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FORENSIC HYPERSPECTRAL APPARATUS AND 
METHOD 

RELATED APPLICATIONS 

0001. The invention described herein claims priority to 
U.S. Provisional Patent Application entitled “Forensic 
Hyperspectral Instrument,” Serial No. 60/165,970, filed on 
Nov. 17, 2000. 

BACKGROUND 

0002) 1. Field of the Invention 
0003. This invention relates to imaging devices useful for 
forensic and other analysis, and to methods for using these 
devices, and, in particular, to hyperspectral imaging devices 
that provide images and patterned data arrays representing 
images in multiple discrete Spectra that can then be Summed 
or processed to allow for detection of patterns or anomalies 
in the data collected. 

0004 2. Description of the Background 
0005. It is often necessary in investigations (whether they 
be scientific or criminal) to evaluate an area or environment 
and identify items or areas of interest. For example, at a 
crime Scene it may be necessary to identify the location of 
blood or other bodily fluids, shell casings from a gun, 
individual fibers from clothing or hairs from a body. This is 
difficult in a complex and complicated environment (i.e., the 
front of a house, a carpeted room, or a robbery scene). This 
type of evaluation also is useful in reconstructing events 
after the fact (i.e., mass killing of hostages in a military 
Setting in connection with a war crimes review, location of 
people based on evidence as to which way they left an area, 
reconstruction of natural events Such as earthquakes or fires, 
identification of life or conditions on other planets). Each of 
these situations shares a similar objective: the need to locate, 
identify and analyze anomalies or patterns in an image-like 
data Set. 

0006 Consequently, there is a need for an instrument that 
can evaluate a complex Scene or environment to provide 
information as to the characteristics and items in that Scene 
or environment. 

SUMMARY OF THE INVENTION 

0007. The present invention overcomes the problems and 
disadvantages associated with current Strategies and designs 
and provides a fast, economical device for analyzing foren 
Sic- and other evidence in an area of interest, utilizing leSS 
equipment and infrastructure/logistics tail than other tech 
niques. 

0008 Accordingly, one embodiment of the invention is 
directed to an apparatus for analyzing a target or target area 
comprising means for obtaining a data Set from the target or 
target area, and means for providing images and patterned 
data arrays representing images in multiple discrete Spectra 
that can be Summed or processed, Singly or in multiples, to 
allow detection of patterns or anomalies in the data Set. 
Suitable targets include, but are not limited to, geographic 
locations, biological Samples and Specimens, Structures, 
textiles, chemicals and man-made materials. 
0009. Another embodiment of the invention is directed to 
a portable hyperspectral imaging apparatus comprising an 
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optical acquisition System; and a diagnostic processor, 
wherein the diagnostic processor comprises one or more 
diagnostic modules adapted for forensic analysis. Option 
ally, the imaging apparatus further comprises an input 
device, a data Storage device, a display, a printer, a com 
munications link, or any combination thereof. 
0010 Another embodiment is directed to methods for 
analyzing a target or target area comprising using instru 
ments according to the present invention to detect patterns or 
anomalies in a data Set obtained from Said target or target 
aca. 

0011. Other embodiments and advantages of the inven 
tion are set forth in part in the description which follows, and 
in part, will be obvious from this description, or may be 
learned from the practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 depicts a portable hyperspectral imaging 
apparatuS. 

