for
controlling at least one imaging parameter of the  at least one image
capturing device; a first function generator for the at least one light
source; a second function generator for the at least one image capturing
device;  at least one display; at least one computer connected to, and
capable of controlling:  the at least one light source, the at least one
modulator to modulate the at least one light source;  



the at least one image capturing device; the at least one controller for
controlling the at least one image  capturing device; the first function
generator for the at least one light source; the second function generator
for the at least one image capturing  device; and 5  the at least one
display wherein  the at least one computer is capable of controlling the
apparatus to effect  a heterodyne or a homodyne phase-resolving process to
obtain an image  of the sample. Brief Description of the Drawings [00012]
Fig. 1 shows a system diagram of the apparatus for the imaging of  latent
samples, such as fingerprints, under the present invention. [00013] Fig. 2
shows a flow chart detailing the procedure taken to process  fluorescence
signals in order to send the fluorescence signals for further  fluorescence
suppression. [00014] Fig. 3 shows a flow chart detailing the method for the
heterodyne  assisted phase-resolved method. [00015] Fig. 4A to 4H are a
series of graphs detailing the heterodyne assisted  phase-resolved method.
[00016] Fig. 5 shows a flow chart detailing the method for further
fluorescence  suppression using the homodyne assisted phase-resolved
method. [00017] Fig. 6A to 6E area series of graphs detailing the homodyne
assisted  phase-resolved method. 



6  Detailed Description of the Drawings [00018] It is an object of the
present invention to enable the imaging of  samples, particularly of latent
fingerprints, on a larger range of substrate  materials. [00019] It is a
further object of the present invention to overcome the  problems
associated with Laser-Induced-Fluorescence detection using the  phase
resolved method. [00020] It is yet a further object of the present
invention to use the phase  resolved method to detect fluorescence emitted
by latent fingerprints so that  latent fingerprints can be visualised
sufficiently clearly for forensic purposes.  [00021] A detailed description
of the present invention will now be given in  accordance with a preferred
embodiment of the invention. In the following  description, details are
provided to describe the preferred embodiment. It shall  be apparent to one
skilled in the art, however, that the invention may be  practiced without
such details. Some of these details may not be described at  length so as
not to obscure the invention. [00022] The system diagram as shown in Fig. I
comprises an intensity  modulated high intensity light source, such as a
multi-line Argon laser I that is  used as an excitation source for the
sample 6. The parameters of the lighting  source may be set at a
predetermined profile, optimal for the nature of the  sample. These
parameters include the modulation frequency of the light, the  phase of the
modulated light, light intensity and wavelength and are obtained  from the
combination of the following components. 7  [00023] The beam from the
multi-line Argon laser 1 is incident on a modulator  



2. Here, an Electro-Optical Modulator (EOM) capable of operating from 0 to
100 MHz is used. A power amplifier 13 is the power source of the EOM 2. The
power amplifier is sinusoidally modulated by an output from a master
function  generator 11. The modulated laser beam from the EOM 2 is focused
into a  single mode fibre 4 through a fibre coupler 3. The other end of the
single mode  fibre 4 is connected to a beam expander S. The beam from the
expander 5  illuminates the sample 6. [00024] The fluorescent emissions
from the sample 6, are collected by a  suitable image capturing device such
as Intensified Charge Coupled Device  (ICCD) 7. The parameters of the image
capturing device may also be set at a  predetermined profile, optimal for
the nature of the sample. These parameters  include the frequency, the
phase and gain amplitude of the modulated gain, and  the exposure time.
These parameters are obtained by adjusting the following  components.
[00025] The ICCD comprises an Intensifier for magnifying the intensity
levels  of images it receives, and a Charge Coupled Device (CCD) for
converting the  intensified images from the Intensifier into digital
images. The ICCD 7 is  controlled by an ICCD controller 14 that provides
voltage signals to drive the  image intensifier in the ICCD. The gain of
the ICCD 7 can be changed by  varying the voltage signals to the
intensifier. The voltage signals to the  intensifier are also modulated by
signals from a slave function generator 12.  [00026] The CCD camera in ICCD
7 is also connected to a camera interface  board 8 and controlled by a
computer 10. The computer 10 is also used to  remotely control the master
function generator 11, the slave function generator  12, and the ICCD
controller 14. The master function generator 11, provides a 8  



