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ABSTRACT: The estimation of bloodstain volume using fractal analysis of digital images of passive blood stains is presented. Binary digital
photos of bloodstains of known volumes (ranging from 1 to 7 mL), dispersed in a defined area, were subjected to image analysis using FracLac
V. 2.0 for ImageJ. The box-counting method was used to generate a fractal dimension for each trial. A positive correlation between the generated
fractal number and the volume of blood was found (R2 = 0.99). Regression equations were produced to estimate the volume of blood in blind trials.
An error rate ranging from 78% for 1 mL to 7% for 6 mL demonstrated that as the volume increases so does the accuracy of the volume estimation.
This method used in the preliminary study proved that bloodstain patterns may be deconstructed into mathematical parameters, thus removing the
subjective element inherent in other methods of volume estimation.
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Bloodstain pattern analysis provides investigators with a valuable
tool for interpreting the dynamics of a crime scene. This field rep-
resents a multidisciplinary approach to crime scene dynamics and
integrates the fields of physics, chemistry, biology, rheology, hema-
tology, and mathematics in such a way as to assist in reconstructing
the events that yielded observed bloodstain patterns. The interpreta-
tion of bloodstain patterns is dependent upon understanding the
dynamics of blood as a biological fluid (1–8). The shedding of
blood and the formation of stains may occur through blood flowing
freely from an open wound, spreading as a pool, through direct
transfer via contact, or through the action of being cast-off from
the blood source either passively or projected.

As a viscous fluid, blood is a connective tissue consisting of
45% plasma and 55% formed elements including red blood cells,
white blood cells, and platelets. The average adult human has 60–
66 mL of blood per kg of body weight, with a range of 5.7 L for
men and 4.3 L for women (2). Blood is noted to have a character-
istic surface tension and density (3). It is now understood that
blood has both Newtonian and non-Newtonian characteristics. This
behavioral duality can be traced back to the unique composition of
blood. Plasma is regarded as being Newtonian in that it forms
droplets owing to weak surface tension, whereas the formed ele-
ments in the blood are considered to be non-Newtonian and form
drops owing to internal cohesion (3).

Bloodstain pattern analysis is based on the tenet that blood will
act in a predictable manner when subjected to external forces in
accordance with the laws of physics (1). Its behavior is therefore
predictable and reproducible, forming the basis of its admissibility
in court. Although satisfying court standards, the area of bloodstain

pattern analysis is heavily reliant on the expertise of the analyst
and that individual’s experience in interpreting such evidence at the
scene. It is possible that a variety of mechanisms, or a combination
thereof, may give rise to similar patterns in complicated, dynamic
scenes. Hence, more objective analytical approaches need to be
established.

Of the analytical methodologies that are part of bloodstain pat-
tern analysis, there is currently no scientifically accepted or court
qualified methodology for the quantification of single-event exsan-
guinated blood volume from bloodstain evidence at crime scenes.
The amount of blood lost by a victim may be vital in the determi-
nation of postinjury survival time, the location of severe or lethal
injuries, and the likelihood of death when no body is found (1–3).

The estimation of the volume of blood shed has previously relied
upon direct and indirect methods of measurement (9,10). The direct
measurement studies by Lee examined either lifting dry blood from
a nonabsorbent surface and measuring the weight, or by weighing
the bloodstained areas of an absorbent material (such as carpet)
and subtracting the weight of an unstained area of the same size.
Conversion factors were derived in order to provide an estimate of
the blood volume (9,10).

Lee also attempted indirect methods whereby a grid is placed
over a large bloodstained area and the number of squares covering
the stain is counted. The weight of one occupied square and one
blank square is measured (as in the case of carpeting). The differ-
ence in values provides a unit weight of the blood, and this is then
multiplied by the total number of units covering blood. A conver-
sion factor is then used to estimate the volume. A similar process
is used for nonporous surfaces; however, the grid is then photo-
graphed in place and the bloodstained and unstained areas are then
cut out and weighed accordingly (11). The relative proportions of
these two values are used as a basis for the estimated volume.

