
J Assoc Crime Scene Reconstr. 2019:23 www.acsr.org1

 Article Original Article

FARO Zone 3D Area of Origin Tools with Handheld 3D 
Data

 Article

Quan Le1 & Eugene Liscio1,2
1ai2-3D, Ontario, Canada

2University of Toronto Mississauga, Ontario, Canada

Introduction
Bloodstain pattern analysis (BPA) is defined as 
the interpretation of bloodstains at the crime 
scene for investigating the events that caused 
them [1]. When a crime involves contact 
between individuals that result in bloodshed, this 
interpretation is crucial. Impact patterns are a class 
of bloodstains that result when an object makes 
forceful contact with a source of blood, causing it 
to project outward from the source through air [1]. 
By analyzing bloodstain patterns that result from 
impact spatter, investigators can be provided with 
information on the area from which the blood 
originated; the location or position of a victim 
when the bloodletting wound was inflicted; and/

or the minimum number of strikes dealt to a 
bleeding victim [1]. An important measurement 
of impact bloodstain patterns is the area of origin 
(AOO), which is defined as the three-dimensional 
location from which the blood spatter originated 
[2]. A method known as “stringing” has been 
employed when calculating the AOO, where 
individual droplets are measured and an angle 
of impact is calculated independently from other 
droplets. This correlation was first observed by Dr. 
Victor Balthazard, where the angle of impact (θ ) 
is determined by taking the arcsine of the ratio 
between the width and length of a single blood 
droplet [2].
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This study investigated the use of low-cost 3D technologies for bloodstain pattern analysis. A DotProduct 
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impacted surface. FARO Zone 3D is a software package that includes tools for digital area of origin analysis. A 
total of ten impacts were projected onto two orthogonal walls. When used for analysis, the 3D models created 
using DotProduct resulted in a distribution of total errors that had a minimum of 2.69 cm, first quartile of 
3.69 cm, median of 5.26 cm, third quartile of 7.29 cm, and maximum of 17.01 cm. With PhotoModeler, the 
distribution of total errors had a minimum of 1.41 cm, first quartile of 2.45 cm, median of 5.16 cm, third 
quartile of 7.00 cm, and maximum of 11.05 cm. The study found the errors associated with both technologies 
to be not statistically different from one another and were within the literature standard for analysis.
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Impact angles of several droplets are calculated 
and their trajectory is extrapolated backwards 
to the area of origin where multiple trajectories 
approximately intersect. A fundamental limit-
ation of this method is the use of straight-line 
trajectories which omits the effect of gravity on 
a blood droplet when it is projected through 
air [3]. This normally results in the height 
calculation of the AOO to be higher than the 
true position. Increasing the distance between 
the impact position and the impacted surfaces 
is also reported to increase the magnitude of 
this error [3]. Past literature recommends the 
height of the calculated AOO to be presented 
as a maximum height estimate [3].  

Digital tools for AOO analysis have been 
available for many years with one of the earliest 
examples being Kevin and Andy Maloney’s 
HemoSpat software in 2006 [2]. Application of 
3D laser scanning technologies in recent years has 
benefited digital BPA by greatly assisting in scene 
examination, accurate AOO determination and 
decreased time at the crime scene [2]. By creating 
a three-dimensional (3D) digital model of the 
scene, photographs of bloodstain patterns can 
be positioned and aligned to the to-scale model. 
Digital stringing could then be performed on the 
photographs and their trajectories extrapolated to 
the AOO within the 3D model. Previous literature 
has recommended an error range of 20 cm to 
be the maximum error for these laser scanning 
techniques [4]. Furthermore, they have been 
shown to have less error than traditional stringing 
techniques that involve the use of physical yarn or 
string, which recommend an error range of 25 cm 
to 30 cm [5]. Despite this large error range, the 
goal of AOO analysis in BPA is to approximate 
the impact position so that alternative scenarios 
at the crime scene can be eliminated [5]. A 
recent software package called FARO Zone 3D 
(FZ3D) has been introduced and includes tools 
for AOO analysis. Other software features such 
as an Edge Detection tool and real-time AOO 
calculation have been shown to have great benefits 
during an analysis. Software packages like FZ3D 
have utilized 3D laser scan data captured using 
terrestrial laser scanners [3]. These scanners are 
known for their high accuracy and precision, as 
well as their robustness in different conditions. 
However, 3D laser scanners are often expensive, 

less accessible, and cannot always be used in small 
spaces. In addition, highly reflective or transparent 
surfaces cause problems with these types of laser 
scanners. Thus, alternative technologies exist that 
are more affordable, attainable, and handheld. 
Two such examples include the DotProduct 
DPI-8 scanner with PHI.3D software and Eos 
Systems’ PhotoModeler software with digital 
camera photography.