clock reference to the slave function generator 12; synchronising the two
function generators. Symbol Meaning A Direct Current (DC) component of the
modulated laser beam.  A'(rr) DC component of the modulated fluorescence
from the  substrate. A'(rf) DC component of the modulated fluorescence from
the  sample. B DC component of the modulated gain.  E(t) Function of ICCD
exposure control. F(r,t) Intensity signal of the modulated fluorescence
from the  sample and the substrate. G(t) Signal of the modulated gain of
the ICCD.  H(r,t,(pg) Mixing result of F(r,t) and G(t)  HO(r,(g) Image
signals of homodyne mixing result. Image signals of homodyne mixing result
when setting  Ho (r,0) tpg=0.  Image signals of homodyne mixing result when
setting  HO (r, 7r/2) Image signals of homodyne mixing result when setting
Ho (r, 7r) tpg =7T HO(r,3tt/2) Image signals of homodyne mixing result when
setting  tog = 3tr/2 Average result of HO (r,0), HO(r,tr/2), HO(r,tc) and
Ho(r ~Pg)~g H(r,3ir/2). 1(t) Intensity signal of the modulated laser beam.



k Any integer. K A constant, which is proportional to the length of
exposure  time. 9  Mb Demodulation factor of the substrate fluorescence.
ma Modulation depth of the modulated laser beam. m f Demodulation factor of
the sample fluorescence.  mg Modulation depth of the modulated gain. r
Position where fluorescence is excited. rb Position where the substrate
fluorescence is excited.  rf Position where the sample fluorescence is
excited. SE1r rPg) Image signals after removing DC components when using
heterodyne assisted phase-resolved method. So(r (p8) Image signals after
removing DC components when using  homodyne assisted phase-resolved method.
t Time. T Length of the exposure time. Sw Angular frequency difference
between the modulated laser  beam and the modulated gain of the ICCD. Pb
Phase shift of the substrate fluorescence.  t0 f Phase shift of the sample
fluorescence. (PS Phase difference between two function generators.  rb
Lifetime of the substrate fluorescence. zf Lifetime of the sample
fluorescence. wo Angular frequency of the modulated laser beam. w1 Angular
frequency of the modulated gain of the ICCD.  



Table 1: Symbols and Notation 10  [00027] As can be seen in Fig. 2 step
201, the modulated beam from the  EOM 2, illuminates the sample 6. The
modulated beam from the EOM 2 can be  described as: I(t) = A[1 + ma
sin(wot)] (1)  (as shown in curve 15 of Fig. 4A and Fig. 6A). [00028] As a
result of the illumination, the constituents of the sample, such as  the
residue left by a finger that comprises a latent fingerprint, and the
substrate  of the sample, start to fluoresce upon illumination. The
resulting fluorescence is  modulated at the same frequency as that of the
modulated excitation beam and  of the expression: F(r,t)=
(A'(rf)[l+mamfsin(wot-9f)],when r=rf (2)  jlA'(rb)[l+m.mbsin(wot-tpb)],when
r=rb  (as can be seen in curve 17 of Fig. 4B and Fig. 6B). [00029] The
sample fluorescence and the substrate fluorescence are phase- shifted and
demodulated to an extent determined by the fluorescence lifetime of  the
forensic sample. The phase-shift and demodulation factors are given by: ( p
f = arctg(woa f) it mf =[1+(wozf)21-v2  (3) j opb = arctg(w0 ;) Mb
=[l'+(wovb)2]a12  (4) [00030] In step 202 (FIG. 2), the slave function
generator 12 modulates the  gain of the ICCD 7, with the modulated gain
being of the form: 



