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ABSTARCT:

Bloodstain Pattern Analysis (BPA) is an important branch of forensic science that helps
investigators understand what may have happened at a crime scene by studying the size, shape,
location, and distribution of bloodstains. It is not limited to simply identifying where blood is present;
rather, it plays a much larger role in reconstructing the sequence of events surrounding a violent
incident. By carefully examining blood patterns, forensic experts can estimate the angle of impact,
direction of travel, area of origin, and possible mechanism of bloodshed, all of which contribute to a
more accurate interpretation of the crime scene. In many cases, BPA also complements other forensic
techniques such as blood detection tests and DNA profiling, thereby strengthening the overall
evidentiary value of the blood evidence.

Over the years, a variety of methods have been used in Bloodstain Pattern Analysis. Traditional
approaches include trigonometric calculations, stringing methods, and visual examination, which
have long been relied upon to determine the trajectory and origin of blood droplets. In recent years,
however, technological advancements have significantly improved the field. Modern software tools
such as HemoSpat, HemoVision, and other digital reconstruction systems have enhanced the
precision and efficiency of bloodstain interpretation by allowing investigators to create more
accurate three-dimensional reconstructions of crime scenes. These innovations have made BPA more
systematic and scientifically supported than in the past.

Despite these advancements, Bloodstain Pattern Analysis is still associated with several important
challenges. One major concern is the risk of contamination or misinterpretation of blood evidence,
especially in poorly preserved or heavily disturbed crime scenes. In addition, the behaviour of blood
can vary considerably depending on environmental and situational factors, such as surface texture,
height, force of impact, movement, temperature, and humidity. These variables can complicate
interpretation and sometimes lead to uncertainty. Another significant issue is the possibility of human
error, as BPA often requires expert judgment and experience, which may introduce subjectivity into the
analysis.

Although the reliability of BPA has improved considerably with the development of modern
technologies and scientific methodologies, it still requires greater standardization, validation, and
continuous research. Establishing clearer protocols, improving examiner training, and expanding
evidence-based studies are essential to ensure that BPA remains accurate, legally reliable, and
widely applicable in forensic investigations. Therefore, Bloodstain Pattern Analysis continues to be a
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valuable yet evolving forensic tool, with strong potential to contribute meaningfully to the
reconstruction of criminal events when applied carefully and scientifically.

Keywords: blood pattern analysis, blood deduction test and DNA profiling, advanced technical
softwares, risk of contamination or misinterpretation of blood evidence, crime scene.

INTRODUCTION:

When a violent crime occurs, one of the most
immediate and significant forms of physical
evidence often found at the scene is blood. The
presence of blood is not only an indication that
an injury or struggle may have taken place, but
it can also provide a wide range of important
information about the circumstances of the
event. Blood evidence can help investigators
understand who may have been involved,
where the incident occurred, the type of force or
weapon that may have been used, and the
sequence of actions that unfolded during the
crime. Because of its evidentiary value, blood is
considered one of the most crucial forms of
biological and reconstructive evidence in
forensic investigations. The scientific
examination and interpretation of bloodstains
found at a crime scene is known as Bloodstain
Pattern Analysis (BPA). BPA is a specialized
branch of forensic science that involves the
careful study of the size, shape, distribution,
location, and overall pattern of bloodstains in
an attempt to reconstruct the events that led to
bloodshed. Rather than simply confirming the
presence of blood, BPA seeks to answer deeper
investigative questions, such as how the blood
was deposited, from what direction it travelled,
at what angle it struck a surface, and what kind
of physical actions may have caused the
pattern to form. Through such analysis,
investigators can often gain a clearer
understanding of the dynamic events that
occurred before, during, and after a violent
incident. Bloodstain Pattern Analysis is often
regarded as one of the more complex and
interdisciplinary areas of forensic science
because it requires the application of several
classical scientific principles. A forensic analyst
working in this field must have knowledge of
biology, to understand the nature and
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composition of blood; physics, to interpret
motion, force, gravity, and trajectory; chemistry,
to assist in blood detection and enhancement;
and mathematics, particularly geometry and
trigonometry, to calculate angles of impact and
area of origin. This multidisciplinary foundation
makes BPA both scientifically valuable and
technically demanding, requiring not only
theoretical knowledge but also careful
observation, analytical reasoning, and practical
expertise. Bloodstain Pattern Analysis is often
regarded as one of the more complex and
interdisciplinary areas of forensic science
because it requires the application of several
classical scientific principles. A forensic analyst
working in this field must have knowledge of
biology, to understand the nature and
composition of blood; physics, to interpret
motion, force, gravity, and trajectory; chemistry,
to assist in blood detection and enhancement;
and mathematics, particularly geometry and
trigonometry, to calculate angles of impact and
area of origin. This multidisciplinary foundation
makes BPA both scientifically valuable and
technically demanding, requiring not only
theoretical knowledge but also careful
observation, analytical reasoning, and practical
expertise.