There are many problems inherent with the methods proposed
by Lee. However, the foremost of these is that Lee fails to report
the statistics and standard error rates for each of these methods.
Although there is a broad volumetric estimation for each of these
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methods, they all lack essential statistical support as required by
Daubert standards of scientific evidence.

Additionally, these reported methods lack sufficient technical
details to make them practical. Likewise, the methods proposed for
absorbent substrates assume uniform density of such surfaces. The
photographic methods fail to account for any standardization of
angle or height. The use of a direct method is destructive and
assumes that samples required for estimation were taken as part of
the evidence gathering process or that the examiner has direct
access to the scene. The use of photographs in indirect methods
however makes use of evidence that is a normal part of evidence
collection and hence will be readily available for examination.

Consequently, the aim of this paper is to present a novel indirect
method for the estimation of exsanguinated blood volume from a
single blood-letting event. This new methodology utilizes digital
photographs of defined areas that have bloodstains formed from a
known volume of blood and distributed over this area by means of
passive drops from a syringe under the force of gravity from a
fixed height. The bloodstain patterns recorded by the digital photo-
graphs were then quantified using fractal analysis of these images.

Fractal Geometry

Lee’s methods represent a classical approach to a measurement
where a complex shape is approximated by the summation of stan-
dard Euclidean shapes. While this method can be used as an esti-
mation, these approximations ignore the very irregularity that
classifies a natural pattern. The complex shapes present in blood-
stain patterns, as with many other real world objects, do not lend
themselves to such simple quantifications as circles, spheres,
squares, or cubes. Many natural objects are characterized by a high
degree of irregularity and are not amenable to description through
strict parameters outlined by simple Euclidean geometry (11).

Benoit Mandelbrot (12) proposed a mathematical means to quan-
tify complex natural structures using a noninteger dimension (13).
Fractal, or fractional dimensions, is in evidence throughout nature
in the shapes of clouds, mountains, leaves, ferns, fluid flow, and
even weather patterns (11,13–16).

The fractal dimension of an object is a measure of its irregularity
at all scales. It can be a fractional amount greater than the classical
Euclidean dimension of an object. The fractal dimension is a
defined mathematical concept related to how fast the estimated
measurement of the object increases as the measuring device
becomes smaller. As such, a higher fractal dimension means the
fractal is more irregular and the estimated measurement increases
more rapidly. For example, if one were to measure the fractal
coastline of an island, such as Britain, and a ‘‘measuring stick’’
used to do so is 200 miles long, the resulting perimeter is
1600 miles (12). However, if the measuring stick is shortened to
25 miles, the measured perimeter ‘‘increases’’ to 2550 miles.
Hence, the British coastline is a fractal object whose fractal dimen-
sion is >1. Therefore, a fractal is then an object that has a fractal
dimension that is greater than its classic dimension (13).

Mandelbrot (12) further describes fractals as consisting of
patterns that recur upon finer and finer magnifications building
up shapes of immense complexity. This characteristic is referred to
as self-similarity; patterns observed at different magnifications,
although not identical, can be described by the same statistics
(15,16).

Although fractal objects exist in nature, fractal patterns can also
be mathematically generated through an iteration process with the
fractal pattern increasing in complexity with each iteration. The
Koch curve is a mathematical construct whose Hausdorff fractal

dimension can be calculated exactly as 1.26 (12,14). As such, it
can be used as a calibration tool.

Mathematical quantification in the form of dimensional analysis
is a technique that can be utilized to describe the morphometric
complexity of nonlinear, natural fractals. All fractal patterns have
properties in common, these are as follows: fractional dimensions,
complexity or irregularity at all scales, infinite branching, statistical
self-similarity at all scales, and chaotic dynamics (13).

