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Abstract
A Weight Dropping Device to Reliably Reproduce High Velocity Impact Spatter
Patterns and Impact Energy Factors In Their Production
The field of Bloodstain Pattern Analysis (BPA) lacks an instrument that is capable of
producing reliable and reproducible high velocity impact spatter patterns.
Uncertainties related to differentiation of mechanisms producing impact spatter
patterns with small bloodstains impair the field. Thus, Scientific Working Group on
Bloodstains Pattern Analysis (SWGSTAIN) appreciates this need and urges research
investigations in this area (SWGSTAIN, 2011, p.1). Besides SWGSTAIN, National
Academy of Sciences in its 2009 report, Strengthening Forensic Science in the United
States: A Path Forward, criticizes the BPA discipline and states that “uncertainties
associated with bloodstain patterns are enormous” (National Academy of Science,
2009, p. 179). In that context, this study aims to dispel the uncertainties related to
BPA as to the impact patterns with small bloodstains. In order to achieve that goal, a
weight dropping device, which allows analysts to manipulate the impact energy, is
built. The reliability of the apparatus and its capability to reproduce high velocity
impact spatter patterns are analyzed by statistical analysis in Microsoft Excel based
on the distribution of bloodstain diameter, bloodstain count, average bloodstain
diameter, and the percentage of the small bloodstains. Subsequently, impact spatter
patterns that are produced with a variety of impact energies are compared to each

other based on the above criteria.
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Summary of the Research Findings
Findings as to the research question 1:

Does the device produce high velocity impact spatter patterns? To answer that
question, average bloodstain diameter of the patterns, and the percentage of the small
bloodstains (the bloodstains that have less than 1mm diameter) are calculated.

The average bloodstain diameter was smaller than 1mm in all experiment sets.
Besides, the percentage of the small bloodstains was over 50 percent in all experiment
sets either. Therefore, it can be said that high velocity impact spatter patterns were
produced successfully.

Findings as to the research question 2:

Are the impact spatter patterns reproduced with 90 % reliability? The impact
spatter patterns that are produced with same fashion should bear similar pattern
characteristics. That is, the ratio of the standard deviation to the mean, which is called
coefficient of variation, for the following parameters is expected to be equal to or less
than 10 percent to consider the impact patterns to be reproduced:

a. Average bloodstain size

b. Average bloodstain count

c. bloodstain diameter distributions

d. Percentage of the small bloodstains

The statistical analysis of the first two variables, the average bloodstain
diameter and the percentage of the small bloodstains, showed that these two variables
were reproduced almost identically for the impact spatter patterns through the same
experiment sets. The reproduction of the bloodstain diameter ranges where the
bloodstain diameter was less than Imm was accomplished with almost 90 %

reliability in all experiment sets. However, the count of the bloodstains was not
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reproduced as dependable as above three variables for all the experiment sets. The
count of the bloodstains was only reproduced with around 75 % reliability.
Findings as to the research question 3:

How do the patterns change with increased impact energy while the piston
height held constant?

Increasing the impact energy with the mass of the piston caused slight
differences in the average bloodstain diameter and the percentage of the small
bloodstains, but not major. Besides, it did not cause a significant change in the
average bloodstain count either. The average bloodstain count was almost same when
the piston was released from “h” and “2h” distances regardless of the piston mass.
Moreover, the slope and the constant of the linear equation did not tend to change
when the impact energy is increased with the piston weight.

Findings as to the research question 4:

How do the patterns change with increased impact energy while piston weight
is held constant?

Increasing the impact energy with the height of the piston yielded a significant
change in the average diameter and the percentage of the small bloodstains of the
experiment sets. Similarly, greater impact energy applications with the farther piston
heights yielded a significant increase in the average bloodstain count. The slope and
the “b” constant of the linear equation were also increased.

Findings as to the research question 5:

Impact energy is held constant by varying the piston weight and the piston

height. In that context, do the patterns that are produced with same impact energy

applications bear similar characteristics regardless of piston weight and piston height?

XVvil



The impacts that were made from farther distances with lighter piston masses
produced smaller average bloodstain diameter and more small bloodstains compared
to the closer distances with heavier piston masses. The piston height caused a great
difference in the bloodstain count as well. Besides, both the slope and “b” constant
are greater for the impact energy applications that were produced with greater piston
heights. As a result, the answers of the research questions emphasize that:

1. The high velocity impact spatter patterns were successfully produced

2. 3 of the 4 variables were reliably reproduced among the experiment sets.

3. The amount of the impact energy is not the major factor that determines the
variables, the average bloodstain diameter, the percentage of the small bloodstains,
bloodstain count, and the bloodstain diameter distributions. Comparison of the
experiment sets that had same impact energy based on the above variables
corroborated the influence of the height. The height of the piston does not only
determine the impact energy, but also the piston velocity during the impacts.
Although the analogy, which was made to identify the amount of the impact energy
that was required to produce high velocity impact spatter patterns, ensured the
production of the high velocity impact spatter patterns with low velocities, the
influence of the velocity in the production of high velocity impact spatter patterns is

significant.
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Chapter 1: Introduction
1.1 Background

Blood is one of the significant types of evidence that is encountered in the
crime scenes. It is observed as a variety of bloodstains forming patterns. These
patterns vary based on circumstances and nature of the bloodshed event. According to
recommended terminology of Scientific Working Group on Bloodstains
(SWGSTAIN), bloodstain is “a deposit of blood on a surface.” And, bloodstain
pattern is “a grouping or distribution of bloodstain that indicates through regular or
repetitive form, order, arrangement, or the manner in which the pattern was
deposited” (SWGSTAIN, 2009, p.1).

When carefully evaluated, bloodstains divulge the nature of the event that
occurred in the crime scene. Analysis of the bloodstains shed light on the questions:
such as what happened or what did not happen, where the bloodletting event took
place, who was and was not at the crime scene, when and in what sequence the events
occurred in the scene, what tools were used to inflict the injuries (James, Kish, and
Sutton, 2005, p.2). In the light of the answers to these questions, events that induce
bloodstain patterns in a crime scene can be reconstructed.

Bloodstain pattern analysis (BPA) has a history predating many forensic
disciplines; however, there are still uncertainties about the use of BPA in criminal
justice system. National Academy of Sciences in its 2009 report, Strengthening
Forensic Science in the United States: a Path Forward, criticizes the BPA discipline.
It states that “Scientific studies support some aspects of bloodstain pattern analysis....
Uncertainties associated with bloodstain patterns are enormous” (p. 179). Laber,
Epstein, and Taylor state that “BPA discipline has relied heavily on the experience of

the witness. It is anticipated that a closer scrutiny of the methods used in BPA will



highlight the relative lack of underpinning scientific research and validation studies”
(2008, p.11).

Scientific Working Group on Bloodstains Pattern Analysis (SWGSTAIN)
appreciates the research needs related to BPA. According to SWGSTAIN, one of the
areas requiring clarification is about bloodstain spatter patterns that contain small
bloodstains (2011, p.1). James, Kish, and Sutton define spatter as “a dispersion of
blood spots of varying size, created when a source of fluid blood is subjected to an
external force(s)” (2005, p. 99). When an external force other than gravity is applied
to the blood source, blood radiates out of its source, creating the pattern called impact
spatter patterns (Bevel and Gardner, 2008, p. 201). Impact spatter patterns are
classified by Herb MacDonell as medium and high velocity impact spatters (1971, pp.
20-21). A third sub group of low velocity impact spatters is added by International
Association of Bloodstain Pattern Analysis (IABPA) and International Association of
Identification (IAI); however, Bevel and Gardner question the credibility of this
classification system since bloodstain sizes specified to the sub-velocity groups cross
over each other (2008, pp. 78-79). A recent study demonstrates that analysts can fail
with high error rates while differentiating medium velocity impact spatters from high
velocity impact spatters (US Department of Justice, 2013, p.2).

Based on the evaluation of individual bloodstains, impact spatter patterns are
used to identify the mechanism of the event and the relative positions of the subjects
during the event. While mechanism of the event is deduced from individual
bloodstain sizes, positioning of the subjects is done by area of origin estimation. Area
of origin identifies an area in three-dimensional space as the origin of the blood
(Bevel and Gardner, p.180). But, efforts to identify this origin fall short since they

overestimate height of the blood source by assuming blood droplets follow a straight-



line trajectory rather than a parabolic trajectory (Bruinn, Stoel, and Limborgh, 2011,
p. 1476). Moreover, not all bloodstains are suitable for area of origin estimation, so
their measurements are susceptible to errors (Wells, 2006, p. 19). Laber, Epstein, and
Taylor’s observation of impacts with high speed cameras demonstrates that blood
displaces as sheets and filaments during impact, rather than instant disintegration into
small blood droplets at the impact site, corroborating the importance of bloodstain
selection for area of origin estimation (2008, p. 9). Both neglecting parabolic
trajectory of blood droplets and erroneous bloodstain selection with inaccurate
measurements weaken the reliability of the area of origin estimation.

Bloodstain impact spatter production is associated with the amount of the
force and the energy transfer during the impact (MacDonell, 1971, p. 59). When
blood is impacted, since incompressible as being fluid, it displaces away from the
impact point. The amount of the energy transferred is correlated with the amount and
the speed of the blood displacement, and also the resultant blood droplets’ diameter
(Behroz, Hulse-Smith, and Chandra, 2011, p. 1137). Production of impact spatter
patterns are ascribed to impact energy, but the change in the impact spatter patterns
with different impact energies is not well studied. Moreover, impact energies that are
applied with the tools mostly encountered in crime scenes to inflict injuries are not
determined.

Besides, most of the researchers in BPA fields perform their analysis on the
resultant spatters rather than the production of impact spatter patterns itself, and they
improvise their own tools to produce these patterns for studying area of origin
estimation and blood droplet flight characteristics. However, there is not an
established model for producing reliable impact spatter patterns. Additionally, none

of them analyze the impact energy and velocity of the impacts within a controlled



environment. In this study, in order to fill the gap in the field related to impact spatter
patterns, a device that is reliable for reproducing impact spatter patterns, which bear
bloodstains preponderantly less than 1mm, is developed, and subsequently impact

energy and impact velocity factors are evaluated in impact spatter pattern production.

1.2 Statement of the Problem

Classification of impact patterns as high, medium, and low velocity assumes
that energy applied during the impact leads to a certain diameter of bloodstains.
However, this kind of classification is criticized since the ascribed patterns may not
reflect the true mechanism by relying on just the bloodstain diameter (Bevel and
Gardner, 2008, p. 199). Mechanisms related to impact spatter patterns can be
identified if how an impact spatter is produced and dispersed from a blood source is
thoroughly understood.

Besides mechanisms, analysts can reconstruct the crime scene by the use of
impact spatter patterns with area of origin estimation. Area of origin estimation is one
of the most important constituent parts of BPA; it enables the reconstruction of crime
scenes based on bloodstain evidence. However, the reliability of area of origin
estimation is still questioned since height of the blood source is overestimated, and
bloodstains are not always properly selected and precisely measured. Vagueness of
area of origin estimation undermines the field significantly. That is, ways to improve
area of origin estimation is necessarily sought.

In that context, it would be beneficial to the field to build a device that can
reliably reproduce impact spatter patterns, which have bloodstains preponderantly
less than 1mm, with different impact energy and velocity values. That is, the study

will serve to improve the methodology used in area of origin estimation through



reproducible impact spatter patterns, and it will also reveal the influence of impact
energy and impact velocity on the impact spatter patterns. Consequently, the research
problem is to build a device that can reliably reproduce high velocity impact spatter
patterns with impact energy and velocity manipulation to enable the BPA field to

dispel the uncertainties as to the production of small bloodstains.

1.3 Purpose of the Study

Bloodstain patterns are used to reconstruct the events that took place in the
crime scene and to identify the underlying mechanisms of these events. One of the
most frequent bloodstain patterns encountered in crime scenes is impact spatter
pattern (Bevel and Gardner, 2008, p.). Impact spatter pattern is important for two
primary reasons. First, it provides information as to the event that occurred in the
crime scene. Secondly, it enables the reconstruction of the crime scene events by
orienting the subjects with specific positions by estimating area of origin. However,
neither impact spatter pattern interpretation regarding the nature of event nor area of
origin estimation based on the bloodstains is scientifically well established; thus, both
are still questioned. The purpose of this study is to make a contribution to
interpretation and production of impact spatter patterns.

Impact spatter patterns enable the analysts to identify the wounding action.
They are classified into low, medium, and high velocity impact spatter patterns based
on the velocity associated with the impacts. Herb MacDonell classifies medium
velocity impact patterns with impacts at approximately 25’ per seconds, and high
velocity impact patterns with approximately 100’ per second and greater (1997,
pp-122-123). However, he underscores energy delivered with the force of impacts

with regards to injury area in the body. According to MacDonell, medium velocity



impact patterns produce bloodstains larger than 1mm; however, based on the injury
area and the tools used to inflict injuries, size of the bloodstain can be smaller than
Imm. And, he cautions high velocity impact patterns may involve considerable
amount of bloodstains larger than 1mm along with mist-like droplets, confusing the
investigators who focus on the larger droplets in pattern evaluation (1997, pp.59-60).
An additional velocity category, low velocity impact patterns that contain bloodstains
larger than 4mm, and result from both pulling force of gravity and actions or energies
applied at less than 5’ per second to a blood source, is added to velocity based
classification of impact spatter patterns (Bevel and Gardner, 2008, p.203). However,
although bloodstain impact spatter pattern classification based on the bloodstain size
and velocity prevails in BPA field, there is no scientific foundation as to their
association. Since the kinetic energy is proportional to the square of impact velocity,
impact energy will reasonably increase with greater velocities, but there have been
hardly any studies concerning impact energy and its relationship with the pattern
characteristics and velocity values. Additionally, contact surface of the device and the
blood volume presence during the impact will apparently influence the blood spatter
during an impact. Even location of the wound has a significant effect on impact
spatter patterns (MacDonell, 1997, p. 59).

Besides wounding action, impact spatter patterns allow the analysts to project
the orientation of the subjects with specific positions at the time of wounding (Bevel
and Gardner, 2008, p.231). This helps to reconstruct the events in the crime scene by
extrapolating area of origin of the bloodstains. Although area of origin estimation is
studied a lot, argument about its credibility is rife. First of all, methodology used to
extrapolate area of origin estimation neglects the effects of gravity and drag forces,

and assumes blood droplets fly in a straight-line trajectory rather than a parabolic



trajectory, resulting overestimation of height value of blood source (Bruinn, Stoel,
and Limborgh, 2011, p.1476). Clare Knock and Marie Davison incorporate gravity
factor to predict the source of bloodstains, but still velocity of individual droplets are
missing for perfect predictions (2007, p. 1044). Knowing the velocity of individual
droplets is not merely enough; launch angle, which is the angle of blood droplet
during disintegration from their origin, complicates establishing a robust estimation
(Varney, Gittes, 2011, p.6). Secondly, the blood droplet’s angle, at the time of impact
on a surface, is deduced from width and length measurements of its resultant
bloodstain, and used to retrace the blood droplet to their origin (MacDonell, 1997,
p.29-31). But, it is not always reliable due to erroneous width and length
measurements; analysts may err in measuring width and length of the bloodstains
(Wells, 2006, p. 19). However, sometimes width and length of the bloodstains, even
measured precisely, may not reflect the true impact angle. Impact angle calculation
assumes the blood droplets as spheres during the impact; however, oscillating blood
droplets, which are still trying to minimize their surface tension by forming spheres,
can mislead analyst in impact angle calculations; therefore, bloodstain selection is
critical as well (Raymond, Smith, and Liesegang, 1995, pp. 162-164). Even
everything is perfect without any flaw in selecting bloodstains and taking their
measurements to estimate area of origin; identified area of origin may not be the true
representation of the blood droplet’s origin because blood does not disintegrate into
droplets right upon the impact; in fact, it first displaces as sheets and filaments, and
disintegrates into droplets away from their actual origin, posing an origin other than
the blood source (Behroz, Smith, and Chandra, 2011, p. 1136). Consequently,

research to validate the accuracy of area of origin is still incomplete. A method or a



device to reproduce impact spatter patterns in a reliable fashion will certainly help to
deepen the research in area of origin estimation, but unfortunately lacking.

Identifying what kind of mechanism correlates with the impact spatter patterns
and improving area of origin estimation to reconstruct the crime scenes are two wider
problems of BPA that still require further studies. A narrowly focused study on a
device that can reliably reproduce high velocity impact spatter patterns and enable
impact energy and velocity manipulation will contribute to find solutions for these
wider problems. As a result, the purpose of this study is to consummate the BPA field

by proposing a device as to the high velocity impact spatter patterns.

1.4 Significance of the Study

This study will serve as a reference for bloodstain pattern analysts and
researchers that seek to create reliable and reproducible impact spatter patterns for
analysis of blood droplet flight characteristics along with underlying mechanisms of
their formation. Additionally, it will make possible to understand the underlying
mechanism of high velocity impact spatter pattern production pertinent to the impact
energy application with varied velocities. Thus, it will facilitate the interpretation of
bloodstain impact spatter patterns in crime scenes with regard to nature of the event,

such as blunt force or gun shot impacts.

1.5 Research Design

In order to produce reliable and reproducible high velocity impact spatter
patterns, a weight dropping device is developed. This device involves a piston that is
sliding vertically over two rigid shafts. The piston bears a replaceable anvil, which is

made of steel, to enable analysts to vary the impact surface. When released from a



height, it moves by gravity, and hits on a blood volume placed on a secondary anvil
that is same kind of material with the anvil at the piston. Both the anvil bearing blood
volume and the anvil on the piston are smooth, horizontal, same size, and same shape;
in other words their surfaces are matching perfectly during the impact.

The impact spatter patterns are produced by releasing piston from a variety of
heights and weights. The weight of the piston is gauged prior to assembly, and
manipulated by adding steel blocks. The piston is suspended at a variety of heights by
a chain.

Every impact spatter pattern is produced on a vertical surface that is placed
orthogonally to the impact site at 18” away. After patterns are dried, they are
photographed with a high resolution camera. Then, pictures are analyzed in ImagelJ.
ImageJ counts the bloodstain and measures their area. The data is exported to MS
Excel spreadsheet program for the statistical analysis. In MS Excel, diameter of each
bloodstain is calculated. After the bloodstain diameters of all patterns are calculated,
the patterns are quantified based on the bloodstain diameters and counts.

For the sake of reproducible impact spatter patterns, the piston is released
from same height with same weight towards same amount of blood volume several
times. Impact spatter patterns produced with same weight and height values are
compared to each other to statistically evaluate the pattern’s reproducibility. The
comparison is made based on their average bloodstain diameter, bloodstain count,
bloodstain diameter distributions, and percentage of the bloodstains that are smaller
than 1mm in diameters. The bloodstains that are smaller than 1mm in diameter are
called small bloodstains to facilitate explanations throughout the explanations.

The patterns are sought to be correlated with different impact energies. It is

accomplished by varying the impact energy by the height and the weight



manipulation. To correlate the change in the patterns with the impact energy, the
impact height is held constant while the impact energy is increased by adding weight
on the piston. Similar methodology is used for the piston weight; the piston weight is
held constant, but the impact height is varied by releasing the piston from different
heights. The impact energy is held constant either by the piston height or the piston
weight manipulation to see if there is a difference between same amounts of impact

energy applications.

1.6 Research Questions
Research question 1:

Does the device produce high velocity impact spatter patterns? To answer that
question, average bloodstain diameter of the patterns, and the percentage of the small
bloodstains (the bloodstains that have less than 1mm diameter) will be calculated.
Research question2:

Are the impact spatter patterns reproduced with 90 % reliability? The impact
spatter patterns that are produced with same fashion should bear similar pattern
characteristics. That is, the ratio of the standard deviation to the mean, which is called
coefficient of variation, for the following parameters is expected to be equal to or less
than 10 percent to consider the impact patterns to be reproduced. .

a. Average bloodstain size

b. Average bloodstain count

c. bloodstain diameter distributions

d. Percentage of the small bloodstains

Research question 3:
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How do the patterns change with increased impact energy while the piston
height held constant?
Research Question 4:

How do the patterns change with increased impact energy while piston weight
is held constant?
Research Question 5:

Impact energy is held constant by varying piston weight and piston height.
In that context, do the patterns that are produced with same impact energy

applications bear similar characteristics regardless of piston weight and piston height?

1.7 Expected Findings

Research question 1: Since the high velocity impact spatter patterns are
formed by bloodstains preponderantly less than Imm in diameter, average bloodstains
size is expected to be less than 1mm and more than 50 percent of the bloodstains are
expected to be less than 1mm in diameter.

Research question 2: Better than 90 % reliability is expected for all four
characteristics.

Research question 3: The impact spatter patterns are expected to be different
with increased impact energies.

Research question 4: The impact spatter patterns are expected to be different
with increased impact energies.

Research question 5: The impact spatter patterns are expected to be similar
since same impact energy is applied on to the blood volume, corroborating the claims
of previous studies. However, blood will be compressed faster when the piston is

released from higher distance since the piston velocity is determined by the piston
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height in a free fall. So, compressing the blood faster may change the resultant pattern
despite the same impact energy applications, and the blood disintegration may be

more drastic than the slower impacts.

1.8 Assumptions, Limitations, and Delimitations

1.8.1 Small bloodstains:

The bloodstains that have less than 1mm diameter are assumed to be small
bloodstains, and they are expressed as small bloodstains in the thesis.

1.8.2 Blood:

Defibrinated Sheep blood is used in the experiments as the substitute of
human blood. It is assumed to bear similar characteristics of human blood based on
surface tension, density, and viscosity. Temperature of blood is preheated to 37° C to
simulate freshly exposed human blood. 6 ml blood is placed on the lower anvil where
the impact occurs. Blood volume is measured by Huawei Volume Pipette.

1.8.3 Room conditions:

It 1s assumed that temperature in the room is constant, and no airflow is
present during the experiments.

1.8.4 Surface where the impact spatter patterns are placed:

Vertical surface, where the patterns are recorded, is placed orthogonally at
18>’ away from the impact center. Surface is covered by Hp Universal Inkjet
Uncoated Bond paper. Paper is assumed to be preventing blood droplet bounce and
roll by allowing them instantly stain the substrate without being wicked and altered.

1.8.5 Piston velocity and piston weight:

Piston velocity is calculated theoretically. It is manipulated by raising and

lowering the piston. Piston height from the impact site is limited to 6’, thus velocity
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that it can reach is theoretically not greater than 19,6’ per second. Piston weight is
measured by a sensitive electronic weight gauge, and varied by adding weight onto
the piston.

1.8.6 Photography and Image]J:

Each impact spatter pattern was photographed with Nikon D3200 (24
megapixels) digital SLR camera and AFS Zoom-Nikkor 18-55 mm lens. The impact
spatter patterns with 18 by 24 widths were fitted to the camera’s viewfinder.

