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Professional Certificate in Forensic Document Examination

Tools and Techniques in Forensic Document
Examination

AFM (Atomic Force Microscopy)

Scanning probe microscopy, surface topography

AFM is a high-resolution technique that maps the three-dimensional surface of a document substrate at the
nanometer scale. A cantilever with a sharp tip contacts the paper or ink surface; deflections are measured to
generate a topographic image. In forensic document examination AFM can reveal micro-ridges left by
fountain-pen nibs, differentiate between ink layers, and detect polishing or abrasion on a forged signature.
Practical application includes comparing the groove patterns of two questioned signatures to determine a
common writing instrument. Challenges involve the need for a vibration-free environment, careful sample
preparation to avoid contaminating the tip, and interpreting data when the substrate is highly porous or
when the ink has dried unevenly.

Binocular Microscope

Stereo microscope, low-magnification observation

A binocular microscope provides a three-dimensional view at magnifications typically ranging from 10x to
40x. It is the work-horse instrument for initial document inspection, allowing examiners to observe paper
grain, watermark placement, and surface defects such as scratches or erasures. For example, an examiner
may use a binocular microscope to locate a faint erasure line on a contract and then decide whether further
chemical testing is required. Limitations include restricted magnification for fine ink particle analysis and the
potential for observer bias if lighting is not standardized.

Chromatography (Thin-Layer Chromatography, TLC)

Solvent migration, ink separation

TLC separates the components of an ink based on differential solubility in a chosen solvent system. A small
spot of the questioned ink is applied to a coated plate; the plate is then placed in a developing chamber. As
the solvent front ascends, individual pigments travel at characteristic rates, creating a pattern of colored
bands. By comparing the Rf values of the questioned ink with those of known reference inks, an examiner
can determine whether two documents were written with the same pen. Practical challenges include
selecting an appropriate solvent mixture for multicomponent inks, dealing with overlapping bands, and
accounting for environmental factors such as humidity that can alter migration rates.

Digital Image Analysis

Software enhancement, pixel comparison

Digital image analysis employs specialized software to enhance, measure, and compare scanned images of
documents. Functions include contrast stretching, edge detection, and pixel-by-pixel overlay. An examiner
might use this technique to align a questioned signature with a known exemplar, measuring the distance
between key stroke landmarks to calculate a similarity index. The method is valuable for detecting
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alterations that are invisible to the naked eye, such as minute additions or deletions of text. However, the
technique is sensitive to scanner resolution, compression artifacts, and the need for calibrated color profiles
to avoid false positives.

Electrostatic Detection Device (ESDD)

Charge distribution, latent writing detection

ESDD, commonly known as a “Electrostatic Detection Apparatus,” visualizes impressions left by writing
instruments on paper that have not been chemically developed. The device passes a charged toner over the
document; the toner adheres to areas where the paper fibers have been disturbed by the pen, producing a
visible image of the original writing. This is particularly useful for examining carbon-copy sheets, duplicate
forms, or “ghost” writing that has been erased. Limitations include the requirement for relatively smooth
paper surfaces and the possibility of background noise from prior handling or moisture.

Fourier Transform Infrared Spectroscopy (FT-IR)

Infrared absorption, molecular fingerprint

FT-IR measures the absorption of infrared radiation by a sample, producing a spectrum that reflects its
molecular composition. In document examination, FT-IR can identify the polymer type of a synthetic paper,
differentiate between cellulose and cotton fibers, and detect the presence of additives such as sizing agents.
For ink analysis, the technique can distinguish between dye-based and pigment-based formulations. A
practical example is confirming whether a questioned ink contains a specific solvent that would be
inconsistent with the alleged time period. Challenges include the need for a clean, flat sample surface and
the difficulty of interpreting overlapping absorption bands in complex mixtures.

