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INTRODUCTION 
Blood Splatter Analysis 
Blood splatter analysis is the technical study of the stationary 
significances resulting from active blood shedding actions. A 
thorough study of bloodstain designs at crime scenes often 
cultivates vital evidence. The spreading, size and form of 
bloodstains on a suspect, victim, grounds, roofs, walls or on 
substances at the scene can help rebuild these blood-shedding 
actions. Bloodstain pattern examination can also help one 
assess the credibility of reports provided by a spectator, a 
victim, or a suspicious person involved within the act. Physical 
indication waits to be noticed, preserved, assessed, and 
examined.  
    Blood spatter analysis being a specialized field in forensic 
analysis [1, 20] is a significant portion of modern crime scene 
examination. While not every detective needs to become skilled 
at it, every detective must at least comprehend the important 
principles and events and be able to properly record evidence 
and data at the scene, for later clarification by a blood spatter 
analyst. A rudimentary consideration of blood splatter analysis 
will permit the detective to acceptably gather bloodstain 
information at the crime scene or from photos of the scene. 
This consideration is significant, since the understanding of 
blood spatter designs and additional indication at crime scenes 
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may disclose analytically vital evidences. This may include facts 
such as the locations of the attacker, and substances at the 
scene, the category of firearm that was used to create the 
spatter, the amount of blows, gunshots and the attempts of 
stabs that happened. the directional movement and course of 
victim and attacker, after the incident of the bloodshed, it may 
provision or contradict declarations provided by eyewitnesses. 
 
Importance of Reconstruction of a Crime Scene 
It is frequently useful to determine the definite sequence of a 
crime by restraining the potentials that are caused in the crime 
scene or the corporeal evidence as come across. The 
conceivable need to reconstruct the crime itself is one chief 
reason for preserving the truthfulness of a crime scene. It 
should be agreed that reconstruction is different from 
reenactment, recreation or criminal profiling. 
    Reenactment in overall denotes to having the victim, 
questionable people regarding the case, witness or other people 
reenact the event that shaped the crime scene or the corporeal 
evidence founded on their information of the crime. 
Recreation is to substitute the essential items or movements 
back at a crime scene through unique scene documentation. 
Criminal profiling is a procedure founded upon the 
psychosomatic and numerical examination of the crime scene, 
which is used to govern the general physiognomies of the most 
probable suspect for the crime. 
    Every single type of the analysis specified may be needed to 
analyze the results to know who made the crime and further 
details regarding the crime itself. Still, these kinds of analysis 
are infrequently valuable in the answer of a crime. 
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Reconstruction is grounded on the capacity to make 
explanations at the crime scene, the technical ability to inspect 
corporeal evidence, and the usage of reasonable methods 
towards model constructions.  
    Reconstruction is grounded on the consequences of crime 
scene inspection, laboratory analysis, and other self-governing 
sources of evidence to reconstruct case actions. Reconstruction 
often includes the use of deductive as well as inductive logic, 
statistical information, and evidence from the crime scene, 
pattern examination, and laboratory examination results on a 
diversity of corporeal evidence. Reconstruction can be a very 
multifaceted task, linking many kinds of corporeal evidence, 
stain design information, investigative evidence and other 
written and declaration evidence into a comprehensive entity. 
The emerging fields of artificial intelligence for example: 
Combined DNA Index System (CODIS) [2] and the 
Automated Fingerprint Identification System (AFIS) [3] and 
expert structures have opened up a new element in 
reconstruction. These classifications allow forensic expert to 
help modeling and demonstration of laboratory examination 
results, cognitive reasoning as well as reconstruction of a crime 
scene.  
    Reconstructions are often necessary in criminal cases where 
the witness confirmation is lacking or untrustworthy. They are 
significant in numerous other types of cases as well such as 
vehicle and aircraft accidents, fire and arson inquiry. 
 