After camera was fixed on a tripod, camera was set to:

Lens: 35mm

ISO: 200

Shutter speed: Aperture priority
Aperture: /11

Shutter release: 10 seconds delay
Flash: off

Since the camera has 24 megapixels resolution, every picture had 4000 by
6016 pixels. Therefore, when 18” by 24” was matched with 4000 by 6016 pixels,
each pixel corresponded to a square with 0,101 mm width. Pertinent to the impact
spatter patterns, this meant that a bloodstain having a 0,101 millimeter diameter
corresponded to one pixel.

A bloodstain, as small as 0,101 mm in diameter, can be resolved in the
pictures with a 24 megapixel. In case of not being sufficiently exposed to be counted
by the program, author assumed that distances can be measured within + 2 pixels.
Therefore, the bloodstains that had diameter equal to and less than 4 pixels were
disregarded. This corresponded to a bloodstain diameter of 0,404 millimeters.

Additionally, in order to exclude the misleading bloodstains from bloodstain
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quantification, bloodstains with less than 40 percent circularity were eliminated by

Imagel.

1.9 Definition of the terms

Angle of impact: “The acute angle (alpha), relative to the plane of a target, at which
a blood drop strikes the target” (SWGSTAIN, 2009, p.1).

Area of convergence: “The area containing the intersections generated by lines
drawn through the long axes of individual stains that indicates in two dimensions the
locations of the blood source” (SWGSTAIN, 2009, p.1).

Area of origin: “The three-dimensional location from which spatter originated”
(SWGSTAIN, 2009, p.1).

Bloodstain: “A deposit of blood on a surface” (SWGSTAIN, 2009, p.1).

Bloodstain pattern: “A grouping or distribution of bloodstains that indicates through
regular or repetitive form, order, or arrangement the manner in which the pattern was
deposited” (SWGSTAIN, 2009, p.1).

Impact pattern: “A bloodstain pattern resulting from an object striking liquid blood”
(SWGSTAIN, 2009, p.2).

Impact spatter pattern: Impact spatter patterns are the patterns, “resulting form an
object directly striking a source of exposed blood” (James, Kish, & Sutton, 2005,
p.119).

Coefficient of variation: “The coefficient of variation (CV) is defined as the ratio of
the standard deviation @to the mean K. It shows the extent of variability in relation to
mean of the population.” (n.d., retrieved from http://en.wikipedia.org/wiki/
Coefficient_of_variation)

Data: “value assigned to an observation or a measurement” (Donnelly, 2007, p.17)
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Directionality: “The characteristic of a bloodstain that indicates the direction blood
was moving at the time of deposition” (SWGSTAIN, 2009, p.1).

Gravity: “The measured value of g (the gravitational “constant” or gravitational field
close to Earth's surface) is g = 9.81 meter/second’ (Brown, 1993, p. 49).

Histogram: “A bar graph showing the number of observations in each class as the
height of each bar” (Donnelly, 2007, p.34)

Kinetic energy: “That is the energy appears to be a characteristic of the moving mass
associated with the motion itself” (Brown, 1993, p.145)

Mean or average: “The mean or average is the most common measure of central
tendency and is calculated by adding all the values in our data set and then dividing
this result by the number of observations” (Donnelly, 2007, p.48).

Parent stain: “A bloodstain from which a satellite stain originated” (SWGSTAIN,
2009, p.2).

Potential energy: The potential energy is the product of the mass and the height of
an object at rest (Brown, 1993, p.154).

Satellite stain: “A smaller bloodstain that originated during the formation of the
parent stain as a result of blood impacting a surface” (SWGSTAIN, 2009, p.3).
Standard deviation: “Standard deviation is the square root of a variance” (Donnelly,
2007, p.67).

Surface Tension: It is “dimension of force per unit liquid” (McDonald, 1954, p.
479).

Variable: “Variables are properties or characteristics of some event, object, or person
that can take on different values of amounts (as opposed to constants such as « that do

not vary)” (Lane, Hebl,Osherson, & Ziemer, n.d., p.17).
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Variance: “The variance is a measure of dispersion that describes the relative
distance between the data points in the set and the mean of the data set” (Donnelly,
2007, p.63).

Velocity: “The average velocity of the particle is by definition the vector change in
its position Ax in some time At divided by that time” (Brown, 1993, p.44).

Viscosity: Viscosity is “the resistance of a fluid to a change of shape or flow” (James,

Kish, & Sutton, 2005, p.48).
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Chapter 2: Literature Review as to the Impact Spatter Patterns
2.1 Historical Perspective of Bloodstain Pattern Analysis

Blood as evidence is encountered in almost all violent crimes. It is the natural
result of these crimes. Blood is observed as bloodstains forming a variety of patterns.
Thus, analyst can not help, but investigate its relationship to the crime. The field,
which investigates these patterns, is called Bloodstain Pattern Analysis (BPA).
Although BPA is considered a new phenomenon to a lay person, it has a history
predating many forensic disciplines.

Bevel and Gardner draw the attention to Europe, where the bloodstain pattern
is first recognized and scientifically researched. The first bloodstain pattern related
publication comes by Lassaigne in 1856. Lassaigne writes a paper as to the
differentiation of bloodspots from Iron and Steel stains (as cited in Bevel & Gardner,
2008, p. 3). But the early substantial contribution to bloodstain pattern analysis is
made by Eduard Piotrowski, in 1895. Piotrowski genuinely applies the scientific
method to interpret the bloodstains. He works on live rabbits to create blood patterns
and observes the bloodstain formation, distribution and shape after the impacts. He
emphasizes the importance of the bloodstain to reconstruct the events regarding the
evaluation of crime scene, and he advices that bloodstain patterns should not be
underestimated as they provide information to the nature of the event that took place
in the scene (1895, pp. 1-32).

Ernst Ziemke devotes a chapter in his book published in 1914 to bloodstain
patterns. He mentions in his book that analyst should be cautious while they are using
of single or few bloodstains, and points out that arrangement, location, size, and form

of the bloodstains can provide substantial amount of information about the crime
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scenes. He also appreciates the satellite stains and directionality from cast-off and
drip patterns (pp. 152-164).

A few years later in 1931, Dr. Hesselink publishes an article where he
considers untapped aspects of the bloodstains such as drying time, age determination,
and pattern transfer. He also attempts to define the manner of the event, which
induces the bloodstain patterns, for the sake of crime scene reconstruction, and he
indicates the probability of suspect being stained as a result of violent crime (pp. 653-
654).

In 1939 at the XXII Congress of Forensic Medicine, scientists, Victor
Balthazard, R. Peidelievre, Henri Desolille, and L. Derobert, present a
groundbreaking paper as to BPA. This paper is about determination of the origin from
where the blood originates at the time of the event. They recognize the relation
between the width and length of the stains with regard to the impacting angle of the
stains to the surface. Besides, they develop the string method, in which a piece of
string is stretched with the impacting angle to estimate origin of the bloodstains. As
well as developing string method, Balthazard and his associates appreciate the effect
of the surface characteristics in bloodstain formation (pp. 265-323).

In 1941, Dr. Gohringer, inspiring by Balthazard’s research, attempts to
establish the falling height of the blood droplets by means of bloodstains’
appearances as his inaugural dissertation in the University of Heidelberg (as cited in
Bevel & Gardner, 2008, p. 11).

Dr. Paul Leland Kirk, a professor in University of California at Berkeley, is
another important individual contributing significantly to BPA. In 1953, he publishes
a book, Crime Investigation, in which he spares a whole chapter to BPA, discussing

application of bloodstain patterns as forensic means (as cited in Bevel and Gardner, p.
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11). Subsequently, Dr. Kirk prepares an affidavit in which he establishes the relative
positions of the victim and criminal, and he states that blows are administered by a
left-handed individual (1955, April 26). It is very important, for the bloodstain
evidence is recognized by legal system.

In 1955, Svenson, Wendel, Sodermann, and Stenlund publish a book,
‘Techniques of Criminal Investigation.” In this book, authors focus on the evidence
search and collection. They provide information regarding basic types of bloodstain
patterns and bloodstain directionality (as cited in Bevel and Gardner, 2008, p. 12).

In 1960, Dr. Josef Radzicki publishes ‘Bloodstain Prints in the Practice of
Technology.” In this book, he discusses the bloodstains patterns based on the
mechanisms they are created. He emphasizes variation of bloodstain distribution by
the effect of the target surface and the manner of instrument application to the blood
source (as cited in Bevel and Gardner, 2008, p.12).

Herbert Leon MacDonell makes the first modern treatise by publication of
‘Flight Characteristics and Stains Patterns of Human Blood” in 1971. In this
publication, MacDonell performs experiments for re-creating and duplicating
bloodstain patterns found in the crime scenes. His aim is to allow the investigators to
reach conclusions regarding the nature of the act inflicted on the victim (p.1). And, he
also classifies impact spatter patterns as medium and high velocity pattern based on
the size of the bloodstains in the patterns (pp. 20-21).

In 1983, International Association of Bloodstain Pattern Analysts (IABPA) is
formed to bolster BPA knowledge; and subsequently in 1990, International
Association of Identification (IAI) appreciates BPA as a discipline by separating it
from the crime scene analysis (Bevel and Gardner, 2008, p. 13). In 2002, the Federal

Bureau of Investigation forms the Scientific Working Group for Bloodstain Pattern
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Analysis (SWGSTAIN). The purpose of SWGSTAIN is stated in its website as “to
promote and enhance the development of quality forensic bloodstain pattern analysis
(BPA) practices through the collaborative efforts of government forensic laboratories,
law enforcement, private industry, and academia”’(SWGSTAIN).

By the end of 20" century several textbooks are written as to BPA along with
considerable amount of journal articles. In 1989, Dr. William G. Eckert and James H.
Stuart publish ‘Interpretation of Bloodstain Evidence at Crime Scenes’, in which they
compiled a variety of criminal cases involving BPA. In 1998, second edition of their
book is released. James H. Stuart puts together the works of several authors with his
work and publishes ‘Scientific and Legal Applications of Bloodstain Pattern
Analysis. This text is written for being a reference book within the legal system to
provide information regarding BPA researches, applications, and use in criminal
investigation as well as help attorneys in questioning and cross-examining BPA
expert witnesses (1999, p. 2). In 2005, ‘Principles of Bloodstain Pattern Analysis
Theory and Practice’ is co-written by him and his two associates, Paulette Sutton and
Paul Kish.

Tom Bevel and Ross M. Gardner contribute significantly to BPA field by their
books. In 1990, they publish ‘Bloodstain Pattern Analysis: Theory and Practice: A
Laboratory Manual.” In 1997, they publish their second book, ‘Bloodstain Pattern
Analysis with an Introduction to Crime Scene Reconstruction.” In 2008, third edition
of this book is released. In their third book, Bevel and Gardner criticize low, medium,
and high velocity impact spatter classification. They advise a taxonomic classification
system, which is based on set of rules, for BPA.

Anita Wonder is another researcher who publishes books in BPA. She first

publishes Blood Dynamics in 2001. Wonder emphasizes the blood behavior under

20



physical forces including non-Newtonian nature of blood, in which blood does not
conform to Sir Isaac Newton’s laws of motion (p.27). She contributes to the field
with a second book in 2007, ‘Bloodstain Pattern Evidence’, in which she
demonstrates the BPA application to case studies in actual crime scenes.

Blood as evidence of mostly violent crimes are studied and researched for
more than one and half century. During that time, besides textbooks written solely on
BPA, foundations, such as IABPA, IAIL and SWGSTAIN, are established to bolster
BPA and ensure scientific premises of the field. However, more studies and

researches are encouraged to promote the credibility of the BPA field in court rooms.

2.2 Impact Spatter Patterns

Bloodstain patterns divulge the nature of the event that occurred in the crime
scene. Information obtained by the interpretation of the scene in the light of BPA
dictates possible scenarios, which associate with bloodstains in the scene,
corroborating or refuting statements, confessions or investigative theories for the sake
of prosecution (MacDonell, 1997, p. 1). Dispersion of the bloodstains, shape
characteristics, number and size of bloodstains, and their relation to the surrounding
scene are some of the factors considered in evaluation. Based on these factors, analyst
and researchers appreciate similarities and differences among the patterns, and sort
them into groups to better identify the mechanism of the event that occurred in the
crime scene.

To ensure a uniform terminology in BPA field, Scientific Working Group on
Bloodstains (SWGSTAIN) publishes the terminology. It does not coerce, but advises
the use of this terminology in the analysis and researches about the field. According

to recommended terminology of SWGSTAIN, bloodstain is “a deposit of blood on a
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surface”, and bloodstain pattern is “a grouping or distribution of bloodstain that
indicates through regular or repetitive form, order, or arrangement the manner in
which the pattern was deposited” (SWGSTAIN, 2009, p.1).

Blood exposed from bodily part is transferred to the crime scene in several
ways, creating a variety of bloodstain patterns. Assigning specific titles to the
bloodstain patterns is made possible by definitions and classification. Several
researchers attempt to define and classify bloodstain patterns. The first bloodstain
pattern classification is made by Herb MacDonell in 1971. His classification system
is based on the mechanism inducing the bloodstain patterns. He evaluates bloodstain
patterns under subgroups of splashed blood, projected blood, cast off blood, medium
velocity spattered blood, and high velocity spattered blood (MacDonell, 1971, pp. 15-
24).

In 2001, Anita Wonder splits bloodstain patterns as spatter and non-spatter
patterns. According to Wonder, a pattern is a spatter, or not a spatter. She
differentiates spatter and non-spatter pattern groups from each other by the presence
of circular bloodstains (Wonder, 1001, p. 14). James, Sutton, and Kish in their book,
‘Principles of Bloodstain Pattern Analysis’, suggest a new classification system, in
which bloodstain patterns are divided into three categories as passive, spatter, and
altered bloodstain patterns. They maintain a taxonomic classification system, which
defines characteristics of bloodstain patterns (2005, pp. 68-70).

Bevel and Gardner base their classification on definitions of characteristics
either. Besides definitions, they use a set of criteria for each pattern. A pattern should
meet each criterion to be assumed as a specific pattern type. They criticize passive,
spatter, and altered bloodstain pattern classification of James et al. since criteria for

these patterns are vague; they think their taxonomic classification system is superior
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to that of James and his associates. Bevel and Gardner demonstrate a holistic
approach in bloodstain pattern classification. They begin analyzing a pattern by
questioning if it is formed by blood. Subsequently, bloodstain pattern is sorted into
two major sub-groups as spatter and non-spatter stains, which identifies whether
bloodstains are formed due to droplets that are set into free-flight. Both spatter and
non-spatter stain groups are subdivided into groups by their differentiating features
(Bevel and Gardner, 2008, p. 40-83).

In all classification systems, familiarization to spatter is imperative. Spatter
stain is defined by SWGSTAIN as “a blood drop dispersed through the air due to an
external force applied to a source of liquid blood” (SWGSTAIN, 2009, p.2). James,
Kish, and Sutton, in their textbook, define spatter as “a dispersion of blood spots of
varying size, created when a source of fluid blood is subjected to external force(s)”
(2005, p.99). However, Bevel and Gardner define it different, “a generally regular
shaped stain with either an elliptical or a circular shape” (2008, p. 41).

An outside force is imperative for the spatter of an exposed blood if not
initiated by the pulling force of gravity. When an outside force is applied to stationary
liquid by means of impacting a solid object, liquid is compressed and forced to move
out of the striking point as it is not compressible, creating impact spatter patterns.

An impact can occur in several ways, such as stabbing, beating, gunshot,
power tool, or explosive events (James, Kish, & Sutton, 2005, p.119). The impact
energy delivered with all these kind of impacts is apparently different and thus the
resultant bloodstain impact spatter pattern. When a force is applied to a mass of blood
with an impact, blood raptures into smaller blood droplets and radiates outward as a
spatter. This radiating spatter forms the impact pattern. Besides, when blood is

compressed by the impact, it seeks an avenue to free itself; thus, radiates from the
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point of impact either with an acute angle or with a wide angle or with 360° angle
based on the number and width of the avenue of escapes. However, shape of the
wound, clothing, or hair covering the wound affect this dispersion.

Impact spatter patterns are generally associated with the violent crimes, such
as death due to a gun shot or blunt force trauma. Identification of mechanism based
on the bloodstains’ size in the impact spatter pattern is first mentioned by Herbert
MacDonell. MacDonell articulates blood spatter due to impacts as the result of
violent crimes. He states that violent crimes, such as beating and stabbing, expose the
blood from the body; and subsequent impacts deliver sufficient energy to break blood
source into small blood droplets, creating impact spatter patterns. He correlates the
energy of the impact with the bloodstain size in the impact spatter patterns. He states
that “the more energy that is available, the more blood will spatter...the higher the
energy source, the smaller the blood drop.” Based on that, he evaluates impact spatter
patterns in two groups according to velocity of the mechanism delivering the energy
during an impact. Impacts with 5-25 feet per second velocity and impacts with and
greater than 100 feet per second velocities are sorted separately as medium and high
velocity impact spatter patterns respectively. According to MacDonell, while blunt
force trauma, such as stabbing, beating, and fisting, creates medium velocity impacts;
gunshot trauma and explosive events create high velocity impacts due to the high
energies associated with them (1997, pp. 59-74).

MacDonell identifies medium velocity and high velocity impact spatter
patterns with bloodstains smaller than 1/8” diameter; high velocity impact spatters
additionally consist in very fine bloodstains. However, he does not delineate a
specific demarcation between the velocity groups based on bloodstain size (1971, pp.

20-21).
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A third group based on the velocity of the mechanism, low velocity impact
spatter patterns, is adapted by IABPA and IAI These patterns are defined by
MacDonell with impacts having 5 feet per second or less velocity (1997, p.123).
Bevel and Gardner states that although MacDonell does not advise a bloodstain size
differentiation between velocity groups, a variety of researchers and analysts identify
velocity impact spatter patterns by the bloodstain size based on the study performed
by MacDonell. They state that patterns with bloodstains 4mm and greater diameter, 1
to 4mm diameter, and less than 1mm diameter form the low, medium, and high
velocity impact spatter patterns respectively (2008, pp. 78-79).

James, Kish, and Sutton define impact spatter patterns either, “resulting form
an object directly striking a source of exposed blood.” They identify bloodstains
present in the pattern as ranging from 0.0lmm to 4mm, with larger bloodstains as
well (2005, p.119). Although James, Kish, and Sutton designate size range for impact
spatter patterns, they do not specify a specific mechanism for them; instead they
emphasize the importance of scene findings to comment on the mechanisms. They
also caution to speculate a mechanism solely based on the bloodstain size since there
is a considerable amount of size overlap between bloodstain patterns produced by
different mechanisms (2005, p.119).

Most recently, impact spatter patterns are defined by Bevel and Gardner, “a
radiating pattern resulting from some application of force to a blood source.” They
prefer the description of the patterns to identify them instead of looking at the
bloodstain size and subsequently putting them into velocity labeled groups. They
appreciate the controversies about differentiating impact spatter patterns based on the
bloodstain size; they indicate the wide range of overlapping bloodstain size that is

produced by different kind of mechanisms. And, they add that velocity association
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with bloodstain size is not scientifically and experimentally proved; moreover it is
confusing since associated velocities are prone to misunderstanding as being the
velocities of blood droplets rather than the mechanism (2008, pp.199-201).

Anita Wonder states that blood may “be exposed at the moment of impact,
such as with gunshot.” She emphasizes the amount of the blood during the impact.
According to Wonder, bloodstain can not individually identify the mechanism since
blood volume varies the number and size of the bloodstains present in the impact
spatter patterns, (Wonder, 2001, p.39).

Controversies about identification of the mechanisms producing the impact

spatter patterns are rife and waiting for being clarified.

2.2.1 Blood

Knowing about the blood facilitates the interpretation of the impact spatter
patterns. Dailey characterizes blood simply as a fluid mixture. With 4.5 liters to 6
liters volume, blood accounts for almost 8% percent of the total human body weight,
and circulates through the body via the arterial, venous, and capillary systems. It
consists of liquid and suspended solid components. Solid components are almost 45
percent of the blood volume, and formed by red blood cells, white blood cells, and
platelets (1993, pp.1-2).

Red blood cells, erythrocytes, are biconcave discs. They contain hemoglobin,
but does not contain nucleus. Hemoglobin is important as it carries oxygen and
carbon dioxide between the lungs and the body. Oxygen rich hemoglobin gives the
bright red color of blood. Thus, when blood is exposed from the body, hemoglobin
releases the oxygen to the air, turning blood dark red or almost black (Dailey, 1996,

pp.31-35). One other important aspect of the hemoglobin is that most of the
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presumptive tests for blood are catalyzed in its presence (Burdette, 1976, October,
p.D).

White blood cells, leukocytes, work for preserving immune system of the
body. They fight against infections and regulate the immune system. They consist
nucleus, thus also serve as DNA source (Dailey, 1996, p.41).

Platelets, thrombocytes, serve to stop blood loss in case of bleeding. They
clump at the injury site and initiate the clotting process. They do not have nucleus
(Dailey, 1996, p. 53).

Remaining 55 percent of the blood is formed by plasma. Plasma is the liquid
component of the blood. It facilitates the circulation of blood cells and carries
numerous chemical compounds through out the body. Plasma is not clotted; thus, it is
observed as straw colored liquid around an exposed blood clot and referred to as
serum (Dailey, 1993, p.48). Ratios of blood components vary according to person,
age, time, location where it is drawn from the body, and lots of other factors (Dailey,
1996, p.5). That is, any two blood samples hardly bear the same ratios.

According to Raymond, Smith, and Liesegang, the human blood is very
similar to the pig blood with red blood cell volumes; therefore, in case of health
hazards associated with human blood, pig blood can be a substitute for bloodstain
pattern analysis (1996, pg. 154). Other than the pig blood, the other blood sources,
even ink, can produce similar bloodstain patterns, so can be used to reproduce

bloodstain patterns (Christman, 1995, p. 25)

2.2.2 Blood Displacement

Other than the biological characteristics of blood, it is worth to mention that as

a fluid, blood can not maintain its own shape, instead takes the shape of the container
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that it rests (Huetinick, 1993, p. 49). Additionally, it is incompressible; thus, when a
force is applied to a blood volume, blood is forced to move and displace itself from
the impact site.

Bevel and Gardner state that blood is influenced by two kinds of forces during
its displacement. First kind is cohesive forces. They are internal forces stemming
from blood’s nature as being fluid. They push blood to preserve its shape. The other
kind is external forces, in other words disruptive forces. They are independent from
blood, and they push blood to change its shape. Both internal forces and disruptive
forces effect on blood in similar fashion regardless of the time and place of the
bloodshed event. Therefore, blood responses generally in a predictable fashion during
its displacement from an impact site. That makes the premise for reproducible
bloodstain patterns (Bevel and Gardner, 2008, p. 111).