Gas Chromatography-Mass Spectrometry (GC-MS)

Volatile component analysis, compound identification

GC-MS separates volatile compounds in an ink solvent and then identifies them based on mass-to-charge
ratios. The method is highly sensitive, capable of detecting trace amounts of solvents, plasticizers, or
degradation products. In forensic practice, GC-MS can confirm whether a questioned pen used a proprietary
solvent blend that matches a reference pen, aiding in source attribution. The technique is also employed to
detect illegal additives, such as certain dyes prohibited in archival inks. Practical difficulties include the need
for solvent extraction, potential loss of non-volatile pigments, and the requirement for specialized
laboratory facilities.

Hyperspectral Imaging

Multispectral data cube, spectral signature

Hyperspectral imaging captures a series of images across a continuum of wavelengths, creating a data cube
that records both spatial and spectral information. Each pixel contains a full spectrum, allowing the
examiner to discriminate between inks that appear identical in the visible range but differ in the infrared or
ultraviolet regions. For instance, a forged signature may use a different ink that is invisible under normal
lighting but detectable in the near-infrared band. The method also assists in revealing erased or overwritten
text by highlighting spectral discrepancies. Limitations involve the high cost of equipment, large data
processing demands, and the need for calibrated reference libraries.

Inkjet Printer Analysis
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Printhead characterization, droplet pattern

Inkjet printer analysis focuses on the microscopic arrangement of ink droplets produced by a specific printer
model. By examining droplet size, spacing, and shape under a high-magnification microscope, examiners
can link a printed document to a particular make and sometimes to a specific printer unit. The technique is
valuable in cases involving counterfeit documents or unauthorized printing of confidential material. Practical
challenges include the variability introduced by different media types, the degradation of droplet edges
over time, and the necessity of maintaining a comprehensive database of printer signatures.

Jet Ink Spectrometry

Laser-induced breakdown, elemental profiling

Jet ink spectrometry utilizes a laser to ablate a minute amount of ink, generating a plasma whose emission
is measured to determine elemental composition. This method can differentiate between inks that share the
same colorant but differ in metal-based pigments or additives. An examiner might apply jet ink
spectrometry to a questioned check to verify whether the ink contains a rare earth element that is unique to
a particular brand. The technique is destructive at a microscopic scale and requires stringent safety
protocols due to laser use.

Laser Scanning Microscope

Confocal imaging, depth profiling

A laser scanning microscope (LSM) uses a focused laser beam to scan a document surface point by point,
constructing a high-resolution image with optical sectioning capability. This allows the examiner to examine
the depth of ink penetration, the topography of embossed seals, and the layering of over-printed text. For
example, LSM can reveal whether a signature was added after a document was printed by measuring the
relative depth of ink layers. The method demands careful calibration to avoid damaging delicate paper and
may be limited by the opacity of heavily pigmented inks.

Microscopy (Stereo Microscope)

Low-magnification, three-dimensional view

A stereo microscope provides magnifications from 8x to 45x with a wide field of view, enabling the
examiner to assess physical features such as paper texture, ink feathering, and the presence of micro-holes
or perforations. It is often the first tool used to locate areas of interest before applying more specialized
techniques. Practical application includes inspecting the edge of a torn page to determine whether the tear
occurred before or after printing. The chief limitation is that it cannot resolve sub-micron features needed
for detailed ink particle analysis.

Near-Infrared Reflectography

IR imaging, hidden text detection

Near-infrared reflectography (NIR) captures images of a document using light wavelengths between 700 nm
and 900 nm. Many inks, especially carbon-based ones, are transparent in this range, allowing the examiner
to see underlying layers or erased text. A classic use is the detection of alterations in historical manuscripts
where the original writing is invisible under visible light but appears in the infrared image. Challenges
include the presence of pigments that also reflect in the NIR band, which can mask hidden features, and the
need for high-quality infrared sensors to avoid noise.
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Optical Coherence Tomography (OCT)

Cross-sectional imaging, subsurface profiling

OCT is a non-destructive imaging modality that provides cross-sectional views of document layers with
micrometer resolution. By measuring the echo time of back-scattered light, OCT can reveal the thickness of
paper fibers, the depth of ink penetration, and the presence of embedded security threads. In forensic
practice, OCT can confirm whether a watermark was printed on the same sheet as the questioned text or
added later as a security feature. Limitations involve high equipment cost, limited penetration depth in
highly scattering media, and the necessity for skilled operators.