Factors Affecting Blood Splatter 
Several factors affect blood splatter such as the viscosity, 
surface tension, the density of the blood spots. The number of 
blood droplets itself, the phases of impact, the height from 
which the blood splatters from, the force of it, the velocity and 
the size of the droplet itself. The blood splatter course and the 
angle of impact of the droplet of blood themselves are 
influences that mark the analysis of blood splatter and they 
derive further factors such as the area of origin and the area of 
convergence. 
 Surface tension is vital in bloodstain pattern examination, as 
the gravitational strength needs to overcome the blood’s 
surface tension before a droplet of blood can drop, and drops 
of blood persist to be unbroken as they travel through the air 
because of surface tension. When a drop of blood falls on a 
horizontal surface perpendicular to it, it creates a round stain. 
If the surface feel is smooth, such as cut-glass or a refined tile, 
the surface tension will grip the drop in the round pattern. 
Fundamentally, the surface affects the discharge. Surface 
tension guarantees that the drop falls consistently however the 
even surface means that the edge outflow is unvarying.  
 The higher the droplet of blood drops from, the more the 
blood splatter happens. Blood splatter is an extensive term 
fundamentally implicating that blood dispersed through the air 

is in the arrangement of droplets. Satellite splatter on the 
reception surface may be formed [4]. 
 
Angle of Impact 
Considering an example of a basic crime scene in which there 
are two elliptical shaped bloodstains on a surface, say for 
example ten centimeters apart. Lines are drawn from the center 
of the extended axis of all bloodstains and prolonged till the 
two lines from the distinct stains encounter. The point at which 
the lines meet is named the Area of Convergence. This is also 
termed as the point of convergence. This area of convergence is 
conceivably the basis of both bloodstains, but the trail 
crossover may also be very coincidental if the two bloodstains 
were shaped by two completely unrelated events [5].  

At a crime scene with numerous bloodstains, crime scene 
detectives try to calculate the source position of the 
bloodstains. In core, the investigators try to find out from 
which place in a three-dimensional space the blood instigated 
using two-dimensional calculations.  

There is an association between the span and girth of a 
bloodstain and the angle at which the drop creates an 
impression on a surface. Consequently, it is conceivable to 
compute the angle of impact on an even surface by calculating 
the span and thickness of a bloodstain. The formed angle of 
impact is less than 90 degrees that is formed amid the course of 
the blood droplet and the floor on which it strikes. This is an 
imperative quantity because it is utilized to compute the area of 
convergence as well as the area of origin. When a droplet of 
blood collides with any surface perpendicular i.e. at 90 degrees 
to it, the bloodstain formed on the surface will be round in 
shape. 

When the angle of impact decreases at a high value, the stain 
starts to appear as an ellipse i.e. the lesser the angle of impact, 
the more ellipse shaped the bloodstain appears to be. The angle 
of impact can be calculated by the grade to which the form of 
the droplet shapes out from a circle to an ellipse. 
 
RELATED WORK 
This section of the paper defines few of the contemporary 
approaches and tools are that used in blood splatter analysis. It 
also looks into the results as to how successful the current 
approaches have been so far and how they can subsequently be 
improved upon.  
 
Calculating the Angle of Impact 
Considering angle of impact formulation depends on the 
associations that occur between the angles of a right-angled 
triangle formed and the length of its sides with respect to the 
blood droplet. Hence, trigonometric functions can be applied 
on it considering it is a right-angled triangle. Consider a right-
angled triangle shaped between the drop of blood and the 
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target floor as the droplet hits the floor. A blood drop in airlift 
is the same form as a sphere. Consequently, the breadth of the 
bloodstain is equivalent to the span. By calculating the span 
and breadth of the bloodstain, the drop’s angle of impact can 
be measured. There are two broad ways to measure the angle of 
impact. They are the traditional or calculator method and the 
forensic software method.  
 The traditional way of calculation of the angle of impact of a 
bloodstain can be performed given the values the breadth and 
span of a given bloodstain. This is often calculated to the 
adjacent millimeter. The breadth to the span ratio is calculated 
by dividing the span of the bloodstain in millimeters with the 
breadth of the bloodstain in millimeters. The inverse sine of the 
breadth to the span ratio of the bloodstain calculated is the 
angle of impact.  
 The difficulties with the calculation of angle of impact using 
a calculator are that it permits for errors during entering 
values, the user must recollect the trigonometric formulations, 
and it does not reproduce these calculations over into a 
computer so it has to be typed again. The newest software tools 
as that fashioned by On Scene Forensics removes these 
problems. The statistics is sent to a screen so that mistakes 
cannot be made. The software distinguishes the formulations 
and performs all the computations automatically. The statistics 
is then stored and can be printed, or faxed. The software 
creates an easily understandable word document that can be 
used generally by any organization.  
 Then using software, executing the calculations to calculate 
the angle of impact and Point of area of origin are as meek as 
filling in the voids. The operator can overlook all the statistics 
in the preceding information list and just enter the span and 
breadth of the characteristic bloodstains and the distance from 
the droplets of blood to the point of convergence, the angle of 
impact and point of origin are provided instantaneously on the 
monitor. This software product also computes the courses of 
shots from gunshot holes and has an artifact file that archives 
each article of evidence found at a crime scene. The blood 
spatter and gunshot trajectory information can be brought in 
into diagramming packages. 
 