One of the cohesive forces acting in blood displacement is surface tension.
Surface tension pertaining to fluids is first identified by James E. McDonald in 1954
as a “dimension of force per unit length.” He also refers to surface tension as surface
energy, which is “dimension of energy per unit area.” He states that surface tension
identifies the interface between two materials having different physical and chemical
structure (p.479). Thus, it has effect on the droplet formation process. Surface tension
minimizes the surface energy of droplets by rendering spherical shape to them.
McDonald comments that “surface tension always tends to reduce the surface area of
a free mass of liquid to the smallest area it can achieve; an isolated drop of liquid not
distorted by external forces is pulled by its surface tension into a spherical shape”
(MacDonald, 1954, p. 479).

The other cohesive force is viscosity. James, Kish, and Sutton define the

viscosity as “the resistance of a fluid to a change of shape or flow.” They report the
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viscosity of blood as 4 times greater than viscosity of water; higher viscosity means
higher resistance against deformation (2005, p. 48). Viscosity resists outside forces
that cause blood spread in small droplets, and it “dissipates the energy associated with
the deformation of a fluid” (Attinger, Moore, Donaldson, Jafari, & Stone, 2013, p.
378).

According to James et al., blood is described as Non-Newtonian fluid since its
viscosity varies with the flow conditions. A non- Newtonian fluid is referred to the
fluid that has different flow properties than Newtonian fluids. For instance, while
Newtonian fluids have constant viscosity, a non-Newtonian fluid viscosity is not
constant and change unexpectedly under a deformation (James, Kish, & Sutton, 2005,
p. 49).

Dr. Victor Balthazard et al. recognize the relationship existing between
bloodstain shapes and the angle of impact, in which blood droplets impact to the
surface. According to them, spherical droplets, as the outcome of surface tension,
leave elliptical bloodstains when they impact to the target with an angle (1939, pp.

265-323).

2.2.3 Blood droplet oscillations

The assumption of the spherical shapes of the blood droplets during their
flight constitutes the mainstay of the foundation of impact angle determination from
elliptical stains (Bevel, 2001, p.151). However, blood droplets are not perfect spheres
at their initiation. They oscillate during their flights while they are maintaining their
spherical shape. Oscillations are regular variations of blood droplets’ shape from
perfect sphere. Droplets oscillations are visualized by Vollmer and M6llmann by high

speed cameras. One of the pictures taken by them is displayed in figure 1.
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Figure 1:

Blood droplet oscillations in free fall (Vollmer & Mollmann, 2012, p. 666)

They are dampened as the result of surface tension and viscosity. And, after
reaching the equilibrium, blood droplets fly as almost perfect spheres (James, Kish,
and Sutton, 2005, p. 62).

Oscillations of fluid droplets are also appreciated by James E. Mcdonald. He
makes a research on the shapes and aerodynamics of large raindrops to identify their
deformation characteristics. He finds that small droplets, which are Imm and less in
diameter, are almost perfect spheres, and they allow dampening of the oscillations to
be faster. He also states that longer the droplets are in flight, closer to perfect spheres
they are (1954, pp.480).

Raymond, Smith, and Liesegang study on free falling blood droplets to
evaluate the effect of oscillations in bloodstain formation in regards to area of origin
estimation. They demonstrate that droplets are not always spherical at their
dispersion. They prove that blood droplets can cause unpredictable stain shapes due
to the oscillations when they hit a surface, especially if they are released from a close
distance to the impact surface (1996, pp. 171)

James and Eckert States that dampening time, which is referred to the length
of the time that the oscillations die away in the air, is inversely proportional to the

viscosity of the fluid. They identify that blood droplets’ oscillations die away in 0.8
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seconds up to 98 % (1999, p. 28). Raymond et al. research the effects of viscosity on
the oscillations as well. They compare oscillations of blood droplets to that of water.
They observe that dampening time of water droplets is considerably greater than that
of blood droplets. And, they state that the oscillation in diluted droplets or in droplets
coming from sources somehow having lower viscosity rates cause greater distortion

from the spherical shape, and their dampening takes more time (1996, p.170).

2.2.4 Gravity and Drag Forces

Blood, after being displaced from its source, flies as spherical droplets. Flight
of these spherical droplets is influenced by two forces, gravity and drag. These forces
are the determinants of the path that an individual object follows during its flight.
Since blood droplets are influenced by these forces, they do not follow a straight line
after they are displaced from their source. In fact, they follow a parabolic path
(Balthazard, Piedelievre, Desille, & Derobert, 1939, p. 265-323).

Gravity makes the weight of the droplet, and pulls the droplet vertically
towards the earth center; that is, droplets fell from a blood source when the weight of
a droplet overcomes the surface tension. It is observed in drip patterns, which are
formed by blood droplets detachment from the blood source merely by the pulling
force of gravity. Because they are only induced by gravity, resultant bloodstains are
also called passive bloodstains (Gardner, 2006, pp.212-213).

Gravity accelerates a falling object at a rate of 32 feet per second. Blood
droplets detaching from their source by gravity accelerates up to certain velocities,
which is referred to terminal velocity, due to drag force. Drag force is “the force
applied to the body of a droplet in motion by surrounding air” (Behrooz, Hulse,

Smith, & Chandra, 2011, p.1137). While gravitational force is pulling the droplets
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downwards, drag force pulls them at the opposite direction of their movement. At a
certain velocity these two forces become equal, and the droplet ceases to accelerate.
In other words, terminal velocity is reached at the equilibrium of gravitational force
and drag force (Wonder, 2001, p.54) After terminal velocity is reached, blood
droplets will continue to free fall with that velocity (Sears and Zemansky, 1961,
p.261).

MacDonell states that “terminal velocity of human blood droplets in the air is
a function of their volume.” In that response, he finds that 0.05 ml of blood droplet
maintains a terminal velocity of 25 ft/sec after coincidental 25 ft of travel in air.
Additionally, he identifies that smaller droplets have less terminal velocity, and they
reach their terminal velocity earlier in their flight. (MacDonell, 1997, pp. 9-11).

Gardner studies passive bloodstains to identify the size of the smallest
possible passive bloodstains regardless of falling height. He resolves this problem by
addressing the minimum volume of blood for gravity induced blood droplet. And
then, he figures out the minimum bloodstain size that is produced by that blood
volume. He uses a pipette of 0.05 mm opening. Starting with 0.005 ml of blood at the
tip of the pipette, he increases the volume of the blood with 0.001 ml increments until
blood droplets releases from the tip. He observes that 0.012 ml of blood accumulation
at the tip of pipette is the threshold for the weight of the blood volume to overcome
its surface tension. By examining several substrates and several droplet sizes, Gardner
finds that the size of any bloodstains, formed by the droplets induced by only
gravitational force, is equal to or greater than 3mm, which means that blood droplets
forming the pattern with bloodstains less than 3.0 mm are not induced by
gravitational force and drip mechanism can be excluded as the cause of that

bloodstain pattern (Gardner, 2006, pp. 210-221).
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Gravity behaves independent from the horizontal forces and it is always
exerted vertically. That makes objects moving horizontally be affected at the same
rate as objects moving vertically. Thus, a parabolic trajectory is rendered to the
objects having horizontal direction. Drag force adds up to the parabolic trajectory as it
exerts a force opposite to the motion of the object. However, gravity causes the
substantial diversion from the straight line trajectory for the objects that have
horizontal direction.

Bruin, Stoel, and Limborg state that a larger force may lead to a greater initial
velocity of blood droplets. And, blood droplets, which have greater initial velocities,
is less influenced by the gravity; and resultantly, deviation from the area of origin is
reduced (2011, p.1481). Nonetheless, blood droplets that flung with velocities having
horizontal vectors do not follow a straight line as a trajectory. They follow a parabolic
path instead. Parabolic movement of an object is illustrated in figure 2.

Figure 2:

Parabolic Movement of an Object

Straa ght Line Trajectory

_______________ > (Mo Gravity)

Parabolic Traject ory
(Gravity)

Besides gravity, drag, which is “the force applied to the body of a droplet in
motion by surrounding air,” influences the flight trajectory of droplets (Behrooz,
Hulse, Smith, & Chandra, 2011, p.1137). Droplets can significantly slow down in the

air due to drag. Attinger et al. equate a dimensionless number of A to estimate the
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influence of drag on a blood droplet. A is the ratio of the work of drag force to initial
kinetic energy of droplet (A = Wp/Exo). Smaller A values correspond less influence on
droplets, higher A values correspond to great influence on droplets (2013, p.380).

If two droplets with different mass but same velocity are thrown, the droplet
with less mass will fall shorter than the other because A value of the small droplet is
greater than the A value of the other one. Similarly same size of droplets with
different velocities are thrown, droplet with greater velocity will be affected more by
the drag force. That is, flight trajectory of small fast blood droplets are influenced
considerably by the air drag in contrast to that of large slow blood droplets (Behrooz,

Hulse, Smith, & Chandra, 2011, p. 1140).

2.2.5 Impacts

As it is mentioned before, blood is influenced by two kinds of forces during its
displacement. The first kind of forces, which are cohesive forces, is explained above.
The other kind of forces is external forces, in other words disruptive forces. They are
independent from blood, and they push blood to change its shape.

According to Behroz, Hulse-Smith, and Chandra, if the blood droplet
disintegration is not initiated by the pulling force of gravity, an outside force is
imperative. When an outside force is applied to the stationary liquid by means of
impacting a solid object, liquid is compressed and forced to move out of the impact
site. Therefore, the amount of the energy that is transferred with the impact of the
object correlates with the degree of blood displacement (2011, p. 1137).

Laber, Epstein, and Taylor observe the common bloodletting mechanisms, and

a hammer impact on a blood source as well, by means of high speed digital video
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analysis (2008, pp. 4-12). The displacement and disintegration of the blood source
resulting from a hammer impact on a stationary blood source are displayed figure 3.
Figure 3:

Blood displacement due to a hammer impact (Laber, Epstein, & Taylor, 2008, pp. 6)

Behroz Hulse, Smith, and Chandra emphasize that blood undergoes a
considerable displacement from the point of impact, excluding gun shots, initially as
sheets and filaments rather than droplets, which is also apparent in figure 3.

Filaments and sheets that are created upon an impact have an increased
surface area to volume ratio. Increased surface area to volume ratio of filaments and
sheets are sought to be normalized by viscosity and surface tension forces. As it is
mentioned earlier, viscosity and surface tension always resist the external forces and
oppose disintegration. While surface tension seeks to reduce surface tension by

minimizing surface area, viscosity holds the liquid against disintegration. Thus, these
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two forces push back the instable filaments and sheets to preserve the liquid integrity
as a single droplet. These forces are usually overcome by the pushing force induced
by the compression, and small droplets are born as an outcome. Behrooz, Hulse,
Smith, and Chandra underscore that higher velocity of displacement, in which sheets
and filaments are more unstable due to increase in the surface area to volume ratio,
produces smaller droplets than that of lower velocity displacement (2011, p. 1137).
Blood disintegration and displacement is also mentioned by MacDonell. He correlates
the stain size with the speed of the bloodshed event that inflicts injury (1997, pp. 47-
73).

Expirated bloodstain patterns occur when “blood is forced by airflow out of
the nose, mouth, or a wound” (SWGSTAIN, 2009, p. 2). Donaldson, Walker,
Lamont, Cordiner, and Taylor study expirated bloodstain patterns by utilizing high
speed digital video analysis. They identify blood as sheets and strands during its first
projection from the mouth. They discover that blood is initially dispersed as a mass,
subsequently splits to strands, and finally disintegrates into small droplets (2011,
p.761).

Figure 4:

Blood projection due to expiration (Donaldson, Walker, Lamount, Cordiner, &

Taylor, 2011, p.761)

36



On the other hand, droplet break-up is not limited to the instable sheets and
filaments. Droplet break-up can occur any time when drag force that is applied by air
overcomes the surface tension of a droplet (Attinger, Moore, Donaldson, Jafari, &
Stone, 2013, p.380). To evaluate the break-up possibility, dimensionless number of
Weber is calculated. Weber number is comparison of drag force to surface forces,
where p,v, d, and @ are the density of air, velocity of the droplet, blood droplet
diameter; and surface tension of the blood droplet respectively (Villermaux, 2007, p.
421).

We=pv2d/o

Impact spatters resulting from gun shots disintegrate at the point of impact. As
a great amount of energy is applied during the impact, mist like dispersion with sub-
millimeters of blood droplet diameter predominantly occurs along with larger blood
droplets at the moment of impact (Gardner and Bevel, 2008, p. 212). Gardner and
Bevel resemble the mist like dispersion of bloodstains formed by a gunshot to a fine
spray paint (2008, p. 214). However, there is a contradiction about what causes the
mist like dispersion in a gun shot impact. According to Anita Wonder, bullet first
exposes the blood, and then gases released from gun muzzle atomize the exposed
blood. Wonder states that resultant bloodstain patterns look like spray paints as they
are atomized by expanding gases (2001, p. 130). However, Dr. Fackler performs
experiments by discharging his gun from 9 to 25 meter away in order to eliminate the
effects of gases expanding from the muzzle. He observes that mist like dispersion is
still present despite the absence of muzzle gases. According to Dr. Fackler, blood is
forced to disperse out from the entrance and exit of the wound by the collapse of
temporary wound cavity, which is stretching of the permanent wound cavity during

the projectile passage (Facler, 1988, pp.13-32).
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Bloodstains formed by mist like droplets do not demonstrate any elliptical
appearance regardless of their impact angle. They appear as spheres instead (Bevel
and Gardner, 2008, p.213). According to Carter, spherical staining rather than ellipses
can be explained by Weber number. Blood droplets with extremely small Weber
numbers can theoretically maintain their spherical shape after impacting to a surface.
Moreover, these blood droplets can bounce off a surface (Carter, 2001, pp. 1-8).

Either in blunt or in gun shot trauma, presence of exposed blood is necessary
for blood dispersion. Beside presence of exposed blood, the amount of exposed blood
is critical in blood dispersion. James, Kish, and Sutton explain the relation between
the amount of exposed blood and dispersion with inertia, which is “the resistance of
any body to a change in velocity.” They state that blood source having more mass
exerts more resistance against any force trying to change its state (2005, p. 59).
According to Newton’s Second Law of Motion, net force equal to product of mass
and acceleration. That is, same force application on two different amount of blood
source will result different dispersion.

Bevel and Gardner make an experiment as to the effect of blood presence in
the injury area. They experiment on the ballistic gels to evaluate double shot effect.
They prove that the latter shot in a close area, where the first shot wounds the body,
will create more spatter as blood is already exposed by the previous shot and filled
the surrounding area of the previous wound. They also observe that initial wound also
gives subsequent dispersion due to squeezing effect of temporary wound cavity by

the secondary shot (2008, pp. 215-217).

2.2.6 Methods Used to Produce Impact Spatter Patterns

When a force is applied to a mass of blood with an impact, blood raptures into
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smaller blood droplets and radiates outward as a spatter. This radiating spatter forms
the impact spatter pattern. Analyst and researchers create impact spatter patterns in
laboratories to work on the principles underpinning BPA. The most practical methods
used to create impact spatter patterns are impacting a blood source with a solid object
such as a hammer, and shooting at bloody sponges. Other than these methods,
analysts and researchers improvise their own devices to produce reproducible
patterns.

James, Kish, and Sutton claim that reproducible impact spatter patterns, which
are similar to that of beating and stabbing events, are created effortlessly by utilizing
a rat trap mechanism. A spring loaded door hinge is placed between two wooden
boards as depicted in figure 5. This is based on spring’s pulling back mechanism.
Spring pulls back to its natural state when it is uncoiled by upper board movement.
The upper board hits to the lower board, where the blood is placed, by the energy
loaded on the spring due to recoiling. They mention that the amount of the energy
can be manipulated by adjusting the tension on the hinge spring, or releasing the
upper board with different angles (2005, p. 120).

Figure 5:

Wooden boards with spring loaded door hinge (James, Kish, & Sutton, 2005, p.120).
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A similar device, called “slow motion”, is designed by Anita Wonder for
laboratory exercises. This device creates smaller bloodstains than that of modified
mouse trap since an automobile spring, which can bear greater energy, is used. And
also, instead of wooden boards, fiber glass supports are used, increasing the energy
that is transferred during the impact. Thus, she states that this device is a model for
reproducing impact spatter patterns that are created by gun shots (Wonder, 2007,
p-291). The slow motion device is illustrated in figure 6.

Figure 6:

Slow motion device (Wonder, 2007, p.291)

Cristopher Varney and Fred Gittes utilize a clapper device to reproduce
impact spatter patterns to study flight trajectory of blood droplets. This device is
made by joining two wooden boards at the rear with a spring-loaded door hinge.
Different from the above devices, metal plates are incorporated to the boards at their
impact locations (2011, p.5).

A similar device is used by Bruin, Stoel, and Limborgh to produce impact

spatter patterns to evaluate accuracy of two computer software programs used to
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determine area of origin estimation. Again, a mouse trap is modified to create impact
spatter patterns, but a hammer with 2.5 cm diameter of head is attached to the mouse
trap’s spring instead of wooden boards or fiber glass supports. Hammer head is
adjusted to hit a flat surface vertically (2011, p. 1477). Compared to the above
devices, it is almost same except having a hammer with a concentrated impact
surface.

Figure 7:

Mouse trap with a hammer (Bruin, Stoel, & Limborgh 2011, p.1477)
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Behroz, Hulse-Smith, and Chandra develop a novel experimental tool to study
error associated with area of origin estimation. Suspended blood droplets by means of
syringe needles are disintegrated into small droplets with pressurized air application.
A pressure gauge is incorporated to adjust the air pressure. And, a pulse generator is
linked to nozzle, where air flows, to limit the air release to 1 millisecond. Spatter
pattern production is also captured by high speed camera. Although they do not
mention particularly that these method is for producing high velocity impact spatter
patterns, 75% of the bloodstains in the resultant patterns have less than 0.5 mm
diameter without evident directionality, which is attributed to gun shot impact spatter

patterns (2011, pp. 137-139). The design of the tool is depicted in figure 8.
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Figure 8:
Pressurized air application to suspended blood droplets (Behroz, Hulse-Smith, &

Chandra 2011, p.138).
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FIG. 2—Experimental setup: (1) Compressed. air cylinder, (2) Pressure
regulators. (3) Syringe and syringe pump, (4) Pressure gauge, (5) Puise
generator, (6) Solenoid valve. (7) High-speed camera, (8) Nozzie, (9) Nee-
dle, (10) Blood dropler.

Although analysts and researchers claim that these devices are reproducing
impact spatter patterns, none of them identify the criteria for this conclusion. Impact
spatter patterns created by these tools may look similar, but no one can claim that
they are identical. If they are not identical, how much different they are from each
other necessarily requires an explanation. The claim that the reproduced patterns are
reliable falls short without a statistical comparison of the repetitive patterns;
moreover, it is subjective.

On the other hand, although a variety of tools are utilized to create impact
spatter patterns, none of them clarify the variables that they utilize for reproducing
patterns. These variables are simply the amount of the energy applied to the blood
volume, velocity of the impact, contact area, blood volume during the impact, blood
source, and blood temperature. Apparently more variable can be found, but these are
the foremost factors that affect impact spatter production. Without identifying and

controlling these variables it is almost impossible to reproduce impact spatter
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patterns. It is evident that none of these tools are capable to manipulate these
parameters. That is, BPA field necessitates a device that can suffice to control these
variables by the analyst. Other than controlling variables during the impact, impact
spatter patterns produced by these devices should be statistically examined to
comment on their capability to reproduce impact spatter patterns which are

sufficiently similar.

2.3 Impact Spatter Patterns and Area of Origin Estimation

Information deduced from impact spatter patterns is not limited to the
mechanism of the event that causes them to disperse. When a bloodshed event
occurred due to an impact, a variety of bloodstains is produced and dispersed to the
scene as bloodstain impact spatter patterns. Are these bloodstains accurately
interpreted with respect to their geometry and distribution, they provide invaluable
information for the reconstruction of events in the crime scene.

Bloodstain is defined previously. It is a deposit of blood. Bloodstain occurs
when a blood droplet impacts and deposits itself on a surface. Blood droplets are
assumed as spheres during their flight (Pizzola, Roth, and Forest, 1986, p.43).
However when they fall on a surface, they do not leave circular staining unless they
fall with 90° angle. Except bloodstains that are left by blood droplets impacting with
90° to the surface, bloodstains will be elliptical and have 2 different axes. A line
drawn over the long axis is used to determine the direction of the blood droplets prior
to impact. According to Pizzola, Roth, and Forest, blood continue to flow outward
after touching the surface, and the periphery of the bloodstains takes blossom like

appearance. Blossom appearance is observed as spines or scallops. These spines

43



sometimes release from the primary stain and form satellite stains (Pizzola, Ruth, and
Forest, 1986, p.44).

The scallops in relation to the long axis of the bloodstain provide information
as to the directionality of the droplet before impacting to the surface. Determining the
direction of the bloodstains helps analysts to identify the general location of the
events by the help of area of convergence, where lines projected from bloodstains
trough their directionality intersect each other (James, Kish, & Sutton, 2005, p.218).
The identification of the area of convergence becomes more reliable when the number
of the bloodstains, which are used in analysis, is increased. Area of convergence is
depicted in figure 9 and 10.

Figure 9:

Area of convergence (James, Kish, & Sutton, 2005, p.218)

Area of C:

Figure 10:

Area of convergence in a crime scene (James, Kish, & Sutton, 2005, p.218)
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Bevel and Gardner states that bloodstains, which have impact angle less than
70°, involve spines and satellite bloodstains oriented to one side of the bloodstains.
As the impact angle decreases, the directionality of the droplet motion becomes more
apparent. Bloodstains, which have impact angle between 70° to 90°, involve spines
and satellite bloodstains as well, but generally not oriented to one side of the
bloodstain. On the other hand, it is worth to say that rough surfaces disrupt the
elliptical formation of the bloodstains, and resultantly hinder the analysts in their
effort to determine the direction of the bloodstains. Despite evident directionality,
analysts should pay attention to the target surface effect on the bloodstains (Bevel &
Gardner, 2008, pp. 150-156).

Directionality of bloodstains is first mentioned by Eduard Piotrowski in 1895.
He discovers from his experiment on live rabbits that bloodstain formation,
distribution, and shapes occur systematically, and can divulge the settings of a crime
scene. He produces impact spatter patterns on live rabbits, examines the resultant
patterns. He explores that blood droplets radiate out their source and their resultant
bloodstains point the blood source (1895, pp. 1-32).