Fractal Analysis and Bloodstain Patterns

The authors theorized that the characterization of bloodstain pat-
terns, with their irregular and complex shapes, is ideally suited to
fractal analysis. Such an analysis permits the simplification and
quantification of different bloodstains into a single numerical value
that defines its shape complexity (17). Only the outer border of a
stain pattern is fractal, while the amorphous interior is considered
to be Euclidean (17). However, it is the entirety of the stain pattern,
comprised of many individual stains, that is being evaluated
through fractal analysis in order to derive a unique fractal dimen-
sion. The fractal dimension should then be able to capture and
account for bloodstain diameter, spine quantity, and impact veloc-
ity, thus solving the problem of quantifying naturally complex
patterns.

The literature clearly supports the use of fractal geometry to
describe other complex shapes and to apply such characterizations
to estimate blood volume from bloodstain patterns (11,17–22).

Materials and Methods

Individual passive drops of blood were dispensed using a 30 cc
syringe fitted with an 18-gauge, 1.5-inch needle from a standard-
ized height of 40 cm. This height was selected in order to mini-
mize any external environmental variables associated with drop
formation and impact velocity. The dispensing of drops was per-
formed by manually depressing the plunger of the syringe in such
a way that individual drops formed and subsequently detached
themselves from the tip of the needle under the force of gravity.
Both the needle and syringe were cleaned or replaced after each
completed release of a volume in order to prevent clot formation.

The blood used in this study was sterile sheep’s blood obtained
from the National Research Council of Canada (Ottawa, Ontario)
and was treated with 1% sodium fluoride to act as an anticoagulant
and preservative. The blood was refrigerated until needed and
gently inverted every 5–6 days to ensure uniformity. The blood
was allowed to passively reach room temperature (20�C) prior to
use.

The target surface was a sheet of white 24 lb-weight, 117 bright-
ness (on the TAPPI scale), acid-free, printer paper measuring
54 cm by 43.2 cm. The use of printer paper is reported in the liter-
ature (6,7). The area of the target was selected for manageability
and photographic purposes. The selection of the paper was based
on reducing the effects of capillary action inherent in most paper
and to reduce crinkling distortion during drying.

The test volumes were purposefully low (1–7 mL) in order to
test the level of detection and standard error. The test volumes
began at 1 mL and were increased by 1 mL until 7 mL was
reached. There were a total of seven trials for each volume.

The drops were deposited in such a way that overlapping stains
were minimized. However, as volumes increased, some overlap
was inevitable.

Each target was subsequently photographed using a Nikon�

D-50 digital camera (Nikon Canada Inc., Mississauga, Ontario,
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Canada), on a tripod at a height of 54 cm (camera charged coupled
device [CCD] to target distance) under standardized lighting condi-
tions (Fig. 1). The camera was set to manual focus with no
flash, on aperture priority, ISO 200, f ⁄ 11, and recorded as
RAW (NEF) images. White balancing was performed using a
blank substrate under the standardized lighting conditions.
Lighting was provided by two adjustable height, continuous stu-
dio lamps with 10.5-inch reflector hoods and were fitted with
60 W bulbs in addition to ambient room fluorescent lighting.
The positioning of lights was performed to minimize glare and
shadows. The camera’s CCD was aligned to be parallel with the
substrate using a spirit level, thus addressing concerns with par-
allax. A translucent white spatter box surrounded the margins of
the target to contain radiating spatter. All photographs were
taken immediately after the formation of the bloodstain pattern,
prior to drying.

Digital Image Processing

All images were copied and converted to a TIFF image from the
original RAW (NEF) image. The boundaries of each image were
examined and cropped in order to assure that only the defined area
of the substrate was considered for the final fractal analysis. The
blank substrate photos were treated in the same manner in order to
assure that some aspect of the substrate was not contributing to the
fractal quantification of the image.

Each image was enhanced by first using the ‘‘auto contrast’’
command and subsequently by using the ‘‘replace color’’ function;
selecting the lightest substrate area and adjusting the lightness to
100%, to reduce or eliminate any shadow effects from the lighting.
The image was then converted to a gray scale image, and the
‘‘burn tool’’ was used to enhance the boundaries of the blood spat-
ter by increasing the exposure along the borders. Gaps in the spat-
ter, an artifact of reflected light during the exposure, were filled
using the pencil tool set at 2 pixels. The resulting image was then
converted to a bitmap binary image.

