200307736-9 1 METHOD AND APPARATUS FOR | MAG NG LATENT FI NGERPRI NTS Fi el d
of the Invention [0001] The present invention reDageg }d; rethads and an
apparatus for visualising imges of a sanple on a substrate nmaki ng use of
fluorescence. [0002] In particular, the present invention relates to

met hods and an apparatus for visualising inmages of latent fingerprints for
forensic purposes. Background of the Invéntion [0003] Photol um nescence is
often referred to as fluorescence, and fluorescence is the emission of
light fromfluorescent materials. Fluorescent materials contain

| uni nescent atons or MIETHOESAND ARPERATUS FORIMAGINGI state by

absorbi ng el ectromagnetic energy froman external source, which can cone
inthe formof light. This el dATENDRMNGERRRINTSafter being absorbed, is
then rel eased by the |um nescent atons or nolecules, in the formof |ight.
The emssion of light froma fluorescent material is thus known as
fluorescence. The imaging of latent fingerprints through fluorescence is
one use of this phenomenon. [o00bigld phtheinvensioni nger touches a surface or
substrate, it |eaves a residue behind. This residue is mainly conposed of
wat er, whi ci0ftles The evesaniainvgntion eelates) toamietibdsoandi anrapparatusafars and

organi ¢ congk| L e f | £ of thi esidue forns
di stincti ve§%|h£rilger%??arﬂgs% ?f%e;rgélg Oﬁlrﬁ %‘%Jbgs%%gé é‘fggﬁug l}sﬁ#ﬁateﬂ%?%% sonme of
t hese conpo[@ifi2]ar énfpanticakeceithe gresensiimvesdioantrélates danmetisris and an
phot ol um ne I.se fin Laser | nduced

t . techni t. ' L nts.
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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 fingerprinis was demonstrated by Dalrymple et al



2 in 1976 (Dalrynple et al "lInherent fingerprint |um nescence - 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 fromthe substrate fluorescence, on the differences in
Intensity and colour of the fingerprint and substrate fl uorescence.
However, LIF detection of fingerprints @sing optical filters is fraught

wi th problens when the substrate material fluoresce at a colour simlar to

t hat of ht ge ihi‘lr@@é;\(ﬂalryn}npfd_ memem.finbemﬁ Iuﬁﬂn@&t@h@@ﬁ&iét?tﬁlwwhbém a
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Furthernore, in order for tinme resolved nethod to work, the fingerprint

fl uorescenc | feti has to.be | onger than that of the substrate.

Consequent | ggédélhe ﬁeﬂ‘éerf"é@&teléd)rﬂ@gﬂb@ hew Jmathod Hees the ifatime ProppyBr i nt s
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nodul ated il ] um nation source. The advantage of using phase

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 methpd 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 fingefprint
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



resol ved nethod for fingerprint detection is that the fluorescence lifetine
is no |onger a consideration. Although phase resolved nethod is now being
used in 3 applications such as fluorescence m croscopy and i magi ng of
thick tissue, it has not been used in |atent fingerprint detection due to
the difficulties encountered. (0008] The phase resol ved nethod requires
the fingerprint and the substrate to besxcited to fluoresce by an

illum nation source that is nodulated at a high frequency. This high

frequency modighfitdtRns sW@I‘: e fﬁ@%s%?nég midPGscd: g%é‘lgl &na@ﬁyg ﬁhjﬁk}tﬁgpﬁgﬁhert

(MHz), is reqwredln or der N4 Neas
successful ly pbﬁégsU§aﬁs@Pa@étﬁnaoﬁé§&eﬁeélande@§Ft1PP dae gpfffeult to

carry out sigRAFtprBéeiepngnaruitieReRigh frequenci es since the inmage
capturing devices are unable to respond to such high frequencies. [0009]
Anot her di f f i[@eN8]y @ieqhaserresolied MethotsRequiret e FRgEPrineasd WRdsumtaRd for

i magi ng fing rint hat finpgerprint fluorescence is too weak to be
ef fectively ? gcetxgﬂe(i)fp ﬁ%‘?{ﬁﬁﬂe [J‘H'Pg‘at’% spHEcesthiBt isr acdulatesbaka digice may
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(00010] In o r vetlonr tes to a nethod for

i mgi ng a s%hraﬁ) éwcetsr};ﬁsiﬁpgﬁlg% éfﬁg’ HQ %880'2:@!9%;738“!?50‘?% steps of.

illumnating, using a high intensity |light source nodulated at a fi st
[0009]  Another difficuity 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:

iluminating, 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;



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

the substrate to fluoresce; 4 capturing, using an inmage capturing device
whose 'gain is nodul ated at a second frequency, both the sanple
fluorescence and the substrate fluorescence; converting, using a frequency
m xi ng process selected froma choice of two frequency m xi ng processes,
both sampl e fluorescence and substrate {4l uorescence into | ow frequency
signals, followed by processing, using a phase-resolving nethod dependent

on Lhe It equency dapilrii, BERGANPIMIdEcaiaihg HELE MbsS oAl mbdysupRIesS. | he

i
substrate fluorescence; and visuallsing, using a displFay, a representation
of the sanple. [GE62Y frequshsyhbotmdihecsamplrefiporescance ranshthorsubstratees t o

an apparatus for g, dJxBRENY a sanple on a substrate, the apparatus
conprising: at |east one nodulated high intensity light source; at |east

one nodul ator to ate the | ' . | eas LLght . source;
at | east one irraé;gﬂ g%%ﬁ g? F%\'gscﬁe@{agg&%mﬁé&p ?ooc%gscs%ﬂ%c&%cﬁ)ﬁréﬁ f"'%o{ce o
controlli ng at | éuen‘l;equend:ymgtf "immpameaam,%tmé?mb& fLL&itreé@l%&"e awdesdbe’lﬁet@h
capturing device; I net i Qn gener at or r the at | east. one |ight
source; a secondﬂygrnegf:?'i%e 5‘3‘?@%?@9%?8?5’ pigaals, ?9"83’59 RhBracRagiRIc Ui ng
device; at | easphasereSchghgynethdd Hepsiident onGREMEGRENEP RHIERE PFodeRs, Mad

ast one light source, the at |east one

C o o b Eiansy o b s e o s sconee o
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 |



the at | east one image capturing device; the at |east one controller for
controlling the at | east one image capturing device; the first function
generator for the at |east one light source; the second function generator
for the at |east one imge capturing device; and 5 the at |east one

di splay wherein the at |east one conputer is capable of controlling the
apparatus to effect a heterodyne or a hgnodyne phase-resolving process to
obtain an image of the sanple. Brief Description of the Drawi ngs [00012]

