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1. Introduction

The detection and identification of forensic traces are crucial in
crime scene investigations. For this purpose a wide range of
techniques is available, including chemical enhancement techni-
ques and the use of light sources with 15–30 nm bandwidths,
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A B S T R A C T

Hyperspectral imaging (HSI) integrates conventional imaging and spectroscopy, to obtain both spatial

and spectral information from a specimen. This technique enables investigators to analyze the chemical

composition of traces and simultaneously visualize their spatial distribution. HSI offers significant

potential for the detection, visualization, identification and age estimation of forensic traces. The rapid,

non-destructive and non-contact features of HSI mark its suitability as an analytical tool for forensic

science. This paper provides an overview of the principles, instrumentation and analytical techniques

involved in hyperspectral imaging. We describe recent advances in HSI technology motivating forensic

science applications, e.g. the development of portable and fast image acquisition systems. Reported

forensic science applications are reviewed. Challenges are addressed, such as the analysis of traces on

backgrounds encountered in casework, concluded by a summary of possible future applications.
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which increase the contrast between a trace and its background.
Many of these techniques are, however, either destructive or
subject to human interpretation. Hyperspectral imaging (HSI) is
suitable for the non-contact identification of evidence, thus
minimizing the risk of contamination and destruction of traces.
HSI integrates conventional imaging and spectroscopy to obtain a
three dimensional data set containing both spatial and spectral
information of a specimen. In addition, analysis of the temporal
behavior of spectra can give insight in the chemical changes within
the specimen, which can be used for age estimation purposes.
Estimation of the age of forensic traces provides investigators with
valuable information, which can assist the reconstruction of the
timeline of events.

HSI was originally developed for remote sensing applications
utilizing satellite imaging data of the earth [1] but has since found
application in such diverse fields as food science [2], pharmaceu-
ticals [3] and medical diagnostics [4]. Hyperspectral images are
analogous to a stack of images, each acquired at a narrow spectral
band. Like spectroscopy, HSI can be applied in different parts of the
electromagnetic spectrum, e.g. ultraviolet (UV), visible (Vis), near
infrared (NIR), mid infrared (IR) or even the thermal infrared range.
In these regions reflectance, transmission, photoluminescence,
luminescence or Raman scattering can be recorded by hyperspec-
tral cameras with a spectral resolution similar to miniature
spectrographs. Spatial resolutions can be adapted to the applica-
tion, which range from microscopic to landscapes. Advantages of
HSI include speed of data acquisition, reduction of human error, no
destruction of traces, no specimen preparation, and the ability to
illustrate the results.

HSI is a powerful emerging tool for the analysis of forensic traces.
Latent traces can be detected and visualized by using spectral
differences to obtain optimal contrast between a trace and its
background. Individual spectra give information about the chemical
composition of the specimen, which is useful for identification and
quantification purposes, and the spatial distribution of traces is
simultaneously recorded. In the last decade, HSI has proven to be a
valuable technique for the imaging of latent fingermarks and the
detection of trace materials within these prints. HSI is also emerging
in other fields of forensic science and has shown its value in
comparative research of materials including fibers, paint chips, or
inks, where the question arises whether two traces share common
origin. The possibility of viewing spectral and spatial information
side by side is advantageous in these cases.

Recent developments in HSI technology offer added potential for
forensic science investigations. Because HSI systems are becoming
increasingly portable, they may be used at the scene of investigation,
where traces can be viewed and interpreted in the original context.
The development of fast scanning systems enables investigators to
scan a complete scene, which reduces the workload in forensic
laboratories and quickly provides investigators with valuable
information which can lead the investigation.

This paper gives an overview of the principles, instrumentation
and analytical techniques involved in HSI, followed by a review of
recent forensic science applications. We limited our scope to HSI
applications using reflectance, photoluminescence, transmission
or Raman scattering. Because forensic traces are typically
encountered in many different environmental circumstances,
their analysis brings specific challenges, which are also addressed.
To conclude, possible future applications are summarized.

2. Hyperspectral imaging

2.1. Interaction of light and matter

The interaction between light and a specimen is determined by
the optical properties of the specimen and the incident light. As

hyperspectral imaging measures such interaction, it may be used
to characterize the material. In practice this involves illumination
of the object under investigation. Commonly, the first interaction
will be on the specimen surface where part of the light will be
reflected (Fig. 1a). This part contains no to little information from
within the medium but is governed by the index of refraction
difference between media. Upon entering the material, the light
can be scattered or absorbed.

Scattering is the process by which light interacts with
structures in a specimen and causes a change in direction of
propagation, depending on the wavelength, size of the particle and
index of refraction differences (Fig. 1b). The majority of light is
scattered at the identical wavelength of the incident light, a
process referred to as elastic scattering. There may also be a small
fraction that will be inelastically scattered (Raman scattering)
which will cause wavelength shifts corresponding to the vibra-
tional states of the molecules in the specimen (Fig. 1c). Raman
scattering can be measured to chemically analyze the scattering
specimen.

The absorption properties of a chemical compound are
wavelength dependent. Absorption in the visible wavelength
range corresponds to the electronic states of the molecule, while
absorption in the NIR and IR is determined by the vibrational
modes. Upon relaxation, return to the ground state, the energy will
be released in the form of radiation (heat or photoluminescence) or

Fig. 1. The interaction of light with a specimen may lead to (a) specular reflection,

(b) elastic scattering followed by diffuse reflection, (c) inelastic scattering followed

by emission of Raman shifted light (dotted lines), (d) absorption, and (e) absorption

followed by photoluminescence emission (dashed lines).

Fig. 2. Hypercube of a blood stain, with two spatial (x,y) and one wavelength (l)

dimension. From the hypercube an image plane is shown for one wavelength (li)

and a spectrum is obtained from one pixel (xj,yk).
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