Fractal Image Analysis

Prior to using the chosen software for the fractal quantification
of the image, FracLac V. 2.0 for ImageJ (http://imagej.nih.gov/ij/
plugins/fraclac/FLHelp/Introduction.htm) (18) needed to be cali-
brated in order to reliably apply the box-count method. Fractal

curves of known dimensions, using binary images of four Koch
curves using increasing multiple iterations (4–7), were generated
by Fractal Generator, a plugin for ImageJ. These images were
then uploaded to FracLac V. 2.0, and the standard box count was
applied using a minimum of 2 pixels. In keeping with the litera-
ture, the maximum box size was set to 100% of the range of the
image (15,16). The number of grid positions overlaid was set at
1. The grid position refers to the location a grid is applied to an
image in a box count. The number of occupied boxes will differ
depending on where the grid is placed, resulting in different frac-
tal values.

Each binary image of a blood stain pattern was uploaded to
FracLac V. 2.0 for ImageJ. Parameters for the standard box count
were set to those used for the aforementioned calibration. The
‘‘show data for each grid’’ option was selected, and regression lines
were chosen as the graphic to represent these data. The raw data
for each grid size were downloaded into MS Excel� (Microsoft
Corporation, Redmond, WA). A plot of the –ln (L) versus ln N
(L), the negative ln of the box size verses the ln of the number of
boxes containing occupied pixels, was created. This is the scaling
plot of these data, and the fractal dimension is extracted from the
slope of the line of best fit. A second graph was created and fitted
with two lines of best fit to characterize the dual fractal dimension.
A separate scaling plot of each stain pattern was generated in order
to obtain the unique fractal dimension. The compiled fractal dimen-
sions were graphed for each volume, and a logarithmic regression
analysis was performed using MS Excel� to obtain the volume pre-
dictive equations.

A blind trial was conducted to test the validity of the resulting
predictive equations for estimated blood volume. Ten different
blood volumes, ranging from 1 to 7 mL, unknown to the analyst,
were dispensed and analyzed using the above protocol. Unknown
volumes were chosen using a random number generator. The frac-
tal dimension was then determined from the slope of the resulting
scaling plot. This value was then substituted into the logarithmic
regression equation to estimate the unknown volume.

All statistical tests were performed using MS Excel� (Microsoft
Corporation, Redmond, WA). The average percent error was calcu-
lated for the generated Koch curves. The associated standard error
rates and percent deviations were calculated using the known and
predicted values for blood volume estimations.

Results

Calibration

The blank substrate yielded a fractal of 0.0. Hence, the back-
ground for each of the bloodstain patterns quantified using this
technique did not contribute to the fractal quantification of the
images. The Koch curves yielded an average fractal value of
1.286; the accepted value for the Koch curve, independent of the
number of iterations, is 1.26. Hence, there is a 2.1% error. With
such a small error rate, it was decided to continue with the assess-
ment of the binary bloodstain pattern photographs.

Bloodstain Pattern Fractal Dimensions

The production of the bloodstain patterns using the passive distri-
bution method described above resulted in a primary pattern and
an accompanying secondary spatter. These two patterns are easily
recognizable as they differ in their respective size, shape, and distri-
bution. The primary bloodstains are relatively large with defined
scalloped borders. The secondary spatter displays smaller circular

FIG. 1—Laboratory setup of photographic equipment with standardized
lighting (Photo by S. Sant).
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bloodstains formed by droplets that have resulted from the force of
the impact of the initially dropped blood. Hence, this may also be
referred to as satellite spatter (Fig. 2).

The fractal dimension for each replicate volume of blood was
calculated by plotting )ln (L) versus ln N (L) represented by the
slope of the scaling plot (Fig. 3). These data display a power law

relationship on a plot of box size versus the number of grid boxes
that contain pixels in a box-counting scan, L versus N (L). Each
bloodstain pattern was characterized by a single fractal dimension
that was extracted from the slope of the linear portion of the gener-
ated scaling plot (when a natural logarithmic transformation is per-
formed (Fig. 4)). Further analysis shows a fractal dimension duality
with primary and secondary patterns characterized by a different
fractal dimension (Fig. 5).