The DotProduct DPI-8 scanner is a handheld 
3D measurement device that is composed of a 
PrimeSense Carmine 1.082 RGB depth sensor 
and a NVIDIA Android Tablet [6] (Figure 1). 
The tablet contains the PHI.3D software specific 
for the sensor and measurement processing. 
The DPI-8 is a structured light scanner; it 
uses an infrared diffracted laser to determine 
distances to objects and applies colour to the 
captured point cloud [6]. The instrument’s 
dimensions are 23 cm (height) by 27 cm 
(width) by 8 cm (depth) [7]. A validation study 
conducted at the Omaha Police Department: 
Forensic Investigations Section showed that the 
technology met their expectations for precision 
and accuracy [6]. They recommended a usable 
range of 3 ft to 8 ft for scanning, approximately 
0.9 m to 2.4 m. The validation report, as well 
as an IAFSM webinar video can be found on 
the DotProduct website under the ‘Forensic 
Reconstruction’ tab [6].

Eos Systems’ PhotoModeler is a comprehen-
sive photogrammetry program that is capable 
of creating photo-realistic 3D models that 
are scaled so that they can be used for both 
visualizations and measurements [8]. By taking 
photographs of the scene with a calibrated 
camera and RAD (Reference and Automatically 
Detected) targets (Figure 2), a 3D model can 
be created in PhotoModeler and exported as 
a mesh model or a point cloud. An accuracy 
study by Klaus Hanke from the University of 
Innsbruck reported an accuracy ranging from 
1:1700 (for 35mm lens with no lens distortion 
compensation) to 1:6500 (for a metric camera) 
of an object’s size for the distances between 
measured points [8]. This technology has been 
previously employed by crash scene investigators 
to enhance crash reconstruction analysis. They 
noted that an advantage of PhotoModeler 
software is that if something was missed at the 
scene itself, it would appear in the photographs, 
which ultimately allowed for a complete crash 
analysis [9].
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The purpose of this study was to investigate 
the use of the DotProduct DPI-8 scanner 
with PHI.3D software and Eos Systems’ 
PhotoModeler software with digital camera 
photography for AOO analysis with FZ3D 
software. At the time of writing this study, there 
has been limited research on these combinations 
of technologies. Having handheld devices 
capable of recording highly detailed laser scan 
data would be beneficial for documenting 
crime scenes that involve bloodstain patterns 
as it would save considerable time investigators 
would have to spend at the scene [10]. 
Furthermore, these devices allow use in small 

and difficult to reach environments commonly 
found at crime scenes and are fairly light and 
easily portable. The primary use of the 3D 
models is to allow a scaled reference for placing 
photographs of bloodstains back into their 
original positions on a surface.  Thus, for the 
handheld methods to be a suitable alternative to 
conventional 3D laser scanners like the FARO 
Focus, they must allow for similar or better 
accuracy to allow for photograph alignment 
in FZ3D. Moreover, they have to allow for 
an accurate AOO analysis; past literature 
recommends a maximum error range of 20 cm 
when calculating AOO with 3D laser scanning 
techniques [4]. 

Methods
Impact bloodstain patterns
Bloodstain patterns were projected at two 
orthogonal surfaces from two different 
positions, with five impacts at each position 
(Table 1).

The testing environment was composed of 
two 4 ft by 4 ft wood panels assembled together 
at right angles to form a corner wall (Figure 
3). A custom-built impact rig was set up and 
secured by drilling into the floor panel at the 
measured positions from the walls. This was 
a precaution to prevent the rig from moving 
during the tests and to keep the known position 
of the AOO constant. RAD targets were printed 
on sheets of blank white paper and taped to the 
drywall panels (Figure 3). It was important 
that all the RAD targets were numbered and 
different from one another. Approximately 
2 ml of sheep’s blood was loaded onto the rig 
using a plastic syringe and this volume was 
kept constant for each subsequent test. Sheep’s 
blood is commonly used in BPA research. The 
blood was preserved in 1% sodium fluoride 
and potassium oxalate and ordered from the 
Canadian Food Inspection Agency. Despite 
being two weeks old, a physical inspection 
of the blood indicated that its condition was 

Figure 1: The DotProduct DPI-8 handheld 3D 
measurement device. It is composed of a A) 
PrimeSense Carmine 1.082 RGB depth sensor and 
B) a NVIDIA Android Tablet with PHI.3D software 
app.