BLOOD PATTERN ANALYSIS'%®:

In Bloodstain Pattern Analysis (BPA), it is very
important to understand how bloodstains are
formed, because this forms the foundation for
interpreting what happened at a crime scene.
Blood does not fall or spread randomly; instead,
the patterns it creates are influenced by several
physical factors that determine how it behaves
once it leaves the body. One of the most
important of these factors is surface tension,
which is the force that holds the blood droplet
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together. Due to this property, blood naturally
tends to form round or nearly spherical droplets
while  moving through the air. This basic
characteristic plays a major role in how blood
eventually lands on a surface and what kind of
pattern it produces.

For a blood droplet to break apart into
smaller droplets or spatter, its surface tension
must be disturbed or overcome by some form
of external force. This can happen during events
such as blunt force injuries, gunshot wounds,
sudden movement, impact, or contact with a
surface. Once blood is projected or released, its
behavior is influenced by a number of factors,
including the force applied, the distance
travelled, the angle at which it strikes a surface,
gravity, and the nature of the surface itself. All of
these factors work together to determine the
final appearance of the bloodstain.

The type of surface on which blood lands is
especially important in the formation of
bloodstain patterns. For example, when blood
falls onto a smooth surface such as glass, tile, or
polished metal, it is more likely to produce a
clean, regular, and well-defined stain. In
contrast, when blood strikes a rough or uneven
surface such as concrete, wood, or fabric, the
droplet is more likely to break apart and create
irregular edges, smaller satellite stains, or
additional spatter. This is because rough
surfaces disturb the droplet more strongly and
interfere with its natural surface tension. As a
result, the same amount of blood can produce
very different patterns depending on the
characteristics of the surface it contacts.

The size, shape, and direction of blood
droplets can provide a great deal of useful
information about the events that caused the
bloodshed. For instance, the shape of a
bloodstain can help indicate the angle at which
the blood struck the surface, while the pointed
or elongated end of the stain may show the
direction in which the blood was travelling. The
size of the droplets may also provide clues
about the amount of force involved. By studying
these features carefully, forensic investigators
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can gain insight into how the blood was
deposited, what type of event may have caused
it, and how the individuals involved may have
moved during the incident.

Therefore, understanding the physical
principles behind bloodstain formation s
essential in Bloodstain Pattern Analysis. Without
proper knowledge of how blood behaves under
different conditions, there is a greater chance of
misinterpreting the evidence. For this reason,
the study of bloodstain formation is a key part
of forensic science and plays an important role
in helping investigators reconstruct violent
events more accurately.

TYPES OF BLOOD STAIN PATTERNS'"7°:

There are basically classified into three
types:

Passive bloodstains:

Passive bloodstains are blood patterns that
form naturally under the force of gravity, without
any extra force being applied. In simple terms,
this happens when blood drips, flows, or collects
from a wound on its own. These stains
commonly include drops, clots, flows, and pools
of blood. For example, a person who is standing
still and bleeding may leave round drops on the
floor, while blood from a body lying in one place
may slowly spread and form a pool.

These patterns are very important in
bloodstain pattern analysis because they can
help investigators understand where the victim
was positioned, whether the person was moving
or stationary, and where the blood source was
located. By carefully examining passive stains,
investigators can reconstruct parts of the event
and gain valuable insight into what may have
happened at the scene.