Paper Thickness Gauge

Micrometer measurement, caliper

A paper thickness gauge, also called a micrometer caliper, measures the physical thickness of a sheet in
thousandths of an inch (mils) or micrometers. Consistent thickness across a batch can indicate a common
source, while variations may suggest substitution or tampering. For instance, a forged document might be
printed on a slightly thicker stock to mimic a legal form, and the gauge can detect this discrepancy. The tool
is simple to use but requires careful handling to avoid compressing the paper and producing inaccurate
readings.

Questioned Document Examination (QDE)

Comparative analysis, authenticity assessment

QDE is the overarching discipline that employs a suite of tools and techniques to evaluate the authenticity,
origin, and alterations of a document. It integrates visual inspection, microscopy, chemical analysis, and
digital methods to form an opinion supported by scientific evidence. A typical QDE workflow begins with a
macro-examination, proceeds to targeted instrumental analysis, and concludes with a written report. The
primary challenges are maintaining objectivity, documenting each step for courtroom admissibility, and
staying current with evolving technologies such as Al-driven handwriting synthesis.

Raman Spectroscopy

Vibrational fingerprint, non-destructive

Raman spectroscopy measures the inelastic scattering of monochromatic light, providing a molecular
fingerprint of the sample. It is especially useful for identifying pigments and dyes in inks without requiring
extensive sample preparation. An examiner can compare the Raman spectra of a questioned pen ink with
reference spectra to confirm a match or reveal a different formulation. The technique is non-destructive, but
fluorescent background from certain paper additives can obscure Raman signals, necessitating the use of
alternative excitation wavelengths.

Scanning Electron Microscopy (SEM)

High-resolution imaging, elemental analysis

SEM uses a focused electron beam to produce detailed images of a document’s surface at magnifications
up to 100,000x. It can reveal the morphology of ink particles, the microstructure of paper fibers, and the
presence of micro-scratches or abrasions. Coupled with energy-dispersive X-ray spectroscopy (EDS), SEM
can also provide elemental composition of pigments, aiding in ink discrimination. Practical application
includes confirming whether a forged signature contains metallic particles that are absent in the original.
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Challenges involve coating the specimen with a conductive layer, which may be undesirable for valuable
historical documents, and the high cost of operation.

Thermoluminescence Dating

Age estimation, radiation exposure

Thermoluminescence (TL) dating measures the accumulated radiation dose in crystalline materials such as
paper fibers. When heated, the sample releases stored energy as light; the intensity of this luminescence
correlates with the time elapsed since the material’s last heating event. TL can estimate the age of a paper
document, providing context for authenticity. For example, a purported 19th-century letter can be dated to
the 1970s, indicating a possible forgery. The method requires destructive sampling, careful calibration
against known-age standards, and is less precise for recent documents (UV-Visible Spectroscopy
Absorbance profiling, colorant identification

UV-Vis spectroscopy records the absorbance of a sample across ultraviolet and visible wavelengths. In ink
analysis, the technique can differentiate between dyes that have overlapping visible colors but distinct UV
absorption peaks. An examiner might use UV-Vis to confirm whether a questioned pen contains a
UV-absorbing additive that is characteristic of a particular brand. Limitations include the need for solvent
extraction, which may alter the original ink composition, and the inability to resolve complex mixtures
without complementary techniques.

