1 METHOD AND APPARATUS FOR | MAG NG LATENT FI NGERPRI NTS Fi el d of the

I nvention [0001] The present invention relates to nethods and an apparat us
for visualising i mages of a sanple on a substrate making use of
fluorescence. [0002] In particular, the present invention relates to

nmet hods and an apparatus for visualisipg images of latent fingerprints for
forensi c purposes. Background of the Invention [0003] Photol um nescence is
often referred to as fluorescence, and fluorescence is the em ssion of

l'ight fromfluoresce teLi 0 | al ntain
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The em ssion of light froma fluorescent material is thus known as

fluorescence. The imaging of |atent fjngerprints through fluorescence is
one use of this phenomenon. [Og@jﬁq "\Mbﬁg'i}\éé)“tho'fi nger touches a surface or
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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



optical filters were used to differentiate the fingerprint fluorescence
fromthe substrate fluorescence, on the differences in intensity and
colour of the fingerprint and substrate fluorescence. However, LIF
detection of fingerprints wusing optical filters is fraught with probl ens
when the substrate material fluoresce at a colour sinmlar to that of the
fingerprint fluorescence. [0005] To overcone this problem a new nethod
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fingerprint detection due to the difficulties encountered.
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




[ 0008] The phase resolved nethod requires the fingerprint and the substrate
to be excited to fluoresce by an illum nation source that is nodul ated at a
hi gh frequency. This high frequency nodul ati on, which can be of the order
of several ten negahertz (MHz), is required in order to obtain a
nmeasur abl e phase difference to successfully suppress substrate
fluorescence. However, it is difficult to carry out signal processing at

such high frequencies since the image capturli devi ces, ane,. unab to
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substrate
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;




fluorescence into | ow frequency signals, followed by processing, using a
phase-resol vi ng net hod dependent on the frequency m xi ng process, the |ow
frequency signals to suppress the substrate fluorescence; and visuali sing,
using a display, a representation of the sanple. [00011] In another aspect,
the present invention relates to an appgratus for a imaging a sanple on a
substrate, the apparatus conprising: at |east one nodul ated high intensity
| i ght source; at_ |Least one nodul ator Eo.nnguLate t he intensi%%qu t he at
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apparatus to ef
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




a heterodyne or a honodyne phase-resolving process to obtain an i nage of
the sanple. Brief Description of the Drawi ngs [00012] Fig. 1 shows a system
di agram of the apparatus for the inmaging of |atent sanples, such as
fingerprints, under the present invention. [00013] Fig. 2 shows a flow
chart detailing the procedure taken to $>r ocess fluorescence signals in
order to send the fluorescence signals Tor further fluorescence

suppressi on. [00014], Fi 3, sho flow chart detailing the method for the
het erodyne assi stedh%ﬁg@ﬂ Bg%gsiﬁé’geyrret hod. [00015] Fig. 4A to 4H are a
series of grapRggieiailing the heterodyne assisted phase-resolved nethod.
[00016] Fig. 5 shows a flow chart detailing the nethod for further

fl uorescence do@pat ézast oneusimputehis ¢rpakls of cagisoling the Baparates tn elect
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[00018] It is aitidsasbpledf the present invention to enable the inmaging of

sanples, particularly of latent fingerprints, on a | arger range of
substrate materials. [00019] It is a further object of the present

invention to overcone the : ' '
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[00020] It is yet a further object of the present invention to use the
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fingerprints so that Jlatent fingerprints can be visualised sufficiently
clearly fdatenbpamples, puepasdagermnint: Undar tha piesent W¥8elidht i on of t he

present invention will now be given in

[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 are a series of graphs detailing the homodyne assisted

phase-resolved method.




accordance with a preferred enbodi nent of the invention. In the foll ow ng
description, details are provided to describe the preferred enbodi nent. It
shall be apparent to one skilled in the art, however, that the invention
may be practiced without such details. Sone of these details nmay not be
described at length so as not to ObSCUée t he invention. [00022] The system
diagram as shown in Fig. | conprises anintensity nodulated high intensity
| i ght source, such as a nulti.-| 1 that is wused as an

j ne Ar.gqQn | aser
excitation source for theDEEﬂﬂﬂJeBB.sc"ﬂgB°Bé)§$h%tDéﬁ‘§"%$st he lighting source

may be set at a predetermined profile, optimal for the nature of the

sanple. T r angt [ DGl u I feéWﬁ’cf]y f ight, the
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obt ai ned danopiet hpactisthamatdfoaterdit fihgerpointgwoma ¢angeomanys. of7 sLDSO@E|] The
beamfromthe nulti-line Argon laser 1 is incident on a nodulator 2. Here,
an El ectrdn@f('ggal Modul at or (EOM) capabl e of operating fromO to 100 Mz
is used. A power anplifier 13 is the power source of the EOM 2. The power
anplifier is sinusoidally nodul ated by an output froma nmaster function
gener at or [00019heltnisdal fitrtherl abject bafathef poesenteirmentiani to foyereadei ieo a

i ngl de fjbre 4 th h.a fib I 3. Th d of. the singl
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5 i1 um sHAe reb6ivedmdtBo§. [00024] The fluorescent em ssions fromthe

sanple 6, are collected by a suitable inmage capturing device such as
I ntensified Charge Coupled Device (ICCD) 7. The paraneters of the inage

tho. nat ur 08207 o3 I 3P dfconBbe e o BRESGTTHABRIGL & bog mdndeg, 1"
phase and rgabNedpkiHodd® oéteich@uonsiceatedrgitied, byatdent fisgerppotise thatre.