Blood Splatter Analysis Software 
HemoSpat [6] is a blood stain pattern examination software 
created in the year in 2006 by the company FORident 
Software. Using photographs from an event of bloodshed at a 
scene of crime, a bloodstain pattern specialist can compute 
the area of origin of the event of bloodshed. This evidence 
may be valuable for defining location and stance of 
defendants and victims, playing out of events, verifying or 
disproving proof, and for the reconstruction of a crime scene. 
The consequences of the analysis may be viewed in two 
dimensions inside the software. It can be spread to numerous 

three dimensions arrangements for addition with other 
software.  

HemoSpat is proficient in computing impression pattern 
origins with solitary portion of the bloodstain pattern 
obtainable [7], as well as impressions on non-orthogonal floors 
[8]. HemoSpat has likewise been utilized in investigation of 
what sort of evidence may be bagged from cast off designs [9], 
procedures of scene records [10], and in refining area of origin 
computations [11].  

Stringing needs more than one individual and they might be 
at the scene of crime for many hours. All that heavy treading 
around the unfriendly crime scene enhances jeopardy of 
contamination and upsurges the period the scene must be held 
up. Using timeworn methods can be time consuming 
particularly since more than one individual may be needed and 
may include using throwaway resources. What used to take a 
daytime or more can now be performed in hours with 
HemoSpat. Instead of static photographs of the stringing or 
just a calculated result, HemoSpat will create outcomes that are 
appropriate for a documentation and 3D reconstruction of a 
crime scene software. The examination enables peer evaluation 
and permits storing of data for forthcoming work on the 
incident as well. 

With Faro High Definition Crime Scene Investigation (HD 
CSI) [12], a forensic investigator can reconstruct scenes of 
crime in spectacular 3D aspect. HD CSI's “Structure Genius” 
permits handlers to build multi-level structures. Qualities and 
imageries can be applied to partitions for a genuine look and 
texture. With HD's animated trajectory tracking tool, 
detectives can establish the muzzle speed, trajectory line width, 
parallel and perpendicular angles, and trajectory span to 
generate a precise and accurate gunshot animatronics. Crime 
scene detectives can use the route cone tool to regulate where 
gunfire may have been created rendering to scene evidence. 
Users can snap the route cone to total position points and set 
the cone distance, angles, and error proportion. The reason of 
the FARO HD Blood Splatter Trajectory Examination tool is 
to permit a user to control the rear trajectory and conceivable 
area of convergence of blood splatter on a floor. Users can 
place and manage custom evidence indicators with comfort. 

Utilizing the advantages of Directional Analysis [13,14], the 
BackTrack™ [15] collection of applications is utilized to 
examine a scene of crime, where the bloodstains only from 
descending droplets are present. Out of the three, only two of 
the three-dimensional coordinates for the drop of the blood, 
origin place can be precisely computed. This is considerably 
better than the threading and tangent approaches, which are 
unable to house the stains from descending drops deprived of 
excessive trouble. Crime scene detectives with this software 
should be conscious of the capacity of the application to use 
information that is not to be used as effortlessly in other 
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approaches of examination. In the historical times, bloodstains 
related with descending drops have extensively not been used 
in bloodstain pattern examination. Still, the BackTrack™ 
packages can willingly use these bloodstains to compute the 
estimated two out of the three coordinates for the bloodstain 
origin location. 
 