Subsequently, the relationship between length and width of bloodstains is
recognized by Victor Balthazard and his associates. They find out that the blood
droplets impact to a surface with an angle and it can be determined by width and
length of resultant bloodstains. They recognize that perpendicular impacts produce
round bloodstains, and acute angled impacts produce elliptical bloodstains. They
emphasize the correlation between the shape of the bloodstains and angle of impact
(Balthazard, Piedelievre, Desille, & Derobert, 1939, pp. 265-323). Herbert
MacDonell refines Dr. Balthazard’s findings with incorporating specific

trigonometric functions to define the impact angle of the droplets. MacDonell is
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inspired from the trigonometric functions derived from the right triangles. MacDonell
emphasizes the sine function. Sine function of an angle gives the ratio between the
lengths of the side across the angle and hypotenuse. MacDonell makes analogy
between the sine function and the axes of bloodstains. The short axis, width, is
matched at the right triangle to the side across the impact angle. The long axis, length,
is matched to the hypotenuse. And thus, he is able to determine the angle of the blood
droplet during the impact by taking the inverse function of the width and length ratio
(MacDonell, 1971, p.11-12). Blood droplets are apparently assumed as perfect
spheres at the time of impact in these evaluations. Impact angle of a droplet is
calculated as it is depicted in the figure 11.

Figure 11:

Angel of Impact Calculation (James, Sutton, & Kish, 2005, p. 222)
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As the width and length ratio comes closer to 1, the impact angle is closer to
90°. This proves that circular bloodstains are formed by the droplets impacting

perpendicularly to the target surface (MacDonell, 1971, p.11).
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Impact angle is obviously an estimate. According to Gardner, impact angle
calculation is inherently susceptible to the width and length measurement errors.
Errors in measurements adversely affect the angle of impact determination. Blood
droplets impacting more than 60° are less reliable for bloodstain impact angle
determination due to the error rate that is induced from flawed short and long axis
measurements. For robust estimation, satellite stains, scallops, and spines are
excluded while taking bloodstain measurements, and only the main body of the
bloodstain is taken into consideration. To ease the practice and training, ellipse
templates are developed for the use of analysts. By using ellipse template, analyst
finds the perfect fit for a bloodstain (Bevel & Gardner, 2008, pp.175-178).

Area of convergence and impact angle calculations are combined in order to
identify area of origin. Bevel and Gardner explain one of the methods to incorporate
impact angle to area of convergence, graphing method. A graph including X and Z
axes is drawn. Z axis, which begins from the point of convergence and goes upward,
is to locate the height of the source where the blood droplets is originated. Distance of
the bloodstains to the point of convergence is marked on the X axis. By using a
protractor a line is drawn from these points towards the Z axis with the angle of
impact of each bloodstain. Lines will converge at an area on the Z axis. This area
represents the probable area of origin of the bloodstains in 3-dimensional space.
Another method to estimate area of origin is to use the tangent method. It exploits the
trigonometric function. In this method, the distance of the bloodstains from the point
of convergence is multiplied by the tangent of the angle of impact. Despite the need
of a calculator to take the tangent of the angle of impact, this method gives quick
opinion as to the area of origin in the crime scene (Bevel & Gardner, 2008, pp.182-

184).
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A three-dimensional illustration of area of origin is accomplished by either
stringing method or computer software programs. String method is a graphic and
basic method used in BPA trainings. Balthazard is credited for establishing the
methodology, although the process itself is first described by MacDonell. Stringing
method is simply physical application of the process described in graph and tangent
methods. In this method, a string is projected from each bloodstain with its
directionality and impact angle towards a perpendicular rod placed on the area of
convergence. The meeting area of the strings on the rod is deemed to be the origin of
the bloodstains. Figure 12 depicts the string method.

Figure 12:
String projection with the impact angle (A string from the bloodstain is projected with

the angle of impact by using a protractor )(James, Sutton, & Kish, p. 230).

Direction of Travel S Area of
of Blood Droplet Convergence

String method is mostly preferred to be used in training rather than real crime
scenes due to several reasons. The first reason is that stringing process is arduous and
requires a lot of effort and time, which is not usually feasible in the crime scene. The
second reason is that placing the strings at accurate angles and precise directions can
be very difficult. Stringing inaccurately towards imprecise directions compromises

the area of origin estimation, deterring the analysts from utilizing this method.
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Moreover, close interaction with biological evidence is inevitable, which makes the
process hazardous due to the risk of contamination.
Figure 13:

Area of origin (Multiple strings coming from several bloodstains meet at an area that

is called area of origin) (James, Kish, and Sutton, p. 219)

Computer software programs eliminate the drawbacks of stringing method,
and provide the visual representation of the area of origin. Software programs also
facilitate the area of origin estimation. They undertake the calculations and stringing,
and eliminate human error in stain measurements, math calculations, and string
extensions.

Concepts used in area of origin estimation are ingrained in BPA; however, its
reliability is controversial and dubious to many researchers due to the inherent
bloodstain measurement errors, and flawed assumptions about blood droplets, such
that they follow straight-line trajectories and impact to the surfaces as perfect spheres.

Error in bloodstain measurement 1is calculated experimentally and
theoretically by Willis, Piranian, Donaggio, Barnett, and Rowe. They found that
variance in angle of impact calculation increases with greater angle of impact,

indicating that more circular bloodstains are more susceptible to measurement errors.
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Experimental variance of a droplet impact with 75° is 20.5°, which corresponds to
almost 13 percent of error from the real impact angle (2001, p.3).

Wells writes a thesis on the factors affecting the area of origin estimation. He
comments that it is important to select well-formed bloodstains, which bear evident
directionality and margins, enabling accurate width and length measurements and
resultantly reliable impact angle calculations. He states more elliptical stains provide
more reliable long axis placement. He claims that 20 bloodstains, which are elliptical
and formed by an impact angle not more than 60°, suffice a reliable area of origin
estimation (2006, pp. 171-172).

The reliability of the straight-line trajectory based on the relation between
elliptical bloodstains and impact angle is validated on inclined and moving surfaces
by droplets free-falling under gravity (Pizzola, Roth, and De Forest, 1986, p.50). But,
vertical droplets, which follow flawless straight-line during their flight, do not
thoroughly reflect impact spatter droplets since impact spatter droplets are not usually
dispersed vertically, so their trajectories are bent by gravity and divert from straight
line.

The methodology that is used in area of origin estimation neglects the
parabolic trajectory of blood droplets, and unfortunately assumes blood droplets
follow a straight line from their source to the impact surface. Bruin, Stoel, and
Limborgh state that this assumption overestimates height of the blood source, which
is most critical for positioning the victim at the time of impacts. They attempt to
discover which conditions best reflect the source of origin with this assumption. They
find out that the influence of gravity is pronounced when a droplet takes a longer path
during flight. More over, they state that blood droplets with larger surface area have

less overestimation, thus bloodstains smaller than 1.5 mm width should be avoided in
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area of origin estimation. They associate the error with small bloodstains to the
measurement inconsistencies due to their small size (2011, p.1476-1481). However,
Reynolds, Raymond, and Dadour find out that more complex issues than just the
width and length measurement errors may be the reason for the inconsistencies
regarding area of origin estimation with small bloodstains, such as effects of surface
tension and viscosity factors during transition of small blood droplets to bloodstain.
They conclude that bloodstains that have long axis smaller than 3mm reflect their
origin less reliably than the bloodstains that have long axis greater than 6mm length.
(2009, p. 143).

On the other hand, one other study that is performed on small bloodstains,
which considers variations due to oscillations, favor small bloodstains in area of
origin estimation, contradicting with the previous studies. Raymond, Smith, and
Liesegang attempt to find an answer to one of the most important forensic questions,
which is about how far the blood source should be to allow the droplet oscillation
dampening. They state that oscillations of a 1 mm radius human blood droplet, which
is initiated with gravity force, will die away in 7 cm of travel. Besides, the same
droplet that is flung with 8 m/s has 1 meter oscillation lifetime. Thus, an impact
spatter, which is dispersed with 8 m/s and closer than a meter to the impact surface,
will contain bloodstains misleadingly representing their true origin. However, when
the droplet size is decreased to 0.5 mm, these values are observed as 5 mm and 0.25
m respectively. They prove by their experimentation that the small measurable
bloodstains are least likely distorted due to oscillations and more reliable for area of
origin evaluations with trigonometric methods. (1996, pp. 161-171)

To rectify the assumption of straight-line trajectory by considering gravity,

Knock and Davison attempt to figure out the droplet velocity. They state that blood
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droplet velocity during the impact to the target surface should be known along with
its impact angle to incorporate gravity effect on its trajectory. They examine the
bloodstains by means of spines and scallops, and develop an equation as to the
velocity of the droplets that form them (2007, p.1044).

But, to figure out the velocity of a single droplet by using its resultant
bloodstain is not easy as it looks. Hulse-Smith, Mehdizadeh, and Chandra state that
“different combinations of droplet size and speed may result in almost identical
stains.” They measure the diameter of the bloodstain and count the spines around it to
estimate the drop size and velocity. They also appreciate errors inherent in their
methodology due to the uncertainties as to the physical properties of blood and
variations in impact surfaces (2005, p.9).

Buck et al. seek to incorporate ballistic analysis to approximate blood droplets
flight trajectories. They utilize photogrammetry and laser scanning to enable the use
of small bloodstains with high accuracy and resolution. They found 18% difference
between travel distances that are calculated by ballistic analysis and string method
(2011, p. 28).

Observation of impact spatters with high speed videography proves that errors
in area of origin estimation do not only originate from negligence of gravity and
improper bloodstain selection. As it is depicted in figure 3, during the impact, blood
is compressed and seeks avenue to escape from the force. According to Behroz,
Hulse-Smith, and Chandra, blood travel as sheets and filaments since its momentum
overcomes surface tension and viscosity forces, so disintegration into small droplets
does not occur at the point of impact. Consequently, the resultant droplets do not
generate bloodstains that are the best exemplar of area of origin estimation. Droplet

break-up in flight apparently complicates the area of origin estimation (2011, p.1141).
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Illes and Boue try to establish bloodstain selection criteria based on a
statistical model. Thy produce impact spatter patterns with vertical impact on vertical
surface. They split the resultant pattern in two halves. Then, they divide each halves
into 6 sectors. Each sector is evaluated individually in area of origin estimation. They
come up with a conclusion that not all sectors provide area of origin with same
accuracy. Some of the sectors provide better area of origin estimation than the others.

Illes and Boue also develop a method for a better area of origin estimation by
using directional analysis, which provides quantitative data for area of origin
estimation of impact spatter patterns. Directional analysis makes the area of origin
estimation by taking the average of the calculations. Illes and Boue suggest that
outliers (the droplets strongly influenced by gravity and air drag) cause flawed area of
origin estimations. They propose to discard outliers for a better area of origin
estimation (2013, Mar 10, p.1-8).

Despite the considerable amount of study, uncertainties about area of origin
estimation still require more study. This study aims to facilitate the studies as to the
area of origin estimation by building an apparatus to reproduce high velocity impact

Spatter patterns.
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Chapter 3: Materials and Methods
3.1 Introduction

The aim of the author is to fill the gap in the BPA field as to the high velocity
impact spatter pattern production with a double purpose study. The primary goal is to
reproduce high velocity impact spatter patterns with building a weight dropping
device. The secondary goal is to associate the impact spatter patterns with the energy
applied by the impacts. To accomplish the goals of the thesis, author created impact
spatter patterns with the weight dropping device by setting the device from certain
heights and certain piston masses.

The impact spatter patterns were photographed with a high resolution camera.
Then, the pattern pictures were analyzed by ImageJ. ImageJ counted the bloodstains
and measured their areas. It displayed the results in two different text files. First file
recorded the bloodstains’ areas in the order that they were analyzed. The second file
provided the summary of the first file in a line of data, in which mean bloodstain area
and total bloodstain count were noted.

The data that was obtained from ImageJ was transferred to MS excel. The area
of the bloodstains was first converted to diameter since BPA field categorizes the
bloodstains with their diameters. Then, each pattern was analyzed based on the
bloodstain diameter distribution, average bloodstain diameter, bloodstain count, and
the percentage of the bloodstains that were smaller than Imm in diameter. The
bloodstains that are smaller than 1mm in diameter are called small bloodstains to ease
the explanation throughout the thesis. The analyses were illustrated by the
histograms. Finally, the histograms belonging to 9 different set of experiments were

compared to each other.
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3.2 Experiment Design

The primary goal of the thesis is to reproduce high velocity impact spatter
patterns in a reliable fashion. High velocity impact spatter patterns are formed by
bloodstains that are preponderantly smaller than Imm in diameter. These patterns are
usually encountered in the crime scenes where gun shot wounding is occurred.
McDonalds defines the high velocity impact spatter patterns as being produced by
impacts which are applied with a velocity of 100 feet per second and greater (1997, p.
122). However, similar patterns can be encountered by blunt force impacts which are
classified as medium velocity impacts (McDonalds, 1997, p.121). McDonalds also
stated that the amount of the energy that is applied to the blood is the determinant of
the droplet sizes (1997, p.65). So, it was assumed that if an energy value that was
closer to that of a gun shot, similar patterns could be observed with lesser velocities.

In that context, the author envisioned a weight dropping device, which was
capable of producing similar impacts each time. To ensure an identical impact, a
piston was placed over two solid shafts. Piston movement over the shafts with the
least friction was ensured by two bushings. These bushings not only allowed the
piston to move smoothly over the shafts, but also it provided a perfect perpendicular
impact. The impact energy that was produced with the perpendicular impact of the
piston was calculated based on the conservation of energy, in which the potential
energy of any object that is at rest at a certain height will have equal kinetic energy
during an impact due to a free fall when friction and drag forces are neglected
(Brown, 1993, p. 158). Thus, the author made the piston strike to the blood source
with an impact energy that was greater than that of a bullet moving with 100 feet per

second velocity to produce the high velocity impact spatter patterns. In order to test
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the reproducibility of the impact spatter patterns, the piston of the weight dropping
device was released from 3 different heights with 3 different masses.

Secondary goal of the thesis is to correlate the impact spatter patterns with
impact energy. The impact energy of the piston was calculated by its potential energy
at certain heights. The potential energy is the product of the mass and the height of an
object at rest (Brown, 1993, p.154). Thus, to correlate the change in the patterns with
impact energy, impact height was held constant while impact energy was increased
by adding weight on the piston. Similar methodology was used for piston weight;
piston weight is held constant, and impact energy was increased by releasing piston
from different heights. Height of the piston also determined the velocity of the piston
during an impact. Therefore, releasing the piston from greater heights also meant
increasing the velocity. Same amount of impact energy was applied with varying the
piston weight and height to find out if the same amount of impact energy produced
similar impact spatter patterns regardless of the piston height and weight.

In order to ease the calculations, meter and kilogram was used as
measurement unit; therefore energy is defined as joules.

Impact energy of 20 grams of bullet that is moving with 100 feet per second
was calculated as follows.

1 inch = 2, 54 centimeters

1 feet = 2, 54 *12= 30,48 centimeters = 0,3048 meters

100 feet = 100 * 0, 3048 = 30, 48 meters.

20 grams = 0,02 kilograms

KE =Y2m v’ KE= kinetic energy m= mass v= velocity

KEpunet = ¥2 0,20 * 30,48 = 9,2903 joules
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If a greater energy values than that of the bullet, which had impact energy of
9,2903 joules, is obtained by the a weight dropping device, high velocity impact
spatter patterns are theoretically possible. The piston of the weight dropping device
was released with 9 different impact energy values by height (h) and mass (m)
manipulation to achieve the greater impact energy values. 1m equaled to the piston’s
sole weight, 13,580 pound, so the piston mass was varied as 1m, 2m, and 4m. The
increase in the piston mass was done by adding weight blocks; each weight block had
1,510 pound. When 9 weight blocks were placed over the piston, the piston weight
doubled the sole mass of the piston. When 27 weight blocks were placed over the
piston, the piston weight quadrupled the sole mass of the piston. The height was
varied as lh, 2h, and 4h. Initial height of the piston was 3 inches; thus, 1h, 2h, and 4h
were 3, 6, and 12 inches respectively.

The mass of the piston was converted to kilogram; the height of the piston was
converted to meter. These conversions were illustrated in the table 1.

Table 1:

Conversion of the piston mass and height to kilogram and meter in the respective

order
PISTON MASS PISTON HEIGHT

Pound Kilogram Inch Meter
M 13,58 6,15 H 3 0,0762
2m 27,16 12,33 2h 6 0,1524
4m 54,32 24,66 4h 12 0,3048

Velocity of the piston during the impact after being released with these 9

combinations can be calculated by the conservation of energy. Based on the
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conservation of energy, potential energy of an object that is resting at a height is equal
to its kinetic energy during an impact upon making a free fall under gravity without
friction and drag (Brown, 1993, p. 158). Impact energy values were presented in the
table 3 and 4. The kinetic energy and potential energy equations yielded us the
velocity of the piston during its impact as it was presented below (Brown, 1993, pp.
157-158).

Kinetic Energy(KE)= %2 m v?Potential Energy (PE) = m.g.h

m = mass v =velocity g=gravity h =height

KE=PE ==> YAm v* = m.g.h ==>v’= 2gh

Above equations showed that the mass had no effect on the velocity; however,
the height was the only variable that determined the velocity value with the gravity
constant. Gravity equals to 32 feet per second. When it is converted to metric system,
it equals to 9, 8 meter per second. The velocity values of the piston from 3 different
heights are displayed in the table 2. The table 2 also shows the increase in the velocity
with the height manipulation.
Table 2:

The piston heights and velocities

PISTON HEIGHT and VELOCITY RELATION
Velocit Height Velocity Height Velocity (meters
y (inches) (inches per second) (meters) per second)
h v 3 4 0,0762 1,222097
2h 1,414 v 6 5,656854 0,1524 1,728306
4h 2v 12 8 0,3048 2,444193

58



The table 3 shows us the proportional increase in impact energy value
between the combinations based on the potential energy equation. As it is presented
in the table 3, the impact energy value was first doubled, and then quadrupled by
increasing the piston mass. Then, height was doubled and quadrupled respectively. It
is apparent that impact energy theoretically can be held constant with a variety of
mass and height values. In the experiments, the impact energy of “4mh” was
produced with 3 different combinations. The impact energy of “2mh” and “8mh” was
produced with 2 different combinations. Based on the assumptions that were made by
the researchers until now, the impacts, which have the same impact energy values,
will have similar impact spatter patterns.

Table 3:

The impact energy values as a combination of mass and height values

PISTON HEIGHT
IMPACT ENERGY
h 2h 4h
M mh 2mh (m2h) 4mh (m4h)
PISTON MASS 2m 2mh 4mh (2m2h) 8mh(2m4h)
4m 4mh 8mh (4m2h) 16mh (4m4h)

As it is seen in the table 4, the impact energy values of the piston was greater
than that of 20 gram bullet moving with 100 feet per second, excluding the first
combination, in which piston was released with its sole weight from 3” height.
Therefore, these impacts, excluding the impact that was made by first combination,

should bear the characteristics of a high velocity impact spatter pattern.
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Table 4:

The impact energy values in joules

PISTON HEIGHT (meter)
IMPACT ENERGY
(joules)
0.0762 0.1524 0.3048

6.165 0.469773 0.939546 1.879092
PISTON MASS 12.33 0939546 1.879092 3758184
(kilogram)

24,66 1.879092 3758184 7516368

Every height and mass combination was repeated 20 times, producing 180
impact spatter patterns. The impact spatter patterns in each set of 20 impacts were
assumed to have similar characteristics, which were referred to the variables through
the thesis. These variables are as follows:

1. Average bloodstain size

2. Bloodstain count

3. Bloodstain diameter distributions

4. Percentage of bloodstains smaller than 1mm in diameter

3.3 Materials and methods used to build the weight dropping device

To produce high velocity impact spatter patterns, a weight dropping device
was envisioned, in which a vertical moving piston slid over two steel shafts with the
help of two bushings that minimize friction. Two hammer surfaces with the same
impact surfaces were incorporated into the device to place and spatter blood. The
hammer surfaces were called in the thesis as upper and lower anvils. After the design

of the device was determined, a rough graphic was drawn as illustrated in figure 14.

60



Figure 14:

The weight dropping device

=~ Part 1:
B TE Part 2:

Part 3:
Part 4:
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Part 8:
14 Part 9:

The design of the apparatus was modeled with the help of the director of the
laboratory, William Rutkowski; and, all the parts of the apparatus was fabricated and

brought together by the laboratory staff. The laboratory is located in room 101 in

Part 10:
6 Part 11:
Part 12:
Part 13:
Part 14:

2' by 2' Base
Impact base holder
Base aluminum cap
Impact base stand
Impact anvil stand
Shaft

Impact base

Lower impact anvil
Upper impact anvil
Piston

Bushing

Top aluminum cap

Weight Block
Releasing Mechanism

Tompkins Hall, The school of Engineering and Applied Science.

Materials to construct the device were determined and ordered from an online

provider by George Washington University Forensic Science Department.

These materials are as follows:

1. 2 pieces of hardened-steel shafts; they had 1 %4 diameter and 96’ length and they

served as a track for the vertical movement of the piston.
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2. Two pieces of linear motion bushings; they had 1 %4” diameter with extra 0.0015”
clearance and they were for delivering a smooth slide to the piston with the least
friction.

3. 2 pieces of tight-tolerance steel rectangle bars; their dimensions were 1” x 4” x 2’
and they were for cutting and fabricating the basal parts of the device, where the
impacts occurred.

4. 2 pieces of unpolished steel rods; they had 4” diameter and 3” length and they were
for fabricating the hammer surfaces.

5. 1 piece of aluminum bar; its dimensions were 2” x 3” x 3’. It was split in two for

holding the steel shafts together by forming the top and base caps.

When the materials came to the lab, they were photographed. Their pictures
are displayed in the following figures.