Video Comparison Software

Dynamic overlay, motion analysis

Video comparison software allows examiners to compare two video recordings of a signing event frame by
frame, aligning the pen tip trajectory, speed, and pressure patterns. This tool is valuable in cases where a
signature was captured on surveillance footage and must be compared to a known exemplar. By generating
a quantitative similarity score, the software supports an objective assessment. Challenges include variations
in camera angle, lighting conditions, and compression artifacts that can affect the accuracy of the analysis.

Watermark Detection

Transmitted light, security feature analysis

Watermark detection involves illuminating a document with transmitted light (often using a light table) to
reveal embedded designs that are invisible under reflected light. Modern watermarks may be digital, visible
only under specific wavelengths, or incorporate micro-printing. An examiner can confirm the presence of a
genuine security watermark on a passport or detect a counterfeit that lacks the proper watermark. The
technique is straightforward but may be hindered by paper degradation, stains, or overlapping ink that
obscure the watermark pattern.

X-ray Fluorescence (XRF)

Elemental mapping, non-destructive

XRF uses an X-ray source to excite atoms in a sample, causing them to emit characteristic secondary X-rays.
The emitted spectrum provides a semi-quantitative elemental profile of inks, pigments, and paper additives.
In forensic document work, XRF can identify heavy metal pigments such as cadmium or lead, which may be
restricted in certain jurisdictions. Because the method is non-destructive and requires no sample
preparation, it is ideal for analyzing valuable historical documents. Limitations include lower sensitivity for
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light elements (e.g., carbon) and the need for calibration against known standards.

Yellowing Index

Paper aging, colorimetric assessment

The yellowing index quantifies the degree of paper discoloration due to oxidation and acidic degradation.
By measuring the reflectance of a paper sample in the blue-green region of the spectrum, the examiner can
estimate the document'’s relative age. A high yellowing index may support the claim that a document is
decades old, whereas a low index could indicate recent fabrication. The method is affected by
environmental exposure, prior restoration efforts, and the presence of optical brighteners that artificially
reduce perceived yellowing.

Zeta Potential Measurement

Surface charge analysis, fiber interaction

Zeta potential assesses the electrostatic charge on paper fibers when suspended in a liquid medium.
Differences in zeta potential can indicate variations in pulp composition, sizing agents, or treatment
processes. In forensic contexts, measuring the zeta potential of paper from a questioned document and
comparing it to reference paper can help determine whether they share a common manufacturing batch.
The technique requires careful sample preparation and is sensitive to ionic strength of the suspension
medium, which can complicate interpretation.

Acid-Base Titration (Paper Deacidification)

pH determination, conservation testing

Acid-base titration measures the acidity of paper by reacting a known volume of the paper extract with a
standardized base, typically NaOH. The resulting pH value informs the examiner about the paper’s
long-term stability and whether it has been subjected to deacidification treatments. For instance, a forged
document claimed to be from the early 1900s may exhibit a neutral pH due to modern deacidification,
suggesting recent alteration. Challenges include extracting sufficient solution from a small paper sample
without destroying critical evidence.

Bluetooth Forensic Analyzer

Wireless data capture, device linking

A Bluetooth forensic analyzer intercepts and records wireless communications between a questioned printer
and a nearby device, such as a smartphone or computer. By capturing the transmission logs, the examiner
can establish a timeline of printing events, identify the originating device, and verify whether the questioned
document was printed at an unauthorized location. The tool is useful in corporate espionage cases where
confidential reports are printed and transmitted covertly. Limitations involve the short range of Bluetooth,
encryption protocols that may obscure data, and the necessity of real-time monitoring.

Carbon Dating (Radiocarbon)

Chronological dating, organic decay

Radiocarbon dating determines the age of organic materials by measuring the remaining ~14C isotope. In
forensic document examination, it can be applied to paper, parchment, or wooden support structures to
estimate the time of creation. The method is highly accurate for documents older than a few centuries,
providing a scientific basis for authenticity claims. Practical constraints include the destructive nature of
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sampling, the requirement for specialized accelerator mass spectrometry facilities, and reduced precision for
modern documents due to the "bomb-pulse” effect of nuclear testing.