These paraneters are obtai ned by adjusting the follow ng. conponents.
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. 1 comprises an intensity
modulated high intensity light source, such as a multi-line Argon laser 1 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.



[ 00025] The 1 CCD conprises an Intensifier for magnifying the intensity

|l evels of inmages it receives, and a Charge Coupl ed Device (CCD) for
converting the intensified inmages fromthe Intensifier into digital
images. The ICCD 7 is controlled by an I1CCD controller 14 that provides
voltage signals to drive the inmage intﬁnsifier in the ICCD. The gain of
the 1CCD 7 can be changed by varying the voltage signhals to the
intensifier. The voltage signals to the intensifier are al so nodul ated by
si gnal s f 18A023)s| Ahe beantirpanthganultiding-Argen lagriob i ingidlented aRREFIRIG™ | ccD
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nmodul at ed jfidiHPaescPecRampie®.t he sanple and the substrate.

[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
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Symbol Meaning
A Direct Current (DC) component of the modulated laser beam.
A7) DC component of the modulated fluorescence from the
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A(r) DC component of the modulated fluorescence from the
d sample.
B DC component of the modulated gain.
E@) Function of ICCD exposure control.
F(r.1) 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,0,) Mixing result of F(r,r) and G(r).
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HO(F’(pg)avg

Average result of H,(r,0), H,(r,n[2), H,(r,w) and
H,(r,37/2).

I(t) Intensity signal of the modulated laser beam.
k Any integer.
K A constant, which is proportional to the length of exposure

time.



Modul ati on depth of the nodul ated | aser beam Denodul ation factor of the
sanpl e fluorescence. Mdul ati on depth of the nodulated gain. r Position
where fluorescence is excited. rb rf Position where the substrate
fluorescence is excited. Position where the sanple fluorescence is excited.
| mage signals after renoving DC conpone, ts when using heterodyne assisted
phase-resol ved nethod. |nmage signal s af renmovi ng DC conponents when
usi ng honodyne assi sted phase-resol ved nethod t Tinme. T Length of the

exposure time. &GrAngul ar frqoeiaBaylatbh Faitensethbalubegate i redstricat ed | aser
beam and t he m)dul *at ed gain of the 1CCD Th Phase shift of the substrate

fl uorescence. cP,f cog To Tf MB@&ISU@RHEE’[W&TQ&W@ @éﬁq{ﬁﬁence Phase

di fference bet vveerf"two function generat et of "the substrate
fluorescence. Lifetinme of th | e 1| oresc An requency of
t he nodul at ed Iasefr beam w, e%(&”ﬁ%\'?’“?? 8‘}18‘5‘“%&3{%38@88&%8%%‘; ‘gai n of the
| CCD.

m, Modulation depth of the modulated gain.

r Position where fluorescence is excited.

Yy Position where the substrate fluorescence is excited.

re Position where the sample fluorescence is excited.

S.(r0.) Image signals after removing DC components when using
& heterodyne assisted phase-resolved method.

S (r0.) Image signals after removing DC components when using
g 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.

0, Phase shift of the substrate fluorescence.

0, Phase shift of the sample fluorescence.

o, Phase difference between two function generators.

T, Lifetime of the substrate fluorescence.

T, Lifetime of the sample fluorescence.

W, Angular frequency of the modulated laser beam.

w, Angular frequency of the modulated gain of the ICCD.

Table 1: Symbols and Notation



Table 1: Synbols and Notation 10 [00027] As can be seen in Fig. 2 step 201,
t he nodul ated beamfromthe EOM 2, illum nates the sanple 6. The nodul at ed
beam fromthe EOM 2 can be described as: I(t) = A[1+nex sin(wot)] (1) (as
shown in curve 15 of Fig. 4A and Fig. 6A) [00028] As a result of the
illumnation, the constituents of the S npl e, such as the residue left by
a finger that conprises a |atent finger@rint, and the substrate of the .
sanple, start to fluoresce upon illum nati

..Th | ting fl i
Todul ai e [A00ZFE Aaan PeRRARL ] KIS ChBISR ROt nihBRAHUeiEd BSRm T Reboam

and of t ri Mol r ' BRTHD ' f
)], when rl'lf:blgl;(i’,(@?tﬁln%fb& En%r%argw%lf-sJ}AI'n%é%JdS@a{at%c\}\gF - Pbﬁt?,brgv\%gﬁz ?agbrgb (as
can be seatescribediese 17 of Fig. 4B and Fig. 6B). [00029] The sanple

fl uorescen and the substrate fluorescence e phase- shifted and
denodul at e{cigt:ogaﬁ’&xﬁ@ﬁfotﬁet erm ned by the f?{)or escence lifetime of the

f [ . Th hase- shi ft d | ati fact [ by:
(b 1 = ar danBngye IF SyRerts ofrid, up’dh FEBAY 5 (3] (Pb = arcta(()0zb ) Mo
=[1+(()orb)2]-1/2 (4) [00030] In step 202 (FIG 2), the slave function

generator 12 nodul ates the gain of the ICCD 7, with the nodul ated gain
bei ng of t[AB02& nAs 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:

A'(r N +mm, sin(@yt —@ )], when r=r, @)
A (r )1+ m, m, sin(wyt —@,)],when r=r,

F(r,t) ={

(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:

@ = arctg(W,T )
m, =[l+((001'f)2]_1/2 ,

)

¢, = arctg(w,7,)
my =[1+(,7,)° 1"’

(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 Ggt) =B[1 + nm sin(wit - (pg )] (5) (as can be seen in curves 16 and
23 of Fig. 4A and Fig. 6A.) [00031] In step 203, the nodul ated fl uorescent
em ssion signals neet and mixes, with the nodulated gain of the ICCD 7 at
the intensifier portion of the ICCD 7. This frequency m xi ng process
generates a frequency m xi ng out put, |1ch is conposed of a high frequency
conponent and a | ow frequency conponent.” The high frequency conponent is
automatically filtered out by the CCD. This is because the CCD does not
have a hi g(ﬁ(gﬂﬂﬁhbmym(@ép&ggb as such, all (®he high-frequency terns of
the m xing output wll be negated, IeaV|n only the Iow frequency
corrponent%asrﬁénﬂ?leﬁaﬁ?@ B PUP(RS 1%%@’\3@@%@}9 %@Ff’)ﬁ?s@l 2 mgnmf cos[(aoo

-(w)t-(gyp f -(pg)]1},when r =rf H(r, t, (pg) _ A (rb)B{l+ 2nmynexmb
cos[(wWO -0ul)t-("pb -(pg)]} ., 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

Fr squency 003 T BnBlemaDaelie FiRetiaiect Hueipoeadh PTUSSIAN A9 AT RELANGL e
gai n of thﬁxe%%ﬁ'ﬁtﬁe nlléddl?f%dagi‘é?#b?‘f d |t@lymwhefuntbh§f. C%‘n@h%#tﬁ@mwbeam

is different Tfrom that o ated gai n of
het er odynd . sThisdtequesiay mmx(n@t mpce@@nerlates aéraqugut:ﬁmmngcmémdvabﬂch ise

dul d | f d
o h(‘inﬁéin& oBiitsst G hRP SRRy sihponst FBE Gua Badl By Hordbhent Thé, 306
a het er odyigh ﬁ@h@gl admpenémsiel xe@mdtrRiaNpdilereéd e BPMd GCDO Thie is

heterodyne Si gna and in step 208, a honpdyne "assisted phase-resol ved
met hod wi Idecagsahei @aDt doeshaohbaveybigh fravenaorespanse; BsnBeinallassi st ed

phase-r esq,ll g{ﬁ.?re%aﬂé?? t@rﬂ% I’)\hﬁ'nehl% )ﬁﬁ&%fﬁxt%ﬁ'bﬁ ﬁggated, leaving only the low

frequency component. The mixing output is given by:

A'(rp)B{1+ lmgmexmf cos[(w, —~w)t— (@, —Q )]}, when r=r,
H(r,t,0,) = 1
A () B+ Smmm, cosl(©, =)t~ (0, =0, when r =7,

(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, and 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, and a homodyne signal results (Step 207).




phase resol ved nethod are for renoving the contribution fromthe substrate
fluorescence to generate clearer sanple inages fromthe m xi ng out put.

[ 00034] The heterodyne assisted phase-resol ved nmethod as shown in Fig. 3
requires the master function generator 11 and the slave function generator
12, to provide separate outputs at sIthtIy differing frequencies. The
multi-line Argon |aser 1 and the gain '6f ICCD 7 are nodul ated at different
frequenci es_and the phase difference between the two out puts can be

adj ust ed P8O t Gonsequemily, inater Ziphe hetjadves assisted Ased88oNrEduces a

I f enad 54 I ' [ i £ bet
o oA PR e e gt dloah a8 4R Y08 A BpRABReet oo
descri bed dssisted phﬁse#esmge)% m@ngiB{bbkapmwm [ecl\a,e\o%m()dmole s'(gma).tBth%p f

-r , nr =rf 17 A, (r + ne cos - t - . ([ - T
1 T e Homagyriscagsintgepiaaesolva Tetiad gnerng hefelgdybomssielne "
het er Odyf‘?rﬁ%%g%églv\éfe' HBtHS éré‘f&n%m&ﬁﬂﬁrtﬁé‘%%rﬁﬁb&tf&n frehehfd SuBstrste the

| CCD 7, includes both Alternating Current (AC) and Direct Current (DC)
conponent gluo@sdcgncé o generatg olearer seonplaiimages &ophtisemixing petpubus useful for

further phase-sensitive detection of sanple fluorescence. Therefore, to
obtain clear and identifiable sanple inmages, the DC conponent needs to be

filtered qooo34] r¥he hetsrodphe bsUT pRadaLtdsolvatP piethod biBeshow ini Bigt Bon of
the substrate fluorescence. 13 [00036] Besides the gain nodul ati on_of the

| CCD 7, ariegwiess ther mastasfupetian generatnit toanddhe slavedunglignsaperatomnt2, i n an
"external frj " Thi ec | . 1 .e t amer a
i nt erfacetéggrgggé.seﬁ%g%%%wg ¥ ﬁgg'@@;'fﬁ% gt{r';‘ig')&gugéerﬁ&%ggh Bfgﬂmle/ Og]ard 9
i's used tdaderipaad thegadawe1@CDNT aré aced Wiateddat&difiditent fienoathciesfardnihe
"exposure tinme" can be user defined through the conmputer 10. en

oper ating Hh‘?sﬁﬁﬁﬁe%@r%weﬁpité%éwe Qs Q%QQ;@@JL@%%?@%B tp??g 1¢68 7 will
wal t 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.