11  G(t) = B[l + mg sin(wjt - cpg )] (5) (as can be seen in curves 16 and
23 of Fig. 4A and Fig. 6A ). [00031] In step 203, the modulated fluorescent
emission signals meet and  mix with the modulated gain of the ICCD 7 at the
intensifier portion of the ICCD  7. This frequency mixing process generates
a frequency mixing output, which is  composed of a high frequency component
and a low frequency component. The  high frequency component is
automatically filtered out by the CCD. This is  because the CCD does not
have a high frequency response; as such, all the  high-frequency terms of
the mixing output will be negated, leaving only the low  frequency
component. The mixing output is given by: A'(rf)B{1+ 2 mgmum f cos[(wo
-w,)t-(tp f -cpg)]},when r = rf  H(r, t, (pg) _
A'(rb)B{1+Imgm~mbcos[(wp-(91)t-(cpb-cpg)]},when r=rb  (6) (as can be seen
in curve 18 of Fig. 4C) , [00032] Step 204 is a decision step, which
decides what the next signal  processing process would be. This decision
step depends on the frequency  difference between the modulated laser beam
and the modulated gain of the  ICCD 7. If the angular frequency of the
modulated laser beam is different from  that of the modulated gain of the
ICCD 7, a heterodyne signal results (Step  205). If the angular frequency
of the modulated laser beam is the same as the  modulated gain of the ICCD
7, a homodyne signal results (Step 207). 12  [00033] Consequently, in step
204, a decision will be made as to the phase- resolved method to be
applied, branching either to a heterodyne assisted method  



(Steps 205 and 206) or a homodyne assisted method (Steps 207 and 208). Both
the homodyne assisted phase-resolved method and the heterodyne assisted
phase resolved method are for removing the contribution from the substrate
fluorescence to generate clearer sample images from the mixing output.
[00.034] The heterodyne assisted phase-resolved method as shown in Fig. 3
requires the master function generator 11 and the slave function generator
12,  to provide separate outputs at slightly differing frequencies. The
multi-line Argon  laser I and the gain of ICCD 7 are modulated at different
frequencies and the  phase difference between the two outputs can be
adjusted from 0 to27c . The  heterodyne frequency mixing process produces a
low frequency heterodyne  signal, which is the frequency difference between
the master function generator  11 and the slave function generator 12, as
described below: A'(rf)B{1+lmgm,mfcos[(coo-m1)t-(epf-epg)]},when r=rf
H(r,t,ps)= 2 (7)  A'(rb)B{1+ I mgmumb cos[(mo -m,)t-(cpb -epg)]},when r =
rb (as can be seen in curve 18 of Fig. 4C) . [00035] The heterodyne signal,
which is a signal generated by the intensifier of  the ICCD 7, includes
both Alternating Current (AC) and Direct Current (DC)  components. Only the
AC' component contains the phase and is thus useful for  further
phase-sensitive detection of sample fluorescence. Therefore, to obtain
clear and identifiable sample images, the DC component needs to be filtered
out  first in order to successfully suppress the contribution of the
substrate  fluorescence. 13  [00036] Besides the gain modulation of the
ICCD 7, another parameter that is  controlled is the "exposure time" in an
"external trigger" mode. This parameter is  