A logarithmic regression of the plot of fractal dimension versus
volume yielded the following predictive equation (Fig. 6):

y ¼ 0:1351 lnðxÞ þ 14:158 R2 ¼ 0:84412

The equation was then used to predict the volume for each of
the samples whose fractal dimension was derived from FracLac.
Plotting these values versus the actual sample volume used for each
set provided the predictive errors in the calculated value and the
range of our error bars for each step volume. This gave the average
percent deviation from the known values (Fig. 7). This error range
was 77% for 1 mL to 5% for a 7 mL samples.

Using this equation for the blind trials, the error rate ranged from
78% to 7% and was consistently higher for smaller volumes
(1 mL) than for larger ones (6 mL) (Table 1 and Fig. 8).

FIG. 3—Scaling plot from which the fractal dimension is extracted.

FIG. 4—Scaling plot of )ln (L) versus ln N (L) using a single slope analysis of the blood stain pattern for 4 mL of blood.

FIG. 2—Binary image of primary and secondary passively dropped blood.
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Discussion

The overall form of bloodstains from passively dropped blood
produce roughly circular stains with scalloped edges. The formation
of these edges is owing to the pressure of the fluid at the moment
of impact; the strength of the surface tension is overcome at certain
points along the drop’s margin (6,7). In mid-air, blood is held
together in drop form by internal cohesion, which is a much stron-
ger force than surface tension. This acts to limit the degree of scal-
loping. In some instances, the formation of a scalloped border may
also result in a bead of blood being separated from the rest of the
blood drop at the time of impact. This is the means by which a
secondary spatter is generated in these stains. Hence, these stains,
as with those encountered at crime scenes, may be composed of
primary and secondary spatter. The use of fractal image analysis as
a means of quantifying bloodstains is ideal to detect the dual nature
of these stains.

All of the experiments conducted in this study used a constant
release height. Additionally, using a syringe as the source of the
blood drop acted to keep the relative volume of each drop as close
to one another as possible. This was performed as part of the
experimental design to control as many factors as possible. Yet, it

must be noted that in actual cases, the nature of the surface on
which a drop forms and the height at which it falls may be quite
variable (17). The drop may form at the end of a knife held by an
assailant or the end of a finger as a bleeding victim’s blood accu-
mulates at the end of a finger. In combination with the speed, a
droplet is projected from the formation surface, droplets of varying
volumes are possible.

Bevel and Gardner (17) report drops that result from gravita-
tional forces as having diameters as large as 5 or 5.5 mm with vol-
umes of c. 60 lL. This volume is considered to be the upper limit
for a stable blood droplet (17).

It is because of this variation in volume that this study used the
entire volume of blood dispensed onto each target as the basis for
generating the predictive equations. Regardless of the controlled
height for dispensing blood, there was still variation in the resulting
stain diameter owing to the varying rates of pressure on the syringe
plunger and the accumulation of blood elements at the tip of the
syringe.

The dispensing height of the blood drop is not the central issue
in this study. It is the total volume of the blood that has been dis-
pensed onto a target surface that is of concern. Hence, the method
of analysis is not just another way of measuring the diameters of

FIG. 5—Scaling plot of )ln (L) versus ln N (L) using a dual slope analysis characterizing primary and secondary blood stain patterns for 4 mL of blood.

FIG. 6—Logarithmic regression predictive graph for fractal blood volume.
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each stain formed from an individual drop. It is a method for
quantifying a volume of blood that covers a substrate given a par-
ticular target size as defined by the boundaries of the digital
photograph.