1
A'(r,)B{1+ —2-mgmaxmf cos[(Wy —w )t — (@, — @, )]}, when r=r,

H(r,t,0,)= (7)

1
A'(r,)B{l +—2—mgmexmb cos[(@, — @)t = (@, =@, )]}, when r=r,

(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.




for an external trigger signal fromthe I/O board 9 to start its user
defined "exposure tine". Thus this exposure tine can be described as a
square wave function, where T is the | ength of exposure time. 11 2KT5
t<2k+1) T E(t) =0 (2k + )T <t < 2(k + 1)T , where k 0, 1, 2 E (as can
be seen in curve 19 of Fig. 4D and F|g1 F.) (8) [00037] Durlng this
“exposure tine", which acts as an eriod of the square wave, the CCD

eptotel ”db&ﬁa HesieSThE hatt ek 0554 ShbeubicIs T hnoRe haranstel hil 20y oo
301. [0003htrbh&d kd fﬁeb%%gs@re'tﬁné" ﬁoadeé%(‘f’er‘hgl ﬁiggektrﬂae@usm balaggfer ishe

master function generator and the sl ave tion generator 12. [00039]
By settingantellee thyohgbfthe eammrﬁetfaoeboahwsamemle the “Fﬁe¢eroal siggene

het er odyne_ si gnal sh .302, |nage
rgnal 1 hanoug i VOHEE s oReBug i b sabinrd drtefiiee Refid uyihe 674 e
obt ai ned, cﬁsthes‘@msuﬂé fitneP c3P3be Udep dé&imebeth%dg"rﬁmdompuité}e100|\y\ﬁh\ehng
function. 14 BA ( 1) r=r when S f Jsvvl—é (og) dt
operatmg |n the external trigger” mode, the CD 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.

1 QKT <t <2k+1)T

,where k£ =0,1,2L (8)
0 Qk+DT<t<2(k+DT

E@) = {

(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 =27 /0w ), 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.




f(9) w27r BA( ) r =r hrb ,wben Sw(as can be seen in curve 20 of
Fig. 4E. ) [00040] Moreover, in step 304, by changing the | ength of
"exposure tine" to be half of the period of heterodyne signal (i.e. T =

it/&) ),

a second image signal that consists of both the DC and AC

conponents of the heterodyne signal is 1(31bt ained as shown in step 305. This
can be expressed by the followi ng functi'on. 7r Josw H(r, t, (pg )dt =
BA (rf)+ ex g A (rf)mf sin(tpf - rpg),when r =rf S Sww10 Bmm

2 ;—EBA' (r;),when r=r,
[ H(r 0, )dt = {92 ©)
0 b4 g 271:
—BA'(r,),when r=r,
0w

(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 =7 /dw ), 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.

T Bm,m .
2 ~—BA'(r,) + LA (rym, sin(p, —@,),when r=r,
% H(r,t,0.)dt = {00 » (10)
0 g T Bm, m

%BA'(rb)+ 52) £A4'(ry)m,sin(@, —@,),when r=r,

(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 image suitable 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
—Bm m, A'(r,)m sin(Qp, —@_),when r=r
g ex 7 f g 7
Se(rp,) =1 %% | (11)
—6—-—~BmgmexA'(rb ym, sin(Q, — @, ), when r=r,

(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

Bm m
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sedretuditigesteb 3% stensappressisairesult Baivewbylg this, a cl ear sanple

obt ai ned as shown in the concluding step 309. The suppression
gi ven by SE (r, (Pg) =1 BininA (r )msin((p - (p) when r

Tb, (Qy =100 + 7r )
SE(’”afﬂg) 6me m, A'(r )mfsm((ob (pf),when r=r,

0, when r=r,

(when T, <T,,

o, =g, +n) (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:

1 . .

S, (r0,)= %BmgmexA (rp)m,sin(Q, —@,),when r=r, (when 7, >7,, 0. %)
0, when r=r,

(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

r




6w g ex .f J b .f J O, when r =rb (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 sanple, step 310
woul d be inpl enented whereby the substrate fluorescence conponent is
suppressed by adjusting the phase di ffﬁr ence between the master function

generator 11 and the slave function ge

Srator 12 to be in phase with the

substrate fluorescence em ssion. Following this, a clear sanple, im Ie is
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respectively, show the nodul ation profiles of the excitati on beam and the
gain 16 of the 1CCD 7. As can be seen, curve 15 and curve 16 of Fig. 4A are
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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



in curve 17 of Fig. 4B) conbine with the nodul ated gain (as represented in
curve 16 of Fig. 4A) in the ICCD 7. [00046] The result of the frequency

m Xi ng process is the heterodyne signal (as shown in curve 18 of Fig. 40).
The heterodyne signal consists of both the AC and DC conponents. Since
only the AC conponent is wanted, the Dgchorrponent is filtered out by
controlling the exposure tine of the | 7. The profile of this exposure
time is re resented in curve 19 of Fig. [ 00047] As shown in curve 19 of

Fig. 4D, et §@r&atn80bothrfé0eamb5>&?r @ompﬁeeats Erdepmrsanied 8y thacupg ¢d afg i s

swi tched at regular intervals. This period is in precise
mul tiples og %%é Iépgrg%g@%df t he heterodyne signal (as shown in curve 18 of
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repr esent emnbybutlw efuhesubBtrate fliigresgace isssuppressekbly adfmilngrtbelrdwgeh of

t he exposufg tinme of curve 19 of F AF s set t 0 haI t he. peri od
OC L Papos diffetnl® Swid fret hedtef ihioyoh déndifler 1, A sl fitfioR
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4G, i s obtained. [00049] Using a suitable inmge subtraction process, t he

DC conpondhioresaense emisaonc@sirepraseméed hydlee pogiian qfasuppresaionesult’ Ve 22 of
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and the slqstrbteielgreater gRireihat of thesdmplel bhest. be ir out-of - phase or in
phase with the substrate fluorescence emssion (as represented by the

position of "suppression result” in curve 22 of Fig. 4H). This depends on

whet her thBobbeP" $REHYifodydbbTRteY phi€e-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 1 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 27 .