Transfer bloodstains:

They are created when a bloody object or
surfaoce comes into contact with another
surface, leaving behind an impression or altered
stain pattern. In other words, instead of blood
simply falling because of gravity, these stains
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are formed through physical contact. This can
happen when a person with blood on their hand
touches a wall, when a bloody shoe steps on
the floor, or when an object such as a weapon is
moved across a surface.

Transfer stains generally include wipes,
swipes, and pattern transfers. A swipe occurs
when a bloody object moves across a clean
surface and deposits blood. A wipe happens
when something moves through an already
existing wet bloodstain, disturbing or smearing
it. Pattern transfers occur when the shape or
texture of the object such as a handprint, shoe
sole, fabric, or weapon becomes visible in the
bloodstain.

These stains are highly valuable in crime
scene investigation because they can help link
specific people, objects, or actions to particular
areas within the scene. For example, a bloody
fingerprint on a door or a shoe print on the floor
may indicate who was present, what object was
used, or how someone moved during or after
the incident. By studying transfer stains,
investigators can better understand the
sequence of events, movement within the
scene, and possible interaction between the
victim, suspect, and surrounding objects.

Impact or projected bloodstains:

Impact or projected bloodstains are formed
when an external force strikes a source of liquid
blood, causing the blood to break up into
smaller droplets and spread outward. In
bloodstain pattern analysis (BPA), this is
commonly referred to as blood spatter. These
patterns are created when an object—such as a
hammer, bat, fist, or any other striking
instrument hits a bleeding person or a blood-
covered surface with enough force to disperse
the blood into the surrounding area.

The size, direction, and distribution of these
droplets can vary depending on the amount of
force used, the type of weapon or object
involved, and the position of the victim and
assailant. Because of this, impact stains are
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often very useful in helping investigators
understand the nature of a violent event.

There are two main types of spatter
commonly identified in this category: forward
spatter and back spatter. Forward spatter
occurs when blood droplets are projected in the
same direction as the force of impact. For
example, if a hammer strikes a victim, some
blood may travel away from the point of impact
and land on nearby walls, floors, or objects. This
type of stain is often more visible and can cover
a wider area.

On the other hand, back spatter occurs when
blood droplets are projected back toward the
object or person delivering the blow. These
droplets are usually smaller, lighter, and finer
than forward spatter. Back spatter may
sometimes be found on the weapon itself, the
attacker’s clothing, or their hands and face. This
can be especially important in linking a suspect
directly to the act of violence.

Overall, impact or projected bloodstains are
extremely valuable in forensic investigations
because they can help reveal the type of force
used, the possible weapon involved, the
direction of the assault, and the positions of the
people involved. By studying these patterns,
investigators can reconstruct how the incident
may have unfolded and gain a clearer
understanding of the events at the crime scene.

Types of projected blood stain patterns'”"

Projected bloodstain patterns are formed
when blood is subjected to a force greater than
gravity, causing it to travel through the air and
land on nearby surfaces. These patterns are
especially important in forensic investigations
because they can provide clues about how the
blood was dispersed, what kind of action or
weadpon was involved, and the movements of
the victim or offender during the event.

> Cast-off pattern:
Projected bloodstain patterns are formed
when blood is subjected to a force greater than
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gravity, causing it to travel through the air and
land on nearby surfaces. These patterns are
especially important in forensic investigations
because they can provide clues about how the
blood was dispersed, what kind of action or
weapon was involved, and the movements of
the victim or offender during the event.

> Gunshot spatter:

Gunshot spatter occurs when a bullet strikes
the body and disrupts blood and tissue, causing
blood to be projected outward at high speed.
This type of bloodstain pattern is often divided
into back spatter and forward spatter, both of
which can provide valuable forensic evidence.

Back spatter is the blood that travels back
toward the firearm or shooter, usually coming
from the entrance wound.

Forward spatter is the blood that moves in
the same direction as the bullet, often
associated with the exit wound if the bullet
passes through the body.