Figure 2: Example of RAD (reference and 
automatically detected) targets.

Set 
No.

x (distance 
from left 
wall)

y (distance 
from right 
wall)

z (distance 
from floor)

1 30cm 30cm 5.5cm
2 45cm 45cm 5.5cm

Table 1: Distances between the impact rig and the 
two orthogonal surfaces for each position tested.
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suitable for the study. Storage conditions were 
at 4°C in a refrigerator and before use it was 
left to warm to room temperature and lightly 
mixed for homogeneity.  

The impact rig used to project the blood 
worked by pulling back a spring-loaded swing 
arm with a cable and then releasing it when 
it reached a position perpendicular to the 
ground. Releasing the cable would result in 
the arm swinging down to strike a small area 
labeled with a black and white checkered target 
on which sheep’s blood was deposited. Using 
an impact rig reduced the variability of each 
impact by ensuring a more uniform striking 
location as well as uniform force.

Inspection and photography of 
bloodstain clusters
After each impact, the walls were inspected 
for bloodstain patterns that were clustered 
together (Figure 4). Bloodstains that had a 
defined elliptical shape were most suitable for 
analysis.  Past literature has recommended 
the use of more elliptical stains to provide a 
better estimate of the impact angle [3]. Three 
black and white checkered target stickers were 
placed on the wall within the area where the 

bloodstain clusters were located (Figure 4). The 
target stickers were 1.25 in (3.175 cm) round in 
size and printed using an inkjet printer. It was 
important that the target markers were placed 
around the bloodstains and not covering them. 
The bloodstain clusters were photographed 
with a Nikon D7100 DSLR camera in the 
automatic setting and saved in the JPEG 
format. The photos were 24.0 megapixel with 
6000×4000 pixel resolution. This image file 
format was sufficient for the purposes of this 
study. It should be noted that FARO Zone 3D 
is not compatible with RAW image formats, 
which must be converted into a compressed 
format (i.e., jpeg, png, tiff) prior to use in 
the software. Four clusters were photographed 
for each impact after the placement of the 
markers. With the location of some bloodstain 
clusters, positioning a tripod would have been 
difficult or impossible while still remaining 
perpendicular to the wall. Therefore, all photos 
were taken without a tripod. Currently, FZ3D 
does not have any tools to correct for perspective 
distortion and thus care was taken to ensure the 
photographs were close to perpendicular.

Figure 3: Testing Environment consisting of drywall panels forming two orthogonal walls and base platform, 
custom built impact rig, 24 RAD targets. After projecting the impact bloodstain patterns, three checkered 
marker stickers were placed around four bloodstain clusters.
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DotProduct DPI-8 scanner with 
PHI.3D software
After each impact, the scene was scanned with 
the DotProduct DPI-8 handheld scanner that 
was calibrated prior to use. To begin the scan, the 
tablet with the PHI.3D software app was opened 
and connected to the scanner through a USB 
cable. An option to begin scanning was available 
in the app. Once scanning had commenced, the 
instrument was used within 3 ft (0.9 m) to 8 ft 
(2.4 m) (recommended range) from the scanned 
surface [6]. The screen of the tablet showed the 
scene as it was being scanned with areas in grey 
as unscanned, yellow as partially scanned, and 
green as completely scanned. It took less than 
one minute to scan the scene so that the areas 
of interest were shown as green in the tablet. 
It has been reported that extended scanning 
times (more than 10 minutes) would degrade 
the quality of the scan data by causing frame-to-
frame tracking drift [6]. 