controlled through the camera interface board 8. To enable the "external
trigger"  mode, an I/O board 9 is used to trigger the camera interface
board 8. The length  of the "exposure time" can be user defined through the
computer 10. When  operating in the "external trigger" mode, the CCD camera
of the ICCD 7 will wait  for an external trigger signal from the I/O board
9 to start its user defined  "exposure time". Thus this exposure time can
be described as a square wave  function, where T is the length of exposure
time: (I 2kT<_t<2k+1)T E(t)=0 (2k+1)TSt<2(k+1)T'where k=0,1,2," (8)  { (as
can be seen in curve 19 of Fig. 4D and Fig. 4F) [00037] During this
"exposure time", which acts as an "on" period of the square  wave, the CCD
camera in ICCD 7 will carry out an optical integration on the  heterodyne
signal and generate an image signal to the computer 10, as shown in  step
301. [00038] The I/O board 9 is also used to simultaneously trigger the
master  function generator 11 and the slave function generator 12. [00039]
By setting the length of "exposure time" the same as the period of the
heterodyne signal as shown in step 302, (i.e. T = 2ir/Sw ), a first image
signal that  only consists of the DC component of the heterodyne signal is
obtained, as  shown in step 303. This can be expressed in the following
function: 14  yr Z~ BA'(rf),when r = rf  (b H(r,t,(pg)dt= 2% o
S-BA'(rb),when r=rb (9)  (as can be seen in curve 20 of Fig. 4E) 



.  [00040] Moreover, in step 304, by changing the length of "exposure time"
to be  half of the period of heterodyne signal (i.e. T =7c/Sw ), a second
image signal that  consists of both the DC and AC components of the
heterodyne signal is obtained  as shown in step 305. This can be expressed
by the following function:  rrBA(rf)+B -I gA'(rf)mfsin(tpf-tpg),when r=rf
jbdH(r,t,tpg)dt= Sw (10)  7r BA(rb+B gA'(rb)mbsin(cpb-tpg),when r=rb  T(O
&0 (as shown in curve 21 of Fig. 4G). [00041] As shown in step 306, in
order to obtain the AC component of the  heterodyne signal, the first image
signal is subtracted from the second image  signal by mixing the signals
using any suitable image subtraction process known  in the art, to remove
DC component. The resulting image signal has only the AC  component of the
heterodyne signal as can be seen in the following function 1
BmgmaA'(rf)mfsin(tpf-tpg),when r=rf S~(r,tPg) = Sm (11)
a-Bmgm.A'(rb)mbsin(g6-rpg),when r=rb (as shown in curve 22 of Fig. 4H).
[00042] Step 307 is a decision step as to whether the fluorescence lifetime
of  the substrate is greater than that of the sample. If the fluorescence
lifetime of the 15  substrate is greater than that of the sample, step 308
would be implemented. In  step 308, the substrate fluorescence component is
suppressed by adjusting the  phase difference between the master function
generator 11 and the slave  



function generator 12 to be 7r out-of-phase with the substrate fluorescence
emission. Following this, a clear sample image is obtained as shown in the
concluding step 309. The suppression result is given by: S (r i
BmgmaA'(rf)mfsin(opb-rp ),when r=r E ,~g)= K f f (when zf<zb,  0, when r =
rb mg =ry,+7c) (12a) (shown as the position of "suppression result" in
curve 22 of Fig. 4H) [00043] If the fluorescence lifetime of the substrate
is not greater than that of  the sample, step 310 would be implemented
whereby the substrate fluorescence  component is suppressed by adjusting
the phase difference between the master  function generator 11 and the
slave function generator 12 to be in phase with the  substrate fluorescence
emission. Following this, a clear sample image is  obtained as shown in the
concluding step 311. The suppression result is given  by: S r i -g~b),when
r=r s(,~g)= TO) f f (whenzf>28iJPg=(P  0, when r = rb (12b)  (shown as the
position of "suppression result" in curve 22 of Fig. 4H) [00044] Fig. 4A to
4H graphically represents the signal processing process of  the heterodyne
assisted phase-resolved method. Curve 15 and curve 16 of Fig.  4A
respectively, show the modulation profiles of the excitation beam and the
gain 16  of the ICCD 7. As can be seen, curve 15 and curve 16 of Fig. 4A
are of slightly  different frequencies. Curve 17 of Fig. 4B provides an
example of the  