DESCRIPTION OF THE INVENTION 

0013 AS embodied and broadly described herein, the 
present invention is directed to an instrument that provides 
images and patterned data arrays representing images in 
multiple discrete Spectra that can be Summed or processed, 
either Singly or in multiples, providing the ability to detect 
either patterns or anomalies in a data set. The invention 
allows the identification of information, areas, objects, and 
the like that are of interest in a background environment that 
may be useful in a forensic or criminal investigation. These 
discrete spectra may be of varying size (different wave 
lengths or wave numbers) and cover various ranges of the 
Visible, ultra-violet, and infra-red spectra. Further, other 
image discriminatorS Such as polarization and its phase, as 
well as intensity under various types of active illumination, 
can also be used for defining patterns or anomalies. 
0014. In addition to having the ability to gather data, the 
present invention also encompasses the ability to combine 
the data in various manners including vision fusion, Sum 
mation, Subtraction and other, more complex processes 
whereby certain unique signatures for information of interest 
can be defined So that background data and imagery can be 
removed, thereby highlighting features or information of 
interest. This can also be combined with automated ways of 
noting or highlighting items, areas or information of interest 
in the display of the information. 
0015. A portable hyperspectral imaging apparatus 
according to an embodiment of the invention is depicted in 
FIG. 1. This embodiment is a portable adaptation of the 
Inventors multispectral/hyperspectral instrument disclosed 
in International Patent Application PCT/US98/22961, filed 
Oct. 30, 1998, and U.S. patent application Ser. No. 08/961, 
294, filed on Oct. 30, 1997, which are both incorporated 
herein by reference. Portable apparatus 10 weighs less than 
100 pounds, preferably less than 25 pounds, and more 
preferably less than 10 pounds. The portable apparatus may 
be battery operated (not shown) or may have a connector 
adapted to connect to an existing power Source. 
0016 Portable apparatus 10 comprises an optical acqui 
Sition System 36 and a diagnostic processor 38. Optical 
acquisition System 36 comprises means to acquire broad 
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band data, visible data, ultraViolet data, infra-red data, 
hyperspectral data, or any combination thereof. In a pre 
ferred embodiment, optical acquiring means comprises a 
first-stage imaging optic 40, a Liquid Crystal Tunable Filter 
(LCTF) 42, a second-stage optic 44, and an imaging element 
46. Alternatively, optical acquiring means may be any 
acquisition System Suited for acquiring broadband data, 
Visible data, ultraViolet data, infra-red data, hyperspectral 
data, or any combination thereof. 
0.017. The first-stage optic receives light collected from a 
forensic sample and focuses it onto the surface of the LCTF. 
LCTF 42 is a programmable filter that filters out all but a 
wavelength a wavelength region of interest from the light 
collected from the Sample. Second-stage optic 44 receives 
the remaining light from the LCTF and focuses it onto the 
image Sensor 46. The image Sensor is preferably, although 
not necessarily, a two-dimensional array Sensor, Such as a 
charge-coupled device array (CCD), which delivers an 
image Signal to the diagnostic processor 38. 
0.018 Diagnostic processor 38 includes an image acqui 
Sition interface 50, that has an input responsive to an output 
of the image Sensor 46 and an output provided to a general 
purpose operating module 54. The general-purpose operat 
ing module includes routines that perform image processing, 
and that operate and control the various parts of the System. 
It has control output provided to a filter control interface 52, 
which in turn has an output provided to the LCTF 42. The 
general-purpose operating module also interacts with a 
number of diagnostic protocol modules 56A, 56B, ... 54N, 
and has an output provided to a Video display. The diagnostic 
proceSS includes Special purpose hardware, general-purpose 
hardware with Special-purpose Software, or a combination of 
the two. The diagnostic processor also includes an input 
device 58, which is operatively connected to the general 
purpose operating module. A Storage device 60 and printer 
62 also are operatively connected to the general-purpose 
operating module. 
0019. In operation, portable apparatus is employed near a 
target, e.g., forensic Sample or general area of interest. An 
operator begins by Selecting a diagnostic protocol module 
using the input device. Each diagnostic protocol module is 
adapted to detect particular forensic characteristics of the 
target. In an alternative embodiment, portable apparatus may 
contain only one diagnostic module adapted for general 
forensic diagnosis. 
0020 Diagnostic processor 38 responds to the operator's 
input by obtaining a Series of transfer functions and an image 
processing protocol and an image processing protocol from 
the Selected diagnostic protocol module 56. The diagnostic 
processor provides the filtering transfer functions to the 
LCTF 42 via its filter control interface 52 and then instructs 
the image acquisition interface 50 to acquire and Store the 
resulting filtered image from the image Sensor 46. The 
general-purpose operating module 54 repeats these filtering 
and acquiring Steps one or more times, depending on the 
number of filter transfer functions stored in the selected 
diagnostic protocol module. The filtering transfer functions 
can represent bandpass, multiple bandpass, or other filter 
characteristics. 

0021. Once the image acquisition interface 50 has stored 
images for all of the image planes Specified by the diagnostic 
protocol chosen by the operator, it begins processing these 
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image planes based on the image processing protocol from 
the selected diagnostic protocol module 56N. Processing 
operations can include general image processing of com 
bined images, Such as comparing the relative amplitude of 
the collected light at different wavelengths, adding ampli 
tudes of the collected light at different wavelengths, or 
computing other combinations of Signals corresponding to 
the acquired planes. The computed image is displayed on the 
display 12. It also can be stored in the storage device 60 or 
printed out on printer 62. 
0022. In an alternative embodiment, diagnostic protocol 
modules 56, printer 62, display 12, or any combination 
thereof, maybe be omitted from portable device 10. In this 
embodiment, acquired images are Stored in Storage device 
60 during operation at a forensic Scene. At a later time, these 
images are transferred via a communications link (not 
shown) to a second device or computer located at a remote 
location, for example, forensic laboratory, for analysis. This 
Second device can have the omitted diagnostic protocol 
modules, printer, display, or any combination thereof In 
another embodiment, the Stored images are transferred from 
portable device 10, located at the forensic Scene, via a 
communications link to a remote Second device in real time. 