Fig. 1 shows a systerqrg&gégépo%oté%@a@ppar atus for the imaging of |atent
u r

sanpl es, such as fingerprints, un t he present invention. [00013] Fig. 2
shows a flow chamheg@oaili ng the procedure taken to process fluorescence

signals in order g4to e cence signals for.,furt scence
suppression. [00 4?‘S‘E|Q§t 6'83 g‘%%{egﬁ? ?%%&%SE?OIH@(”QQI ﬁhﬁgaqp%gtﬁﬁggéﬁor t he
het erodyne assi stieferpbipse or eseimelynegihagd-resdliing Yroddss. tobbtdin ahtHimage a
series of graphs ¢getaili q%Wt he het erodyne assisted phase-resolved nethod.
[00016] Fig. 5 sAbWSES2MR'Gw chart detailing the nethod for further

fl uorescence suppression using the honodyne assisted phase-resol ved

met hod. [00017] Fig. 6A to GE area series of graphs detailing the honodyne
assi sted phase-resol ved netdfigrf 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. b 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. '



6 Detailed Description of the Drawi ngs [00018] It is an object of the
present invention to enable the imaging of sanples, particularly of |atent
fingerprints, on a |arger range of substrate materials. [00019] It is a
further object of the present invention to overconme the problens
associated wth Laser-1nduced-Fl uorescence detection using the phase

resol ved nethod. [00020] It is yet a furgther object of the present

i nvention to use the phase resolved nethod to detect fluorescence enmtted

by latent fingerprints so t . . fin [ kol.s. can be visualised
sufficiently clearly for fﬁ%’é‘f%ﬁéﬁ%gﬁg%?%'F%E’s%?ﬁm% detail ed description
of the present invention will now be given in accordance with a preferred
enbodi nent ¢00018] ilhverini object of the pPresdrWndgnticle & lenBbicOthe dahgingSofar e
provi ded to describe the pr effek’ged ﬁnbodi_rrent. It shall be apparent to one
skilled in CREPIPY PHYGRIAEY of ident HRISTRUBIS: iYh ank@yaerange, of isubatraler hout
such det ai | snatSese, of these details may not be described at |ength so as
not to obscure the invention. [00022] The system di agram as shown in Fig. |
conprises an intensity nodulated high intensity |ight source, such as a

multi-line f6eerv) 6% d fﬁlltiﬁ’ér bﬁjlect'so?dthéspf’é%e%%&éﬁti@”té%/e‘??o%@rthtehe
sanple 6. The paraneters of the lighting "source nmay be set at a
pr edet er m nesoiewsi associgied nwith Laser-hulusetfleomscehes dedegtion. ughgsthe

modal at od 1| PR FRoNRE RIS (3 and vavel engt h and are obtained from the.
combi nation of the follow ng conponents. 7 [00023] The beam fromthe
milti-line fd(ﬂﬁ'a]l Sgryejt é ?urthrzacrlo ?Qét gtn th% ;grrgggxgtaitn%ntion 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. 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 foliowing components.



2. Here, an Electro-Optical Mdulator (EOV) capable of operating fromO to
100 MHz 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 naster
function generator 11. The nodul ated | aser beamfromthe EOM 2 is focused
into a single node fibre 4 through a fibre coupler 3. The other end of the
single node fibre 4 is connected to a b am expander S. The beam fromthe
expander 5 illum nates the sanple 6. [00024] The fl uorescent em ssions

fromthe sa re coll ect i tahl e image .gapturin vi ce such
as Intensif ﬁ%ﬁar@@ AP IR %\;nﬁgﬁm(el%ggptquer-ﬂh@q%ﬁ%ﬁﬁn@ E"%éif"F Pe i mage
capturing deyi Herdesh Eléiﬂo@pﬁﬁ! MédLﬂatoP'(E@M)eédﬁa'ﬂ%jopbﬁéﬂahﬁg fuph ol for

t he nature of t e san‘gﬁﬁe3 These paraneters include uency, the
phase and gdi°A Miais ¥ 'ﬁipot"ﬁéammfa'!%@ tgamweéﬁaurcewéﬂﬁg@éﬂ;?e Tihene.

Th
(00025] The TF e Rner LEAIAGSSIf e Ap) 26 oiburts rRSERHISAR, |

| evel s of gragw@ton 11.r ddsi medilatad laseCheage franutiiecBOBE 2i is fo¢BED) infor

convertlng I | fier into.digital
I mages. %F'WHE?& ggfﬁlrr() ggﬁgﬁﬁﬂé ngbl%’gglj SnCEqs%rl ?Qec{ O#fﬁgtsmgﬂ'rog\‘?i des
vol t age SI glﬁhres4tis> conhgetetite a beargeexpﬁrﬂaslsf I 'Eie beamhieoG6B. expaddgasn of
the I1CCD 7 anged by, varying the voltage signals to the
i nt ensi fi erﬁﬁ[%ﬂ%ﬁ% %%"Blf’genm s tothe intensifier are also nodul ated by
signals froma slave function generator 12. [00026] The CCD camera in | CCD
7 is also CE) 5 g_ to.,a canera interface board 8 and controlled by a
conput er daﬁé ullegresepntergissipngsieemt e samplech.,yate pelieated iy Bast er
function geaﬁ{aaﬂ@nmé e £ fe&D
controller 14. The 6?}'}39{ r?aa]é\gn@%g%!é%a%t or ﬁé‘g%\?@e ﬂ!gédhﬂe{r

(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 aiso 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



clock reference to the slave function generator 12; synchronising the two
function generators. Synbol Meaning A Direct Current (DC) conponent of the
nodul ated | aser beam A (rr) DC conponent of the nodul ated fl uorescence
fromthe substrate. A (rf) DC conponent of the nodul ated fluorescence from
the sanple. B DC conponent of the nodulated gain. E(t) Function of |CCD
exposure control. F(r,t) Intensity signa% of the nodul ated fl uorescence
fromthe sanple and the substrate. Gt) “Signal of the nodul ated gain of

t he | CCD. [ Mxing resul t of. F(r, t nd, (5t I, (g) | e

si gnal s of h%loé%’%;r/%%ﬂ%ﬂ%ﬁ ﬁb t&%?ﬁﬁ‘fe. 5‘9'??&'38 g?'b%fﬁ?%r ngg%lﬁmgi &‘Png‘%?esm t
when setti ndun¢fion(gen@ratopg=0. | mage signals of honodyne m xing result when
setting HO (r, 7r/2) Inmage signals of honbdyne m xing result when setting
Ho (r, 7r) tpg =7T HQ(r,3tt/2) Image signals of honodyne m xing result when

setting tog = 3tr/2 Average result of HO (r,0), HQ(r,tr/2), HQ(r,tc) and -
I{T) rntensity signal of the modut ated—taser team