Figure 15:

One of the hardened-steel shafts
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Figure 16: Figure 17:

Top view of the linear motion bushings Side view of the linear motion bushings;

Figure 18:

The tight-tolerance steel rectangle bar; 17 side

Figure 19:

The tight-tolerance steel rectangle bars; 4 side
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Figure 20: Figure 21:

The side view of the unpolished steel rods The top view of the unpolished steel rods

Figure 22:

The aluminum bar; 3” side

Figure 23:

The aluminum bar; 2” side
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After the pictures of the materials were taken, they were measured precisely
and prepared for cutting to build the each part that was needed for the device. Each
part of the device had a specific function. The parts that were numbered in the figure
14 except the constituents of releasing mechanism were fabricated in the laboratory.
The fabrication process is displayed in figure 24. After the fabrication, all the parts
were brought together as it is depicted with a close-up picture in figure 25, in which
the parts except aluminum top cap, 2’ by 2’ base, and the releasing mechanism can be
seen. More information about the parts was provided as follows:

Figure 24:

The fabrication process
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Figure 25

A close-up of the device

11-Bushing 1 11-Bushing 2

10-Piston

9- Upper Impact
Anvil

6-Shaft 1 6-Shaft 2

8- Lower Impact
Anvil

7- Impact base
5-Impact anvil Stand
4- Impact base 4-lmpact base
Stand 1 Stand 2
3-Base aluminum cap

2- Impact base holder

Part 1 — the 2’ by 2’ base: This part was cut from an iron metal plate. It was
incorporated to device to prevent the tipping over during impacts, thus it ensured the

rigidity of the device. The measurements for its fabrication are illustrated in figure 26.
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Figure 26:

The measurements as to the 2’ by 2’ base
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Part 2 - the impact base holder: This part was cut from one of the steel tight-
tolerance rectangle bars. It formed the base of the impact device. It held every piece
of the device together as one absolute unit. Moreover, it held the impact base (part 7)
with the help of side and middle stands (part 4 and 5), and absorbed the energy that

was transferred by the impacts. The measurements for its fabrication are illustrated in

figure 27.
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Figure 27:

The measurements as to the impact base holder
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Part 3 — the base aluminum cap: It was cut from the aluminum bar. It had two holes
with the same diameter of the steel shafts. Holes were 6” apart from their centers. The

holes fit the shafts tightly; nevertheless, a set screw was used for each hole to secure

the shafts. The measurements for its fabrication are illustrated in figure 28.

Part 4 - the impact base stands: Two impact base stands were placed to hold the
impact base. They were cut from one of the steel tight-tolerance rectangle bars. They

dissipated the impact energy to the impact base holder. The measurements for its

fabrication are illustrated in figure 29.
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Figure 28:

The measurements as to the base aluminum cap
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Figure 29:

The measurements as to the impact base stands
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Part 5 - the impact anvil stand: It was cut from one of the unpolished steel rods. It
secured the impact base from bending due to impacts, and also dissipated the impact
energy to the impact base holder. The measurements for its fabrication are illustrated
in figure 30.

Figure 30:

The measurements as to the impact anvil stand
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Part 6 — the shafts: 2 pieces of hardened-steel shafts were brought together with 6”
distance from each other by the part 3 and 12. The set screws that were pocketed into
the caps secured them to stand stable. These shafts served as a track for vertical
movement of the piston during impacts. 96’ of length was preferred for the shafts to
enable the analysts to produce impact spatter patterns with greater velocities.
However, author did not need the greater velocities. The measurements for its

fabrication are illustrated in figure 31.
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Figure 31:

The measurements as to the shafts
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Part 7 — the impact base: This piece was cut from one of the steel tight-tolerance
rectangle bars. It bore the lower impact surface. It had two large holes where the
shafts passed trough without touching the impact base. The impact base was raised by
the side and middle stands. It was also disassociated from the shafts with the holes
larger than the width of the shafts; thus, the impacts did not affect the shaft’s rigidity
and they occurred between the anvils without transferring the impact energy to the
shafts. The measurements for its fabrication are illustrated in figure 32.

Part 8 and 9- lower and upper impact anvil: These pieces were cut from
unpolished steel rods. Both anvils had 1 4” diameter, and fitted perfectly during the
impacts since they were placed on the impact base and the piston linear. Their impact
surfaces were smoothened and polished to render the blood being spattered evenly
with the least friction. These two anvils were secured to the piston and the impact

base by being screwed down with 3/8”-16 bolts. The measurements for their
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fabrication are illustrated in figure 33 and 34. They are also illustrated with a blood
volume in figure 35.
Figure 32:

The measurements as to the impact base
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Figure 33:

The measurements as to the lower impact anvil
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Figure 34:

The measurements as to the upper impact anvil
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Figure 35:

The lower and upper anvils with a blood volume
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Part 10 — the piston: Piston was made from one of the steel tight-tolerance rectangle
bars. This part moved over the shafts vertically by means of the bushings, part 11.
Piston did not touch the shafts, but the bushings touched and provided the slide. That
part also bore the upper anvil, additional weight blocks, and releasing mechanism.
The weight of the piston with the upper anvil and partial releasing mechanism, which
moves together with the piston, was gauged by using a digital precision scale. The
weight of the piston was 13,580 pounds. The measurements for its fabrication are

illustrated in figure 36.

Figure 36:

The measurements as to the piston
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Part 11 — the bushings: Two bushings were fixed to the piston. They provided a
smooth slide to the piston over the steel shafts. The measurements for its fabrication
are illustrated in figure 37.

Figure 37:

The measurements as to the bushings

D250 —_
B125 —1
SCALE 0.750
‘% Part 11: Researcher:
Bushing Erdemir Say
2.25
J; Lﬂ The George Department of
Washington University Forensic Science
.75 | I
\‘\
i 06/01/2014
SCALE 0.500
Modeled by: Fabricated by:
Nicholas Batista William Rutkowski

Part 12 — the top aluminum cap: It was cut from the aluminum bar. Different from
the base aluminum cap it did not have holes, instead it had pit holes. The pit holes
were with the same diameter of the steel shafts and 6 apart from each other from
their centers. The pit holes fitted the shafts tightly; nevertheless, a set screw was used
for each hole to secure the shafts. This part also bore a hook, which was used to hang
the releasing mechanism. The hook had inserted to the top aluminum cap by the

treads on it. The measurements for its fabrication are illustrated in figure 38.
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Figure 38:

The measurements as to the top aluminum cap
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Part 13 — the weight blocks: 27 weight blocks were cut by a metal cutting laser from
an iron plate, which had ’4” thickness. Each block had the same shape that can fit
over the piston. Each block had approximately 1,51 pound. 9 of them were closely
matching the weight of the piston. Weight blocks were used to increase the piston

mass. The measurements for its fabrication and its simulation on the piston are

illustrated in figure 39.
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Figure 39:

The measurements as to the weight blocks, with the simulation on the piston
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Part 14 — releasing mechanism: A chain was hanged from the top aluminum cap
(part 11) by the help of a quick link (part 1 in figure 41), which is also known as
threaded connector, and a threaded hook. The threaded hook is depicted in figure 40.
The piston was ringed to the chain with a threaded rod, threaded rod connector,
threaded hook, quick link, and a pull-pin hook. It is depicted in figure 41.

Figure 40:

The quick link, threaded hook, and the chain on the aluminum cap
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Figure 41:
The quick link, pull-pin hook, threaded hook, the threaded rod connector, and the

threaded rod

1. Quick link

2. Pull-pin hook

3. Threaded hook

4. Threaded rod
connector

5. Threaded rod

Every piece of the releasing mechanism had a special function. Threaded rod
(part 5 in figure 41) was used to extend distance of the piston from the connecting
point at the chain since extra weight blocks was planned to be placed to increase the
mass of the piston. The weight blocks were secured by the help of a nut on the

threaded rod.
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The threaded rod connector (part 4 in figure 41) was used for bringing
threaded rod and threaded hook together, and it was also used for precisely adjusting
piston height. That piece can turn on the rod threads, so it enabled the mill metric
adjustments for the piston height. Threaded rod connector was illustrated in a close-
up in figure 42. Threaded hook (part 3 in figure 41) was used to join the pull-pin hook
(part 2 in figure 41) on the threaded rod connector. The pull-pin hook was used to
release the piston. The pull-pin hook was bound with a string. When the pin was
pulled by means of the string, piston made a free fall under gravity. The string that
helped to pull the pin away from the device is illustrated in figure 43. Since pull-pin
hook was thick to fit the rings of the chain, a quick link (part 1 in figure 41) was used
to bring the chain and pull-pin hook together.

Figure 42: Figure 43:

The threaded rod connector The pull-pin hook that is bound with a string

The full size of the apparatus is illustrated in the figure 44. In order to show
the real size of the apparatus, analyst stood next to the apparatus with a 2-feet long

scale; it is in figure 45.

79



Figure 44:

The full size of the apparatus

80



Figure 45:

The apparatus with a scale
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The close-up pictures of the apparatus were illustrated in the following figures.

Figure 46: Figure 47:

The top part The middle part

Figure 48:

The bottom part
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Figure 49: Figure 50:

The piston The basal part

3.4 Blood used in the experiments

500 ml defibrinated sheep blood was ordered as the substitute of human blood.
It came in a box where blood was secured with ice packs. It was taken into a
refrigerator promptly. Before the experiments, 50 ml was poured into a glass beaker.
By the help of a heater, temperature of the blood was raised to human body
temperature, 37°C. Then, 6ml of blood was drawn into a pipette by a volume pipette
(figure 51), and it was placed onto the lower impact anvil as illustrated in figure 53
and 54. The heating process was repeated each time before drawing the blood for the
experiments. The blood temperature is measured by a glass thermometer (figure 52).
Figure 51: Figure 52:

The volume pipette The glass thermometer
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Figure 53:

Placing the blood on to the impact site

Figure 54:

The blood volume placed on the lower anvil

3.5 Surface where the impact spatter patterns were placed
A vertical surface was placed orthogonally to the impact site at 18 inches

away from the device in order to observe the impact spatter patterns. Surface was
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covered by a standard white plotter paper, Hp Universal Inkjet Uncoated Bond paper.
The paper was assumed to be preventing blood droplets bounce and roll by, allowing
them instantly stain the substrate without being wicked and altered. The mid point of
the paper was marked at the top and bottom to facilitate the placement of the impact
spatter patterns for the photography. The vertical surface was illustrated in figure 55.

Figure 55:

The vertical surface

3.6 Camera and camera settings used to record impact spatter patterns

After allowing the patterns to dry, each impact spatter pattern was
photographed with Nikon D3200 (24 megapixels) digital SLR camera and AFS
Zoom-Nikkor 18-55 mm lens. Since the lens captures pictures with 2 by 3 side
lengths, the impact spatter patterns were framed by a 18” by 24” frame. The 18 by
24” frame was placed on the pattern by using the pre-marked signs on the paper; thus,
the center of the pattern sat the center of the frame.

After camera was fixed on a tripod, camera was set to:

Lens: 35mm
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ISO: 200
Shutter speed: Aperture priority
Aperture: /11
Shutter release: 10 seconds delay
Flash: off
By looking at the viewfinder, 18” by 24 (457,2 mm by 609,6 mm) frame was
fitted to the viewfinder frame. The camera distance was adjusted by the tripod’s
height lever until 18” by 24” frame was not seen in the picture. To ensure the best
quality with the pictures and to visualize as many of the small bloodstains as possible,
each picture was recorded with the highest resolution. Since the camera has 24
megapixels resolution, every picture had 4000 by 6016 pixels. Therefore, when 18”
by 24” was matched with 4000 by 6016 pixels, each pixel corresponded to a square
with 0,101 mm width. Pertinent to the impact spatter patterns, this meant that a
bloodstain having a 0,101 millimeter diameter corresponded to one pixel.
3.7 Room conditions
The laboratory of the Department of Mechanical and Aerospace Engineering
in Tompkins Hall (George Washington University) was used to perform the
experiments. The room was illuminated by multiple fluorescent lamps; thus,
sufficient light, which provided a good exposure for photography without using a
build-in flash or an additional light source, was already present in the room. The
temperature in the room was assumed constant, and no airflow was present during the
experiments since any windows and doors were open.
3.8 Software used to quantify the bloodstains in the impact spatter patterns
The patterns were analyzed with a methodology, which was very similar to

that was used in a project prepared for Department of Justice. In this project,
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Ristenpart, Tulleners, Siu, Saifi, and Springer analyzed high velocity impact spatter
patterns. They projected the patterns on a vertical surface, and took their pictures with
a high resolution camera. Subsequently, they examined the pictures with an algorithm
that was written in MATLAB, which enables user to analyze and compute data, and
to process images. After the pictures were converted into binary images, in which
each pixel has only two possible colors, the algorithm automatically found out the
area of each bloodstain, and then it converted their area into a diameter value by
assuming each bloodstain as spheres. In that study they looked at how to differentiate
high velocity impact spatter patterns from medium velocity impact spatter patterns;
therefore they used real life instruments frequently encountered in crime scenes, such
as guns with several calibers, bat, hammer, and crowbar (US Department of Justice,
2013, pp. 1-7).

However, author used a different software program to analyze the bloodstains.
Author used ImageJ. Collins defines ImageJ as an image processing tool. Collins
states that ImageJ can recognize and quantify small particles in an image (2007, p.
25). According to Ferriara and Rasband, it differentiates particles in an image after
the image is converted into binary images. Then, it analyzes the binary images to
count particles and to measure the particle’s area and perimeters (2012, p. 131). It
also allows the analyst record the findings in a result table as a text file (2012, p.43).

In this context, author transferred the images to ImageJ and analyzed them in
the following steps.

Step 1: The picture of the impact spatter pattern was opened in image J as it is

illustrated in figure 56.
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Figure 56:

Opening an image in ImageJ
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Step 2: The picture was scaled to have the particle measurements in millimeter. To
set a scale in ImagelJ, a straight line was first drawn over the picture. Then, “Analyze”
and “Set Scale” was clicked respectively. A tab was opened after these selections.
This tab showed the pixel count of the line drawn over the picture. The width of the
picture was known as 24”. However, we want the measurements in millimeter. For
that reason, 24” was converted into millimeters. 24” corresponds to 609,6 mm
(24*2,54*10). Without entering any data to the box that shows distance in pixels, the
box for the known distance was filled as 609, 6. The unit box was filled as “mm.”
This action made Image] measure the distances as millimeter values. Marking the
“Global” box in the tab made the scale valid for all the pictures that would be open
during the same session. Following figures illustrated these actions in the respective

order.
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Figure 57:

Drawing a straight line
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Figure 58:

Clicking for setting a scale
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Figure 59:

Data entry into the boxes in “Set Scale tab”
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Figure 60:

Clicking on “Find Edges” button
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Figure 61:

The image after the edges of the bloodstains were found
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Step 3: The edges of the bloodstains were found by clicking “Find Edges” button

under “Process” button (figure 60). Figure 61 shows the image after being processed

with ”find edges.”

Step 4: Thereafter, pictures were converted into binary images for the particle
analysis, which quantified the bloodstains in the patterns. The automatic thresholding
option that was offered by Imagel was used by clicking “Process”, “Binary”, and
“Make Binary” buttons respectively. 1 or 2 images in each set of experiments did not
allow using “Make Binary” option. For these pictures, the manual color-threshold

method was used by clicking “Adjust” and “Color Threshold” buttons respectively

with the below settings.
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Thresholding method: ISOData
Threshold Color: B&W
Color space: HSB
Dark Background: yes

To ensure the uniformity in the statistical analysis, these patterns were
excluded from consideration, although they provided almost similar results with the
automatic thresholding function. The following figures shows the conversion of the
pictures to binary images.
Figure 62:

Clicking to “Make Binary” button
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Figure 63:

The binary image of the sample
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Step 5: ImagelJ can only analyze binary images. After the pictures were converted to
binary images, bloodstains were quantified by clicking “Analyze Particles” under
“Analyze” button. Imagel opened a separate tab for arranging settings for the particle
analysis. First two boxes allowed analyst to set a range for the size and circularity of
the particles to be analyzed. That is, analysis of an image can be restricted based on
their size and circularity. By this method, some bloodstains were excluded from the
analysis.

A bloodstain, as small as 0,101 mm in diameter, can be resolved in the
pictures with a 24 megapixel camera as it was noted above. In case of not being
sufficiently exposed to be counted by the program, author assumed that distances can

be measured within + 2 pixels. Therefore, the bloodstains that had diameter equal to
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and less than 4 pixels were disregarded. This corresponded to a bloodstain diameter
of 0,404 millimeters. However, “Size” box is not suitable for entering the dada as a
diameter, but it allows entering the data as an area. So, area of a bloodstain that had
0,404 mm diameter was calculated and entered. That was 0,13 square millimeter for a
bloodstain with 0,404 millimeter diameter (m r2,3,14*(0,404/2)2). Additionally,
satellite bloodstains or bloodstains that were linked to satellite bloodstains should not
be counted either. Besides, some bloodstains overlapped each other. In order to
exclude these misleading bloodstains from bloodstain quantification, bloodstains with
less than 40 percent circularity were eliminated in the analysis by entering “0.40-1” to
the “Circularity” box.

The third box is for setting image output after the particle analysis. Author
preferred “outline” selection since it made ImagelJ display a separate image. By this
selection, ImageJ drew a red outline over each bloodstain that was taken into account;
it also numbered the bloodstains with the order they were analyzed. The particle
analysis is depicted in the following figures.

The other boxes are for setting result output, which provide measurements as
text files. “Display Results” and “Summarize” boxes are marked. “Display Results”
opened a text file, where particle size measurements were recorded. “Summarize”
opened another text file, where a summary of the measurements were provided. In the

second text file, the mean area and the count of the particles that were analyzed was

provided as a line of data. A sample of the text files is presented in the figure 67.
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Figure 64:

Clicking the “Particle Analysis” button
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Figure 65:
Entering the settings in the “Analyze Particles” tab
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Figure 66:

Image output after particle analysis process
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Figure 67:

Results and Summary files after particle analysis process
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Step 6: The original image of the patterns was overlaid onto the image that is
obtained after the particle analysis. It was done to observe how reliably the
bloodstains are examined by ImageJ through the above steps. It was assumed a kind
of verification. First both images were ensured to be open during the process. Then,
processed image was selected, and the unprocessed image was laid over it. 50 percent
transparency was applied to the overlaying image to see the underlying image. The
bloodstains that were excluded from analysis can be discerned explicitly. These
bloodstains did not have a red outline and a number inside. Following figures showed

how an image was overlaid and how the resultant image looked like.

Figure 68:

The original image and the processed image is open simultaneously
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Figure 69:

Clicking the required buttons to overlay an image over the analyzed image
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Figure 71:

The resultant image after the overlaying process
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3.9 Statistical analysis of the bloodstains in Microsoft Excel

The data that was obtained from Image] as “Results” and “Summary” files
was exported to Microsoft (MS) Excel for statistical analysis. First, the area values
were converted into diameter values. Then, by clicking “Tools” and “Data Analysis”
buttons respectively on MS Excel tool bar, histogram of each pattern was obtained.
The histogram of the patterns showed the bloodstain count at particular diameter
ranges as a bar graphic. The data tables of the histograms consisted in the count of the
bloodstains with the cumulative percentages. By using the cumulative percentage
values, the percentage of bloodstains at each diameter range was calculated. The pink
line on the histograms showed the cumulative percentage of the bloodstain count in a

pattern at a particular diameter range. A sample histogram is illustrated in figure 72.
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A sample data table that was obtained as a result of data analysis of a pattern is
illustrated in table 5.

Then, the percentage of the bloodstains at each diameter range was used to
create a unified histogram, in which their standard deviation through an experiment
set can be screened. That histogram was produced by a new data table. This new data
table consisted in the percentage values of each diameter range at a pattern. The mean
and standard deviation of each diameter range was calculated and displayed in the
unified histogram. That is, this unified histogram enabled the analysts to evaluate the
reproducibility of the bloodstains at each diameter range with a standard deviation;
the unified histogram is displayed in figure 73.

The bloodstain distribution tendency of the experiment sets was also
illustrated by a line that was drawn by a linear regression equation, which is provided
by MS Excel. It is stated that “Linear regression attempts to model the relationship
between two variables by fitting a linear equation to observed data” (Linear
Regression, retrieved from http://www.stat.yale.edu/Courses/1997-
98/101/linreg.htm). Donnelly defines the linear regression as simple regression;
simple regression identifies “a straight line that best fits a series of ordered pairs”
(2007, p.316). The linear equation is defined as:

y=ax+b

(1P 4]

In the equation, “a” corresponds to the slope of the line that is drawn with this
equation. “b” corresponds to the “y” value when “x” is 0 (Linear Regression,
retrieved from http://www.stat.yale.edu/Courses/1997-98/101/linreg.htm). With this
equation, the percentage of the bloodstains was correlated with the diameter range of

the bloodstains. The black line that passes over the bars on the unified histograms

belongs to the linear equation. The constants of the linear equation, “a” and “b”, were
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used to compare the bloodstain distribution tendency of the patterns among each

other.
Table 5:

A sample of the data tables that belongs to the histograms

Diameter Range  Bloodstain Count Cumulative % %
0-0,3 0 0,00% 0,00%
0,3-0,4 0 0,00% 0,00%
0,4-0,5 283 10,08% 10,08%
0,5-0,6 430 25,40% 15,32%
0,6-0,7 390 39,29% 13,89%
0,7-0,8 283 49,38% 10,08%
0,8-0,9 263 58,75% 9,37%
0,9-1,0 227 66,83% 8,09%
1,0-1,1 202 74,03% 7,20%
1,1-1,2 184 80,58% 6,56%
1,2-1,3 132 85,29% 4,70%
1,3-1,4 108 89,13% 3,85%
1,4-1,5 96 92,55% 3,42%
1,5-,1,6 65 94,87% 2,32%
1,6-1,7 46 96,51% 1,64%
1,7-1,8 38 97,86% 1,35%
1,8-1,9 39 99,25% 1,39%
1,9-2,0 12 99,68% 0,43%
2,0-2,1 8 99,96% 0,29%
2,1-2,2 1 100,00% 0,04%
2,2-2,3 0 100,00% 0,00%
2,3-2,4 0 100,00% 0,00%
2,4-2,5 0 100,00% 0,00%
2,53 0 100,00% 0,00%
3-00 0 100,00% 0,00%
Figure 72:

A sample of the histograms that showed the count of the bloodstains at particular

diameter ranges
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Figure 73:
A sample of the unified histograms that enabled to screen the standard deviation of

the percentage of the bloodstain count at a particular diameter range
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One other histogram that was formed by a line graphic was made for every
experiment set. The cumulative percentage values of the small bloodstains were
extracted from the above data table to form another data table. This data table
involved the percentage values of the small bloodstains in each pattern in a set of
experiment. By using these new data tables, the mean, standard deviation, and the
coefficient of variation (the ratio of the standard deviation to the mean) were found
for each set of experiment. The deviation from the mean can be discerned by the help
of the pink line drawn through the graphic in the histograms. This line graphic also
helped the analyst to evaluate the reproducibility of small bloodstains in each set of
experiments along with the standard deviation in the data tables. A sample histogram

and a data table were illustrated in figure 74 and table 6 respectively.
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Figure 74:

A sample histogram of the percentage of the small bloodstains in a set of experiment
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Table 6:

A sample data table for the small bloodstains

Bloodstain size smaller than Imm in percentage-
Imlh

Pattern Percentage
Pt-1 66,83%
Pt-2 67,22%
Pt-3 70,50%
Pt-4 66,53%
Pt-5 66,03%
Pt-7 73,44%
Pt-8 76,38%
Pt-9 58,74%
Pt-10 69,64%
Pt-11 66,63%
Pt-13 69,50%
Pt-14 67,54%
Pt-15 68,18%
Pt-16 62,58%
Pt-17 70,27%
Pt-18 72,49%
Pt-19 68,12%
Pt-20 71,08%
Pt-6 X
Pt-12 X
Mean 68,43%
Standard Deviation | 3,97%
Standard Deviation

ratio to the mean 5.80%
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Subsequently, the bloodstain count and average bloodstain diameter of each
pattern was evaluated. Their mean, standard deviation, and coefficient of the variation
in their corresponding experiment sets was calculated and illustrated as histograms
and tables for comparison purposes. A sample histogram was illustrated in figure 75.