0023 Devices of the present invention allow for the 
creation and unique identification of patterns in data that 
highlight the information of interest. The data Sets in this 
case may be discrete images, each tightly bounded in 
Spectra, that can then be analyzed. This is analogous to 
looking at a Scene through various colored lenses, each 
filtering out all but a particular color, and then recombining 
these images into Something new. Such techniques as false 
color analysis (assigning new colors to an image that don’t 
represent the true color but are an artifact designed to 
improve the image analysis by a human) are also applicable. 
Optionally, optics can be modified to provide a Zoom 
function, or to transition from a micro environment to a 
macro environment and a macro environment to a micro 
environment. Further, commercially available features can 
be added to provide real-time or near real-time functioning. 
Data analysis can be enhanced by triangulation with two or 
more optical acquisition Systems. Polarizing imagerS may be 
used as desired to enhance Signatures for various targets. 
0024. It is clear to one skilled in the art that there are 
many uses for a hyperspectral imager (HSI) according to the 
invention. The HSI offers the advantages of performing the 
functions for Such uses faster, more economically, and with 
leSS equipment and infrastructure/logistics tail than other 
conventional techniques. 
0025 The present invention is useful in a number of 
diverse applications. In the investigation of crime Scene, it is 
necessary to identify anything that may be considered evi 
dence, either animate or inanimate. To do this, the evidence 
must be located. Some evidence, Such as a body, are easy to 
locate. Other items of evidence, Such as Small quantities of 
bodily fluids or shell casings, are not. The present invention 
is well-Suited to gather this more elusive evidence. 
0026. Another related but slightly different application 
involves accident reconstruction. For example, in a plane 
crash even the Smallest particle or piece of evidence may be 
crucial to recreating the situation and identifying the cause 
of the accident. 

0027. Another application of the invention relates to 
investigation of war crimes. For example, it may be neces 
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Sary to analyze a mass grave associated with possible 
atrocities committed during war. This may be a very difficult 
task, particularly if large amounts of time have passed before 
these investigations can be undertaken. The passage of time 
between the event and investigation can greatly complicate 
the identification and evaluation of evidence. 

0028. The HSI is capable of not only analyzing for 
foreign residue on the Surface of an object, the HSI can 
analyze for Substances unique for the interaction of that 
residue with a particular surface. For example, an HSI of the 
invention can detect the presence of gunpowder, raw or 
exploded, on tissue Surfaces. It also has the ability to detect 
Substances produced by the unique interaction of Spent 
gunpowder with human tissue. In addition, it has the ability 
to determination the interaction of a foreign body with skin 
or tissue. 

0029. Other applications of the invention relate generally 
to any type of Scientific investigation or analysis. Whether it 
be the study of large tracts of earth or of other planets from 
orbiting Satellites, or the investigation of the Surface of a 
new material at the microscopic level, hyperspectral analysis 
using the present invention can be of Significant benefit. 

0030 Devices according to the present invention are 
useful for many applications by incorporating diagnostic 
protocol modules Specifically adapted for determining time 
of death based on change in cellular chemistry analyzed by 
the imager; evaluating the proximity of a gunshot based on 
residue left on target; determining the Severity of blunt 
trauma; determining whether oxygen deprivation occurred 
pre-mortem; evaluating drug Status, identifying the location 
of body fluids on a body or other Surface; determining if an 
injury is old or new, field assessment; location of evidence 
and evaluation in situ (i.e., brass casings over a large area); 
determining the location of man made objects, evaluating 
machined Surfaces, which have varying polarization and 
Spectral responses, often differing from those, as a class, 
found on natural objects, Studying bodily fluids over a large 
area; identifying the point of impact; evaluating an entire 
Scene, rather than Sample point by point, identifying differ 
ent hairs for DNA analysis, locating and Separating out of 
hairs in a carpet; and analyzing chemical residues on Suspect 
(i.e., gun powder pattern will indicate if the gun was fired 
close to body or with arm outstretched). 
0031. By evaluating the patterns associated with deposi 
tion of chemical residue, the circumstances of the crime can 
be determined, e.g., when an arm is bent, the individual’s 
Shirt and skin are creased causing a unique pattern of 
deposition to occur. Devices according to the present inven 
tion comprise diagnostic protocol modules adapted for 
determining timing of event by assessing change of Sample 
over time, assessment of drying out, integrating over time; 
determination of moisture content; determining Velocity of 
impact based on analysis of tissue and chemical damage; 
certain Species may be separated due to the centrifuge-like 
environment; analyzing tissue damage/cellular disruption; 
determining Velocity or terminal Velocity, or Speed of dis 
ruption as a result of Separation of components due to 
variations in mass or density (like a centrifuge); analyzing 
minute particles, identifying the presence of algae feeding 
on a body in water; concentrations or alterations in the local 
environment may indicate presence of particular chemicals 
(i.e., very rich nutrient bed from decomposing body or 
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blood), locating a fluid or other Substance by looking for the 
effect of the particular fluid or Substance on grass, concrete 
or any Surface; determining Status of Structures and near 
Surface phenomena (leaching of minerals from rocks, con 
crete, roadbeds); and evaluating effects of chemical attackS/ 
processes on materials (i.e., pour a dye on a Surface and 
determine how quickly it is absorbed over an area; deter 
mine porosity or other properties of Surface). 
0032. Other embodiments and uses of the invention will 
be apparent to those skilled in the art from consideration of 
the Specification and practice of the invention disclosed 
herein. All references cited herein, including all U.S. and 
foreign patents and patent applications, are specifically and 
entirely incorporated by reference. It is intended that the 
Specification and examples be considered exemplary only, 
with the true Scope and Spirit of the invention indicated by 
the following claims. 