In general, back spatter tends to consist of
fewer but relatively larger droplets, while
forward spatter is often seen as a fine mist of
very small droplets. However, the exact pattern
can vary greatly depending on several factors,
including:

i. the calibre and velocity of the firearm,
ii. the distance between the gun and the
victim,
iii. whether the wound is entry or exit,

iv. whether the bullet remains inside or exits
the body, and
V. the victim’s position in relation to nearby

walls, floors, furniture, or other objects.

Gunshot spatter is highly significant because
it may help determine the direction of fire, the
relative position of the victim and shooter, and
whether a person or object was close to the
victim at the time the shot was fired.

>  Arterial spray:

Arterial spray, also called arterial spurt,
occurs when an artery is domaged or severed,
causing blood to escape under the high
pressure generated by the beating heart. Since
arteries carry blood away from the heart with
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considerable force, the resulting blood pattern
is usually more dramatic than passive bleeding.

Instead of simply dripping or pooling, blood
may spurt, gush, or pulse out from the wound.
This often creates a distinctive pattern of large,
elongated stains that may appear in a wave-
like, zigzag, or up-and-down formation on
nearby surfaces. These variations occur
because the blood pressure changes with each
heartbeat, causing the blood flow to rise and fall
rhythmically.

Arterial spray patterns are especially
important because they can indicate:

i. the presence of a major vascular injury,

ii. that the victim was likely alive and
bleeding heavily for at least some period of
time, and

iii. the movement or position of the injured
person after the wound was inflicted.

These patterns may also help investigators
determine whether the victim was standing,
moving, or collapsing while the blood was being
expelled.

> Expirated spatter:

Expirated blood spatter is produced when
blood from an internal injury mixes with air from
the lungs or airways and is then expelled
through the mouth, nose, or respiratory tract.
This usually occurs when there is an injury to the
lungs, throat, mouth, or air passages, or when
blood from internal bleeding is coughed or
breathed out.

Because the blood is forced out along with
air pressure from the lungs, expirated spatter
often forms a very fine mist or small droplets.
One of its most distinctive features is the
presence of tiny air bubbles within the
bloodstains, which may remain visible as the
droplets dry. In some cases, the stain may also
appear diluted or mixed with mucus or saliva,
making it different from other forms of
projected blood.

This type of bloodstain can be especially
helpful in determining whether the victim was
still breathing after the injury occurred, and it
may also provide clues about the nature and
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location of the injury, particularly if the
respiratory system was involved.

Expirated blood patterns are often found on
nearby surfaces, clothing, bedding, or in areas
where the victim may have been coughing,
gasping, or struggling to breathe.

> Void pattern:

A void pattern is created when an object or
person blocks the path of blood droplets before
they can reach a surface. In simple terms, it is
the empty or unstained area that remains within
or around a bloodstained surface because
something was standing, placed, or moving in
front of it at the time the blood was projected.

For example, if blood is spattered onto a wall
during an assault, but a chair, weapon, or even
a person is positioned in front of that wall, the
blood may land around the object instead of
directly behind it. Once that object is moved, it
leaves behind a noticeable blank space or
“shadow” in the bloodstain pattern. This
unstained area is what investigators refer to as
a void.

Void patterns are extremely valuable in
bloodstain pattern analysis because they can
reveal that something or someone was present
at the scene during the bloodshed and later
removed or repositioned. The size, shape, and
location of the blank area may provide
important clues about the dimensions of the
missing object or person, as well as its possible
position and orientation at the time of the
incident.

Forensic investigators use void patterns to
help determine whether a body, weapon, piece
of furniture, or another object may have been
moved after the event, which can be crucial in
reconstructing the sequence of events at a
crime scene. In many cases, a void pattern may
also suggest an attempt to alter, clean, or stage
the scene after the bloodshed occurred.

Overall, void patterns are important because
they help investigators understand what was
originally present, what may now be missing,
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and how the scene may have changed over
time.