First two histograms illustrated the variation in the bloodstain count and
bloodstain size with the increase in the amount of the impact energy by changing “h”
value with 3 different piston weights. That is, histogram bars were sequenced as
Im1lh, Im2h, 1m4h, 2m1lh, 2m2h, 2m4h, 4m1h, 4m2h, 4m4h.

Second two histograms illustrated the variation in the bloodstain count and
bloodstain size with the increase in the amount of the impact energy by changing “m”
value with 3 different piston height. That is, histogram bars were sequenced as 1m1lh,
2mlh, 4m1h, 1m2h, 2m2h, 4m2h, 1m4h, 2m4h, 4m4h.

Third two histograms illustrated the change in the percentage of small blood
bloodstains through the set of experiments. The graphic bars of the histograms were
sequenced with two different orders. In the first order, “m” is constant, and “h” is
varied. In the second order, “h” is constant, and “m” is varied.

The last three histograms illustrated the change in the bloodstain count,
average bloodstain diameter, and the percentage of the small bloodstains with the

same amount of impact energy application with the different “m” and “h” values.
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Figure 75:

A sample histogram for comparative analysis
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3.10 Conclusion

The two goals of the thesis were to build a device that can create reproducible
impact spatter patterns with a reliable fashion and to correlate impact energy to the
resultant impact spatter patterns. In order to accomplish the goals of the thesis, a
weight dropping apparatus was designed. After designing the model apparatus, it was
built in the engineering laboratory of school of Engineering and Applied Science.

Thereafter, impact spatter patterns were produced. The impact spatter patterns
were produced with a combination of 3 different heights and 3 different weights. 20
repetitions were made at each combination to evaluate reproducibility. The resultant
impact spatter patterns were located on vertical surfaces. After the patterns were
dried, their pictures were taken with a high resolution camera.

The pictures were quantified by using ImageJ, an image processing tool.

ImagelJ provided invaluable data for evaluating reproducibility of the device and
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correlating impact energy to the impact spatter patterns. It summarized its finding as
two different text files.

The data that was obtained as two separate text files was exported to MS
Excel for statistical analysis. Author split the bloodstains in the patterns based on
their diameter to evaluate the diameter distribution of the bloodstain in a pattern. The
bloodstains that were smaller than 1 mm in diameter were expressed as small
bloodstains, and their percentage in a pattern was calculated. The mean, standard
deviation and coefficient of the variation for each variable in a set of experiment was
calculated to comment on reproducibility of the high velocity impact spatter patterns.
Subsequently, the average bloodstain count, average diameter, the percentage of the
small bloodstains, and the constants of the linear equation of the experiment sets were
compared among the experiments sets that were applied with same impact energy.

The pictures and the processed images of the impact spatter patterns were put
on to a back-up CD along with the MS Excel files bearing the statistical analysis of

the bloodstains.
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Chapter 4: Results and Discussion
4.1 Introduction

In this chapter, after the problems that were associated with the analysis of
bloodstains and the implementation of the experiments were presented, the results of
the experiments were discussed with the help of the data tables and histograms in the
respective order of reproducibility of high velocity impact spatter patterns and impact
energy correlation in impact spatter pattern production. One of the problems was
related to the releasing mechanism. The placement of the blood volume onto the
lower anvil posed the second problem. The third problem was about the
differentiation of the bloodstains by the software that was used to analyze
bloodstains. Satellite bloodstains and overlapping bloodstains compromised the
particle analysis, so they must have been disregarded in the analysis.

Data that was used in the tables and histograms were obtained by Image].
ImagelJ provided a raw data of bloodstain area measurements, average of bloodstain
area measurements, and bloodstain counts. By using MS Excel formulation functions,
area values were first converted to the diameter measurements; then, each pattern
were statistically analyzed based on the below variables:

1. Bloodstain diameter distribution

2. Bloodstain count

3. Average bloodstain size (also referred to the mean bloodstain diameter)

4. Percentage of the bloodstains smaller than Imm in diameter. The
bloodstains that are smaller than Imm in diameter are called small
bloodstains to ease the explanations.

It was seen that the bloodstains diameter distribution through the patterns

forms a motif where count of the bloodstains decreased by the increase in bloodstain
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diameter. The unified histogram, in which the histograms of all the patterns in an
experiment set were brought together, corroborated the motif with small standard
deviations.

The percentage of the small bloodstains in each pattern in an experiment set
was displayed in a separate table. By the help of this table, the mean, standard
deviation, and coefficient of variation was calculated for the percentage of the small
bloodstains. The standard deviation, mean, and coefficient of the variation for the
other variables, which are the bloodstain count and the average bloodstain size, was
identified for each experiment set either.

Percentage of the small bloodstains and average bloodstain diameter enabled
the author to comment on whether high velocity impact spatters were produced or
not. Similarity of the bloodstain diameter distribution, the coefficient of variation of
the bloodstain count, average bloodstain size, and the average percentage of the small
bloodstains in each experiment set showed the author whether the patterns were
reliably reproduced.

Author compared the above data among the experiment sets by means of
histograms to correlate the impact energy to impact spatter production. Comparison
of the histograms displayed the influence of “m” and “h” values on the above

variables.

4.2 The problems as to the analysis of the bloodstains and the implementation of
the experiments.

One of the problems that were encountered during the experiments is related

to the releasing mechanism. The mechanism that was used to release the piston,

which was suspended with a chain away from the lower anvil, involved a pull-pin
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hook. A close-up photograph of the pull-pin hook is illustrated in figure 76. Since it
was linked to a chain, pulling the pin from the pull-pin hook with a string caused the
chain to be stretched laterally. The lateral stretch of the chain shook the piston.
Although an apparent wobble was not observed during the slide of the piston, a slight
wobbling was felt at the time of pulling by the analyst. However, the wobbling due to
the pulling was lessened when the piston mass was increased. Since the wobbling
compromised the perfect perpendicular impacts, an inconsistency, which was
attributed to the weakness of the releasing mechanism, was expected in the
reproduction of the impact spatter patterns.

Figure 76:

A close-up of pull-pin hook

The other problem was seen while placing the blood sample on to the lover
anvil. Although the placing the blood was begun from the center of the lower anvil, it
could not be located in the center perfectly. Moreover, since the anvil surface was
very smooth, blood flowed to the sides at random; that is, the shape of the blood

volume did not appear as sphere; it took an arbitrary shape instead. 10 attempts to
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place the blood sample on the impact site were photographed to show the randomness
of the blood placement. These photographs are illustrated in figure .
Figure 77:

10 attempts to place the blood sample

1
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Because the blood sample did not sit at the anvil center evenly and did not
conform to a uniform shape, the consistency of the impact spatter pattern production
was suffered.

The last problem that beset the analyst during the experiments was about the
analysis of the bloodstains. The impact spatter patterns were first located at a vertical
surface 12” away from the impact site. When the impact spatters were examined, it
was seen that bloodstains overlapped each other at a great percentage. Therefore, the
distance of the vertical surface was taken to 18 and 24” away. 24” distance kept the
bloodstains apart from each other, but the population of the bloodstains apparently
declined. That is, 18” distance was preferred. It did not keep the bloodstains
completely apart, but there was not an apparent decline at bloodstain population. Both
drawbacks were offset at 18” distance.

Other than the overlapping bloodstains, which were in non-spherical weird
shapes, satellite bloodstains compromised the analysis as well. Some satellite
bloodstains linked to the primary stains, some were split. The satellite bloodstains
formed elliptical bloodstains. In order to exclude both the overlapping and satellite
bloodstains from particle analysis, the settings of the particle analysis in Imagel
arranged to detect the bloodstains at a particular circularity, 0,40-1.00. Other than
these problematic bloodstains, too small bloodstains were also neglected. A
bloodstain, as small as 0,101 mm in diameter, can be resolved in the pictures with a
24 megapixel camera. In case of not being sufficiently exposed to be counted by the
program, author assumed that distances can be measured within + 2 pixels. Therefore,
bloodstains that had diameter equal to and less than 4 pixels were disregarded. This

corresponded to a bloodstain diameter of 0,404 millimeters.
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As a result, further researches are required to compensate for the above
drawbacks. First, a robust way to release the piston can be found to make the piston
have a perfect perpendicular slide to produce identical impacts at each trial, which
was not sufficed by the mechanism that was used in the thesis. Rather than a pull-pin
hook, an electromagnet can be used to release the piston. Secondly, a better way to
place the blood sample should be sought. Placing the blood volume from a close
distance by dropping the blood as droplets may produce a spherical shape that is
evenly spread on the surface. Third, the impact spatter patterns can be photographed
as several close-ups, or they can be photographed with a camera having more
resolution; that is, very small bloodstains can be included in the analysis.

4.3 Reproducibility of the high velocity impact spatter patterns

The thesis goal, at first, was to build a device and test its capacity to reproduce
high velocity impact spatter patterns. Although it is not a well established criterion
for high velocity impact spatter patterns in BPA field, these patterns are considered
by the great portion of the analyst to have a preponderant bloodstain size that is
smaller than 1mm in diameter (Bevel & Gardner, 2008, pp. 78-79). Therefore, the
percentage of the bloodstains smaller than 1mm in diameter was very important, so
they were identified for each pattern as one of the variables..

4.3.1 The percentage of the small bloodstains

The bloodstains that were smaller than 1mm in diameter were called small
bloodstains to ease the explanations. The average, standard deviation, and coefficient
of the variation of this variable were calculated for every set of experiment as it is
depicted in the table 7.

The table 7 provides the percentage of the small bloodstains in each impact

spatter pattern. Each column excluding the first column corresponds to the
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experiment sets. The last three line of the table summarize the data as the mean,
standard deviation, and the coefficient of variation as to the percentage of the small
bloodstains respectively.

Table 7:

The percentage of the bloodstains smaller than 1mm in diameter

PERCENTAGE OF THE BLOODSTAINS SMALLER THAN 1MM IN EACH EXPERIMENT

Patterns 1mh Im2h | 1m4h |2mh 2m2h | 2m4h |4mh 4m2h |4m4h
66,83 | 75,18 | 84,75 |64,04 |85,60 |88,58 |[81,80 |83,92 |87,37
1 % % % % % % % % %
67,22 75,40 |81,61 |79,87 |78,14 |89,05 [70,80 |78,67 |87,29
2 % % % % % % % % %
70,50 |72,14 | 81,88 [69,76 |73,32 [88,22 |73,94 |84,54 |81,88
3 % % % % % % % % %
66,53 | 74,25 |88,13 |71,24 |78,41 [91,63 |76,82 |89,28 |88,13
4 % % % % % % % % %
66,03 |87,79 |84,37 |75,65 |73,32 [90,38 |76,56 |89,88 |[85,76
5 % % % % % % % % %
73,44 85,38 |84,21 |74,35 79,84 |87,80 |83,91 |76,08 |86,80
6 % % % % % % % % %
76,38 179,44 91,46 |70,67 |73,13 [90,02 |82,21 |77,17 |83,35
7 % % % % % % % % %
58,74 |82,61 |87,38 |71,19 |75,40 [91,85 [79,23 |78,38 |89,41
8 % % % % % % % % %
69,64 |78,12 |87.44 |71,44 |71,61 |87,78 |82,86 |82,57 |85,77
9 % % % % % % % % %
66,63 |77,78 91,85 |68,19 |84,35 |81,21 77,74 67,97 |86,59
10 % % % % % % % % %
69,50 |78,26 |85,83 |77,30 |75,71 |87,58 |76,16 |71,64 |86,49
11 % % % % % % % % %

67,54 |80,72 90,93 |78,66 |83,95 90,06 |81,89 |81,50 |85,09

12 % % % % % % % % %
68,18 |74,70 |88,35 |70,51 |78,19 |89,75 |80,80 |83,12 |84,52
13 % % % % % % % % %
62,58 85,64 89,29 |65,46 |78,15 [90,35 [73,31 [89,24 |84,38
14 % % % % % % % % %
70,27 180,27 191,84 (79,00 [80,92 |84,51 |81,14 |84,33 |86,41
15 % % % % % % % % %
72,49 73,68 90,42 (69,86 |[73,27 |89,20 |74,06 |84,06 |82,61
16 % % % % % % % % %
68,12 |78,01 [89,04 |79,63 |75,54 |88,99 [79,45 |82,86 |88,34
17 % % % % % % % % %
71,08 85,03 |85,09 (65,83 (76,32 91,45 |75,91 |82,33 |89,00
18 % % % % % % % % %
82,24 89,83 68,20 |95,32 91,55
19 % % % % %
76,91
20 %
68,43 79,30 |87,56 |72,37 |77,01 [89,14 |78,25 |81,53 |86,35
Mean Percentage A A A A A A A A A
Standard Deviation 3,97% |4,55% |3,24% |5,04% |4,44% |2,92% |3,78% |5,80% |2,42%
SD ratio to Mean 5,80% |5,74% |3,70% | 6,96% |5,77% |3,28% |4,83% |7,12% |2,80%
Mean of SD ratio to
Mean 5,11%
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The table 7 enabled the author to illustrate the change in the variable, the
percentage of the small bloodstains, by a histogram. The histogram of each
experiment set is illustrated in the following figures. The pink line in the histograms
signifies the mean of the variable.

Figure 78:

The percentage of the small bloodstains in the experiment set “Iml1h”
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Figure 79:

The percentage of the small bloodstains in the experiment set “1m2h”
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Figure 80:

The percentage of the small bloodstains in the experiment set “1m4h”
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Figure 81:

The percentage of the small bloodstains in the experiment set “2m1h”
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Figure 81:

The percentage of the small bloodstains in the experiment set “2m2h”
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Figure 82:

The percentage of the small bloodstains in the experiment set “2m4h”
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Figure 83:

The percentage of the small bloodstains in the experiment set “4m1h”
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Figure 84:

The percentage of the small bloodstains in the experiment set “4m2h”
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Figure 85:

The percentage of the small bloodstains in the experiment set “4m4h”
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The percentages of the small bloodstains in the experiment sets are between
68.43-89,14. All the experiment sets yielded a great percentage of the bloodstains to
be smaller than Imm in diameter. Interestingly, regardless of the piston weight, the
percentages of the bloodstains are over 85, when the piston was released from “4h”
distance. Based on the premise as to the identification of high velocity impact spatter
patterns, all of the patterns can be classified as high velocity impact spatter patterns
since more than half of the bloodstains were smaller than Imm in diameter in the
patterns. That is, it can be said that the apparatus is capable of producing high
velocity impact spatter patterns even though the whole capacity of the apparatus was
not used the whole capacity of the device (the maximum height that can be possible
for the piston height is 96”; however, the highest point that the piston was released is
127, which corresponds to “4h” distance in the experiments).

It can be observed in the figures that the percentage of the small bloodstains

was not same for each experiment set because different “m” and “h” combination was
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used, but the patterns in an experiment set have very similar percentage value for
small bloodstains. 6 of the experiment sets have a coefficient of variation less than 5
%, which means that the bloodstain percentage of the patterns in these experiment
sets have almost identical percentage. When the coefficient of variation of all
experiment sets were averaged, a value that is slightly over 5 %, 5,11 %, was
obtained. The substantial decrease in the coefficient variation was observed when the
impact energy was increased with the piston mass. It can be contributed to the more
stable impacts because the impacts with more weight on the piston were less affected
from the wobbling that occurred due to the stretch at time of the pulling the pin. As a
result, it can be said that the weight dropping apparatus reproduced the percentage of
the small bloodstains in the patterns with almost 95 % reliability since the ratio of the

standard deviation to the mean is slightly over 5 %.

4.3.2 The average bloodstain diameter

The average bloodstain diameter of each pattern was calculated and noted.
The table 8 shows the average bloodstain diameter of each pattern. The last four lines
of the table correspond to the mean, standard deviation, coefficient of variation, and
average coefficient of variation in the respective order. The average bloodstain
diameter of all the experiment sets is between 0,76101-0,94160-. mm, which is a
significant finding as to the production of high velocity impact spatter patterns.
Besides, the coefficient of variation for all the experiment sets is 4,96 % in average.
That means that average bloodstain diameter is reproduced dependably. In other
words, the weight dropping device reproduced the patterns with 95% reliable average
bloodstain diameter. The histogram as to the average bloodstain diameter of each

experiment set is illustrated in figure 85.
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Table 8:

Average bloodstain diameter for each pattern

Mean Bloodstain Size
Pattern 1mh 1m2h 1m4h 2mh 2m2h 2m4h 4mh 4m2h 4m4h
1 0,95972 |0,87607 [ 0,78111 |0,97388 | 0,77193 | 0,74242 | 0,80882 | 0,79437 |0,74695
2 0,95912 | 0,87097 | 0,81478 |0,82711 | 0,85026 | 0,72769 |0,91496 | 0,84839 |0,75128
3 0,93151 |0,90179 | 0,80709 |0,92987 | 0,88892 | 0,73975 |0,88820 | 0,78095 |0,80819
4 0,96514 |0,88302 | 0,73171 |0,91496 | 0,84040 | 0,69503 |0,84771 |0,72883 |0,73266
5 0,96303 | 0,74720 | 0,78355 |0,87469 | 0,89327 | 0,70855 |0,84357 | 0,71827 |0,76205
6 0,88755 | 0,77883 | 0,78290 |0,87811 | 0,82611 |0,73881 |0,79204 | 0,85549 | 0,74806
7 0,87389 |0,83789 | 0,69996 |0,92182 | 0,89456 | 0,71987 |0,81548 | 0,86031 | 0,78962
8 0,93900 | 0,79461 |0,74327 |0,91760 | 0,87651 | 0,69540 | 0,83683 |0,84289 |0,72075
9 0,93879 |0,84312 | 0,74010 |0,90713 | 0,92313 | 0,74516 | 0,79709 | 0,80661 |0,76522
10 0,96461 | 0,85041 | 0,68914 |0,94743 | 0,78898 | 0,81774 |0,85265 |0,96428 |0,75887
11 0,93771 | 0,84786 | 0,76305 |0,85861 |0,87236 | 0,74216 |0,85935 |0,91767 |0,76013
12 0,96296 | 0,81759 | 0,70413 |0,84342 |0,79485 |0,71427 {0,81188 | 0,81860 |0,77160
13 0,94925 |0,87934 | 0,72577 |0,92541 | 0,84719 {0,71614 | 0,81047 | 0,79852 |0,78127
14 1,02955 |0,77530 | 0,71525 | 0,97623 | 0,84906 | 0,70639 | 0,88849 |0,72997 | 0,78233
15 0,93144 |0,82263 | 0,69007 |0,82926 |0,82580 |0,77637 |0,82271 |0,78671 |0,75820
16 0,89356 | 0,88770 | 0,70917 |0,93171 |0,89149 | 0,73058 | 0,87738 | 0,78688 | 0,79501
17 0,94992 | 0,85853 | 0,73005 |0,83888 | 0,87440 | 0,73362 |0,83370 | 0,79605 |0,74199
18 0,91210 | 0,78355 | 0,76862 | 0,96560 | 0,87265 | 0,69567 |0,85608 | 0,79988 |0,72392
19 0,93178 | 0,81517 | 0,72075 | 0,94258 | 0,95580 | 0,65465 |0,93947 | 0,89747 | 0,70196
20 1,03023 | 0,80361 | 0,74010 | 0,97681 | 0,86134 | 0,65863 | 0,88727 |1,00831 | 0,73518
Mean 0,94160 | 0,83535 | 0,74213 | 0,90343 | 0,85995 | 0,72633 | 0,84208 | 0,81304 | 0,76101
Standard | 0,03549 | 0,04414 | 0,03878 | 0,04929 | 0,04485 | 0,03428 | 0,03447 | 0,06253 | 0,02405
Deviation
SD ratio |3,77% |528% |523% |546% |522% |4,72% |4,09% |7,609% |3,16%
to Mean
Mean of | 4,96%
Figure 86:
Histogram of average bloodstain diameter
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4.3.3 The bloodstain diameter distributions

The other variable was the distribution of the bloodstains through the patterns.
First, the ranges of bloodstain diameter were determined as it is depicted in table 9.
Each diameter range corresponds to 0,1 mm excluding the last two ranges. The count
of the bloodstains at each diameter range is expressed as a percentage in the table. By
the help of the table, a histogram was made for each experiment set to illustrate the
distribution tendency through the patterns.

The bloodstain diameter distribution was done for each experiment set, and
presented at the below tables and figures. The first column in the tables is for
diameter range. The bloodstains are sorted into groups with the diameter range of 0,1
mm except the first and last 2 diameter ranges. First 2 diameter ranges were used for
a control purpose to be sure whether ImageJ restricted the analysis to the bloodstains
that have a diameter greater than 0.4 mm. The last line of the diameter range shows
the bloodstains that are greater than 3,00 mm in diameter. The second column in the
tables displays the mean percentage of the bloodstains in the particular bloodstain
diameter range.

The third column shows the cumulative percentage of the bloodstains that are
smaller than the upper limit of the corresponding range. The cumulative percentage is
a very good indicator for the bloodstain distribution. As it is seen in the tables, in all
the experiment sets, 99 % of the bloodstains are smaller than 1,8 mm; and there is no
bloodstains over 2,5 mm except the experiment sets Im4h and 4m2h, which have few
bloodstains between 2,5-3,00 mm diameter range.

The fourth column shows the standard deviation in the particular bloodstain
diameter range. And, the last column shows the coefficient of the variation, which is

the ratio of the standard deviation to the mean. It is the best indicator for the
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reproducibility of the diameter ranges in an experiment set. The bloodstain ranges
that are greater than 1 mm in diameter did not evenly reproduced since their
coefficient of variation is greater than 10 percent. Especially the diameter ranges,
where less than 1 percent of the bloodstains were covered, have an exponentially
great coefficient of variation, which means that their reproduction is randomly
occurred.