fluorescence intensity from the latent sample, consisting of fluorescence
emissions from both the sample and the substrate. [00045] The fluorescence
emissions have the same modulation frequency as  that of the excitation but
are demodulated and phase shifted to an extent  determined by the
respective fluorescence lifetimes. The frequency mixing  process takes
place when the modulated fluorescent emissions (as represented  in curve 17
of Fig. 4B) combine with the modulated gain (as represented in curve  16 of
Fig. 4A) in the ICCD 7. [00046] The result of the frequency mixing process
is the heterodyne signal (as  shown in curve 18 of Fig. 4C). The heterodyne
signal consists of both the AC and  DC components. Since only the AC
component is wanted, the DC component is  filtered out by controlling the
exposure time of the ICCD 7. The profile of this  exposure time is
represented in curve 19 of Fig. 4D. [00047] As shown in curve 19 of Fig.
4D, the start of the exposure time or the  period of the curve 19 is
switched "on", triggered at regular intervals. This period  is in precise
multiples of the period of the heterodyne signal (as shown in curve  18 of
Fig. 4C). At the "off' or non-exposure period, the CCD camera in the ICCD
7 does not receive any optical signals. The length of exposure time is user
defined by the computer 10. [00048] When the length of the exposure time of
curve 19 of Fig. 4D is set the  same as the period of that represented in
curve 18 of Fig. 4C, the image signal  that contains DC component only (as
represented by the curve 20 of Fig. 4E), is  obtained. When the length of
the exposure time of curve 19 of Fig. 4F is set to  one-half of the period
of that represented in curve 18 of Fig. 4C, an image signal 17  that
contains both AC and DC components (as represented by the curve 21 of  



Fig. 4G), is obtained. [00049] Using a suitable image subtraction process,
the DC component can be  removed from the image signal (as shown in curve
22 of Fig. 4H). The  contribution of the substrate fluorescence is
suppressed by adjusting the phase  difference between the master function
generator 11 and the slave function  generator 12 to either be ;r
out-of-phase or in phase with the substrate  fluorescence emission (as
represented by the position of "suppression result" in  curve 22 of Fig.
4H). This depends on whether the fluorescence lifetime of the  substrate is
greater than that of the sample, or not. [00050] The homodyne assisted
phase-resolved method as shown in Fig. 5  requires the master function
generator 11 and the slave function generator 12 to  respectively provide
separate outputs to the power amplifier 13 and the ICCD  controller 14, at
the same frequency. The multi-line Argon laser I and the gain of  ICCD 7
are modulated at the same frequency, and the phase difference between  the
two outputs can be adjusted from 0 to tar . [00051] As a result of
frequency mixing, a homodyne signal that is time- independent is obtained
in the ICCD 7. In step 501, the ICCD 7 carries out  optical integration of
the homodyne signal during its exposure period. Since the  homodyne signal
is time-independent, it is unnecessary to externally trigger the  exposure
time and therefore the resulting image signal is proportional to the
homodyne signal. This is given by: KA'(rf)B[1+Imgm mfcos(cf-rpg)],when r=rf
Ho(r,4o )_ (13)  KA' (rb )B[1 + I mgm.me cos(rpe - tpg )], when r = re (as
can be seen in curve 24 of Fig. 6C) , 18  