After scanning, processing of the scan data 
was done in the PHI.3D app in the attached 
tablet. Processing included global optimization, 
alignment, and file export. Global optimization 
essentially cleans up the scan data by reducing 
frame-to-frame tracking drift and removing 
noise [6]. The scan data was aligned to the local 

coordinate system by selecting the corner of the 
two walls and floor and establishing a horizontal 
plane and vertical plane. This established the 
corner as the origin with the three coordinate 
axes running along the intersections of the walls 
and floor. The optimized and aligned scan was 
then saved and exported as a pts file so that it 
could be opened in FZ3D (Figure 5).

Figure 4: Photograph of clustered bloodstains with checkered target markers.

Figure 5: 3D model of test environment created with 
DotProduct, opened in FZ3D.
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Eos Systems’ PhotoModeler 
software with digital camera 
photography
Seven photographs (24.0 MP: 6000×4000 
resolution) were taken using a Nikon D7100 
DSLR camera with a focal length of 18 mm 
after each impact. The photographs were 
taken at different angles to the wall panels and 
included the photogrammetry RAD targets 
and checkered target markers for alignment 
of the photographs in FZ3D. At least one 
photograph included all of the RAD targets 
and some were taken closer to the walls so that 
the bloodstain clusters were clearly visible. In 
the PhotoModeler software, a ‘RAD – Coded 
Target Auto-project’ was created and the seven 
photographs were imported. The photographs 
were matched to the calibrated camera settings 
that were already saved to the camera library in 
the software (Nikon D7100 camera with 18 mm 
focal length). Calibrating a camera allowed the 
software to be able to correct for the internal 
characteristics for any combination of lens and 
sensor when taking a photo with the calibrated 
device. The software then automatically 
detects the RAD targets visible in the photos. 
PhotoModeler processes the photographs using 
the detected targets and assembles them in the 
correct orientation. A residual value is then 
reported for each photo. The residual value 
represents the accuracy of any one point and 
how well it was solved (i.e. where PhotoModeler 
believes it should be and where it has been 
marked in the photos). All photographs had an 
RMSE (root mean square error) residual value 
below 1 and maximum residual value of below 
2. These residual values were appropriate for the 
study. In PhotoModeler, the RAD targets were 
automatically marked as points. Three more 
points were then marked manually including 
the bottom corner, top corner, and impact area 
(marked with checkered target). In a 3D view 
window, surfaces were created by selecting points 
in a clockwise direction. Textures (obtained 
from the photographs) were then applied to the 
surfaces through an automatic setting. The 3D 
model was scaled by selecting two points and 
inputting their true distance (external physical 
measurement using a measuring tape). The 
impact area was assigned as the (0, 0, 0) point. 
The 3D model was then exported as an obj file, 
while the points were exported separately as a 

3D dxf file. An additional software package 
(CloudCompare) was used to convert the obj 
file into an e57 file so that it could be opened 
in FZ3D. The e57 and 3D dxf files were both 
imported into FZ3D and a visual inspection 
was done to ensure the points were aligned with 
the 3D model. The 3D dxf file was removed 
before conducting the BPA (Figure 6). 

FARO Zone 3D
AOO analysis in FZ3D was the same between 
the two sets of 3D data. The bloodstain tools in 
FZ3D were accessed through the Power Tools 
tab. Photographs of the bloodstain clusters were 
imported and aligned using the three black 
and white checkered target markers present 
in the photograph and scan data. The 3-point 
alignment tool was used in this step and worked 
by selecting three points in a clockwise order on 
the photograph (horizontal targets first, then 
one above or below) and then in the same order 
on the scan data. Once aligned, bloodstain 
ellipses in the photographs could be marked 
using either a manual or semi-automatic 
tool. In this study, the Edge Detection semi-
automatic tool was used and worked by simply 
clicking on the bloodstain with the tool 
activated. The resulting ellipse marked with 
the tool was inspected to ensure that the shape 
and direction was correct. For the ellipses that 
were marked incorrectly by the Edge Detection 
tool, manual alignment was done to correct the 
ellipses within the software. Every bloodstain 
was marked in each photograph only if they 
had a distinct elliptical shape. While marking 
stains, FZ3D provided a real-time calculation 
of the area of origin that updated after every 
additional ellipse was marked. FZ3D uses an 
algorithm that calculates the AOO as the average 

Figure 6: 3D model of test environment created with 
PhotoModeler, opened in FZ3D.
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area of intersection between the backtracked 
trajectories. Opening a window allowed the 
user to view the coordinates of the calculated 
AOO position and standard deviation values. 
Figure 7 shows screen captures of the completed 
analyses in FZ3D with both 3D models.