The blind trial was to test whether a volume of blood deposited
onto the surface of the target could be predicted based on the
resulting fractal analysis of the image. The blind trial is the first
step in verifying the premise of using fractal analysis for the quan-
tification of blood stains over a given area on a target surface
resulting from a specific volume of blood. This is not to suggest
that this technique is ready for use in the field at this time. It is
recognized that further scenarios of blood shedding events, with
other factors being varied, need to be explored with this technique
that will enhance its use in practical applications.

By testing this method of quantification on a blank substrate,
and yielding a fractal value of 0.0, our chosen substrate did not
contribute any background noise. Hence, it was the bloodstains that
were being quantified and not artifacts of the substrate. Had any
background noise been detected, it would have to be filtered out in
order to arrive at an accurate fractal dimension characterizing only
the fractal stain and not the background material. Background noise
may become more of an issue as the study is expanded to include
more substrates with an irregular surface and color.

Further confirmation of this methodology was verified through
the quantification of fractal curves of known and accepted Haus-
dorff dimension (17,18). Koch curves of fractal dimension, 1.26,
were generated using four to seven iterations, as recommended in
the literature (12,15,16). The calculated fractal dimension was
within 2.1% of the expected value. Accordingly, the error can be
attributed to the pixilation and resolution of the generated image
(20,23).

A power law relationship is observed when the box size is plot-
ted against the number of grid boxes that contain pixels in a box-
counting scan. This relationship can be described by the general
equation y = emx + b. This relationship is reported in the literature

for fractal patterns (15,16). A logarithmic manipulation is needed
to yield a linear relationship and subsequent extraction of the fractal
dimension.

A scaling plot was generated by a natural logarithm manipula-
tion by graphing –ln (L) versus ln N (L), )ln of the box size versus
ln of the number of boxes that contain occupied pixels. The fractal
dimension was extracted from the slope of the linear portion of the
generated scaling plot. The 49 plots generated for each trial yielded
a unique fractal dimension.

Extraction of the fractal dimension from the scaling plots demon-
strated that blood passive stains can be characterized by a unique
fractal dimension that accounts for shape complexity. A more
detailed analysis revealed that the results may be better character-
ized by two slopes and hence two fractal dimensions. This dual
fractal nature has been recognized in the literature (15,16) as the
result of two different mechanisms of generation. Examination of
generated stain patterns shows two different types of spatter. Pri-
mary spatter is displayed by the larger passive droplets, created
from the first contact of the liquid with the substrate and secondary

FIG. 7—Predicted volume of blood versus known blood volumes with associated error rates.

TABLE 1—A comparison of actual and calculated blood volumes from the
blind trial.

Unknown
No.

Calculated
Volume

Actual Blind
Test Volume

Estimated
Fractal Dimension

Absolute
Error

Percent
Error

1 0.70 1 1.3683 )0.30 30
2 7.79 7 1.6932 0.79 11
3 2.41 3 1.5351 )0.58 19
4 3.76 4 1.5949 )0.24 6
5 3.97 5 1.6021 )1.02 21
6 2.37 3 1. 5329 )0.62 21
7 5.59 6 1.6485 )0.40 7
8 0.21 1 1.2108 )0.78 78
9 1.60 2 1.4794 )0.40 20
10 3.27 4 1.5859 )0.73 18

SANT AND FAIRGRIEVE • BLOOD VOLUME ESTIMATION 615



spatter can be seen as the smaller radiating stains that occur as a
result of the initial impact.

Bloodstain patterns result from multiple contributing mechanisms
producing multiple fractal dimensions, each on a different scale,
over which these mechanisms act (20,24). Fractal patterns are the
visual outcome of a chaotic system; therefore, the more contribut-
ing forces involved in the generation of the stain, the more fractal
its borders will be. All the competing forces and factors, which
give rise to the irregular nature of the shape of the stain, are
accounted for in the fractal dimension value.

The ability of the analysis to detect the secondary spatter speaks
to the sensitivity of this method. Secondary spatter occupies a min-
ute portion of the overall examined image. Although this method
can detect minute secondary contributions, the analysis used a sin-
gle slope best-fit method to extract the fractal dimension. This is
justified by the extremely high regression coefficient, all within the
range of 0.99. Single slope analysis is appropriate within the vol-
ume constraints of 1–7 mL as used in this study. At higher vol-
umes, the contribution from secondary mechanisms may increase
to the point where dual slope analysis is warranted.