[00052] Although the image signal is time-independent, it is still a
function of  the phase difference between the master function generator 11
and the slave  function generators 12, with an additional DC component.
Only the AC  component contains the phase information and is thus useful
for further phase- sensitive detection of sample fluorescence. Therefore,
to obtain clear and  identifiable sample images, the DC component needs to
be filtered out. [00053] In step 502, an even-step phase shifting method is
used to determine  the value of the DC component. The method starts by
dividing a full phase cycle  into an even number of steps equivalent to the
number of phases required. The  phase difference between the master
function generator 11 and the slave  function generator 12 is then set to
the number of phases required. Based on  the number of phases, there will
be an equal number of image signals from the  ICCD 7, and these image
signals are then averaged. This phase shifting method  is given by the
expression: KA' (r f)B(1 + I mgm.m f cos rp f) , when r = r f  Ho (r,0) _
KA'(rb)B(1+ 1 FIn9M xmb COSTO, when r =rb  KA'(rf)B[1+Im9 m=mfcos(9f
-ir/2)],when r=rf  Ho (r, 7r/2) _ K4'(rb)B[1 + 2 mgmamb cos(cpb -7r/2)],
when r = rb  KA'(rf)B[1+ mgm~m f cos(tp f -7r)],when r = rf  H.(r,7r) _
K4'(rb)B[1+ 2 m^mb cos(Cpb -7r)],when r = rb
KA'(rf)B[1+Zmgm~mfcos(rpf-37r/2)],when r=rf Ho (r, 37r/2) _ (14)  4' (rb
)B[1 + I mgmamb cos(Qe - 3ir/2)], when r = rb 



19  (shown as the four position 0, rz/2 7r, 37x/2 in curve 24 of Fig. 6C).
[00054] The averaged result, which shows the value of DC component only, is
expressed as: Ho(r,(p (KA'(rf)B,when r=rf (15)  g)og KA'(rb)B,when r=rb (as
can be seen in curve 25 of Fig. 6D) . [00055] In step 503, the DC component
is removed by mixing the average  result with the original image signal and
applying an image subtraction process,  the new image signal can be written
as: ' KSmgmaA'(rf)mfcos(rpf-rpg),when r=rf So(r,rpg) (16)  2 KBmgm~A'(rb)mb
cos(tpb -(pg),when r = rb (as can be seen in curve 26 of Fig. 6E) . [00056]
Step 504 is a decision step. If the fluorescence lifetime of the  substrate
is greater than that of the sample, step 501 would be implemented and  the
substrate fluorescence is suppressed by adjusting the phase difference
between the master function generator 11 and the slave function generator
12 to  be 37x/2 out-of-phase with the substrate fluorescence. Following
this, a clear  sample image is obtained as shown in the concluding step
506. The suppression  result is given by: S0(r,rpg) = J2 KBmgm"A (rf)m f
sin(rpb -rp f),when r = rf 11 (when  0 when r=rb  rI <rb,gpg=9Pb(17a) 



20  (shown as the position of "suppression result" in curve 26 of Fig. 6E).
[00057] If the fluorescence lifetime of the substrate is not greater than
that of  the sample, step 507 would be implemented and the substrate
fluorescence is  suppressed by adjusting the phase difference between the
master function  generator 11 and the slave function generator 12 to be in
7v/2 out-of-phase with  the substrate fluorescence. Following this, a clear
sample image is obtained as  shown in the concluding step 508. The
suppression result is given by: 1 KBmgm,A'(rj)mfsin(Q V.), when r =
rSo(r,(Pg)= 2 f !(when-rf<z"  0 , when r = ra rp8 =rpb +it/2) (17b) (shown
as the position of "suppression result" in curve 26 of Fig. 6E) . [00058]
Figs. 6A to 6E graphically represents the signal processing process of  the
homodyne assisted phase-resolved method. Curve 15 and curve 23 of Fig.  6A
respectively show the modulation profiles of the excitation beam and the
gain  of the ICCD 7. As can be seen, curve 15 and curve 23 of Fig. 6A are
of identical  frequencies. Curve 17 of Fig. 6 B provides an example of the
fluorescence  intensity from the latent sample, comprising fluorescence
emissions from both  sample and substrate. The fluorescence emissions have
the same modulation  frequency as that of the excitation, but are
demodulated and phase shifted to an  extent determined by the respective
fluorescence lifetimes. [00059] As can be seen, curve 24 of Fig. 6C is the
image signal of the  homodyne signal obtained from the ICCD 7. This image
signal is a function of  the phase difference between the master function
generator 11 and the slave  function generator 12. As the image signal
contains the unwanted DC  component, it needs to be filtered out using an
even-step phase shifting method. 