However, the small bloodstains were reproduced with a coefficient of
variation less than 10 percent in the average. It is a dependable percentage not only
for reproduction of the small bloodstains, but also for the patterns itself since the
small bloodstains correspond to at least 68,95 % of the bloodstains; moreover, these
bloodstains corresponds to more than 87,56 % of the bloodstains when the piston was
released from 4h distance. As a result, the bloodstain distribution at particular size
range was reproduced with almost 90 percent reliability.

Figure 87:

The bloodstain diameter distribution in the experiment set “1m1h”
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Table 9:

The average percentage of the diameter distributions in the experiment set “1m1h”

Average Percentage of Diameter Distributions - Imlh Experiment Set

Diameter Mean Kumulative | Standard SD ratio to
Number Range Percentage | Percentage Deivation Mean
1 0-0,3 0,00% 0,00% 0,00% 0,00%
2 0,3-0,4 0,00% 0,00% 0,00% 0,00%
3 0,4-0,5 10,27% 10,27% 1,81% 17,62%
4 0,5-0,6 15,27% 25,53% 1,06% 6,91%
5 0,6-0,7 14,14% 39,67% 0,94% 6,66% Average
6 0,7-0,8 10,46% 50,13% 0,72% 6,87% 8,64%
7 0,8-0,9 9,72% 59,85% 0,68% 6,96%
8 0,9-1 9,11% 68,95% 0,62% 6,80%
9 1-1,1 7,30% 76,25% 0,50% 6,79%
10 1,1-1,2 5,94% 82,19% 0,57% 9,63%
11 1,2-1,3 4,66% 86,85% 0,48% 10,31%
12 1,3-1,4 3,64% 90,49% 0,52% 14,18%
13 1,4-1,5 3,08% 93,57% 0,59% 19,04%
14 1,5-1,6 2,14% 95,71% 0,44% 20,46%
15 1,6-1,7 1,62% 97,32% 0,33% 20,21%
16 1,7-1,8 1,16% 98,48% 0,34% 29,72%
17 1,8-1,9 0,80% 99,29% 0,32% 40,22%
18 1,9-2 0,37% 99,66% 0,23% 61,19%
19 2-2,1 0,18% 99,84% 0,17% 92,23%
20 2,1-2,2 0,09% 99,93% 0,12% 135,71%
21 2,2-2,3 0,03% 99,96% 0,07% 220,57%
22 2,3-2,4 0,02% 99,98% 0,05% 222,60%
23 2,4-2,5 0,01% 99,99% 0,04% 327,58%
24 2,5-3 0,01% 100,00% 0,04% 364,20%
25 3-00 0,00% 100,00% 0,00% 0,00%
Total
Percentage 100,00%
Figure 88:

The bloodstain diameter distribution in the experiment set “Im2h”

THE PERCENTAGE OF DIAMETER DISTRIBUTIONS IN "{m2h" EXPERIMENT SET

30,00%
25,00%
20,00%

15,00%

Percentage

10,00%

5,00%

——

y=-0,0051x+0,1065

0,00%

0-0,3

0,3-0,4
0,4-0,5
0,5-0,6
0,6-0,7

0,7-0,8

0,9-1,0
1,0-1,1

1112 [

1,8-1,9 §

1,9-2,0

2,0-2,1
2,1-2,2
2,2-23
2,3-2,4

2,4-25
2,5-3
-00

123




Table 10:

The average percentage of the diameter distributions in the ” experiment set “1m2h

Average Percentage of Diameter Distributions - Im2h Experiment Set
Mean Cumulative Standard SD ratio to
Nu: Range Percentage Percentage Deviation Mean
1 0-0,3 0,00% 0,00% 0,00% 0,00%
2 0,3-0,4 0,00% 0,00% 0,00% 0,00%
3 0,4-0,5 15,01% 15,01% 2,61% 17,39%
4 0,5-0,6 17,73% 32,74% 1,94% 10,95%
5 0,6-0,7 15,87% 48,61% 1,03% 6,46% Average
6 0,7-0,8 11,56% 60,17% 0,81% 7,05% 9,77%
7 0,8-0,9 10,14% 70,31% 0,53% 5,21%
8 0,9-1,0 8,98% 79,30% 1,04% 11,55%
9 1,0-1,1 6,36% 85,65% 0,96% 15,13%
10 1,1-1,2 4,49% 90,15% 0,93% 20,67%
11 1,2-1,3 3,34% 93,49% 0,82% 24,59%
12 1,3-1,4 2,26% 95,75% 0,63% 27,76%
13 1,4-1,5 1,64% 97,40% 0,53% 32,39%
14 1,5-,1,6 1,07% 98,46% 0,44% 41,02%
15 1,6-1,7 0,69% 99,15% 0,30% 43,91%
16 1,7-1,8 0,42% 99,57% 0,19% 45,84%
17 1,8-1,9 0,22% 99,80% 0,11% 47,23%
18 1,9-2,0 0,12% 99,92% 0,06% 45,95%
19 2,0-2,1 0,05% 99,97% 0,05% 105,09%
20 2,1-2,2 0,02% 99,99% 0,02% 125,07%
21 2,2-2,3 0,01% 100,00% 0,02% 186,21%
22 2,3-2,4 0,00% 100,00% 0,00% 301,20%
23 2,4-2,5 0,00% 100,00% 0,00% 0,00%
24 2,5-3 0,00% 100,00% 0,00% 0,00%
25 3-00 0,00% 100,00% 0,00% 0,00%
Total
Percentage 100,00%
Figure 89:

The bloodstain diameter distribution in the experiment set “1m4h”
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Table 11:

The average percentage of the diameter distributions in the experiment set “1m4h”

Average Percentage of Diameter Distributions - m4h Experiment Set

Mean Kumulative Standard SD ratio to

Number | Range Percentage Percentage Deviation Mean

1 0-0,3 0,00% 0,00% 0,00% 0,00%

2 0,3-0,4 0,00% 0,00% 0,00% 0,00%

3 0,4-0,5 22,76% 22,76% 3,51% 15,44%

4 0,5-0,6 21,72% 44,49% 1,79% 8,26%

5 0,6-0,7 16,66% 61,15% 0,51% 3,04% Average
6 0,7-0,8 11,06% 72,21% 0,75% 6,78% 9,18%
7 0,8-0,9 8,64% 80,85% 0,78% 9,06%

8 0,9-1 6,71% 87,56% 0,84% 12,48%

9 1-1,1 4,53% 92,09% 0,82% 18,05%

10 1,1-1,2 3,00% 95,09% 0,75% 25,08%

11 1,2-1,3 1,91% 97,00% 0,51% 26,82%

12 1,3-1,4 1,16% 98,16% 0,39% 33,97%

13 1,4-1,5 0,76% 98,93% 0,32% 41,98%

14 1,5-1,6 0,43% 99,36% 0,22% 50,48%

15 1,6-1,7 0,28% 99,64% 0,16% 56,50%

16 1,7-1,8 0,15% 99,79% 0,10% 67,29%

17 1,8-1,9 0,11% 99,90% 0,09% 86,14%

18 1,9-2 0,06% 99,96% 0,05% 90,66%

19 2-2,1 0,03% 99,98% 0,03% 105,33%
20 2,1-2,2 0,01% 99,99% 0,02% 124,18%
21 2,2-2,3 0,01% 100,00% 0,01% 178,04%
22 2,3-2,4 0,00% 100,00% 0,00% 435,89%
23 2,4-2,5 0,00% 100,00% 0,00% 0,00%

24 2,5-3 0,00% 100,00% 0,00% 435,89%
25 More than 3 0,00% 100,00% 0,00% 0,00%

Total
Percentage 100,00%

Figure 90:

The bloodstain diameter distribution in the experiment set “2m1h”
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Table 12:

The average percentage of the diameter distributions in the experiment set “2m1h”

Average Percentage of Diameter Distributions - 2mlh Experiment Set
Mean Kumulative Standard SD ratio to
Number | Range Percentage Percentage Deviation Mean
1 0-0,3 0,00% 0,00% 0,00% 0,00%
2 0,3-0,4 0,00% 0,00% 0,00% 0,00%
3 0,4-0,5 11,79% 11,79% 2,16% 18,33%
4 0,5-0,6 15,84% 27,64% 1,56% 9,85%
5 0,6-0,7 14,84% 42,48% 1,02% 6,84% Average
6 0,7-0,8 10,90% 53,38% 0,69% 6,32% 8,89%
7 0,8-0,9 10,00% 63,38% 0,61% 6,13%
8 0,9-1,0 8,99% 72,37% 0,53% 5,89%
9 1,0-1,1 7,17% 79,54% 0,67% 9,38%
10 1,1-1,2 5,75% 85,29% 0,86% 14,98%
11 1,2-1,3 4,30% 89,59% 0,76% 17,62%
12 1,3-1,4 3,09% 92,68% 0,64% 20,75%
13 1,4-1,5 2,51% 95,19% 0,65% 25,82%
14 1,5-,1,6 1,59% 96,78% 0,54% 33,78%
15 1,6-1,7 1,30% 98,08% 0,55% 42,44%
16 1,7-1,8 0,81% 98,89% 0,36% 44,01%
17 1,8-1,9 0,56% 99,46% 0,30% 52,69%
18 1,9-2,0 0,29% 99,75% 0,18% 62,54%
19 2,0-2,1 0,15% 99,90% 0,11% 72,29%
20 2,1-2,2 0,07% 99,96% 0,05% 79,00%
21 2,2-2,3 0,03% 99,99% 0,03% 112,65%
22 2,3-2,4 0,01% 99,99% 0,02% 259,36%
23 2,4-2,5 0,00% 100,00% 0,01% 293,91%
24 2,5-3 0,00% 100,00% 0,01% 424,26%
25 3-00 0,00% 100,00% 0,00% 0,00%
Total
Percentage 100,00%
Figure 91:

The bloodstain diameter distribution in the experiment set “2m2h”
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Table 13:

The average percentage of the diameter distributions in the experiment set “2m2h”

Average Percentage of Diameter Distributions - 2m2h Experiment Set
Mean Kumulative Standard SD ratio to
Number | Range Percentage Percentage Deviation Mean
1 0-0,3 0,00% 0,00% 0,00% 0,00%
2 0,3-0,4 0,00% 0,00% 0,00% 0,00%
3 0,4-0,5 13,83% 13,83% 2,18% 15,74%
4 0,5-0,6 16,83% 30,66% 1,86% 11,03%
5 0,6-0,7 15,33% 45,99% 0,97% 6,33% Average
6 0,7-0,8 11,64% 57,63% 0,51% 4,35% 8,03%
7 0,8-0,9 10,33% 67,96% 0,47% 4,52%
8 0,9-1,0 9,06% 77,01% 0,56% 6,22%
9 1,0-1,1 6,67% 83,69% 0,80% 11,99%
10 1,1-1,2 4,81% 88,50% 0,80% 16,55%
11 1,2-1,3 3,72% 92,22% 0,80% 21,47%
12 1,3-1,4 2,65% 94,87% 0,54% 20,18%
13 1,4-1,5 1,81% 96,67% 0,44% 24,58%
14 1,5-,1,6 1,25% 97,92% 0,38% 30,42%
15 1,6-1,7 0,85% 98,77% 0,32% 37,59%
16 1,7-1,8 0,55% 99,32% 0,24% 44,16%
17 1,8-1,9 0,32% 99,64% 0,14% 43,76%
18 1,9-2,0 0,18% 99,83% 0,12% 62,89%
19 2,0-2,1 0,09% 99,92% 0,10% 110,12%
20 2,1-2,2 0,04% 99,96% 0,05% 118,07%
21 2,2-2,3 0,02% 99,98% 0,03% 148,52%
22 2,3-2,4 0,01% 99,99% 0,02% 243,76%
23 2,4-2,5 0,01% 100,00% 0,03% 368,26%
24 2,5-3 0,00% 100,00% 0,01% 307,89%
3-00 0,00% 100,00% 0,00% 0,00%
Total
Percentage 100,00%
Figure 92:

The bloodstain diameter distribution in the experiment set “2m4h”
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Table 14:

The average percentage of the diameter distributions in the experiment set “2m4h”

Average Percentage of Diameter Distributions - 2m4h Experiment Set
Mean Kumulative Standard SD ratio to
Number | Range Percentage Percentage Deviation Mean
1 0-0,3 0,00% 0,00% 0,00% 0,00%
2 0,3-0,4 0,00% 0,00% 0,00% 0,00%
3 0,4-0,5 23,82% 23,82% 2,77% 11,62%
4 0,5-0,6 22,43% 46,25% 1,66% 7,41%
5 0,6-0,7 16,83% 63,07% 0,58% 3,47% Average
6 0,7-0,8 11,04% 74,12% 0,55% 5,02% 8,29%
7 0,8-0,9 8,52% 82,64% 0,77% 8,99%
8 0,9-1,0 6,49% 89,13% 0,86% 13,21%
9 1,0-1,1 4,10% 93,23% 0,74% 18,08%
10 1,1-1,2 2,59% 95,81% 0,62% 23,80%
11 1,2-1,3 1,69% 97,50% 0,52% 30,92%
12 1,3-1,4 1,07% 98,57% 0,44% 41,57%
13 1,4-1,5 0,62% 99,19% 0,25% 41,22%
14 1,5-,1,6 0,36% 99,54% 0,21% 58,15%
15 1,6-1,7 0,22% 99,76% 0,15% 67,76%
16 1,7-1,8 0,11% 99,87% 0,09% 83,38%
17 1,8-1,9 0,06% 99,94% 0,06% 98,51%
18 1,9-2,0 0,04% 99,97% 0,04% 107,98%
19 2,0-2,1 0,01% 99,99% 0,02% 142,09%
20 2,1-2,2 0,01% 100,00% 0,02% 197,15%
21 2,2-2,3 0,00% 100,00% 0,01% 199,46%
22 2,3-2,4 0,00% 100,00% 0,00% 435,89%
23 2,4-2,5 0,00% 100,00% 0,00% 0,00%
24 2,5-3 0,00% 100,00% 0,00% 0,00%
3-00 0,00% 100,00% 0,00% 0,00%
Total
Percentage 100,00%
Figure 93:

The bloodstain diameter distribution in the experiment set “4m1h”
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Table 15:

The average percentage of the diameter distributions in the experiment set “4m1h”

Average Percentage of Diameter Distributions - 4mlh Experiment Set
Mean Kumulative Standard SD ratio to
Number | Range Percentage Percentage Deviation Mean
1 0-0,3 0,00% 0,00% 0,00% 0,00%
2 0,3-0,4 0,00% 0,00% 0,00% 0,00%
3 0,4-0,5 14,20% 14,20% 2,30% 16,16%
4 0,5-0,6 17,85% 32,05% 1,02% 5,72%
5 0,6-0,7 15,47% 47,52% 0,93% 6,03% Average
6 0,7-0,8 11,29% 58,81% 0,60% 5,34% 7,82%
7 0,8-0,9 10,37% 69,18% 0,68 % 6,54%
8 0,9-1,0 9,08% 78,25% 0,65% 7,15%
9 1,0-1,1 6,69% 84,95% 0,83% 12,44%
10 1,1-1,2 5,02% 89,96% 0,96% 19,08%
11 1,2-1,3 3,45% 93,41% 0,76% 21,97%
12 1,3-1,4 2,37% 95,78% 0,53% 22,36%
13 1,4-1,5 1,69% 97,47% 0,48% 28,39%
14 1,5-,1,6 0,98% 98,45% 0,32% 32,26%
15 1,6-1,7 0,69% 99,14% 0,24% 34,46%
16 1,7-1,8 0,42% 99,56% 0,18% 44,53%
17 1,8-1,9 0,24% 99,79% 0,12% 48,79%
18 1,9-2,0 0,13% 99,92% 0,09% 70,01%
19 2,0-2,1 0,05% 99,97% 0,05% 102,67%
20 2,1-2,2 0,02% 99,99% 0,03% 150,36%
21 2,2-2,3 0,01% 100,00% 0,02% 232,30%
22 2,3-24 0,00% 100,00% 0,00% 424,26%
23 2,4-2,5 0,00% 100,00% 0,00% 0,00%
24 2,5-3 0,00% 100,00% 0,00% 0,00%
3-00 0,00% 100,00% 0,00% 0,00%
Total
Percentage 100,00%
Figure 94:

The bloodstain diameter distribution in the experiment set “4m2h”
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Table 16:

The average percentage of the diameter distributions in the experiment set “4m2h”

Average Percentage of Diameter Distributions - 4m2h Experiment Set
Mean Kumulative Standard SD ratio to
Number | Range Percentage Percentage Deviation Mean
1 0-0,3 0,00% 0,00% 0,00% 0,00%
2 0,3-0,4 0,00% 0,00% 0,00% 0,00%
3 0,4-0,5 17,27% 17,27% 3,45% 20,00%
4 0,5-0,6 19,02% 36,28% 2,87% 15,08%
5 0,6-0,7 16,10% 52,38% 1,13% 7,01% Average
6 0,7-0,8 11,35% 63,73% 0,49% 4,36% 11,79%
7 0,8-0,9 9,52% 73,25% 0,99% 10,36%
8 0,9-1,0 8,28% 81,53% 1,15% 13,93%
9 1,0-1,1 5,76% 87,29% 1,25% 21,77%
10 1,1-1,2 4,03% 91,32% 0,92% 22,81%
11 1,2-1,3 2,85% 94,17% 0,96% 33,55%
12 1,3-1,4 2,05% 96,22% 0,80% 39,15%
13 1,4-1,5 1,31% 97,54% 0,56% 42,93%
14 1,5-,1,6 0,96% 98,50% 0,56% 58,34%
15 1,6-1,7 0,57% 99,07% 0,34% 59,38%
16 1,7-1,8 0,37% 99,43% 0,21% 57,12%
17 1,8-1,9 0,24% 99,68% 0,21% 84,11%
18 1,9-2,0 0,13% 99,80% 0,13% 100,12%
19 2,0-2,1 0,11% 99,91% 0,15% 139,85%
20 2,1-2,2 0,04% 99,96% 0,07% 150,43%
21 2,2-2,3 0,02% 99,98% 0,05% 247,35%
22 2,3-24 0,01% 99,99% 0,03% 313,41%
23 2,4-2,5 0,00% 99,99% 0,02% 353,37%
24 2,5-3 0,01% 100,00% 0,03% 318,61%
3-00 0,00% 100,00% 0,00% 0,00%
Total
Percentage 100,00%
Figure 95:

The bloodstain diameter distribution in the experiment set “4m4h”
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Table 17:

The average percentage of the diameter distributions in the experiment set “4m4h”

Average Percentage of Diameter Distributions - 4m4h Experiment Set

Mean Kumulative Standard SD ratio to
Number | Range Percentage Percentage Deviation Mean
1 0-0,3 0,00% 0,00% 0,00% 0,00%
2 0,3-0,4 0,00% 0,00% 0,00% 0,00%
3 0,4-0,5 21,39% 21,39% 2,42% 11,31%
4 0,5-0,6 21,17% 42,56% 1,32% 6,22%
5 0,6-0,7 16,54% 59,10% 0,48% 2,90% Average
6 0,7-0,8 11,22% 70,32% 0,61% 5,41% 7,06%
7 0,8-0,9 8,90% 79,22% 0,69% 7,73%
8 0,9-1,0 7,13% 86,35% 0,63% 8,80%
9 1,0-1,1 4,77% 91,12% 0,62% 12,93%
10 1,1-1,2 3,17% 94,29% 0,48% 15,22%
11 1,2-1,3 2,15% 96,44 % 0,40% 18,80%
12 1,3-1,4 1,45% 97,89% 0,37% 25,48%
13 1,4-1,5 0,85% 98,74% 0,23% 27,51%
14 1,5-,1,6 0,55% 99,29% 0,18% 33,23%
15 1,6-1,7 0,33% 99,62% 0,12% 37,17%
16 1,7-1,8 0,18% 99,80% 0,07% 37,37%
17 1,8-1,9 0,10% 99,91% 0,04% 34,38%
18 1,9-2,0 0,05% 99,96% 0,02% 31,61%
19 2,0-2,1 0,02% 99,98% 0,01% 56,61%
20 2,1-2,2 0,01% 99,99% 0,01% 74,97%
21 2,2-2,3 0,00% 100,00% 0,00% 101,37%
22 2,3-2,4 0,00% 100,00% 0,00% 93,00%
23 2,4-2,5 0,00% 100,00% 0,00% 0,00%
24 2,5-3 0,00% 100,00% 0,00% 0,00%
3-00 0,00% 100,00% 0,00% 0,00%
Total
Percentage 100,00%

4.3.4 The bloodstain count

The bloodstain count of the each pattern in each experiment set is illustrated

by the table 18. The last four lines match with the mean, standard deviation,

coefficient of variation, and the mean coefficient of variation of the bloodstain count

in the respective order. Unlike the other three variables, the bloodstain count could

not be reproduced for each pattern in the patterns with a good reliability. The

coefficient of variation, which is the ratio of the standard deviation to the mean, was

too high for all the experiment sets as it is depicted in the table 18. In the first

experiment set, the standard deviation was 30,20 % of the mean; it was a significant

variation from the average.
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experiment set since the standard deviation was 13, 41 percent of the mean; however,
it is still an undependable percentage. When the mean coefficient of variation of all
the experiment sets was calculated, 24,29 % was found. In other words, the
bloodstain count was reproduced with 75,71 % reliability. 75,71 % reliability is not
good for the reproduction of the patterns. It can be said that the count of the
bloodstains are quite random.