Ho(r ~Pg)~g H(r,3|é/z :

ymbol

Meaning

A Direct Current (DC) component of the modulated laser beam.
A DC component of the modulated fluorescence from the
b substrate.
A() 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,5) Intensity signal of the modulated fluorescence from the
: sample and the substrate.
G() Signal of the modulated gain of the ICCD.
H(r.t,0,) Mixing result of F(r,r) and G().
H,(r.e,) Image signals of homodyne mixing result.
Image sighals of homodyne mixing result when setting
H,(r,0) -0
‘;Og - V-
Image signals of homodyne mixing resuit when settin
Holronf) o yne mixing )
. .
Image signals of homodyne mixing result when setting
Hy (r,) 0 —n
e .
Hy(r37/2) Image signals of homodyne mixing result when setting
@, =37/2.
' Average result of H,(r,0), H,(r,zf2), H,(r,x) and
‘HO (":Cog )avg
Hy(r,3n/2).
I Intensity signal of the modulated laser beam.
k Any integer.
K A constant, which is proportional to the length of exposure-

time.



k Any integer. K A constant, which is proportional to the |ength of
exposure tine. 9 Mo Denodul ation factor of the substrate fluorescence.

ma Modul ati on depth of the nodul ated | aser beam mf Denodul ati on factor of
the sanple fluorescence. ng Mdul ation depth of the nodul ated gain. r

Posi tion where fluorescence is excited. rb Position where the substrate
fluorescence is excited. rf Position whgre the sanple fluorescence is
excited. SE1lr rPg) Image signals after rénoving DC conponents when using
het erodyne assisted phase-resol ved nethod. So(r (p8) Image signals after
renpvi ng DC conponé&hts when usDamodhtatiod fastorsfihe sabstizia fleeressenceed met hod.

t Time. T Length
bet ween t he nodul atgd | aser bmduatidnﬁbﬁthmhé&tcﬁmmm fasef bédra. | CCD. Pb

Phase shift of the—substrate—Huorescence— 0 Phase—shi-ftof the sanple
rb

fluorescence. (PS Rhase differpapedhrtivh actdVef the BaipRIFErasIeALe! S.

Lifetine of the s
fluorescence. wo ul ar frequmagmag{,nﬁgg Herdhe HRdidtad gainbeam wl Angul ar
frequency of the ted gain of th

r Position where fluorescence is excited.

) Position where the substrate fluorescence is excited.

r, Position where the sample fluorescence is excited.

S_(r.0.) Image signals after removing DC components when using
ENove heterodyne assisted phase-resolved method.

S, (ro.) image signals after removing DC components when using
oVeTe 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.

@, Phase shift of the substrate fluorescence.

@, Phase shift of the sample fluorescence.

@, Phase difference between two function generators.

Ty Lifetime of the substrate fluorescence.

(73 Lifetime of the sample fluorescence.

Wy Angular frequency of the modulated laser beam.

W Angular frequency of the modulated gain of the ICCD.

Table 1: Symbols and Notation



Tabl e 1: Synbols and Notation 10 [00027] As can be seen in Fig. 2 step
201, the nodul ated beamfromthe EOM 2, illum nates the sanple 6. The
nodul at ed beam fromthe EOM 2 can be described as: I1(t) = A1 + ma
sin(wot)] (1) (as shown in curve 15 of Fig. 4A and Fig. 6A). [00028] As a

result of the illum nation, the constituents of the sanple, such as the
residue left by a finger that conprises H |l atent fingerprint, and the
substrate of the sanple, start to fluoresce upon illum nation. The

resul ting fl[A902ELeAscansbe wednlintfig. Atsteh&0dathe froeiyiated \bemsn froat thaf t he

rodul at o5 exEDhRS NTRERE AEan e b0 S PRSI B e R ERMAE0S) 1 e
r=rb (as catiessgbedasr in curve 17 of Fig. 4B and Fig. 6B). [00029] The

sanple fl uorf@)c_eaﬁe and Ehg substrate fluorescence are phase- shifted and
derodul at ed % afilld et %8l er ni ned by the fl(brescence lifetime of the

forensic sa shit n no ation factors are given by: ( p
f = arct g(Wor@lsf%;‘m;vrp%n?&g???(%ié‘)@lgqgﬁ'g( g}kl)j opb = arctg(w0 ;) M
=[ 1" +(wovb) 2] al2 (4) [00030] In step 202 (FIG 2), the slave function
enerator 1 |l ates th i of the |CCD 7, with the nodul ated gain
g eing of t hi"% a)is a resu‘?t of%‘e ﬂiummatpon, the constituents of the sample, such a%
the residue lefi by a finger that comprises a latent fingerprint, and the substrate
of the sample, start o fluoresce upon illumination. The resulting fluorescence is
modulated at the same frequency as that of the modulated excitation beam and

of the expression:

A'(rp )1+ mm, sin(@yt ~ @ P when r=r,
A 1+ m m, sin(wyt ~@, ). when r=r,

F(r,e)= { @)

(as can be seen in curve 17 of Fig. 4B and Fig. 6B).

[00028] 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,z ;)
my = {1+ (@)’ 1’
(3)

-

@y = arctg(wyT,}
| my, =[+(w,7,)* ]

(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 gt) = B[l + mg sin(wyt - cpg )] (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 mx with the nodul ated gain of the 1CCD 7 at the
intensifier portion of the ICCD 7. This frequency m xi ng process generates
a frequency m xing output, which is conposed of a high frequency conponent
and a | ow frequency conponent. The higHh1 frequency conponent is
autonaticallégflltered out by the CCD. This is because the CCD does not

have a hi gh #ttkgdnicy, sireponegd] as such, all {#e high-frequency terms of
the m xing output will be negated, IeaV| ng only the low frequency
conponent . THeCAD RRIS§EBIN prves 46 gind &3 ofy-ig. 44 ang Eic 640).ngmum f cos[ (wo
-w,)t-(tp f -cpg)]},when r =rf Hr, t, (pg)

A" (rb)B{1+l mgm-nbcos[ (wp- (91)t (cpb-cpg)]},when r=rb (6) (as can be seen
in curve 18 of Fig. 40 , [00032] Step 204 is a decision step, which

deci des wha ngxt Japrocess woul d be io
Step. dependloF I Jistdh B3 in GERIRNAPBEEED PRE S notian el R boam
and the noduohiat ewitlgdmvnoﬂufatmi gdiwebhé ICdD metwaﬂmdnaifef pefisarsfthe@fCCbe

nodul at ed | amis different from that of the nodul ated gain of the
ICCD 7, a h tg'ﬁ'B%ﬁﬁa“@?Gar{H!x'ﬂge%feF?%s %@%%ate%%?qquméma@ﬁp%? whickgSency

of the noduk dsécasea hkpaFequBnt CofpeR Aeal PCED
7, a honody e resul tsCI (gtg Oﬁ% © dﬂlﬁéggf&w%%‘r??e uecflhte?lft tl‘lhﬁ step

204, a deci Eleg@f\lfgﬁ? NYeCOrRBRNGY i oatttﬂ@abﬁalbef ﬁﬂé&ﬂ“ﬂe@ the ﬁvé is

applied, brpagdiisaoihg! OB dé&s RofBARS AR fARieRES fedftid8 as such, all the
high-frequency terms of the mixing output will be negated, leaving only the fow
frequency component. The mixing output is given by:

1
A(r ) B{1+—m_ m, m, cos[(w, —@ )t — (¢, -9, )]}, when r=r
H(}‘,I,(ﬂg} - I 21 g i 0 ) r -4 s
A'r)B{1+ é—mgmumb cos[(w, —a Y —(p, — @, )]}, when r=r,

(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 resuits (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).