FACTORS AFFECTING THE SIZE, SHAPE AND
DIRECTIONALITY OF BLOOD STAINS"7%

The shape, size, and direction of blood
droplets can be influenced by several important
factors, including the type of surface on which
the blood lands, the distance between the
blood source or weapon and the target surface,
the angle at which the blood strikes, and the
type of force or weapon involved. These factors
play a major role in bloodstain pattern analysis
(BPA) because they help investigators interpret
how the blood was deposited and reconstruct
what may have happened during the incident.

By carefully studying these features,
investigators may be able to determine
valuable details such as the point of origin of
the blood, the direction in which the blood
travelled, and the relative positions of the
people involved at the time the bloodshed
occurred.

1. Effect of surface texture:

One of the most important considerations in
bloodstain analysis is the texture and
absorbency of the surface on which the blood is
deposited. Blood behaves very differently
depending on whether it lands on a smooth,
hard, non-porous surface or a rough, absorbent,
or irregular one.

For example, when blood falls onto smooth
and less porous surfaces such as glass,
polished tiles, or metal, the resulting stains are
usually more regular, circular, and clearly
defined. These types of stains are generally
easier to examine and interpret because their
edges and overall shape are less distorted.

In contrast, when blood lands on rough,
porous, or absorbent surfaces such as wood,
concrete, carpet, or fabric, the stain often
becomes irregular in shape, with more distorted
edges and unpredictable spreading. These
surfaces can alter the original appearance of
the bloodstain, making interpretation more
difficult.

1772 F A Ristenpart,W.D.(2015) quantitstive blood stain analysis
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This becomes especially important when
blood is found on textiles or clothing. On fabric,
blood may soak into the material, spread along
the fibres, or lose the clear shape it would
normally have on a smooth surface. As a result,
it can be difficult to distinguish whether the
stain was caused by spatter or by contact
transfer, which is a crucial distinction in
reconstructing the events of a crime scene.
Research has also shown that different types of
fabric affect blood in different ways. For
instance, Holbrook’s study examined
bloodstains on a wider range of textiles and
found that specific fabric characteristics—such
as absorbency, weave, and material
composition can significantly influence how
bloodstains appear on clothing and other textile
surfaces. This highlights the importance of
considering the physical properties of the target
surface before drawing conclusions from a
bloodstain pattern.

2. Effect of angle of impact:

The angle at which a blood droplet strikes a
surface also has a major effect on the shape of
the stain. This is known as the angle of impact,
and it is one of the key features used by
bloodstain analysts to determine the direction
and origin of the blood.

When a droplet strikes a surface at a 90-
degree angle that is, when it falls straight down
the resulting stain is usually circular in shape.
This is because the blood hits the surface evenly
from all sides.

However, when the blood strikes the surface
at an angle less than 90 degrees, the stain
becomes more elongated or elliptical. The lower
the angle, the more stretched out the stain
tends to appear. In this way, the shape of the
bloodstain can help investigators estimate the
angle from which the blood travelled before it
struck the surface.

This information is particularly useful in
determining the position of the victim or source
of bleeding, as well as in estimating the point of
origin of the blood in three-dimensional space.
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3. Effect of distance:

The distance from which blood travels or falls
also influences the final appearance of the
stain. In general, the greater the distance a
blood droplet falls before striking a surface, the
more likely it is to increase in size, particularly if
the droplet gains speed during the fall and
impacts with greater force.

As blood travels farther, it may also become
more vulnerable to air resistance, which can
slightly alter the droplet’s shape or lead to the
formation of satellite stains small droplets that
break away from the main stain upon impact.
Therefore, the size and spread of the stain may
provide clues about how far the blood travelled
and how much energy was involved when it hit
the surface.

4. Directionality of blood stains:

Bloodstains can also reveal the direction in
which the blood was moving before it struck a
surface. This is referred to as the directionality of
the stain, and it is often determined by closely
examining the shape and edge characteristics
of individual droplets.

When a blood droplet strikes a surface at an
angle and continues moving, it often forms an
elongated stain with one end that is more
rounded and the other end that is more pointed
or tapered. In most cases, the pointed or narrow
end of the stain indicates the direction in which
the blood was travelling.