[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:
KA4'(r,)B[1+— ! mg oMy CoS(Q, — @, )], when r=r,
Ho(rg) = 2 (13)
KA'(r,)B[1+ 2mg oMy COS(Q, — @, )], when r=r,

(as can be seen in curve 24 of Fig. 6C.)




substrate is greater than that of the sanple, or not. [00050] The honodyne
assi sted phase-resolved nethod as shown in Fig. 5 requires the naster
function generator 11 and the slave function generator 12 to respectively
provi de separate outputs to the power anplifier 13 and the 1CCD controller
14, at the sanme frequency. The nulti-|I i%e Argon | aser 1 and the gain of

| CCD 7 are nodul ated at the sane frequency, and the phase difference
between the two outputs can be adjusted fromO to 2nz .

00051] As
resul t of [PPRaZENAthAUSH Hoe imagemianalds dmmidepragent ittiﬁr%LiJl 3 Hﬂltﬁﬁi@ﬁo%nt is
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+ 2 mgnmexnb cos(cpb - rpg , r =rb (as can be seen in curve 24 o
Fig. 6C.) identifedissample inmaggs, theeDCrongepariantaieeds to badilteratbpuindent, 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

conponent .[06053] t hesRp 50DEIEEM-sRPDIRadESshifthgriatfd il el deteanithel s
t hus useful for further phase- sensitive detection of sanple fluorescence.
Ther ef or e,the yadis af thedPeagomapenent dBie methed startenpy dividiagasiull phasecycle

conponent :pee iltear . -5t phase
hi Tting roCan <Vén Hiner StsTthe Yhuivalelns6Wng RuleP of Bhaedd ik TR 12
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equi valent_to. the nuger gf, hases r e&ui red, Th? ghase di ff ergnce bet ween
the mast erlURGHRN PBRCEMNTaiDFNeM Seln® iReNWNRgEOf 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;)B(1+ %mgmexmf cosQ,),when r=r,

HO (7',0) = 1
KA'(r,)B(1+ —2—mgmexmb cosQ,),when r=r,
KA'(r,)B[1+ %mgmexmf cos(p, —7/2)],when r=r,
H,(r,m[2) = T
KA'(r,)B[1+ 2 Mo cos(p, —7[2)],when r=r,
KA4'(r,)B[1+ %mgmexmf cos(@p, —7)|,when r=r,;
HO (7', ﬂ) = 1
KA'(r,)B[1+ Emgmexmb cos(@, —7)],when r=r,
KA'(r, )B[1+ %mgmexmf cos(p, ~3m/2)],when r=r,
Hy(r,3m/2) = (14)

g'"ex

KA (r,)B[1+ —;—m m,.m, cos(Q, —37m/2)],when r=r,




function generator 12 is then set to the nunber of phases required. Based
on the nunber of phases, there will be an equal nunber of inmage signals
fromthe 1CCD 7, and these i mage signals are then averaged. This phase
shifting method is given by the expression: Ho (r,0) = KA (rf)B(1+ 2
nmgnmeXm f cos), when r =rf KA (rb)B(J.I + 2 mgnmeSnb cos TO, when r = rb KA
(r £f)B[l + 2 mgneSm f cos(pf -7r/2)], enr =r f KA (rb)B[1 + 2
ngneXnmb cos(Thb -7r12)], when r =rb Ho (r, . Tr/2) = (r, 7z) = KA (rf)B[ 1+
mgmexm f d8 wa@s-t%e)ff}wvmﬁlqn 0. 742, 7KA'3(’/%)rBF‘i‘Weg4n§§@ér@C):os( (Pb
-7r)]l,when r =rb KA (r f )B[Il + 2 mgmneXmf cos(~p f - 32t/2)], whenr =7r
f Ho (r, 3nz/2) _ KA (rb )B[1 + 2 ngneSnb cos(cpb - 37T/2)], whenr =rb

(14) 19 (9bovs4psThéavemgedRsiultl @Rich showWtheValud 6f DT bbm%ght‘ﬁt @dlyols Fig.
6C) [ 0005 The averaged result, which shows the val ue of conponent

only, is @PRESIAPas: Ho (r, (g) avg = KA (r f )B, whenr =r f KA (rb
)B, when r = rb (as gﬂ, b(—“) e%n in curve 25 of Fig. 6D.) (15) [00055] In
step 503, phe. [C) can &) B ¥ n T by(1®)xi ng the average result with

i

the original I'"Mad& si gual, )@ dhappkyimg an | mage subtraction process,

(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:

lKBmgmexA'(rf ym, cos(@, —@,),when r=r,
So(rp) =14 (16)
EKBmgmexA'(rb ymy, cos(Q, — @, ), when r=r,

(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 505 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 37/2 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:

1 1 .
So(r,9,) = EKBmgmexA (r)m, sin(@, — @), when r=r,
0 ,Wwhen r=r,

(when

Tr <Tosp, =g, ~-n/2>) (173)




t he new i mage signal can be witten as: So (r, (pg 2 KBhrg mxA" (r f )mf
cos(rpf - rpg) , whenr =rf 2 KBngnexA (rb )nb cos(rpb - (pg), when r =
rb (16) (as can be seen in curve 26 of Fig. 6E.) [00056] Step 504 is a
decision step. If the fluorescence lifetine of the substrate is greater
than that of the sanple, step 505 woul éqbe i npl enented and the substrate
fluorescence is suppressed by adjustin he phase difference between the
master function generator 11 and the slave function generatqr 12 to be
31r/ 2 out -(8ROWABSEhRIROBItIcROT sReasian residt did CHVE26 @co*f'goﬁﬁgg this, a clear
sanpl e image is obtained as shown in the concluding step 506. The
suppression result is given by: So (r, cog) =1 KBrgm xA" (r f )mf

si n(tpb - [00057h#Hrthe fluoredcenzelifetimbenf the subbtratehisnnd dreatds, thvpy thadtpdf
-7T/2,) (17a) 20 (shown th osition of suppression result” in curve 26
of Fio GEns ioRss st soRuali BRomaleReRlad SR RES SEbRRelecTiubraribd B no
greater thaporéddedby AHiRsBATTthE, plFAP dXfierBE ! BbthRenMHes FRIdtEd faidlionhe
substrate fluorescenCe i's suppressed by adjusting the phase difference

bet ween t tgenesatosrl 1fantttheosiave furationggeneratond 2tthdbasinaw £ fourof-pbasgavilér at or
12 to be in ir/2 out-of-phase with the substrate fluqgrescence. Follow ng
this, a cItBQrSU?QFFEFQaﬂWf&Q@e’F%e-cﬁﬁ”&Wr'féH”H%, a§iﬁﬂk/r§ﬁmp'§ﬂ'é‘398ri§|qm'ﬁ8dﬁsep

508. The sypRffHth8RohERMIHg 4t8p H08E rHY supptéssiGR Wsitt is given by:

1 . . B
So(r0,) = EKBmgm&xA (r)m,sin(@Q, —@,),when r=r, (whenz, <z,

0 ,when r=r,

0, =0, +r/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.



2 KBrgm A (rf)mf sin(rp f-(pb),whenr rf O, whenr =rb whenr f "b , 'pg
-'Pb +1r/2) (17b) (shown as the position of "suppression result” in curve
26 of Fig. 6E) [00058] Figs. 6A to 6E graphically represents the signal
processi ng process of the honodyne assi sted phase-resol ved net hod. Curve
15 and curve 23 of Fig. 6A respectivel 1showthe nodul ati on profiles of
the excitation beamand the gain of t | CCD 7. As can be seen, curve 15

and curve Fig. 6A . are of jdentical freguencies. rve 17 of. .Fig. 6 B
ot ovi des 0008, Clinyg 241 g 66 SEBURGAD eXaImBITIpe VBRSPS Bhate ANEir o,
conpri Si NOmbIHIRY §RE A0S el SHiftink " Agt [ ivhiSRaRjGesrBGul pRESE R Ble iftee

fl uorescence em ssions R ve the sa nodul at1 on frequency as that of the
exci t at i onfoubstepsr shdemoalsDargd , and 3pfage cetvief 24 0f Fig. HC). extfaving set dreni ned
by the respective fluorescence |ifetimes. [00059] As can be seen, curve 24

of Fig. ephase Wiferenge ketwiesn tie mastendwactione gengratpr dok andethe StaNe he

| CCD 7. Thj s j [ f j of th icf en
the st er I SenSlERE) 215 Me 1OGrhheFes ang AEr RIS Oy b ERERS o o
the image ismayeasignals; e C kemponent &dgékerataremean bei seereiddsurve 25 of
filtered out using an even-step phase shifting nmethod. 21 [00060] Curve 24
of Fig. 6 igfNs an exanpl e of the even-step phase shifting nethod, the
4-step phase-shifting nmethod, which divides a full phase cycle into four
steps (shown as 0, 7r/2, 7r, 3nz/2 in curve 24 of Fig. 6C). Having set the
phase di f {90864 hisingany shitablesmagefsubéracton gestasatimowhlinghd arhéhea Déve

function generator. 12 to the four ases and averaging the four .
cor espondHTPONTHIGETPE FEMEved Honbibe rasn el Gy e 26,2 Fide seen
in curve 26epf consBgbEhtly, [4H)06dntribEtOE fRMY theliflLaRbendBGforh UREAbstratk
process known in the art, the DC

can be suppressed by adjusting the phase difference between the master

function generator 11 and the slave function generator 12 to either be 37/2 or
7 /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



conponent can be renoved fromthe image signal (as shown in curve 26 of

Fig. 6E). Consequently, any contribution fromthe fluorescence fromthe
substrate can be suppressed by adjusting the phase difference between the
master function generator 11 and the slave function generator 12 to either
be 371/2 or n'/2 out-of-phase with th ubstrate fluorescence em ssion (as
represented by the position of "suppr ion result” in curve 26 of Fig.