Results
Error was the unit of interest in this study and 
was defined as the displacement between the 
calculated AOO to the known AOO. Error 
was measured in each of the xyz axes as well as 
in total. Total error was the three-dimensional 
displacement and was calculated using the 3D 
Pythagorean Theorem, where ex , ey , and ez are 
the errors for each axis and E is the total error 
in centimeters: 

The errors for ten impacts were recorded; five 
had a position of 45 cm and the other five had 
a position of 30 cm from the two walls. The 
sample size was ten error values for each method 
(DotProduct DPI-8X and PhotoModeler). 
The data was checked for normality using the 

Anderson-Darling normality test and the test 
showed that most of the data were not normally 
distributed [11]. Therefore, a five-number 
summary that included the minimum, first 
quartile, median, third quartile, and maximum 
value was used to describe the spread of the 
data. Non-parametric statistical tests were 
also used as they are more robust but have less 
statistical power [12]. In statistics, power is the 
probability of not making a type II error. A 
type II error occurs when a statistical test shows 
that there is no statistical significance when in 
fact, it is statistically significant [12].

For the ten AOOs calculated with the scan 
data using the DotProduct method, the spread 
of total errors had a minimum of 2.69 cm, first 
quartile of 3.69 cm, median of 5.26 cm, third 
quartile of 7.29 cm, and maximum of 17.01 cm 
(Figure 8-9). With the PhotoModeler method, 
the distribution of total errors had a minimum 
of 1.41 cm, first quartile of 2.45 cm, median 
of 5.16 cm, third quartile of 7.00 cm, and 
maximum of 11.05 cm (Figure 8 and 10). A 
one sample Wilcoxon signed rank test showed 
that the distribution of total errors statistically 
differed from zero for both DotProduct (p<0.05) 
and PhotoModeler (p<0.05). Moreover, when 
comparing the distribution of total errors 
obtained, a Wilcoxon signed rank test showed 
that there was no statistical difference between 
the two handheld methods (p=0.08). Errors in 
the xyz axes were also documented (Table 2, 
Figure 9-10).

Figure 7: Area of origin analysis in FZ3D with: A) 
DotProduct 3D model, B) PhotoModeler 3D model.
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Figure 8: A five number summary showing the 
minimum, first quartile, median, third quartile, and 
maximum total error from the AOO analyses with 
Dot Product and PhotoModeler. Sample size was ten 
calculated AOOs for each handheld laser scanning 
technique.
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Discussion
With regards to calculating the AOO in FZ3D, 
both handheld techniques resulted in total errors 
that statistically deviated from zero. However, 
with AOO analyses using 3D laser scanning 
techniques, past literature recommends a 
maximum error range of 20 cm [4]. In this 
study, all total errors were below this limit 
with maximum total errors of 17.01 cm and 
11.05 cm with DotProduct and PhotoModeler, 
respectively (Figure 8-10). Despite having a 6 
cm difference between maximum total errors of 
the two handheld methods, statistical analysis 
showed that there was no significant difference 
between their total error distributions. This 
is evident when looking at the median values 
for total error (Figure 8). The DotProduct 
method had a median total error of 5.26 cm, 

while PhotoModeler had a median total error 
of 5.16 cm (Figure 8). There has been limited 
scientific research regarding the FZ3D AOO 
analysis tools; however, the total errors found 
in this study are comparable with other 3D 
laser scanning software packages such as 
HemoSpat and FARO Scene. The errors in the 
z-axis were the highest out of the three axes 
(Figure 9-10). This trend has been observed in 
several past articles and is common with AOO 
analysis methods. Blood is subjected to gravity 
and air resistance when it is projected through 
the air. These forces alter the linear trajectory 
hypothesized by Balthazard’s Principle to be 
more parabolic or arch-shaped [3]. The resulting 
calculated position along the z-axis was then 
overestimated and was higher in altitude than 
the known position. Gravity and air resistance 

DotProduct Error (cm) PhotoModeler Error (cm)