Digital Signature Verification

Cryptographic hash, public key infrastructure

Digital signature verification uses cryptographic algorithms to confirm the integrity and origin of
electronically signed documents. By applying the public key of the signer to the digital signature, the
examiner can detect any alteration of the underlying file after signing. This technique is essential in
cyber-fraud investigations where forged PDFs are presented as evidence. Challenges include the need for
access to the original signing certificate, handling of different signature standards (e.g., PKCS#7, XML-DSig),
and ensuring the verification software is up-to-date with current security protocols.

Electrostatic Discharge (ESD) Imaging

Charge mapping, latent trace detection

ESD imaging captures the distribution of static charges on a document surface, which can reveal latent
impressions left by writing tools. The method involves applying a fine mist of charged particles that adhere
to charged regions, producing a visible pattern after development. It is especially effective for detecting
erased pencil marks or low-intensity ballpoint strokes on glossy paper. The technique is limited by
environmental humidity, which can dissipate static charges, and by the need for a controlled environment to
avoid false patterns.

Fiber Optic Reflectance Spectroscopy

Light scattering, material identification

Fiber optic reflectance spectroscopy directs broadband light through a fiber optic probe onto a document
and records the reflected spectrum. The resulting spectral signature can differentiate between paper types,
coatings, and ink formulations. For example, a forensic examiner may use this technique to confirm that a
questioned invoice was printed on a coated stock distinct from the standard office paper. Limitations
include surface roughness that can scatter light unpredictably and the requirement for calibration against a
library of reference spectra.

Handwriting Pressure Analysis

Force measurement, stroke dynamics

Handwriting pressure analysis quantifies the force applied by a pen during writing, typically using a
pressure-sensitive tablet or stylus that records pressure data in real time. By comparing pressure profiles of
a questioned signature with known exemplars, the examiner can assess similarity in motor patterns. This
method is valuable when visual comparison alone is inconclusive. Practical challenges involve ensuring that
the digital capture replicates the original writing conditions, the variability introduced by different pen
types, and the potential for a skilled forger to mimic pressure patterns.

Inkjet Printer Forensic Database (IPFD)

Reference repository, printer model signatures

The IPFD is a curated collection of microscopic and spectral data for a wide range of inkjet printers. Each
entry includes droplet size distribution, pigment composition, and printer firmware version. Examiners can
query the database with data obtained from a questioned document to identify the probable printer source.
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The database enhances the reliability of printer attribution and supports statistical analysis of match
likelihood. Maintaining the IPFD requires continuous updates as manufacturers release new models and
firmware patches.

Laser-Induced Breakdown Spectroscopy (LIBS)

Plasma emission, elemental fingerprinting

LIBS employs a focused laser pulse to ablate a minute amount of material, generating a plasma whose
emitted light is spectrally analyzed. The resulting emission lines provide a rapid, multi-elemental profile of
inks or paper coatings. LIBS is advantageous for its minimal sample preparation and ability to analyze both
organic and inorganic components. In forensic document work, LIBS can differentiate between two inks that
share the same colorant but contain distinct metallic pigments. The technique is destructive at the micron
scale and may produce a visible crater on delicate documents.

Magnification Comparison Microscope (MCM)

Side-by-side imaging, dual optical paths

An MCM allows simultaneous observation of two samples—typically a questioned signature and a known
exemplar—under identical magnification and lighting conditions. The examiner can toggle between the two
views to assess fine details such as serifs, loop formations, and stroke continuity. This side-by-side approach
reduces observer bias and improves documentation consistency. The instrument is limited by the need for
precise alignment of the samples and the potential for optical aberrations if the lenses are not perfectly
matched.