6E). This choice depends on whether the fluorescence lifetine of the

subst r at e MiErgscEReslidenan wellas tervisyrlly dedegl|the pregangesd pieghiencalge The

- foregoi ng I bRt A Of A€ i r I s of

t he presedgg§ﬁegﬁﬁﬁ%ﬁ&g}3%?§ P§9%§gﬁﬁdﬁ?ﬁﬁ%%ﬁhﬁhgﬁgéﬁigﬁﬂiéﬁ@@?ﬂ%??gﬁs are
pr esent ed duereaye diie prabigine obitthe/atnd are not intended to limt the scope
of the present invention. It is expected that others skilled in the art
will perceive variations which, while differing fromthe 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 exanple, other enbodinents of the present invention are possible.
These ot her enbodi mnents may be used to visualise histol ogical sanples such
as biological tissue on a 22 mcroscope slide, as well as to visually
detect the presence of biochem cals. The present invention uses novel and
non- obvi ous neans and techniques to overcone the problens of the art. 23
Clains W claim 1. A nethod for inaging a sanple on a substrate; the

met hod conprising the steps of: illumnating, using a high intensity |ight
source that is nodul ated at a first




frequency, the sanple and the substrate, thereby causing the sanple and

the substrate to fluoresce; capturing, using an inmage capturing device
whose gain is nodulated at a second frequency, both the sanple
fluorescence and the substrate fluorescence; converting, using a frequency
m Xi ng process selected froma choicetg two frequency m xi ng processes,
both sanple fluorescence and substrate :%Iuorescence into | ow frequency
signals, followed by processing, usin& a_phase-resol ving nmet hod dependent
on the frequency mxing process, the Cl@WSfrequency signals to suppress the
substrate fluorescence; and visualising, using a display, a representation
of the sanffeclaim: The method of Claim 1, wherein the nodul ati on of the

| ight conprises operating the |ight source at a predeterm ned profile, the

Pnitial prise Ay i bl f apHie 8hy £ SRR Bp Bp B BRL R Y e
capturing of irggesopy the image capturing device further conprises
operating the imge capturing device at a predetermned profile, the

predet erm ned gn@hidaingutsingra ﬁ@ﬂiﬁhiéim lighb8ogReohdt fs P@HEREYd at a first
initial_phase and anplrtude of the nodul ated gain and exposure tine.

The nethod of drequanty, tiessampletans tiecsubstrate, sherebly qansingribepyasapls sl
based on a co i t first frequency and the second

frequency. 5. mﬁé s@@?ﬁ%@t@ﬁﬁ@rgﬁ%l wherei n one choice of the frequency

m xi ng processes.is a heterodyne process, the heterodyne progcess c rises
modul at i hg t he GARMANG HPIRG N JRAeERTYING deyiEe st 931 o BIRdUAEd &t
different frecppderelQeft), abotha thé drhSRUANBYeItRNREOHNACthel §0BStrate

conpri sing
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.

2. The method of Claim 1, wherein the modulation of the light comprises
operating the light source at a predetermined profile, the predetermined
parameter profile further comprising the first frequency, 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, initial_phase and amplitude of the modulated gain
and exposure time.



alternating current (AC) and direct current (DC) conmponents. 6. The net hod
of Cdaimb5, the heterodyne process foll owed by a phase- resolving nethod,

t he phase-resol ving nmethod further conprising: varying exposure tinme of the
i mage capturing device to intervals ranging fromone-half the period of

t he heterodyne signal to the period of 4,he heterodyne signal; processing
the i nages obtained by an i mage subtraction process, thereby renoving the

DC t bt ai ni t. | ' . i ni |y the AC
component +var J{IGMENSRACE Tt ABCRIBUNSEARIAR Brento! the pReacRssetne
modul ated  gai ihfafedt BE & ERHF&AI befbe&le the &irst flequlty LAifd RR&SRcond

di fference between the phase of the nodulated |ight and the phase of the
nmodul at ed gai n fesfquenhg. i mage capturing device is in or out of phase with
the substrate fluorescence, thereby obtaining at |east one inmage
containing only the sanple fluorescence, and suppressing the substrate

fl uorescerge. Thel AtetABl NeFACR{imCHaiwRekeinVbaE etHbigaWfee BBQUSECYMikihgquency
m Xi ng processes i s a honodyne process, the honodyne process further

conpri si ng nodAracesHest isea INegeroding Rreeesfai the dieteraslyingelRi@cespcommitpesevi ce
25 at th i f Sl met LS ti
Cor et e AT ol R 3R, A B R arh TR B8 BB,

phase di f f er endeedusineie to hebtaivdal kive drddugnicy ahelter ey mo diigrealecbrgpiisingf  t he
i mage capturing device. 8. T2§ t hod of C aim.7, the honpdyne process

fol owed by a phgsRating-Brant C%ﬂa&d{ecmyr%gb@)r@gmqn ‘met hod further
conprising: dividing the phase difference between the nodul ated |Iight and

t he
6. The method of Claim 5, the heterodyne process followed by a phase-

resolving method, the phase-resolving method further comprising:

varying exposure time of the image capturing device to intervals ranging
from one-half the period of the heterodyne signal to the period of the
heterodyne signal;

processing the images obtained by an image subtraction process, thereby
removing the DC component and obtaining at least one image containing
only the AC component;

varying the phase of the modulated light or the phase of the modulated
gain of the image capturing device such that the phase difference between
the phase of the modulated light and the phase of the modulated gain of
the image capturing device is in or out of phase with the substrate
fluorescence,

thereby

obtaining at least one image containing only the sample fluorescence, and

suppressing the substrate fluorescence.

