Proposal of a Best Practice of the three-dimensional bloodstain
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Introduction
Bloodstains and bloodstain patterns are an indicator of violence at the crime scene which
have become more and more important in crime scene investigation and reconstruction.
In the last few years various methods of bloodstain pattern analyis have been described,
introduced and used in the forensic community. These are the “Eye method”, the “String or
Laser Method”, the “BackTrack™- Method” and “The 3D Laser based bloodstain pattern
analysis (BPA)”.
It was the aim of this work to compare these methods and to find their potentials for further
development.
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Abstract
The continuous advances in forensic crime scene analysis have led to an increased
awareness of bloodstain patterns, which frequently can be found during extensive
crime scene investigations. Various independent expert groups like IABPA
(International Association of Bloodstain Pattern Analysts) as well as private
enterprises, active in the field of forensic research have developed and introduced
to the market new digital methods of analysis and virtual presentation of bloodstain
trajectories apart from the conventional methods such as manual bloodstain
pattern calculation or presentation in the scene by means of strained files or laser
light.
On the basis of a real case with a digital bloodstain pattern analysis on high
resolution images embedded in a digital 3D-model we compare existing methods in
a strength weaknesses and an opportunities threads analysis (SWOT Analysis). As
a result we propose the use of spherical 3D-laserscanning with embedded high
resolution images as the best practice for bloodstain pattern analysis and present
an overview on the necessary developments in the future like statistical probability
and computed pattern recognition to a mostly automated digital bloodstain pattern
analysis. We discuss the necessity of validation in experiments and in the forensic
practice as well as the possibilities of the dynamic analysis in the 3D virtual crime
scene when integrated with offender, victim and witnesses.
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Legend:
0 = not suitable
1 = feasible
2 = suitable

Tab.1 Comparision of different BPA methods by major quality criteria
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Materials and Methods
We compared the existing methods of bloodstain pattern analysis by the major forensic
quality criteria in a matrix weighing the result with 0 point for “not suitable”, 1 point for
“feasible” and 2 points for “suitable”. With help of these results we formulated a SWOTanalysis (see Tab. 3) for every method.
Results
As major criteria for quality in the forensic documentation we found “accuracy of
documentation”, “completeness of documentation”, “accuracy of the result”, “duration of
occupying the crime scene”, “invasivety of the method at the crime scene”, “time to
availability of the results” and “acceptance on court”. For the results see Tab. 1.
The SWOT-Analysis (Strengths, Weaknesses, Opportunities and Threats) is shown in
Tab. 3. In short words, we found the “Eye-Method” to be end of life for reasons of no
acceptance at court (threat), the “String-Method” to be unsuitable for further development
(threat), the “BackTrack™-Method” to be currently the state of the art and the “3D Laser
based BPA with cluster analysis” the future best practice for its wide range of analytical
possibilities, crime scene integration, comparability and other further developments .
Discussion
Bloodstain pattern analysis is an important concern in forensic investigation. Bloodstain
patterns as an indicator of violence are not rare and there should be a quick, easy and
accurate way to it - but there is none. All existing methods need the experts on the crime
scene and occupy the crime scene for quite a time. With the 3D laser based BPA we found
a method which is quite fast and leaves the BPA-experts time for their analysis sitting in
front of a computer.
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Fig.1 Taxonomy of bloodstain pattern and methods of digital analysis
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Conclusion
We are convinced that the future best practice of bloodstain pattern analysis (BPA) is a
combination of accredited calculation models and virtual 3D-models. Common methods
like BackTrack™ and the string method are using scientifically approved calculation
models but have limitations either in mechanical or practicable matters. Only computer
based methods have a potential for further development because the number of stains
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We could use the laser based method in a real case where a big part of the bathroom was
scattered with bloodstain patterns. So the proof of concept is done also with the laser
based method - in addition to the other methods, it has a big potential for further analysis
because it is virtual. The further development is the automated pattern recognition which
should find the ovals all by itself (see Tab. 2). This needs the method of computed image
and shape analysis, a method used for instance also in medicine to find similar
pathologies of a computed tomography (CT) image of the chest. This shape recognition is
a scientific field in medical informatics. From there we know, that the task of finding the
mostly oval or round bloodstains can be automated. The automatically marked or
manually found and then measured ovals are the basis of calculation. As we have seen in
some cases, there sometimes is the question if there have been different sources or more
than one hit causing the bloodstain patterns. At that point experts usually can only
estimate - there is no more guarantee of accuracy. With the statistical methods of
hierarchical or fuzzy cluster analysis the bloodstain patterns can be calculated and the
probability of one or more sources or hits can be expressed in bare numbers. This of
course is the future, but only a virtual model makes it become a possibility to be developed.
However it is reality, that these virtual models can be used for further crime scene analysis
and/or reconstruction: Such a model can be used for instance to calculate trajectories, to
compose the different declarations of witnesses within the model and to use this for
synthesis or falsification. So BPA is only one of the possibilities existing in the virtual digital
crime scene.
As seen in Fig.1 the analysis of BPA should cover all of the bloodstain patterns not only the
projected. Transfer patterns can as well be analyzed but need the context to the whole
crime scene. An approach to this transfer pattern analysis is the ARMA (anatomy related
movement analysis), a yet unpublished new tool described by the IABPA. ARMA tries to
systemize the patterns produced by human bodies in blood and to correlate movement
with detailed knowledge of anatomy. With altered blood patterns research has not yet
gone so far to systematically analyze them, so it's no use to look for a system for this.
Contrary to the so far known methods the laser based BPA is integrated into a whole model
and thus an integral understanding of the crime scene as well as the crime.
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