Micro-X-ray Diffraction (uXRD)

Crystallographic analysis, pigment identification

KUXRD determines the crystalline structure of pigments within an ink by measuring the diffraction pattern of
X-rays incident on a micro-focused beam. The resulting pattern can identify specific pigment phases, such
as titanium dioxide anatase versus rutile, which may be unique to certain ink manufacturers. This level of
detail assists in distinguishing inks that appear visually identical. The method requires a stable sample and
careful handling to avoid beam damage, and the interpretation of diffraction data demands specialized
expertise.

Nanoparticle Tracking Analysis (NTA)

Particle size distribution, ink colloids

NTA tracks the Brownian motion of nanoparticles suspended in a liquid to calculate their size distribution. In
ink analysis, the technique can characterize the size of pigment particles, surfactant micelles, or polymeric
binders. By comparing the nanoparticle profile of a questioned ink to a reference, the examiner can infer
whether the inks share a common formulation. Practical constraints include the need for dilution to avoid
aggregation, the sensitivity of the instrument to ambient temperature, and the difficulty of interpreting
multimodal distributions.

Optical Microscopy with Polarized Light

Birefringence observation, fiber orientation

Polarized light microscopy enhances contrast by exploiting the birefringent properties of paper fibers and
certain ink additives. When rotated, anisotropic materials exhibit characteristic interference colors, aiding in
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the identification of fiber types (e.g., cotton versus wood pulp). The method can also reveal the presence of
crystalline pigments in ink that are invisible under standard illumination. Limitations involve the need for
precise polarizer alignment and the potential for false positives when non-birefringent particles are present.

Pattern Recognition Software (PRS)

Algorithmic matching, statistical similarityPRS utilizes machine-learning algorithms to compare handwriting
or printed patterns across large data sets. By extracting features such as curvature, stroke angle, and
inter-character spacing, the software generates a similarity score that can be presented as probabilistic
evidence. In courtroom settings, PRS can support an expert’s testimony with quantitative metrics. However,
the reliability of the output depends on the quality of the training data, the transparency of the algorithm,
and the examiner's ability to explain the statistical basis to a lay audience.

Photogrammetry

3-D reconstruction, spatial measurement

Photogrammetry reconstructs three-dimensional models of documents by analyzing overlapping
photographs taken from multiple angles. The technique can measure the depth of embossments, the angle
of a handwritten line, or the curvature of a folded page. For example, an examiner may create a 3-D model
of a security seal to verify whether it was pressed into the paper after the document was printed. The
method requires careful lighting control and precise camera calibration; errors in these parameters can lead
to inaccurate depth measurements.

Quantitative Ink Density Measurement

Grayscale analysis, optical densitometry

Quantitative ink density measurement determines the optical density of ink on a document using a
densitometer or calibrated scanner. By recording the grayscale value of inked areas, the examiner can
compare the ink density of a questioned signature to that of a known exemplar, detecting variations that
may indicate different pens or ink supplies. The technique is simple and non-destructive but can be affected
by paper translucency, scanner calibration drift, and ambient lighting conditions.

Rubbing Test (Obverse/Reverse)

Physical impression, trace retrieval

The rubbing test involves applying a soft medium (e.g., charcoal or graphite) to the reverse side of a
document to lift impressions of raised or indented features such as embossed seals or raised lettering. This
method can reveal security elements that are not visible on the front side. Practical application includes
confirming the presence of a raised company logo on a contract. Challenges include the risk of damaging
fragile documents, the variability of pressure applied during rubbing, and the need for an experienced
examiner to interpret faint impressions.

Scanning Tunneling Microscopy (STM)

Atomic-scale imaging, conductive surface analysis

STM provides images of a document surface at atomic resolution by measuring tunneling current between
a sharp tip and the sample. Although rarely used in routine forensic work due to its complexity, STM can be
employed to study the nanostructure of ink pigments or the arrangement of conductive polymers in
specialty inks. The method requires the sample to be conductive or coated with a thin conductive layer,
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which may be unsuitable for valuable historical documents. Its extreme sensitivity also makes it vulnerable
to vibration and electromagnetic interference.