7. The method of Claim 1, wherein another choice of frequency mixing
processes is a homodyne process, the homodyne process further

comprising modulating the light and the gain of the image capturing device




nodul ated gain of the inmage capturing device into an even plurality of
intervals ranging fromO to 2 pi; obtaining the inages generated; averaging
t he i mages obtai ned by an i mage processi ng nethod, thereby renoving the DC
conponent and obtaining at | east one inmage containing only the AC
conponent; varying the phase of the no ated light or the phase of the
nodul ated gain of the inage capturing device such that the phase

di fference bet t he phase of .the, nodul at ed |i.ght, and the phase .of the
modul at ed - gai n Biinegaine FEGEoRSh e PP derEesign Gieficiie BRI nace
with the substrafreentf(A@®ra5¢ anes: chfereyC) eBhponehts af theaakiadiBeof ege
containing only the sanple fluorescence, a suppressing the substrate

nd
fl uorescence. Rhapgediffetanse ketweeaithe modustadelighddndothe; maghiaéed Bainselpl e
further conprigi jally.converting and visualising the sanple
obt ai ned fromtéfg?'ﬁ'ggg%#sﬂhgﬁté%”%requency m Xi ng processes on at |east one
display. 10. The nethod of Caim1, the nmethod further conprises chemcally

treating the sanple to enhance fluorescence. 26 11. The nmethod of Claiml1,
wherei n tHe sanphe methgd) @t EHITY 6y & ihempedyie gfoqgssbf@([{gwggrtpy a1 phaggre

" e OB, HIE R ind ofold s chprh et o o
nmet hod of O ai mditidindhethei phase ditieémmces bepleen she icdehetedcight aadpthe  15.
égngrploglr ﬁ;?s f 01{1085%%(? %a?n %?rtWel ?m%SeacaSth'Eﬁrﬁé te?/icet #\ o] %%pg\;gr% l;J)?urality of
intervals ranging from O to 2 pi;
obtaining the images generated;
averaging the images obtained by an image processing method, thereby
removing the DC component and obtaining at least one image containing
only the AC component;
varying the phase of the modulated light or the phase of the modulated
gain of the image capturing device such that the phase difference between
the phase of the modulated light and the phase of the modulated gain of
the image capturing device is /2 or 3n/2 out of phase with the substrate
fluorescence,
thereby
obtaining at least one image containing only the sample fluorescence, and

suppressing the substrate fluorescence.

9. The method of Claim 1, the method for imaging the sample further
comprising sequentially converting and visualising the sample obtained

from either of the two frequency mixing processes on at least one display.

10.  The method of Claim 1, the method further comprises chemically treating

the sample to enhance fluorescence.




at | east one nodul ated high intensity |ight source; at |east one nodul ator
to nodul ate the intensity of the at |east one light source; at |east one
i mge capturing device; at |east one controller for controlling at | east
one inmagi ng paraneter of the at |east one inmage capturing device; a first
function generator for the at |east on%ﬁi ght source; a second function
generator for the at | east one image C uring device; at |east one

di spl ay; c ecte and ca abl e_of controlling

the at Iea@t F@?ﬁ’ igﬁﬁ ﬁfe'” g&"sﬁa%’ée fol (@ t&ﬂbforﬁﬁs'ﬁ&dtﬁ‘?é‘f 8 the
at | east one I| éﬁg?rce, the at | east one inmage capturing device; the at
| east one controll or controlling the at | east one inmage capturing

devi ce; the f| rst functl on generator for the at |east one |ight source; the

27 the at PeastBelrapr At were fI pOR pel e R BBhout of i< capable

of controlling the apparatus to effect a heterodyne or a honodyne
phase-resol ving process to obtain an inmage of the sanple. 16. The

appar at us of O Hieninethod %eClé‘!mI1ed\§1ef@ﬁéh@dﬁiﬁlﬁa‘tafﬂplﬁl igR hisfological pampiht
source is capabl e of causing the sanple to fluoresce. 17. The apparatus of
Claim 15, the at |east one nodul ated high intensity light source is an
Argon | aset4. The method of Claim 1, wherein the latent 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 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



18. The apparatus of C aim 15, the at |east one nodul ator capabl e of

nodul ation fromO to 100 MHz. 19. The apparatus of C aim 15, the at |east
one inmage capturing device capable of having its gain nodulated fromO to
1 GHz. 20. The apparatus of Claim15, the at |east one inmage capturing
device capable of being externally triggered with an exposure tinme from1l
m to 1,000 s. 21. The apparatus of Caim1l15, the first and the second

functi on generator 2 ting outputs of varying frequencies up
to 1 Gz and phase tﬁ?%?iéagsﬁgbgqﬁ%%fo to 2 pi.

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, the at least one modulated high intensity light
source is capable of causing the sample to fluoresce.

17.  The apparatus of Claim 15, the at least one modulated high intensity light

source is an Argon laser.

18. The apparatus of Claim 15, the at least one modulator capable of
modulation from 0 to 100 MHz.

- 19.  The apparatus of Claim 15, the at least one image capturing device
capable of having its gain modulated from 0 to 1 GHz.

20. The apparatus of Claim 15, the at least one image capturing device
capable of being externally triggered with an exposure time from 1 ms to
1,000 s.

21.  The apparatus of Claim 15, the first and the second function generator
capable of generating outputs of varying frequencies up to 1 GHz and
phase differences from 0 to 2 pi.