21  [00060] Curve 24 of Fig. 6C shows an example of the even-step phase
shifting  method, the 4-step phase-shifting method, which divides a full
phase cycle into  four steps (shown as 0, 7r/2, 7r, 3nc/2 in curve 24 of
Fig. 6C). Having set the  phase difference between the master function
generator 11 and the slave  function generator 12 to the four phases and
averaging the four corresponding  image signals, the DC component is
generated (as can be seen in curve 25 of  Fig.6D). [00061] Using any
suitable image subtraction process known in the art, the DC  component can
be removed from the image signal (as shown in curve 26 of Fig.  6E).
Consequently, any contribution from the fluorescence from the substrate
can be suppressed by adjusting the phase difference between the master
function generator 11 and the slave function generator 12 to either be
37r/2 or  r/2 out-of-phase with the substrate fluorescence emission (as
represented by  the position of "suppression result" in curve 26 of Fig.
6E). This choice depends  on whether the fluorescence lifetime of the
substrate is greater than that of the  sample's. [00062] While the
foregoing has presented descriptions of certain preferred  embodiments of
the present invention, it is to be understood that these  descriptions are
presented by way of example only and are not intended to limit  the scope
of the present invention. It is expected that others skilled in the art
will  perceive variations which, while differing from the foregoing, do not
depart from  the spirit and scope of the invention as herein described and
claimed. [00063] A person skilled in the art will appreciate that while
visualisation of  latent fingerprints for forensic purposes have been used
as an example, other  embodiments of the present invention are possible.
These other embodiments  



may be used to visualise histological samples such as biological tissue on
a 22  microscope slide, as well as to visually detect the presence of
biochemicals. The  present invention uses novel and non-obvious means and
techniques to  overcome the problems of the art. 23  Claims  We claim: 1 A
method for imaging a sample on a substrate, the method comprising the
steps of: illuminating, at a first frequency using a modulated high
intensity light  source, the sample and the substrate, thereby causing the
sample and the  substrate to fluoresce; capturing, at a second frequency
using an image capturing device, both  the sample fluorescence and the
substrate fluorescence; converting, using a frequency mixing process that
comprises either a  heterodyne process or a homodyne process, both sample
fluorescence  and substrate fluorescence into low frequency signals,
followed by  processing, using a phase-resolving method chosen in
dependence on  the frequency mixing process, the low frequency signals to
reduce the  substrate fluorescence; and visualising, using a display, a
representation of the sample. 2. The method of Claim 1, wherein the
modulation of the high intensity light  source comprises operating the high
intensity light source at a  predetermined profile, the predetermined
parameter profile further  comprising the first frequency, an initial phase
and light intensity. 



3. The method of Claim 1, wherein the capturing of images by the image
capturing device further comprises operating the image capturing device  at
a predetermined profile, the predetermined profile further comprising  the
second frequency, exposure time, phase and amplitude of gain. 4. The method
of Claim 1, wherein the frequency mixing process is selected  based on a
comparison between the first frequency to a modulated gain of  the image
capturing device. 24  5. The method of Claim 1, wherein the frequency
mixing processes is a heterodyne process, resulting from operating the high
intensity light  source and the image capturing device at different
frequencies to obtain a  low frequency heterodyne signal comprising
alternating current (AC) and  direct current (DC) components. 6. The method
of Claim 5, wherein the phase-resolving method comprises:  setting exposure
time of the image capturing device equal to the period of  the heterodyne
signal to generate a first image signal containing only the  DC component,
and setting exposure time of the image capture device to  one half of the
period of the heterodyne signal to generate a second  image signal
containing the DC and AC components; subtracting said first image signal
from said second image signal to  remove the DC component; and setting the
phase of the high intensity light source and the phase of the  image
capturing device to be in phase with the substrate fluorescence  when the
lifetime of the substrate fluorescence is less or equal to the  lifetime of
the sample fluorescence, or it out-of-phase with the substrate
fluorescence, when the lifetime of the substrate fluorescence is greater  