The randomness of the bloodstain count can be attributed to the placement of
the blood sample. Since the blood sample could not be placed at the center with a
uniform shape, the amount of the blood volume that was closer to the vertical surface
from the anvil center was different at every impact. Since the amount of the blood
toward the impact surface is different, the amount of the spatter is different as well.
However, only the analysis of the patterns that were produced with a robust way of
the sample placement can yield a true answer whether the inconsistency of the
bloodstain count is incumbent on the blood sample placement. The figure 93
illustrates the average bloodstain count of each experiment set.
Figure 96:

The average bloodstain count and standard deviation for each experiment set

Mean Bloodstain Count with Standard Deviation
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Table 18:

The bloodstain count of each pattern in all experiment sets

Bloodstain Count

Pattern 1mh 1m2h 1m4h 2mh 2m2h 2m4h 4mh 4m2h 4m4h

1 2807 6939 8665 3434 10138 5658 3907 7860 11622
2 2794 6662 7199 5955 8721 6666 3079 6592 12796

3 3722 5614 7455 2798 7421 11352 2978 4864 7455

4 3738 5620 10401 3338 7257 11513 4090 6566 10401
5 2096 7954 8757 6123 8301 10433 3592 5600 7803

6 4677 7030 10228 4885 6065 12082 5748 7514 7944

7 5835 6207 7057 4592 7785 8889 4216 3701 11760
8 2329 4927 7224 5259 6997 13084 4232 5241 13674

9 4467 6545 7700 2857 6928 10272 5362 10606 12636
10 3485 7678 7179 4407 9031 11670 4960 4158 13808
11 4017 7254 13126 3414 5995 6281 4434 6516 12262
12 4029 4564 5690 5187 6686 5726 7486 5923 13595
13 5478 7584 8053 4625 7324 7062 5358 8635 12368
14 5928 5977 5883 3822 7038 5389 2821 5557 13217
15 4275 4293 9016 3772 7054 8766 3362 8206 7132
16 3569 4050 5561 4821 7804 6636 3026 7980 13839
17 2691 6480 5674 6627 6849 9393 42717 6898 11162
18 2701 6475 8153 2669 7044 6641 3379 6066 8033

19 2388 4662 7181 2437 7274 6714 2278 3106 11024
20 2376 4050 5425 2239 8447 4935 3297 2781 4976
Mean 3813,22 | 6132,37 |7905,37 |4365,83 | 7507,95 | 8643,53 |4239,28 |6582,39 |11185,84
Standard

Deviation | 1155,22 |1191,94 | 1884,88 |1185,40 |1006,90 |2522,51 |1197,32 |1702,02 |2365,21
SD ratio

to Mean |30,30% |19,44% |23,84% |27,15% |13,41% |29,18% |28,24% |25,86% |21,14%
Mean 24,29 %

4.4 Correlation of the impact energy to the impact spatter patterns

To correlate the impact energy to the impact spatter patterns, the experiment

sets were compared to each other based on the variables that were looked at for the

reproducibility of the impact spatter patterns; thus, the change in these variables with

different impact energy applications was evaluated.

In order to ease the understanding, three histograms or three tables were made

for each variable, to illustrate the relationship between different impact energy

applications. In the first illustration, the variables were sequenced based on the

increase of the piston mass with a constant piston height. In the second illustration,

the variables were sequenced based on the increase of the piston height with a
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constant piston mass. The third illustration was made for the same impact energy
applications. The same amount of impact energy application was ensured by varying
the “h” and “m” values since the potential energy of an object that is at rest at a
particular height is the product of its mass and height. Impact energy value of “2mh”
and “8mh” was produced with 2 different “m” and “h” combination, and impact
energy “4mh” was produced with 3 different “m” and “h” combination.
4.4.1 The percentage of the small bloodstains

The figure 94 illustrates that when the piston height was constant, the
percentage of the small bloodstains did not tend to change significantly with the
increase in the piston mass. Even, the percentage of the small bloodstains fluctuated
when the piston was released from “2h” and “4h” distances.
Figure 97:

The Percentage of the small bloodstains with the constant piston heights

Percentage of the small bloodstains
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The figure 95 illustrates that increasing the impact energy with the piston
height rather than the piston mass made a great difference in the percentage of the
small bloodstains. The percentage of the small bloodstains gradually increased in

accordance with the increase in the piston height.
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Figure 98:

The percentage of the small bloodstains with the constant piston masses
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The percentage of the small bloodstains was expected to be similar with the
same amount of impact energy applications; however, it varied significantly with
different “m” and “h” applications. The impact energy applications that were applied
with greater “h” values produced more small bloodstains than that were applied with
greater “m” values. In the other words, releasing the piston farther from the impact
site with lesser weight on the piston produced more small bloodstains.

Figure 99:

The percentage of the small bloodstains with the same impact energy applications

Percentage of the small bloodstains with mass and velocity change while the
potential energy is held constant among the grouped experiment sets
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4.4.2 The average bloodstain diameter

While there was a decrease in the average bloodstain diameter with greater
piston masses when the piston was at “h” distance away, a similar decrease could not
be observed with “”2h” and “4h” distances, in fact the average bloodstain diameter
remained almost same with these heights as it is illustrated in figure 97. That is,
increasing the impact energy with the mass of the piston caused slight differences in
the average bloodstain diameter, but not major.
Figure 100:

The average bloodstain diameter with the constant piston heights
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In the figure 98, the bars corresponding to average bloodstain diameter was
sequenced in the order of constant piston weight applications. In contrary with the
above findings, increasing the impact energy with the height of the piston yielded a
significant change in the average diameter of the experiment sets. The decline in the

average bloodstain diameter is obvious in figure 98.
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Figure 101:

The average bloodstain diameter with the constant piston masses
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Same impact energy applications were compared to each other in the figure
99. Apparently, the same impact energy applications did not yield a similar average
bloodstain diameter. In fact, the impacts that were made from farther distances with
lighter piston mass produced smaller average bloodstain diameter.
Figure 102:

The average bloodstain diameter with the same impact energy applications

Bloodstain Diameter Change with Mass and Velocity Change
While the Potential Energy is Held Constant Among the Grouped
Experiment sets
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4.4.3 The bloodstain diameter distribution

The bloodstain distribution tendency of the experiment sets was also
illustrated by a line that was drawn by a linear regression equation, which is provided
by MS Excel. It is stated that “Linear regression attempts to model the relationship
between two variables by fitting a linear equation to observed data” (Linear
Regression, retrieved from http://www.stat.yale.edu/Courses/1997-
98/101/linreg.htm). The linear equation is defined as:

y=ax+b

[P -2]

In the equation, “a” corresponds to the slope of the line that is drawn with this
equation. “b” corresponds to the “y” value when “x” is 0 (Linear Regression,
retrieved from http://www stat.yale.edu/Courses/1997-98/101/linreg.htm). With this
equation, the percentage of the bloodstains was correlated with the diameter range of
the bloodstains. The table 19 and 20 present the equation for each experiment set with
two different orders. The first is sequenced based on the mass manipulation; the
second is sequenced based on the height manipulation.

Table 19:

The linear equations for each experiment set is in order based on mass manipulations

y=ax+b A B

Imh -0,0044 0,0974
2mh -0,0047 0,1006
4mh -0,0051 0,1058
1m2h 0,0051 0,1065
2m2h -0,0050 0,1044
4m2h -0,0053 0,1087
1m4h -0,0058 0,1149
2m4h -0,0059 0,1162
4m4h -0,0057 0,1136
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Table 20:

The linear equations for each experiment set is in order based on height manipulation

y=ax+b A B

1mh -0,0044 0,0974
1m2h -0,0051 0,1065
1m4h -0,0058 0,1149
2mh -0,0047 0,1006
2m2h -0,0050 0,1044
2m4h -0,0059 0,1162
4mh -0,0051 0,1058
4m2h -0,0053 0,1087
4m4h -0,0057 0,1136

As it is observed in the table 19, the slope of the linear equation does not tend
to change when the height is held constant. In the other words, changing the impact
energy with greater piston masses did not affect the bloodstain distribution
considerably. However, increasing the impact energy with farther height values
changed the slope of the linear equation significantly (the table 20). When the height
of the piston was varied with a constant piston mass, the change in the slope of the
linear equation is around 20 %. Moreover, the “b” value of the linear equation varied
considerably with the change in the piston height when it is compared to the change
in the piston mass. The influence of the piston height can be better observed in the
comparison of the same impact energy applications. The table 21 illustrates the
comparison of the “a” and “b” values of the same impact energy applications. Both
the slope and “b” constant are greater for the impact energy applications that were

produced with greater piston heights.
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Table 21:

The linear equation for the experiment sets that have same impact energy

y=ax+b A B

1m2h -0,0051 0,1065
2mh -0,0047 0,1006
1m4h -0,0058 0,1149
2m2h -0,0050 0,1044
4mh -0,0051 0,1058
2m4h -0,0059 0,1162
4m2h -0,0053 0,1087

4.4.4 The bloodstain count

The findings for the average bloodstain count of each experiment set are

similar to that of the above variables. The average bloodstain count increased

significantly with the greater impact energy applications that were accomplished with

farther piston heights. However, adding to the piston mass did not cause a significant

change in the average bloodstain count. The figure 100 and 101 illustrate the

influence of the impact energy increase. In the figure 100, the piston mass was

increased with the constant piston height. The reverse was applied at the next figure,

figure 101.
Figure 103:

The average bloodstain count with the constant piston heights
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Figure 104:

The average bloodstain count with the constant piston masses

Mean Bloodstain Count
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The last figure, the figure 102, displays whether same impact energy
application produces a similar average bloodstain count. Apparently, the same impact
energy applications did not produce a similar average bloodstain count. The piston
height made a great difference since the combinations with greater “h” values
generated greater average bloodstain count.

Figure 105:

The average bloodstain count with the same impact energy applications

Bloodstain Count Change with Mass and Velocity Change While the
Potential Energy is Held Constant Among the Grouped Experiment
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4.5 Conclusion

In this chapter, after the problems that were associated with the analysis of the
bloodstains and implementation of the experiments were presented, the results of the
experiments were discussed with the help of the data tables and histograms in the
respective order of reproducibility of high velocity impact spatter patterns and impact
energy correlation to the impact spatter pattern production.

Analyst encountered 3 major problems during the experiments and the
analysis of the patterns. The first problem was about the releasing mechanism. Since
the chain was stretched during pulling the pin out of the pull-pin hook, the piston was
slightly wobbled. A robust releasing mechanism is a must to release the piston
without wobbling. The second problem was related to the blood placement. The
blood sample could not be placed evenly at the center of the anvil surface. A method
that will ensure the placement of the blood sample in the anvil center with a uniform
shape and a better releasing mechanism that will ensure the perfect perpendicular
impacts should be sought for the sake of reproducible impact spatter patterns.

The third problem was about the analysis of the patterns. When the vertical
surface was placed at 12” away, the bloodstains overlapped each other considerably.
To avoid overlapping bloodstains, the distance of the vertical surface was increased to
24”. However, the count of the bloodstains obviously declined. Author put the
vertical surface at 18” away to ensure an optimal distance, but a further research is
required to identify what distance is best for locating the impact spatter patterns.
Besides, ImageJ was set to analyze the bloodstains that had 0.4mm in diameter and
greater. So, if the impact spatter patterns are photographed closer, or photographed
with a camera with a higher resolution, more bloodstains will be counted and

analyzed with ImageJ.
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The bloodstain area measurements that were provided by Image] were
converted into diameter measurement by MS Excel. Then, each pattern was
statistically analyzed to test their reproducibility and to correlate the impact energy to
the impact spatter production based on the below variables:

1. Bloodstain diameter distribution

2. Bloodstain count

3. Average bloodstain size (also referred to the mean bloodstain diameter)

4. Percentage of the bloodstains smaller than Imm in diameter. The
bloodstains that are smaller than Imm in diameter are called small
bloodstains to ease the explanations throughout the thesis.

The average bloodstain size and the percentage of the small bloodstains
provided information as to the production of high velocity impact spatter patterns.
The average bloodstain diameter was smaller than Imm in all experiment sets.
Besides, the percentage of the small bloodstains was over 50 percent in all experiment
sets either. Therefore, it can be said that high velocity impact spatter patterns were
produced successfully.

The statistical analysis of these two variables, the average bloodstain diameter
and the percentage of the small bloodstains, showed that these two variables were
reproduced almost identically for the impact spatter patterns through the same
experiment sets. Their coefficient of variations were equal to 4,96 % and 5,11 %
respectively. Based on these two variables, impact spatter patterns were reproduced
with 95% reliability.

The statistical analysis of the third variable, the bloodstain diameter
distributions, showed that the bloodstain ranges that are greater than 1 mm in

diameter did not evenly reproduced since their coefficient of variation is greater than
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10 percent. Especially the diameter ranges, where less than 1 percent of the
bloodstains were covered, have an exponentially great coefficient of variation, which
means that their reproduction is randomly occurred. However, the reproduction of the
ranges where the bloodstain diameter was less than 1mm was accomplished with
almost 90 % reliability in all experiment sets since their average coefficient of
variations were less than 10 % excluding the experiment set of “4m2h”. It is a
dependable percentage not only for reproduction of the small bloodstains, but also for
the patterns themselves since the small bloodstains correspond to at least 68,95 % of
the bloodstains; moreover, these bloodstains corresponds to more than 87,56 % of the
bloodstains when the piston was released from “4h” distance.

On the other hand, the count of the bloodstains was not reproduced as
dependable as above three variables for all the experiment sets. The average of the
coefficient of variation of the experiment sets were 24,29 %. Therefore, the count of
the bloodstains was only reproduced with around 75 % reliability.

The comparison of the above variables among the experiment sets displayed
that the amount of the impact energy is not the major factor that determines the value
of the above variables. The impact energy was increased with both the mass and the
height of the piston. It was seen that the change in the above variables was
considerable when the piston height was varied with a constant piston mass.
Moreover, same impact energy application was ensured with a variety of “m” and “h”
values. Comparison of the experiment sets that had same impact energy based on the
above variables corroborated the influence of the height. However, the height of the
piston does not only determine the impact energy, but also the piston velocity during
the impacts. The velocity that is reached at “4h” distance is 1.4 times greater than that

of “2h” distance and 2 times greater than that of “h” distance. When the data as to the
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impact spatter patterns that were produced by “m4h” combination is examined, it will
be recognized that this combination produced more bloodstains, greater percentage of
small bloodstains, and smaller average bloodstain size than “4mh”, “2m2h” and
“4m2h” combinations although it has equal and less impact energy than these 3
combinations. Therefore, although the analogy, which was made to identify the
amount of the impact energy that was required to produce high velocity impact
spatter patterns, ensured the production of the high velocity impact spatter patterns
with low velocities, the influence of the velocity in the production of high velocity
impact spatter patterns is significant. That is, the impact energy is an important factor,
but not the major determinant of the small bloodstains, average bloodstain diameter,

bloodstain count, and the bloodstain diameter distribution in a pattern.
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Chapter 5: Conclusion

Bloodstain patterns are used to reconstruct the events that took place in the
crime scene and to identify the underlying mechanisms of these events. One of the
most frequent bloodstain patterns encountered in crime scenes iS impact spatter
pattern (Bevel and Gardner, 2008, p.). Impact spatter pattern is important for two
primary reasons. First, it provides information as to the event that occurred in the
crime scene. Secondly, it enables the reconstruction of the crime scene events by
orienting the subjects with specific positions by estimating area of origin. However,
neither impact spatter pattern interpretation regarding the nature of event nor area of
origin estimation based on the bloodstains is scientifically well established; thus, both
are still questioned.

A narrowly focused study on a device that reliably reproduces high velocity
impact spatter patterns and enables impact energy and velocity manipulation will
contribute to the BPA field. First, since it generates reproducible impact spatter
patterns, analysts can study the area of origin estimation to rectify the problems as to
its reliability. Secondly, it will help the analyst to establish premises to interpret the
impact spatter patterns. Resultantly, the aim of the author is to fill the gap in the BPA
field as to the high velocity impact spatter pattern production with a double purpose
study. The primary goal is to reproduce high velocity impact spatter patterns with
building a weight dropping device. The secondary goal is to associate the impact
spatter patterns with the energy applied by the impacts.

In order to achieve the goals of the thesis, 5 research questions are sought to

be answered.
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Research question 1:

Does the device produce high velocity impact spatter patterns? To answer that
question, average bloodstain diameter of the patterns, and the percentage of the small
bloodstains (the bloodstains that have less than 1mm diameter) will be calculated.
Findings as to the research question 1:

The average bloodstain diameter was smaller than 1mm in all experiment sets.
Besides, the percentage of the small bloodstains was over 50 percent in all experiment
sets either. Therefore, it can be said that high velocity impact spatter patterns were

produced successfully.

Research question2:

Are the impact spatter patterns reproduced with 90 % reliability? The impact
spatter patterns that are produced with same fashion should bear similar pattern
characteristics. That is, the ratio of the standard deviation to the mean, which is called
coefficient of variation, for the following parameters is expected to be equal to or less
than 10 percent to consider the impact patterns to be reproduced. .

a. Average bloodstain size

b. Percentage of the small bloodstains

c. Bloodstain diameter distributions

d. Average bloodstain count
Findings as to the research question 2:

The statistical analysis of the first two variables, the average bloodstain
diameter and the percentage of the small bloodstains, showed that these two variables
were reproduced almost identically for the impact spatter patterns through the same

experiment sets. Their coefficient of variations were equal to 4,96 % and 5,11 %
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respectively. Based on these two variables, impact spatter patterns were reproduced
with 95% reliability.

The statistical analysis of the third variable, the bloodstain diameter
distributions, showed that the bloodstain ranges that are greater than 1 mm in
diameter did not evenly reproduced since their coefficient of variation is greater than
10 percent. Especially the diameter ranges, where less than 1 percent of the
bloodstains were covered, have an exponentially great coefficient of variation, which
means that their reproduction is randomly occurred. However, the reproduction of the
ranges where the bloodstain diameter was less than 1mm was accomplished with
almost 90 % reliability in all experiment sets since their average coefficient of
variations were less than 10 % excluding the experiment set of “4m2h”. It is a
dependable percentage not only for reproduction of the small bloodstains, but also for
the patterns themselves since the small bloodstains correspond to at least 68,95 % of
the bloodstains; moreover, these bloodstains corresponds to more than 87,56 % of the
bloodstains when the piston was released from “4h” distance.

On the other hand, the count of the bloodstains was not reproduced as
dependable as above three variables for all the experiment sets. The average of the
coefficient of variation of the experiment sets were 24,29 %. Therefore, the count of
the bloodstains was only reproduced with around 75 % reliability.

As a result, 3 of the four variables were accomplished with 90 % reliability.
However, the fourth variable, the count of the bloodstains, yielded only 75%

reliability.
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Research question 3:

How do the patterns change with increased impact energy while the piston
height held constant?

Findings as to the research question 3:

The average bloodstain diameter: While there was a decrease in the average
bloodstain diameter with greater piston masses when the piston was at “h” distance
away, a similar decrease could not be observed with “’2h” and “4h” distances, in fact
the average bloodstain diameter remained almost same with these heights. That is,
increasing the impact energy with the mass of the piston caused slight differences in
the average bloodstain diameter, but not major.

The percentage of the small bloodstains: When the piston height was constant,
the percentage of the small bloodstains did not tend to change significantly with the
increase in the piston mass. Even, rather than increasing gradually, the percentage of
the small bloodstains fluctuated with three different weight applications when the
piston was released from “2h” and “4h” distances.

The bloodstain diameter distribution: The slope and the constant of the linear
equation did not tend to change when the impact energy was increased by the piston
mass.

The average bloodstain count: Adding to the piston weight did not cause a
significant change in the average bloodstain count. Moreover, the average bloodstain
count was almost same when the piston was released from “h” and “2h” distances

regardless of the piston mass.
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Research Question 4:

How do the patterns change with increased impact energy while piston weight
is held constant?

Findings as to the research question 4:

The average bloodstain diameter: Increasing the impact energy with the height
of the piston yielded a significant change in the average diameter of the experiment
sets.

The percentage of the small bloodstains: Increasing the impact energy with
the piston height rather than the piston mass made a great difference in the percentage
of the small bloodstains. The percentage of the small bloodstains gradually increased
in accordance with the piston height.

The bloodstain diameter distribution: Increasing the impact energy with
farther height values changed the slope of the linear equation significantly.

The average bloodstain count: Greater impact energy applications with the
farther piston heights yielded a significant increase in the average bloodstain count.
Research Question 5:

Did the impact spatter patterns that were produced with application of same
impact energy bear similar characteristics regardless of piston weight and piston
height? The same impact energy is ensured by varying piston weight and piston
height. In the experiments, the impact energy of “4mh” was produced with 3 different
combinations; these are “4m1h”, “2m2h”, and “1m4h.” The impact energy of “2mh”
and “8mh” was produced with 2 different combinations. The impact energy of “2mh”
is produced by “2mlh” and “Im2h.” The impact energy of “8mh” is produced by
“4m2h” and “2m4h.”

Findings as to the research question 5:
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The average bloodstain diameter: The same impact energy applications did
not yield a similar average bloodstain diameter. In fact, the impacts that were made
from farther distances with lighter piston masses produced smaller average bloodstain
diameter.

The percentage of the small bloodstains: The percentage of the small
bloodstains varied significantly with different “m” and “h” applications. The impact
energy applications that were applied with greater “h” values produced more small
bloodstains than that were applied with greater “m” values.

The bloodstain diameter distribution: Both the slope and “b” constant are
greater for the impact energy applications that were produced with greater piston
heights.

The average bloodstain count: The same impact energy applications did not
produce a similar average bloodstain count. The piston height made a great difference
since the combinations with greater “h” values generated greater average bloodstain
count.

As a result, the answers of the research questions emphasize that the amount
of the impact energy is not the major factor that determines the above variables. It
was seen that the change in the above variables was considerable when the piston
height was varied with a constant piston mass. Comparison of the experiment sets
that had same impact energy based on the above variables corroborated the influence
of the height. However, the height of the piston does not only determine the impact
energy, but also the piston velocity during the impacts. The velocity that is reached at
“4h> distance is 1.4 times greater than that of “2h” distance and 2 times greater than
that of “h” distance. When the data as to the impact spatter patterns that were

produced by “m4h” combination is examined, it will be recognized that this
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combination produced more bloodstains, greater percentage of small bloodstains, and
smaller average bloodstain size than “4mh”, “2m2h” and “4m2h” combinations
although it has equal and less impact energy than these 3 combinations. Therefore,
although the analogy, which was made to identify the amount of the impact energy
that was required to produce high velocity impact spatter patterns, ensured the
production of the high velocity impact spatter patterns with low velocities, the
influence of the velocity in the production of high velocity impact spatter patterns is
significant. That is, the impact energy is an important factor, but not the major
determinant of the small bloodstains, average bloodstain diameter, bloodstain count,
and the bloodstain diameter distribution in a pattern.

On the other hand, analyst encountered 3 major problems during the
experiments and the analysis of the patterns. The first problem was about the
releasing mechanism. Since the chain was stretched during pulling the pin out of the
pull-pin hook, the piston was slightly wobbled. A robust releasing mechanism is a
must to release the piston without wobbling. The second problem was related to the
blood placement. The blood sample could not be placed evenly at the center of the
anvil surface. A better releasing mechanism that will not compromise the perfect
perpendicular impacts and a method ensuring the placement of the blood sample in
the anvil center with a uniform shape should be sought for the sake of reproducible
impact spatter patterns.

The third problem was about the analysis of the patterns. Author put the
vertical surface at 18” away to ensure an optimal distance to offset the overlapping
bloodstains and the apparent decline in the bloodstain count, but a further research is
required to identify what distance is best for locating the impact spatter patterns.

Besides, ImageJ was set to analyze the bloodstains that had 0.4mm in diameter and
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greater. So, if the impact spatter patterns are photographed closer, or photographed
with a camera with a higher resolution, more bloodstains will be counted and
analyzed with ImageJ.

The pictures and the processed images of the impact spatter patterns were put
on to a back-up CD along with the MS Excel files bearing the statistical analysis of

the bloodstains.
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