Current Approaches  
A.R. Shen et al [16] state that there is a clearly defined although 
extremely monotonous method using which a specifically 
skilled forensic expert can analyze the distinct blood spots 
within a crime scene. This process approximates the blood 
spots within a two dimensional position on the ground plan 
when the blood was spilled. Their image analysis procedure 
adds an alternative that instead of the traditional methods can 
be used to analyze blood spot patterns at scenes of crime [17].  
 They have established an automatic procedure for 
examination of blood splatter in scenes of crime. This method 
helps as a substitute to the presently working string method. 
This novelty according to the authors serves to quicken up the 
labor concentrated process of localizing the origin of the blood 
in a two dimensional plane. Additionally, it delivers a 
measurable metric that designates with what confidence a 
particular position was the cause of the blood splatter. Since the 
experimentations were completed using dye as an alternative of 
blood, they have specified that additional trials are essential. 
These must also comprise of non-white planes with numerous 
absorption features. The experimentations on dye o specify 
that for single bloodstain examination, the procedure equals 
the correctness anticipated from a forensic detective. They have 
derived the angle of impact from each ellipse and the distance 
from the estimated origin to each of the paint spots. They are 
able to approximately evaluate the three dimensional origin, 
supposing the course was unwavering. This though, disregards 
the projectile motion of the drop along with many connected 
factors. To discover the most likely area of origin, they have 
generated two-dimensional Gaussian kernels concentrated 
only on the positions where rays intersect. These kernels are 
collectively accumulated. After standardizing, this creates an 
elevation field that signifies the pair wise possibility that an 
agreed two-dimensional place is the point of origin. Running 
random sample consensus (RANSAC) for hundreds of 
iterations created a map with projected roots that was solid at 
the real origin of impact. Large spatter designs indicate the 
droplets had more mass and it associates roughly with 
unhurried velocity impression to the body. The smallest 
bloodstain splatters are assumed to be from great velocity 
impression, such as the consequence of gunshot injuries [18]. 

Mark W. Davison et al [19] tried to enumerate fault related 
with the dimensions essential in area of origin reconstruction 
consequential due to the examination of impact outlines. 

Precise tables were built to inspect tendencies related with 
altering breadth and length proportions and the effect of the 
angle of impact variations and the area of convergence 
deviances. The examination of the tendencies enabled the 
creation of a knowledgeable bloodstain selection, justifying 
potential faults. The examination of the effect of bloodstain 
dimension error and angle of impact fault was computed by 
reconstructing the crime scene. It shaped the impact outlines 
by the Tangent Method, associating the subsequent area of 
origin to help reconstruct the scene of the crime produced 
using HemoSpat.  

The bloodstains carefully chosen for the examination of 
each outline were fed to the HemoSpat software [21]. The 
software then created distinct and independent outcomes, 
allowing an evaluation of the total and comparative error 
proportions amongst the recognized area of origin and both 
the procedures. This also delivered a basis for the inspection of 
each unknown factor’s influence on the total and comparative 
error. Lastly, an induced dimension error was created by 
consistently growing and declining the span, breadth, and 
values of the gamma angles of the carefully chosen bloodstains 
founded on a complete examination of faults.  

The deviance from the associated values was inspected to 
decide if the subsequent area of origin calculation would 
unfavorably affect implications related to crime scene 
examination. The outcomes specify that the combination of 
dimension fault into a reconstruction generates an error degree 
that would not practically disturb an area of origin calculation 
or implications, which would characteristically be 
concentrated, based on the calculations. 

 
CONCLUSION  
We have seen several blood splatter analysis applications along 
with their uses in real life where they are not only used to 
reconstruct the scene of the crime but also to have a chance of 
investigating it again. So, it becomes very crucial to accurately 
depict the crime scene in order to not tamper with the original 
evidence. There has been a lot of research that has been going 
on in the field of crime scene reconstruction with the usage of 
blood splatter analysis, the calculation of the angle of impact 
and the area of origin and convergence accurately in order to 
recreate and reconstruct the crime scene the best for 
investigation. 
 
FUTURE WORK 
In this paper, it is observed that these factors are looked into 
but still, there are many factors that can be implemented such 
as the floor properties, which provide different kinds of 
splatters based on different materials with unique absorption 
properties. Along with this, different muzzle properties can be 
identified which provides as a key insight to the evidence to the 
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kind of weapon used. The factors such as consideration of the 
properties of the floor or wall and the different conditions 
which affect the crime scene in order not to just reconstruct the 
crime scene but also to identify key insights and evidences can 
be researched upon and implemented. If implemented along 
with just the usage of the computation of the angle of impact 
and the angle of convergence can greatly improve blood 
splatter analysis using a suite of programs. 
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