What is claimed is: 
1. A portable apparatus for analyzing a target comprising 

means for obtaining a data Set from a target, and 
means for providing images and patterned data arrayS 

representing images in multiple discrete Spectra that 
can be Summed or processed, Singly or in multiples. 

2. The apparatus of claim 1 wherein the target is the 
Surface of a tissue. 

3. The apparatus of claim 1 wherein Said data Set is 
Selected from the group consisting of broadband data, ultra 
Violet data, infra-red data, hyperspectral data, or any com 
bination thereof. 

4. A method for analyzing a target comprising using the 
apparatus of claim 1 to detect patterns or anomalies in a data 
Set obtained from Said target. 

5. A method for detecting a location of a target comprising 
using the apparatus of claim 1 to evaluate an area. 

6. The method of claim 5 wherein Said area is a geo 
graphic area. 

7. The method of claim 5 wherein said area is a non-living 
or non-viable area. 

8. A method for determining a time an event occurred 
after death comprising using the apparatus of claim 1 to 
assess a change in the target. 

9. The method of claim 7 wherein said change is deter 
mined by comparing Said target to a control target. 

10. A portable hyperspectral imaging apparatus compris 
ing: 

an optical acquisition System; and 
a diagnostic processor, wherein Said diagnostic processor 

comprises one or more diagnostic modules adapted for 
forensic analysis. 

11. The imaging apparatus of claim 10 further comprising: 
an input device, 
a data Storage device; 
a display; and 
a printer. 
12. The imaging apparatus of claim 11 further comprising 

a communications link. 
13. The imaging apparatus of claim 10 wherein Said 

optical acquisition System detects. 
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14. The imaging apparatus of claim 10, wherein Said 
diagnostic protocol module is adapted to an application 
Selected from the group consisting of: 

15. The imaging apparatus of claim 10, wherein Said 
diagnostic protocol module is adapted to an application 
Selected from the group consisting of: 

determining timing of event by assessing change of 
determining time of death based on a change in cellular 

chemistry of Said target, evaluating a proximity of a 
gunshot based on residue left on Said target; determin 
ing a Severity of blunt trauma, determining whether 
oxygen deprivation occurred pre-mortem; evaluating 
drug Status, identifying a location of body fluids on a 
body or other Surface; determining if an injury is old or 
new, field assessment; location of evidence and evalu 
ation in situ; determining the location of man made 
objects, evaluating machined Surfaces, which have 
varying polarization and Spectral responses, often dif 
fering from those, as a class, found on natural objects, 
Studying bodily fluids over a large area; identifying a 
point of impact; evaluating an entire Scene, rather than 
Sample point by point; identifying different hairs for 
DNA analysis, locating and Separating out hairs in a 
carpet; and analyzing chemical residues on a Suspect. 

Sample over time; assessment of drying out, integrating 
Over time; determination of moisture content; deter 
mining Velocity of impact based on analysis of tissue 
and chemical damage; certain Species may be separated 
due to the centrifuge-like environment; analyzing tis 
Sue damage/cellular disruption; determining Velocity or 
terminal Velocity, or Speed of disruption as a result of 
Separation of components due to variations in mass or 
density; analyzing minute particles, identifying the 
presence of algae feeding on a body in water, concen 
trations or alterations in the local environment may 
indicate presence of particular chemicals, locating a 
fluid or other substance by looking for the effect of the 
particular fluid or Substance on grass, concrete or any 
Surface; determining Status of Structures and near Sur 
face phenomena; and evaluating effects of chemical 
attackS/processes on materials. 
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