All results for the prediction of blood volumes were acceptable
within the errors calculated for each volume sample. The larger
errors associated with the smaller volumes are understandable
because the lower volume patterns are considerably less fractal in
nature than the higher volumes. This is observed both visually
through the observations of the stain pattern and in the literature
(15,16). As the applied volume increased and the patterns became
more fractal, the percent error decreased to 5%. These patterns of
observations were mirrored in the results of the blind trial.

The regression yielded a logarithmic function that was theoreti-
cally predicted from the power law. The fractal dimension
approaches two asymptotically. Mathematical theory suggests that
as the fractal dimension of a two-dimensional natural object
increases, it will do so as a limit, approaching, but never reaching,
2.0. This suggests that a mathematical exploration of the upper
limit of the predictive equation is warranted. The equation has a
lower limit of applicability at 1.0 mL. Although the calibration
using the blank substrate calculated a fractal dimension of 0.0, this

is not accounted for in the equation. Volumes between 0.0 and
1.0 mL should not be estimated using this equation. These limits
do not pose a practical problem in the lower limit, but is of impor-
tance in the upper limit concerning larger volume blood loss.

Unknown volumes were accurately estimated with percent errors
mirroring the trend previously observed with bloodstain samples.
The percent errors were greater for lower volumes than for higher
volumes as previously discussed. The absolute error, calculated as
the difference in milliliters between the calculated volume and the
actual test volume, was consistently <1 mL and is therefore insig-
nificant at larger volumes.

Conclusions

Chaos theory and fractal geometry can be applied in a systematic
method to assist in the quantitative analysis and modeling of blood-
stains by a unique geometric Hausdorff fractal dimension using the
box-count method. Results can be used to generate logarithmic
regression predictive equations for blood as supported by blind trial
evaluation. Error rates and other statistical parameters may be
calculated to estimate the reliability of the results.

This technique is limited by the factors that will affect or hinder
the determination of the fractal dimension. This includes variability
in underlying dispersion mechanisms not accounted for in the gen-
eration of the standard graph. The predictive equations should only
be applied under tested parameters within the set volume range for
passive drop stains on the specified substrate. There is potential for
the prediction of larger volumes at lower error rates if the observed
patterns are proved to be valid through further testing. The theoreti-
cal upper limit as calculated for a fractal dimension approaches
2.0, and, by extrapolation, the point at which the shape becomes
Euclidean, is c. 75.0 mL.

This study has established a relationship between the fractal
dimension and blood volume. Having established the existence of
this relationship, the next logical step is an exploration of the fac-
tors that may influence the parameters of the predictive equation.
Increased blood volume and expansion to different substrates are
imperative. A matrix may be developed to include these variables.

FIG. 8—Calculated blood volume versus actual blind test blood volume with associated error rates.
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This method was developed for passive stains, and hence, work
should be carried out to expand its applicability to stains generated
by other means.

Fractal theory suggests that this method is independent of scaling
and that the slope of the line from which fractal dimension is
extracted should remain constant. The effect of scaling should be a
shift up or down of the intercept constant in the equation without a
change in the slope. This suggests that the fractal dimension would
remain constant at different scales. We have explored and verified
this for negative scaling by decreasing the box size from 100% of
the range of image to 2 pixels. A further exploration of ‘‘zooming
out’’ or increasing the scale and the application of larger initial box
sizes should be explored.

The applicability to photographs of other resolutions should also
be explored. Although it is reported in the literature that pixilation
and resolution pose limitations to the determination of the fractal
dimension, the extent of their influence remains unclear.

The results of this study reveal that stain patterns are character-
ized by a fractal dimension duality related to primary and second-
ary spatter. This study used a single line of best fit for the slope.
Further investigation is warranted using a two-slope analysis to
determine the significance of the competing generating forces.
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