Similarly, when a parent stain produces
satellite spatter smaller droplets that break off
from the main stain the shape and direction of
these satellite stains can also provide useful
clues. The pointed ends of satellite stains often
reflect the motion caused during impact and
can assist in determining the overall pattern of
blood travel.

By tracing the direction of several individual
bloodstains backward, investigators can often
estimate the area or point of origin from which
the blood was projected. This is a key part of
reconstructing events at a crime scene.
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5. Influence of the type of weapon or force
used:

The nature of the weapon or force used can
also affect the appearance of bloodstains.
Although bloodstain patterns alone may not
always identify the exact weapon, they can
often help investigators make a general
classification of the type of injury or force
involved.

Sharp force injuries, such as those caused by
knives or other edged weapons, often produce
smaller, narrower, and more linear bloodstains.
These may result from rapid blood projection or
cast-off from a sharp object.

Blunt force injuries, such as those caused by
a hammer, bat, or similar object, tend to create
bloodstains of varying sizes, often spread over a
wider area. These patterns may include impact
spatter, cast-off stains, and larger blood
accumulations due to heavy bleeding.

Gunshot injuries typically produce very fine,
mist-like spatter, especially in high-velocity
cases. These patterns are often much smaller
and more dispersed than those caused by blunt
or sharp force trauma.

The analysis of such differences can help
investigators better understand the mechanism
of injury, the amount of force applied, and the
possible category of weapon used.

Blood pattern analysis in reconstruction of
crime scene'’’3:

In the reconstruction of a crime scene,
bloodstains can serve as one of the most
informative forms of physical evidence.
However, before any conclusions can be drawn,
it is essential to carefully examine and analyze
the characteristics of the blood patterns
present at the scene. Bloodstains do not simply
indicate that bleeding occurred; when properly
interpreted, they can provide valuable insight
into how the event happened, where it occurred,

1773 Kaur.G (2023) current trends in bloodstain pattern analysis and its
forensic significance
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how individuals moved, and what sequence of
actions may have taken place.

The first and one of the most important steps
in bloodstain pattern analysis (BPA) is proper
documentation of the blood evidence. Since
bloodstain patterns can be altered, cleaned, or
destroyed during the investigation process, they
must be accurately recorded as soon as
possible. This is usually done by taking high-
quality photographs of the stains from different
angles, often with the use of a scale or
measuring marker to show the exact size of the
stains. In addition to photography, videography
may also be used to capture the overall
arrangement of the bloodstains within the
scene and to preserve their relationship with
surrounding objects, furniture, walls, and other
evidence.

Once the scene has been properly
documented, investigators proceed with the
collection of blood evidence. This may involve
carefully cutting out sections of stained
material, collecting swab samples, or
preserving blood traces from surfaces for
further examination. Some of these samples
may later be used for DNA profiling, which can
help identify the victim, suspect, or any other
individuals involved in the incident. Thus, blood
evidence is valuable not only for pattern
interpretation  but also for  biological
identification.

DETERMINATION OF AREAS OF ORIGIN AND
CONVERGENCE:

For the areas of origin and convergence to
be determined, the location and angle of the
blood droplets needs to be found out which is
done through several methods ranging from
traditional to advanced technologies.

e  Stringing method:

One of the traditional methods used in
bloodstain pattern analysis to determine the
point or area of origin of blood is known as the
stringing method. This technique helps
investigators visually reconstruct the path
travelled by blood droplets before they struck a
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surface. In this method, each selected
bloodstain or spatter mark is carefully
examined, and a string is attached to the
individual stain in the direction from which the
blood is believed to have travelled. The idea is
to trace the droplets backward through space
to identify the location from which they were
projected. Once the position of each stain is
documented using a coordinate-based
approach, investigators establish a level
reference line to show how each bloodstain is
positioned in relation to the floor, walls, and
ceiling. After this, elastic strings are extended
from each individual stain through the
reference line, following the estimated angle of
impact or flight of the droplet. To determine this
angle, investigators usually measure the
bloodstain and calculate the angle of impact,
often with the help of a protractor. The strings
are then aligned according to these calculated
angles. When multiple strings from different
stains are extended into the scene, they often
intersect or converge at a common area, which
indicates the likely point or area of origin of the
bloodshed.