(Steps 205 and 206) or a honodyne assisted nethod (Steps 207 and 208). Both
t he honbdyne assi sted phase-resol ved nethod and the heterodyne assisted
phase resolved nethod are for renmoving the contribution fromthe substrate
fluorescence to generate clearer sanplg i mages fromthe m xi ng output.

[ 00. 034] The heterodyne assisted phase-resol ved nethod as shown in Fig. 3
requires the master function generator 11 and the slave function generator

mal 111 e 10053 THRERAANT OGS A, B bt oll e el sy BHEIHEE: {1er en
f (r:I eﬂ g;a ggi ;a;remh&dtmahoqb Itta_brﬁ adplfa’dte bmmgbinge.:citmm 4 hﬁetqdyr_x@asmtes m;mhmdr)gduces .
ow r equerePhePaRBH798) OEp T e bl RN TR0 i 258 BBl "bet veen
fj he ma;t gr trﬁerjmntriodyneg?seismtilophasbin;eambd meetbbd\amdf thefchélnrodgae]eaatsmrd 1f2, as
[ A ' 1+ -ml -, - , =

HCr ot pe) =Poeeryedoiett ol BRIl BRI erbotibih BB b Btifelien ¢ -
rb (as can flheresesmeitcgenerate clirarfsakipde imEges frofOB8 &8king betpbet er odyne si gnal ,
which is a signal generated by the intensifier of the I1CCD 7, includes

both Alternating Current (AC) and Direct Current (DC) conponents. Only the
"AC" conponent contains the phase and is thus useful for further

hase- sensirh d | r it @ ain
E | ear and i[g%%/ﬁ]f iq{a I eétglg)d ﬁ%ﬁ?ﬁgggéﬂ#ﬁg‘éﬁé@é&%ﬁﬁé@%ﬁ%?%ﬁéﬁg "{‘ glggteat filtered
out first reguirasdbe mastenfuoctionf gerieyatoupprandthe Islave donctidmugensmatof 12he

Tac 7 ande RERAEERERs otihuts o iRty FFRURY Rabvihclih. Toe TR Mol 1 an
"external taseydearid thedgain BRIGCDAr aretnetiviated at different frequencies and the
phase difference between the two outputs can be adjusted from 0 to2z. 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:

[ 1 ‘
A_ (r,)B{l1+ memzxmf cos[(@, —0, )t ~ (@, —@,)]}, when r=r,

H(rto,) = (7)

- 1
A'(rb)B{l+5'mgm¢xmb COS[(CO(', —(01)1‘7- (A —tpg)]},when F=1r

(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 compoﬁénf 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 suppréss the cbntﬁbution of the substrate
fluorescence, ' ; '



controlled through the canera interface board 8. To enabl e the "external
trigger” node, an I/O board 9 is used to trigger the canera interface
board 8. The length of the "exposure tine" can be user defined through the
conputer 10. When operating in the "external trigger"” node, the CCD canera
of the ICCD 7 wll wait for an external trigger signal fromthe 1/0O board
9 to start its user defined "exposure ti1dwe". Thus this exposure tine can

be described as a square wave function, where T is the | ength of exposure
time: (I 2kTQ0P3GkBysidey tr)ezgammciglat&maf(ﬂhmxg:wcmm,eaaothsﬂparamete(m)at is{ (as
can be seen u Fi 4 0Q037

"exposure tldr@trwév%% tﬁg 8xpd:§uge gﬁ‘e ﬁh‘% éﬁg‘?"Ba'F%ﬂé?fhé"%‘%ﬁJDf'a 9tef Fe ccD
canera i n | CODtr@llgd throwgly the camerarinteffate bbardrg. em@hlablé 88 “thermadngiggeedyne

si gnal and e s to the co 10, as .shown in ste
30% [oooss?ﬁ%ﬁé %It‘ﬁéél 88@%3 P%égﬁaéﬂgﬁégepemé %féﬁﬁ?ofe&%fgiamf&‘g'@ﬁgthhe P
master funaffitha “Sﬁlﬁtﬁuaé Qrméllcarndetd”s%r iieﬁhéd fth'r%‘élbhotﬂegtﬁﬂﬁﬁ@bf)%lZWHeQOO39]
By setting the |len "exposure tinme" the sane as t eri od of

het er odyne $P Fﬂi\”ggg “%%%memﬁl Higgpr 3u0de, (the &CDhrcamera P’SUDe)fCQD iwikwaithage
~signal that fo@ﬁh%eﬁé’r’?@l %ﬁégé}f s@ﬁﬁi ﬁgnfﬂ@ﬂﬂ)e%am 9%‘33&‘?{ ﬂ% ?eq({ﬁ'ngﬂal s

obt ai ned, as shown |n,ste can be expresse
function: 14eXRpsure-time’. fhus\ihisrexposure tlmeb:an(be tes@iadt as a%qmare wave

S BA" (D), WagHRibA Whdrd)T i€ B IEAGRS eXEENL Bnyr ve 20 of Fig. 4E)

KT <t <2k +1)T

El)= .
“ {0 Qk+DT <t <20+ OO F=0L2 0 (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 VO 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, (ie. T =2x [om ), 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:



[ 00040] Moreover, in step 304, by changing the length of "exposure tine"
to be half of the period of heterodyne signal (i.e. T =7¢c/Sw ), a second
i mge signal that -—consists of both the DC and AC conponents of the
het erodyne signal is obtained as shown in step 305. This can be expressed
by the following function: rrBA(rf)+B -1 gA (rf)nfsin(tpf-tpg),when r=rf
jbdH(r,t,tpg)dt= Sw (10) 7r BA(rb+B gA1frb) nbsi n(cpb-tpg),when r=rb T(O
& (as shown in curve 21 of Fig. 4G . [00041] As shown in step 306, in
order to obtain the AC c mrp%gpné % the heterodyne signal, the first inmage
signal is sm% cted, frofEh (&a ot i"fmdge signal by mixing the signals
using any subt T’é‘%%{g—e s#btraction process known\*/in the art, to renove
DC conponent. The result ggﬁ-"rfﬁ@ew@ﬁgrﬁeﬁ"bhas only the AC conponent of the
het er odyne signal as can bé seen in the follow ng function 1
BrgnaA' (rf) thsta befsebndn cuive20rofiFig. 9E(y ., t Pg) = Sm (11)
a- Brgm A’ (rb) nbsi n(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 lifetine
of the subsoe iMoo t : . i 40 ence
lifetime of {t he 15 spbsﬁ’ggfep?mgf gg%gg%kﬁé;ﬁj%ha Hﬁ?f Jte&%é%slg?r%he}é?t‘gt?%p 308
woul d be i mprgEihedpriadof heterpdBessignal éi.e Ibstm/éwd, & secorskivagesignaithatent i s
o et or 1 Bndig R boBPulsSC RARE oSimpbiaris 6F the hetsrotynd Sighal fs obthined ' "

as shown in step 305. This can be expressed by the following function:

2 Ba()+ 20" 4 Y sinp, —0, ), wh
=z e Fa ¥ )nt . 51 qﬂ —‘(p SWhen r=r
LMH(T',I,QJE)dI‘E Sw f Sw 77 s b4 s

n' '
Eé-)—-BA {(r,)+

(10)

Bm, m,

A'(ry ymy sinp, —@, ), 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 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
~—Bm m, A'(r;m,sin{Q, —@_),when r=r
g e\ g Jilty ! ’ !
S5(rip,) =150 ) (11)
- ~—Bm m, A'(r,)my sin(p, -@,),when r=r, '

ow
(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



function generator 12 to be 7r out-of-phase with the substrate fluorescence
em ssion. Followng this, a clear sanple inmage i s obtained as shown in the
concl udi ng step 309. The suppression result is given by: S (r

BrgmaA' (rf)nfsin(opb-rp ),when r=r E ,~g)= Kf 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 fluot®scence lifetine of the substrate
is not greater than that of the sanple, step 310 woul d be i npl enent ed

wher eby t he smmmn@tsegrsbmnmsmef tl@sﬁ)ﬁﬂ!@nstep%mmlﬁs&e%ﬂ?é’méﬁtédslr\ ng
t he phase di r bet he master function generator 11 and t

f en
sl ave functi®HfP ibstrate hu‘?fss??{‘cﬁh%BPW% ig pigppresgast 'Pbéﬁéluﬂ'%m%cence

em ssion. Fophauy Gﬁ‘fetrémfe bt the MaYSr Nfﬁﬁii%n g?ené?Qfofi"ﬁ‘FgarﬁP iOQMd N the
concl udi ng 1g‘;'ep 311. The sugpr ession resul g ven , Wwhen
r=r s(,~g)= ROPUeN gepgraler 204 Dﬁg&(qmt—@-ph@ﬁ@nm h ihe sups&age ﬂ(:sﬂesmnsg t he

posi tion of es f 00 . 4A to
4H gr aphi caI @%reg{?r eggf&%@hgﬁgi%a é'g?Fgé%‘@é ﬁ% ggﬂ@dof[’)s %?é(;% dyne
assi st ed phasasichusony stepl 3681 Fh’bdsup)messroﬂﬁe@ﬂﬂ:s(gﬂ!&@y% of Fig. 4A
respectively, show the nodul ation 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 dlf grent frequencies. Curve 17 of Fig. 4B provides an
exampl e of td1gr,¢, Mo A (1), SIN@, — @), when r=r, (when <z,
0, when r=r,
9, =g, +x) (12a)

(shown as the position of “suppression result” in curve 22 of Fig. 4H) .

[00043] I 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 | .
Sp(r.p,) = (%Bmgm”A Cpdmy sin(@, = q,), when r=r, (when z,

>Th. 9, =¢,)
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



fluorescence intensity fromthe |atent sanple, consisting of fluorescence
em ssions fromboth the sanple and the substrate. [00045] The fl uorescence
em ssirons have the sane nodul ati on frequency as that of the excitation but
are denodul ated and phase shifted to an extent determ ned by the
respective fluorescence lifetines. The frequency m xi ng process takes

pl ace when the nodul ated fl uorescent em.gsions (as represented in curve 17
of Fig. 4B) combine with the nodul ated gain (as represented in curve 16 of

Fig. 4A) in : ) The f n . X1 DY 0CESS
Is the heterééfgﬁ%!a&gﬁgiﬁaﬁg%gglb@sﬁﬁ?@ncpﬁ’%% 9%’ Eg&gf{ﬁgﬂ&gaﬁﬁ‘g%@&r odyne
si gnal considiffsrent flexfuencies. Aumedt 7 DEf igpatenirevidSs nae exdmplehef AGe
conmponent is, wanted, the DC c onent is. filtered out.Db trolling the
exposur & ti MHOEFSGRNIge, IRty FioBn dho AfRtopamples CQIRRING o ipicreence

repr esent ed dnissiohy froiPbsth tid Sampie-arld0RB4Tbsieshown in curve 19 of Fig.
4D, the start of the exposure tine or the period of the curve 19 is

switched "on", triggered at regular intervals. This period is in precise

mul tiples Of[Oéﬁ%]Pgdéﬁu%s&éﬁe@h%%%%@ %Baét%"é@ Pfon' fPecfer]ern}‘,g as18 Of

Fig. 40. At the Or non-exposure perio caner a e | CCD
7 does not thalepf greasycitpiian: but srgrddgngodutated andtithase elxffed dpean iaxtents user

defi ned by t 0 e tinme of
curve 19 of td%?%rmﬁ%&lib?%%t r%shgg&g]%%&te hggdtﬁ}g%go?f q%gr{__ae qﬁéﬁ‘?’g!ﬁe’ﬁ%"gd in
curve 18 of proapss4aked place mnge the gnadulated fluocestent amisSBnsqap sapresentely (as

represented. by th ryve of ,Fig. 4 I S bt ai ned. Wen the.length of
the exposur &’ %’(li'%elgfcoqflg?'v 1@%‘”%”&?1%%"?@”&33?& ggin (Bﬁé@l?fﬁﬁ?"%ﬁ I ﬁ'é'glﬁer i od
of that represfMEdA)n g eid of Fig. 4C an image signal 17 that
contains both AC and DC conponents (as represented by the curve 21 of
[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
BC 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,

[06047] 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 iength 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