than the lifetime of the sample fluorescence, thereby reducing the
substrate fluorescence. 7. The method of Claim 1, wherein the frequency
mixing processes is the  homodyne process, resulting from operating the
high intensity light source  and the image capturing device at the same
frequency to obtain a low  frequency homodyne signal comprising alternating
current (AC) and direct  current (DC) components. 8. The method of Claim 7,
wherein the phase-resolving method comprises:  dividing a full phase cycle
(27r) of the high intensity light source and the  image capturing device
into an even plurality of intervals; obtaining an image signal for each one
of said plurality of intervals; 25  averaging the image signals obtained,
thereby obtaining a DC signal  containing the DC component only; and
subtracting the DC signal from the low frequency homodyne signal to  remove
the DC component. 9. The method of Claim 1, comprising adjusting the phase
difference  between the high intensity light source and the image capturing
device to  reduce the contribution of the substrate fluorescence in the
representation  of the sample. 10. The method of Claim 1, the method
further comprises chemically treating  the sample to enhance fluorescence.
11. The method of Claim 1, wherein the sample is a latent forensic print of
a  body part. 12. The method of Claim 11, wherein the body part is a
finger. 13. The method of Claim 1, wherein the sample is a histological
sample.  



14. The method of Claim 1, wherein the sample is a biochemical sample. 15.
An apparatus for imaging a sample on a substrate, the apparatus
comprising: at least one modulated high intensity light source; at least
one modulator to modulate at least one lighting parameter of the  at least
one light source; at least one image capturing device; at least one
controller for controlling at least one imaging parameter of the  at least
one image capturing device; a first function generator for the at least one
light source; a second function generator for the at least one image
capturing device;  at least one display; and at least one computer
connected to, and controlling, 26  the at least one light source, the at
least one modulator to modulate the at least one light  source, the at
least one image capturing device, the at least one controller for
controlling the at least one image  capturing device, the first function
generator for the at least one light source, the second function generator
for the at least one image capturing  device, and  the at least one
display,  wherein 



the at least one computer is capable of controlling the apparatus to effect
a heterodyne or a homodyne phase-resolving process to obtain an image  of
the sample. 16. The apparatus of Claim 15, wherein the at least one
modulated high  intensity light source is capable of causing the sample to
fluoresce. 17. The apparatus of Claim 15, wherein the at least one
modulated high  intensity light source is an Argon laser. 18. The apparatus
of Claim 15, wherein the at least one modulator is capable  of modulation
from 0 to 100 MHz. 19. The apparatus of Claim 15, wherein the at least one
image capturing  device is capable of having its gain modulated from 0 to 1
GHz. 20. The apparatus of Claim 15, wherein the at least one image
capturing  device is capable of being externally triggered with an exposure
time from  1 ms to 1,000 s. 27  21. The apparatus of Claim 15, wherein the
first function generator is capable of generating outputs of varying
frequencies up to 1 GHz and phase  differences from 0 to 2 n. 22. A method
for imaging a sample on a substrate, comprising: illuminating the sample
and the substrate, using a modulated high  intensity light source, thereby
causing the sample and the substrate to  fluoresce; capturing sample
fluorescence and substrate fluorescence, using an  image capturing device;
converting the sample fluorescence and the substrate fluorescence into  low
frequency signals; 



selecting a phase-resolving method depending on whether the low  frequency
signals are heterodyne signals or homodyne signals; and  processing the low
frequency signals, using the selected phase-resolving  method, to produce
an image signal with reduced contribution from the  substrate fluorescence.
23. The method of claim 22, comprising removing a direct current (DC)
component from the low frequency signal converted from the substrate
fluorescence to produce a substrate signal comprising an alternating
current (AC) component, and adjusting the phase difference between the
high intensity light source and the image capturing device to suppress the
substrate signal. 