This method can be very useful because it
provides a three-dimensional visual
representation of where the blood may have
come from, helping investigators understand
the position of the victim or source of bleeding
at the time of the incident.

e Trigonometric calculation:

Traditionally, trigonometry has played an
important role in bloodstain pattern analysis
(BPA), especially when investigators try to
determine the source or point of origin of blood
droplets produced during an impact event.
Since blood droplets travel through the air and
strike surfaces at different angles, their final
shape can provide valuable information about
how and from where they were projected.

This method is based on the principle that
when a blood droplet hits a surface at an angle,
it usually forms an elliptical or elongated stain
rather than a perfect circle. By measuring the
dimensions of this stain, analysts can calculate
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the angle of impact, which is the angle at which
the droplet struck the surface.

To do this, investigators often use basic
trigonometry, particularly the relationship
between the sides of a right-angled triangle. In
this approach, the bloodstain itself is treated as
if it forms part of a triangle:

i. the length of the bloodstain is
considered the hypotenuse, and

ii. the width of the stain represents the side
opposite the angle of impact.

The first step in this method is to carefully
measure the length and width of each
bloodstain, usually with the help of calipers, a
ruler, or a measuring scale.

Once these measurements are recorded, the
following trigonometric formula is used to
calculate the angle of impact:

width of bloodstain
length of bloodstain

Angle of Impact = arcsin (

Or more simply:

_ (opposite side) width
arcsin

hypotenuse y length

This calculated angle helps investigators
estimate the direction from which the blood
travelled and contributes to determining the
area of convergence and area of origin.

It is important to note that the greater the
difference between the width and length of the
bloodstain, the more elongated the stain
becomes, which generally indicates that the
droplet struck the surface at a lower angle. On
the other hand, if the width and length are
nearly the same, the stain is more circular,
suggesting that the blood hit the surface at an
angle closer to 90 degrees.

This method is extremely valuable in forensic
reconstruction because when the angle of
impact is calculated for multiple stains,
investigators can trace the blood droplets
backward and estimate the position of the
victim or source of bleeding during the event.
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Although this is a traditional and widely used
scientific method, its accuracy depends heavily
on careful measurement, clear stain edges, and
proper interpretation of the stain shape.
Therefore, it is often used together with other
methods such as stringing techniques, area of
convergence analysis, and digital
reconstruction tools for more reliable results.

e Advanced software:

With the advancement of forensic
technology, the area of origin of bloodstains at
a crime scene can now be determined more
accurately and efficiently with the help of
computer software programs. While traditional
methods such as stringing and manual
trigonometric calculations are still important,
modern software has made bloodstain pattern
analysis (BPA) faster, more precise, and easier
to visualize, especially in complex crime scenes
involving multiple bloodstains.

Several specialized BPA software programs
are commonly used in forensic investigations,
including HemoSpat, HemoVision, and Map360.
These tools allow investigators to input
bloodstain measurements and reconstruct the
likely three-dimensional path of blood droplets
within a scene.

The basic principle behind these programs is
similar to traditional bloodstain analysis
methods. The angle of impact and direction of
travel of individual blood droplets are
calculated and then used to trace the droplets
backward to identify their point of convergence
and ultimately the area of origin that is, the
location in space from which the blood was
projected.

By analysing multiple bloodstains together,
the software can generate a more accurate
representation of where the bloodshed began
and how the blood moved through the scene.
This information is extremely valuable in crime
scene reconstruction, as it can help
investigators estimate the relative positions of
the victim and the offender at the time of the
incident.
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For example, software-based analysis may
help determine whether the victim was
standing, sitting, lying down, moving, or being
attacked from a particular direction. It can also
assist in identifying whether the blood pattern is
consistent with a specific sequence of events or
whether the scene may have been altered or
staged.