Fig. 4G, is obtained. [00049] Using a suitable inmge subtraction process,

t he DC conponent can be renoved fromthe i mage 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 substri@®te fluorescence em ssion (as
represented by the position of "suppression result"” in curve 22 of Fig.
4H). Thi s ddpaherntanskioth REr anth®C lcumpeneriadas Irepreisentedoby tHeecursl®tt st e i s

greater tha h anple, or not. [00050] The honodyne assi sted
phase-resol \r/]ia'é i ﬁs%ﬁtgﬁeghom in Fig. 5 requires the master function

generator 11 and the slave function generator 12 to respectively provide

separate out tq.the po anplifier 13 and the ICCD controller 14, at
the sanme frégﬁ‘i%é OU 5'e|'mseﬁpat5ﬂctl%@pc¢88ame Pieecqaponestt canbep 7

are modul at edn@beaheorﬁaﬂﬁe ifrﬁaajw%rg%i éé‘dsﬁok}ﬁ't grggzéﬂjéj)gszf BF 1G° dpgl Vg the

two outputs can_be adjusted fromO to ta

frequency micfnHutian Rb fsuguhstiate Auprespence is suppesssed dypadjusting ihe missai ned

in the | CCDdffferk yoey | .0 nt 1ion of
t he honodyne selr '@C?tbﬁﬂ‘{]é‘%"ﬁ Eﬁaesx Osgg‘ggﬁg;ebgga@glﬂc%ﬁ(ﬁ ﬁﬁg Sfll g‘%ﬁ 108 gnal
is tinme-i ndﬁﬁ@ﬁ@é@t 12it0 |e$thenrtm:esmnt-yof-u)baeet@r malphaser wiggethet babsteatposur e

SR TS Ry e KT T e M D
Ho(r, 40 )_ CaRp 22Kéf Figr hH? Blrhistd Gpéfﬁi@d}‘?wﬁeﬁ{e'?% flubiRScehce MBEME ofthE® (as

can be seen i n c¥rve 24 o L
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 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:

. Kxi'(rf)B[l-k%-mgmamf cos(¢, — ¢, )], when r =7,

HO(r3¢g)= 1 (13)
KA'(r,)B[1+ Emgmamb cos(@, — @, )], when r=r, '

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



[ 00052] Al though the inmage 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 conponent.
Only the AC conponent contains the phase information and is thus useful
for further phase- sensitive detection of sanple fluorescence. Therefore,
to obtain clear and identifiable sanpleig mages, the DC conponent needs to
be filtered out. [00053] In step 502, an even-step phase shifting nethod i's

used to det qrmmg Aﬁﬁod@ﬂﬂ% ifladel$ %lgqmﬁﬁféﬁmna&ﬂ 54 KAl s SﬁuﬁFﬁfﬁ'{ Yo the

dividing a full ase cycle 1nto a even nu st eps "equi val'e
nunber of pHH@éH?asécﬂJffﬁil@Gce'he@Ne@mmntastéreﬁuenttm uenm 1handdbealave

f t t t
the nunber qneict gbheffitrs 38, @l 3 BHUREREM D RbRemn 2 (8, 88, | 7
be anI equal mmnﬂmenbtonﬁaugethemgmbsnibrmﬁh?dtnand I;%shsamdot hﬂﬂﬁrghatgﬁ-
signals are then. avera e shiftin i i ven e
exgressi on: ﬁ?&gﬁ'@’? tg?ﬁor_;r OI-F Wﬁﬁ?ﬁ“%ﬁ%cwefgfm BF? rt°-°l%3¥" c (a,n )
KA' (1 b) B( 1+ iderttifinBid semp! §bs W DO compondiiinbeds B Befitedolt. cos ( 9f

-ir/2)],when r=rf Ho (r, K4' (rb)B[l + 2 ngmanb cos(cpb 7r/2)],
when r rb KA (rf)B[1+ ngm~mf “cos(tp f -7r)],when r =rf H(r,7r) _

Ei E : ]EJ; g% i:}ﬁ%%gg?ﬁé?@ Zﬁ bl(?%%‘ib ﬁhaser%lftm? methgd s ysed E ﬂ?terrﬂxne
)B[1 + I @gg}(f@e qummqentvmae.method plarts 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:

1
KA'(r,)B(1 +j2-mgmumf cos@.),when r=r,

HO (r,O) = 1

KA'(r,)B(1+ 35 Ml cos@,),when r=r,

1
KA (r )B1+=m_m_ m,cos(@, —n/2)],when r=r
Hr)2) = I 21 gMaxllly s —%{2)] Iy
' KA'(r,) B[l + o MMt cos(p, —7[2)],when r=r,
| ,

KA (v, )B[l +—m, m,m,cos(@Q, —n)],when r=r

Ho(r,n') _ 2 g i f f

KA'(r,)B[1+ %mgmamb cos(p, —n)],when r=r,

1

KA (r;)B[1+ —m m, m, cos(p, ~3n[2)),when r=r

Hy(r,3n)2) = 2 F " (14)
KA'(»,)B[1+ o MgMesth, cos(@, —37/2)), when r=r,



19 (shown as the four position O, rz/2 7r, 37x/2 in curve 24 of Fig. 60C).
[ 00054] The averaged result, which shows the value of DC conponent 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 conponent
is renoved by mixing the average result with the original inmage signal and
appl ying an i mnage subtraction process, the new | mage signal can be witten
~as: ' KSngmaA (rf)nfcos(rpf-rpg),when r=rf So(r,rpg) (I%QG) 2 KBngm-A' (rb) nb
cos(tpb - ( poishanamsithefous pogiion Mnrihe, Zem/2 in cuve@4xs Fig. 8G)y. 6E) . [ 00056]
Step 504 is a decision step. If the fluorescence lifetine of the substrate
is greater than that of the sanple, step 501 would be inplenmented and the

substrat e f|j00054]ceTioe alisraguppeass athidhystashid /el vidud BEDEGSifpshdnt onRN&e
between the master function generator 11 and the slave function generator
12 to be 37UPFEIERASE - phase with the substrate fluorescence. Follow ng

this, a clear sanple '@g/e }_i}%vh%;l?t z’i,i_nred as shown in the concluding step
506. The SUPHBQ$$4)2Q=L%S l’% i'sTgiven/by:(18p(r,rpg) = J2 KBngnf'A (rf)m f
sin(rpb -rp f),when r '), whgern =7 when r=rb rl <rb, gpg=9Pb(17a)

(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:

5300, = %IKBmgmuA'(rf)mf cos(p, — @), when r=r; - (16)
: EKBmgmMA'(rb Jm, cos(@, -9 g s 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 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 3n/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 r '
So(rs0,) = {—KBmgmuA (rpdm,sin(g, —@,),when r= Yy (when
0 - ,When r=r,

L T, <Ty ', =@, —-zf25) (17a)