Thermal Imaging (Infrared Thermography)

Heat distribution, concealed writing detection

Thermal imaging captures the infrared radiation emitted by a document, visualizing temperature variations
across its surface. When a document is gently heated, areas with different ink compositions may retain heat
differently, revealing hidden writings or alterations. For instance, a forged addition may appear as a cooler

region due to the presence of a different ink that absorbs less infrared energy. Limitations include the need
for controlled heating to avoid damaging the paper and the dependence on ambient temperature stability
for accurate interpretation.

Ultraviolet (UV) Light Examination

Fluorescence detection, security feature inspection

UV light examination uses wavelengths between 320 nm and 400 nm to excite fluorescent compounds in
inks, paper additives, and security threads. Certain inks contain fluorescing dyes that become visible under
UV, allowing the examiner to differentiate between original and added text. UV inspection also reveals
optical brighteners in paper that can be used to verify age or source. The method is quick and
non-destructive, but fluorescence intensity can fade over time, and some inks are deliberately formulated to
be UV-invisible, limiting the technique’s applicability.

Variable Pressure Scanning Electron Microscopy (VP-SEM)

Low-vacuum imaging, uncoated samples

VP-SEM operates at adjustable chamber pressures, permitting the imaging of non-conductive, uncoated
documents without extensive sample preparation. By controlling the pressure, the instrument mitigates
charging effects that would otherwise distort the image. This capability is valuable for examining delicate
historical papers where coating would be unacceptable. VP-SEM can reveal fiber morphology, ink particle
distribution, and surface wear patterns. The trade-off is a slight reduction in resolution compared to
high-vacuum SEM and the need for careful pressure optimization to avoid image blur.

Wavelength-Dispersive X-ray Spectroscopy (WDX)

High-resolution elemental analysis, quantitative

WDX separates emitted X-rays by diffraction using crystal analyzers, achieving higher spectral resolution
than energy-dispersive methods. In forensic document examination, WDX can quantify trace elements in ink
pigments, such as cadmium, chromium, or rare earth metals, providing a detailed compositional fingerprint.
This level of detail enhances discrimination between inks that appear identical under other techniques. The
equipment is expensive, requires skilled operation, and analysis times are longer than with EDS, but the
quantitative accuracy can be decisive in high-stakes cases.

X-Ray Microtomography (uUCT)

Volumetric imaging, internal structure visualization

X-ray UCT reconstructs three-dimensional volumes of a document by acquiring hundreds of radiographic
slices and applying computational reconstruction algorithms. The technique can visualize internal features
such as layered watermarks, hidden compartments, or the geometry of a folded document without physical
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sectioning. For example, uCT can confirm whether a security thread runs continuously through the thickness
of a banknote. Limitations include radiation exposure that may cause minor paper darkening, the need for
high-resolution detectors, and substantial data processing time.

Yellowing Spectrophotometer

Colorimetric measurement, paper aging index

A yellowing spectrophotometer measures the reflectance of paper across the visible spectrum, focusing on
the blue-green region to calculate a yellowing index. The index provides an objective metric of paper
degradation, assisting in age estimation and authenticity verification. Examiners can compare the yellowing
index of a questioned document to that of known-age reference paper to assess consistency. The
instrument must be calibrated regularly, and the presence of optical brighteners can mask true yellowing,
requiring corrective algorithms.

Zero-Crossing Analysis

Signal processing, stroke frequency assessment

Zero-crossing analysis examines the points at which a digital signal representing a handwriting stroke
crosses the baseline, providing information on stroke frequency and rhythm. By converting a scanned
signature into a one-dimensional waveform, the examiner can compute statistical parameters such as
crossing density and compare them between questioned and known samples. This quantitative approach
complements visual comparison and can reveal subtle differences in motor control. Challenges include
ensuring consistent scanning resolution, handling variations caused by pen pressure, and interpreting the
statistical significance of the results.
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