One of the major advantages of computer-
assisted bloodstain analysis is that it reduces
some of the limitations of manual methods. It
allows for:

i. more accurate angle calculations,
iil better three-dimensional visualization,

iii. easier handling of large numbers of
bloodstains, and

iv. improved presentation of findings in
court or forensic reports.

Overall, the use of software in bloodstain
pattern analysis has become an important
development in modern forensic science. By
combining scientific measurement, digital
reconstruction, and visual modelling, these tools
greatly enhance the ability of investigators to
understand the events that led to the
bloodshed and to reconstruct the crime scene
more effectively.

EVIDENTIARY VALUE OF BLOOD STAIN
PATTERN:

According to a definition the word forensic
means, application of scientific knowledge to
legal problems. The term forensic science refers
to a group of scientific disciplines which are
concerned with their application in particular
scientific area of expertise to law enforcement,
criminal, civil, judicial and legal matters."”’4

1774 Chaddha R.K. (2013), rhetorical evalutions in psychological medicines,
Indian journal of psychological medicine
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Section 39 of Bharatiya Sakshya Adhiniyam,
2023:

Opinion of experts'”’s:-

Courts and judges are not expected to know
everything about every technical field. So, when
a case involves something highly specialized
such as whether a bloodstain matches a
pattern, whether a signature is forged, whether
a fingerprint belongs to a person, or whether a
substance is poison the Court can rely on the
opinion of an expert who has the necessary skill,
training, or experience in that field.

In other words, Section 39 allows expert
evidence to assist the Court in understanding
scientific or technical issues that ordinary
people may not be able to interpret on their
own. The expert does not decide the case, but
their opinion helps the Court reach a proper
conclusion.

Whenever a crime or accident takes place,
one of the important pieces of evidence that
police and forensic experts look for is
bloodstains. Blood may be collected from the
victim’s clothes, the suspect’s clothes, weapons,
or different places at the crime scene before it
gets destroyed, cleaned, or decomposed. These
bloodstains are then examined scientifically
because they can provide useful information
about what happened, where it happened, and
who may have been involved. In some cases,
even the colour and condition of the bloodstain
may help experts estimate how old it is. The use
of bloodstains as evidence is not new. It has
been used in forensic investigations for many
years, but today the field has become far more
advanced and reliable. Modern developments
such as DNA analysis and improved scientific
techniques have made blood evidence much
more important in solving cases.

SUGGESTIONS:

> Helps in Reconstructing the Sequence of
Events.

1775 International journal of law management and humanities
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> Assists in Determining the Position and
Movement of Individuals.

> Helps Identify the Nature of the Weapon
or Force Used.

» Supports or Contradicts Statements of
Victims, Witnesses, or Suspects.

»  Acts as Important Corroborative Forensic
Evidence.

CONCLUSION:

In conclusion, bloodstain pattern analysis
plays a highly significant role in crime scene
reconstruction and has considerable
evidentiary value in forensic investigation. The
study of bloodstains helps investigators
understand not only the presence of blood at a
scene, but also the manner in which it was
deposited, the possible sequence of events, the
position and movement of the individuals
involved, and the nature of the force or weapon
used. Through the scientific examination of
bloodstain characteristics such as shape, size,
direction, distribution, and point of origin,
investigators are often able to reconstruct
crucial aspects of a violent incident with greater
clarity.

With the advancement of forensic science,
bloodstain analysis has become more
systematic, accurate, and technologically
supported, especially with the use of chemical
detection methods, DNA profiling, trigonometric
calculations, stringing methods, and software-
based reconstruction tools. These
developments have strengthened the reliability
and usefulness of bloodstain evidence in both
investigation and judicial proceedings.

However, the evidentiary value of bloodstain
pattern analysis depends greatly on careful
documentation, proper scientific interpretation,
and its correlation with other forms of evidence
such as medical findings, withess statements,
DNA evidence, and crime scene observations.
Therefore, BPA should not be viewed as an
isolated tool, but as an important part of the
broader forensic framework.
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Overall, bloodstain pattern analysis serves as
a powerful aid in uncovering the truth behind
violent crimes and contributes meaningfully to
the administration of justice by assisting in the
accurate reconstruction of crime scenes.
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