20 (shown as the position of "suppression result” in curve 26 of Fig. 6E)
[ 00057] If the fluorescence lifetinme of the substrate is not greater than
that of the sanple, step 507 would be inplenmented 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 fl4fbrescence. Following this, a clear
sanpl e imge,is obtajned as shown in the concluding step 508. The

suppr essi on (868YNtas;tge gpsition Bi ‘suppressigm resylt’jin oonie26Vig. 6Ehen r =
rSo(r,(Pg)= 2 f I'(when-rf<z" O, whenr =ra rp8 =rpb +it/2) (17b) (shown
as the position of "suppression result” in curve 26 of Fig. 6E) . [00058]
Figs. 6A to [BB0§FhpHiteaNugresepncesifatimetdfeheisybairateris tes sieatepthancsat of t he

h d \ = t hod. 23 of Fig. O6A
raspeet s vty SronTRe Bt IR HB iTpment Sad e Rohliele fuaseark ne

gain of theuUppGEEskd By atijusting thecphasnidifferdhc@étwedy ehd ngdteFifanctih ar e
of identical__ f B provi des an exanpl e of the

requenci es. rve 17 of Fig. 6 / ]
f1 uor escenceé’®F Eigﬁiflaﬂgﬁtﬂ%%af’ﬁ unclios genehaier 42 te bagn a2 reptiafuwiass vdtice
em ssions fr 2. Jhe fluorescence enissigns have
The same. mogu Sroeirate TRER AL BRI s, . BRal sHPRR BRYE s bt B
denodul at ed shawnpim Hsecartoitdirgistep 588. Thetsupbretsicer ebmer dgiverd e respecti ve
fluorescence lifetines. [00059] As can be seen, curve 24 of Fig. 6Cis the
I mmge signal of the honodyne signal obtained fromthe ICCD 7. This inage
signal is a functiorfjof the (Ehase di fference between the master function

generator 1k ang }bessPaa.4 Ut issivgend ation 127, i mage si gnal
cont ai ns theogﬂ\%éjnt DC conponent, it ne%ggntpzpe@hkpﬁfé&’but using an
even-step phase shifting nethod. ’ b _

o, =@, +7/2) (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
Isample 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 exanple of the even-step phase
shifting nethod, the 4-step phase-shifting nethod, 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 % gnals, the DC conponent is
generated (as can be seen in curve 25 of Fig.6D). [00061] Using any

sui table i eaibt i ac ' ' : can
be rermved”ﬁ?g?néqjhee?ﬁggggﬁﬁéﬁég%ggm@%ﬁ&rﬁn& %3? SI'Fee 3%4?‘@?@2%1% ggggg 9
Consequent | ynethaag, ther-siapuphane-shitiingt methoduwhishodivides far th phase ybletintt e

Funct s on poreaoREpSYs R8s L% e P ARRE I Rl G T b 05 bl B L
37112 of 1 IghaR! difraheasBetliddh I niashe Rictioh!diRIARRANEP Al HX Yaens

represented by the position of "suppression result” In curve 26 of Fig.
6E). This cHendivngeneneter 18rtothetiaer pharest antbaeeregingethei fout corsesronding

substrate i %mggs%ﬁ@aléagﬁg ﬁé‘%ﬁnﬂfon@sn?is Sm%tgfiﬁas [cgﬁ%%zé%émy ng%l‘g3§5 of

f oregoi ng has present descriptions of¥cer prererre I'ments of
the present RigBhtion, it is to be understood that these descriptions are
presented by way of exanple only and are not intended to lint the scope
of the present invention. It is expected that others skilled in the art

wi |l percei[o@084]r ilging any ehitattle imBbé eublirddtivhi frecddsknowitinf the egptigDCdo not

depart from_ the spirit, and sco of . the invention gs herein descr.ibed and
cl ai med. [p@@@yp"ﬁﬁtpm% r@nPYercgﬁ?wnth{eH@aa?tswai fasasgm%'urh@tg\'@ RO ¢
vi sual i sat i @g)ofCorsabashtly, idHyecdttibltfor] R6mf METNRIEsRINCBIRAR tha\sahorpae used

i
as an exanpl e, other enbodinents of the present invention are possible.
These ot her C@RRRIiISHRRIessed 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



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

bi ochénicals. The present invention uses novel and non-obvi ous neans and
techniques to overcone the problens of the art. 23 Cains W clam 1 A
met hod for inmaging a sanple on a substrate, the nmethod conprising the

steps of: illumnating, at a first freqqgﬂcy usi ng a nodul ated hi gh
intensity light source, the sanple and the substrate, thereby causing the
sanpl e and t : t ' ' 4§M%t ' ' : -fr.eqyency
using an in&ﬁ@“?%%?%%%%%q’é@?gégﬁﬁﬁﬁﬁﬂwt e sgﬁ%Pgﬁ?ﬁé%§E®§gﬁ%gméﬁd t%e
substrate flRIesericévesiiooousas hiongl andi ngn-abivicersusreansnard nigchninwes stot hat
conpri ses ei n ess or a honodyne process, both sanple
fl uor escence&\)égcﬁlo sﬁ%ﬁ%@é’%ﬁ'}%‘ﬁd@% %@Cence into | ow frequency signals,

foll owed by processing, using a phase-resolving nmethod chosen in
dependence on the frequency m xing process, the | ow frequency signals to
reduce the substrate fluorescence; and visualising, using a display, a
representation of the sanple. 2. The method of Caim1l1, wherein the

nodul ation of the high intensity light source conprises operating the high
intensity light source at a predetermned profile, the predeterm ned
parameter profile further conprising the first frequency, an initial phase
and light intensity.



3. The method of Caim1l, wherein the capturing of inmages by the inmage
capturing device further conprises operating the inmge capturing device at
a predeterm ned profile, the predeterm ned profile further conprising the
second frequency, exposure tinme, phasezand anplitude of gain. 4. The nethod
of Claim1l, wherein the frequency m xing process is selected based on a
conpari son between the first frequency to a nodul ated gain of the imge
capturing device. 24 5. The nethod @faifdsdi m 1, wherein the frequency

m Xi ng processes is a heterodyne process, resulting fromoperating the high
intensity light source and the inmage capturing device at different
frequenci es\y9.Qft-ain a |ow frequency heterodyne signal conprising
alternating current (AC) and direct current (DC) conponents. 6. The nethod
of Claimb5, wherein the phase-resol ving nmethod conprises: setting exposure

time of Lhe 1l mom AERbHTLdRY bASmRA o Lididfe B hOMed Lo bGd e odyne

signal to generate a first Inmage s contai ni'ng on conponent,
and setting expostareofime of the i mage capture device to one half of the

period of the het mﬁiy i I SRR .dﬁaﬂ i
cont ai ning the chllﬁan @\% %%rgfpwg%\teﬁt &%gﬁgﬁ@cﬁnﬁ\g salgdd h*l rsfe”?'ﬁ’gg@l“si gnal
from sai d second spPyrEgche sginple and the ahstrate; ierabe causips thermampimand et i ng t he

phase of the hi ghhdi-808 f¥rdsc@ht source and the phase of the inage
capturing device to be in phas€ with the substrate fluorescence when the

lifetime of the S&pYtncGitat af a¢ond FeavwrnsYiusindedrs innrgeceppilringalevice, bothf et i me of
T eoronbence, “oh Sy MRk i faRMBRR MBS TS
’ converting, using a frequency mixing process that comprises either g