Impact x y z Total x y z Total

30cm - 1 -2 1 -2.5 3.35 -1 0 1 1.41
30cm - 2 -3 -1 -0.5 3.20 -1 -1 2 2.45
30cm - 3 -5 -2 1.5 5.59 -1 -1 2 2.45
30cm - 4 -4 -1 5.5 6.87 -1 -1 6 6.16
30cm - 5 -1 -3 3.5 4.72 0 -1 6 6.08
45cm - 1 -1 -4 16.5 17.01 0 -1 11 11.05
45cm - 2 -2 -3 7.5 8.32 0 -2 7 7.28
45cm - 3 -2 -1 1.5 2.69 -1 2 1 2.45
45cm - 4 -3 -3 2.5 4.92 0 -3 3 4.24
45cm - 5 -5 0 5.5 7.43 -4 -1 7 8.12

Table 2: Error in each axis and total error for each impact using laser scan data collected using DotProduct and 
PhotoModeler handheld methods.

Figure 9: Boxplots showing the distribution of errors 
in each axis (xyz) and in total (3D) when conducting 
AOO analyses in FZ3D using DotProduct laser scan 
data. Sample size was ten calculated AOOs.

Figure 10: Boxplots showing the distribution of errors 
in each axis (xyz) and in total (3D) when conducting 
AOO analyses in FZ3D using PhotoModeler 3D 
models. Sample size was ten calculated AOOs.
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also had an effect on the x and y axes by causing 
them to be underestimated (Figure 9-10). 
However, this effect was observed to be small 
since the study did not find large errors along 
the x and y axes.

When using the DotProduct DPI-8 scanner 
with PHI.3D software, the study found the 
resulting digital 3D models of the scene to be 
acceptable for AOO analysis. The procedure 
for scanning the scene was simple and fast, 
with most scans taking up to one minute to 
complete. Being a handheld scanner, only the 
area of interest in the scene was scanned. The 
ability to process the scan data within the 
PHI.3D tablet app removed the need for other 
software packages and ultimately reduced 
the workflow. Aligning the initial scan data 
to the xyz coordinate system through the 
tools in PHI.3D was convenient, but could 
be improved to allow the user to make more 
accurate selection of point cloud data. The 
touch sensor of the tablet often did not allow for 
precise input of points and had to be repeatedly 
corrected. Being able to locate the center of the 
checkered target markers placed on the walls in 
the 3D model was important for being able to 
align the bloodstain photographs in the scan 
data in FZ3D. The resolution of the markers 
was low overall, but sufficient for the analysis 
(Figure 11a). This study recommends the use of 
larger target markers in future testing, to allow 
for better distinguishability.

The study found that the photo-
realistic surfaces created using Eos Systems’ 
PhotoModeler software were acceptable for 
AOO analysis. The study found that setting 
up the RAD targets and taking up to seven 
photographs to be a fast and simple task, which 
translates to investigators having to spend 
less time at the scene. However, a workflow 
that consisted of three software packages 
(PhotoModeler, CloudCompare, and FZ3D) 
made this method complex and required 
multiple steps to complete an analysis. The 
study recommends that for this method to 
be commercially available for investigators, a 
steady workflow should be established. The 
checkered target markers in the 3D models 
were clearly distinguishable and their centers 
were easily located (Figure 11b). This translated 
to bloodstain photographs being well aligned 
in the 3D model. It should be noted that in 
impact 5 of the 30 cm set, one photograph was 

mistakenly taken with a focal length of 20 mm 
instead of 18 mm. This resulted in a higher 
maximum residual value and an altered 3D 
model in PhotoModeler; there was a small shift 
present in the model where the photograph 
was taken. After conducting the AOO analysis 
with the altered 3D model, the study found the 
errors to be similar to the other models. It is 
recommended that prior to taking photographs 
for photogrammetry, the user should inspect 
the settings of the camera so that they are 
similar to those registered in the software.

To conclude, the 3D models created though 
DotProduct and PhotoModeler were both 
acceptable for area of origin analysis in FZ3D. 
All errors were within the accepted range and 
are comparable to other 3D laser scanning 
technologies. The study found the models to be 
an accurate interpretation of the scene and the 
resolution was sufficient for bloodstain pattern 
analysis. Future research should include AOO 
analysis at longer distances and on curved or 
irregular surfaces to investigate robustness of 
the handheld scanning technologies [13]. Also, 
conducting studies with larger sample sizes 
would increase the reliability and power of 
statistical testing.
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