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.



than the lifetine of the sanple fluorescence, thereby reducing the
substrate fluorescence. 7. The nmethod of Claim1l, wherein the frequency

m Xi ng processes is the honodyne process, resulting fromoperating the
high intensity light source and the ipmage capturing device at the same
frequency to obtain a low frequency honodyne signal conprising alternating
current (AC) and direct <current (DC) conponents. 8. The nethod of Claim?7,
wherein the phase-resol ving nethod conprises: dividing a full phase cycle
(27r) of the high intensity light source and the inage capturing device
into an everP-pl urldiei Bpthed ofrfelainy 41 svheetin dhanifieguencyi Mg RiPgeRsES fidra each one
of said plurali tmeigr%dghb%%%%, lgéulth?g}’?lroﬂg'cﬂﬁrétilﬂ thEBRIEH Shhdhs ight al ned,

t hereby obtaining a si gnal "containing the DC conpofient onl’y; “and
subtracting the Beusesndithg inagetgapturisgvdpyie abdifsrendrastigndesiopiddingo  renpve
t he DC component |5\9: JHe ' T | -S4 ' ' e phase
di fferenc<rarp bet \A/(—l-,%‘ﬁfrteﬁg@.'hl h@%%@%ssﬁr%! ﬁéﬁ?‘gggﬁ%iétgﬁd@ﬁgﬂ gaeﬁagapturi ng
device to reducé"f?ﬁéuﬂéﬂlt(%lodl(}@méwms-t he substrate fluorescence in the
representation of the sanple. 10. The nmethod of Claim1, the nethod
further conprises chenmically treating the sanple to enhance fluorescence.
11. The net fod offheimgthediof et Biwhergie theaphsise-resphing metdad cppEses: c print of

Finger” 5! e el SRR bR oI IR ol .

sanpl e. 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 lifettme of the substrate fluorescence is less or equal to the
lifetime of the sample fluorescence, or nt out-of-phase with the substrate
f_luorescence, 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 obfain 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 (2x) 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;



14. The method of Caim1, wherein the sanple is a biochem cal sanple. 15.
An apparatus for imaging a sanple on a substrate, the apparatus
conprising: at |least one nodulated high intensity light source; at |east
one nodul ator to nodul ate at | east onegzki ghting paraneter of the at |east
one light source; at |east one inage capturing device; at |east one
controller for controlling at |east one imaging paraneter of the at |east

one inmage capturifgr @R irfladd §@hal§%l:ﬁélh?(2r f]é? 0 |n|t1 fa e ¢ ﬁmll east one

| i ght source; a second Tunction génerator t one |
capturing devi ce; CO”Eﬂ‘"'P%K@tD%ﬁ@“H?@@FQVY #Wd at Ieast one conput er

connect e Lo, anchubpakivgl heSc, el dh s IoAPFbaliey ol ROURE 14 P 2

| east one nodul ator to nodul ate the at |east on urc

| east one i nmage c’&B‘PM?W?dD@éQmQ@’eﬂthe at |l east one controller for _
controlling the at | east one imge capturing device, the first function
generator for the at | east one |light source, the second function generator
for the at I%ast Kife matiase of £geit i hgconumisinge adiueting tihe phase ediierencee

di splay, wherei hetween 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,



the at | east one conputer is capable of controlling the apparatus to effect
a heterodyne or a honodyne phase-resol ving process to obtain an i mage of
the sanple. 16. The apparatus of Caim 15, wherein the at |east one

nodul ated high intensity |ight sourceggs capable of causing the sanple to
fluoresce. 17. The apparatus of C aim 15, wherein the at |east one

nodul ated high intensity light source is an Argon |aser. 18. The apparatus
of Claim 15, wherein tiheafbadt@nsiigeyrmdul ator is capable of nodul ation
fromO to 100 MHz. 19. The apparatus of C aim 15, wherein the at |east one
i mge capturing devideeial lgayiapnee merulptoyi tagmotdlaigathe ableastapeel lioghbm 0 to 1
GHz. 20. The appar at uge@fceC @i m 15, wherein the at | east one inmage
‘capturing device is capable of being externally triggered with an exposure
time from 1 ns to 1, d0®akleastpne jmagemgaptigisplenices of C ai m 15, wherein the

first function generat i I i i
g tRé at a%a%ﬁ@ﬁ@ cBnifSlle D fitesddtrbiNAg %%Bt:fgﬁitoéﬂé’ ggé{de";g

frequencies up to 1 GHz and phase differences from nmet hod
for inmaging a sanple &ﬁpfé‘”@@uﬂ@‘{'?%t e, conprising: illuminating the sanple
and the substrate, Us'tﬁkgﬁr@ti‘ﬁﬁ&ign%teﬁgralfﬂrg&thé%%Q§t’&n}éIiéh%hrc%?urCe1 t her eby
causing the sanple and the substrate to fluoresce; capturing sanple

fluorescence and substhegecont figctier epnasatoririe ahleastipag émagmeantining devi ce;
converting the sanpl e dklidgr escence and the substrate fluorescence into |ow

frequency signals;
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.

186. The apparatus of Claim 15, wherein the at least one modulated high
intensity light source is capable of causing the sample to flucresce.

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.



sel ecting a phase-resol ving nethod dependi ng on whether the | ow frequency
signals are heterodyne signals or honodyne signals; and processing the |ow
frequency signals, using the sel ected phase-resolving nethod, to produce
an image signal with reduced contributipn fromthe substrate fluorescence.
23. The nethod of claim 22, conprising renoving a direct current (DC)
conponent fromthe | ow frequency signal converted fromthe substrate

f1 uorescenceto prrr@cub@gramssma.hai@ me@aﬁkhecmgmh&tonggeﬁara%rt.@&mbw9
current (AC) component, and adjusting the phase difference between the

high intensity | .%r&engfﬂynw% pﬁé/arwfwg&'e%ﬁﬂcw ¥Ry el dvOER a8l BB ess t he

substrate signal gifferences from 0 to 2 1.

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.



